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Abstract : Background : A breast reconstruction with a 
deep inferior epigastric artery perforator flap (DIEP-flap) 
is commonly performed microvasculared procedure. It 
is crucial to detect vascular complications as early as 
possible to maximize the chance on a successful flap 
revision. Near-infrared spectroscopy (NIRS) measures 
the tissue oxygen saturation (StO2), by using infrared 
light and can be an interesting tool to monitor flap 
perfusion.  
Objective : The aim of this study is to determine whether 
NIRS is suitable to assess tissue perfusion after DIEP-
flap reconstruction. 
Methods : The trial was designed as a single cohort 
interventional pilot study (approved by the Ethics 
Committee of the University Hospital of Antwerp - 
Internal reference number : 18/12/173 ; Belgian regis- 
tration number : B300201836129).
All patients scheduled for uni- or bilateral breast 
reconstruction by means of a DIEP-flap were included, 
if no exclusion criteria were present. The StO2 was 
measured during the first 12 hours postoperatively. The 
StO2 measurements were performed using a sensor 
positioned on the free flap and one on the native tissue. 
Results : Twelve women underwent a uni- or bilateral 
DIEP-flap breast reconstruction. In this study, the mean 
StO2 values of the flap and of the native tissue were 90.16 
± 4.63 % (mean ± SD) and 91.52 ± 2.23 % (mean ± SD), 
respectively. The mean difference in StO2 mea urements 
between the free flap and the native tissue was 1.36 ± 
3.46 % (mean ± SD). This difference was not statistically 
significant, according to the Wilcoxon signed-ranks test. 
In one patient, the StO2 value of the free flap tissue had 
fallen to 52%, due to a hematoma. The patient underwent 
a successful re-exploration of the free flap. 
Conclusion : Our data showed that NIRS is an easy, 
tissue-specific, objective and sensitive way to monitor 
tissue oxygenation in a continuous manner, after free flap 
breast reconstructions.

Keywords : Breast reconstruction ; oximetry ; Near 
infrared spectroscopy ; non-invasive monitoring.

IntroductIon 

Breast reconstructions with deep inferior epigastric 
artery and vein perforator flaps (DIEP-flaps) are com- 

monly performed after mastectomies. The success 
ratio of this type of surgery is high, more than 95 %. 
Nevertheless, a free flap failure can occur (1).  The flap can 
be jeopardized by vascular complications, which usually 
occur in the first hours after surgery (2). The survival of 
the free flap depends on the continuous arterial inflow 
and the venous outflow through the new microvascular 
anastomoses. Thrombosis, vasospasm, kinking of the 
vessels or external compression on blood vessels can 
cause ischemia of the flap. It is essential to recognize 
these complications as early as possible to maximize 
successful flap revision. Ischemia of the flap can become 
irreversible due to the no-reflow phenomenon (1). The 
key to enhance the flap success rate is early detection of 
complications. 

A DIEP-flap is commonly used to perform an 
autologous breast reconstruction. It uses tissue from 
the lower abdominal wall to reconstruct the breast. The 
deep inferior epigastric artery and vein are responsible 
for the regional perfusion of the skin and subcutaneous 
fatty tissue below the umbilicus and above the pubic 
area. In the first phase, the plastic surgeon dissects the 
flap. In a second phase, the vessels are microsurgically 
anastomosed to the internal mammary artery and vein. It 
only uses skin and subcutaneous fatty tissue. The muscles 
of the abdomen are left unaffected (3). 

Clinical examination is still the gold standard for 
flap monitoring. Skin color, temperature and Doppler 
signals are frequently examined (4). Clinical monitoring 
is subjective, intermittent, labor intensive and requires 
experience. There is also a time delay between the 
occurrence of vascular problems and the clinical signs 
(2). Because of these disadvantages, a more objective 
and continuous method is desirable. 
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received verbal and written information about this study 
during the preoperative consultation. If no exclusion 
criteria were present, the patients were included in our 
study. The study design is illustrated in figure 1.

In our study, the Foresight® device and the Foresight® 
pediatric sensors (CASMED, Brandford, CT, USA) were 
used. The StO2 measurement depth is determined by the 
distance between the emitting and receiving source. The 
Foresight® pediatric sensors infrared light penetrates up 
to a depth of 0.75 to 2 cm in the tissue. The width of the 
measurement is 4 cm. The near infrared light consists of 
five different wavelengths (690, 730, 770, 810 and 870 
nm). An algorithm analyzes the reflected light waves.

Demographic patient details (age, body mass 
index, diabetes mellitus, cardiovascular comorbidities, 
substance abuse, ASA score, hemoglobin) were obtained 
from the digital patient record. 

Anesthesia was performed according to the 
standard of care treatment and adapted to provide 
optimal flap perfusion. The patients received analgesia, 
vasodilators and fluid titrated on an individual basis. 
During surgery heart rate, non-invasive and invasive 
blood pressure, pulse oxygen saturation, temperature, 
respiratory rate, operation time and adverse events (need 
for blood transfusion or inotropic medication, pulse 
oxygen desaturation <90 % or allergic/anaphylactic 
reaction) were recorded. 

The self-adherent disposable Foresight® sensors 
were placed in the center of the free flap on a surface 
area of 16 cm², at the end of the surgery. Another sensor 
was placed on intact native abdominal tissue and served 
as a personalized reference value, as shown in figure 2. 
For practical reasons, such as sterility and surgical access 
to the work field, the StO2 measurements only started 
directly after completing the surgery.  

After surgery, all patients were monitored on the 
Post Anesthetic Care Unit (PACU) during 12 hours. 
Non-invasive and invasive blood pressure, pulse oxygen 
saturation, heart rate, diuresis, blood loss, and body 
temperature were assessed on the follow-up papers. 

In the first 12 hours postoperatively noninvasive 
StO2 measurements were performed every 2 seconds and 

Near-infrared spectroscopy (NIRS) is an easy-to-
use, continuous, objective and noninvasive method. It 
provides real-time information about oxygen delivery. 
NIRS was first described in 1977 (5). NIRS uses infrared 
light waves to detect oxygen content of tissue. Near-
infrared light waves are used to measure the level of 
oxygen the hemoglobin of the tissue contains (= tissue 
oxygen saturation, StO2). The tissue oxygen saturation 
(StO2) measurements are based on the principles of 
optical spectrometry and the law of Lambert-Beer. 
Infrared light of five different wavelengths is emitted on 
the flap. The flap reflects a part of the light waves on two 
detectors. These detectors measure the StO2. It reflects the 
microperfusion and the oxygen consumption in the free 
flap. Changes in blood pressure and the supplementation 
of oxygen to the patient influence the results (6). NIRS 
can detect ischemia and hypoxia. The continuous data 
are a quantitative and objective parameter to evaluate 
tissue oxygenation. The method is currently used to 
detect cerebral and regional tissue ischemia (7-12) during 
multiple surgical procedures ; cardiac surgery, carotid 
endarterectomy, the detection of ischemia in shock, the 
detection of compartment syndrome, pediatrics, etc. (10, 
13). 

During plastic surgery, NIRS has been used as an 
early predictor of vascular complications (14, 15). But 
there still is a lack of information about the predictability 
of data provided by Foresight® in monitoring of free 
flaps. The technology is easy to use and inexpensive. It 
does not harm the patient or the free flap. 

Methodology

Our trial was designed as a single cohort 
interventional pilot study. The study was conducted 
with the approval of the Ethics Committee of the 
University Hospital of Antwerp (Internal reference 
number : 18/12/173 ; Belgian registration number : 
B300201836129). All patients scheduled for uni- or 
bilateral breast reconstruction by means of a DIEP-flap 
were included. The elective surgery was performed 
by a plastic surgeon. The patients were recruited from 
September 1, 2018 until November 1, 2019 in the 
University Hospital of Antwerp. The patients had to be 
older than 18 years. Exclusion criteria were a refusal of 
informed consent, a redo-surgery and a known history 
of clotting problems. Clotting problems can be the cause 
of bleeding or thrombosis and may be detrimental to the 
outcome of the flap. The postoperative policy in patients 
with clotting problems should be individualized. In 
agreement with the plastic surgeon, we excluded these 
patients. We screened anamnestically for coagulation 
problems but did not screen with a blood test, due to 
the low incidence in the general population. After all, 
current guidelines do not recommend routine coagulation 
testing (16). All patients were invited in advance for a 
preoperative consultation. Based on anamnestic data and 
data from the clinical examination, it was determined 
whether the patient was ‘fit for surgery’. All patients 

Fig. 1. – Study design. a. NIRS in unilateral DIEP-flap 
breast reconstruction ; b. NIRS in bilateral DIEP-flap breast 
reconstruction.

Fig. 2. – NIRS setup.
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(Tables 1 and 2). All patients had undergone a mastec-
tomy for preventive of curative breast cancer treatment. 
The mean hemoglobin level at the start of the surgery 
was 13.28 ± 0.78 g/dL (mean ± SD). Only one patient 
received blood transfusion during the surgery. On day 1 
postoperatively, the mean hemoglobin was 9.98 ± 1.21 
g/dL (mean ± SD). No non-Caucasian patients were 
included in the study. Four patients had been smoking 
in the past. None of the patient had diabetes. Only one 
patient had an ASA score of three, the other patients had 
an ASA score of two or less. Anesthesia was adapted 
to provide optimal flap perfusion. Ten out of twelve 
patients were treated with a dobutamine infusion during 
the surgery, to achieve adequate perfusion pressures. All 
patients received a piracetam infusion postoperatively 
(Tables 3 and 4). 

The StO2 values   are shown per 3 hours in table 5. 
The mean StO2 value of the flap tissue measured 90.16 
± 4.63 % (mean ± SD). The mean StO2 value measured 
at the native tissue was higher, amounting 91.52 ± 
2.23 % (mean ± SD). The Shapiro-Wilk test and the 
Kolmogorov-Smirnov test showed that our values are 
not normally distributed. The mean difference in StO2 
measurements between the free flap and the native tissue 
was 1.36 ± 3.46 % (mean ± SD). The difference was not 
significant (p-value > 0.05) according to the Wilcoxon 
signed-ranks test (Table 6). The Wilcoxon signed-ranks 
test showed a p-value of 0.308. This result is reassuring. 
If the mean difference in StO2 measurements between the 
free flap and the native tissue was significant, we would 
be dealing with poorly oxygenated flaps. The flaps would 
not be viable. 

In five patients, the StO2 values of the native tissue 
and the flap tissue showed consistently comparable 
values, throughout the entire measurement duration. 

In three patients, a very limited tissue oxygenation 
response was noted in the first hours after surgery. This 
response has already been described by Vranken et al. 
(4). In the study of Vranken et al., the DIEP-flap showed 
a lower and more extended recovery phase. After this 
period, the StO2 values of the flap tissue remained stable. 

stored for analysis. It was checked whether the criterion 
of ‘∆StO2 decrease/h > 15 %’ used by M.H. Steele (17), 
was achieved. 

Every hour the temperature, skin color and Doppler 
signals of the free flap were monitored. The temperature 
was subjectively determined by skin contact. In the event 
of abnormal StO2 measurements or abnormal clinical 
signs, hemodynamic optimization was achieved based on 
individual needs and the plastic surgeon was contacted. 

Statistical analysis of the data was performed using 
the SPSS 22 software (SPSS, INC., Chicago, IL, USA). 
The Kolmogorov-Smirnov test and the Shapiro-Wilk 
were used to check the data for normality. Because of 
the small group of patients, a Wilcoxon signed-ranks test 
was used to determine the significance of the difference 
between the StO2 values of the free flap and the native 
tissue. A probability value < 0.05 was considered 
significant. 

results 

A total of twelve patients were included in the study. 
The mean age was 47 ± 11 years (mean ± SD). The mean 
body mass index was 25.8 ± 4.1 kg/m (mean ± SD). 50 
% of the patients underwent an unilateral reconstruction 

Number of women 12
Number of (ex) smokers 4
Number of diabetics 0
Number of ASA 2 patients 10
Number of ASA 1 patients 1
Number of ASA 3 patients 1
Number of cardiovascular patients 1
Number of bilateral DIEP flap 6
Number of unilateral DIEP flap 6
Mean Age 47.1  ± 10.7 y
Mean Weight 68.44 ± 10.25 kg
Mean BMI 25.8 ± 4.1 kg/cm2

Mean hemoglobin preoperatively 13.28 ±  0.78 g/dL
Mean hemoglobin postoperatively 9.98 ± 1.21 g/dL

Table 1
Demographics

Patient 
number

Age
(year)

Weight
(kg)

BMI
(kg/cm2)

Smoker Radiation
therapy

ASA 
score

Hemoglobin
preoperatively 

(g/dL)

Cardio-
vascular
problems

Bilateral Hemoglobin
postoperatively 

(g/dL)

Hemoglobin
drop (g/dL)

1 49 80.0 28.5 No present 2 13.5 absent no 11.6 1.9
2 52 85.0 30.1 No present 2 14.7 absent yes 9.8 4.9
3 66 82.4 28.5 No absent 2 13.6 present no 10.9 2.7
4 47 57.3 20.3 No present 2 12.8 absent no 8.3 4.5
5 46 69.9 26.0 No present 2 14.0 absent no 10.3 3.7
6 41 62.0 23.9 Yes present 3 14.1 absent yes 10.8 3.3
7 41 50.5 17.1 No present 2 12.7 absent no 10.3 2.4
8 42 60.2 26.4 Yes present 1 13.7 absent yes 10.4 3.3
9 33 74.0 33.0 No present 2 12.2 absent yes 10.5 1.7
10 60 61.0 24.8 Yes present 2 13.4 absent yes 7.0 6.4
11 60 67.0 23.7 No present 2 12.1 absent yes 9.1 3.0
12 28 72.0 27.4 Yes present 2 12.5 absent no 10.7 1.8

Table 2
Demographics - extended
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fallen to 52% (Table 5 and Fig. 3). The hemoglobulin 
value had fallen from 14.7 g/dL preoperatively to 9.8 
g/dL postoperatively, mainly due to hemodilution and 
peroperative blood loss. The hemoglobin value never 
met the transfusion criteria, namely a value of <7 g/dL. 
The color of the flap was reported as pale. The Doppler 
signal remained clearly audible. Since hemodynamic 
optimization had already been achieved, the plastic 
surgeon was contacted and a large hematoma was drained. 
The patient was able to leave the hospital in good health 
after a few days. The criterion of ‘∆StO2 decrease/h > 
15 %’ could only be achieved in this patient. The StO2 
values decreased before the appearance of abnormal 
clinical signs. We were therefore able to implement the 
results of the NIRS in the decision-making regarding the 
revision of the free flap. 

In two other patients, the color of the flap was 
reported as problematic and pale. However, the NIRS 
values   and the Doppler signals were preserved at all 
times. So the arterial and venous blood flow was always 
maintained and there was no need for a re-exploration. 

No patient suffered from skin irritation from the 
self-adherent sensors. The sensor can temporarily be 
disconnected when necessary. Afterwards there is no 
need for recalibration. NIRS monitoring is also not 
influenced by patient movement in contrast to Doppler 
measurements.

dIscussIon and conclusIon 

The aim of this study is to determine whether NIRS 
is a suitable way for assessing tissue perfusion after 
DIEP-flap breast reconstruction. Our data showed that 
NIRS is an easy, tissue-specific, objective and sensitive 
way to monitor tissue oxygenation in a continuous 
manner, after free flap breast reconstructions. This 
type of surgery is already common practice in many 
hospitals. NIRS seems to be a promising clinical tool 
in assessing the flap viability. It can identify early signs 
of vascular complications (2, 10, 18). Persistently low 
tissue oxygenation measurements predict poor outcomes 

Vrancken et al. suggests that all patients experience such 
a response, to a greater or lesser extent. The response is 
difficult to detect in some patients due to small differences 
between the measurements of the native tissue and the 
flap tissue. The clinical significance of this response is not 
yet clear. In the other nine patients, a tissue oxygenation 
response period was not noted. The StO2 measurements 
remained very stable during the postoperative period. 

Most patients underwent an uncomplicated post-
operative course and were able to leave the hospital after 
five days. One patient underwent a re-exploration of the 
flap. The 52-year-old woman underwent bilateral DIEP-
flap reconstruction. The flap perfusion was optimized 
by a dobutamine infusion during the initial surgery and 
a piracetam infusion postoperatively. No adverse events 
were reported during the surgery. During her stay at the 
PACU, a constant increased difference between the StO2 
measurements of the native tissue and the flap tissue 
was noted. The StO2 values of the free flap tissue had 

Bloodloss Oxygen 
 saturation

Use of  
blood products

Allergic 
reactions

Use of  
vasopression

Temperature Glycemia Use of  
piracetam

> 1000 ml < 90 % Present Present Present <= 35°C of 
>=38.5° C

<= 70 of >= 
180 mmol/l Present

Number of patients 1 0 1 0 10a 0 0 12

Missing data 4 1 0 2 0 2 2 0

Table 3
Peroperative course

a All patients received a dobutamine infusion.

 Number of 
patients

Heartrate < 60 bpm or > 110 bpm 0 - 12 h 1
Day 1 0

Day 2,3,4 1
Systolic 
bloodpressure

<=  90 mmHg 0 - 12 h 5
Day 1 0

Day 2,3,4 1
Oxygen
saturation

< 90 % 0 - 12 h 0
Day 1 0

Day 2,3,4 0
Diuresis < 1000 ml/24h or < 500 

ml/12h 
0 - 12 h 2
Day 1 1

Day 2,3,4 - 
Bloodloss > 500 ml/24h or >250 

ml/12h 
0 - 12 h 0
Day 1 1

Day 2,3,4  -
Colour Pale or blue  0 - 12 h 1

Day 1 2
Day 2,3,4 2

Temperature <= 35°C or >= 38,5°C 0 - 12 h 0
Day 1 0

Day 2,3,4 1
Doppler Absent 0 - 12 h 0

Day 1 0
Day 2,3,4 0

Skin irritation Present 0 - 12 h 0
Day 1 0

Day 2,3,4 0

Table 4
Postoperative course

Fig. 3. – Patient 2.

01-Thys.indd   401-Thys.indd   4 12/01/2021   12:0812/01/2021   12:08



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 near-InFrared sPectroscoPy For MonItorIng tIssue oxygenatIon 5

One of the limitations of this study is the small 
number of patients studied. Consequently further studies 
are necessary to evaluate the use of NIRS.

The StO2 values differ among patients, flaps and 
even regions of the flap. Therefore, following a trend or a 
drop ratio from the initial value seems more appropriate 
than following absolute values. Further studies are needed 
to establish the correct criteria or cut-off values. However, 
the criterion of ‘∆StO2 decrease/h > 15 %’ seems to be a 
reasonable standard (17). It is recommended to use NIRS 
as continuous monitoring (18). The drop ratio or trend of 
the free flap and the native tissue must be compared with 
each other. If both values show a falling trend or a sudden 
decrease, this indicates a generalized perfusion problem. 
Hemodynamic optimization with fluid administration, 
blood products or inotropics will be necessary. If only 
the values of the free flap show a falling trend or a large 
drop ratio, this indicates a flap oxygenation problem and 
a flap revisional surgery should be performed. 

in previous studies (6). The results of our study are 
comparable to the results of the literature (2, 4, 10, 14, 
15, 17-19). 

Some patients showed a tissue oxygenation 
response, as previously described. While others patients 
showed a stable tissue oxygenation. In this group of 
patients, the StO2 of the native tissue and the flap tissue 
was comparable. The recovery of the tissue may have 
already occurred before the StO2 measurements started. 
In total, one of twelve patients underwent a successful 
re-exploration for a hematoma. 

T0 T+3 T+6 T+9 T+12 T+15 T+18

1.1 90 91 89 92 92
1.0 92 93 93 93 93

2.1 80 52 53 52
2.2 91 92 93 93
2.0 86 86 88 87

3.1 93 92 93 88 92 92 89
3.0 93 93 94 94 94 94 94

4.1 92 91 89 92 92 91
4.0 92 92 92 93 93 92

5.1 93 93 93 93 93 93 92
5.0 93 92 93 93 93 93 92

6.1 93 93 93 93 93 93
6.2 92 93 93 93 93 92
6.0 92 93 93 93 93 93

7.1 93 93 93 93 93 93 93
7.0 93 93 93 92 93 93 93

8.1 83 89 92 92 89 91
8.2 82 93 93 93 92 93
8.0 90 92 92 92 92 92

9.1 92 89 91 92 90
9.2 88 92 92 92 92
9.0 86 87 92 92 86

10.1 92 88 91 89 89
10.2 93 93 93 92 92
10.0 92 91 87 87 86

11.1 89 92 92 92 92
11.2 81 93 94 94 94
11.0 91 93 93 93 93

12.1 87 90 90 90 92 94
12.0 92 93 92 93 93 94

Table 5
StO2 (%) versus time (h)

Table 6
Wilcoxon Signed Ranks Test

Wilcoxon Signed Ranks Test

StO2 free flap - StO2 native tissue

Z -1,020

Asymp. Sig. (2-tailed) 0,308
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and improves rate of flap salvage. Plast Reconstr Surg. 
127(3) : 1080-1085.

20. Guye M.L., Motamed C., Chemam S., Leymarie N., Suria 
S. and Weil G. 2016. Remote peripheral tissue oxygenation 
does not predict postoperative free flap complications in 
complex head and neck cancer surgery : A prospective 
cohort study. Anaesth Crit Care Pain Med. 36(1) : 27-31. 

NIRS monitoring does not inflict any discomfort. 
The technique and study were considered safe and user 
friendly by the patients and doctors. NIRS can even be 
used during the operation (18). It can provide added 
information to compare the pre-, peri- and postoperative 
StO2 values. Flap failure usually occurs in the first 
hours after surgery (2), but the ideal period of the StO2 
measurements has yet to be determined. Although only 
Caucasian patients participated in the study, melanin 
skin pigmentation does not interfere with the NIRS 
measurements (10). 

The costs of the monitoring device and disposable 
sensors must be weighed against the profits in reducing 
medical cost by eliminating the need for specialized 
nursing and admission on the PACU. More studies are 
needed to evaluate the economic impact.

In some situations, NIRS cannot be used. For 
example when the direct application of the NIRS sensor 
is not possible, as with heavy edema. Or when the StO2 

measurements may be incorrect, such as in case of 
hypothermia or changes in metabolism in patients with 
septic shock (6, 20). 

References

1. Chae M.P., Rozen W.M., Whitaker I.S., Chubb D., Grinsell 
D., Ashton M.W., Hunter-Smith D.J. and Lineaweaver W.C. 
2015. Current evidence for postoperative monitoring of 
microvascular free flaps. Ann Plast Surg. 74(5) : 621-632.

2. Lohman R.F., Langevin C.J., Bozkurt M., Kundu N. and 
Djohan R. 2013. A Prospective Analysis of Free Flap 
Monitoring Techniques : Physical Examination, External 
Doppler, Implantable Doppler, and Tissue Oximetry. J 
Reconstr Microsurg. 29(1) : 51-56. 

3. Futter C.M., Webster M.H., Hagen S. and Mitchell S.L. 
2000. A retrospective comparison of abdominal muscle 
strength following breast reconstruction with a free TRAM 
or DIEP flap. Br J Plast Surg. 53(7) : 578-583.

4. Vranken N.P.A., Weerwind P.W., van Onna M.A., Boumanc 
E.A.C., van der Hulsta R.R.W.J. 2017. Non-invasive tissue 
oximetry following unilateral DIEP-flap reconstruction : A 
pilot evaluation. JPRAS Open 12 : 59-65. 

5. Jöbsis F.F. 1977. Noninvasive, infrared monitoring of 
cerebral and myocardial oxygen sufficiency and circulatory 
parameters. Science. 23 ; 198(4323) : 1264-1267.

6. Benedik P.S. 2014. Monitoring Tissue Blood Flow and 
Oxygenation : A Brief Review of Emerging Techniques. 
Crit Care Nurs Clin N Am 26 : 345-356. 

01-Thys.indd   601-Thys.indd   6 12/01/2021   12:0812/01/2021   12:08



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

Abstract : Introduction: As hip fractures are frequent 
in the frail population, multiple regional anesthesia 
approaches have been developed over the past years to 
achieve analgesia of the hip joint. Achieving optimal 
analgesia with opioid reduction remains challenging 
in this group with high morbidity and mortality. Many 
techniques have changed over the years due to the 
introduction of ultrasound and an optimisation of 
radiographic techniques such as MRI. There has been 
an upcoming interest in the fascia iliaca compartment 
block (FICB), local infiltration analgesia (LIA) and 
more recently the pericapsular nerve group block (PENG 
block). The aim of this review is to clarify the role of 
these techniques in hip surgery.
Methods : A systematic search was performed in Medline, 
Embase and the Cochrane database,  with the following 
MeSH terms : conduction anesthesia, nerve block, local 
anesthesia.
Results : There is increasing evidence that a supra-
inguinal approach of the FICB is a valuable alternative 
for hip analgesia, as there is more success in blocking 
the three targeted nerves (femoral, obturator and lateral 
femoral cutaneous nerve), compared to the classical 
infra-inguinal approach. Very recently, the pericapsular 
nerve group block has seemed a promising option in 
providing analgesia of the hip joint, compared to LIA.
Conclusion : both the FICB as well as the PENG block 
have been shown to be safe and effective analgesic 
options in hip fracture. However, more research is needed 
to determine the role of both techniques in different hip 
conditions.

Keywords : conduction anesthesia ; nerve block ; local 
anesthesia.

IntroductIon

There has been an increasing incidence of 
hip fractures, a condition predominantly affecting 
the frail geriatric population, with poor outcomes 
for many patients (1). The one year mortality is up 
to one third of these patients (2). This population 
is at risk for postoperative complications due to 
opioid consumption or poor pain control, leading 
to delirium and delayed return of functional status. 
Hence, many of these patients require admission at a 

nursing home and quality of life is heavily impaired. 
Several studies have shown that the use of regional 
anesthesia techniques improves pain control and 
reduces complications (3). A knowledge of the 
neuro-anatomy of the hip joint is essential here. 
Sensory innervations of the hip capsule is provided 
by branches of the obturator, femoral, superior 
gluteal and sciatic nerves. The greater trochanter 
is innervated by a branch of the femoral nerve (4, 
5).   

Since the anterior part of the capsule is most 
densely innervated, the lumbar plexus is  the region 
of interest to block. The lumbar plexus originates 
from the ventral rami of lumbar spinal nerves L1-
4, and divides in the ilioinguinal, iliohypogatric 
and genitofemoral nerves and more importantly 
in the femoral (FN), obturator (ON) and lateral 
femoral cutaneous nerves (LFCN). The fascia iliaca 
covers the iliacus and psoas muscle, both muscles 
inserting on the lesser trochanter of the femur. The 
fascia iliaca (FI) as well as both muscles border a 
virtual compartment, the fascia iliaca compartment, 
extending from the lumbar vertebrae to the lesser 
trochanter. The FN, ON, LFCN all pass through this 
compartment, and could theoretically be blocked 
by one single injection. The aim of this paper is 
to review different approaches of blocking these 
nerves and hence provide optimal analgesia and 
reduce postoperative complications.
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findings were encouraging for more research of 
the FICB, and more progress was made with the 
introduction of ultrasound. 

Ultrasound techniques

The first ultrasound guided FICB was described 
by Dolan in 2008, by injecting LA just below the 
FI. When compared with the blind technique, this 
resulted in more sensory loss and motor block. 
Adequate spread of LA is more reliable when seen 
on ultrasound than feeling two pops, because other 
fascial planes can result in ‘false positive pops’. 
There was almost a doubling in complete sensory 
loss of the thigh. Nevertheless, only 44% of patients 
had a motor block of the ON (13). Given the highly 
variable cutaneous distribution of the ON, sensory 
loss in the suspected cutaneous area of the ON 
could not be interpreted as successful ON block. 
Reliable ON block can only be tested by loss of 
motor function, thus reduction in adduction strength 
of the hip (14).

The technique was modified in 2011 by 
Hebbard and was described as a supra-inguinal 
approach of the FI, keeping in mind that a more 

methods

A systematic search was performed in 
Medline, Embase and the Cochrane database, in 
order to review different techniques of blocking 
the lumbar plexus. The following terms were used : 
fascia iliaca compartment block, hip analgesia, 
regional anesthesia, pericapsular nerve group block, 
local infiltration analgesia. Randomised controlled 
trials were selected from the search results. For the 
FICB, only results from the last ten years have been 
reviewed, because of the abundance of results.

results 

Landmark techniques

The first anterior landmark technique to 
block the lumbar plexus was described in 1973 
by Winnie, as an inguinal paravascular injection 
technique, analogous to brachial plexus blocks. 
Paresthesias of the FN were elicited, after inserting 
the needle lateral of the femoral artery, and different 
volumes of local anesthetic (LA) were injected, 
together with manual pressure distal of the needle, 
to promote cephalad spread to the lumbar plexus. 
Winnie concluded that 20 ml of LA was sufficient 
to block the FN, ON and LFCN, hence called 3-in-
1 block (9). However, this could not be clinically 
reproduced, neither with imaging techniques. An 
MRI-study by Swenson showed cephalad spread of 
LA to the level of the retroperitoneum, as well as 
medial and lateral spread at the level of the inguinal 
ligament. Despite this, LA did not reach the tissue 
plane in between the iliacus and psoas muscle. 
As a consequence, there was no blocking effect 
on the ON (10). However, when compared with a 
FICB, which will be discussed later, postoperative 
pain scores and opioid consumption were not 
significantly different (11).

As the branches of the lumbar plexus are 
located posteriorly of the FI, Dalens et al. described 
a new landmark technique in 1989, the FICB. 
Drawing a line from the anterior superior iliac spine 
to the pubic tubercle, the needle was inserted half a 
centimetre caudal of the point between the lateral 
third and the medial 2 thirds. Two “pops” are felt, 
caused by the puncture of the fascia lata and the 
FI, followed by loss of resistance and the injection 
of a large volume of LA. Comparable to Winnie’s 
technique, the LA was massaged more proximally. 
Dalens compared this technique in children with a 
3-in-1 block, and this resulted in a better block of 
the three targeted nerves (90% vs 15%) (12). These 

Fig. 1. — Illustration of four different techniques of a FICB. 
ASIS: anterior superior iliac spine ; PUB:  pubic symphysis ; 
US: ultrasound ; yellow line: femoral nerve ; red line: femoral 
artery ; blue line: femoral vein. Used with permission of K. 
Vermeylen (7).
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is that a proximal deposition of LA leads to a more 
consistent block of the three targeted nerves, as they 
are anatomically more closely related to each other 
(16,17).

Infiltration techniques

Local infiltration analgesia has a long history 
and seems beneficial in avoiding hyperalgesia 
and in providing postoperative pain control (18). 
However, there has been little evidence and lack 
of randomized trials.  Andersen et al. conducted 
a randomized, placebo-controlled trial in total hip 
arthroplasty patients, inspired by a non randomized 
case series of Kerr and Kohan that noticed earlier 
mobilization and less opioid consumption using 
LIA (19). The study group received a mixture 
of ropivacaine, ketorolac and epinephrine by 
peroperative infiltration. A catheter was placed in 
the hip joint, running down the capsule, muscles and 
skin (20). They noticed lower pain scores on the first 
postoperative day, less need for rescue analgesia and 

proximal approach could lead to a better spread 
under the FI and possibly spread towards the 
ON. In his procedure, the probe was placed in a 
longitudinal direction, a few centimeters below 
the inguinal ligament. Successively the needle 
is advanced in a cranial direction under the iliac 
fascia up to the supra inguinal level, where LA was 
injected. However, Hebbard’s cadaver study did 
not investigate involvement of the ON, there was 
nevertheless consistently good spread towards the 
FN and LFCN (15). The four previously mentioned 
techniques are illustrated in figure 1 (7).

This technique was slightly modified by 
Desmet, to a real supra-inguinal approach : placing 
the probe at the level of the anterior superior iliac 
spine, then moving medially and caudally the probe 
until the bow-tie sign is seen, which is formed 
by the sartorious muscle and the internal oblique 
muscle, the needle is inserted under the FI where 
the LA is injected, as is illustrated in figure 2. It 
then spreads as far as medial to the psoas muscle 
where the obturator nerve has its course. The idea 

Fig. 2. — ASIS: anterior superior iliac spine ; IM: iliac muscle ; arrows: iliac fascia ; SM: Sartorius muscle ; IOM: internal oblique 
muscle ; * bow-tie sign in A, needle in B, deep circumflex artery in C, LA in D. Part A shows relevant anatomy, part B shows a slightly 
more medial image with needle introduction, part C shows injection of LA and part D is an image after injection of LA. Used with 
permission of M. Desmet (8).
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have been reported, especially when the block 
was performed postoperatively (30). The authors 
hypothesized that surgical disruption of the normal 
planes and anatomy leads to further spread of the 
LA, towards the FN. Other potential reasons of 
motor block are too superficial injection of LA, the 
injection of a few ml of LA in hydrolocalisation of 
the needle tip, resulting in FICB or FN block. The 
authors emphasized that the needle should be lateral 
of the psoas tendon, because a position medial of 
the psoas tendon would give good spread of LA, but 
also inadvertent spread towards the FN (28, 30). 

dIscussIon

Patients needing hip surgery often have a 
frail, geriatric profile, resulting in high morbidity 
and mortality (1-3). As a consequence, an ideal 
treatment would consist of optimal analgesia 
requiring the least possible opioids and muscle 
weakness, in order to mobilize as soon as possible 
(2, 31). A larger number of regional anesthesia 
techniques are available in providing analgesia in 
hip operations (31, 32). The diversity of techniques, 
made possible by anatomical studies, radiological 
imaging studies and the introduction of ultrasound, 
have made it difficult to assess the clinical relevance 
of these techniques. It is challenging to point out the 
optimal timing and dosage of every technique, and 
to compare them. 

A Cochrane systematic review found only 
moderate quality of evidence in favour of peripheral 
nerve blocks compared to systemic analgesia, low 
quality of evidence in improving patients satisfaction 
and very low quality of evidence in reducing length 
of stay or adverse events as pruritus and delirium 
(33, 34). However, almost all peripheral nerve block 
techniques were included, and a detailed analysis for 
every technique might result in different findings.

Many studies have described an opioid 
sparing effect of the FICB (16, 35-39), with even 
better results with a supra-inguinal approach (40-
42). These findings might be attributed to a better 
block of the ON with a supra-inguinal approach, 
which was found in electromyographical studies 
(43) as well as imaging studies. An MRI study 
by Vermeylen showed a more cephalad spread 
of LA, towards the lumbar plexus, with a supra-
inguinal approach compared with an infra-inguinal 
technique on the contralateral side in a volunteer 
study, resulting in a significantly higher complete 
sensory block of the anterior, lateral and medial 
thigh (44). A meta-analysis comparing FICB with 
no block showed reduction in opioid consumption, 

less joint stiffness. However, these findings could 
not be reproduced in multiple randomized trials 
(21-24). A possible explanation is that in these trials 
only LA was used, whereas epinephrine and non-
steroidal anti-inflammatory drugs (NSAIDs) were 
avoided. Epinephrine was not administered due to 
risk of tissue necrosis (25) and NSAIDs were not 
used because of risks of renal impairment, bleeding, 
cardiovascular adverse events in a general geriatric 
frail population (26).

A new infiltration technique was then 
developed, given the fact that the anterior hip 
capsule is most densely innervated, by the ON, 
FN and accessory ON. The high articular branches 
of the latter two are located between the iliopubic 
eminence (IPE) and the anterior inferior iliac spine 
(AIIS) (28). The block was named pericapsular 
nerve group block (PENG block) (28-29). The block 
was performed with a curvilinear ultrasound probe, 
transversally placed over the AIIS. The needle was 
in plane introduced from lateral to medial, under 
the FN, with the needle tip in the plane between 
the psoas tendon and the pubic ramus. A total of 20 
ml was injected, with spread of the LA in the plane 
under the psoas tendon and above the plane between 
the IPE and AIIS (Fig. 3).  

Half an hour after the injection, the patients 
were asked to flex the hip ; they reported less pain 
compared to baseline and had no clinical evidence 
of quadriceps weakness (28). The authors believed 
they could better reach the articular branches of the 
accessory ON and FN, because they are located 
between the AIIS and IPE, whereas an FICB or 
3-in-1 block are not likely to block these branches, 
as the spread of LA will not be cephalad enough. 
As the PENG block only blocks sensory branches, 
motor block can be avoided, which is important in 
early mobilization. However, cases of motor block 

Fig. 3. — Ultrasound image after injection of LA. FA: femoral 
artery ; FV: femoral vein ; FN: femoral nerve ; PT: psoas 
tendon ; IPE: iliopubic eminence ; AIIS: anterior inferior iliac 
spine ; *: spread of LA ; arrow: needle trajectory, lateral to the 
FN. Used with permission of N. Black (38).
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preserved. However, the FICB has the advantage of 
blocking all relevant cutaneous innervation of the 
thigh.

conclusIon

It can be said that both the FICB as well as 
the PENG block are safe and effective techniques 
in providing analgesia of the hip joint. The supra-
inguinal approach of the FICB seems to be most 
effective, but ideal volume and concentration of 
LA still needs to be investigated. The PENG block 
definitely needs to be studied more in detail, and 
randomized trials are underway. Most likely, both 
blocks are not interchangeable as they will each 
have their own benefit in different clinical situations, 
which still remain to be determined. However, up 
to now, both techniques have been promising in 
achieving lower pain scores and less need of opioids. 
These parameters are of paramount importance in 
the frail, geriatric population suffering from hip 
conditions with high morbidity and mortality.
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Abstract : Volatile anesthetics have long-lived 
greenhouse gas properties. These molecules undergo 
virtually no biotransformation in vivo, so in a single 
patient they can be recirculated in the closed-circuit 
system or expelled into the atmosphere. In this respect, 
manufacturers of modern-day anesthesia machines have 
developed automated target control low-flow tools for 
proficient volatile delivery. Volatile agent consumption 
at the Maria Middelares Hospital, Ghent, within four 
defined flow control groups was observed retrospectively 
by chronologically assigning the first 25 encountered 
patients (who met inclusion criteria) to their respective 
group. In these groups, either (1) a Minimal (300 mL 
min-1) or (2) a 2-liter FGF (2L FGF) ; (3) AGCV4.04 or 
the newer (4) AGCV4.07 was used to provide sustainable 
anesthesia. Digitalized data was extracted and visualized 
for each case. Average (standard deviation ; SD) 
consumption was calculated at 5 minutes intervals. After 
45 minutes, the average (SD) consumption of sevoflurane 
was 14,4 (1,3)  ; 5 (1,2) ; 7 (1,4) ; and 6,3 (1,3) mL in 
the 2L FGF; Minimal ; AGCÒ V4.04 and AGCV4.07 group, 
respectively. Compared to Minimal, AGCÒ groups 
consumed significantly more sevoflurane at the early 
stage of anesthesia, but then decreased to a comparable 
rate. Our results indicate that manually regulated minimal 
flow is more economic and ecological, compared to 
AGCÒ. Conventional “low-flow anesthesia” practice 
(e.g. 2L-FGF) should be aborted as AGCÒ offers a vital 
solution to the opposing stakes of ecological/economic 
concerns and stability/ease of anesthetic delivery, but 
the algorithms should be furtherly optimized. Timely 
upgrade towards most recent software versions can 
deliver significant cost savings and a reduction of the 
ecological footprint. 

Keywords : Volatile anesthetic ; closed-circuit anes-
thesia ; vaporizers ; greenhouse gas ; health care econo-
mics and organizations.

IntroductIon

Volatile anesthetics have long-lived greenhouse 
gas properties and evaporate to the atmosphere 
after clinical application (1-3). With growing 
acknowledgement of the disastrous consequences 
of a derailed greenhouse effect, there has been an 

increased interest to reduce the ecological footprint 
resulting from anesthesia practice (1,4). In this 
respect, it is important to realize that volatile 
anesthetics undergo virtually no transformation in 
humans (1). The consumption of a volatile agent is 
type-specific (MAC-specific), time-dependent and 
largely determined by the FGFs anesthesiologists 
use to saturate the ventilator and patient with 
narcotics (1,5-7). Pursuing lower FGFs and agent 
consumption to deliver sustainable anesthesia can 
result in major financial and environmental benefits 
(1, 6, 8).

Historically, the absence of reliable gas moni-
toring, trustworthy vaporizers and early recognition 
alarms were an important limitation to this practice 
(9-12). Minimal flow anesthesia lowers remains to 
be considered as labor-intensive and risks being 
performed suboptimal at moments where other 
aspects of anesthesia care require focused attention 
(8, 12, 13). In this respect, there are opposing stakes 
between ecological/economic concerns and stability 
of anesthetic delivery (8, 10, 12-14).

Minimal flow anesthesia requires frequent 
manual adjustment of the ventilator settings in order 
to avoid accidental hypoxia or the inappropriate 
dosage of anesthetic agents (due to various 
reasons, such as circuit leakage or distraction of 
the anesthesiologist) (12, 15, 16). Except for rare 
situations, such as carbon monoxide poisoning 
or decompensated diabetic states, there are no 
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can be used, depending on the clinician’s personal 
preference, experience and clinical circumstances. 
Ventilatory data and the sequential consumption 
of sevoflurane is being reported into ICCA at a 15 
seconds interval by the Flow-i with a precision of 
0.1ml  (26).

Case selection and inclusion

Assuming a normal distribution of the 
consumption data, we considered a mean difference 
of 1 ml after 45 minutes between AGC® and minimal 
flow to be significant (estimated SD of 1.1 ml, based 
on pilot data). To detect this difference with an α of 
0.05 and a power of 0.95, a total of 25 records are 
needed (27).

The consumption patterns of sevoflurane within 
four defined flow control groups were observed 
retrospectively by chronologically assigning the 
first 25 encountered patients (who met inclusion 
criteria) to each group.

In the first two groups, records were included 
where AGCÒ was continuously employed at 
standard speed 6 during the whole procedure, with 
a set FiO2 (inspiratory oxygen fraction) of 80%, 
and a target EtSevo of 2%. In the first (AGC4.04) and 
second (AGC4.07) group, AGCÒ software V4.04.01 
and V4.07.00 was used, respectively. In the third 
group (2L FGF), a continuous FGF of 2 L min-1 was 
used. In the fourth group (Minimal), the FGF was 
manually titrated to attain and maintain an Etsevo of 
2% with the lowest possible flow of 300 ml min-1 
on the Flow-i ventilator ; at the start of sevoflurane 
administration and intermittently during the proce-
dure, a higher flow could be applied for a few 
seconds.

Data extraction and analysis

All anesthetic data were extracted and 
subsequently imported into Microsoft Excel 2010® 
(Microsoft, Redmond, USA) for analysis. The 
records were synchronized (T0 was defined as a 
Fisevo > 0.2%). The evolution of the values for all 
study variables were analyzed for 45 minutes, 
starting from the moment Fisevo exceeded 0.2%. For 
visual assessment, the evolution of the individual 
values is depicted in figure 1. For comprehensive 
comparison of the different groups, the average 
values were shown in figure 2.

The time until Etsevo 1.8% was reached in the 
averaged Etsevo curve was counted as the time to 
reach the desired Etsevo.

The average and standard deviation (SD) of Etsevo 
between 25 and 35 minutes after start was counted 
as the stability of sevoflurane administration.

contraindications to perform low flow anesthesia 
(10-12). In this respect, manufacturers of modern-
day anesthesia machines developed automated 
target-control low-flow tools for volatile delivery 
(16-20).

The Flow-i anesthesia machine (Getinge, 
Goteborg, Sweden), for instance, can be supplied 
with AGCÒ (16,19). In AGCÒ , the anesthesiologist 
chooses the appropriate speed 1 (slow) to 8 (fast) to 
reach desired end-tidal concentrations of anesthetics 
(16,19,21). The AGCÒ algorithm gradually lowers 
the FGF to a rate of 300 ml min-1 (16,19). Several 
studies have established that low flow anesthesia 
and automated gas control software can significantly 
reduce consumption of anesthetic agent (19, 22, 
23). The use of automated software eliminates the 
requirement of frequent manual adjustment of the 
ventilator settings during minimal flow anesthesia 
and in addition optimizes the stability of the 
administered anesthetics and oxygen (16, 17, 19, 
24).

This study aimed to compare the sevoflurane 
consumption in a) conventional low flow anesthesia 
(2L FGF), b) manually adjusted Minimal FGF and 
AGC® software versions c) AGC4.04 and  d) AGC4.07 
at different stages of anesthesia. An additional 
analysis carried out to describe whether differences 
in consumption vary in time after the start of volatile 
agent delivery. A secondary outcome variable was 
the stability of the end-tidal sevoflurane (Etsevo) 
concentrations during steady-state anesthesia.

methods

Hardware and data registration

After institutional ethical approval (MMS. 
2019.069), digital anesthesia reports between 01 
October 2019 and 31 March 2020 were extracted 
and analyzed on the used mode of volatile anesthetic 
administration, ventilator setting and demographic 
data. All patients had given routine written consent 
for retrospective data research. This manuscript 
adheres to the applicable STROBE guidelines. 
Intellispace Critical Care and Anesthesia (ICCA) 
(Philips, Amsterdam, Netherlands) is used for 
recordkeeping of intraoperative data and anesthetic 
interventions such as provided airway and 
administered drugs (25).

The Flow-i ventilators are equipped with AGCÒ 
version V4.04.01 or V4.07. All anesthesiologists 
are aware of the AGCÒ  feature, but there is no 
departmental protocol on preferential settings. As 
such, AGCÒ or manually performed flow modes 
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average injection rate of sevoflurane for each group 
is shown in figure 3. Patient characteristics were 
comparable between groups.

The cumulative consumption of sevoflurane 
(ml) at different time points for each group, as well 
as the consumption in the 15-45 minutes interval 
significantly differs between groups (Table 1, Fig. 2). 
After 45 minutes, an average (SD) of 14,4 (1,2) ml, 
7,0 (1,4) ml, 6,3 (1,3) ml and 5,0 (1,2) ml sevoflurane 
liquid is consumed in 2L FGF, AGC4.04, AGC4.07 and 
Minimal, respectively. The total consumption at 45 
minutes is significantly different between all groups 
(table 1), with Minimal being significantly the most 
proficient, although the difference with both AGC® 
settings is mainly accrued in the first 10-15 minutes 
after start (Fig. 1).

The standard deviation of the Etsevo was 
significantly lower in both ACG settings than in 
minimal flow, indicating more stable sevoflurane 
delivery in AGC®. The time to reach the 1.8% 
sevoflurane-target was significantly different be-
tween groups (Table 1).

The anesthetic management was adequate in 
all groups and no critical events occurred.

The rate of sevoflurane consumption at a certain 
minute (Rm, expressed as ml h-1) was calculated as 
the increase in cumulative consumption (Cm) over 
the coming minute : Rm = (C(m+1)-Cm) *60 (figure 3).

Normality was tested with the Kolmogorov-
Smirnov test. Continuous data are expressed as 
mean (SD).

The average (SD) values of the analyzed 
variables were determined at 5 minutes intervals. In 
addition, the cumulative sevoflurane consumption 
between 15 and 45 minutes was determined. Results 
were subject to the general linear model repeated 
measures ANOVA with subsequent unpaired t-tests. 
Significance level was set at 5% (p<0.05).

results

The patient characteristics and main outcome 
data are summarized in table 1. The evolution of 
the individual cumulative sevoflurane consumption 
and the individual Etsevo, as well as the average value 
for each setting is shown in figure 1. For a clear 
comparison, the average curves of each of these 
settings is shown in figure 2. The time course of the 

 Group    Statistical analysis
 2L FGF AGC4.04 AGC4.07 Minimal Differences between groups

Patient demographics  
Subjects 25 25 25 25  
Male/female 11/14 14/11 9/16 9/16  
Weight (kg) 72 (12) 82 (21) 75 (22) 74 (18) p = 0,27
Age 59(15) 55(18) 52(15) 58(14) p = 0,32

Cumulative sevoflurane liquid consumption (ml)  

Time (min)  
5’ 2,2 (0,3) 1,7 (0,4) 1,7 (0,3) 1,1 (0,4) AGC4.04 and AGC4.07 do not differ (p=1)

10’ 4,0 (0,5) 2,9 (0,7) 2,6 (0,3) 1,7 (0,5) AGC4.04 and AGC4.07 do not differ (p=0,06)

15’ 5,7 (0,6) 3,7 (0,9) 3,3 (0,4) 2,3 (0,5) All differ (p<0,01)
20’ 7,2 (0,7) 4,4 (1,0) 3,8 (0,5) 2,9 (0,6) All differ (p<0,01)
25’ 8,7 (0,8) 5 (1,1) 4,3 (0,7) 3,4 (0,7) All differ (p<0,01)
30’ 10,2 (0,8) 5,5 (1,2) 4,8 (0,8) 3,8 (0,8) All differ (p<0,01)
35’ 11,6 (0,9) 6,0 (1,3) 5,3 (1) 4,3 (1,0) All differ (p<0,01)

40’ 13,1 (1,0) 6,5 (1,4) 5,8 (1,1) 4,6 (1,1) All differ (p<0,01)

45’ 14,4 (1,2) 7,0 (1,4) 6,3 (1,3) 5,0 (1,2) All differ (p<0,01)

15-45’ 8,7 (0,9) 3,3 (0,8) 3,0 (1,0) 2,7 (1,0)
AGC4.04 and AGC4.07 do not differ (p=0,22)
AGC4.07 and Minimal do not differ (p=0,22)
AGC4.04 and Minimal differ (p=0,012)

Etsevo during steady-state anaesthesia (= between 25 and 35 minutes after start)  

25-35’ 2,07 (0,21) % 1,99 (0,09) % 2,03 (0,08) % 2,16 (0,29) %  

Time to reach Etsevo of 1,8% (min:sec)  
 04:00 08:00 05:15 12:15  

Table 1
Demographics, cumulative sevoflurane consumption, average end-tidal sevoflurane (Etsevo) concentrations during steady-state and 

time to reach the target value in the different settings

Results are presented as average values (SD). 
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dIscussIon

This study shows that AGC® reduces 
sevoflurane waste compared to conventional low 
flow anesthesia (e.g. 2L FGF), while the consumption 
in Minimal demonstrates room for improvement of 
the current AGC® algorithms. Reducing waste has 
financial and ecological benefits. 

While largely ignored by the medical and 
political community because of many undue reasons, 
volatile anesthetics are very potent greenhouse gases 
(1, 4). As the urgency of decisive climate action 
grows, so too has interest curbing emissions of 
greenhouse gases other than CO2. Following initial 
clinical administration and after passage through 
the carbon dioxide absorber, volatile anesthetics can 
be recirculated. Apart from rare conditions such as 
CO intoxication, there is no reason not to aim for a 
minimal gas flow (10).

Figure 2 shows a reduction of volatile anesthetic 
consumption with AGC ® or by swiftly applying 
minimal FGFs, compared to the 2L FGF anesthesia. 
Cumulative sevoflurane usage after 45 minutes is 
lowest in Minimal throughout all clinical anesthesia 
procedures in comparison to the AGC4.04 and 2L 
FGF, 29% and 65%, respectively. In the AGC® 
cases, the cumulative sevoflurane consumption 
is still even 9% lower in AGC4.07 compared to the 
AGC4.04. The sevoflurane consumption remains 
highest in all stages of the anesthesia procedure 
in the 2L FGF group, while there is a significant 
decline of consumption in time in all other groups. 
Sevoflurane usage in the wash-in period is kept 
low in Minimal, while in AGC® there is a higher 
consumption at the start. This disparity becomes 
smaller in due course (Fig. 3).

EtSevo 2% was reached fastest in 2L FGF, 
followed by AGC4.07, AGC4.04 and Minimal. This 
partly explains the higher consumption rates of the 
2L FGF group, but as our results indicate, in time, all 
other groups were more proficient in terms of volatile 
delivery once the target was reached and consumed 
less volatile agent at any given moment. Importantly, 
in this study, the speed setting in both AGC® modes 
was 6 in all records. Probably, the requested EtSevo 
can be reached faster with a higher speed setting. 
Conversely, a lower speed setting should result in 
lower consumption, which would be closer to the 
consumption figures we see in Minimal. As observed 
by Carette et al., the consumption in the Flow-i after 
45 minutes with AGC® version V4.0.0 in speed 2 
was 25% lower than in speed 6 (19). If this ratio 
would be extrapolated to version V4.07.0, it would 
correspond to a consumption of 4,7ml in AGC4.07 in 

Fig. 1. — Individual and average cumulative sevoflurane 
consumption (ml) (a) and corresponding end-tidal sevoflurane 
concentrations (%) (b) in all groups. Thin black lines represent 
individual cases, thick red lines are the calculated mean values.

Fig. 2. — Average cumulative liquid sevoflurane consumption 
(ml) (a) and corresponding end-tidal sevoflurane concentrations 
(Etsevo) (b) in all four groups.

Fig. 3. — Average sevoflurane injection rate (ml h-1) in all four 
groups.
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delivery. Carette et al. reported volatile agent 
consumption to be 8,4 ml with AGC® V4.0.0 after 
45 minutes (19). We observed a volatile agen 
consumption of 7,0 ml and 6,3 ml in AGC4.04 and 
AGC4.07, respectively. 

There are several limitations to this study. 
First of all, as this is a retrospective analysis of 
data records, possible confounding factors are 
not controlled. Secondly, the number of extra 
interventions from the vigilant anesthesiologist 
could not be deducted from our data, and as such, 
the workload for the additional interventions could 
not be quantified. Also, clinical parameters of the 
patients were not compared and while the patients 
did not differ significantly in age, there was no 
adjustments for age on MAC. Finally, an additional 
consideration is the increased consumption of 
soda lime when low flow settings are used. In a 
comprehensive analysis, this should be included 
in future research. Nevertheless, at a conventional 
2-2,5 L FGF, an 8-hour effective anesthesia would 
result in a sevoflurane consumption of 160ml per day, 
resulting in a cost of around 64€ and greenhouse gas 
emissions of 56 kg CO2-equivalents. Any increased 
consumption of soda lime resulting from decreased 
FGF would clearly be comparatively negligible.

conclusIon

This study indicates that manually regulated 
minimal flow is more economic and ecological, 
compared to AGCÒ, at a cost of lower precision 
of the Etsevo. Compared to all other groups, 2L 
FGF consumes at least twice as much sevoflurane 
after only 45 minutes. Conventional “low-flow 
anesthesia” (e.g. 2L FGF) should be abandoned as 
AGCÒ offers a vital solution to the opposing stakes 
of ecological/economic concerns and stability/ease 
of anesthetic delivery. Still, there are significant 
gains to be made in improving the algorithms, 
especially in the first 10 minutes. The cost savings 
through implementation of automated low-flow 
tools more than cover the investment costs in 
modern machines. Timely upgrade towards most 
recent software versions can deliver additional cost 
reductions.
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speed 2 after 45 minutes – which is less than the 5 ml 
we observed in Minimal. This assumption should be 
confirmed in further research. To our opinion, there 
is no physically inevitable obstacle to explain the 
abundant consumption at higher speeds compared 
to lower speeds. Eventually, the essential amount of 
sevoflurane liquid is the amount needed to saturate 
breathing system and patient to acquire the desired 
target. As such, we believe that, certainly at higher 
speeds, there is clear room for improvement of the 
algorithms. 

Although the cost of inhalational drugs remains 
a small part of the total operation costs, cutting 
down any form of wastage has environmental and 
financial benefits which should not be ignored (4, 6). 
Resulting from the complexities of the atmospheric 
physics and chemistry, which is described elsewhere, 
sevoflurane has a global heating effect which is 
349 times worse than CO2, while desflurane is 3714 
times worse (2).  Because volatile anesthetics are 
widely and often continuously used in operating 
theatres (assuming an effective anesthesia time of 
a ventilator of 8 hours per day for 45 weeks per 
year), the aggregate consumption of sevoflurane 
in conventional flow settings of 2-2,5 L/min FGF 
may easily amount to 40 liters of sevoflurane or 
100 liters of desflurane or more per ventilator per 
year (1,2). Assuming a market price of 0,4 € per 
ml, this represents an annual cost of 16.000 € and a 
greenhouse gas equivalent of 14 or 371 metric tons 
of CO2 for sevoflurane or desflurane, respectively 
(3). As such, a reduction in anesthetic waste of well 
over 50% would result in significant savings - easily 
covering the additional cost of modern equipment 
- and less atmospheric pollution. As a reference, 
one roundtrip intercontinental flight Brussels-New 
York in economy class results in 2 metric tons of 
CO2 emissions. Since use of automatic gas control 
technology permits safe and convenient reduction 
of anesthetic waste of easily 50%, implementation 
of this technology would result in a financial saving 
well over 8000 € per year and an equivalent of 7 or 
185 tons of CO2 emission when used with sevo- 
flurane or desflurane, respectively (19). Of note, 
although the relative savings are vastly higher 
with desflurane, compared to sevoflurane, from 
an ecological point of view, we would strongly 
discourage the use of desflurane wherever sevo- 
flurane were considered a reasonable clinical alter- 
native (1).

After comparison of the subsequent AGC® 
software versions, it becomes clear that the upgrades 
of AGC® software versions have led to significant 
improvements of the efficiency of volatile agent 
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Abstract : Objective : obstruction and hemodynamic 
instability.
Methods : A literature search in Cochrane central, 
MEDLINE and Embase was performed on 23-03-2020 
using following search strings : “shoulder reduction”, 
“shoulder dislocation”, “locoregional anesthesia”, 
“supraclavicular block” and “interscalene block”. In total 
134 articles were found after duplicate removal. Nine 
articles were included for full text screening. Case series 
were excluded for analysis. Three articles were selected 
and a fourth one was added from the references of the 
analyzed articles. 
Results : Length of stay at the emergency department is 
significantly shorter when using locoregional anesthesia 
compared to general anesthesia (1-4) (table 1). The 
results for pain scores and patient satisfaction are more 
variable. No complications of locoregional anesthesia 
were observed in these trials. Studies comparing 
different locoregional anesthetic techniques for shoulder 
dislocation were not found.
Discussion and Conclusion : Current literature supports 
the feasibility of locoregional anesthesia for shoulder 
reduction. Complications due to locoregional anesthesia 
were absent in the investigated trials though the current 
trials are too small to draw conclusions. The use of 
locoregional anesthesia can avoid complications due to 
procedural sedation and general anesthesia. Locoregional 
anesthesia offers the advantage of shorter length of stay 
in the emergency department. Results of pain scores and 
patient satisfaction differ amongst the analyzed trials. 
Further research is needed to confirm these results and to 
investigate the most appropriate locoregional anesthetic 
technique.

Key words : shoulder dislocation ; regional anesthesia ; 
nerve block.

Case report 

A 33 year old woman presented at the 
emergency department with a right sided shoulder 
dislocation after a traumatic fall. No other 
injuries were observed. She was 40 weeks + 4 
days pregnant. Her medical history included a 
Bankart shoulder repair 5 years earlier. Clinical 
examination excluded concomitant nerve and 

vascular injury. Radiographic imaging confirmed 
a shoulder dislocation and excluded a humeral 
fracture. General anesthesia and sedation were 
avoided for the risk of airway obstruction, gastric 
content aspiration, hemodynamic instability and its 
repercussions on the growing fetus. After consulting 
gynecology, traumatology and anesthesiology, the 
patient was transferred to the operation room for 
shoulder reduction with locoregional anesthesia. A 
single shot interscalene brachial plexus block was 
performed under ultrasound guidance and nerve 
stimulation. Eighteen milliliters of ropivacaine 
0.5% was injected with observation of good 
spread of the local anesthetic. Shoulder reduction 
was successfully performed using the Kocher 
method and the patient experienced no pain during 
the maneuver. Fetal monitoring was performed 
throughout the procedure and was uneventful. 
The patient was admitted at the delivery room for 
monitoring and was discharged the same day. 

IntroduCtIon 

The overall incidence of shoulder dislocation 
in the United Kingdom over a 20 year period is 
40.4/100000 person-years in men and 15.5/100000 
person-years in woman (1). The incidence is 
highest in young men. The incidence in woman 
rises with advanced age. The etiology of shoulder 
dislocations is predominantly traumatic (fall and 
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results

We analyzed the results of studies comparing 
regional anesthesia with general anesthesia or 
procedural sedation for the outcome parameters of 
length of stay, pain scores and patient satisfaction 
(Table 1). Three articles compared the effect of 
an interscalene block to general anesthesia for 
shoulder reduction. Blaivas et al. (4) compared 
an interscalene block to procedural sedation with 
etomidate in a prospective randomized controlled 
trial with 21 patients in each group. The randomized 
controlled trial of Doost et al. (5) compared an 
interscalene block to procedural sedation with 
propofol and fentanyl and included 30 patients in 
each group. Kreutziger et al. (6) did a retrospective 
data analysis of patients with shoulder dislocation. 
They compared patients receiving an interscalene 
block, general anesthesia and intravenous analgesia, 
respectively 31, 18 and 14 patients. All studies 
showed successful use of the interscalene block for 
shoulder reduction though the outcome parameters 
vary amongst the different studies. Tezel et al. (7) 
performed a prospective randomized controlled trial 
comparing a suprascapular block to sedation with 
ketamine for shoulder reduction in respectively 21 
and 20 patients.  

high energy injury during sports or recreation) (2). 
Patients presenting with a shoulder dislocation 
at the emergency department often complain of 
discomfort and persisting pain until the moment 
of reduction. Most patients need analgesia and 
sedation for shoulder manipulation. Multiple 
reasons make procedural sedation and general 
anesthesia unattractive (non-fasted state, cardiac or 
respiratory co-morbidities, pregnancy, …). In this 
review we will analyze the existing literature on the 
use of regional anesthesia for shoulder reduction. 

Methods 

A literature search in Cochrane central, 
MEDLINE and Embase was performed on 23-03-
2020 using following search strings : “shoulder 
reduction”, “shoulder dislocation”, “locoregional 
anesthesia”, “supraclavicular block” and “inter-
scalene block”. In total 134 articles were found after 
duplicate removal. Nine articles were included for 
full text screening. Case series were excluded for 
analysis. Six articles were excluded for the absence 
of a control group. Three articles were selected and 
a fourth one was added from the references of the 
analyzed articles (Fig. 1). 

Fig. 1.
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most institutes intravenous analgesia, sedation or 
general anesthesia are used. Shoulder dislocations 
are mostly seen in trauma and these patients are 
seldomly sober which increases the risk for gastric 
content aspiration. Data on the incidence of gastric 
content aspiration in procedural sedation in the 
emergency department are limited. Application of 
the same fasting guidelines as for general anesthesia 
are questioned (14). Postponing a shoulder reduction 
for the risk of aspiration can reduce the success 

dIsCussIon 

Shoulder dislocation and reduction techniques 

The overall incidence of shoulder dislocation 
in the United Kingdom over a 20 year period is 
40.4/100000 person-years in men and 15.5/100000 
person-years in woman (1). Comparable results were 
observed in other nations (2, 8, 9). The incidence 
is highest in young men. The incidence in woman 
rises with advanced age. The etiology of shoulder 
dislocations is predominantly traumatic (fall or 
high energy injury during sports or recreation) 
(2). Shoulder dislocation is the most frequent joint 
dislocation in the human body (10). Three types 
of shoulder dislocation have been described : 
anterior, posterior and inferior. Anterior dislocation 
is most frequent followed by posterior and inferior 
dislocation. Glenohumeral reduction can be 
obtained by one of many techniques described in 
the literature (Table 2) (11-13). Some techniques 
advocate to be less traumatic and painful, others 
yield serious discomfort. Ancient techniques like 
the Hippocratic method have become obsolete 
because of the increased risk of fractures and 
neurovascular injury (12). A systematic review of 
closed shoulder reduction techniques of Alkaduhimi 
et al. (11) proposed that the scapular manipulation 
technique is the fastest and most successful and the 
FARES (FAst REliable and Safe) technique offers 
a good alternative. However, there is no “one fits 
all” reduction technique and clinicians need to 
master alternative techniques in order to adapt to the 
clinical situation. Alkaduhimi et al. also reassessed 
pain scores during reduction ranging from 1.38 to 
6.9 on a 10-point VAS (Visual Analog Score) scale. 
Therefore most patients need a form of analgesia 
or sedation to obtain successful shoulder reduction. 
The two major elements needed for shoulder 
reduction are analgesia and muscle relaxation. In 

Author Year Study type n LOS in minutes Pain score Patient satisfaction

Blaivas et al. (4) 2011 prospective RCT
US ISB (21) vs. GA (21)

42 100,3 (±28,3 SD) vs. 177,3 
(±37,9) p<0,0001

0 (0-3 range) vs. 0 (0-4) 
p=0,7990

8.3 (±1.1 SD) vs. 8.2 (±1.3) 
p=0.9275

Doost et al. (5) 2017 RCT
US ISB (30) vs. GA (30)

60 80.2 (±25.2 SD) vs 108.6 
(±42.1) p=0,005

3,43 (±1,6 SD) vs. 0,38 
(±0,5) p<0,001

3,0(±0,6 SD) vs. 3,6(±0,4) 
p<0,001

Kreutziger et 
al. (6)

2019 retrospective data analysis
US ISB(31) vs. GA(18) 
vs. IVA(14)

63 67.5 (48.8-93.5 IQR) vs. 
102 (100-110) p=0.003 vs. 
125 (102.5-147.5 p=0,0007

0 (0-0 IQR) vs. 2 (0-
2,5) p=0,04 vs. 2(0-2) 
p=0,002

ISB 12(9-15) vs. GA 17(12-24) 
p=0.03 
ISB 12(9-15) vs. IVA 11(8-13) 
p=0.22 ˠ

Tezel et al. (7) 2014 prospective RCT 
US SNB (21) vs GA (20)

41 25 (21-36 range) vs 125 
(120-138) p<0,001

NA NS 

Table 1
Studies comparing a regional technique with procedural sedation/general anesthesia

GA general anesthesia, IVA intravenous analgesia, US ISB ultrasound guided interscalene block, US SNB ultrasound guided suprascapular nerve block, 
LOS length of stay, RCT randomized controlled trial, SD standard deviation, IQR interquartile range, NA not applicable, NS not significant.

Reduction techniques for anterior dislocations
Kocher method
Spaso method
External rotation maneuver
Milch technique
Chair method
Traction counter-traction
Scapular manipulation
Stimson technique
FARES technique (FAst, REliable and Safe)
Hippocratic method
Eskimo technique
Boss-Holzach-Matter method
The snowbird method
Best of Both Maneuvers
Legg Reduction Maneuver
Bokor-Billmann technique
Cunningham technique
Davos method/Aronen technique
Elbow technique
GONAIS method
Janecki’s forward elevation maneuver
Nicola method
Zahiri technique
Reduction techniques for posterior dislocations
Wilson’s technique
DePalma’s ‘‘lever’’ method
Caudal traction
Reduction techniques for inferior dislocations 
Traction/countertraction
Two-step maneuver

Table 2
Reduction techniques (11-13)
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anteriorly (22). These branches originate from the 
C5 and C6 nerve roots.  Tensile stress on the shoulder 
capsule provokes major pain during dislocation. 
Muscular spasm develops progressively in shoulder 
dislocation and impedes simple reduction. The 
target of a regional technique should comprise the 
aforementioned nerves to obtain pain relief and 
muscular relaxation of the shoulder girdle. 

Regional techniques

Brachial plexus blockade for shoulder reduc-
tion is described in literature using interscalene, 
supraclavicular and suprascapular nerve block. Most 
articles used an interscalene block for this indication. 
Since the first description of the interscalene block 
in 1970 by Winnie et al. (23) it has been successfully 
utilized for shoulder and upper arm surgery. Several 
early reports confirmed the feasibility of regional 
anesthesia for shoulder reduction (24, 25) though it 
has never become a standard of care. Literature on 
the use of regional anesthesia for shoulder reduction 
is scarce. 

Interscalene block (ISB)

The interscalene block targets the brachial 
plexus at the level of the trunks at the interscalene 
groove between the anterior and middle scalene 
muscle. This is an optimal technique for shoulder 
and upper arm anesthesia but unreliable for hand 
and lower arm anesthesia because the C8-T1 
roots are frequently spared (17, 19). The majority 
of the included studies used an interscalene block 

rate of the procedure (15). This dilemma between 
adherence to fasting guidelines and fast shoulder 
reduction can be solved by regional anesthesia. 

Innervation of the shoulder 

A thorough knowledge of anatomy and 
innervation is essential to facilitate shoulder 
reduction with regional anesthesia. The brachial 
plexus (Fig. 2) is formed by the anterior rami of the 
nerve roots of C5 to T1 with variable contributions 
of C4 and T2. Two terminal nerves arise at the level 
of the roots : the dorsal scapular and long thoracic 
nerve that will innervate respectively the rhomboid 
muscles and the serratus anterior muscle. The 
superior (C5-C6), middle (C7) and inferior trunk 
(C8-T1) are formed by fusion of the nerve roots at the 
level of the interscalene groove. The suprascapular 
and subclavian nerve arise from the superior trunk 
and innervate the supra- and infraspinatus muscles 
and the subclavian muscle. Each trunk divides in 
an anterior and posterior division at the level of the 
clavicle without formation of terminal nerves. The 
anterior divisions of the superior and middle trunk 
merge and create the lateral chord. The medial chord 
is created by the anterior divisions of the middle and 
inferior trunk. The posterior divisions of all trunks 
form the posterior chord. Multiple nerves originate at 
the cords before formation of the terminal branches. 
The lateral pectoral nerve originates from the lateral 
chord and innervates the pectoralis major muscle. 
The medial pectoral, medial brachial cutaneous 
and medial antebrachial cutaneous nerve arise from 
the medial chord. The thoracodorsal nerve and the 
medial and lateral subscapular nerve emerge at the 
posterior chord. More distally, the chords form 
the terminal nerve branches : musculocutaneous, 
axillary, radial, median and ulnar nerve (16-19).  

Many variations to this classic presentation 
of the brachial plexus exist. The contribution of 
the C4 nerve root to the brachial plexus is greater 
in a prefixed plexus (C4-C8) with implications for 
the innervation of the shoulder girdle. A postfixed 
plexus (C6-T2) shows greater contribution of the 
T2 nerve root and less contribution of the C4 and 
C5 roots (18). Additionally the C5 and C6 roots 
are often located inside or anterior to the anterior 
scalene muscle as established in cadaver studies 
(20,21). The presence of a cervical rib can deform 
the normal anatomy of the brachial plexus (18).

The shoulder capsule is predominantly inner-
vated by the suprascapular nerve and axillary 
nerve on the posterior side and branches of the 
subscapular, axillary and lateral pectoral nerve 

Fig. 2. — Brachial plexus. Image reprinted by permission 
from NYSORA e-Learning System (https://nysoralms.com/) 
(31).
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The use of a fast and short acting local anesthetic is 
therefore promoted. 

Pain scores 

The results for pain scores are more variable. 
The study of Blaivas et al. (4) could not show a 
significant difference in self-reported pain scores 
during reduction between the ISB group and 
procedural sedation. Doost et al. (5) even found 
significant lower pain scores during reduction in 
the procedural sedation group. These results need 
to be interpreted with caution. Patients receiving 
procedural sedation are unconscious at the moment 
of reduction. Humans need consciousness to be able 
to experience pain and this element could bias the 
observed result. Moreover, the affective component 
of pain could be increased by the snapping sound 
of the shoulder, the view of the reduction and effort 
of the physician to obtain a successful reduction. 
More reliable would be the pain score at different 
moments in time as done in the retrospective study 
by Kreutziger et al. (6). They observed pain scores 
on six different moments in time (pre-hospital, 
on admission, after pain drugs, during reduction, 
on discharge, first evening). Their observations 
show a significant reduction in pain intensity on 
discharge and on the first evening compared to 
general anesthesia and intravenous analgesia. 
Their numbers confirm non-significant pain scores 
between regional anesthesia and general anesthesia 
at the moment of shoulder reduction. 

Patient satisfaction 

Patient satisfaction varies amongst the ana-
lyzed studies. Kreutziger et al. (6) showed a signi-
ficantly increased patient satisfaction with regional 
anesthesia while Doost et al. (5) observed the 
opposite effect. The other trials could not obtain 
a significant result for the outcome of patient 
satisfaction (4,7). Patients are overall satisfied with 
whatever technique has been used and they would 
choose the same analgesic technique again (6).

Complications 

Complications of shoulder reduction itself 
include nerve, vascular and musculoskeletal injury. 
The incidence of complications differs amongst the 
reduction techniques (13). Moreover, a pre-existing 
humeral fracture increases the risk for vascular and 
nerve injury during reduction.

Anesthetic complications depend on the 
technique used. General anesthesia or procedural 

for shoulder reduction because of the complete 
coverage of the C5 and C6 nerve roots. 

Supraclavicular block (SCB)

The supraclavicular block targets the brachial 
plexus at the level of the divisions between the 
clavicle and the first rib. The brachial plexus lies 
in close proximity with the subclavian artery and 
injection in the corner pocket between the artery 
and the nerves is most successful (26, 27). This 
technique is optimal for complete upper limb 
anesthesia with one injection. Rostral spread of the 
local anesthetic offers good conditions for shoulder 
anesthesia. Stone et al. (28) described the use of the 
supraclavicular block for upper arm emergencies 
including fractures, dislocations and abscesses. 
They concluded that a supraclavicular block was 
feasible for upper arm emergencies and led to a 
shorter length of stay. Two patients in their study 
population suffered from shoulder dislocation but 
they received procedural sedation (control group). 
Minville et al. (29) performed supraclavicular 
brachial plexus block for shoulder reduction in 55 
out of 97 patients receiving regional anesthesia. 
Seventeen patients needed conversion to general 
anesthesia, which seems unusually high. This study 
did not report on pain scores, length of hospital stay 
or patient satisfaction and was excluded for further 
analysis. 

Suprascapular block (SNB)

The suprascapular nerve block limits its action 
to one terminal nerve of the brachial plexus. Sparing 
of the other nerve branches can result in suboptimal 
reduction conditions but offers a better safety profile 
compared to an interscalene or supraclavicular 
block. 

Length of hospital stay

All studies uniformly show a significant 
reduction in length of stay (LOS) in the regional 
anesthesia group regardless of different definitions 
of LOS in the emergency department. This effect 
is explained by the increased monitoring time after 
procedural sedation or general anesthesia compared 
to regional anesthesia. Blaivas et al. (4) confirmed 
a significantly increased one-on-one health care 
provider time for procedural sedation. Kreutziger 
et al. (6) showed a prolonged time to shoulder 
reduction in the ISB group compared to the general 
anesthesia group explained by the onset of the block. 
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sedation increases the risk of airway obstruction 
with desaturation, gastric content aspiration and 
hemodynamic instability. The studies analyzed in 
this review all used a different sedative (propofol, 
etomidate, ketamine with or without the use of 
an opioid) which makes it difficult to compare. 
Every sedative has its own side effect profile. 
The retrospective study of Minville et al. (29) 
analyzed the results of 224 shoulder dislocations 
and encountered a 8% complication rate, all linked 
to general anesthesia. Tezel et al. (7) observed 
a 15% incidence of nausea and vomiting, 10% 
supplemental oxygen need and 15% agitation in 
their ketamine sedation group. 

Complications of regional anesthesia are 
numerous (bleeding, infection, nerve injury, intra-
vascular injection with seizures, epidural injection, 
spinal cord injury, pneumothorax, local anesthetic 
systemic toxicity, allergic reactions, …). A physical 
examination to detect prior neurological deficits and 
radiographic evidence of the absence of pre-existing 
fractures should be performed before shoulder 
reduction. Other side effects such as Horner syn-
drome, recurrent laryngeal nerve paralysis and 
hemidiaphragmatic paralysis occur in a high number 
of patients and can be detrimental in patients with 
co-morbidities (30). The absence of any of these 
side effects in the analyzed trials is remarkable and 
could be explained by underreporting of side effects 
and complications. These side effects can guide the 
clinician to choose a different regional technique. 
The clinician needs to have a profound training and 
sufficient experience with regional anesthesia (4, 
5). There is no scientific ground to avoid regional 
techniques for the risk of complications in these 
patients at this moment though the trials are too 
small to draw conclusions. 

ConClusIon

Current literature supports the feasibility of 
regional anesthesia for shoulder reduction. Com-
plications due to regional anesthesia were absent 
in the investigated trials though the current trials 
are too small to draw conclusions. The use of 
regional anesthesia can avoid complications due 
to procedural sedation and general anesthesia. 
Regional anesthesia offers the advantage of shorter 
length of stay in the emergency department. Results 
of pain scores and patient satisfaction differ amongst 
the analyzed trials. Further research is needed to 
confirm these results and to investigate the most 
appropriate regional anesthetic technique. 
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Abstract : Objective : Current literature is unsure of 
the added value of simulation-based medical education. 
The aim of this study was to make a basic assessment 
of simulation based medical education within the 
university hospitals of Leuven, questioning the necessity 
and the proposition for a simulation-based curriculum, 
estimating the clinical competence of anesthesia trainees 
during perioperative emergency events and assessing 
the application of a crisis resource management (CRM) 
protocol.
Background : Simulation based medical education 
evolved from aviation industry, where it was used 
to practice technical skills and apply crisis resource 
management to enhance safety, technical and non-
technical skills. 
Methods : This manuscript adheres to the SQUIRE 
guidelines for quality improvement studies. We designed 
a questionnaire comprising 25 questions to test the added 
value of simulation in the university hospitals of Leuven.
Results : Sixty-one percent (61%) (102 of 167) responded 
to the questionnaire ; 83% (85 of 102) of participants 
describe an added value attributed to simulation ; 93% 
(93 of 102) wants to integrate simulation into their 
education ; barriers towards integration of simulation, 
according to the participants, are time-related in 78% (79 
of 102) of the answers ; perioperative emergency events 
happened to 74% (75 of 102) of the participants, on a six-
monthly basis. Applicable knowledge of CRM protocol 
was described by 11% (12 of 102) of the participants.
Discussion : The majority of participants (83%) reported 
an added value of simulation based education and 
there was a positive attitude towards integration of a 
simulation-based curriculum. Majors barriers towards 
the implementation are time and resource/money related. 
The incidence of perioperative emergency events remains 
unclear and underreported in the current literature. The 
application of Crisis Resource Management (CRM) 
is currently lacking, and more effort should be made 
towards a systematic implementation.

Keywords : Simulation training ; quality Improvement ; 
education ; medical ; anesthesia

IntroductIon

Evidence based literature is unsure of the 
added value of simulation-based medical education. 

Innovations in flight simulators, computers and 
audio-visual technology were the driving forces 
to incorporate simulation in medical education. 
Slow integration was due to skepticism, the lack 
of validated studies and the lack of good primary 
outcomes (1). Simulation-based medical education, 
as described by Gaba, is a technique to replace real 
life experiences with simulated experiences that 
evoke or replicate substantial aspects of the real 
world in a fully interactive manner (2). There is a 
lot of diversity in simulated-based medical training, 
e.g. skill training, scenario training, emergency 
training, etcetera... Skill training is a type of training 
where you can practice and perfect a specific skill ; 
Scenario training is a type of training which uses 
a medical case to set up a scenario. It consists of a 
briefing, a scenario and a debriefing and is usually 
done in a team setting, which allows for technical 
and non-technical skills, e.g. Crisis Resource 
Management (CRM), to be practiced. Technology 
in simulation can range from high fidelity to low 
fidelity. Fidelity is a way to describe the realism 
behind a simulation. Recent advances in computer 
sciences and virtual reality are making simulations 
more life-like than ever before. An in depth analysis 
of all the different variables regarding simulation-
based medical education is not the scope of this 
manuscript. The great diversity and heterogeneity 
of simulation based medical training could explain 
the paucity of strong evidence based research (2). 
Medical errors due to human related factors are 
common (3). Despite the lack of high-quality studies 
there are recent articles that try to demonstrate the 
added value of simulation-based medical education 
in terms of performance, medical errors and cost-
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Methods

This manuscript adheres to the SQUIRE 
guidelines for quality improvement studies. The 
committee for medical simulation at University 
hospitals of Leuven wanted to discuss the current 
state of their simulation-based medical education, 
questioning the necessity and the proposition for a 
simulation-based curriculum. To assess the need for 
simulation-based medical education and to evaluate 
its potential added value a detailed questionnaire was 
developed for the department of anesthesiology’s 
senior residents and junior residents. The research 
was conducted from November 2017 to March 2018. 
The participants were recruited from a database 
containing anesthesia residents currently active 
in the university hospitals of Leuven. Informed 
consents were obtained from all participants prior 
to their inclusion in the research. No remarks were 
made by the Ethics committee of the University 
Hospitals of Leuven. The questionnaire consisted 
of 25 questions (see table 1 for details) and was 
created using google documents. A subdivision was 
made based on demographics, simulation- based 
medical education, skill training and scenario-
training. The questions were scored using a Likert-
scale, ranging from 1 up to 10.  Data collection was 
carried out anonymously by means of an electronic 
link, which led to the google docs, questions were 

effectiveness. This could lead to optimization of 
procedures enhancing safety, quality and efficiency 
(4). Evans et al demonstrated that simulation-based 
medical education has been shown to be effective 
in enhancing the performance of central venous 
catheter (CVC) insertion in comparison with 
traditional training (5), resulting in a better state 
of care and reduced medical errors (6). Cohen et al 
also demonstrated that simulation-based medical 
education was proven to be cost-effective in the 
prevention of catheter-related bloodstream infections 
(CRBI) on the intensive care unit. After one year 
of simulating, data showed there was a reduction 
of approximately 10 CRBI with a cost reduction 
of almost 800,000 dollars. In comparison the costs 
of the simulation program were calculated to be 
100,000 dollars giving them a return on investment 
of 7 to 1 (7). The costs of simulation-based medical 
education are dependent upon the variables used to 
set up a simulation. A low fidelity simulation will 
cost substantially less than a high fidelity simulation 
(2). The aim of this manuscript was to make a basic 
assessment of simulation based education within 
the university hospitals of Leuven, questioning the 
necessity and the proposition for a simulation-based 
curriculum, estimating the clinical competence of 
anesthesia trainees during perioperative emergency 
events and assessing the application of a crisis 
resource management protocol.

 1. “Did you ever participate in simulation-based medical training?” 
 2. ‘’How many simulation-based medical educations have you taken part in?’’
 3. “Do you want to integrate simulation-based medical training into your education?” 
 4. “How often do you want simulation-based medical training?” 
 5. “Can you describe the added value of simulation-based medical education on a Likert scale?” 
 6. “Which topics would you like to practice during simulation-based medical training?”
 7. “Are you willing to pay for simulation-based medical training as part of your educational program?” 
 8. “How much are you willing to spend on one training session?” 
 9. “When would you like to practice simulation-based medical education?” 
10. “On a Likert scale of 1 to 10 do you think there is an added value of simulation-based medical education towards maintaining accreditation after 

your graduation as an anesthesiologist?”
11. “What do you think the barriers are towards practical integration of simulation-based medical education?”
12. “Have you ever encountered a peri-operative emergency event during your education, which would have been better trained beforehand during 

a simulation-based medical training session?”
13. “How often did you encounter such a peri-operative emergency event?”
14. ‘’Give a short description of such an event”
15. “Have you ever participated in skill training?”
16. “How are these skills taught?”
17. “Are these skills taught on a standardized manner?’’ 
18. “Have you ever participated in a scenario training?”
19. “On a Likert scale of 1 to 10 did you find scenario training to be a good learning experience?”
20. “Do you feel more prepared for a peri-operative emergency event after completing a scenario training? 
21. “Would you like to do a scenario based simulation-based training before a specific rotation, e.g. weaning of cardiac bypass”
22. “Are you familiar with Crisis Resource Management (CRM)?”
23. “I do not know the core principles of crisis resource management, but I have heard of the concept CRM”
24. “I do not know crisis resource management, and I have not heard of the concept CRM”. 
25. “Do you think your knowledge of CRM is sufficiently large/ applicable in a real emergency situation?”

Table 1
Questionnaire
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sequently, to the question : “How much are you 
willing to spend on one training session”, 60% (60 
of 102) answered : “less than 100 euro”, 16% (17 of 

asked about demographic data, training year and 
previous experience in simulation education. 
During statistical analysis no editing of data was 
performed, except when input errors were detected. 
Datasets were compiled in a Microsoft Excel 
spreadsheet, coded and stored on a cloud based 
google server. Statistical analysis was extracted 
from data entered into the google documents and 
was descriptive by nature. Nominal variables were 
compared according to training years, dividing 
senior and junior residents.

results

We contacted 167 people, hereafter referred to 
as the participants, of which 102 people completed 
the questionnaire. Accounting for a response rate 
of 61% (Fig. 1). To the question : “Did you ever 
participate in simulation-based medical training?” 
70% (71 of 102) answered : “yes”. When asked 
how many simulation-based medical educations 
the participants had undergone 58% (59 of 102) 
answered 1-3 times, 5% (5 of 102) answered 3-5 
times, 1% answered (1 of 102) answered 5-10 times, 
7% (7 of 102) answered more than 10 times. To the 
question : “Do you want to integrate simulation-
based medical training into your education? “ 93% 
(93 of 102) answered “Yes”. Subsequently, to the 
question : “How often do you want simulation-
based medical training?” 30% (30 of 102) answered 
once every month, 36% (35 of 102) answered once 
every three months, 22% (22 of 102) answered 
once every six months, 10% (10 of 102) answered 
once every year, 2% (2 of 102) answered not to 
be interested in simulation-based medical training 
(Fig. 2). To the question : “Can you describe the 
added value of simulation-based medical education 
on a Likert scale?” 83% (78 of 93) answered an 8 
or more, 16% (14 of 93) answered between 6-7 and 
1% (1 of 93) answered less than 5 (Fig. 3). To the 
question : “Which topics would you like to practice 
during simulation-based medical training?”. 87% 
(88 of 102) answered : “anesthetic complications 
and their management”, 83% (84 of 102) answered : 
“scenario training”, 68% (69 of 102) answered : 
“advanced life support”, 50% answered : “crisis 
resource management”, 48% (49 of 102) answered : 
“practice of technical skills”, 2% (2 of 102), 
answered : “I do not want to practice simulation-
based medical training”. To the question : “Are you 
willing to pay for simulation-based medical training 
as part of your educational program?”, 40% (41 of 
102) answered : “Yes”, 36% (37 of 102) answered : 
“Maybe”, 23% (24 of 102) answered : “No”. Sub-

Fig. 1. — Total participants.

Fig. 2. — Total participants that wants integration of 
simulation.

Fig. 3. — Added value of simulation on a scale 1-10.
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(9 of 51) of cases, “Problems outside the OR”, in 
8% (4 of 51) of cases, “Difficult airway” in 8% (4 
of 51) of cases, “a non-specific scenario”. in 25% 
(13 of 51) of cases, Senior assistants reported : 
“Difficult airway” in 30% of cases (7 of 23), 
“Problems outside the OR” in 30% of cases (7 
of 23), “Anaphylaxis” in 13% (3 of 23) of cases, 
“Reanimation” in 13% (3 of 23) of cases, “A non-
specific scenario” in 13% of cases (3 of 23) (Fig. 
5). To the question : “Have you ever participated in 
skill training?”, 69% (70 of 102) answered : “Yes”, 
31% (32 of 102) answered : “No”.  To the question : 
“How are these skills taught?”, 67% (65 of 102) 
answered : “Simulation-based medical training”, 
49% (47 of 102) answered : “textbook”, 47% (46 of 
102) answered : “On a patient under supervision”, 
35% (34 of 102) answered : “ex cathedra”, 31% 
(30 of 102) answered : “live demonstration”, 11% 
(10 of 105) answered : “On a patient without 
supervision”. To the question : “Are these skills 
taught on a standardized manner?”, 40% (40 of 
102) answered : “Yes”, 38% (38 of 102) answered : 
“Some skills are, other are not”, 22% (24 of 102) 
answered : “No”. To the question : “Have you ever 
participated in a scenario training?”, 76% (78 of 
102) answered : “Yes”, 24% (24 of 102) answered : 
“No”.  Subsequently to the question : “On a Likert 
scale of 1 to 10 did you find scenario training to 

102) answered : “Between 100 and 200 euro”, 1% (1 
of 102) answered : “more than 300 euro”, 23% (24 of 
102) answered : “I do not want to pay for simulation-
based medical education”. To the question : “When 
would you like to practice simulation-based medical 
education?”, 87% (88 of 102) answered : “during 
working hours”, 43% (44 of 102) answered : 
“after hours”, 12% (12 of 102) answered : “in 
weekends”, 2% (2 of 102) answered : “I do not 
want simulation-based medical training”. To the 
question : “On a Likert scale of 1 to 10 do you think 
there is an added value of simulation-based medical 
education towards maintaining accreditation after 
your graduation as an anesthesiologist?”, 48% (49 
of 102) answered with a score of 8 or higher, 20% 
answered (19 of 102) a score of 7, 17% answered 
(16 of 102) answered 5 or 6, 18% (18 of 102) 
answered a score of 4 or lower. To the question : 
“What do you think the barriers are towards 
practical integration of simulation-based medical 
education?”, 78% (79 of 102) answered : “time”, 
71% (72 of 102) answered : “resources”, 47% (48 of 
102) answered : “management/ event organizing”, 
21% (22 of 102) answered : “peer judgement, 
stressful environment”. To the question : “Have 
you ever encountered a perioperative emergency 
event during your education, which would have 
been better trained beforehand during a simulation-
based medical training session?”, 73% (75 of 102) 
answered : “Yes”, 27% (27 of 102) answered : “No” 
(Fig. 4). Subsequently, to the question : “How often 
did you encounter such a perioperative emergency 
event?”, 51% (52 of 102) reported as often as once 
per semester, 20% (18 of 102) reported once per 
year, 29% (32 of 102) reported to not have had any 
perioperative emergency events, which they could 
not manage during their education. Subsequently, to 
the question : “Give a short description of such an 
event”, Junior assistants reported : “Anaphylaxis” 
in 23% of cases (12 of 51), “Bronchospasm” in 
19% of cases (10 of 51), “Reanimation” in 17% 

Fig. 4. — Prevalence of perioperative emergency events.

Fig. 5. — Type of peri-operative emergency events. A : input junior residents, B: input senior residents.
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Potential barriers towards the integration of 
simulation-based education are time and resource/
money related (78%). The costs of simulation based 
education are proportional to the amount of fidelity 
(2), more fidelity doesn’t always mean better (8), 
Friedman et al showed that a simple model was 
as useful for learning how to place an epidural 
as an expensive simulator was (9). Nagendran 
et al. noted that virtual reality training appears to 
decrease operating time and operating performance 
of trainees learning laparoscopic procedures, im-
plying there could be a reduced cost associated 
with simulated based training (10). Cohen et al 
showed that simulation-based education was cost-
effective by preventing CBRI (7). Ongoing research 
is focusing on simple, but effective simulated 
based training tools to further evaluate the cost-
effectiveness of simulation based education (11). 
Participants of the questionnaire were asked if 
they would want to make a contribution, no clear 
results were found. Examining the prevalence and 
the incidence of perioperative emergency events 
amongst anesthesia trainees gave surprising results. 
The majority of trainees (75%) have encoun-tered 
perioperative emergency events which they had 
rather trained for in a simulated setting. Encoun-
tering a perioperative emergency event during 
anesthesia is highly probable, the most frequent 
experienced perioperative emergency events were : 
anaphylaxis, bronchospasm, difficult airway, life 
support. The incidence of perioperative emergency 
events is not well documented and frequencies vary 
considerably between studies (12). An approximate 
frequency of IgE-mediated anaphylaxis is estimated 
on 1 per 5,200 general anesthesia (12). Severe 
bradycardia (heart rate <50 beats per minute) and 
severe hypotension (mean arterial pressure <55 
mm Hg), within a 10-minute window after in-
duction of anesthesia has an incidence of 5.6% 
(13). Bronchospasm during ENT surgery has 
an incidence of 0.4% and laryngospasm has an 
incidence of 5% (14). Knowing the most reported 
perioperative emergency events and their relative 
incidence could help with the development of a 
tailored based curriculum for anesthesia trainees 
and can be an important factor during training and 
could lead to a reduction in medical errors. However 
more validated studies with a good study design 
must be performed to check for potential benefits 
of simulation-based training. The results of the 
questionnaire showed that only 30% participants 
know the basic principles of CRM and 18% of the 
participants feels comfortable in applying CRM into 
daily practice. Proper usage of the CRM protocol 

be a good learning experience?”, 75% (58 of 78) 
answered with a score of 8 or higher, 14% (12 of 78) 
answered with a score of 7, 11% (8 of 78) answered 
with a score of 6 or lower.  To the question : “Do you 
feel more prepared for a perioperative emergency 
event after completing a scenario training?”, 75% 
(58 of 78) answered : “ Yes”, 20% (15 of 78) 
answered : “Maybe”, 5% (4 of 78) answered : “No”. 
To the question : “Would you like to do a scenario 
based simulation-based training before a specific 
rotation, e.g. weaning of cardiac bypass”, 78% (80 
of 102) answered : “Yes”, 7% (7 of 102) answered : 
“No”, 15% (15 of 102) answered :  “No idea”. To the 
question : “Are you familiar with Crisis Resource 
Management (CRM)?”, 30% (31 of 102) answered : 
“Yes”, 34% (32 of 102) answered : “I do not know 
the core principles of crisis resource management, 
but I have heard of the concept CRM”, 36% (37 
of 102) answered : “I do not know crisis resource 
management, and I have not heard of the concept 
CRM”. Subsequently to the question : “Do you 
think your knowledge of CRM is sufficiently large/ 
applicable in a real emergency situation?”, 18% (12 
of 63) answered : “Yes”, 48% (30 of 63) answered : 
“No”, 34% (19 of 63) answered : “I don’t know” 
(Fig. 6).

dIscussIon

To assess the added value of simulation-based 
training and to improve the quality of education 
in the university hospitals of Leuven’s curriculum 
for anesthesiology residents a questionnaire was 
developed and administered. A response rate of 
61% was noted.  The majority of participants (83%) 
reported a score of 8 or higher on a Likert scale 
towards the added value of simulation and there was 
a positive attitude with a high proposition towards 
integration of a simulation-based curriculum. 
These findings had an important effect towards 
the integration of a simulation-based curriculum. 

Fig. 6. — Correlation between prior experience with CRM and 
its applicability.
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unclear and underreported in the current literature. 
We were able to identify the most frequent adverse 
events from the questionnaire, which allows the 
possibility for focused simulation based training. 
Although the application of non-technical skills 
during emergency events is an essential part of 
its management our questionnaire suggests basic 
knowledge of Crisis Resource Management (CRM) 
is currently lacking, and more effort should be 
made towards a systematic implementation, which 
could be trained during simulation. The results of 
this study should help set up future research on the 
topic and more well-conducted studies are needed 
to demonstrate a proven added value regarding 
simulation based medical education.
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lIMItatIons

Some questions of the survey have a different 
response rate. This is due to some responders 
not having participated in simulation, resulting 
in different denominators and hence different 
percentages throughout the results section. A 
questionnaire based study design brings along 
bias. The heterogeneity of participants, i.e. starting 
trainees to graduated anesthesia residents, accom-
panies the possibility for exposure bias. Also the 
attitude towards simulation of participants and 
nonparticipants should be taken into account. 
Experience gained outside of simulated based 
education is different for every participant, as is 
the retention of knowledge before and after training 
for every participant. This heterogeneity makes 
for a large bias in data analysis and validation of 
the study. The study is limited only to university 
hospitals of Leuven, the results found are thereby 
a sample size of currently practicing residents and 
should not be considered as representative for the 
whole community.

conclusIon

Recent technological advances, increasing 
numbers of procedures and increasing numbers of 
young anesthesia trainees, were the reasons to assess 
the added value of simulation-based training. This 
has led to the development of a simulation-based 
medical curriculum, which allows for training of 
common perioperative emergency/adverse events 
in a low risk environment. Simulation-based medi- 
cal education makes it possible to teach theoretical 
and practical aspects of anesthesia and also 
allows for non-technical skill to be practiced, 
e.g. communication. The majority of participants 
reported an added value towards simulation based 
medical education and towards the integration of 
a simulation-based curriculum. Majors barriers 
towards the implementation are time and resource/
money related. The current evidence on simulation 
based education remains poorly substantiated, partly 
due to the great heterogeneity in the type of training. 
More clarity is needed in this regard to help facilitate 
the integration of simulation based medical education 
into routine practice. Perioperative emergencies 
are to be expected during anesthesiology training, 
the incidence of these emergency events remains 
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Abstract : Objective : The objective of this systematic 
review is to compare the duration of analgesia between 
perineural and intravenous dexamethasone as an 
adjuvant to a peripheral nerve block with long-acting 
local anesthetics.
Background : Perineural dexamethasone has proved to 
prolong the postoperative analgesia of local anesthetic 
peripheral nerve blocks. However, a similar increase in 
postoperative analgesia duration is seen with the use of 
intravenous dexamethasone.
Methods :  A systematic search in Medline and Scopus 
was executed up to April 2020 using the following MeSH 
terms : dexamethasone, nerve block, brachial plexus 
block, perineural.
Results : The analgesic duration of perineural versus 
intravenous administration as an adjuvant to a long-
acting local anesthetic peripheral nerve block, was in 
seven trials with perineural dexamethasone significantly 
prolonged of which two studies were evaluated as high-
risk bias. However, in five trials, no difference between 
perineural and intravenous dexamethasone was observed.
Discussion and Conclusion : No clinically significant 
difference in the analgesic duration of perineural versus 
intravenous administration as an adjuvant to a long-
acting local anesthetic peripheral nerve block could be 
withheld. The intravenous route is the preferred method 
of administration as no clinically significant analgetic 
advantages are seen with the perineural route, and the 
remaining questions exist of possible neurotoxicity with 
perineural dexamethasone use.

Keywords : Dexamethasone ; nerve block ; brachial 
plexus block ; perineural.

 
IntroductIon

Regional anesthesia is an excellent addition 
and alternative for general anesthesia and proved to 
reduce the postoperative use of opioid analgesics (1-
5). Painful procedures, such as shoulder surgery, are 
now commonly performed in an ambulatory setting 
(6). Despite the use of peripheral nerve blocks, which 
facilitated the transition to ambulatory surgery for 
these painful procedures, is postoperative pain 
the most limiting factor in this setting in which 

patients do not have access to potent intravenous 
analgesics (7, 8). Adjuvants and nerve catheters 
with continuous delivery of local anesthetics 
have tried to solve this problem. Catheters are 
costly and practical problems of the postoperative 
follow-up limit the use of catheter nerve blocks 
in the ambulatory setting (9-11). Dexamethasone 
is a high-potent, long-acting glucocorticoid with 
little mineralocorticoid effect and frequently used 
in anesthesia to prevent postoperative nausea and 
vomiting (12). It has shown to prolong the duration 
of analgesia as an adjuvant to a peripheral nerve 
block (1, 12-17). Intravenous dexamethasone 
demonstrates a similar prolongation of analgesia 
in addition to a peripheral nerve block(18), even 
without a nerve block is a substantial analgesic 
effect noticeable (13, 19). The mechanism of 
action of dexamethasone is still unclear. There 
are arguments for a local influence containing 
vasodilatation and inhibition of nociceptive C-fibres 
(20-25). However, a systemic effect through the 
known anti-inflammatory characteristics is another 
explanation of the analgesic prolongation (19, 
26, 27). From this Cochrane systematic review 
(28), we learn with a moderate grade of evidence 
that the duration of sensory block with perineural 
dexamethasone is significantly longer (three hours) 
than with the intravenous counterpart. However, 
this does not translate in clinically significant lower 
pain scores at 12 and 24 hours postoperatively and 
no difference at all at 48 hours.
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the prolongation of a ropivacaine peripheral sensory 
nerve block when intravenous dexamethasone 
is administrated in volunteers. In this volunteer-
model, no surgery-induced inflammation could be 
simulated. These studies observed no benefit of 
intravenous dexamethasone relative to ropivacaine 
alone. Therefore, as it seems that the perioperative 
local or systemic inflammation is involved, 
only randomized controlled trials with patients 
undergoing surgery were withheld from the first 
pool of studies.

Intervention and comparator

Participants receiving perineural dexametha-
sone, in addition to a peripheral nerve block with 
a long-acting local anesthetic, is the investigated 
intervention. The comparison are those receiving 
a similar peripheral nerve block with intravenous 
dexamethasone administration.

Outcomes

The duration of postoperative analgesia is 
the outcome measure. Trials can use different 
measuring techniques : time until first pain at the 
surgical site, time until first analgesic request, time 
until first breakthrough analgesic medication. The 
degree of pain was estimated using different rating 
scales and cut-off values, for example, the Visual 
Analogue Scale (VAS), a validated pain intensity 
measurement (37-39).

Trial characteristics

Following trial characteristics were extracted 
for evaluation : the number of patients in the 
study, the age of the population, the used long-
acting local anesthetic, the concentration of local 
anesthetic, the volume of local anesthetic, the type 
of peripheral nerve block, the type of surgery, the 
dose of perineural and intravenous dexamethasone, 
the duration of analgesia outcome parameter, the 
postoperative analgesia duration, if there was 
funding, and conflicts of interest.

Rating of the studies

We used the Cochrane Collaboration’s tool 
for assessing risk of bias in randomized controlled 
trials (40). The following topics are included in 
the evaluation : selection bias, performance bias, 
detection bias, attrition bias, reporting bias, and 
other bias.

The perineural use of dexamethasone is off-
label as a result of possible neurotoxic effects(29). 
An increased ropivacaine-neurotoxicity was 
seen on isolated nerve cells when large doses 
of dexamethasone was added to a ropivacaine 
administration(30). Solutions free of neurotoxic 
preservatives, solvents, and particulates should be 
used (31-33). As long as the possible neurotoxic 
effect is not yet clarified, a preference for the 
intravenous route of administration can become 
evident. Definitely, if perineural administration can 
not demonstrate a prolonged duration of analgesia 
relative to intravenous dexamethasone.

The objective of this systematic review is 
to compare the analgesic duration of perineural 
versus intravenous administration as an adjuvant 
to a long-acting local anesthetic peripheral nerve 
block. We chose to evaluate this comparison in 
randomized controlled trials, including an adult 
patient population. 

methods

This systematic review reports according to 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) recommendations 
for systematic reviews(34). A protocol for this study 
was not registered. According to the Education 
Guidance Committee for the Ethical Approval of 
Master’s Theses of the Biomedical Sciences Group 
at KU Leuven, no application for ethical approval is 
needed for a systematic review.

Literature search and inclusion criteria

Published reports of randomized controlled 
trials evaluating the duration of analgesia were 
explored using the National Library of Medicine’s 
PubMed database (Medline database) and Scopus 
with the last search on the 20th April 2020. No 
language and year limits were placed on the 
search. Medline database, for example, was 
electronically investigated using “dexamethasone” 
AND “nerve block” AND “perineural”. A second 
series of keywords existed of “dexamethasone” 
AND “brachial plexus block” AND “perineural”. 
Both keyword-series were also used in the Scopus 
database as well.

Population

The investigated population consists of 
adult patients undergoing surgery. The studies by 
Marhofer et al. (35) and Short et al. (36) investigated 
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Two studies did not explicitly mention an adult 
population in their article. Morales-Munoz et al. 
(41) investigated a population receiving knee-
replacement surgery with an average 70 years of 
age, and Vetriselvan et al.(42) studied a population 
of women with infertility averaging 28 years of 
age. Various long-acting local anesthetics are used, 
mainly ropivacaine and bupivacaine. Two trials 
used a mixture of bupivacaine and lidocaine (43, 
44), and one study worked with levobupivacaine 
(42). A significant difference in the applied volume 
of long-acting anesthetic is seen, especially for 
interscalene nerve blocks (12 mL versus 30 mL)
(45, 46). The largest share of surgery consisted of 
arthroscopic shoulder interventions, followed by the 
remainder of the upper limb, foot and ankle surgery, 
knee replacement, and laparoscopic gynecologic 
operations. The majority of trials evaluated equal 
doses of perineural and intravenous dexamethasone, 
most frequently eight milligrams. Marty et al.(47) 
used four milligrams of dexamethasone perineurally 
and ten milligrams intravenously. A variety of 
outcomes are used across the studies in an attempt 
to contain the most clinically relevant postoperative 
time window of analgesia. The time window 
always starts from the moment the nerve block is 
administered. The endpoint is in five studies the first 
pain in the surgical area regardless of the intensity. 
In four trials is the use of a rescue (opioid) analgetic 
the marker. In the remaining three studies is the 
intake of any analgetic the endpoint. No randomized 
control trials reported any conflict of interest. Four 
studies published a source of funding (46-49).

Bias

Figure 2 contains an overview of the assessment 
of risk of bias.

Six studies were considered low-risk bias by 
the reviewer. Kawanishi et al.(50) did not mention 
the method of random sequence generation and, 
therefore, was deemed to be unclear risk bias. The 
method of concealment was not clearly mentioned 
in three trials resulting in an unclear risk bias (45, 
47, 51). Blinding of participants and personnel, 
the third item of the Cochrane Collaboration’s 
tool for assessing risk of bias in randomized trials, 
was not fully described in three of the investigated 
studies regarding the participants, study employees, 
and all concerned health care providers (45, 50, 
52). Morales-Munoz et al. (41) described that the 
operating room anesthesiologist was aware of 
the patient’s group allocation. This insufficient 
blinding was considered a high-risk bias. Only two 

Study selection and data extraction

The first collection of trials from the literature 
search was further eliminated independently by the 
investigator through removing trial duplicates and 
using the inclusion principles (randomized controlled 
trial, population, intervention, comparator, and 
outcome criteria). For this elimination, the study 
title and abstract were used. If insufficient details 
were available, a full-text article was evaluated 
in a second step. Of the remaining items, the trial 
characteristics were extracted.

results

Study selection

In total, 250 studies have been screened (102 
items from Pubmed, 148 from Scopus) for inclusion 
and exclusion criteria using the title and abstract, 
figure 1. After removing the duplicates, 18 full-
text articles were assessed for eligibility. Another 
six studies had to be excluded based on different 
outcome parameters, volunteer-population, and an 
equivalence trial instead of a randomized controlled 
(superiority) trial.

Study characteristics

Table 1 contains an overview of the study 
characteristics. All 12 studies evaluated an adult 
population ranging from 39 to 280 patients. 

Fig. 1. — Flow diagram of articles for our systematic review. 
n, number of studies.
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Table 1
Trial characteristics. TAP, transversus abdominis plane. PN, perineural. IV, intravenous

Table 2

Overview of trial bias assessment
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sufficient to be clinically significant (46). A second 
trial’s analgesia duration contained another order of 
effect, an increase of almost a thousand minutes of 
analgesia for the perineural dexamethasone group 
compared to the two other intervention groups 
(intravenous dexamethasone and control group)
(41). This trial had a high risk of bias concerning 
operating room anesthesiologists not being blinded. 
The remaining five studies could not demonstrate 
any significant difference between perineural and 
intravenous dexamethasone administration as an 
adjunct to a long-acting peripheral nerve block (47-
50, 52).

Summary of findings

The analgesic duration of perineural versus 
intravenous administration as an adjuvant to a 
long-acting local anesthetic peripheral nerve block, 
was in seven trials with perineural dexamethasone 
significantly prolonged of which two studies were 
evaluated as high-risk bias. However, in five trials, 
no difference between perineural and intravenous 
dexamethasone was observed.

dIscussIon

Studies involving dexamethasone and nerve 
block frequently exclude specific populations ; 
people with diabetes mellitus, peptic ulcer, high 
BMI, American Society of Anesthesiologists (ASA) 
IV classification, pregnancy, severe respiratory 
disease, cognitive or psychiatric history, and 
chronic pain. As a result, systematic reviews and 
meta-analysis regarding this subject cannot make 
statements for these populations, and caution 
is advised regarding extrapolating the resulting 
findings to these specific patients. In the pediatric 
population is pain management an essential item in 
the perioperative phase. According to the Cochrane 
study, no evidence in children exist, and future 
research should include the pediatric population 
(28).

The included studies used a variety of long-
acting local anesthetics, mainly ropivacaine 
and bupivacaine. A more pronounced increase 
in the duration of analgesia with one of the two 
mentioned long-acting local anesthetic is shown 
in trials(53, 54). Additional research could clarify 
which local anesthetic is preferred in combination 
with dexamethasone. Potential neurotoxicity 
should also be evaluated in future trials when 
specific dexamethasone augmented local anesthetic 
neurotoxicity could be confirmed (30). The volume 

studies did not specify the blinding of outcome 
assessment resulting in an unclear risk bias (47, 
50). All randomized controlled trials used complete 
outcome data, or could explain the excluded patients 
with a balanced drop-out between groups. Chun et 
al. (45) used a different primary outcome parameter 
in the registered protocol and the published article 
conclusion. A high-risk bias was given for this 
adjustment. In the study of Kawanishi et al.(50) 
there is an outlier in the intravenous dexamethasone 
group regarding the median time to first request 
for analgesia. This patient was not included in the 
analysis resulting in a high-risk bias for selective 
reporting. No other type of bias was noted. Table 2 
contains the bias data.

This reviews primary endpoint, the analgesia 
with perineural versus intravenous dexamethasone, 
is significantly longer in seven out of twelve 
randomized controlled trials. Of these seven trials, 
one trial analgesia time prolongation was not 

Fig. 2. — Risk of bias assessment.
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of ropivacaine 0.5%. The control and intravenous 
dexamethasone group reached an average duration 
of femoral nerve block analgesia of around 
200 minutes. On the other hand, the perineural 
dexamethasone group averaged an estimated 1160 
minutes of femoral block analgesia (using figure 2 
of their article). 

Further studies investigating the mechanism of 
action, the possible toxic effects of dexamethasone, 
and their potential systemic implications on 
infection rate and wound healing are needed.

The different outcome parameters make the 
drafting of a meta-analysis more difficult. The same 
applies to the use of various statistical units. Desmet 
et al. (52) presented their results using the median 
time, with an interquartile range. The median is very 
similar to the mean when the data exhibits a normal 
distribution. However, medians are often reported 
because the data is skewed (55).

conclusIon

No clinically significant difference in the 
analgesic duration of perineural versus intravenous 
administration as an adjuvant to a long-acting local 
anesthetic peripheral nerve block could be withheld. 
The inconsistency in the results of the included 
trials in this systematic descriptive review and the 
risk of bias are essential factors. The intravenous 
route is the preferred method of administration as 

and concentration of both the local anesthetic 
and dexamethasone are essential factors in such 
research. In this systematic review, multiple 
locations of peripheral nerve blocks are performed 
to anesthetize different surgery areas. The site 
of the nerve block has an impact on the tissue 
blood perfusion, the resulting systemic absorption 
rates, the depot function for both local anesthetic 
and dexamethasone, and the anatomic content 
of the nerve (ratio fascicles versus connective 
tissue) all potential influencing the duration of the 
postoperative analgesia. The majority of included 
studies contained a population receiving upper limb 
surgery. More studies concerning the lower limb 
are needed to be able to answer the question of 
perineural versus intravenous dexamethasone fully.

Marty et al. (47) used a different dose of 
dexamethasone in the perineural and intravenous 
groups to analyze the superiority of the perineural 
route. They argued that in previous studies, an 
equivalence between routes was seen when 
high doses of dexamethasone was used, and an 
advantage of perineural administration with low 
doses. Nevertheless, no significant difference was 
reported in their trial.

No risk of bias at the outcome level was 
carried out, only at the study level. The results from 
Morales-Munoz et al. (41) could have called some 
questions. Different results are observed regarding 
the duration of femoral block analgesia with 20 mL 

Table 2
Overview of trial bias assessment
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Abstract : Background : Open inguinal hernia repair 
can be associated with moderate-to-severe postoperative 
pain, which can delay return to activities of daily living. 
The aim of this systematic review was to update the 
available literature and develop recommendations for 
optimal pain management after open inguinal hernia 
repair. A systematic review utilizing PROcedure 
SPECific Postoperative Pain ManagemenT (PROSPECT) 
methodology was undertaken. 
Methods : Randomised controlled trials published in 
the English language between January 1st 2009 and 
August 31st 2019, evaluating the effects of analgesic, 
anesthetic, and surgical interventions were retrieved from 
MEDLINE, EMBASE and Cochrane Databases. Of 203 
eligible studies identified, 37 studies met the inclusion 
criteria. 
Results : Interventions that improved postoperative 
pain relief included paracetamol and nonsteroidal anti-
inflammatory drugs or cyclooxygenase-2 selective 
inhibitors, as well as local anesthetic infiltration and 
regional analgesia techniques such as ilio-hypogastric/
ilio-inguinal nerve blocks and transversus abdominis 
plane blocks. Although effective, epidural analgesia or 
paravertebral blocks are considered invasive and harmful, 
and thus not recommended. Insufficient evidence was 
found for psoas block, extended release local anesthetics, 
wound infiltration using non-steroidal anti-inflammatory 
drugs, clonidine or opioids, topical conventional non-
steroidal anti-inflammatory drugs, systemic clonidine, 
corticosteroids and ketamine, intravenous lidocaine 
infusion, cryoanalgesia techniques, and nerve section. 
Inconsistent evidence was found for the use of 
gabapentinoids. 
Conclusion : The analgesic regimen for open inguinal 
hernia repair should include paracetamol and nonsteroidal 
anti-inflammatory drug or cyclooxygenase-2 selective 
inhibitor administered pre-operatively or intra-
operatively and continued post-operatively. In addition, 
local anesthetic infiltration and/or a regional analgesia 
technique (ilio-inguinal nerve blocks or transversus 
abdominis plane blocks), with opioids used as rescue 
analgesics. Further studies are required to assess the 

role of novel regional analgesic techniques such as 
erector spinae blocks and to confirm the influence of the 
recommended analgesic regimen on postoperative pain 
relief in an enhanced recovery setting.

Key words : Open inguinal hernia repair ; pain ; analge-
sia ; systematic review ; evidence-based medicine.

Recommendations

1. Systemic analgesia should include paracetamol 
and a non-steroidal anti-inflammatory drug or cyclo-
oxygenase-2 selective inhibitor administered pre-
operatively or intra-operatively and continued post-
operatively.
2. Local anesthetic infiltration and/or regional analgesia 
technique (ilio-hypogastric/ilio-inguinal nerve blocks or 
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trations and use of paracetamol and non-steroidal 
anti-inflammatory drugs (NSAIDs) or cyclo-oxy-
genase (COX)-2 selective inhibitors (1). Therefore, 
an updated systematic review on analgesic 
interventions for pain management in IHR was 
performed. In addition, it was deemed necessary to 
reassess the recommendations to align them with 
the updated PROSPECT approach that considers 
current clinical relevance and clinical effectiveness 
by balancing the invasiveness of the analgesic 
interventions and the degree of pain after surgery, as 
well as balancing efficacy and adverse effects (6,7).

The aim of this update was to systematically 
review the available literature assessing the anal-
gesic, anesthetic, and surgical interventions on pain 
after open IHR. Postoperative pain scores were 
the primary outcome measures. Other recovery 
outcomes assessed included cumulative opioid 
requirements and adverse effects, when reported, 
and the limitations of the data were reviewed. The 
ultimate aim was to develop recommendations for 
pain management after IHR.

MetHodoloGy

The methods of this review adhered to the 
PROSPECT methodology as previously reported 
(7).  Specific to this study, the EMBASE, MEDLINE, 
PubMed and Cochrane Databases (Cochrane Central 
Register of Controlled Trials, Cochrane Database of 
Abstracts or Reviews of Effects, Cochrane Data-
base of Systematic Reviews) were searched for 
randomized controlled trials (RCTs) published 
between January 1st 2009 and August 31st 2019. 
The search terms used was (hernia OR inguinal 
OR inguinal hernia repair OR herniorrhaphy OR 
herniorraphy) AND (pain OR postoperative pain 
OR analgesia OR anesthesia OR anesthetic) AND 
(anesthetics neuraxial OR intrathecal OR spinal 
OR epidural analgesia OR paravertebral blocks OR 
peripheral nerve OR peripheral block OR regional 
nerve OR transversus abdominis plane block OR 
infiltration OR instillation OR NSAID OR COX-2 
OR paracetamol OR acetaminophen OR gabapentin 
OR pregabalin OR clonidine OR opioid OR 
ketamine OR corticosteroid OR dexamethasone OR 
heavyweight mesh OR polypropylene mesh).

Quality assessment, data extraction and data 
analysis adhered to the PROSPECT methodology 
[7]. Pain intensity scores were used as the primary 
outcome measure. In this study, we defined a change 
of more than 10 mm on the visual analogue scale 
(VAS) or numerical rating score (NRS) as clinically 
relevant (8). The effectiveness of each intervention 

transversus abdominis plane blocks) is recommended.
3. A single dose of intravenous dexamethasone is 
recommended for its ability to increase the analgesic 
duration of the block, decrease analgesic use, and 
antiemetic effects. 
4. Opioids should be reserved as rescue analgesics in the 
post-operative period.

Why was this guideline developed?

Open inguinal hernia repair is associated with moderate-
to-severe postoperative pain which may influence 
recovery. The aim of this guideline is to provide clinicians 
with an updated evidence for optimal pain management 
after open inguinal hernia repair.

What other guidelines are available on this topic?

The PROSPECT recommendations for pain management 
after open inguinal hernia repair have been published 
previously, however, an update assessing analgesic 
interventions was necessary.

How does this guideline differ from other guidelines?

The updated systematic review further confirms 
the previous recommendations. Also, an updated 
PROSPECT approach was used to develop the current 
recommendations such that the available evidence 
is critically assessed for current clinical relevance 
and the use of simple, non-opioid analgesic such as 
paracetamol and non-steroidal anti-inflammatory drugs 
as baseline analgesics. This approach reports true 
clinical effectiveness by balancing the invasiveness of 
the analgesic interventions and the degree of pain after 
surgery, as well as balancing efficacy and adverse effects.

introduCtion

Open Inguinal Hernia Repair (IHR) is associated 
with moderate-to-severe postoperative pain, which 
may delay recovery and return to activities of daily 
living (1). In addition, inadequate pain control can 
increase unplanned admission rate and readmission 
after discharge home (1). Furthermore, inadequate 
post-operative pain relief may lead to hyperalgesia 
and persistent postoperative pain (2). 

Based on a systematic review performed 
in 2009, the PROSPECT (PROcedure SPECific 
Postoperative Pain ManagemenT) Working Group 
(3,4), which is a collaboration of surgeons and 
anesthetists, previously provided recommendations 
for pain management in patients undergoing IHR 
(5). A recent International guideline for groin hernia 
surgery provided non-specific statements regarding 
pain management recommending perioperative 
field blocks and/or subfascial/subcutaneous infil- 
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shown in Table S2 and Table S3.
Systemic non-opioid analgesics

One placebo-controlled RCT (n=50) reported 
gabapentin (400 mg) prior to surgery reduced pain 
scores and postoperative morphine requirements 
in the immediate postoperative period. No obvious 
side-effects were reported (9). Another placebo-
controlled RCT (n=60) reported that preoperative 
gabapentin (1200 mg) significantly reduced pain 
scores (at rest and on sitting) and reduced the total 
tramadol consumption at 8, 12, 16, 20 and 24 hours 
after surgery (10). Pain scores at 1, 3 and 6 months 
after surgery were lower in the gabapentin group than 
in the placebo group (10). A large placebo-controlled 
RCT (n=425) found that preoperative pregabalin 
(50, 150, or 300 mg/day) as adjuvant analgesic did 
not influence the intensity of postoperative pain at 
24 hours (11). Of note, there was a wide variability 
in the anesthetic and analgesic techniques.   

One placebo-controlled RCT (n=77) found no 
statistical significant difference in pain during the 
first 24 hours, postoperatively with a TNF-α inhibitor, 
etanercept 50 mg, administered subcutaneously 90 
min before incision (12).

A placebo-controlled RCT (n=55) evaluated 
the effects of rofecoxib 50 mg (a COX-2 selective 

for each outcome was evaluated qualitatively by 
assessing the number of studies showing a signi-
ficant difference between treatment arms (p < 
0.05 as reported in the study publication). A meta-
analysis was not performed due to heterogeneity in 
study design and result reporting, restricting pooled 
analysis.

Recommendations were made according 
to PROSPECT methodology (7). In brief, this 
involved a grading of A–D according to the overall 
level of evidence, as determined by the quality of 
studies included, consistency of evidence and study 
design. The proposed recommendations were sent 
to the PROSPECT Working Group for review and 
comments and a modified Delphi approach was 
utilised as previously described. Once a consensus 
was achieved the lead authors drafted the final 
document, which was ultimately approved by the 
Working Group.

results

PRISMA flow chart demonstrating the search 
data are presented in Figure 1. The methodological 
quality assessments of the 38 RCTs included for the 
final qualitative analysis are summarized in Table 
S1. The characteristics of the included studies are 

Fig. 1. — PRISMA flow diagram of studies.
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preoperatively (14). Pain scores at rest and on straight 
leg raise were significantly lower in the etoricoxib 
group at 16 and 24 hours, and on discharge. 

A placebo-controlled RCT (n=64) assessed the 
effects of intra-operative intravenous bolus injection 
of 1.5 mg/kg lidocaine followed by a continuous 
infusion (2 mg/kg/h) (15). Fentanyl consumption 
was significantly lower in the lidocaine group until 

inhibitor that has been withdrawn from the market 
due to potential cardiac complications) given one 
hour pre-operatively followed by once daily for 4 
days after surgery (13). Rofecoxib reduced pain 
scores on the first postoperative day, but the opioid 
requirements remained similar to the placebo 
group. A placebo-controlled RCT (n=60) evaluated 
the effects of oral etoricoxib 120 mg given 1 hour 

Study Allocation 
concealment: A-D Jadad Score Statistical analyses and 

patient follow-up Level of Evidence

Mahoori A et al 2014 (9) A 3 no 1

Sen H et al 2009 (10) A 3 no 1

Singla NK et al 2014 (11) A 4 no 1

Cohen SP et al 2013 (12) A 5 yes 1

Schurr M et al 2009 (13) A 3 no 1

Somri M et al 2017 (14) A 5 yes 1

Kang H et al., 2011 (15) A 4 no 1

Chaparro LE et al 2012 (16) A 5 yes 1

Mentes O et al 2009 (17) A 4 no 1

Viscusi E et al 2019 (18) A 5 yes 1

Velanovich V et al 2019 (19) A 5 yes 1

Neisioonpour SH et al 2013 (20) A 3 no 1

Santos SC et al., 2011 (21) C 3 no 2

Saeed M et al., 2015 (22) C 4 no 2

Baerentzen F et al., 2012 (23) A 4 no 1

Vizcaino-Martinez L et al 2014 (24) A 3 yes 1

Aveline C et al 2011 (25) A 5 no 1

Okur O et al 2017 (26) A 3 yes 1

Hosalli V et al 2019 (27) A 5 yes 1

Theodoraki K et al 2019 (28) A 5 yes 1

Wegner R et al 2017 (29) A 5 no 1

Razavizadeh MR et al 2017 (30) B 4 no 1

Akyol BC et al 2018 (31) A 3 yes 2

Heil JW et al 2014 (32) A 4 no 1

Bhattacharya P et al 2010 (33) A 4 no 1

Magnusson J et al 2016 (34) A 3 yes 1

Kingsnorth A et al 2012 (35) A 3 no 1

Manyilirah W et al 2012 (36) A 4 yes 1

Gundre NP et al 2012 (37) A 2 no 1

Torcivia A et al 2011 (38) A 1 no 1

Canonico S et al 2013 (39) B 3 no 1

Fan JKM et al 2017 (40) A 5 yes 1

Carro JLP et al 2017 (41) B 3 yes 1

Bracale V et al 2014 (42) A 2 no 1

Shen YM et al 2012 (43) A 2 no 1

Bona S et al 2018 (44) A 3 yes 2

Hoyuela C et al 2016 (45) A 5 yes 1

Table S1
Quality assessment and level of evidence assigned to the randomised trials included in the review for analgesia after inguinal hernia 

repair surgery
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Study Study design Pain Scores Cumulative opioid dose Baseline Analgesia
Pre-operative
Systemic non-opioid analgesics
Schurr M et al. 2009 (13) Rofecoxib 50 mg or placebo 1 hour 

prior to surgery and once daily on 
postoperative day 1-4.

Significantly lower ratings for 
least pain in patients with COX-2 
inhibitor intake on the operative 
day.

No difference in milligrams 
hydrocodone bitartrate 
consumed.

Patients were given 
hydrocodone bitartrate as needed 
postoperative.

Somri M et al. 2017 (14) Etoricoxib 120 mg or placebo 1 hour 
preoperative.

Significantly lower pain scores in 
patients with COX-2 inhibitor at 
16, 24 h and on discharge, in rest 
and with active straight leg raise.

Amount of rescue analgesic 
doses of morphine 
(mg) within 24 h were 
significantly lower in COX-2 
inhibitor group.

When VAS≥4 at PACU 1-3mg 
boluses of morphine were used 
until a response of 1 on a verbal 
point descriptive scale of 5 was 
achieved.

Intra-operative
Topical and surgical site infiltration with extended-release local anesthetics
Nesioonpour SH et al. 
2013 (20)

Wound infiltration prior to incision 
infiltrated by  the surgeon. One group 
received 10 ml of bupivacaine 0.5% 
and the control group placebo (10 ml 
normal saline).

Mean pain score at all time 
points (every 4 h during 24 h 
postoperative) were lower in the 
treatment group.

The amount of opioid use for 
the bupivacaine group was 
80% less in the first 24 h.

If NRS pain score > 4 intravenous 
admission of 15 mg pethidine was 
injected.

Ilio-inguinal and ilio-hypogastric nerve block
Santos SC et al. 2011 (21) Ilioinguinal and Iliohypogastric 

nerve block with 10 mL of 0.75% 
ropivacaine, and wound infiltration 
with 10 mL of 0.75% ropivacaine  
versus  no block nor wound infiltration

Visual analogue scale at rest was 
significant lower 3 h after surgery. 
No difference at 6 and 12 h after 
surgery and with movement.

Not mentioned. VAS > 4 received intravenous 
dipyrone (2.0 g). In case 
ineffective, intravenous ketorolac 
(30 mg) and, whenever necessary, 
intravenous nalbuphine (3 mg), 
were added.

Saeed M et al. 2015 (22) Iliohypogastric and ilioinguinal block 
(12ml 0.75% ropivacaine) and incision 
infiltration prior to incision.

Median VAS was lower in the 
intervention group.

Not mentioned, only time for 
demand first dose analgesia

VAS>3, on demand paracetamol 
1000mg and if necessary 75 mg 
diclofenac sodium.

Baerentzen F et al. 2012 
(23)

Ilio-hypogastric and ilio-inguinal 
block with 20 mL bupivacaine 0.5% 
or a placebo block with 20 ml saline.

Significant lower pain scores at 
mobilization and rest upon arrival 
in PACU and after 30 minutes.

No significant difference 
between the two groups.

/

TAP-block
Aveline C et al. 2011 (25) Ultrasound-guided TAP block (levo-

bupivacaine 0.5%, 1.5mg/kg) versus 
blind IH block (levobupivacaine 0.5%, 
1.5mg/kg) before surgery.

Vas pain scores at rest were lower 
in the US-guided TAP group at 
4h, 12h and 24h.

No significant difference. Paracetamol 1000 mg and keto-
profen 100 mg i.v. during surgery. 
At PACU 3 mg i.v. morphine 
boluses at 5 min intervals, until 
VAS ≤3.

Okur O et al. 2017 (26) TAP block versus ilio-hypogastric and 
ilio-inguinal nerve block versus no 
block.  Blocks were done with 20 ml 
of 0.25% isobaric bupivacaine.

Pain scores were significantly 
lower at all time points of the 
study groups versus placebo. Only 
at 24 h there was a significantly 
difference between TAP and IHIN 
in favor of TAP. 

No significant difference 
in additional analgesic 
requirement was found 
between study groups.

Acetaminophen 10–15 mg/
kg once every 6 h and salvage 
analgesia of intravenous tramadol 
hydrochloride 50 mg.

Hosalli V et al.  2019 (27) Dual TAP-block and ilioinguinal/ 
iliohypogastric block versus  
ilioinguinal/ iliohypogastric block.

VAS at 12, 24 and 48 h were 
significantly lower in Dual TAP-
group compared to IL/IH group 
alone. 

A higher number of patients 
required rescue analgesics in 
IL/IH group. 

Fentanyl 0.5 μg/kg and, after 2 
h if the pain persists (VAS score 
of ≥4 at rest) even after giving 
fentanyl intravenous tramadol 50 
mg added. 

Theodoraki K et al. 2019 
(28)

TAP-block (ropivacaine 0.75% 20ml) 
versus placebo (saline 20ml)

Significant different pain scores 
in favour of TAP-block in rest at 6 
and at 24 h. For movement at 3, 6 
and 24 h postoperatively. 

Lower median morphine con- 
sumption via the PCA device 
for the first 24 h in comparison 
to the placebo group.

Paracetamol 1g and parecoxib 
40mg intravenously 30min 
approximately before the end of 
surgery. 

Razavizadeh MR et al. 
2017 (30)

Addition of dexamethasone 8 mg to 
epidural block into epidural space 
versus placebo (saline 2ml).

Onset/duration of anesthesia 
was significantly more rapid and 
longer in the dexamethasone 
group. 

Not mentioned. Not mentioned.

Post-operative
TAP-block
Akyol BC et al. 2018 (31) Intravenous analgesic regimen 

(group I) versus subcostal TAP-
block postoperatively in addition to 
an intravenous analgesic regimen 
(group II)

Pain scores significantly lower in 
group II compared with group I: 
postoperative 15th-minute; 1st-, 
6th-, 12th-, and 24th-hour; 15th-
day and 1st-month NRS values.

NRS-score > 4 received an 
additional dose of 1 mg/kg 
tramadol IV.

During close-up of the surgery, 
patients in both groups were 
given 100mg tramadol and 
1000mg paracetamol IV.   

Table S2
Summary of key results from studies evaluating systemic analgesics, analgesics adjuncts, regional anesthesia, and surgical procedures 

used to support the recommended interventions in patients after open inguinal hernia repair

NS = no significant difference between groups, POD = Postoperative Day.
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Study Study design Pain Scores Cumulative opioid dose Baseline analgesia
Pre-operative
Systemic non-opioid analgesics

Gabapentinoids
Mahoori A et al. 
2014 (9)

Gabapentin 400 mg versus placebo 2 h 
prior to herniorraphy

Reduced pain scores postoperative at 
2, 4, 12 h and 24 h

Reduced postoperative mor-
phine requirements

Morphine 0.05 mg/kg intra-
venously on demand

Sen H et al. 2009 
(10)

Gabapentin 1200 mg  or placebo 1 hour 
prior to surgery 

Gabapentin group had signifi-cantly 
lower VAS scores at time 1, 4, 8, 
12, 16, 20 and 24 h post-operative 
and also at 1,3 and 6 months 
postoperative

Tramadol consumption was 
lower at time 8, 12, 16, 20 
and 24 h postoperative.

PCA device postoperative with 
bolus of tramadol 20 mg (lockout 
interval 15 min and a 4 hour 
maximal dose of 150 mg) VAS>4 
were given 75mg diclofenac 
intramuscular

Singla NK et al. 2014 
(11)

Pregabalin 50, 150 or 300 mg/day or 
placebo
 12 and 2 h prior to surgery and once 
daily 1 week postoperative

No statistically significant dif-
ference in pain scores between 300 
mg/day pregabalin and placebo

Decreased by 41% and by 
59% in patients receiving 
150 and 300 mg/day pre-
gabalin, respectively, when 
compared with placebo

500 mg naproxen (bid) for 3 days. 
50 mg tramadol and 500–650 
mg acetaminophen every 4 h, as 
needed. if still inadequate, 5 mg 
oxycodone every 4 h, as needed.

TNF-alpha inhibitor
Cohen SP et al. 2013 
(12)

Etanercept 50 mg subcutaneous or 
placebo 90 minutes prior to surgery.

The NRS pain scores were lower 
in the etanercept group though 
these results were not statistically 
significant.

Etanercept group required 
less opioids (morphine) 
though not statistically 
significant.

Morphine as needed post-ope-
rative. 

Intra-operative

Systemic non-opioid analgesics

Lidocaine
Kang H et al. 2011 
(15)

Intravenous bolus injection of 1.5 mg/
kg lidocaine followed by a continuous 
lidocaine infusion of 2 mg/kg/h.

VAS pain scores in the lidocaine 
group were significantly lower at 2, 
4, 8 and 12 h after surgery.

Total fentanyl consumption 
(PCA and rescue admi-nistration 
was significantly lower in the 
lidocaine group.

PCA infusion of 0.1 μg/kg/h 
fentanyl and on-demand 
release of a 0.1 μg/kg bolus. 
When VAS>3 50  μg  of 
fentanyl was administered.

Dipyrone
Chaparro LE et al. 
2012 (16)

Dipyrone 15mg vs Dipyrone 40mg intra-
venously after induction

D15 group, the D40 group showed 
a lower incidence of moderate to 
severe pain only in the first 30 
minutes.

There was more morphine 
consumption in the D15 group. 

Not mentioned.

Topical and surgical site infiltration with extended-release local anesthetics
HTX-011

Viscusi E et al. 2019  
(18)

Near completion surgery local infil-
tration with HTX-011 300 mg/9 mg 
(bupivacaine/meloxicam) or bupivacaine 
HCl 0.25%, 75 mg or saline placebo.

HTX-011 significantly reduced 
mean pain intensity by 23% versus 
placebo.
A significant reduction of 21% for 
pain intensity over 72 h of HTX-011 
compared to bupivacaine. 

Opioid consumption over 72 
h was reduced by 38% versus 
placebo and 25% versus bupi-
vacaine HCl. 

As needed: oral oxycodone 
(10mg max/4h), and/or IV 
morphine as needed(10mg 
max/2h), and/or oral aceta-
minophen (1000mg max/6h).

INL-001
Velanovich V et al. 
2019 (19)

Comparison of INL-001 (implant 
designed to provide extended delivery 
of bupivacaine to the area around the 
surgical wound) with placebo implant. 

Patients who received INL-001 
reported lower pain intensity through 
72 h.

Less opioid analgesic usage in 
the INL-001 group compared 
throughout the first 24 h in both 
studies 

Postoperative parenteral 
morphine as needed.

Ilio-inguinal and ilio-hypogastric block
izcaino-Martinez L 
et al. 2014 (24)

General anesthesia with ilioinguinal nerve 
block versus spinal anesthesia alone

Only significant 2 h after ad- 
mission and before discharge. 
Analgesic drug significantly bigger 
in spinal anesthesia group.

Not mentioned. Paracetamol (1 g/8 h), meta-
mizol (2 g/8 h), dexketoprofen 
(50 mg/8 h) and fentanyl 
(bolus of 25 μg/15 min i.v.) 
until VAS<3.

TAP-block
Wegner R et al. 2017 
(29)

Dexamethasone 8 mg added to ropivacaine 
TAP-block.

The dexamethasone had a greater 
change in pain score though no 
statistical significant difference was 
noted.

Not mentioned. Not mentioned.

Heil JW et al. 2014 
(32)

Continuous TAP-block (catheter 2 days 
postoperative) with
Ropivacaine 0.5% 20ml bolus initially 
versus saline injection.

Not significant Not significant. Intravenous fentanyl was 
administered at PACU at 
need.

Anesthetic technique
Bhattacharya P et al. 
2010 (33)

Unilateral lumbar PVB versus con-
ventional spinal anesthesia

No statistical significant dif-
ference.

Only the time to first post- 
operative analgesic require-ment 
was longer in the PVB group.

VAS scores  of  4 or more 
were treated with rescue 
analgesic tramadol in boluses 
of 50mg i.v.

Table S3
Summary of key results from studies evaluating systemic analgesics, analgesics adjuncts, regional anesthesia, and surgical procedures 

used to support the NOT recommended interventions in patients open inguinal hernia repair surgery
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use of HTX-011 (a novel, extended release, fixed-
dose combination local anesthetic comprising 
bupivacaine and low-dose meloxicam, incorporated 
in a proprietary Biochronomer® polymer) (18). It 
showed a 23% reduction in mean pain intensity over 
72 hours compared to placebo. At all timepoints 
through 72 hours, the mean pain scores were lower 
in the HTX-011 group. A reduction of 21% for pain 
intensity over 72 hours was observed when HTX-
011 was compared to plain bupivacaine. Of note, 
basic analgesics – paracetamol and/or NSAIDs 
were not used.

One study, which consisted of two RCTs 
(n=417), compared the effect of INL-001 (an 
implant designed to provide extended delivery of 
bupivacaine to the area around the surgical wound) 
with placebo implant (19). Patients who received 
INL-001 reported lower pain intensity through 72 h 
for the two pooled studies. One placebo-controlled 
RCT (n=60) in patients receiving spinal anesthesia 

12 hours after surgery after which the difference 
became insignificant. Another RCT (n=162) 

evaluated the effects of intra-operative dipyrone 15 
mg/kg or 40 mg/kg IV during the operation (16). 
A statistically significant difference was only found 
during the first 30 minutes in the PACU. One RCT 
(n=160) reported no difference in pain scores 12 
and 24 hours after surgery, between lornoxicam (an 
NSAID administered at the end of the operation 
and 12 hours post-operatively) and tramadol (17). 
However, the tramadol group experienced more 
nausea. 

Local/Regional Analgesia Techniques

Topical and surgical site infiltration with extended-
release local anesthetics

One placebo-controlled RCT (n=418) 
showed a significant reduction in pain with the 

Surgical technique
Magnusson J et al. 
2016 (34)

UltraPro Hernia System, versus Pro- 
lene Hernia System versus Lich-tenstein 
hernia repair.

NS. Not mentioned. Not mentioned.

Kingsnorth A et al. 
2012 (35)

Sutureless Parietex™ ProGrip™ mesh 
repair versus traditional Lichtenstein 
repair with lightweight polypropylene 
mesh secured with sutures.

Pain score was lower in the 
parietex™ group at discharge and at 
7 days postoperative.

Not mentioned. Not mentioned.

Manyilirah W et al. 
2012 (36)

Comparison of non-mesh (Desarda) and 
mesh (Lichtenstein) technique for open 
inguinal hernia repair.

There was no significant difference 
1-2 h postoperative and not after 3 
days.

Not mentioned. Not mentioned.

Gundre NP et al. 
2012 (37)

Polyethylene vs polypropylene mesh The mean average post-operative 
pain was similar between groups

Not mentioned. Not mentioned.

Torcivia A et al. 2011 
(38)

Glucamesh® vs Polypropylene® On the evening of the intervention 
the pain was less intense in the 
Glucamesh® group.

Not mentioned Not mentioned.

Canonico S et al. 
2013 (39)

Lightweight, large-pore mesh vs heavy 
weight mesh with small pores

Patients with lightweight, large-
pore mesh reported less pain 
postoperative.

Not mentioned. Not mentioned.

Fan JKM et al. 2017 
(40)

Self gripping semi reabsorbable mesh 
(Progrip) vs polypropylene mesh.

No significant pain differences at 
any time point. 

Not mentioned Not mentioned.

Carro JLP et al. 2017 
(41)

Low density vs high density Mesh Only on the 1st postoperative day 
and the 7th postoperative day). 

Not mentioned. Not mentioned.

Bracale V et al. 2014 
(42)

Fibrin glue vs Lichtenstein fixation of 
Mesh

Postoperative pain was lower in the 
fibrin glue group at 1 week and 1 
month.

Patients requiring analgesics 
in the fibrin glue group were 
significantly less.

Not mentioned.

Shen YM et al. 2012 
(43)

NBCA (n-butyl-2-cyanoacrylate) medical 
adhesive vs traditional suture

24 h after surgery VAS was 
significant lower in the NBCA-
group when compared with the 
control group.

Not mentioned. Not mentioned.

Bona S et al. 2018 
(44)

Lightweight mesh (Ultrapro®) vs 
heavyweight mesh (Prolene®) in patients 
with primary inguinal hernia repair 
(Lichtenstein technique)

A statistically significant difference 
in favour of lightweight mesh for 
pain at 1 week and 6 months after 
surgery 

NS. NS.

Hoyuela C et al. 
2016 (45)

Glue (Histoacryl®) or non-absorbable 
polypropylene sutures for fixation of 
lightweight polypropylene mesh.

Postoperative pain at 8 h, 24 h, 
7 days and 30 days was less when 
glue was used instead of sutures for 
all measures.

Not mentioned. All patients received para-
cetamol 1000 mg eyery 8h 
and dexketoprofen 25 mg 
every 8h for 7 days.

Post-operative
Systemic non-opioid analgesics
Mentes O et al. 2009 
(17)

Lornoxicam 8 mg at the end of surgery and 12 
h after versus tramadol 1 mg/kg at the end of  
surgery and every 6 h up to 24 h postoperative.

No statistical significant 
difference in the effect of pain 
12 h and 24 h after surgery.

Patients were not receiving 
rescue analgesia protocol.

Study protocol.

NS = no significant difference between groups, POD = Postoperative Day.
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US-guided TAP block with ropivacaine vs an US-
guided TAP block with saline and concluded that 
pain was reduced with a ropivacaine TAP block 
(28). Statistical significant differences were noted at 
rest, at 6 and 24 hours and with movement at 3, 6 
and 24 hours, in favour of TAP block (28). 

A placebo-controlled RCT (n=82) found no 
significant difference between the adjuvant effect 
of dexamethasone to ropivacaine in TAP blocks 
(29). Another placebo-controlled RCT (n=44) in-
vestigated the effect of adding dexamethasone 
8 mg to a lumbar epidural anesthesia block. The 
onset of epidural anesthesia, the primary outcome 
of this study, was significantly more rapid in the 
dexamethasone group than in the control group. The 
duration of analgesia was markedly prolonged in 
the dexamethasone group than in the control group 
(30).

Another RCT (n=100) compared the effect of 
a post-operative subcostal TAP block to a standard 
analgesic regimen. At different timepoints after 
surgery (15 min, 1 h, 6 h, 12 h, 24 h ; 15 days and 
one month) there was a significantly difference in 
pain scores between the two groups in favour of the 
TAP block group (31).

One randomized triple-masked, placebo-
controlled study (n=20) investigated the effects of 
single injection TAP block vs a continuous TAP 
block through a perineural catheter for 2 days post-
operative (32). There were no differences between a 
single injection and continuous infusion at 6, 24, 48 
and 72 hours after surgery. However, this study was 
underpowered. 

Anesthetic technique

One placebo-controlled RCT (n=58) study 
found no difference in pain scores at 2, 12 and 24 
hours between spinal anesthesia and paravertebral 
block (PVB). Of note, these techniques had a 7% 
failure rate (33).

Surgical technique 

One placebo-controlled RCT (n=309) com-
pared Lichtenstein technique with Prolene Hernia 
System (PHS) and UltraPro Hernia System (UHS). 
There were no differences between groups regarding 
perioperative course, operating time, postoperative 
pain or rehabilitation (34). Pain was assessed daily 
until 14 days postoperatively by a research nurse 
using a telephone interview. Need time points 
for pain assessments. A placebo-controlled RCT 
(n=302) used Sutureless Parietex™ ProGrip™ 

examined the effects of wound infiltration with 
bupivacaine 0.05% 10 mL prior to incision (20). 
Early postoperative pain was significantly lower at 
all timepoints in favour of the bupivacaine group.  

Ilio-inguinal and ilio-hypogastric block

A placebo-controlled RCT (n=34) investigated 
the possible benefits of an additional ilio-inguinal, 
ilio-hypogastric block (10mL 0.75% ropivacaine) 
and surgical wound infiltration (10mL 0.75% 
ropivacaine) (21). Pain scores were lower in the 
control group 3 hours post-surgery. There was no 
difference in pain scores at 6 and 12 hours post-
surgery. Another placebo controlled RCT (n=60) 
found that an ilio-inguinal and ilio-hypogastric block 
(12mL 0.75% ropivacaine) and wound infiltration 
prior to incision provided significantly lower 
median VAS scores compared with placebo (22). A 
placebo-controlled RCT (n=60) also investigated the 
effects of ultrasound-guided ilioinguinal and ilio-
hypogastric nerve blocks. A significant reduction in 
pain scores at mobilization and rest was recorded 
in the bupivacaine group vs placebo upon arrival 
in the post anesthesia care unit (PACU) and again 
after 30 minutes. However, opioid consumption was 
not significantly different between groups (23). Yet 
another RCT (n=32) investigated general anesthesia 
combined with ilio-inguinal nerve block vs spinal 
anesthesia alone.  Except for the first 2 h after 
surgery, there was no difference in pain scores for 
the 24 h study period (24).

Transversus abdominis plane (TAP) blocks

A RCT (n=273) compared ultrasound-guided 
TAP block (levobupivacaine 0.5%, 1.5mg/kg) 
with blind ilio-hypogastric and ilio-inguinal block 
(levobupivacaine 0.5%, 1.5mg/kg) performed be-
fore surgery. Pain at rest was lower during the first 
24h after ultrasound-guided TAP block, but this 
difference was not observed during movement (25). 
Okur et al. (n=90) found that pain scores with TAP 
block were significantly lower at 24 h compared 
with ilio-inguinal-ilio-hypogastric blocks in a post-
hoc analysis (26). A prospective RCT (n=197) 
compared the effects of ultrasound-guided TAP 
block combined with Ilio-inguinal/Ilio-hypogastric 
nerve blocks vs Ilio-inguinal/Ilio-hypogastric nerve 
blocks alone. Pain scores at 12, 24 and 48 hours 
were significantly lower in the TAP block and ilio-
inguinal/ilio-hypogastric block group compared to 
Ilio-inguinal/Ilio-hypogastric nerve block alone (27). 
   Theodoraki et al. compared the effects of an 
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this systematic review were determined to be of 
high quality and all but three showed statistically 
significant results. The updated literature strengthens 
the previous PROSPECT recommendations for pain 
management in patients undergoing open IHR (5). 
The updated PROSPECT methodology further 
strengthens the recommendations, because it goes 
beyond assessment of the available evidence based 
solely on the simple statistical analysis (7).

Combination of basic analgesics such as para-
cetamol and NSAID or COX-2 selective inhibitor 
along with a local/regional analgesic techniques 
(e.g., local infiltration with or without a field blocks 
such as ilio-inguinal/ilio-hypogastric nerve block 
or interfascial plane blocks such as TAP block) is 
recommended pre-operatively and/or intra-ope-
ratively. Paracetamol and NSAID have been shown 
to provide excellent analgesia and reduce opioid 
requirements, and should be continued in the 
postoperative period, with opioids used as rescue 
analgesics (Table 1). Although wound infiltration 
is recommended, the role of extended release 
local anesthetics, topical NSAIDs, clonidine, 
dexamethasone, or opioids remain controversial. 

With regards to the choice of anesthetic 
technique, the current systematic review strengthens 
our previous recommendation of using a field block 
(e.g., ilio-inguinal/ilio-hypogastric block) with or 
without wound infiltration as a sole anesthetic or 
as an adjunct to general anesthesia. In fact, even 
the recent International guidelines recommend 
the use of local anesthesia provided the surgeon is 
experienced in this technique (1). Obviously, patient 
selection and acceptance to a sole regional/local 

mesh repair vs traditional Lichtenstein repair with 
lightweight polypropylene mesh secured with 
sutures. The pain scores were significantly lower 
in the sutureless mesh group at discharge and at 7 
days, but not at 1 month after surgery (35). One RCT 
(n=101) evaluated the effects of non-mesh (Desarda) 
vs mesh (Lichtenstein) methods for inguinal hernia 
repair. No differences in terms of postoperative pain 
between the two techniques were noted (36). There 
was no significant difference in pain scores at 1-2 
hours postoperative and after 3 days. 

Another placebo-controlled RCT (n=70) found 
no significant differences in early postoperative 
pain, infection, seroma, recurrence and other 
complications between different types of mesh 
(37). However, this study might be underpowered. 
Another placebo-controlled RCT (n=50) comparing 
Glucamesh® vs Polypropylene® mesh found that 
the pain scores (measured twice daily for 7 post-
operative days) were significantly lower before 
discharge in the glucamesh group (38).

A placebo-controlled study (n=80) evaluated 
the effect of sutureless fixation with fibrin glue of 
lightweight mesh in open inguinal hernia repair. 
Patients in the lightweight group reported less 
pain during the first month after surgery (39). 
Another placebo-controlled RCT (n=45) found no 
differences in pain scores between self-gripping 
mesh vs polypropylene mesh (40). In a comparison 
between low density vs high density mesh, there 
were differences in pain scores only on the 1st and 
the 7th postoperative days in favour of low density 
mesh (41). One randomized controlled trial (n=102) 

compared the effect of fibrin glue vs Lichtenstein 
mesh repair (42). The fibrin group had lower 
pain scores and opioid requirements at 1 week. 
A randomized controlled trial (n=110) compared 
fibrin glue as medical adhesive NBCA (n-butyl-
2-cyanoacrylate) vs suture for patch fixation in 
Lichtenstein inguinal herniorrhaphy (43). The pain 
scores in the fibrin group were lower at 24 hours after 
surgery. One multicenter RCT (n=808) compared 
the effects of lightweight mesh (Ultrapro®) vs 
heavyweight mesh (Prolene®), and reported lower 
postoperative pain scores in favour of lightweight 
mesh (44). One multicenter RCT (n=370) compared 
the effects of glue (Histoacryl®) or non-absorbable 
polypropylene sutures for fixation of lightweight 
polypropylene mesh (45). Postoperative pain was 
less in the group where glue was used.

disCussion and ConClusion

The majority of the studies included in 

Table 1
Overall recommendations for pain management in patients 

undergoing open inguinal hernia repair

Pre-operative and intra-operative 
● Paracetamol (Grade D)
● Cyclo-oxygenase-2 selective inhibitor (Grade D)
●  Intravenous dexamethasone (Grade B)
● Local anesthetic infiltration and/or regional analgesia (ilio-in-
guinal/ilio-hypogastric nerve block or transversus abdominis plane  
block)
Postoperative 
● Paracetamol (Grade D)
● Cyclo-oxygenase-2 selective inhibitor or non-steroidal anti- 
inflammatory drugs (Grade D)
● Opioid for rescue (Grade D)
Anesthetic technique
● Field block (e.g., ilio-inguinal/ilio-hypogastric block) with or 
without wound infiltration as a sole anesthetic or as an adjunct to 
general anesthesia (Grade A)
Surgical technique
● Mesh techniques in preference to non-mesh techniques (Grade A)
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data, or lack of evidence (Table 2). These include 
analgesic adjuncts such as gabapentinoids, clonidine, 
corticosteroids, ketamine, intravenous lidocaine 
infusion, and etarnacept. Neuraxial analgesic 
techniques (epidural or paravertebral analgesia) are 
not recommended despite the fact that they provide 
excellent pain relief because they are invasive and 
have potential complications.  Psoas-block is not 
recommended at the moment due to insufficient 
evidence. However, newer interfascial plane blocks 
such as erector spinae blocks may provide pain 
relief and negate the concerns of neuraxial blocks 
(47). However, evidence currently is lacking for 
open inguinal hernia repair.

The limitations in this review are related to 
those of the included studies. There was considerable 
heterogeneity between studies with regards to 
dosing regimens and route of administration as well 
as timing of pain assessments. The small size of 
most studies has the potential for estimation effect 
and do not provide safety profile of the analgesic 
interventions. In a majority of the studies the 
analgesic intervention was not evaluated against an 
optimized multimodal analgesic regimen. 

In summary, this review has identified an 

anesthetic is imperative. A recent meta-analysis of 
RCTs comparing local anesthesia vs other forms of 
anesthesia (including general anesthesia) concluded 
that local anesthesia allows shorter operating 
room times and is associated with lower incidence 
of urinary retention (compared with neuraxial 
anesthesia) (46). Also, patient satisfaction with local 
anesthesia was similar to that with other anesthetic 
techniques (46). Although in comparison with 
general anesthesia, neuraxial block is associated with 
reduced pain scores and decreased post-operative 
analgesic requirement, their use is associated with 
side effects (e.g., postural hypotension) that might 
delay recovery and discharge home in a day care 
setting.  

It is recommended that the surgical technique 
should be based on surgeon’s expertise, hernia-
related characteristics, and availability of local 
resources (1). Nevertheless, as far as postoperative 
pain is concerned, a mesh technique is in preference 
to non-mesh techniques. This recommendation is 
also validated by the International guidelines for 
groin hernia management (1). 

Several analgesic interventions are not recom-
mended due to either conflicting data, insufficient 

 Intervention Reason for not recommending

Pre-operative

Gabapentinoids Conflicting  procedure-specific evidence

Clonidine Insufficient  procedure-specific evidence 

Ketamine Insufficient  procedure-specific evidence 

Etanercept Insufficient procedure-specific evidence

Epidural analgesia Although effective these techniques are relatively invasive 
with potential for complications

Paravertebral blocks Although effective these techniques are relatively invasive 
with potential for complications

Psoas block Insufficient  procedure-specific evidence

Intra-operative

Wound infiltration with extended release bupivacaine Insufficient procedure-specific evidence

Wound infiltration using conventional  non-steroidal anti-
inflammatory drugs , clonidine or opioids Insufficient procedure-specific evidence

Topical  non-steroidal anti-inflammatory drugs Insufficient  procedure-specific evidence

Intravenous lidocaine infusion Insufficient  procedure-specific evidence

Topical extended-release  local anesthetic Limited procedure-specific evidence

Transcutaneous Electrical Nerve Stimulation Limited procedure-specific evidence

Postoperative Compressive cryotherapy or ice wrapping Lack of procedure-specific evidence

Surgical technique

Zolpidem as a sleep aid Limited procedure-specific evidence

Nerve section Limited of procedure-specific evidence

Cryoanalgesia techniques Insufficient procedure-specific evidence

TENS Inconclusive  procedure-specific evidence

Table 2
Analgesic interventions that are not recommended for pain management in patients undergoing open inguinal hernia repair
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randomized, comparative trial of a COX-2 selective 
nonsteroidal anti-inflammatory drug versus placebo in 
inguinal herniorrhaphy patients.  Hernia. 13: 491-497.

14.  Somri M., Hawash N., Hadjitoffi C., Ghantous-Toukan M., 
tome R., Yodashkin M. et al. 2017. Protective multimodal 
analgesia with etoricoxib and spinal anesthesia in inguinal 
hernia repair: a randomized controlled trial. J Anaesth. 31: 
645–650.

15.  Kang H. and Kim BG. 2011. Intravenous lidocaine 
for effective pain relief after inguinal herniorrhaphy: a 
prospective, randomized, double-blind, placebo-controlled 
study. J Inter Med Res. 39: 435-445.

16.  Chaparro LE., Lezcano W., Alvarez HD. And Joaquin W. 
2012. Analgesic Effectiveness of Dipyrone (Metamizol) 
for Postoperative Pain after Herniorrhaphy: A Randomized, 
Double-Blind, Dose-Response Study. Pain Pract. 12: 142-
147.

17.  Mentes O. and Bagci M. 2009. Postoperative pain 
management after inguinal hernia repair: Lornoxicam 
versus tramadol. Hernia. 13: 427-430.

18.  Viscusi E., Minkowitz H., Winkle P., Ramamoorthy S., Hu 
J. and Singla N. 2019. HTX-011 reduced pain intensity 
and opioid consumption versus bupivacaine HCl in 
herniorrhaphy: results from the phase 3 EPOCH 2 study. 
Hernia. 23: 1071-1080.

19.  Velanovich V., Rider P., Deck K., Minkowitz S., Leiman D. 
and Jones N. et al. 2019. Safety and Efficacy of Bupivacaine 
HCl Collagen-Matrix Implant (INL-001) in Open Inguinal 
Hernia Repair: Results from Two Randomized Controlled 
Trials. Adv Ther. 36: 200-216.

20.  Nesioonpour Sh., Akhondzadeh R., Pipelzadeh MR., 
Rezaee S., Nazaree E. and Soleymani M. 2013. The effect 
of preemptive analgesia with bupivacaine on postoperative 
pain of inguinal hernia repair under spinal anesthesia: a 
randomized clinical trial. Hernia. 17: 465-470.

21.  Santos GC., Braga GM., Queiroz FL., Navarro TP. And 
Gomez RS. 2011. Assessment of postoperative pain and 
hospital discharge after inguinal and iliohypogastric nerve 
block for inguinal hernia repair under spinal anesthesia: a 
prospective study. J  Braz Med Assoc. 57: 545-549.

22.  Saeed M., Andrabi WI., Rabbani S., Zahur S., Kahmood 
K. and Andrabi SI. et al. 2012. The impact of preemptive 
ropivacaine in inguinal hernioplasty a randomized 
controlled trial. Int J Surg. 13: 76-79.

23.  Bærentzen F., Maschmann C., Jensen K., Belhaege B., 
Hensler M. and Børglum J. et al. 2012. Ultrasound-guided 
nerve block for inguinal hernia repair: a randomized, 
controlled, double-blind study. Reg Anesth Pain Med. 37: 
502-507.

24.  Vizcaíno-Martínez L., Gómez-Ríos MÁ. and López-
Calviño B. 2014. General anesthesia plus ilioinguinal nerve 
block versus spinal anesthesia for ambulatory inguinal 
herniorrhapy. Saudi J Anesth. 8: 523-528.

25.  Aveline C., Le Hetet H., Le Roux A., Vautier P., Cognet F. 
and Tison C. et al. 2011. Comparison between ultrasound-
guided transversus abdominis plane and conventional 
ilioinguinal/iliohypogastric nerve blocks for day-case open 
inguinal hernia repair. Br J Anaesth. 106: 380-386.

26.  Okur O., Tekgul ZT. and Erkan N. 2017. Comparison 
of eficacy of transversus abdominis plane block and 
iliohypogastric/ilioinguinal nerve block for postoperative 
pain management in patients undergoing inguinal her-
niorrhaphy with spinal anesthesia: a prospective randomized 
controlled open label study. J Anaesth. 31: 678-685.

27.  Hosalli V., Ayyanagouda B., Hiremath P., Ambi U. and 
Hulkund SY. 2019. Comparative efficacy of postoperative 
analgesia between ultrasound-guided dual transversus 
abdominis plane and Ilioinguinal/Iliohypogastric nerve 
blocks for open inguinal hernia repair: An open label 
prospective randomised comparative clinical trial. Ind J 

analgesic regimen that for optimal pain management 
after open inguinal hernia repair as well as 
interventions that are not recommended for pain 
management in patients undergoing IHR. Future 
adequately powered studies should assess the effects 
of analgesic interventions not only on pain, opioid 
consumption, opioid-related adverse events and 
complications associated with the intervention, but 
also outcome measures such as time to ambulation, 
length of hospital stay, and the occurrence of chronic 
pain or chronic opioid consumption. Furthermore, 
the influence of analgesic intervention on patient-
specific factors such as chronic pain and chronic 
opioid therapy need to be assessed. 
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Abstract : Background : pediatric tonsillectomy 
is associated with significant postoperative pain, 
nausea and vomiting. Postoperative vomiting 
occurs more frequently after tonsillectomy than any 
other commonly performed pediatric operation. It 
is also the commonest cause of morbidity and re-
admission following tonsillectomy. Furthermore, 
inadequate pain management results in considerable 
increase in morbidity.
Purpose of the review : a number of authors have 
explored the effects of systemic corticosteroids in 
the reduction of morbidity after tonsillectomy. At 
the Antwerp University Hospital, dexamethasone is 
not currently used as part of the standard care for 
this procedure. However, our surgical colleagues 
have shown interest in this adjunctive treatment for 
tonsillectomy. This literature review was therefore 
conducted to examine the efficacy of dexamethasone 
in the prophylaxis of postoperative pain, nausea and 
vomiting, following tonsillectomy in the pediatric 
population.
Design : a retrospective analysis of English-speaking 
literature from January 2008 until December 2019. 
Conclusion : preoperative intravenous dexametha-
sone clearly decreases post-tonsillectomy morbidity, 
but as yet, no consensus has been reached regarding 
the optimum recommended dose.

Keywords : Dexamethasone ; Pediatric tonsillec-tomy ; 
Pain ; Nausea ; Vomiting.

Introduction

Tonsillectomy is one of the most commonly 
performed surgical procedures in children. It is 
defined as a surgical procedure (performed with or 
without adenoidectomy) that completely removes 
the palatopharyngeal tonsillar tissue with its capsule. 
This involves dissection of the peritonsillar space 
between the tonsil capsule and the muscular wall. 

Indications for surgery include recurrent 
pharyngeal infections and sleep-disordered breath-

ing, both of which can substantially affect child 
health status and quality of life. When compared 
with healthy children, those with recurrent throat 
infections have a greater perception of pain and 
have poorer general health and physical wellbeing. 
Similarly, sleep-disordered breathing is associated 
with cognitive and behavioral im-pairment. Fur-
thermore, tonsillectomy has been shown to have a 
clear benefit on quality of life (1).

Despite advances in anesthetic and surgical 
techniques, post-tonsillectomy morbidity remains 
a significant clinical problem not only for the 
patient and the family, but also for medical care 
providers. The most important complications 
are pain and PONV (postoperative nausea and 
vomiting). In order to address this issue, a number 
of authors have explored the effects of systemic 
corticosteroids in reducing postoperative morbidity, 
but no consensus has yet been reached about their 
routine use. At the Antwerp University Hospital, 
DXM (dexamethasone) is not currently included in 
routine standard care for elective tonsillectomy. Our 
surgical colleagues, however, have shown interest 
in implementing DXM treatment, either alone or 
as part of a multimodal regimen, for prophylaxis of 
PONV and postoperative pain.

In order to examine the efficacy of DXM 
for these indications, we conducted an electronic 
literature review focusing on English-speaking 
literature published between 1st January 2008 and 
31st December 2019.
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3. Patient factors

The likelihood of PONV is age-related. The 
incidence is low in infancy, but increases to a peak 
in late childhood (between 6-16 years) and later 
declines in adulthood. This pattern is observed 
regardless of the type of operation performed. 
Tonsillectomy is most frequently performed in the 
late childhood age group, which consistently shows 
a higher incidence of PONV.

Pain following tonsillectomy

Tonsillectomy is one of the most painful 
procedures performed in an outpatient setting 
(4). When compared with urology, orthopedics, 
and general surgery, otolaryngology procedures 
have been shown consistently to be associated 
with increased postoperative pain. In one study of 
outpatient surgery, only three factors significantly 
correlated with high postoperative pain scores : 
female gender, duration of anesthesia and oto-
laryngology procedures (4). As tonsillectomy is one 
of the most commonly performed otolaryngology 
procedures, the literature concerning the assessment 
and management of post-tonsillectomy pain is 
highly relevant.

Severe pain following tonsillectomy results 
in delayed oral intake and an increased risk of 
dehydration and weight loss. Inadequate analgesia 
is related to increased morbidity. In addition, 
pain has a major impact on the psychological and 
social aspects of a patient’s life, and should not be 
underestimated (5). If pain is not treated effectively, 
it can cause avoidance behaviors with regard 
to future health care. Adequate assessment and 
management is indicated in this high-risk group. 
Currently, the optimal treatment regimen has not yet 
been identified.

Post-tonsillectomy pain is of multi-factorial 
origin. There are two distinct pain mechanisms that 
result from the stimulus of surgical trauma. Firstly, 
there is inflammatory pain due to the local effect of 
surgical trauma. Secondly, there is a physiological 
or functional pain resulting from stimulation of 
the central nervous system (6). Post-tonsillectomy 
pain probably results, therefore from muscle 
spasm caused by inflammation and irritation of 
the pharyngeal musculature (7). It is more intense 
within the first three post-operative days, but can 
persist until day 10. Although the introduction 
of electrocautery during surgery has almost 
eliminated immediate postoperative hemorrhage, 
it may cause increased pain and discomfort due to 

PONV following tonsillectomy

PONV occurs more frequently after 
tonsillectomy than any other commonly performed 
pediatric operation. It occurs independent of the 
surgical technique and has been reported to occur 
in more than 70% of children who do not receive 
prophylactic antiemetics (1). 

PONV is the most frequent reason for re-
admission following day-case ear, nose, throat 
surgery (2). It leads to decreased oral intake, dehy-
dration and metabolic disturbances and is distressing 
for both the child as well as the care providers.  Not 
only does it contribute to an overall lower level 
of satisfaction with the procedure, it may place 
the child at increased risk for bronchopulmonary 
aspiration and potential pneumonitis. There is 
an increased chance of immediate postoperative 
hemorrhage and there is a substantially prolonged 
time in the recovery room, with associated increases 
in healthcare costs. 

The rate of vomiting following pediatric 
tonsillectomy can be influenced by several factors 
categorized into surgical, anesthetic and patient 
factors (2) :

1. Surgical factors

The vomiting reflex is controlled and coor-
dinated by the vomiting center in the medulla 
oblongata. Afferent inputs are located in the 
posterior oropharynx and so surgery in this area 
is frequently associated with a higher incidence of 
vomiting. Furthermore, blood from the operative 
site is easily ingested by the patient during and after 
tonsillectomy. This blood causes gastrointestinal 
irritation and increases the likelihood of post-
operative vomiting. Therefore, it is important to 
minimize the volume of blood ingested during 
surgery. This can be achieved by packing the throat 
before removing the tonsils (3), emptying the 
stomach with an aspiration tube before extubation 
and strict attention for hemostasis. 

2. Anesthetic factors

The emetic effect of opioid analgesics is well-
known. They stimulate the chemoreceptor trigger 
zone, which send afferents to the vomiting center. 
When compared with total intravenous anesthesia 
using propofol, volatile anesthetic agents increase 
the risk of PONV. Although nitrous oxide is com-
monly used to accelerate gas induction and reduce 
the dose of volatile anesthetic required, it is asso-
ciated with a 28% increased risk of vomiting (2).
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thereby inhibiting synthesis of potent mediators 
of inflammation such as prostaglandins and 
leukotrienes (5, 6). Decreased prostaglandin levels 
might further contribute to analgesia by inhibiting 
the synthesis of COX-2 (cyclo-oxygenase isoform 
2) in peripheral tissues and in the CNS (central 
nervous system) (6). Glucocorticoids also inhibit 
leucocyte infiltration at the site of inflammation 
and inhibit mediators of the inflammatory response 
such as TNF-α (tumor necrosis factor-α), IL-ß 
(interleukin-1ß), and IL-6 (interleukin-6) (6).

The degree of clinical effect usually relates 
to the dose administered. Likewise, the numerous 
adverse effects related to corticosteroid use usually 
depend on both the dose and the duration of therapy 
(7).

DXM has an onset of action of 4-8 hours. The 
biological half-life is prolonged at about 36-72 
hours which explains the continued postoperative 
beneficial effects lasting about three days (5, 11).

Methodology

We performed an electronic search of the 
English-speaking literature in PubMed from 1st 
January 2008 until 31st December 2019. The following 
search terms were used : ‘dexamethasone’, ‘pediatric 
tonsillectomy’, ‘tonsillectomy’, ‘children’, ‘pain’, 
‘nausea’ and ‘vomiting’. The search strategy was 
as follows : ‘dexamethasone’ AND ‘pediatric 
tonsillectomy’ AND ‘pain’ AND ‘nausea’ AND 
‘vomiting’ ; ‘dexamethasone’ AND ‘tonsillectomy’ 
AND ‘children’ AND ‘pain’ AND ‘nausea’ AND 
‘vomiting’ ; ‘dexamethasone’ AND ‘tonsillectomy’ 
AND ‘children’ AND ‘pain’ ; ‘dexamethasone’ AND 
‘tonsillectomy’ AND ‘children’ AND ‘nausea’ AND 
‘vomiting’. We screened the titles and abstracts of 
all identified articles to determine their eligibility. 
Duplicate articles were manually deleted and we 
checked the reference lists of the selected articles in 
order to identify further relevant studies. No meta-
analysis was performed.

results

The results of the search strategy are 
summarized in Table 1.

The study includes papers retrieved by 
electronic searches from January 2008 until 
December 2019. In total, 212 papers were identified, 
of which 15 were retrieved for full-text review and 
were discussed in the final analysis.

The characteristics with main findings of the 
included studies are summarized in Table 2.

local inflammation, nerve irritation and laryngeal 
spasm (6). Hanasono et al studied the effect of 
DXM in patients undergoing tonsillectomy by 
hot (electrocautery) and cold (sharp) dissection 
techniques and found the combination of intravenous 
steroid with cold dissection to be the more effective 
in reducing postoperative pain (8).

Mechanisms of action of intravenous dexamethasone

Dexamethasone (C22H29FO5) has a molecular 
weight of 392.5 and functions as a glucocorticoid that 
induces negative inhibition of cortisol secretion in 
individuals with a functional hypothalamopituitary 
axis. In vivo, these steroid molecules exhibit a 
multitude of effects not only on carbohydrate, fat and 
protein catabolism, but also immunosuppression, 
modulation of vascular tone and anti-inflammatory 
properties (4). Glucocorticoids are also associated 
with multiple side effects including peptic ulce-
ration, osteoporosis, hypertension, diabetes mellitus 
and fluid retention (7).

The most serious potential risk with gluco-
corticoids is immune system suppression. Although 
the immunosuppressive and anti-inflammatory 
effects of DXM are approximately 30 times greater 
than with cortisol, the incidence of harmful effects 
occurs only rarely. Moreover, a single dose of DXM, 
even in high doses, is considered to be safe (9).

Antiemetic effect of dexamethasone

DXM has antiemetic properties in the surgical 
setting (10), but the mechanism of its antiemetic 
action is not well understood. A commonly held 
theory is that corticosteroids exert their antiemetic 
activity via prostaglandin antagonism. Others have 
suggested that the release of endorphins, resulting in 
mood elevation, a sense of well-being, and appetite 
stimulation, plays an important role (10). 

Analgesic effect of dexamethasone

The mechanism by which DXM exerts 
an analgesic effect is not fully understood, but 
believed to be related to its anti-inflammatory 
properties. Indeed, as mentioned previously, 
DXM has strong anti-inflammatory effects, which 
decreases postoperative tissue injury, edema and 
pain. Glucocorticoids bind to specific receptors 
in the cytosol of cells and suppress tissue levels 
of bradykinin and the release of neuropeptides 
from the nerve endings. This results in diminished 
nociception in inflamed tissue (5). In addition, 
DXM is able to inhibit the arachidonic acid cascade, 
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The effect of dexamethasone on PONV

A RCT (randomized controlled trial) 
conducted among 215 children undergoing elective 
tonsillectomy pointed out that there was a beneficial 
dose-dependent effect of DXM on PONV (10). 

This conclusion was confirmed by the study 
of Karaman et al. They looked at the incidence 
of PONV within the first 24 hours after (adeno)
tonsillectomy in three groups receiving respectively 
0.2 mg kg-1 intraoperative DXM (group 1), 0.7 mg 

Publication breakdown Number of articles

Prospective randomized controlled trials 5

Prospective audits 1

Reviews and meta-analyses 5

Retrospective studies 2

Quasi-experimental studies 1

Guidelines 1

Total 15

Table 1
Results of PubMed search strategy

Czarnetzki 2008

Methods Randomized, placebo-controlled

Participants [age (yr)] 215 patients (2-17) undergoing tonsillectomy

Surgical technique One of 3 surgical techniques:
- A cold technique: dissection with cold steel instruments, hemostasis with gauze compression
- A hot technique: dissection and hemostasis with electric bipolar forceps
- A combination of both

Interventions (DXM mg kg-1) DXM 0.05 IV or DXM 0.15 IV or DXM 0.5 IV (max dose 20 mg) or placebo

Outcomes Incidence of PONV at 24 hours
The need for ibuprofen at 24 hours
Evaluation of adverse effects

Main findings Beneficial dose-dependent effect of DXM on PONV
DXM 

- decreased the use of NSAID’s at 24 hours, dose-independent
- no effect on the need of morphine in the PACU
- no decrease in the proportion of children with inadequate pain relief at 24 hours
- a dose-dependent increased risk of postoperative bleeding

Bennett AM 2008

Methods Prospective audit

Participants (age (yr)) 107 patients (< 16)

Interventions (DXM mg kg-1) DXM 0.1

Outcomes Incidence of PONV

Main findings A statistically significant reduction in vomiting (p < 0.05)

Karaman 2009

Methods Randomized, single-blind, placebo-controlled

Participants (age (yr)) 150 patients (3–11) undergoing (adeno)tonsillectomy

Interventions (DXM mg kg-1) DXM 0.2 IV (group 1) or DXM 0.7 IV (group 2) (max dose 25 mg) or placebo

Outcomes Incidence of PONV within first 24 hours
Incidence of patient’s tolerability to take oral semisolid/solid foods within first 24 hours

Main findings Intravenous DXM 0.7 effectively decreases postoperative morbidity, in the absence of measurable side effects

Steward 2011

Methods Meta-analysis: randomized, double-blind, placebo-controlled trials

Participants (age (yr)) 1756 patients (1–18) undergoing (adeno)tonsillectomy

Interventions (DXM mg kg-1) DXM 0.15 – 1 IV

Outcomes Incidence of PONV within first 24 hours
The number of children returning to a soft/solid diet by postoperative day 1
Incidence of significant pain at 24 hours

Table 2
Characteristics of the included studies
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Main findings Decreased incidence of PONV at 24 hours
Increased tolerability to a soft/solid diet on postoperative day 1
Improved postoperative pain

Baugh 2011

Methods Clinical practice guideline: systematic reviews, guidelines, meta-analyses, randomized controlled trials

Participants (age (yr)) Patients (1-18) under consideration for tonsillectomy

Interventions Evidence based recommendations on the preoperative, intraoperative and postoperative care and management

Outcomes Primary purpose: to provide clinicians with evidence-based guidance in identifying children who are the best 
candidates for tonsillectomy
Secondary objectives: to optimize the perioperative management of children undergoing tonsillectomy

Main findings Strong recommendation that clinicians should administer a single, intraoperative dose of intravenous DXM to 
children undergoing tonsillectomy

Windfuhr 2011

Methods Retrospective cohort study

Participants (age (yr)) 272 patients (2-15) undergoing tonsillectomy

Surgical technique A cold technique + bipolar cautery when necessary

Interventions (DXM mg kg-1) DXM 4 mg IV or DXM 8 mg IV (< 0.15 or > 0.15) or placebo

Outcomes Incidence of PONV

Incidence of post-operative bleeding
Main findings DXM does not appear to have an effect on PONV or bleeding following tonsillectomy

Hermans 2012

Methods Randomized, double-blind, placebo-controlled

Participants (age (yr)) 134 patients (2-8) undergoing (adeno)tonsillectomy

Surgical technique A dissection technique combined with electrocoagulation

Interventions (DXM mg kg-1) DXM 0.15 IV (max dose 8 mg) or DXM 0.5 IV (max dose 15 mg) or placebo

Outcomes Incidence 0for additional analgesia

Main findings Decreased incidence of PONV
The use of rescue anti-emetics was lower in the DXM groups
No dose-dependent effect of DXM on PONV
Reduced pain only on postoperative day 2
No effect on the need of morphine in the PACU or tramadol on the ward

Hashmi 2012

Methods Randomized, double-blind, placebo- controlled

Participants (age (yr)) 100 patients (4–12) undergoing (adeno)tonsillectomy

Surgical technique Electrocautery

Interventions (DXM mg kg-1) DXM 0.5 IV (max dose 8 mg) or placebo

Outcomes Incidence of PONV
Mean time of first oral intake
Incidence of severe pain

Main findings Decreased incidence of PONV
Mean time to first oral intake: earlier in the DXM group
Lower pain scores + less painful swallowing in patients receiving DXM

Buland 2012

Methods Quasi-experimental study

Participants (age (yr)) 60 patients (10–40) undergoing tonsillectomy

Interventions (DXM mg kg-1) DXM 0.15 IV or placebo

Outcomes Postoperative pain scores

Main findings Lower pain scores at 6 and 12 hours postoperatively
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Keller 2013

Methods Overview of the literature

Participants 

Interventions Intraoperative DXM IV

Outcomes Safety of intraoperative DXM

Risk of post-tonsillectomy hemorrhage
Mahant 2015

Methods Retrospective cohort study

Participants (age (yr)) 111 813 patients (1–18) undergoing (adeno)tonsillectomy

Interventions Evidence-based processes suggested by the guidelines: preoperative DXM, no antibiotic use and outcomes (30 
day tonsillectomy complication-related revisits)

Outcomes DXM and antibiotic use
Ratio of revisits to the hospital in the first 30 days after surgery

Main findings Some improvement in evidence-based processes of care but no improvement in complication-related 
outcomes in the first 2 years after publication of the AAOHNS guideline
High incidence of hospital revisits due to pain

Carpenter 2017

Methods Review – tonsillectomy perioperative care and outcomes

Participants

Interventions Assessing the literature regarding postoperative management after tonsillectomy in children

Outcomes

Main findings DXM improves analgesia, decreases PONV and does not appear to increase the risk of post-tonsillectomy 
hemorrhage

Batistaki 2017

Methods Review of RCT’s and prospective consecutive studies

Participants

Interventions

Outcomes Efficacy of DXM on postoperative pain/analgesic consumption/time for first rescue analgesic administration

Main findings Beneficial impact of DXM on reducing post-tonsillectomy analgesic needs

Hanasono 2004

Methods Randomized, double-blind, placebo- controlled

Participants (age (yr)) 219 patients (1–12) undergoing tonsillectomy

Interventions (DXM mg kg-1) DXM 1 IV or placebo

Outcomes Pain scores on postoperative day 1
Oral intake on postoperative day 1
Emesis on postoperative day 1

Main findings Reduced postoperative pain with the combination of intravenous steroid and cold dissection surgical technique

Athanassoglou 2017

Methods Review: any publications of any type

Participants

Interventions

Outcomes Identify a potential benefit of throat pack use in anesthetic practice

Main findings There is no evidence supporting the use of throat packs insertion routinely after intubation; most evidence 
concerns complications of throat pack use
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hours, independent of the dose DXM administered 
(p= 0.01). DXM did not decrease the need for 
morphine in the PACU (postanesthetic care unit) 
(p= 0.42) nor did it decrease the proportion of 
children with inadequate pain relief during the first 
24 hours (p= 0.37) (10).

In their randomized double-blind trial, 
Hermans et al found that a single intravenous dose 
of DXM before surgical incision reduced pain 
only on the second postoperative day (p < 0.001). 
The authors studied 134 children undergoing 
tonsillectomy who received DXM 0.15 mg kg-1, 
0.5 mg kg-1, or placebo. Like Czarnetzki et al, they 
also pointed out that administration of DXM during 
induction of anesthesia did not reduce the number of 
patients receiving morphine in the PACU (p= 0.321) 
or tramadol on the ward (p= 0.331). However, in the 
placebo group, time to first dose of tramadol on the 
ward was shorter than in the DXM groups (12).

The same year, Hashmi et al showed in a 
double-blind RCT that pain scores were significantly 
lower and swallowing was less painful in patients 
after 4 (p= 0.001), 8 (p= 0.001), 12 (p= 0.003) and 
24 hours (p= 0.001) in DXM group. Pain scores 
were on average 0.8 – 1.2 times lower in the DXM 
group than with placebo in the first 24 hours using 
a VAS (visual analog score) of 1 – 10 (6). The 
trial evaluated the effect of a single pre-operative 
dose of DXM (0.5 mg kg-1) with the frequency 
of postoperative PONV, the severity of throat pain 
and painful swallowing in children undergoing 
electrocautery tonsillectomy (6). 

Finally, Buland et al reported the effect of 
intravenous DXM (0.15 mg kg-1) after induction 
of general anesthesia compared with placebo. In 
this study, which included adult patients as well 
as children, patients in the DXM group reported 
significantly lower pain scores at 6 (p= 0.028) and 
12 hours (p= 0.020) postoperatively. There was no 
significant difference in pain scores at 2 hours (p= 
0.093) (7). 

discussion and conclusion

Tonsillectomy is one of the most commonly 
performed surgical procedures in children and its 
importance relates to the documented benefit on 
child health status and quality of life. However, post-
tonsillectomy morbidity, including postoperative 
pain and PONV, remains a significant clinical 
problem for the patient, family and care providers. 

This review aimed to determine the efficacy of 
DXM on postoperative pain and PONV in children 
undergoing tonsillectomy. Fifteen studies were 
included.

kg-1 intraoperative DXM (with a maximum dose of 
25 mg) (group 2) and no intravenous DXM (control 
group). There was a significantly higher incidence 
of PONV in the control group when compared 
with group 1 (p : 0.001 ; p < 0.01) and group 2 
(p : 0.001 ; p < 0.01). Furthermore, tolerance of 
food intake was better in group 2 when compared 
with group 1, although there was no statistically 
significant difference in PONV ratio between group 
1 and group 2 (p : 0.400 ; p > 0.05). Karaman et al 
therefore concluded that intravenous DXM (0.7 mg 
kg-1) effectively decreases postoperative morbidity, 
when compared with 0.2 mg kg-1, and in the absence 
of measurable side effects (11). 

Hermans et al also demonstrated that at in-
duction of general anesthesia, a single intravenous 
injection of DXM was effective in reducing the 
incidence of PONV, both during hospitalization and 
on postoperative day 2. The use of rescue antiemetics 
was lower in the DXM groups compared with 
placebo. However, they were unable to identify a 
dose-dependent effect of DXM on PONV (0.15 mg 
kg-1 appeared to be as effective as 0.5 mg kg-1, p= 
0.118) (12).

Hashmi et al evaluated in a RCT the effect of 
a single preoperative dose of DXM (0.5 mg kg-1) 
on PONV in children undergoing electrocautery 
tonsillectomy. The study showed significantly less 
postoperative vomiting as compared to placebo 
(p=0.027 for early vomiting (within 4 hours 
postextubation) ; p=0.046 for late vomiting (4-24 
hours postextubation). Furthermore, the mean time 
to first oral intake was earlier in the DXM group (6). 

A prospective audit of pediatric post-tonsil-
lectomy vomiting in 107 patients showed a statis-
tically significant reduction in vomiting due to use 
of intra-operative DXM (0.1 mg kg-1) (p < 0.05) (2). 
  In contrast, Windfuhr et al were unable to detect 
any beneficial effect on the incidence of PONV 
with the use of DXM post-tonsillectomy. This 
study was limited by its retrospective observational 
design. The major shortcomings of this type of 
study, acknowledged by the authors, were the lack 
of standardization and control of confounding 
variables e.g. anesthetic technique, use of narcotics, 
volume of ingested blood. Thus, the quality of 
evidence provided by this negative study may be 
insufficient to provide definitive answers (13). 

The effect of dexamethasone on pain

In the RCT of Czarnetzki et al, DXM 
decreased the use of nonsteroidal anti-inflammatory 
medications for rescue analgesia during the first 24 
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creases PONV, and does not appear to increase the 
risk of post-tonsillectomy hemorrhage (4).

We need to remember that this guideline does 
not apply to tonsillotomy, intracapsular surgery, or 
other partial removal techniques, because of the 
relatively sparse high-quality published evidence 
on these techniques and limited long-term follow-
up. Similarly, the guideline does not apply to 
populations of children excluded from most 
tonsillectomy research studies, including those 
with diabetes mellitus, cardiopulmonary disease, 
craniofacial disorders, congenital anomalies of the 
head and neck region, sickle cell disease, and other 
coagulopathies or immunodeficiency disorders.

In conclusion, given the frequency with 
which tonsillectomy is performed and the benefit 
this procedure has on child quality of life, there is 
sufficient evidence to promote the use of a single 
peroperative dose of intravenous DXM.  This safe, 
low cost treatment provides benefits with regard to 
postoperative analgesia, PONV and return to a soft/
solid diet.

Limitations of the review

Substantial variability exists with respect to 
study design as well as surgical, anesthetic and 
hemostatic techniques used in the different articles 
included in this analysis.  Conclusions are therefore 
difficult to draw.

There is also great variability in the numbers 
of study participants included ; some trials were 
limited by their small sample size. The manner 
in which pain was assessed in these studies also 
differed. This is a difficult task, especially in 
children. Finally, preoperative fasting influences the 
incidence of PONV.  None of the studies, however, 
report the fasting guidelines they applied, and this 
may in turn have affected the results. 

Future research opportunities

The literature provides no consensus as to 
the optimum dosage of intravenous DXM. Most 
published studies have used a DXM dose of 0.5 mg 
kg-1, although the Cochrane systematic review of 
RCT’s showed that doses have ranged from 0.15 to 
1 mg kg-1, with maximum doses ranging from 8 to 
25 mg intravenously (9).

Studies aimed at determining the effective 
analgesic dose of DXM are, to date, inconclusive 
(5).

Further research regarding the optimum dose 
of DXM for tonsillectomy is warranted.

Key findings

Despite the fact that the exact mechanisms 
are not fully understood, the literature supports 
use of a single dose of peroperative intravenous 
DXM to reduce post-tonsillectomy morbidity. 
In their Clinical Practice Guideline Report, the 
AAOHNS (American Academy of Otolaryngology, 
Head and Neck Surgery) panel made a ‘strong 
recommendation’ that clinicians should administer 
a single, intraoperative dose of intravenous DXM to 
children undergoing tonsillectomy (1).

Not all studies are in agreement, however. 
Windfuhr et al reported no effect of DXM on 
PONV (13). Mahant et al concluded from their 
retrospective cohort study that the 2011 AAOHNS 
tonsillectomy guideline was associated with some 
improvement in evidence-based processes of 
care, but no improvement in complication-related 
outcomes in the first 2 years after its publication. In 
spite of their study limitations, a major concern was 
the high incidence of hospital revisits due to pain 
(9%, p < 0.001). The results were almost certainly 
influenced by confounding factors such as surgical 
technique, specific discharge practices, analgesic 
prescription and outpatient follow-up (14).

Summarizing the available evidence, a 
Cochrane meta-analysis of RCT’s (with a total 
of 1756 participants) demonstrated that children 
receiving a single intraoperative dose of DXM 
(dose range 0.15-1 mg kg-1) were half as likely to 
vomit in the first 24 hours compared to children 
receiving placebo. Children receiving DXM were 
also more likely to advance to a soft/solid diet 
on post-tonsillectomy day 1 than those receiving 
placebo. On average, about 4 children would need 
to receive intravenous DXM to result in 1 fewer 
patient experiencing post-tonsillectomy emesis 
(number needed to treat = 4) (9). The Cochrane 
study also demonstrated that postoperative pain was 
improved in children receiving DXM as measured 
by a VAS 0 to 10 which correlates clinically to a 
reduction in pain score from 4.72 to 3.65. They 
concluded that a single dose of DXM is ‘virtually 
without harmful effect’ ; no adverse events were 
noted in the included studies (9).

In their review Batistaki et al highlighted 
a beneficial impact of DXM on reducing post-
tonsillectomy analgesic needs. They concluded that 
DXM administered at a dose of 8 mg before surgical 
incision may be beneficial in tonsillectomies in 
children (5).

In 2017, a review by Carpenter et al concluded 
that perioperative DXM improves analgesia, de-

08-Beckers.indd   6408-Beckers.indd   64 12/01/2021   12:1412/01/2021   12:14



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 pain and ponv in pediatric tonsillectoMy 65

steroid (dexamethasone) for postoperative pain relief in 
tonsillectomy patients. J Coll Physicians Surg Pak. 22: 
349-352.

8. Hanasono MM., Lalakea ML., Mikulec AA., Shepard KG., 
Wellis V. and Messner AH. 2004. Perioperative steroids 
in tonsillectomy using electrocautery and sharp dissection 
techniques. Arch Otolaryngol Head Neck Surg. 130: 917-
921.

9. Steward DL., Grisel J. and Meinzen-Derr J. 2011. Steroids 
for improving recovery following tonsillectomy in children. 
Cochrane Database Syst Rev. 8: CD003997.

10. Czarnetzki C., Elia N., Lysakowski C., Dumont L., Landis 
BN. and Giger R., et al. 2008. Dexamethasone and risk 
of nausea and vomiting and postoperative bleeding after 
tonsillectomy in children: a randomized trial. JAMA. 300: 
2621-2630.

11. Karaman M., Ilhan AE., Dereci G. and Tek A. 2009. 
Determination of optimum dosage of intraoperative 
single dose dexamethasone in pediatric tonsillectomy and 
adenotonsillectomy. Int J Pediatr Otorhinolaryngol. 73: 
1513-1515.

12. Hermans V., De Pooter F., De Groote F., De Hert S. and 
Van der Linden P. 2012. Effect of dexamethasone on 
nausea, vomiting, and pain in paediatric tonsillectomy. Br J 
Anaesth. 109: 427-431.

13. Windfuhr JP., Chen YS., Propst EJ. and Güldner C. 2011. 
The effect of dexamethasone on post-tonsillectomy nausea, 
vomiting and bleeding. Braz J Otorhinolaryngol. 77: 373-
379.

14. Mahant S., Hall M., Ishman SL., Morse R., Mittal V. 
and Mussman GM., et al. 2015. Association of national 
guidelines with tonsillectomy perioperative care and 
outcomes. Pediatrics. 136: 53-60.

15. Keller M. and Brigger MT. 2013. The steroid controversy: 
where are we? ORL J Otorhinolaryngol Relat Spec. 75: 
155-164.

Acknowledgement

We would like to thank Dr. Morrison S., M.D., 
of the Department of Anesthesiology, Antwerp 
University Hospital, for his contribution to this 
master thesis.

References

1. Baugh RF., Archer SM., Mitchell RB., Rosenfeld RM., 
Amin R. and Burns JJ., et al. 2011. Clinical practice 
guideline : tonsillectomy in children. Otolaryngol Head 
Neck Surg.  11: S1-S30.

2. Bennett AM. and Emery PJ. 2008. A significant reduction 
in paediatric post-tonsillectomy vomiting through audit. 
Ann R Coll Surg Engl. 90: 226-230.

3. Athanassoglou V., Patel A., McGuire B., Higgs A., Dover 
M.S. and Brennan P.A. et al. 2017. Systematic review of 
benefits of harms of routine anaesthetist-inserted throat 
packs in adults: practice recommendations for inserting and 
counting throat packs. Anaesthesia. 73: 612-618.

4. Carpenter P., Hall D. and Meier JD. 2017. Postoperative 
care after tonsillectomy: what’s the evidence? Curr Opin 
Otolaryngol Head Neck Surg. 25: 498-505.

5. Batistaki C., Kaminiotis E., Papadimos T. and Kosto-
panagiotou G. 2017. A narrative review of the evidence on 
the efficacy of dexamethasone on postoperative analgesic 
consumption. Clin J Pain. 33: 1037-1046.

6. Hashmi MA., Ahmed A., Aslam S. and Mubeen M. 2012. 
Post-tonsillectomy pain and vomiting: role of pre-operative 
steroids. J Coll Physicians Surg Pak. 22: 505-509.

7. Buland K., Zahoor MU., Asghar A., Khan S. and Zaid AY. 
2012. Efficacy of single dose perioperative intravenous 

08-Beckers.indd   6508-Beckers.indd   65 12/01/2021   12:1412/01/2021   12:14





© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

Abstract : Background : Interscalene brachial 
plexus block has been widely implemented for 
anesthesia and analgesia in shoulder, clavicle and 
humerus surgery. However, complications can 
occur in a complex and densely organized nerve 
area. Through the years many techniques have 
been described to access this region in the safest 
possible way. We aimed to describe one superior 
technique for needle introduction, with minimal 
complications, using sonoanatomy to detect ideal 
pathways.
Methods :  After obtaining approval from the ethics 
committee and written informed consent, patients 
were included in this single centre, prospective 
clinical observational trial. We initiated systematic 
ultrasound scanning and identified structures 
before block performance. Anatomical differences 
were compared. Secondly, on these images, a 
perfect needle pathway was drawn. We compared 
anatomical variance to calculate safest practice. The 
study was conducted according to the STROBE 
guidelines for reporting observational trials.
Results : From May 2019 to May 2020, 32 
participants were enrolled in the study. Due to the 
small sample size, statistical significance could 
not be met for our endpoints. Mean depth of the 
brachial plexus is 9.70 mm (SD 1.56 mm). Ideal 
needle angle position is 27.11° (SD 4.15°). There 
is no clear correlation between the needle angle and 
the subpopulations.
Conclusion : Interscalene brachial plexus blocks 
should be placed with neurostimulation and 
ultrasound guidance. We promote a lateral insertion 
technique with an in-plane ultrasound view. The 
needle should enter the skin next to the linear 
transducer with the plexus brachialis in the middle 
of the screen. An angle of 27.11° (SD 4.15°) should 
be applied to the sagittal plane. The external jugular 
vein, the dorsal scapular nerve and the long thoracic 
nerve are avoided in this way in the majority of the 
cases. Attention should be paid on identifying these 
structures on ultrasound in every patient before 
performing the block.

IntroductIon

Locoregional anesthesia has a key role in 
perioperative pain management. It significantly 
decreases postoperative pain, reduces supplemental 
analgesia requirements and probably enhances 
recovery (1). The interscalene brachial plexus block 
(ISB) is worldwide approved for shoulder, clavicle 
and humerus surgery (2). Since its introduction 
in 1970 by Winnie (3), it is commonly used. He 
proposed an anterior approach to the interscalene 
groove. The puncture site was the top of the triangle 
formed by the anterior and middle scalene muscle. 
The needle was introduced perpendicular to the 
skin in all planes and advanced in a mesiad, dorsal 
and slightly caudal direction until paresthesia was 
elicited. The block is easy to perform and provides 
excellent postoperative analgesia. It has fewer side 
effects and has a superior patient satisfaction and 
patient outcomes compared to general anesthesia (4). 
The first descriptions of the block were anatomical 
based techniques (5-8). Pippa et al. (9) described an 
alternative to the Winnie method. They presented 
a landmark based, posterior approach. The needle 
was inserted posteriorly three cm lateral to a point 
midway between the projection of the spinal process 
of the 6th and 7th cervical vertebrae. The needle was 
then advanced in an anterolateral direction until a 
loss of resistance to air was felt (10). Both Winnie and 
Pippa are comparable regarding clinical efficacy for 
anesthesia of the shoulder and upper arm (11). After 
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C6. This is usually the puncture place. The neck was 
dynamically scanned from cranial to caudal and back 
to identify several structures such as nerve roots C5-
C6-C7, dorsoscapular nerve, phrenic nerve, long 
thoracic nerve, carotid artery, internal and external 
jugular veins and the vertebral artery. These 
structures were mapped on a template (Appendix 
2). A sonographic picture was made of theoretical 
puncture place. On this picture, an ideal pathway for 
ISB was drawn. The angle of needle entrance was 
then measured. The primary endpoint was mapping 
the inter-individual differences in anatomy of the 
interscalene groove and the cervical region. Based 
on that information, we tried to describe an ideal 
pathway for needle entrance as secondary endpoint. 
The goal was to obtain less nerve damage such as 
the dorsal scapular nerve, long thoracic nerve or 
phrenic nerve.

A statistical analysis was made in order to 
define relationships between patient subgroups 
and measured variables on ultrasound. Values were 
submitted to a two-tailed student t-test. Results were 
considered to be statistically significant at P < 0.05. 
A small literary review was performed to provide a 
brief update of the current practice guidelines. 

results

From May 2019 to May 2020, 32 participants 
were enrolled in the study. Among them 12 female 
and 20 male patients. Patient characteristics and 
results are shown in table 2.

Mapping of the different structures around 
the interscalene groove was done according to the 
protocol and ultrasound images were saved (Fig. 
1A). The internal jugular vein, the external jugular 
vein, the carotid artery, the cervical nerve roots C5 
and C6 could be visualized in all cases. Nerve root C7 
was seen in 62.5% of the cases. Identification of the 
DSN, the PN and the LTN was 62.50%, 93.75% and 
9.38% respectively. No large anatomical differences 
could be seen in the population. The position of 

the introduction of ultrasound, multiple approaches 
to the interscalene groove have been reported. There 
isn’t one approach superior to another and many 
approaches are used nowadays without a consensus 
of an optimal technique. However, even with 
neurostimulation and ultrasound guidance, the risk 
of nerve injury still remains. The anterior approach 
has the risk of causing phrenic nerve (PN) damage, 
while the lateral approach encounters the dorsal 
scapular nerve (DSN) and the long thoracic nerve 
(LTN) (12, 13). In this trial, we tried to find the ideal 
approach to the interscalene groove to avoid nerve 
injury or other complications.

Methods

This study is a single centre, prospective, 
observational clinical trial. Approval by the local 
ethics committee (Medical Ethics Committee of 
the University Hospitals and Catholic University 
Leuven – registration number B322201940509) 
was obtained and registered (CTG S62468) in 
accordance to the International Conference on 
Harmonization Guidelines on good Clinical Practice 
(ICH-GCP) and the latest Declaration of Helsinki. 
This observational trial is conducted according to 
the STROBE (STrengthening the Reporting of 
OBservational studies in Epidemiology) guidelines 
(14).

A total of 32 patients undergoing an ISB for 
elective shoulder, clavicle or scapula surgery were 
included in the trial. Patients were identified and 
approached during their presurgical evaluation in the 
anesthesia preparation room. They were informed 
about the study and if they agreed to participate, 
written informed consent was obtained before 
placement of the block. Patient characteristics were 
registered such as age, gender, height and length. 
Inclusion and exclusion criteria are shown in table 
1.

The ISB procedure was standardized for 
all patients. All procedures were performed in a 
locoregional block room near the operating theatre. 
All patients received an intravenous line and full 
ASA monitoring (ECG, non invasive blood pressure 
and pulse oxygenation). All patients were positioned 
with a rotation of the head to the contralateral 
side of the block. The angle between the bed and 
the head was 30°, accomplished by a preformed 
wedge (Appendix 1). Ultrasound transmission gel 
(Aquasonic 100®) was applied on the cervical area. 
Then a high-frequency (15 MHz) linear ultrasound 
transducer (BK Medical Ultrasound ®) was placed 
in the transverse plane on the neck at the level of 

Inclusion criteria Exclusion criteria
American Society of 
Anesthesiologist (ASA) 
physical status class I-III

Patient refusal
Infection at the insertion point

Age 18 – 60 years old Active bleeding in the cervical region
Body mass index < 35 Anticoagulants intake (except for aspirin)

Severe pulmonary diseases
Contralateral paresis of the diaphragm
Pre-existing neurological deficit of the 
limb

Table 1
Inclusion and exclusion criteria
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deviation (SD) of 4.15 degrees. A comparison 
between discrete variables is schematically shown 
by means of a box plot (Fig. 3). We did not find 

the external jugular vein is latero-superior to the 
interscalene groove (Fig. 1B). Eleven patients had 
surgery in the day care centre, 21 patients in the 
operating theatre and had to stay overnight. This 
depends on the type of surgery. For analysis of the 
continuous variables age, length, weight and BMI, 
we plotted the needle angle in scatter diagrams (Fig. 
2).

When drawing the ideal pathway to the 
brachial plexus at the interscalene groove, the mean 
needle angle was 27.11 degrees with a standard 

Fig. 1. — A. Ultrasound image of a right-side ISB. Ideal needle 
pathway is drawn and the angle (26.3°) measured just next to 
the transducer. Abbreviations : ASM ; anterior scalene muscle, 
MSM ; middle scalene muscle, DSN ; dorsal scapular nerve, 
LTN ; long thoracic nerve. B. Position of the external jugular 
vein above the interscalene groove at the right side. 1 : anterior 
scalene muscle, 2 : middle scalene muscle, 3 : external jugular 
vein, 4 : C5, 5 : C6. An ideal pathway is drawn and the angle 
is measured (avoiding the external jugular vein, the DSN, the 
LTN and away from the PN).

Fig. 2. — Scatter diagrams demonstrating the distribution of the 
needle angle in degrees with increasing age, length, weight and 
BMI. Every dot represents the measurement of a single patient.

Fig. 3. — Box plot : comparison of the distribution of the 
measured angles of needle entrance in all patients.

Fig.4. — A. Interscalene brachial plexus block puncture at the 
left side. The needle (*) is piercing the middle scalene muscle 
in the middle. Our ideal pathway, with an angle of 25.3° and 
insertion just next to the transducer, is going more superficial 
in the middle scalene muscle. Nerve damage is less likely. 
Abbreviations : ASM ; anterior scalene muscle, MSM ; middle 
scalene muscle, C5 ; cervical root 5, SCM ; sternocleidomastoid 
muscle. B. Relationship between the plexus and the vertebral 
artery. When the tip is not well visualized, puncture of the 
vertebral artery is possible when inserting the needle too 
deep. SM : anterior scalene muscle, VA : vertebral artery, IJV : 
internal jugular vein, SCM : sternocleidomastoid muscle, *: 
needle tip.
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peripheral nerve injury following ISB is 3 to 9% 
(15, 16, 17). There is an increased incidence with 
neurostimulation guidance compared to ultrasound 
guidance (18, 19). Symptoms resolved in the 
majority of the cases. Less than 0.51% of peripheral 
neurologic symptoms persisted beyond 1 year for 
both groups, which is still alarmingly high. The DSN 
and the LTN are more encountered in the lateral to 
medial approach. The LTN arises from the anterior 
branches of the 6th cervical nerve root, the DSN 
from the 5th cervical nerve root. In most cases, both 
are piercing the middle scalene muscle. In a study of 
Kim et al. (20), 70 patients were observed during in-
plane lateral ISB placement with neurostimulation 
and ultrasound guidance. The DSN was encountered 
in 62,8%, the LTN in 21,4% and both in 14.3% of 
cases. Neurostimulation is a great tool to detect 
DSN (levator scapulae muscle and rhomboids) 
and LTN (serratus anterior muscle) involvement. 
If this happens, the needle should be withdrawn 
and another path must be chosen. DSN injuries can 
cause a chronic pain syndrome, often called the 
DSN syndrome. LTN injuries can cause shoulder 
weakness and serratus anterior muscle palsy. ISB 
is associated with high rates of hemidiaphragmatic 
paralysis due to inadvertent blockade of the phrenic 
nerve. Incidence has been reported to occur up to 
100% (21). The phrenic nerve originates from the 
cervical spinal roots C3, C4 and C5, arises at the 
lateral border of the anterior scalene muscle and 
then passes over it at the anterior surface. The PN 
is thought to be more involved in the out-of-plane 
anterior approach, described by Winnie in 1970. But 
Bergmann and colleagues refute this assumption 
(22). In their randomized controlled trial, there was 
no statistically significant difference in the incidence 
of phrenic nerve blocks between the anterior and 
lateral approach. Numerous modifications have 
been proposed to avoid phrenic nerve involvement 
including avoidance of catheter infusions, low 
volume and concentration of local anaesthetics and 
ultrasound guidance (23). Recently, new phrenic-
sparing nerve blocks have been developed with 
promising results like the superior trunk block from 
Kim et al. (24) or suprascapular and axillary nerve 
blocks.

Historically, needle placement has been 
described as perpendicular to the skin in every 
plane (25). Wong et al. evaluated the ideal angle 
in patients undergoing MRI of the cervical region 
(26). They found that a needle path of 60° to the 
sagittal plane was ideal for block placement. When 
we drew our ideal pathway, the mean needle angle 
was 27.11° in the sagittal plane. The difference can 

a statistically significant difference among gender 
(p = 0.59) and side of block placement (p = 0.41). 
The mean depth of the interscalene brachial plexus, 
which was measured from the top of C5, was 9.70 
mm (SD 1.56 mm). Obese patient had a trend of a 
deeper (p = 0.13) lying brachial plexus and a steeper 
needle angle (p = 0.21), without reaching statistical 
significant difference. Due to the relative small 
sample population, statistical significance could not 
be met for any endpoint.

When we looked at the effective needle path-
way retrospectively used for block placement, we 
found that it was much more parallel to the skin 
compared to the ideal pathway. The insert point 
was not just next to the probe, but mostly one cm 
more lateral. Angle of needle insertion is difficult 
to measure because of the curvature of the neck 
and compression with the transducer. The risk of 
creating a parallel path to the skin is piercing a 
bigger portion of the middle scalene muscle. The 
DSN and the LTN can be damaged in this way (Fig. 
4A).

dIscussIon

ISB is the most implicated block when 
reviewing literature on nerve damage. The rate of 

Study population
Gender (m/f) 20/12
Age (years) 44.84 ± 10.50
Body weight (kg) 83.03 ± 16.65
Body height (cm) 175.2 ± 9.86
Side (right/left) 20/12
Type of surgery
 – Arthroscopy 17
 – Total shoulder arthroplasty 5
 – Latarjet 4
 – Humerus fracture 2
 – Clavicle fracture 3
 – Scapula fracture 1
Visualization of:
 – Dorsal scapular nerve
 – Phrenic nerve
 – Long thoracic nerve
 – Carotid artery
 – Internal jugular vein
 – External jugular vein
 – Cervical nerve root C5
 – Cervical nerve root C6
 – Cervical nerve root C7

62.50%
93.75%
9.38%
100%
100%
100%
100%
100%

62.50%
Needle angle 27.11° ± 4.15°
Depth of the brachial plexus 9.70 mm ± 1.56 mm

Table 2
Pertinent Patient Data and results of the mapping, 

angle and depth measurements

Values are expressed as mean ± standard deviation ; f : female ; m : 
male.
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block placement. Secondly, the ultrasound scan of 
the interscalene region is operator dependent which 
could give some bias. Finally, due to the small 
sample no definite conclusions could be drawn.

In conclusion, an ISB should be placed 
with neurostimulation and ultrasound guidance. 
Stimulation of the DSN provokes contraction of the 
rhomboid muscles and the levator scapulae muscle 
and LTN stimulation provokes serratus anterior 
muscle contractions. We promote a lateral insertion 
technique with an in-plane ultrasound view. The 
needle should enter the skin right next to the linear 
transducer with the plexus brachialis in the middle 
of the screen. An angle of 27.11° (SD  4.15°) should 
be applied. The external jugular vein, the DSN and 
the LTN are avoided in this way in the majority of 
the cases. Attention should be paid on identifying 
these structures on ultrasound in every patient 
before performing the block.
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Abstract : Background and aims : Postoperative pain 
frequently occurs after total knee arthroplasty. This 
is a major cause of distress after surgery and often 
causes complications such as persistent pain. Adequate 
management of postoperative pain is therefore mandatory. 
Virtual Reality (VR) is a non-pharmacological way to 
decrease pain in a number of different situations, with the 
extended benefit of no opioid related side effects. VR can 
also be used as a method to induce therapeutic hypnosis, 
which enables the patients to be in control of their pain 
using (self-)induced hypnosis.
Methods : The VR4POPKA (Virtual Reality for Post-
Operative Pain management after Knee Arthroplasty) 
trial was set up as an interventional, randomized, 
controlled, single centre, double blind, parallel group 
superiority trial. Eligible patients are assigned to 
standard treatment group with a sham VR program or 
standard treatment with VR hypnosis. They will receive 
VR treatment on the day of surgery (DOS) and DOS+1, 
+2 and +3 during physiotherapy. Outcome variables are 
measured by Numeric Rating Scale (NRS) pain scores, 
State-Trait Anxiety Inventory (STAI) Y questionnaires, 
piritramide consumption and degree of passive flexion 
during physiotherapy. 
Results : For various reasons, few data were available for 
analysis. Hence no conclusions can be drawn from these 
results. Mean piritramide consumption was lower in the 
VR Hypnosis group compared to the VR sham group, but 
this difference did not reach statistical significance.
Conclusion : This study could not find statistical 
significant differences between the VR hypnosis and the 
VR sham group. It is however, a unique and interesting 
study design that comprises three heavily studied fields 
and yields possibilities for future research.

Keywords : Virtual reality ; hypnosis ; total knee 
arthroplasty ; analgesia.

IntroductIon

Postoperative pain frequently occurs after total 
knee arthroplasty (TKA) (1,2). Persistent surgical, 
or chronic surgical pain, defined as pain persisting 
for more than 3 months after surgery, poses a 
major health care issue. It has a significant impact 

on quality of life and implies an important cost to 
society in terms of subsequent healthcare costs and 
social support systems (3). Therefore, adequate 
postoperative pain control is mandatory.

Opioids are often used in postoperative 
pain management protocols, as they are effective 
analgesics and part of the well-known analgesic pain 
ladder for relief of cancer pain of the World Health 
Organisation. Unfortunately, opioids are known to 
have major potential side effects and complications, 
such as toxicity, dependency and abuse (4). This 
knowledge prompted a lot of research in the field 
of alternative, non-opioid and non-pharmacological 
ways to treat pain.

Virtual Reality (VR) is a non-pharmacological 
way to decrease pain. It has been around for a while, 
but has only become a popular medical treatment 
since the introduction of accessible, affordable and 
wearable VR devices such as the Oculus Rift HMD 
(head-mounted display). VR has been proven to 
reduce pain in a great number of different situations, 
from experimental pain in healthy subjects to 
dressing changes in burn patients and as an analgesic 
adjunct during physiotherapy (5, 6, 7). However, 
literature regarding the use of VR for postoperative 
pain is still scarce.
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– History of seizures, drug abuse or psychiatric 
disease
– Patients with impaired hearing, impaired vision 
or afraid of submarine worlds
– Chronic pain patients
– Claustrophobia
– Lacking decent knowledge of Dutch or French 
language.

Interventions

Eligible patients were approached on the 
day before surgery or on the day of surgery from 
September 2019 until February 2020. After 
verifying the absence of any exclusion criteria and 
presenting the study, the written, informed consent 
was obtained. Patients were randomly assigned to 
one of two groups : one including virtual reality 
hypnosis (VRH) complementary to standard treat-
ment (VR Hypnosis group) and one including a 
VR sham program complementary to standard 
treatment (VR Sham group). Both environments 
were designed by Oncomfort ® SA. The VR 
module, AQUA, comprised an animated underwater 
experience guided by a whale. A concomitant hyp-
notic script brought the patient in a state of auto-
hypnosis. The Sham module consisted of the same 
animated scene depicting an underwater scene and 
a whale, similar to the AQUA module, but without 
any hypnotic suggestions in the animation. Patients 
and physiotherapist were blinded to which of the 
modules the patients received. The VR device used 
in this trial is a VR Gear from Samsung Oculus, 
completed by a Samsung smartphone type Galaxy 
S7 and a pair of headphones.

All patients received the VR device on the 
day of surgery during preoperative placement of 
the femoral nerve block (15-minute session) and 
on postoperative days 1 through 3 (POD1, 2 and 
3) during passive mobilisation with the continuous 
passive motion (CPM) device : Kinetec (45-minute 
session). Placement of the femoral nerve block and 
perioperative analgesia was executed as standardized 
per protocol. All patients received a patient con-
trolled intravenous analgesia device (PCIA) with 
piritramide (Dipidolor®), titrated to corrected 
body weight (CBW). Before surgery and after each 
postoperative session, patients were asked to fill out 
a STAI-Y questionnaire concerning state and trait 
anxiety factors. Degree of passive flexion was noted 
by the physiotherapist, as were the NRS pain scores 
and nausea scores after each physiotherapy session. 
Total piritramide consumption and length of stay 
were recorded as well. 

In medical VR different types of environments 
exist. Some of these act as simple distractions (games, 
natural scenery), others have included elements 
of medical hypnosis (8). Medical hypnosis has 
been shown to reduce intensity and unpleasantness 
of noxious stimuli (9) and to reduce anxiety and 
pain during postoperative recovery (10, 11). Since 
medical hypnosis is a one-on-one intervention, 
requiring a skilled, highly trained individual (8), it 
is difficult to standardize this technique for research. 
Applying medical hypnosis to great numbers of 
patients is also deemed a time consuming, costly 
practice which is unfit for daily use. Using VR as a 
means of delivering a hypnotic intervention, solves 
a lot of the aforementioned problems. VRH (Virtual 
Reality Hypnosis) has already been established as 
a means to reduce acute postoperative and chronic 
neuropathic pain (8, 12).

Therefore, we used a VR environment to 
reduce pain after total knee arthroplasty, the envi- 
ronment including a therapeutic hypnotic script. 
We wanted to assess the analgesic effect of 
medical VRH combined with standard treatment 
in the postoperative period, during sessions of phy- 
siotherapy.

MaterIals and Methods

Study design and setting

This study was set up as a randomized con-
trolled, single centre, parallel group, double blind 
superiority trial to evaluate virtual reality hypnosis 
as a component of a multimodal postoperative paint 
treatment. The protocol was approved by the ethics 
committee of the Antwerp University Hospital 
(UZA) on 24/09/2018. The study took place in a 
tertiary hospital where more than 150 TKA are 
performed each year. Informed, written consent 
was obtained prior to participation. Randomization 
was done using a web-based block randomization 
program in a 1:1 allocation.

Patient selection

Inclusion criteria :

– Scheduled for TKA (total knee arthroplasty)
– Receiving general anesthesia and femoral nerve 
block
– Adults (>18 years)
– Elective procedures
– Granted informed consent

Exclusion criteria :
– Refusal of consent
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Outcomes

The comparison of piritramide consumption 
between VR Hypnosis group and VR Sham group 
was the primary outcome. This was recorded 
after each physiotherapy session and at POD 3. 
Secondary outcome measures were anxiety, pain 
scores, length of stay, nausea and vomiting, and 
overall rehabilitation.

results

Figure 1 depicts the flow of enrolment of 
patients during the course of the study. It shows the 
reasons why the majority of approached patients did 
not get enrolled and the reasons for drop out during 
the study. For instance, when patients would be 
scheduled first on the day of surgery, the regional 
nerve blocks would be performed in the operating Fig.1. —  Flowchart of enrolment of patients.

VR Hypnosis VR Sham p-value*

gender (male, %) 0 75
age (years, mean ± SD) 71.5 ± 6.4 57.3 ± 14.1 0.26

BMI (kg.m-², mean ± SD) 26.5 ± 5.0 33.8 ± 8.7 0.57

NRS D0 8 0 9 0 0 2 0.77

STAIY D0 33 62 42 32 36 36 0.31

Table 1
Patient demographics and baseline values

BMI : body mass index ; SD: standard deviation ; NRS : numeric rating scale ; STAIY : state and trait anxiety 
index form Y. * t-test

VR Hypnosis VR Sham

Pitiramide consumption (ml, mean ± SD) 34.8 ± 28 79.6 ± 62.2 p = 0.46

NRS D1 5 4 0 0 0 7

NRS D2 1 1 / 5 0 5

NRS D3 0 2 / 2 / 6

nausea D1 2 1 0 0 0 3

nausea D2 0 2 / 0 0 3

nausea D3 0 1 / 0 / 0

STAIY D1 30 56 32 33 35 32

STAIY D2 30 60 / 42 35 31

STAIY D3 27 61 / 34 / 30

degree of flexion D1 70 115 75 100 95 80

degree of flexion D2 85 115 / 85 100 95

degree of flexion D3 85 115 / 85 / 110

length of stay (days) 5 5  6 5 8 6

Table 2
Primary and secondary endpoints

NRS : Numeric Rating Scale ; 0 : no nausea ; 3 : >=2 episodes of nausea and vomiting. STAIY : State and Trait 
Anxiety Inventory form Y.
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and trained researchers can be guaranteed and more 
patients can be included in and followed through the 
course of the study.

Following the month of February, enrolment 
had come to an unexpected halt for two reasons. First 
of all, our hospital changed the standard analgesia 
regimen in TKA patients to include the iPACK block 
(infiltration between Popliteal Artery and Capsule 
of the Knee) (13). Following this change, our study 
protocol did not correlate to our hospital’s standard 
of care anymore and enrolment could not continue 
at that point. Secondly, the emerging COVID-19 
pandemic caused a cessation of all non-essential 
surgery, including TKA procedures. This measure 
was taken by the Belgian federal government to 
ensure hospital capacity would allow care for 
all incoming COVID-19 patients in both regular 
hospital wards and intensive care wards.

Furthermore, to allow more patients to be 
analyzed in future research, measures will have to 
be taken to ensure fewer patients dropping out. The 
inclusion of more research personnel was already 
cited earlier. Drop out also occurred because of 
patients’ discomfort in the study, stating that they 
did not feel comfortable (anymore) participating in 
a medical study. Two patients dropped out stating 
they perceived the VR program repetitions as 
boring. This could be counteracted by expanding 
the number of available programs in the VR device, 
so patients can choose from a selection of different 
programs.

As the number of analyzed patients is low, it is 
difficult to draw decisive conclusions from our data. 
Also, this magnitude may partially explain why 
no statistical difference was found in piritramide 
consumption between the two groups. Another 
element to consider is the choice of intervention. 
Since it is not possible to blind patients for an 
intervention requiring a pair of VR goggles, this 
research included no control arm in the strict sense. 
Instead, the sham module provided a means to find 
a difference in analgesic effect between a simple 
VR distraction and an included hypnotic script 
delivered by a VR device. Seeing as both groups 
received a VR treatment, this could attribute to the 
fact that the difference found was too small to reach 
statistical significance.

Strengths and limitations of the study

The major strength of this study is the unique 
study design that uses virtual reality hypnosis as an 
analgesic in the setting of total knee arthroplasty, 
which is known to be a painful procedure with a 

room instead of the preparatory rooms, where VR 
treatment could not take place due to lack of time. 
The number of patients who dropped out because 
of being uncomfortable with the study, was evenly 
distributed among the VR Sham group and the VR 
Hypnosis group.

Table 1 shows the general demographic cha-
racteristics and baseline values of patients enrolled 
in the study. Mean age of patients was 62 ±13.5 
years and mean BMI was 32.33 ± 7,4 kg/m2. Patient 
characteristics and baseline values did not differ 
significantly between the two groups. 

Table 2 shows the results of the actual primary 
and secondary endpoints of the study. Secondary 
endpoints are represented as raw data to point out the 
individual trends of these values. Mean piritramide 
consumption was lower in the VR Hypnosis group 
compared to the VR Sham group, but the difference 
did not reach statistical significance. Nausea was 
attributed to the piritramide by all patients, not to the 
VR intervention. All but one patient reported lower 
pain scores on the third postoperative day (D3). All 
patients’ STAI-Y scores were lower on D3. Degree 
of flexion improved over the three day observation 
period in half of the observed patients.

Additionally, two patients reported explicitly 
to have enjoyed the VR module, one in each 
intervention group. One of them, who had 
experienced regional anesthesia in the past, stated 
spontaneously that the procedure was much more 
enjoyable with VR Hypnosis than without.

dIscussIon

Interpretation of results

Initially, this study was set up as a randomized 
controlled superiority trial. Due to various reasons, 
the number of patients analyzed was too low to 
generate sufficient power to prove the hypothesis. 
Therefore, the results acquired were mostly pre-
sented as raw data and possibilities to yield higher 
numbers of patients in future research were explored.

As Figure 1 shows, a high number of patients 
had to be considered before one completed the 
study. This was partly due to patients meeting 
an exclusion criterion, but also due to logistical 
reasons. Also, enrolment took place at the day of 
surgery or the day before. If study information was 
given sufficient time beforehand, more patients 
may be inclined to participate in the study. These 
organizational problems might be solved by 
assigning more researchers and VR devices to the 
study protocol. This way availability of materials 
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warranted to find the best methods and strategies. 
The results of this study certainly yield possibilities 
for future research.
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high occurrence of chronic postoperative pain. A lot 
of research has been performed in this subject and 
is still being performed, but this study is the first to 
use VR hypnosis in this procedure.

This research also poses some limitations. 
To begin with, the study design provided a short 
period of observation, during which differences 
might not yet become obvious between groups. 
The ideal timing and ‘dose’ of virtual reality is not 
yet known, but current literature seems to suggest 
that prolonged and repeated sessions invoke longer 
standing analgesia (14). Furthermore, degree of 
flexion was used as a secondary outcome measure, 
but this observation proved to have strong individual 
differences and more importantly, postoperative 
degree of flexion is mostly affected by the 
preoperative value, (15) which was not measured 
in this protocol. Subsequently, we did not measure 
the patients’ so called immersiveness, or the sense 
of presence one can experience during VR, which 
is an important contributor to the effect. Lastly, 
the manner in which VR was delivered has to be 
mentioned. Two observations can be made in this 
respect. First of all, the VR modules used did not 
allow any kind of interaction. This possibility for 
interaction is an important contribution to the sense 
of immersion, which party ensures the delivery of 
effect in VR. Secondly, the environment in which the 
patient experiences the VR could be a noteworthy 
factor. During the study this environment was the 
patient’s room on the hospital ward. Seeing as this 
is an open environment, disturbance by nurses, 
visitors or neighboring patients was probable and 
could have had a negative impact on the patients’ 
immersion. This could be offset by having the 
physiotherapy take place in a separate room, 
allowing no disturbance during the therapy.

conclusIon

The VR Hypnosis group consumed less 
piritramide than the Sham group. Unfortunately, 
the research did not generate enough data to yield 
significant results with sufficient power. Therefore, 
results were used to assess feasibility and generate 
adaptations for a greater study. It is however, a 
unique study design in very interesting fields (VR, 
hypnosis and analgesia for total knee arthroplasty) 
which are all being studied intensely at the moment. 
Both VR and hypnosis have already found numerous 
applications in medicine, but more research is 
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Abstract : Introduction : The medial antebrachial 
cutaneous nerve (MACN) can be identified using 
ultrasound (US). Its identification can prevent unintended 
injury and provide selective targeting when preforming 
an axillary brachial plexus blockade (BPB). The primary 
aim is to assess the topographic variation of the MACN 
at the axilla. Secondary objectives include ; topographic 
mapping of the terminal nerves and BPB success rate 
analysis. 
Methods : After approval by local ethics committee of the 
Antwerp University Hospital, 35 patients were included 
in this observational study after providing informed 
consent. The 
MACN and terminal nerves were identified at the axilla 
using dynamic US examination. Images of the plexus 
were stored and the distribution relative to the AA and 
AV was analyzed using a 12-section pie-chart. The 
distance between the MACN and AV was measured. A 
five-injection BPB was preformed and tested after 20 
minutes using cold sensation and evaluation of motor 
function. 
Results : The MACN was identified in all cases and 
found in the upper right quadrant to the AA in 97% of 
cases and upper left quadrant to the AV in 73%. The 
mean distance between the MACN and AV was 1.3 mm 
(95% CI 0.6-2.0mm). The analyzed distributions of 
the other terminal nerves were plotted. All nerves were 
successfully blocked, including the MACN. 
Conclusions : The MACN was identified in all cases, 
mostly superficial and medial to the 
AA, superficial and lateral to the AV, and adjacent to the 
AV. This might help to identify the MACN during axillary 
BPB to either avoid injury or for selective targeting. 
Distribution of the larger terminal nerves relative to the 
AA was comparable to literature. No conclusions were 
made about the directional topographic distribution of 
the larger terminal nerves relative 
to the AV.     

Keywords : Axillary artery ; axillary vein ; brachial 
plexus block ; brachial plexus/anatomy & histology ; 
ultrasonography. 

 

Introduction

Brachial plexus blockade (BPB) at the axilla 
is a commonly used and safe technique to provide 
surgical analgesia for procedures of the elbow, 
forearm and hand. Reding described a high volume 
blind axillary BPB technique in 1921 (1). A hundred 
years later, this has evolved greatly to a real-time 
ultrasound (US)-guided multiple-injection low 
volume perineural technique. These new techniques 
have higher success rates, lower complication rates, 
and increase patient comfort (2, 3).  

BPB techniques find their targets at the level of 
the roots, trunks and terminal nerves. At the axilla, the 
brachial plexus is divided into its terminal branches 
of which the ulnar (UN), radial (RN), median (MN) 
and the musculocutaneous nerve (McN) are most 
important. Recently, various studies have shown 
multiple variations in the topographic arrangement 
of these terminal nerves at this level (4-7). 

Other small nerves provide sensory innervation 
of the upper arm and forearm as well. These 
include the medial antebrachial cutaneous nerve 
(MACN), the medial brachial cutaneous nerve and 
intercostobrachial nerve. Although these smaller 
nerves pass the axilla as well, they are not routinely 
visualized when preforming an US-guided axillary 
BPB. They are either assumed to be blocked by 
local spread of the anesthetic injected around 
the other terminal nerves, or are targeted using a 
subcutaneous infiltration.  
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Anatomical studies have shown multiple 
variations in the course of the anterior and posterior 
branches (16). The anterior branches are reported to 
run as far as the skin overlying the carpal tunnel, and 
are said to communicate with the greater nerves like 
the median and radial nerve. Multiple perforating 
branches higher-up the upper arm have also been 
reported. In these cases the MACN takes over a 
large sensory part of the median brachial cutaneous 
nerve of the upper arm (16). 

MateriaLs and Methods 

Patients who were scheduled for awake 
forearm surgery between 2014 and 2016 at the 
Antwerp University Hospital were included in this 
prospective observational single center trial. The 
local ethics committee of the Antwerp University 
Hospital, led by Prof. Dr. P. Cras, Wilrijkstraat 10 
- 2650 Edegem, approved this trial on 20/10/2014. 
Patients were asked to provide written informed 
consent. 

Exclusion criteria included : contraindications 
for regional anesthesia, inability to visualize two 
or more terminal nerves at the axilla, vascular 
abnormalities making analysis unreliable, absence 
of supervising staff overseeing this study.  

The patient was placed in supine position. An 
IV infusion was placed in the contralateral arm. 
Routine monitoring ; including electrocardiographic 
monitoring, pulse oximetry, and noninvasive blood 
pressure measurements, was established prior to 
the BPB procedure. The arm was placed in 90° 
abduction at the shoulder and 90° flexion at the 
elbow, as described by Winnie (17).  

A Flex Focus 400 US (BK medical, Denmark) 
with a high frequency 12-18 MHz linear probe 
was used. The frequency was set to 18 MHz and 
depth was adjusted to 1 centimeter below the AA. 
All blocks were preformed using a 22-Gauge, 5 

Recently, high resolution US was used to 
identify small cutaneous nerves and assess their 
clinical relevance in vivo (8). The MACN is said to 
be easily identifiable just above the elbow or at the 
mid-arm level (9, 10). It can be traced up and down 
the arm and even be targeted for selective blocks 
using high resolution US (11,12).  

During the last two decades, multiple 
case reports and reviews discussed the clinical 
importance of the MACN, often following injury. 
This small nerve seems prone to iatrogenic injury 
following orthopedic, reconstructive, and vascular 
surgery, but many other causes have been reported 
as well (13). In anesthesia however, its relevance 
and the incidence of injury have not been defined 
as clearly. 

This study aims to map the topographic 
variations of the MACN relative to the axillary 
artery (AA) and axillary vein (AV) at the level of the 
axilla. Secondary objectives include the assessment 
of topographic variation of all terminal nerves 
relative to the AA and AV, analysis of the distance 
between the MACN and the AV, and axillary BPB 
success rate.   

MACN anatomy and innervation 

The work by Masear and Mian and their 
colleagues contributed greatly to understand the 
anatomical course of the MACN (14, 15).  

The MACN arises from the medial cord of the 
brachial plexus, or less frequently from the lower 
trunk, containing fibers of the C8 and T1 roots 
(Fig.1 left). It is not to be confused with the medial 
brachial cutaneous nerve, which often arises from 
the medial cord as well. Initially the MACN is 
located medial to the AA. Only a few centimeters 
from its origin, it gives off its first small ramus 
which penetrates the fascia to innervate the skin over 
the biceps brachii muscle. The MACN descends 
further down the ulnar side of the arm. Proximal to 
the medial epicondyle it pierces the fascia together 
with the basilic vein at the basilic hiatus and starts 
dividing into anterior and posterior branches. The 
main anterior branches descend on the ulnar side of 
the anterior face of the forearm all the way down to 
the wrist. The posterior branches pass either above 
or below the medial epicondyle to the posterior side 
of the medial forearm. 

Correspondingly, the MACN provides sensory 
innervation to a small anterior part of the upper arm 
overlying the biceps muscle, the medio-anterior 
part of the cubital fossa, the ulnar side of both the 
anterior and posterior faces of forearm (Fig. 1 right).  

Fig. 1. — Left : The brachial plexus. Right : The cutaneous 
innervation of the MACN of the right upper limb. MACN : 
medial antebrachial cutaneous nerve, McN : musculocutaneous 
nerve, AxN : axillary nerve, RN : radial nerve, MN : median 
nerve, UN : ulnar nerve.
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performed. The nerves were targeted using a short 
axis in-plane technique. Needle entry was from 
right to left on the US-screen corresponding with 
an inferomedial to superolateral approach. Five 
milliliters of Mepivacaine 1.5 % was injected 
around each terminal nerve, three milliliters were 
used for the MACN. The needle was adjusted to 
provide circumferential spread around each nerve. 

Twenty minutes after completion of the 
BPB procedure, motor function was examined by 
assessing strength during elbow flexion (McN) and 
extension (RN), opposition of the thumb 

(MN) and abduction of the little finger (UN). 
Sensory blockade was assessed using cold sensation 
at the fifth finger (UN), the index finger (MN), the 
dorsum of the hand (RN), the skin at the radial 
(McN), and ulnar part (MACN) of the forearm.  

Demographic variables including age, sex, 
weight, and height were recorded.  

Data analysis 

All collected data was entered in IBM SPSS 
statistics 26 (SPSS Inc., Chicago, IL) for descriptive 
analysis. Results are reported as a mean and 95% 
CI, mean and SD, frequency, or percentages. 

resuLts 

Forty patients gave informed consent for this 
study. One patient was excluded from the study due 
to the presence of a double axillary artery.  Four 

cm long SonoPlex Stim needle (Pajunk, Geisingen, 
Germany). Nerve stimulation with a stimulus 
of 0,3mA was used as an extra safety measure to 
minimize intraneural needle tip positioning.  

The probe was placed in the axilla, at the 
lateral border of the pectoral muscle, perpendicular 
to the axis of the upper arm. Orientation of the 
probe was adjusted so the lateral structures relative 
to the axillary artery, i.e. biceps muscle, appeared 
on the left side of the screen (Fig. 2). The AA and 
the conjoint tendon of the teres major and latissimus 
dorsi muscles were visualized. Venous structures 
were identified by applying and releasing pressure 
to the skin. When multiple venous structures were 
visualized, the axillary vein was identified using 
proximal tracing starting at mid-arm level following 
the basilic vein. All terminal nerves were identified 
as honeycomb-like structures following specific 
anatomical courses as described by Ranganath 
(18). The MACN was identified 10 centimeters 
proximally to the medial epicondyle, lying adjacent 
to the basilic vein and was tracked cranially toward 
the axilla, as described by Thallaj (9). 

Following identification of the MACN and 
the other terminal nerves at the lower border of the 
conjoint tendon, a US-image was stored after digital 
marking of the MACN, MN, RN, McN, UN, AA 
and AV (Fig. 2). Directional topographic results 
were collected using a numeric 12-section pie-chart 
with the middle of the AA being used as reference 
points, as described by Christophe et al (4) (Fig. 3). 
The same was done using the middle of the AV as 
a reference point. The distance between the AV and 
MACN was measured between the outlining of both 
structures. 

Following disinfection and ensuring aseptic 
conditions, the five-injection axillary BPB was 

Fig. 2. — Ultrasound image of the greater terminal nerves 
and vasculature at the axilla. The MACN was identified 
using dynamic examination from the elbow toward the axilla. 
MACN : medial antebrachial cutaneous nerve, AV : axillary 
vein, AA : axillary artery, u : ulnar nerve, r : radial nerve, m : 
median nerve, mc : musculocutaneous nerve.  

Fig. 3. — 12 section pie-chart used for data collection, 
numbered 1 to 12. Extra horizontal and vertical axis divisions. 
ULQ : upper left quadrant, URQ : upper right quadrant, LLQ : 
lower left quadrant, LRQ : lower right quadrant.   
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collection. Thirty-three cases were analyzed. 
Directional topographic analysis relative to the 
AV showed a more widespread distribution of the 
MACN. It was mostly found in section 10 and 11, 
in respectively 14 (42%) and 8 cases (24%). The 
MACN was found three times in both sections 3 
and 9, two times in sections 4 and 12, and ones in 
section 2. In 84% of cases the MACN was found to 
be superficial to the AV (Fig. 4).  

The MN was found only in sections 9, 10, and 
11 in respectively 12 (36%), 18 (55%), and 3 cases 
(9%) (Fig. 5b). The UN showed a very widespread 
variation. It was found in all but two sections of the 
pie chart centered on the AV. In section 9 and 10 is 
was found most frequently in respectively 7 (21%) 
and 6 cases (18%). In section 8 the UN appeared 
four times, in all other sections less than four times. 
A denser distribution was found for the RN peaking 
in sections 8 and 7 in respectively 14 (42%) and 9 
cases (27%). In 76% of cases the RN was found in 
the lower left quadrant relative to the AV, no cases 
were found in the upper quadrants. 

The McN had the densest concentration and 
was found in section 9 in 30 out of 32 cases (94%). 
The remaining two cases appeared in section 10. 
As mentioned before, in two cases this nerve was 
not identified, one of these cases also lacked the 
presence of the AV. 

In 85% of cases the distance between the 
outlining of the MACN and the AV was less than 
three millimeters, the mean distance being 1.3mm 
(95% CI 0.6-2.0mm). In all cases the 

MACN was found within one centimeter of 
the AV (Table 2).

Axillary plexus block success rate  

In all studied cases, significant motor block off 
all targeted nerves was observed within 20 minutes. 
No objective measurements of strength and paralysis 

patients were excluded due to lacking data, especially 
missing demographic variables. A summary of 
demographic characteristics is displayed in Table 1. 
Twenty-one out of 35 cases were male.  

In all patients the MACN was identified at the 
level of the axilla. In 33 patients all four terminal 
nerves were identified and marked. The McN could 
not be identified at the level of the axilla in two 
cases.  

In two cases no AV was marked on ultrasound 
at the level of the axilla. It is unclear if this was 
an error due to compression, hydration status of the 
patient, or anatomical variations. These patients 
were not excluded from the study, results relative to 
the AA were used for analysis.  

Topography relative to the AA 

The MACN was predominantly found in 
sections 1, 2, and 3 in respectively 11 (31%), 12 
(34%), and 11 cases (31%) out of 35 patients. When 
combining these results, the MACN appeared in the 
upper right quadrant (URQ) relative to the AA in 
97% of cases. It only appeared once outside of this 
quadrant, in section 4 (Fig. 4). 

The directional distribution of the greater 
terminal nerves relative to the AA are shown in 
Figure 5b. The MN was mostly found in sections 
12 and 1 in respectively 13 and 10 cases. These two 
sections account for 66% of all studied cases. The 
UN was most commonly found in sections 3 and 
2 in respectively 19 (54%) and 11 cases (31%). In 
89% of all studied cases, it was in the URQ relative 
to the AA. The RN was found in 22 out of 35 cases 
(63%) in section 4, the McN in section 9 in 23 out 
of 33 cases (79%).  

Topography relative to the AV 

As mentioned before, there were two cases 
lacking the AV on the stored images for data 

 Summary of demography

n=35 Min. Max. Mean SD 

Age (y) 18 83 58 16 

Weight (kg) 52 121 79 14 

Height (cm) 157 187 172 9 

BMI (kg/m²) 21 37 27 4 

Table 1
Summary of demographic variability in patient population

Min.: Minimum, Max.: Maximum, SD: Standard deviation.

Fig. 4. — Topographic distribution of the MACN relative to 
the AA (left) and AV (right). AA : Axillary artery, AV : Axillary 
vein.

11-De Breuker.indd   8211-De Breuker.indd   82 12/01/2021   12:1612/01/2021   12:16



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 topography of the Macn at the axiLLa using us 83

too can be a useful guide in identifying the MACN 
at the level of the axilla. The AV however has not 
been used for directional topographic mapping thus 
its value is yet unknown. 

Interestingly, in most cases the MACN was 
adjacent to the AV and in all cases found within one 
centimeter of the AV. Although anatomical studies 
already reported the correlation between the MACN 
and basilic vein at mid-arm level, none can be 
found studying the MACN at the level of the axilla. 
Masear et al. reported that the MACN originates 
between the AA and AV, and initially runs down 
adjacent to the AA before crossing over to the basilic 
vein in the distal part of the upper arm (14). This 
anatomical description has been adapted often in 
literature although we could not find any confirming 
studies. Our results do not support this description. 
Matsuda et al. described a similar course as found 
in our study with the MACN being adjacent to the 
basilic vein in the entire upper arm as well (12). We 
believe further research is needed to explore the 
correct relationship between the vascular structures 
and the MACN at this level. This could become a 
third valuable guide in identifying the MACN while 
preforming an axillary BPB.  

The importance of the MACN has been 
reported often in surgical literature. It is a known 
subject to injury during orthopedic surgery of 
the elbow, especially when involving the cubital 
tunnel (19, 20). Postoperative complaints include 
numbness over the medial parts of the elbow and 

were done. All patients had an effective sensory 
blockade to cold sensation at the medial side of the 
forearm as well as in all other dermatomes. Surgical 
anesthesia was established in all cases.  

 
discussion 

During this trial we were able to identify the 
MACN in all patients. Its course could be tracked 
up to the axilla and it was found in the URQ 
relative to the AA in all but one case. This finding 
can be a useful guide for identifying this nerve 
during a US-guided axillary BPB procedure. When 
reviewing available literature, we could not find any 
publications reporting topographic mapping of the 
MACN at the level of the axilla relative to the AA.  

Likewise, the MACN was found in the ULQ 
relative to the AV in three out of four cases. It was 
rarely found lying deep to the middle of the AV. This 

Fig. 5. — a : Topographic distribution of the terminal nerves relative to the AA (red).  b : Topographic distribution of the terminal nerves 
relative to the AV (blue). AA : Axillary artery, AV : Axillary vein, MN : median nerve, UN : ulnar nerve, RN : radial nerve, McN : 
musculocutaneous nerve. 

Mean 1.3
95% Confidence 
interval for men

Lower 0.6
Upper 2.0

Median 0.7
Std. deviation 2.0
Minimum 0.1
Maximum 7.8

Table 2
Summary of variations in distance between the Medial 

Antebrachial Cutaneous

Nerve and the Axillary Vein. Mm : millimeters, SD : standard deviation, 
Min. : minimum, Max. : maximum.
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maps studying 153 patients using the same pie-chart 
analysis (4). In their results, the MN was found in 
the ULQ in 92%, the UN in the URQ in 90%, the 
RN in the LRQ in 89% and lastly the McN in the 
LLQ in 91%. Although more dense distributions 
were reported, the sections in which the terminal 
nerves were found most frequently were equal or 
adjacent to the corresponding sections found in 
our study. A methodical difference was noted with 
higher pressure being applied to collapse all venous 
structures before the image was stored for analysis.   

Retzl et al. studied the topography at the axilla 
even earlier (5). As in this trial, they also reported 
a more widespread variation than reported in the 
study by Christophe et al. It was unclear if high or 
low pressure on the probe was applied in this study. 
Two studies published very recently by a Spanish 
research group also reported similar distributions 
and variations as found in our trial (6, 7). Although 
they also measured distances between the UN and 
AV, it was unclear if distributions were analyzed 
with or without venous collapse.  

No conclusions could be made about the 
directional topographic maps of the terminal nerves 
relative to the AV. The McN and MN showed dens 
distributions relative to the AV, although this can 
be explained by their distance to the AV. No other 
research was found mapping the terminal nerves to 
the AV.  

A 100% BPB success rate was found during 
this trial. Earlier reports show lower success rates. 
Tran et al. published a study in which the US-guided 
double, triple and quadruple injection technique of 
axillary BPB was compared in 120 patients (28). 
They found non significantly differing success 
rates of respectively 97.5%, 90.0%, and 97.5%. 
Interestingly, they used a volume 35 milliliters of 
local anesthetics, compared to 23mL in our study. 
This dose reduction should decrease the risk of 
Local Anesthetic Systemic Toxicity (LAST). 

In this trial, the region innervated by the 
MACN was successfully blocked in all cases 
following the selective targeting of this nerve. The 
necessity to perform a selective infiltration of the 
MACN can be argued. Deleuze et al. published 
a study comparing an infraclavicular to a triple 
injection axillary BPB technique, in which they 
included the sensory blockade of the MACN 
region as an outcome parameter (29). As in our 
study, they found a sensory blockade of the MACN 
region in close to 100% in the axillary BPB group 
(n=50). However, they reported a surgical block 
success rate following the axillary BPB in only 
88%. Kapral et al. published a similar clinical trial, 

forearm, hyperesthesia and allodynia, or patients 
may even present with symptomatic neurinoma 
causing severe pain (21). Although multiple 
case reports exist on this subject, there is still no 
consensus among orthopedic surgeons about the 
need to identify the MACN during ulnar nerve 
transposition surgery (22). Vascular surgeons 
should be familiar with the MACN as well, as it 
runs adjacent to the large blood vessels used for 
arteriovenous fistula formation (23). Over the last 
few years, various techniques have been developed 
to avoid this small nerve (24). In reconstructive 
surgery, the MACN has successfully been used as 
a cable graft for decades, for example as a digital or 
facial nerve graft. More recently, it has also become 
of interest to provide sensibility when preforming a 
forearm free flap phalloplasty (25).  

Other causes of MACN injury found in litera-
ture include trauma, lipoma, positional neuropraxia, 
neurogenic thoracic outlet syndrome, repetitive 
motion stress in athletics, or other iatrogenic causes 
such as venipuncture (13). Seror bundled sixteen 
case reports of patients presenting with atypical 
pain and paresthesia of the forearm without motoric 
deficit (26). All had a MACN injury diagnosed 
using neurophysiological examination. Remarkably 
however, no clear etiology could be found in nine 
cases. 

The contribution of the anesthetist in MACN 
injury has not been defined as clearly. Jung et al. 
recently published two cases in which the MACN 
was accidentally injured during brachial plexus 
blockade at the axilla (27). These patients had 
painful paresthesia, dysesthesia, and numbness 
over the medial aspect of the forearm. The authors 
concluded that these were the first documented 
cases of MACN injury following axillary BPB. 
Furthermore, as the MACN seems to accompany 
the AV along the entire upper arm, it can easily be 
injured during placement of US guided upper arm 
vascular access devices such as peripherally inserted 
central catheters (PICC line) or midline catheters 
as well. No other clear cases of MACN injury 
were reported so far following these procedures. 
However, we believe this complication is probably 
underdiagnosed as it does not cause any motoric 
dysfunction and does not involve innervation of the 
hand. Seror and his colleagues had similar thoughts 
on the reported incidence of MACN injury as well 
(22).  

The results from this study on the directional 
topographic distribution of the terminal nerves 
relative to the AA were comparable to earlier 
research. Christophe et al. published topographic 
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level of the axilla. It is most commonly located in the 
URQ relative to the AA. It has a more widespread 
directional topographic distribution relative to the 
AV but is found in the 

ULQ in three out of fore cases and is closely 
adjacent to the AV in the vast majority of cases. 
Although selective targeting of the MACN should 
be researched, and may seem redundant to achieve 
a surgical block, its identification while preforming 
an axillary BPB can prevent accidental injury of 
the nerve and its resulting pain syndromes and 
diagnostic dilemmas. 

Therefore, we believe identification of the 
MACN should become mandatory when preforming 
US-guided procedures at the axilla or upper arm. 
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Abstract : Introduction : Supraglottoplasty is a procedure 
performed in the management of laryngomalacia. Using 
direct laryngoscopy, redundant supraglottic tissue is 
resected. Spontaneous ventilation is preferred to allow 
both adequate oxygenation and a clear surgical working 
space. Because of its ability to maintain respiratory drive 
and airway patency, dexmedetomidine is increasingly 
used during endoscopic airway procedures. However, 
literature regarding its use for direct laryngoscopy with 
surgical intervention is limited.
Research goals : Evaluation of the efficacy and safety 
of spontaneous ventilation using dexmedetomidine-
remifentanil in children undergoing direct laryngoscopy 
with surgical intervention.
Methods : In this single cohort observational study, 
children undergoing supraglottoplasty were recruited. 
After inhalational induction, IV access was gained. Rapid 
bolus dosing of dexmedetomidine 4 µg kg-1 was followed 
by dexmedetomidine at 2 µg kg-1 h-1 and remifentanil 
at 0.3 µg kg-1 min-1 as maintenance. During surgery, 
spontaneous ventilation was maintained.
Results : 26 children were enrolled. Adverse airway 
events were  frequent : laryngospasm in 12/26 (46%), 
apnea in 10/26 (38%). However, only 5/26 (19%) 
resulted in desaturation. Hemodynamic adverse events 
were : bradycardia 12/25 (48%), tachycardia 2/24 (8%), 
hypertension 6/15 (40%) and hypotension 2/15 (13%). 
Missing hemodynamic baseline data in some subjects 
precluded analysis. Body movement occurred in 3/26 
(12%), cough in 2/26 (8%). Total procedure time lasted 
53 (SD 18) min consisting of 9 (SD 3) min induction 
time, 29 (SD 12) min surgical time and 16 (SD 8) min 
wake up time. Surgery was successful in all cases with 
high surgery satisfaction scores.
Conclusion : The combination of dexmedetomidine-
remifentanil can be a safe and efficacious method to 
allow spontaneous ventilation in children undergoing 
direct laryngoscopy with surgical intervention. Although 
laryngospasm and apnea were frequent, serious 
consequences such as desaturation were rare. Rapid 
bolus dosing of dexmedetomidine was hemodynamically 
well tolerated and allowed short induction times with 
good surgical conditions.

Keywords : Airway management ; anesthesia ; dexme-
detomidine ; laryngoscopy ; laryngomalacia
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Efficacy and safety of spontaneous ventilation using dexmede-
tomidine-remifentanil in children undergoing direct laryngoscopy 
for surgical procedures : a single cohort observational study
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introduction

Supraglottoplasty is a procedure performed in 
the management of laryngomalacia. Laryngomalacia 
is an anomaly of the larynx which results in 
supraglottic airway collapse during inspiration. It 
is the most common cause of inspiratory stridor in 
neonates and infants. Stridor typically intensifies 
with feeding, agitation and in the supine position. 
Most cases can be managed with conservative 
treatment, but surgical intervention is required for 
severe laryngomalacia, with incidences varying 
from 10-20%. Signs of severe disease include poor 
weight gain with failure to thrive, constant stridor, 
deep intercostal and xyphoid retraction, episodes of 
respiratory distress, apparent life threatening events 
and cor pulmonale (1, 2).

Most of the new supraglottoplastic techniques 
are minimally invasive endoscopic techniques, 
designed at resecting redundant supraglottic tissue 
responsible for airway collapse. Common sites 
include the arytenoids, the aryepiglottic folds or 
the epiglottis (3). In pediatric patients, general 
anesthesia is required. It is a challenging procedure 
for both the anesthesiologist and the surgeon, as they 
have to share the same target, i.e. the airway. Goals 
of anesthetic airway management are maintaining 
oxygenation and ventilation, while allowing opti-
mal surgical conditions. When considering the 
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Methods

Ethics approval

This trial has been approved by the 
ethics committee of our institution (17/31/360, 
04/09/2017, Antwerp University Hospital, Edegem, 
Belgium). It was registered at ClinicalTrials.gov 
(NCT03426579). Written informed consent was 
obtained from parents or the legal guardians. For 
children who were able to read or understand study 
procedure, a child specific informed consent was 
provided.

Trial design

In this single cohort observational study, 
children scheduled for direct laryngoscopy with 
surgical intervention between 1 month and 8 years 
old were enrolled after obtaining written informed 
consent. Exclusion criteria were refusal of informed 
consent, known allergy for dexmedetomidine or 
remifentanil. Children were withdrawn from the 
study if the pulse oxygen saturation was lower than 
85% at the start of anesthesia. Given the lack of 
literature the study was set up as a pilot study.

The studied patient cohort was initially 
examined as a pilot study to evaluate the correlation 
between sedation depth monitoring and adverse 
airway reflexes during intravenous anesthesia with 
dexmedetomidine and remifentanil in children 
undergoing direct laryngoscopy for surgical proce-
dures. However, the study was prolonged and is still 
running. Given the lack of data regarding airway 
management during supraglottoplasty, the safety 
and efficacy outcomes of the initial pilot cohort are 
reported in this paper.

Anesthesia

Standard monitoring included 3-lead electro-
cardiography, non-invasive blood pressure measure-
ment, peripheral pulse-oximetry, respiratory rate 
and rectal temperature.

Inhalational induction of anesthesia was 
performed using sevoflurane. After induction of 
anesthesia a 24 Gauge intravenous catheter was 
placed in a peripheral vein. Baseline parameters 
containing heart rate, oxygen saturation and 
blood pressure were noted at this timepoint, 
defined as T0. Children received midazolam 
0.05 mg kg-1 intravenously. A rapid bolus dose 
of dexmedetomidine 4 µg kg-1 was administered 
intravenously. Administration of sevoflurane was 

target population, typically neonates and infants 
with a known endangered airway, one can easily 
understand the difficult challenge. Different modes of 
ventilation are being used : mechanically controlled 
ventilation through a small caliber tube or with 
jet ventilation, intermittent apnea or spontaneous 
ventilation. However, mechanically controlled 
ventilation interferes with the surgical work space, 
while intermittent apnea limits the available 
surgical time. Therefore, spontaneous ventilation is 
the technique of choice in experienced centers. This 
can be achieved either with inhalational anesthetics 
or with total intravenous anesthesia (TIVA).

Dexmedetomidine is increasingly used in 
various types of diagnostic and therapeutic endo-
scopic airway procedures, including flexible 
bronchoscopy, rigid bronchoscopy and direct 
laryngoscopy. It has been described in pediatric 
anesthesia both as the main anesthetic or as an 
adjunct (4-10). Dexmedetomidine is a highly 
specific α2-adrenergic agonist with sedative, anal-
gesic, anxiolytic and amnestic properties. A key 
advantage is its ability to maintain respiratory 
drive and airway patency with increasing levels of 
sedation. Moreover, it does not show synergistic 
effects on respiration when combined with other 
anesthetics, unlike for example remifentanil or 
propofol. To allow surgical intervention during 
direct laryngoscopy, a second anesthetic agent is 
needed. The combination of dexmedetomidine 
and remifentanil has been described as a safe and 
effective method during flexible bronchoscopy (9, 
10).

A high incidence of adverse airway reflexes 
remains during endoscopic airway procedures. 
Depending on the level of anesthesia, laryngo-
spasm or apnea might occur. Given the lower 
functional residual capacity and the relative 
higher oxygen consumption in infants and young 
children, hypoxemia might quickly follow (11). 
Literature regarding anesthetic management for 
supraglottoplasty is scarce. Based on the respiratory 
characteristics of dexmedetomidine, it might be 
an ideal anesthetic to allow adequate oxygenation 
and ventilation with spontaneous respiration, while 
allowing optimal surgical working conditions. 

research goals

The aim of the study was to evaluate the 
efficacy and safety of spontaneous ventilation 
using dexmedetomidine and remifentanil in 
children undergoing direct laryngoscopy with sur-
gical intervention, more specifically in children 
undergoing supraglottoplasty for laryngomalacia.
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normal distribution, quantitative variables are pre-
sented as mean [standard deviation (SD)]. In case 
of non-normal distribution, quantitative variables 
are presented as median (25th quartile-75th quartile 
[25th-75th)]. Qualitative variables are presented as 
incidence [percentage (%)].

results

A total of 26 patients were enrolled from 
November 2017 until January 2020. Children had a 
median age of 5 months (25th-75th 3-18,5) with a mean 
weight of 6.45 kg (SD 4.62). Fourteen patients were 
male and 12 were female. Baseline characteristics, 
including demographic characteristics, are shown in 
table 1. 

stopped and maintenance of anesthesia was 
accomplished with dexmedetomidine infused at 
2 µg kg-1 h-1 and remifentanil at 0.3 µg kg-1 min-1. 
Dexmedetomidine and remifentanil were titrated 
at the anesthesiologists discretion based on the 
evaluation of respiratory and hemodynamic clinical 
sings and parameters. Before start of surgery, direct 
laryngoscopy was performed by the surgeon and 1 
spray of 10% lidocaine was delivered to anesthetize 
the vocal cords. Afterwards all children received a 
nasopharyngeal tube for oxygen supplementation. 
Spontaneous ventilation was maintained. In case 
of laryngospasm and desaturation, intravenous 
propofol was used as rescue medication at the 
anesthesiologists discretion. After surgery all 
children were monitored on the pediatric intensive 
care unit (PICU) or in the post anesthesia care unit 
(PACU).

Outcome measures

Demographic patient details were obtained 
from digital patient record C2M (Cegeka Medical 
Health Care Systems, Hasselt, Belgium). Heart 
rate, non-invasive blood pressure, pulse oxygen 
saturation and respiratory rate were recorded at 
Innovian (Draeger Medical Systems, Andover, 
MA, USA). Airway and hemodynamical adverse 
events and procedural times (induction, surgical, 
wake up and total) were assessed. Induction time 
was defined from bolus dosing until placement of 
the direct laryngoscope for surgical intervention. 
Surgical conditions were assessed by the surgeon 
using surgery satisfaction scores : 1 = extremely 
dissatisfied ; 2 = not satisfied but able to manage ; 
3 = extremely satisfied. At the end of surgery 
total cumulative dose of dexmedetomidine and 
remifentanil were calculated. Rescue propofol 
doses and vasoactive medications were noted. 

Adverse events were defined as : 
-	 Apnea or suspension of breathing
-	 Laryngospasm
-	 Hypoxemia as saturation (SpO2) lower than 

90% for more than 30 seconds.
-	 Body movement
-	 Cough
-	 Bradycardia or tachycardia as a change of 30% 

beyond baseline heart rate (T0).
-	 Hypertension or hypotension as a change 

of 30% beyond baseline systolic or diastolic 
blood pressure (T0).

Statistics

The Shapiro-Wilk test was used to test 
quantitative variables for normality. In case of 

Variable

Age (months)  5 (3-18.5)a

Gender (n, male/female)  14/12

Weight (kg) 6.45 (4.62)b

Heart rate T0 (beats/min) 117 (18) b

Syst blood pressure T0 (mmHg) 81 (20) b

Diastolic blood pressure T0 (mmHg) 46 (17) b

Oxygen saturation T0 (%) 99 (1) b

Table 1
Demographics and baseline parameters

aMedian (25th-75th), bMean (SD).

Variable Incidence (%)

Surgery satisfaction score

1 2/26 (8%)

2 4/26 (15%)

3 20/26 (77%)

Table 2
Surgery satisfaction scores

1 = extremely dissatisfied ; 2 = not satisfied but able to manage ; 3 = 
extremely satisfied.

Table 3
Intraoperative variables

Variable Mean (SD)

Procedure time (min.) 53 (18)

Surgical time (min.) 29 (12)

Induction time (min.) 9 (3)

Wake up time (min.) 16 (8)

Dexmedetomidine cumulative dose (µg) 40.23 (18.62)

Remifentanil cumulative dose (µg) 82.55 (56.27)
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hemodynamic adverse events are summarized in 
table 4.

discussion

Airway management during surgical endo-
scopic airway procedures is challenging for both the 
anesthesiologist and the surgeon. Debate exists about 
different ventilation strategies, but spontaneous 
ventilation is often preferred to allow both adequate 
oxygenation and a clear surgical working space. A 
variety of inhalational and intravenous anesthetic 
regimens has been described. Nevertheless, litera- 
ture regarding spontaneous ventilation for surgical 
interventions during direct laryngoscopy, for 
example supraglottoplasty, is scarce (5, 6, 12-15). 
Because of its ability to maintain respiratory 
drive and airway patency, dexmedetomidine 
is increasingly used during endoscopic airway 
procedures, either as the main anesthetic or as an 
adjunct (4-10). However, most studies investigate 
the use of dexmedetomidine during flexible or 
rigid bronchoscopy. Only three case reports 
described dexmedetomidine to allow spontaneous 
ventilation during laryngeal surgery in children (4-
6). 

In our study, 26 children successfully underwent 
supraglottoplasty for severe laryngomalacia under 
TIVA with the association of dexmedetomidine and 
remifentanil. Adverse airway reflexes were frequent 

Surgery was successfully performed in all 
26 cases. The surgeon rated operative conditions 
as 3 (extremely satisfied) in 20/26 (77%), as 2 
(not satisfied but able to manage) in 4/26 (15%), 
and 1 (extremely dissatisfied) in 2/26 (8%) cases. 
Total procedure time lasted a mean 53 min (SD 18) 
consisting of a mean 9 min (SD 3) induction time, 
a mean 29 min (SD 12) surgical time and a mean 
16 min (SD 8) wake up time. Surgical satisfaction 
scores and intraoperative variables are summarized 
in tables 2 and 3.

Adverse airway events occurred in a number 
of patients : laryngospasm in 12/26 (46%), cough 
in 2/16 (8%), apnea in 10/26 (38%). Of these 
adverse airway reflexes only 5/26 (19%) resulted in 
desaturation with only 2/26 (8%) requiring a rescue 
propofol dose. Body movement occurred in 3/26 
(12%).

Recorded hemodynamically adverse events 
were : bradycardia 12/25 (48%), tachycardia 2/24 
(8%), hypertension 6/15 (40%) and hypotension 
2/15 (13%). In 6/26 (23%) atropine was given for 
bradycardia. No vasoactive drugs were required 
for tachycardia, hypertension or hypotension. 
Unfortunately, some parameters at baseline where 
missing, which made further analyses impossible : 
11 missing blood pressures at baseline, 2 missing 
heart rates at baseline. Mean hemodynamic para-
meters at different time points during the procedure 
are shown in figure 1. Adverse airway events and 

Airway event Incidence (%) Hemodynamic event Incidence (%)

Apnea 10/26 (38) Bradycardia 12/25 (48)

Desaturation 5/26 (19) Tachycardia 2/24 (8)

Cough 2/26 (8) Hypertension 6/15 (40)

Laryngospasm 12/26 (46) Hypotension 2/15 (13)

Body movement 3/26 (12) Atropine 6/26 (23)

Propofol 2/26 (8)   

Table 4
Adverse airway and hemodynamic events

Fig. 1. - Mean parameters during different time points during surgery. T0 = 
baseline ; T1 = lidocaine spray ; T2 = nasopharyngeal intubation ; T3 = start of 
surgery ; T4 = end of surgery ; T5 = awakening.
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the timing of the baseline blood pressure. Baseline 
blood pressure was measured after inhalational 
induction with sevoflurane, when IV access was 
established. Blood pressure can be expected to be 
relatively hypotensive at this timepoint as compared 
to an awake blood pressure measurement. Anesthesia 
is often induced with only oxygen saturation and 
heart rate monitoring in these types of procedures. 
Since agitation can lead to worsening of inspiratory 
stridor with possible respiratory distress in patients 
with severe laryngomalacia, everything that might 
upset the child is done only after induction. This 
includes blood pressure measurement. Therefore 
we opted to take the blood pressure after IV access 
was established as baseline. 

The effect of dexmedetomidine bolus dosing 
on blood pressure is typically described as a biphasic 
pattern. An initial short hypertensive period is 
followed by a longer lasting hypotensive period. 
This effect is caused by peripheral vasoconstriction 
through direct action on peripheral α2-adrenergic 
receptors in vascular smooth muscle, followed by 
inhibition of sympathetic outflow through stimu-
lation of central α2-adrenergic receptors (18, 19). 
This pattern was less pronounced in our cohort, 
as seen in figure 1. Possibly, the association of 
remifentanil might have blunted the initial hyper-
tensive effect. The wash-out of sevoflurane might 
have counterbalanced the hypotensive period.

Rapid bolus dosing of dexmedetomidine 
and the association of dexmedetomidine allowed 
feasible anesthesia times. Induction lasted a 
mean 9 min. This included direct laryngoscopy 
with lidocaine spraying of the vocal cords and 
nasopharyngeal intubation. Wake up time lasted a 
mean 16 min. Compared to a mean surgical time of 
29 min and total procedural time of a mean 53 min, 
these are acceptable and realistic anesthesia times. 
Especially when considering the precarious patient 
population, which necessitates adequate time taken 
to safely perform anesthesia and maintain airway 
control. 

A limitation to our study is the small sample 
size of the investigated cohort. As little data is 
found regarding anesthesia, airway management 
and adverse event rates for direct laryngoscopy 
with surgical intervention in children, it was set 
up as a pilot study. Secondly, there were some 
protocol violations, especially regarding baseline 
blood pressure measurement. For unclear reasons, 
in 11/26 patients a baseline blood pressure was 
not noted. Therefore in these cases nothing can be 
said about the occurrence of either hypertension or 
hypotension, as this was defined as a blood pressure 

with laryngospasm in 12/26 (48%) and apnea in 
10/26 (38%). Lower incidences of laryngospasm (0-
15%) and apnea (5-21%) are found in other studies 
investigating TIVA and spontaneous ventilation 
for endoscopic airway procedures (7-11, 15). A 
couple of reasons might have led to these higher 
incidences. First, in our study, laryngospasm and 
apnea were either present or absent, with no further 
distinction in the degree of severity. Desaturation, 
defined as oxygen saturation lower than 90% for 
more than thirty seconds, was seen in only 5/26 
(19%) cases. Only 2 cases (8%) required a rescue 
propofol dose to overcome laryngospasm. Body 
movement (12%) and cough (8%) was infrequent. 
These numbers are rather low compared to other 
studies : desaturation (8-38%), cough (26-54%) 
and body movement (10-58%) (7-11, 15). This 
might indicate that the majority of adverse airway 
events witnessed in our study population were 
mild. This is also evidenced by the high surgical 
satisfaction rating : 20/26 (77%) and 4/26 (15%) 
cases received a surgical satisfaction rating of 
respectively extremely satisfied or dissatisfied but 
manageable. Only 2/26 (8%) cases were rated as 
extremely dissatisfied. One would expect lower 
scores with severe, repetitive or prolonged episodes 
of airway problems hampering surgery. Lastly, our 
study population has specific characteristics. Mean 
age was low, with most children still being infants, 
and all subjects required surgical intervention for 
known laryngomalacia. By definition, this group has 
a severe form of laryngeal anomaly, making airway 
management more difficult. The airway at baseline 
is more precarious in these children as compared to 
a more heterogenous group studied for other airway 
procedures, including older children and children 
undergoing diagnostic procedures. Therefore they 
can be expected to be more susceptible to adverse 
airway events.

Dexmedetomidine dosing is generally recom-
mended as a loading dose over 10 minutes followed 
by a continuous infusion. In daily practice this can 
be inconvenient and unrealistic, especially in a high-
turnover setting with shorter surgical procedures. 
Rapid bolus administration has also proven to be 
safe in two studies (16, 17). In our study a rapid 
bolus was followed by a continuous infusion. 
Dexmedetomidine dosing was hemodynamically 
well tolerated. Bradycardia (48%) was a frequent 
event, with half of these cases necessitating atropine 
administration. With or without atropine, effects were 
transient with little effect on other hemodynamic 
parameters. Hypertension (40%) also frequently 
occurred, although this might also be explained by 
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8. Chen K.Z., Ye M., Hu C.B. and Shen X. 2014. Dexme-
detomidine vs remifentanil intravenous anaesthesia and 
spontaneous ventilation for airway foreign body removal in 
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and efficacy of dexmedetomidine-remifentanil in children 
undergoing flexible bronchoscopy: A retrospective dose-
finding trial. Medicine (Baltimore).96(11):e6383.

10. Zhang H., Fang B. and Zhou W. 2017. The efficacy of 
dexmedetomidine-remifentanil versus dexmedetomidine-
propofol in children undergoing flexible bronchoscopy: A 
retrospective trial. Medicine (Baltimore).96(1):e5815.

11. Chen L.H., Zhang X., Li S.Q., Liu Y.Q., Zhang T.Y. and 
Wu J.Z. 2009. The risk factors for hypoxemia in children 
younger than 5 years old undergoing rigid bronchoscopy 
for foreign body removal. Anesth Analg.109(4):1079-84.

12. Stern Y., McCall J.E., Willging J.P., Mueller K.L. and 
Cotton R.T. 2000. Spontaneous respiration anesthesia 
for respiratory papillomatosis. Ann Otol Rhinol Laryn-
gol.109(1):72-6.

13. Werkhaven J.A. 2004. Microlaryngoscopy-airway mana-
gement with anaesthetic techniques for CO(2) laser. 
Paediatr Anaesth.14(1):90-4.

14. Mausser G., Friedrich G. and Schwarz G. 2007. Airway 
management and anesthesia in neonates, infants and 
children during endolaryngotracheal surgery. Paediatr 
Anaesth.17(10):942-7.

15. Malherbe S., Whyte S., Singh P., Amari E., King A. and 
Ansermino J.M. 2010. Total intravenous anesthesia and 
spontaneous respiration for airway endoscopy in children-
-a prospective evaluation. Paediatr Anaesth.20(5):434-8.

16. Jooste E.H., Muhly W.T., Ibinson J.W., Suresh T., 
Damian D., Phadke A. and Davis P.J., et al. 2010. Acute 
hemodynamic changes after rapid intravenous bolus 
dosing of dexmedetomidine in pediatric heart transplant 
patients undergoing routine cardiac catheterization. Anesth 
Analg.111(6):1490-6.

17. Dawes J., Myers D., Gorges M., Zhou G., Ansermino J.M. 
and Montgomery C.J. 2014. Identifying a rapid bolus dose 
of dexmedetomidine (ED50) with acceptable hemodynamic 
outcomes in children. Paediatr Anaesth.24(12):1260-7.

18. Tobias J.D. 2007. Dexmedetomidine: applications in 
pediatric critical care and pediatric anesthesiology. Pediatr 
Crit Care Med.8(2):115-31.

19. Su F. and Hammer G.B. 2011. Dexmedetomidine: pediatric 
pharmacology, clinical uses and safety. Expert Opin Drug 
Saf.10(1):55-66.

respectively higher or lower than baseline. Possibly, 
since induction is one of the most critical moments 
for airway management, attention was lost to the 
application of the blood pressure cuff. Despite these 
limitations, our results show dexmedetomidine 
and remifentanil can be an efficacious and safe 
method to allow spontaneous ventilation in children 
undergoing direct laryngoscopy with surgical 
intervention. Further research will be necessary to 
determine the ideal intravenous agents.

conclusion

Total intravenous anesthesia with dexmede-
tomidine and remifentanil can be a safe and 
efficacious method to allow spontaneous ventilation 
in children undergoing direct laryngoscopy with 
surgical intervention. Although laryngospasm and 
apnea frequently occurred, serious adverse events 
such as desaturation were rare. Rapid bolus dosing 
of dexmedetomidine was hemodynamically well 
tolerated and allowed short induction times. Lite-
rature regarding anesthetic and airway management 
during direct laryngoscopy with surgical inter-
vention is limited. Further research is needed to 
compare the effect of different inhalational and 
intravenous anesthetic regimens.
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Abstract : Both postoperative pain and side effects of 
pain therapy result in significant morbidity for patients. 
Opioids are associated with nausea and respiratory 
depression, which limit their use in day hospital. For a 
laparoscopy, local anesthetics can be administered locally 
by infiltration of the trocar entry points or by instillation 
in the intraperitoneal cavity. Both methods have proven 
effective in lowering postoperative pain scores compared 
to a placebo. This double blinded randomized trial 
aimed to compare these two local anesthetic techniques, 
when used either alone or combined in a patient, with 
respect to postoperative pain scores and the use of rescue 
pain medication after a gynaecological laparoscopic 
procedure. Between September 2017 and August 2019, 
56 patients (ASA I or II) who came for a gynaecological 
laparoscopy in day hospital were enrolled. They were 
randomly divided into three groups. Group A received 
both trocar site infiltration and intraperitoneal instillation 
of Ropivacaine ; group B received intraperitoneal 
instillation alone and group C received only trocar 
site infiltration. Further anesthesia and postoperative 
analgesia were standardized. Following surgery, a 
questionnaire was completed at 1, 2, 6 and 24 hours and 
again after 1 week. Pain scores during the first 24 hours 
and one week after surgery were not significantly different 
between the three study groups (P-value of 0,55). The use 
of pain medication, however, was significantly higher 
in the study group that received both infiltration and 
instillation of a local anesthetic, compared to the groups 
who received either instillation or infiltration (P-value of 
0,027). 
This could indicate that a maximal dose of local 
anesthetics distributed over more than one administration 
route is less effective in treating pain, than the full dose 
of 3 mg/kg given in one area. More research is necessary 
to investigate this possibility.

Keywords : Laparoscopy ; anesthetic ; infiltration ; 
instillation ; pain.

Background

Inadequate pain therapy after surgery can 
result in a slower recovery, longer revalidation 
and more postoperative complications. It can 
also trigger a chronic pain syndrome. In day care 
procedures, like most gynaecological laparoscopies 
are, postoperative pain can be a cause of prolonged 
hospital stay. Standard therapy with Paracetamol 
and non-steroidal anti-inflammatory drugs is often 
insufficient and usually requires addition of an 
opioid (1-3).

Opioids are associated with side effects like 
nausea and respiratory depression which limits 
their use in day hospital (3-6). The need for opioids 
limits the procedures that can be performed in 
day hospital setting. There has been research into 
other pain management techniques and consensus 
dictates the use of multimodal or multi-faceted pain 
strategies. This includes the use of local anesthetics, 
like Ropivacaine (7-11).

For a laparoscopy, Ropivacaine can be locally 
administered either by infiltration of the surgical 
entry points or by instillation in the abdominal 
cavity. These techniques have both been proven to 
have analgesic effects when compared to a placebo, 
but nevertheless, opioids have not been abandoned 
in clinical practice (2, 3, 12-25).  The administration 
routes have also been compared to one another with 
infiltration giving better postoperative analgesia and 
instillation giving less shoulder pain (19).
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approaches. For the group of peritoneal instillation, 
we used the study of Roy KK et al. (25). For the 
trocar site injection we used the study of Sugihara 
et al. (24), and for the combination of both methods 
we used the study conducted by Pellicano et al. (23). 
To reach a statistical power of 80%, each group 
had to contain 18 patients. We aimed for a study 
population of 60 patients, 20 patients per group. 
Figure 1 displays the recruitment.

Unfortunately, the amount of drop-outs was 
larger than anticipated, mostly because of the 
intraoperative intra-abdominal use of Hyalobarrier©. 
This is a polysaccharide used to prevent adhesions, 
of which the effects on postoperative pain are 
unknown[ (27, 28). The decision was made to 
continue with the 56 included patients. Figure 2 
displays the study population as divided into the 
three study groups. In the screening procedure the 
inclusion criteria and exclusion criteria were tested. 
Information about the presence of preoperative 
pain and risk factors for postoperative nausea and 
vomiting were collected. 

Eligibility criteria

Inclusion criteria were :
(1) Elective gynaecologic laparoscopy for 

benign conditions in day care hospital at Antwerp 
University Hospital

In literature, a combination of the two 
techniques was studied  in comparison to a placebo 
but results were contradictory (1, 26) In this double-
blinded randomized clinical trial, we aimed to 
evaluate these two local anesthetic techniques 
when used alone or in combination, with respect 
to postoperative pain scores after a gynecological 
procedure and the need for rescue opioid therapy. 

We expected the postoperative pain scores and 
need for pain medication to be lower in the group 
of study patients who received both infiltration and 
instillation of a local anesthetic.

MetHods and trial design

Ethical Permission

On 07/08/2017, approval was provided by 
the Universiteit Antwerpen Ethisch Comité, Drie 
Eikenstraat 655, 2650 Edegem. The committee 
chairperson was Cras Patrick and the acting 
chairperson was Michielsen Peter. The Belgian 
registration number was B300201733092. 

Sample size study and power estimates

The sample size was calculated before study 
initiation based on the program G*Power and 
the results of other studies that compared similar 

Fig. 1. – Recruitment.

Fig. 2. — Patient population.
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and intraperitoneal instillation, group B received 
intraperitoneal instillation alone and group C 
received only infiltration of the trocar incision sites.

Further intraoperative analgesia was provided 
by Fentanyl 2 µg/kg and a non-steroidal anti-
inflammatory drug at the time of induction. Para-
cetamol 1 g was administered approximately 30 
minutes before the end of the procedure. 

Following surgery, a questionnaire on pain 
scores, quality of recovery and opioid-related side 
effects was completed at 1, 2, 6 and 24 hours and 
again after 1 week (addendum 1).

The primary objective was to compare post- 
operative pain in patients who underwent a gyne-
cological laparoscopy and were given a local dose 
of Ropivacaine through either port site infiltration, 
intra-abdominal instillation or a combination of 
both techniques. The other objective of this study 
was to assess the occurrence of pain therapy related 
side effects.

The primary outcomes were Numeric Rating 
Scale (NRS) scores (29) for pain at 1, 2, 6 and 24 
hours postoperatively. The secondary outcomes 
were NRS at 1 week postoperatively, the use of 
pain medication, occurrence of shoulder pain, 
itch, postoperative nausea and vomiting, need for 
antiemetics, problems of urination and the level of 
activity. Pain scores were obtained both in rest and 
during an exercise (like walking or coughing).

Our hypothesis was that a combination of 
trocar entry point infiltration and intraperitoneal 
instillation of Ropivacaine would result in lower 
pain scores after surgery with fewer side effects like 
nausea, vomiting, pruritus and shoulder pain.

Three-arm double-blinded RCT

Eligible patients were recruited preoperatively 
by a student or an anesthetist. After having signed the 
informed consent, the participants were randomised 
to one of the three study groups by means of 
sealed envelopes, opened by the anesthetist in the 
operating room. From this moment forward they 
were assigned a study number which was used for 
further identification.

Anesthetic management was standardized. 
Routine intraoperative monitoring devices were 
used, which included ECG, pulse oximetry and 
non-invasive blood pressure. All patients were pre-
oxygenated with 100% oxygen before induction, 
which was achieved with a combination of 
Fentanyl 2µg/kg, Propofol TCI Marsh model 6µg/
ml (titration based on effect) and Rocuronium 0.5 
mg/kg. For maintenance of anesthesia Propofol TCI 

(2) Female patient
(3) 18-70 years
(4) ASA I-II
(5) informed consent signed by the patients

Exclusion criteria were  :
(1) Hypersensitivity to anesthetics of the 

amide-type, contraindications for non-steroidal 
anti-inflammatory drugs

(2) Obesity, BMI > 35
(3) Patients with chronic use of analgesics / 

patients with chronic pain
(4) Patients with an abnormal liver function
(5) Pregnancy (this means we only include 

patients who use contraceptives, are sterilized, 
have a negative dipstick testing or a negative serum 
testing or patients who are postmenopausal)

(6) Surgical or anesthetic complications
(7) Use of pain relieving products during the 

study that are not included in the study protocol
(8) Concomitant participation in another study 

that would affect the results of this study.

Consent, compliance and withdrawal

First, it is important to note that the use of local 
anesthesia is standard practice for gynaecological 
laparoscopy at the hospital. However, the optimal 
administration route is not yet determined. Further 
information, related to the study protocol, was 
provided to all patients preoperatively in order to 
obtain an informed consent. Participation was free 
and a participant could withdraw from the trial 
without consequences for his or her perioperative 
care. All study material related to this particular 
patient would be destroyed. All patient data col-
lected were anonymously processed using a num-
bering system. 

Study design and setting

This double-blinded three-arm randomized 
clinical trial was conducted at the University Hos-
pital of Antwerp, Belgium. Between September 
2017 and August 2019, 56 healthy women (ASA I 
or II) who presented for gynaecological laparoscopy 
in day hospital were enrolled. 

A written informed consent was obtained 
from all participants at the moment of inclusion, 
which was usually on the day of the surgery. The 
patients were randomly assigned to one of the 
three study groups (18-20 patients per group). 
Using Ropivacaine 0.75% in a total dose of 3mg/
kg : group A received trocar entry point infiltration 
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All five postoperative study times, 1, 2, 6 and 
24 hours and one week, were concluded in the data 
analysis. Our primary outcome parameters were 
pain scores, in rest and during activity, at 1, 2, 6 and 
24 hours. Secondary outcomes consisted of NRS 
pain scores after 1 week, the use of pain medication, 
shoulder pain, pruritus, nausea, vomiting, use of 
antiemetic drugs, urinary problems, activity level 
and satisfaction.

Data analysis

Data were analyzed using R software. Pain 
scores in the first 24 hours after surgery were studied 
using a linear mixed effects model, with fixed 
effects time, study group, use of pain medication 
and the interaction between time and study group. 
A random intercept was added for every participant 
to adjust for the correlation between pain scores of 
every individual patient. Based on the AIC (Akaike’s 
Information Criterium) and likelihood ratio tests, 
time was considered categorical. When interaction 
between time and group was non-significant, it was 
removed from the model. 

Pain scores will be affected by pain medication. 
For that reason a correlation between those variables 
was assumed and, thus, in the analysis of pain 
scores, a correction for the use of pain medication 
was included.

results

Table 1 shows a descriptive overview of the 
results of the questionnaires.

Table 2 shows a relation between pain 
medication and pain scores (P-value = 0,011). This 
matter was a constant throughout the statistical 
analysis. Differences in pain scores in rest during 
the first 24 hours postoperatively between the three 
study groups were not significant (P-value = 0,55).

Figure 3 shows a boxplot of the pain scores 
found in the three study groups at the specific 
times. The study groups infiltration and both show 
lowest pain scores at 2 hours postoperatively. The 
relevance of this finding is unclear and further study 
with larger study groups could be recommended.

Pain scores in rest one week postoperatively

Pain scores 1 week postoperatively are 
compared between study groups in a linear regres-
sion model to be able to correct for the use of pain 
medication.

Table 3 shows no significant difference in pain 
scores between the three study groups (P-value = 
0,88).

March model 4 µg/ml (8-12 mg/kg/h) was used with 
titration based on both effect and hemodynamic 
parameters. All study patients were given a non-
steroidal anti-inflammatory drug at the time of 
induction. Paracetamol (1g, IV) was administered 
30 minutes before the end of the procedure. 

At the end of the surgical procedures, Ropi-
vacaine, in a total dose 3 mg/kg, was administered 
according to the randomly assigned study group, 
as indicated by the sealed envelope. Group A 
patients received both intraperitoneal instillation 
of Ropivacaine 2 mg/kg in 200 ml of NaCl 0,9% 
and trocar entry point infiltration with Ropivacaine 
1 mg/kg in 20 ml of NaCl 0,9%. The trocar sites of 
group B patients were infiltrated with Ropivacaine 3 
mg/kg in 20 ml of NaCl 0,9% and group C patients 
received 3 mg/kg of Ropivacaine in 200 ml of NaCl 
0,9% in the abdominal cavity.

After surgery the patients were transferred 
to the recovery and later to the day hospital ward, 
where the NRS was used to assess pain scores and to 
guide the standard postoperative analgesia regimen. 
All patients were given Paracetamol 1 g every 6 
hours. If pain scores remained higher than three, 
additional pain therapy consisted of Tramadol 100 
mg and Alizapride 50 mg. If re-evaluation after 30 
minutes showed pain scores persisting above three, 
an anesthesiologist was consulted and patients 
received intravenous morphine. Patients were 
discharged from the hospital when all the discharge 
criteria were met according to standard operating 
procedures. Prescriptions for continuing the use of 
Paracetamol at home and for Naproxen 500 mg 3 
times a day were provided.

At 1, 2, 6, 24 hours and 1 week after surgery, 
a researcher contacted the patient to complete the 
questionnaire. Both the patient and researcher 
conducting the survey postoperatively were blinded 
to the intraoperative Ropivacaine administration 
route used during surgery. All responses were 
organized in a database of Open Clinica.

During the trial, there were no deviations from 
this study protocol.

Data management

All data was stored in Open Clinica, in a 
database connected to the University Hospital of 
Antwerp. Only the researchers had access. Three 
study groups were defined. Group A patients received 
both instillation and infiltration of Ropivacaine and 
will thus, from here on forth, be referred to as “both”. 
Group B and C will be identified as infiltration and 
instillation respectively.
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1h 2h 6h 24h 1w

Pain in Rest

     Instillation 2.60 (1.64) 2.75 (1.55) 2.65 (1.63) 2.40 (1.76) 0.89 (1.13)

     Infiltration 1.78 (1.77) 1.61 (1.79) 2.28 (1.74) 2.61 (2.55) 0.93 (1.16)

     Both 2.17 (2.04) 1.83 (2.18) 2.89 (2.70) 3.28 (2.44) 1.11 (1.78)

Pijn during exercise

     Instillation 3.25 (1.92) 3.45 (1.47) 3.30 (1.56) 3.90 (2.02) 2.00 (2.09)

     Infiltration 1.94 (1.92) 2.22 (1.99) 3.22 (1.9) 4.28 (2.49) 2.00 (2.20)

     Both 2.61 (2.17) 2.22 (2.39) 3.78 (2.69) 4.67 (2.47) 2.39 (2.66)

Shoulder pain

     Instillation 0/20 (0%) 4/20 (20%) 11/20 (55%) 12/20 (60%) 0/18 (0%)

     Infiltration 3/18 (17%) 2/18 (11%) 12/18 (67%) 8/18 (44%) 4/15 (27%)

     Both 4/18 (22%) 6/18 (33%) 15/18 (83%) 11/18 (61%) 1/18 (6%)

Use of pain medication

     Instillation 3/20 (15%) 2/20 (10%) 8/20 (40%) 18/20 (90%) 7/18 (39%)

     Infiltration 3/18 (17%) 3/18 (17%) 6/18 (33%) 14/18 (78%) 8/15 (53%)

     Both 4/18 (22%) 3/18 (17%) 14/18 (78%) 18/18 (100%) 8/18 (44%)

Nausea

     Instillation 0/20 (0%) 2/20 (10%) 2/20 (10%) 1/20 (5%) 0/18 (0%)

     Infiltration 2/18 (11%) 0/18 (0%) 1/18 (6%) 1/18 (6%) 2/15 (13%)

     Both 2/18 (11%) 2/18 (11%) 1/18 (6%) 2/18 (11%) 0/18 (0%)

Vomiting

     Instillation 1/20 (5%) 0/20 (0%) 0/20 (0%) 0/20 (0%) 0/18 (0%)

     Infiltration 0/18 (0%) 0/18 (0%) 0/18 (0%) 1/18 (6%) 0/15 (0%)

     Both 0/18 (0%) 0/18 (0%) 0/18 (0%) 0/18 (0%) 0/18 (0%)

Use of antiemetic drugs

     Instillation 1/20 (5%) 1/20 (5%) 1/20 (5%) 0/20 (0%) 0/18 (0%)

     Infiltration 1/18 (6%) 1/18 (6%) 0/18 (0%) 0/18 (0%) 1/15 (7%)

     Both 4/18 (22%) 3/18 (17%) 1/18 (6%) 1/18 (6%) 0/18 (0%)

Pruritus

     Instillation 1/20 (5%) 1/20 (5%) 0/20 (0%) 2/20 (10%) 9/18 (50%)

     Infiltration 0/18 (0%) 0/18 (0%) 0/18 (0%) 1/18 (6%) 3/15 (20%)

     Both 0/18 (0%) 0/18 (0%) 0/18 (0%) 1/18 (6%) 9/18 (50%)

Urinary problems

     Instillation 0/20 (0%) 4/20 (20%) 2/20 (10%) 2/20 (10%) 1/18 (6%)

     Infiltration 0/18 (0%) 1/18 (6%) 1/18 (6%) 2/18 (11%) 0/15 (0%)

     Both 0/18 (0%) 0/18 (0%) 1/18 (6%) 2/18 (11%) 1/18 (6%)

Exercise

     Instillation 0/20 (0%) 7/20 (35%) 16/20 (80%) 19/20 (95%) 17/18 (94%)

     Infiltration 1/18 (6%) 7/18 (39%) 13/18 (72%) 16/18 (89%) 14/15 (93%)

     Both 1/18 (6%) 5/18 (28%) 9/18 (50%) 14/18 (78%) 17/18 (94%)

Table 1
Descriptive overview
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Pain scores during an activity one week post-
operatively

Linear regression with covariates group and 
pain medication showed no significant difference 
in pain scores between the three groups (P-value = 
0,85) one week after surgery, as illustrated in table 
5.

Use of pain medication during the first 24 hours 
postoperatively

Since the use of pain medication is a dicho-
tomous outcome, a logistic mixed effect model 

Pain scores during an activity during the first 24 
hours postoperatively

As demonstrated in table 4, there is no 
significant difference in pain scores during the 
first 24 hours after surgery (P-value = 0,56). The 
boxplot (Fig. 4) shows a similar pattern for study 
group infiltration and both, with pain scores rising 
over time, while pain scores in the instillation group 
remain a constant. The reason the tendency in first 
two groups is not statistically significant could be 
that the power of this study is insufficient due to too 
small study groups.

Estimate (Std. Error) P-value

(Intercept) 2.28 (0.37) < 0.001

Time (ref = 1h) 0.88

     2h -0.08 (0.30) 0.79

     6h 0.16 (0.31) 0.62

     24h -0.01 (0.37) 0.98

Group (ref = Instillation) 0.55

     Infiltration -0.51 (0.47) 0.28

     Both -0.18 (0.47) 0.71

Pain medication 0.79 (0.31) 0.011

Table 2
Pain scores in rest first 24 hours

Fig. 3. — Pain scores in rest first 24 hours.

Estimate (Std. Error) P-value

(Intercept) 1.35 (0.40) 0.001

Group (ref = Instillation) 0.88

     Infiltration -0.06 (0.48) 0.89

     Both 0.18 (0.45) 0.69

Pain medication -0.76 (0.39) 0.056

Table 3
Pain scores in rest 1 week after surgery

Fig. 4. — Pain scores during activity first 24 hours.

Estimate (Std. Error) P-value

(Intercept) 2.77 (0.40) < 0.001

Time (ref = 1h) 0.016

     2h 0.06 (0.31) 0.85

     6h 0.60 (0.33) 0.071

     24h 1.19 (0.39) 0.003

Group (ref = Instillation) 0.56

     Infiltration -0.54 (0.50) 0.28

     Both -0.25 (0.50) 0.61

Pain medication 0.64 (0.32) 0.050

Table 4
Pain scores during activity first 24 hours

Estimate (Std. Error) P-value

(Intercept) 2.58 (0.68) < 0.001

Group (ref = Instillation) 0.85

     Infiltration -0.14 (0.81) 0.87

     Both 0.34 (0.77) 0.67

Pain medication -0.95 (0.65) 0.15

Table 5
Pain scores during an activity one week postoperatively
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P-value = 0,030 and OR = 3,78 (95% CI 1,31 - 10,9), 
P-value = 0,014). There was no difference between 
‘infiltration’ and ‘instillation’ (P-value 0,70).

Use of pain medication one week postoperatively

Here, a Chi-square test was performed and 
there were no significant discrepancies between the 
three study groups.

Secondary outcomes

Secondary outcomes were binary and consisted 
of shoulder pain, pruritus, urinary problems, level 

was chosen, with fixed effects time, as categorical 
variable, group and interaction. A random intercept 
was added again. The use of pain medication 
proved to be significantly different between the 
three study groups (P-value = 0,027). A higher 
use of pain medication in the group ‘both’ was 
recorded, compared to the groups ‘instillation’ and 
‘infiltration’ (respectively OR = 3,08 (1,11 - 8,51), 

Fig. 5. — Use of pain medication first 24 hours.

OR (95%CI) P-value

(Intercept) 0.12 (0.04 - 0.32) < 0.001

Time (ref = 1h) < 0.001

     2h 0.74 (0.25 - 2.21) 0.59

     6h 6.19 (2.43 - 15.8) < 0.001

     24h 73.5 (21.7 -  249) < 0.001

Group (ref = Instillation) 0.027

     Infiltration 0.81 (0.29 - 2.30) 0.70

     Both 3.08 (1.11 - 8.51) 0.030

Table 6
Use of pain medication first 24 hours

Fig. 6. — Binary secondary outcome parameters.

Instillation Infiltration Both P-value

Pain medication 7/18 (39%) 8/15 (53%) 8/18 (44%) 0.71

Table 7
Pain medication after 1 week
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20 ml of Ropivacaine 7,5% which he injects when 
finishing with his sutures. However, this is in 
accordance with the maximum dose of 3 mg/kg for 
a patient with a weight of 50 kg and, based on this 
study, could be insufficient to treat patients with a 
higher weight. This is an interesting item for further 
research. 

The study design

Other points of discussion are the following. 
First, a wide variety of laparoscopic procedures 
were included. This heterogeneity ensures that 
the population in this study represents the actual 
population in a gynecological surgery department 
but also may have influenced the postoperative 
pain scores. The more invasive the procedure, the 
higher the pain scores that could be expected. The 
procedures were also performed by many different 
surgeons. This could give a bias.

Secondly, some of the patients we enrolled for 
the study were given intraperitoneal Hyalobarrier 
by the gynecologist during surgery. Because of the 
unknown effect this has on pain scores, especially 
in combination with intraperitoneal instillation of 
sodium chloride 0,9% or Ropivacaine, depending 
on the study group, we decided to exclude these 
patients. 

Thirdly, NRS is a validated method to record 
pain scores but pain still remains a subjective matter. 

This is the first study in its genre that does not 
bring a placebo into the comparison. In the sample 
size calculation we might have overestimated the 
expected effect and therefore have worked with a 
sample size that is too small. As a result some of 
the clinical relevant differences between the study 
groups turned out not statistically significant. Despite 
this, we were able to demonstrate a higher use of 
pain medication in the study group that received 
both infiltration and instillation of Ropivacaine. 
Further research combining both administration 
techniques does not seem useful.

conclusion

Local anesthetics, whether they are 
administered by infiltration, instillation or for 
nerve blocks, have become a very important part 
of multimodal pain therapy. Their use will continue 
to grow. More research is needed into the best 
administration modalities.

In this clinical trial we could not find a 
difference in pain scores between the two tested 
administration routes of Ropivacaine, infiltration 

of activity, the use of antiemetic drugs and the 
presence of nausea and vomiting. For the two latter a 
correction for the use of antiemetic drugs was made 
and for the shoulder pain the pain medication was 
taken into account.  In the analysis, a logistic mixed 
effects model with random intercept was applied. 
Similarly for satisfaction (ordinal in 4 categories) an 
ordinal logistic mixed model with random intercept 
was used. In all models the interaction between 
the study groups was not significant and could be 
abandoned. Some variables could not be analyzed 
as there were too few events. As there was a low 
appearance of nausea, vomiting and antiemetic use 
these three items were also analyzed as a combined 
variable.

As illustrated in table 8 we could not find 
a significant difference in regard to secondary 
outcome measurements, between the three study 
groups. Boxplot figures (Fig. 6) show a lower rate 
of shoulder pain and higher level of activity in the 
groups ‘infiltration’ and ‘instillation’ compared 
to ‘both’. These findings, however, were not 
significant.

discussion

The results

No adverse events were recorded during 
the course of this study. As mentioned above, 
some results had similar patterns or trends who, 
in this analysis, were not significant but might be 
significant if tested in a larger study population. 

We expected the group ‘both’ to have 
better pain scores and less pain medication use 
compared to the other groups or not to differ at all. 
Statistical analysis, however, showed that patients 
who received both infiltration and instillation of 
Ropivacaine needed more pain medication in the 
first 24 hours after surgery. An explanation could be 
the lower doses of Ropivacaine used in the areas of 
administration when combined in one patient. The 
maximum dose of Ropivacaine of 3 mg/kg was, 
in the “both” study group, divided over the two 
administration routes. 2 mg/kg was instilled in the 
abdominal cavity whereas 1 mg/kg was infiltrated at 
the trocar entry points. This would seem to suggest 
that the given dose of the local anesthetic is more 
important than the manner or than the location 
where it is administered. This was also suggested 
by Malhotre et al.(30).

In our hospital we always infiltrate trocar entry 
points with a local anesthetic. Generally this means 
we provide the surgeon with a sterile ampoule of 
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intraperitoneal instillation and port site infiltration of local 
anaesthetic (bupivacaine) for postoperative analgesia in 
women undergoing daycare diagnostic gynaecological 
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or instillation, nor was there a significant additional 
beneficial effect of a combination of the two 
techniques. In contrast, patients who received both 
infiltration and instillation of Ropivacaine needed 
significantly more pain medication in the 24 hours 
after surgery. This could indicate that a maximum 
dose of local anesthetics distributed over more than 
one administration route is less effective in treating 
pain, than the full dose of 3 mg/kg given in one 
area. More research is necessary to investigate this 
possibility.
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Addendum 1 : QuestionnAire

Comparative study on the intraoperative administration of Ropivacaine in the context of pain relief 
after a gynaecological laparoscopy, a double blind randomized trial v1 (25062017)

2017-2018
Content :
 – Information sheet
 – Questionnaires
To be completed after surgery at the following times :
 – 1h after surgery → at ……………. Hour
 – 2h after surgery → at ……………. Hour
 – 6h after surgery → at ……………. Hour
 – 24h after surgery → date : … / …./ ………… at ……………. Hour
 – ○ On this day you will be contacted to give us your answers of the first 24h
1 week after surgery → date : … / … / …………. at ………….. Hour
 – ○ On this day you will be contacted again
Thank you!

INFORMATION SHEET

Dear Mrs, Dear Ms,
We thank you for your participation in our study and we hope your surgery went well. In this folder you’ll 
find a number of questionnaires. The questions are identical but the time they have to be completed is different 
for each sheet. We have a questionnaire for 1h, 2h, 6h, 24h and 1 week after surgery. We ask you to complete 
these questionnaires as correctly as possible and to respect the moments stated on the individual sheets. The 
first page might already be filled in by the nurses of the recovery room. 
We would like to explain a little more about the pain questions. You will be asked about your pain experi-
ence at rest and during an effort (like coughing). You must quote this experience on a scale from 0 to 10 with 
0 is no pain and 10 is the worst possible pain, the maximum of pain you can theoretically  feel. You are not 
allowed to use decimals. The figure below could help you score your pain.

Medical questionnaire clinical trial Patient number:
Research centre: University Hospital Antwerp
Title research project:  Comparative study on the intraoperative administration of Ropivacaine in the context of pain relief after a 
gynaecological laparoscopy, a double blind randomized trial

13-Clinck.indd   10313-Clinck.indd   103 12/01/2021   12:1812/01/2021   12:18



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

104 b. clinck et al. 

24 after surgery you will be contacted by a member of our research group. This person will ask you about 
the answers on page 3-6. After a week, you will be contacted a second time so we can include the last page 
in our research. 
We sincerely thank you for your participation in our study and wish you a good recovery after the surgery.

TO COMPLETE 1H AFTER SURGERY

1) PAIN
Quote your pain on a scale from 0 to 10 with 0 = no pain and 10 = the worst pain (see information sheet)

 – Pain score during rest    score  
 – Pain score during an effort (like coughing)  score  
  
Do you experience shoulder pain?   Yes No
Did you take any medication to lower your pain? Yes No

- If Yes, which pain killer and what dose?   ………………………………………………..……
        ……………………………………………………..
  

2) NAUSEA  
Do you experience nausea?   Yes No
Have you vomited?    Yes No
Did you take any medication for your nausea Yes No
  
- If Yes, which medicament and what dose? ………………………………………………………
                                                                                   ………………………………………………………

3) OTHER
Do you experience itching?     Yes No
Do you have trouble peeing/urinating?    Yes No
Have you already done an activity? (walking, cycling, …) Yes No
  
What is your general experience? Very bad Bad    Neutral         Good     Very good

Medical questionnaire clinical trial Patient number:
Research centre: University Hospital Antwerp
Title research project:  Comparative study on the intraoperative administration of Ropivacaine in the context of pain relief after a 
gynaecological laparoscopy, a double blind randomized trial
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Abstract : The cardiopulmonary bypass (CPB) is a 
standard technique in many cardiac interventions. It may 
elicit a systemic inflammatory response that, fortunately, 
often remains subclinical and resolves quickly after the 
CPB stops. However, in some patients, this systemic 
inflammatory response may be extreme and progress 
to a systemic inflammatory response syndrome (SIRS). 
The latter may give rise to significant adverse events 
and even death. Possible provocations for this syndrome 
include a contact of blood with the artificial CPB-surface, 
ischemia-reperfusion injury, endotoxemia and surgical 
trauma.
Many authors have tried to curb this inflammation 
and improve clinical outcomes, with variable degrees 
of success. This narrative review provides readers 
with a brief and up-to-date knowledge concerning 
the pathophysiology and therapeutic options of this 
syndrome. 

Key words : Heart lung machine ; cardiopulmonary 
bypass ; systemic inflammatory response syndrome ; 
SIRS.

Background

Since its introduction in 1953, the cardio-
pulmonary bypass (CPB) has become a standard 
technique used in many cardiac interventions (1). 
It helps the cardiac surgeon to perform complex 
reconstructions in a bloodless operating field 
while providing the patient with physiological 
support. However, the CPB may be associated with 
several adverse reactions such as activation of the 
complement system, impaired hemostasis, trauma to 
blood components, and the systemic inflammatory 
response syndrome (SIRS). Key triggers for SIRS 
are the contact of blood with the artificial CPB-
surface, ischemia-reperfusion injury, endotoxemia, 
and operative trauma. This activates the innate 
and the adaptive immune system together with 
the hemostatic cascades and results in significant 
adverse events with major organ dysfunction and 
even death (2). Many authors have tried to restrict 

the inflammation to improve clinical outcomes 
after CPB, with variable degrees of success. The 
present review will provide an overview of the 
pathophysiology of SIRS after CPB and its possible 
therapeutic options in adult patients.

PathoPhysiology of sirs

Warren and colleagues stated that inflammation 
is a non-specific response of the body to harmful 
stimuli (3). Although this response aims to be 
protective, in some instances, an exaggerated 
response damages the host more than the insult. 
Cardiac surgery on CPB and prolonged anesthesia 
are important triggers of this inflammatory reaction 
(2). The inflammatory response after CPB can be 
divided into two fundamental phases, the “early” 
and “late” (3).

Early phase

The early phase starts with the surgical trauma 
and the contact of blood with the synthetic material 
of the CPB-circuit (2, 3, 4) as demonstrated in figure 
1. The contact and complement system are almost 
instantly activated. These two systems stimulate 
leukocytes, endothelium, and platelets to interact 
and produce cytokines, oxygen-free radicals, and 
inducible nitric oxide synthase (iNOS) (3).

Furthermore, white blood cells, endothelium, 
and platelets express adhesion molecules like 
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CPB. Subsequently, we will explain, in detail, the 
role of these cellular and protein systems on the 
development of SIRS.

After surgical trauma, the contact system 
activates factor XII, proenzyme of factor XIIa. 
Factor XIIa is a crucial initiator of multiple pathways 
(3) : Essentially, factor XIIa activates the intrinsic 
coagulation pathway (Fig. 1). It also converts high 
molecular weight kininogen (HK) into bradykinin. 
The latter produces vasodilatation and non-vascular 
smooth muscle contraction. Moreover, factor XIIa 
cleaves prekallikrein into kallikrein, which is an 
essential activator of neutrophils, fibrinolysis, and 
a positive feedback loop to increase factor XIIa (2, 
3, 7).

Simultaneously with the contact system, the 
complement system is activated mainly due to the 
interaction of blood with the synthetic material 
of the CPB-circuit. Normally, there are three 
conceivable pathways in complement induction : 
the classic, alternative and mannose-binding lectin 
pathway. The alternative pathway is probably the 
most crucial in the development of SIRS after CPB 
(3, 8, 9). Activation of this pathway leads to the 
formation of a membrane attack complex (MAC) 
and the activation of neutrophils (2, 3). Many 
proteins of the MAC, such as C3a and C5a, are 
potent anaphylatoxins and chemoattractants. They 
induce capillary leakage and vasodilatation (2, 3, 8). 
Furthermore, C3a stimulates platelet aggregation, 

selectins, integrins and cellular adhesion molecules 
(CAMs). These adhesion molecules provide 
“rolling” and “binding” of white blood cells to the 
endothelium, after which they transmigrate and 
release their inflammatory granules in non-vascular 
tissues with a resulting end-organ inflammation 
(2, 3, 5, 6), as demonstrated in figure 2. Likewise, 
the hemostatic and fibrinolytic systems become 
overactivated (Fig. 1), leading to a consumptive 
coagulopathy and micro-emboli (3, 7). 

All the processes mentioned above represent a 
brief overview of the early phase of the SIRS after 

Fig. 1. — Pathophysiology of the early phase of Systemic 
Inflammatory Response Syndrome (SIRS) after cardio-
pulmonary bypass (CPB).

Fig. 2. —  Pathophysiology of extravasation of white blood cells in non-vascular tissues with release of their inflammatory granules. 
The horseshoe-shaped lines are a schematic representation of selectins and CAMs. E: Endothelial cells, CAMs: cellular adhesion 
molecules, P: platelets, RBC:  red blood cell, WBC: white blood cell.
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the disruption of endothelial integrity and the pro-
inflammatory environment (2, 3, 8). 

Platelets are massively activated by the CPB, 
resulting in a 30-50% decrease in counts and 
substantial functional impairment (2, 3). When 
activated, platelets connect to fibrinogen and lead 
to bridge formation. They adhere to each other and 
monocytes by selectins. Afterwards, they release 
their granules, which contain chemoattractants, 
coagulation proteins, and vasoactive substances 
like thromboxane A2. The thrombocytopenia and 
increased bleeding times return to normal within 
4-12 hours after initiation of the CPB (3).

Besides this inflammatory reaction, there is an 
overactivation of the coagulation and fibrinolytic 
system.  An extensive discussion of the coagulation 
system would lead us beyond the scope of this 
review. However, we highlight factor IIa (thrombin) 
formation by either the intrinsic or the extrinsic 
pathway. During CPB, the intrinsic pathway is 
thought to be activated mainly by contact with the 
synthetic surfaces, while the extrinsic pathway 
particularly by trauma (3). 

Of note, thrombin has numerous essential 
functions in the pathophysiology of SIRS after 
CPB. It converts fibrinogen to fibrin, activates blood 
platelets and stimulates endothelial cells. Besides 
its hemostatic effects, thrombin is considered as a 
crucial inflammatory mediator (3, 9).

The fibrinolytic system, at last, limits the 
excessive formation of thrombus. Plasminogen is 
activated by tissue plasminogen activator (tPA) to 
plasmin. Plasmin cuts down fibrin strands into small 
degradation products with thrombus resolution. In 
physiological circumstances, tPA is slowly released 
by the endothelium of damaged vessels. However, 
in cardiac surgery, the release of tPA continues 
extensively around the pericardial wound, which 
leads to an overactivation of the fibrinolytic system. 
Moreover, the CPB aggravates this phenomenon by 
reintroducing previously aspirated blood (3).

The early phase processes diminish during 
CPB. This is called a “passivation” process and 
is due to the covering of the CPB-inner circuit by 
human proteins, rendering it more biocompatible 
(3).

Late phase

Three factors contribute to the late phase : 
ischemia-reperfusion injury, endotoxemia, and 
heparin-protamin interactions.

while C5a induces neutrophilic aggregation and 
binding of white blood cells to the endothelium (9).

This activation of the complement and contact 
system leads to a complex interaction of white blood 
cells, platelets, and endothelium (Fig. 2). White 
blood cells are initially diminished in count due to 
hemodilution but they increase substantially during 
and after CPB. This increase is mainly due to the 
activation of neutrophils and monocytes, while the 
total count of lymphocytes is sharply reduced (2, 3).

Neutrophils are the principal cytotoxic effector 
cells. Activation of neutrophils after the initiation of 
CPB could be attributed to the following pathways. 
First, through activation of the complement and 
contact systems. Second, by direct interaction with 
endothelial cells. Last, other mediators such as 
thrombin, tumor necrosis factor a (TNF-a), heparin, 
endotoxins, and histamine play an essential role (3)
(5). After transmigration through the endothelium, 
the neutrophils release cytotoxic granules in 
extravascular tissues and initiate a respiratory burst. 
This results in increased microvascular permeability, 
interstitial edema, thrombosis and parenchymal cell 
death (3, 4, 5).

On the other hand, monocytes are activated 
more slowly than neutrophils and exert their effects 
mainly during the early postoperative period. They 
produce inflammatory cytokines and play a vital 
role in hemostasis by forming platelet-monocyte 
conjugates and producing tissue factor (3).

In contrast to the neutrophils and monocytes, 
the concentration of lymphocytes declines during 
CPB. This decline is also associated with a 
diminished phagocytosis capacity and an inhibition 
of the monocytes’ ability to present antigens to 
lymphocytes. The result is a weakened cellular 
immune response with higher infection risks that 
may remain for three to seven days postoperatively 
(3, 8).

As mentioned before, the leukocytes interact 
with endothelial cells and platelets after stimulation 
by pro-inflammatory cytokines. The endothelial 
cells start to express selectins and CAMs (Fig. 2). 
Selectins are low-affinity cell adhesion molecules 
that mediate the “rolling” of platelets and leukocytes. 
In addition, CAMs bind neutrophils, monocytes, 
and platelets more covalently to the endothelium 
than selectins and facilitate the transmigration 
to non-vascular tissues (3, 6). Furthermore, in 
physiological situations, endothelial cells influence 
the vascular tone and capillary permeability by 
releasing multiple mediators such as nitric oxide 
(NO), endothelin-1, and noradrenaline (3). This 
effect is intensely disordered during CPB due to 
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ischemia induced by the aortic clamp particularly 
affects the heart and lungs. Second, the lungs are the 
only organs to receive the entire cardiac output and 
its inflammatory reaction. Finally, neutrophils are 
trapped in the small pulmonary vascular circulation 
with significant congestion (14).

At last, other frequent complications of the 
SIRS are postoperative delirium, acute kidney 
injury, intestinal hypoperfusion, liver failure, and 
even multi-organ failure with death (2, 3).

theraPeutic interVentions

Multiple therapies have been investigated 
for the prevention of SIRS after CPB. However, 
few studies have shown clinically significant 
implications. Therefore, we restricted our review 
to the following therapies : corticosteroids, statins, 
aprotinin, and technical adaptations.

Corticosteroids

Notable hope was established on corticosteroids 
as potent anti-inflammatory drugs. Before 2009, most 
literature suggested corticosteroids might attenuate 
the increase of inflammatory markers and possibly 
improve pulmonary gas exchange with a reduced 
need for postoperative inotropic support (16). Ho 
et al. demonstrated in a meta-analysis that low-
dose corticosteroid treatment diminished the risk of 
POAF and mechanical ventilation. Unfortunately, 
the available studies at that moment were small 
in sample size with significant heterogeneity (17). 
Another meta-analysis performed by Dieleman 
et al. confirmed the reduction of POAF (-40%) 
but failed to show a significant reduction in 
cardiopulmonary complications or mortality. With 
the availability of beta-blockers and amiodarone 
with fewer side-effects and excellent efficiency in 
the treatment of POAF, they stated no indication for 
corticosteroids and highlighted the need for large 
randomized controlled trials (RCT) (13). Later on, 
the effects of corticosteroids for the prevention of 
systemic inflammation have been examined in two 
well designed and powered trials : the DECS and 
SIRS-trial (16, 18).

In the DECS-trial (16), almost 4500 patients 
received either 1 mg kg-1 dexamethasone or 
placebo, after the induction of anesthesia. The 
primary endpoint was a composition of death, 
myocardial infarction, stroke, renal or respiratory 
failure within 30 days. The study failed to show 
a significant reduction of this primary endpoint 
(7% vs. 8.7%, p-value 0.07). Subgroup analysis, 

Ischemia-reperfusion injury

As we already know, the aortic cross-
clamp induces ischemia in the heart and lungs 
(2, 3, 10). Reperfusion after release of this clamp 
provokes a second inflammatory response with 
increased capillary permeability, interstitial 
edema, leukocytosis, coagulopathy and end-organ 
dysfunction (2, 3, 10).

Endotoxins 

Endotoxins are lipopolysaccharide molecules 
from the cell wall of Gram-negative bacteria. 
Splanchnic vasoconstriction leads to a resulting 
ischemia of enteric mucosa which permits gut 
translocation of these Gram-negative bacteria. The 
endotoxins activate complement via the alternative 
pathway and stimulate the release of cytokines and 
NO (2, 3, 9, 11).

Heparin-protamin interactions

Heparin is used to prevent clotting during CPB. 
It potentiates the functions of antithrombin III and, 
by this, indirectly inhibits the effects of thrombin. 
However, this still leads to progressive thrombin 
generation with a consumptive coagulopathy 
(3). Reversal of heparin with protamine induces 
activation of the classic pathway of complement, 
leading to further inflammation (3, 8, 9).

clinical consequences of sirs

The CPB always elicits a systemic inflammatory 
response that, fortunately, often remains subclinical 
and resolves quickly after stopping of the CPB. 
However, in more extreme cases, a SIRS develops. 
SIRS’ clinical consequences may be characterized 
by fever and variable vital organ dysfunction.

A common cardiac complication of SIRS 
is postoperative atrial fibrillation (POAF). This 
can lead to several adverse events like stroke, 
low cardiac output syndrome and hemodynamic 
instability. All these events may prolong length of 
stay in the intensive care unit (ICU) and hospital (3, 
12, 13). Furthermore, SIRS often induces pulmonary 
dysfunction with lung edema, pulmonary infections, 
and prolonged duration of mechanical ventilation 
(3, 14, 15).

The lungs, more than any other organs, seem 
to be vulnerable to CPB-related injury. Apostolakis 
et al. suggested three possible explanations : As the 
CPB provides circulatory support to all organs, the 
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both are corticosteroids, they have different phar-
macodynamic profiles. Dexamethasone has a potent 
anti-inflammatory effect with less glucocorticoid 
secondary effects than methylprednisolone (22). 
Furthermore, the different dosing schemes render it 
difficult to compare both trials. However, we still 
believe that there is a potential role of dexamethasone 
in young patients undergoing cardiac surgery with 
CPB. Yet,  this needs to be further investigated in a 
well-designed RCT. 

Statins

Statins are selective, competitive inhibitors 
of 3-hydroxy-3-methyl-glutaryl-coenzyme A re-
ductase and are mainly used for lowering low 
density lipoprotein-cholesterol (23, 24). However, 
statins also exert a cholesterol-independent, anti-
inflammatory effect after cardiac surgery on 
CPB, a characteristic that was already known in 
atherosclerotic diseases  (24).

Several studies investigated the biochemical 
influences of statins on systemic inflammation after 
CPB. In 2009, Morgan et al. demonstrated in a 
systematic review that statins reduce postoperative 
pro-inflammatory cytokines. Nevertheless, these 
results should be interpreted with caution due to 
the limited numbers of patients in the included 
studies. Moreover, some of these studies had 
methodological weaknesses (25). Chee et al. stated 
that the principal anti-inflammatory properties of 
statins on CPB are exerted through inhibition of the 
neutrophil transendothelial migration. Furthermore, 
they found preoperative high-dose statin therapy 
resulted in significantly lower levels of troponins 
and urinary neutrophil gelatinase-associated lipo-
calin, demonstrating less cardiac and renal injury 
(24). The clinical benefit, however, remains a 
topic for discussion. Several trials have shown 
the potential role of statins in reducing POAF like 
the ARMYDA-3 trial (26). Two hundred patients 
scheduled for elective cardiac surgery on CPB, 
with no previous history of statin treatment or atrial 
fibrillation, were included. The authors concluded 
that atorvastatin 40 mg/day, initiated seven days 
before surgery, significantly reduced the incidence 
of POAF with a shorter hospital length of stay (26). 
Kuhn et al. confirmed these findings in a meta-
analysis of more than 90.000 patients undergoing 
cardiac surgery. However, most studies were 
retrospective and a significant part of the included 
patients underwent off-pump coronary bypass 
grafting (23).  Deghani et al. found a statistically 
significant reduction of POAF after cardiac valve 

however, revealed a statistically significant benefit 
in younger patients (age <65 years) (relative risk 
(RR), 0.65 ; 95% CI, 0.44-0.96 ; P=.03) and a 
trend towards harm in older patients (age >80 
years). Also, there was a consistent pattern of an 
improved pulmonary condition in all patients, 
which translated into a shorter ICU and hospital 
length of stay. Furthermore, there was a significant 
reduction in postoperative infections and delirium. 
Finally, the incidence of PAOF was similar between 
groups. Of note, four years later, the same authors 
demonstrated in a retrospective study a higher 
incidence of late re-thoracotomy due to tamponades 
in the dexamethasone-group (19).

The SIRS trial (18) enrolled 7507 high risk 
patients with EuroSCORE ≥ 6 (European System 
for cardiac Operative Risk evaluation Score) (20) 
to receive either methylprednisolone, 250 mg 
at the induction of anesthesia plus 250 mg at the 
initiation of CPB, or placebo. They concluded that 
methylprednisolone in this high-risk group did not 
decrease the composite risk of death, myocardial 
injury, stroke, renal failure, and respiratory failure 
at 30 days. However, they noticed a significantly 
increased risk of myocardial injury in the steroid 
group. Patients with signs of myocardial injury had 
a significantly increased relative risk of death at 
30 days compared with those without myocardial 
injury. A posthoc analysis showed that this increase 
in myocardial injury was due to non-Q-wave 
infarctions. They stated that the DECS trial did not 
retain this significant side effect due to an absence of 
mandate measurement of biomarkers. Furthermore, 
no reduction in POAF was noticed (18). 

A recent meta-analysis (including the 
DECS and SIRS-trial) by Dvirnik and colleagues 
concluded that steroid administration had an 
unclear impact on mortality and increased the risk 
of myocardial injury. They also found a reduction 
in POAF. The latter was interpreted with caution 
since the two large trials found no difference. The 
infection risk and length of stay in ICU and hospital 
were significantly lower (21).

Nonetheless, in our opinion, a few funda-
mental differences need to be highlighted between 
the DECS- and the SIRS-trial. First, as already 
mentioned, the SIRS-trial included patients only 
with an EuroSCORE ≥ 6, which is a different 
population than those patients who would possibly 
benefit from the intervention (young patients 
with a robust inflammatory response) along with 
the DECS trial. Second, the SIRS-trial used 500 
mg of methylprednisolone instead of 1 mg kg-1 
dexamethasone in the DECS-group. Although 
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In 2013, Meybohm et al. added nuance in a 
meta-analysis that aprotinin might be associated 
with increased mortality in low- and intermediate-
risk cardiac interventions but not in high-risk cardiac 
surgery. Moreover, they suggested aprotinin might 
probably be beneficial in high-risk cardiac surgery 
as it reduces the risk of transfusion and bleeding 
complications (33). 

Minimally invasive extracorporeal circulation 
systems (MiECC)

Over the years, several technical adaptations 
have been introduced to ameliorate the outcome 
after CPB. Landis et al. published in 2014 an 
overview of available therapies and stated level 
A evidence for minimized extracorporeal circuits 
and biocompatible surface coating with divergent 
results (29).

In 2016, the Minimal invasive Extra-corporeal 
Technologies international Society (MiECTiS) 
published a position paper defining the principle 
“MiECC” (34). They defined MiECC as a “combined 
strategy of surgical approach, anesthesiologic and 
perfusion management which is not limited to the 
CPB circuit alone. The main components include 
a closed CPB circuit ; biologically inert blood 
contact surfaces ; reduced priming volume ; a cen-
trifugal pump ; a membrane oxygenator ; a heat 
exchanger ; a cardioplegia system ; a venous bubble 
trap/venous air removing device and a shed blood 
management system”. By integrating this system, 
they found significantly reduced blood loss, lower 
incidences of POAF and better preserved renal and 
cardiac function in comparison to normal heart-
lung machine (Class of recommendation I, level 
of evidence A). Furthermore, they found evidence 
of an attenuated inflammatory response and better 
preservation of neurocognitive function (class of 
recommendation II, level of evidence B). Last, 
they indicated a trend towards lower mortality and 
subclinical protective effects on end-organ function 
by improved microvascular organ perfusion (34).

The result concerning lower rates of POAF 
through using minimally invasive extracorporeal 
technology was further confirmed by Ranucci and 
colleagues (35). Besides, they noted a trend towards 
better lung function and less acute kidney injury 
and highlighted the multi-factorial nature of these 
complications renders it difficult to ameliorate 
outcomes with only one intervention. Nonetheless, 
along them, “the existing body of evidence is in 
favor of MiECC” (35).

surgery when administering 40 mg atorvastatin 
3 days preoperatively and continuing 5 days 
postoperatively (27).

Less evidence is available regarding all other 
clinical outcomes. The meta-analysis of Kuhn et 
al. concluded preoperative statins resulted in lower 
mortality rates and favorable findings concerning 
stroke, atrial fibrillation and length of hospital stay 
(23). Again, the majority of their available data 
were based on retrospective studies and comprised 
off-pump coronary surgery. The prospective RCTs 
of Pierri, Chee and Dehghani et al. were not able 
to retain a significant improvement of non-POAF-
related outcomes (24, 27, 28).

We would therefore recommend the advice 
of Landis et al in 2014 : “In patients receiving 
statins, it is advisable to continue statins because 
they appear to decrease perioperative morbidity and 
mortality. However, in patients who were not on 
statins before surgery, it is not clear if perioperative 
statin therapy offers any benefit” (29). Furthermore, 
large randomized trials would be preferable as there 
is currently no evidence of an optimal combination 
of statins and dosing schemes. 

Aprotinin

Aprotinin is a nonspecific serine protease 
inhibitor. It was first tested in the 1980’s as an anti-
inflammatory drug (30). However, the initial trials 
showed an important reduction in perioperative 
bleeding, which led to its widespread use in 
cardiac surgery. Nonetheless, it certainly possesses 
important anti-inflammatory mechanisms. As it 
inhibits kallikrein and plasmin, the contact and 
fibrinolytic system are attenuated. As a consequence, 
the expression of cytokines and CAMs are reduced. 
Furthermore, it also prevents proteolysis of the 
important thrombin receptor on platelets, thereby 
inhibiting platelet activation which indicates pro- 
and anti-thrombotic effects (30).

In 2006, Mangano and coworkers published 
an observational study which stated almost a 
doubling of the rates of cardiac, renal and cerebral 
complications using aprotinin instead of other 
lysine analogues (31). There were however some 
methodological concerns and senior commentators 
suggested awaiting the Canadian BART’s trial. This 
trial concluded “a possibility of modest reduction 
in the risk of massive bleeding”, but stated “the 
consistent negative mortality trend associated with 
aprotinin precludes its use in cardiac surgery” (32). 
However, no difference was made between low-, 
intermediate and high-risk interventions and cardiac 
revascularizations were the main type of surgery. 
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summary

The pathophysiology of SIRS after CPB is quite 
complex. It comprises an early and late phase. The 
“early” phase is induced by operative trauma and 
contact of blood with the CPB. The complement and 
contact system stimulate leukocytes, endothelium 
and platelets to produce cytokines and oxygen-
free radicals. This induces the transmigration of 
leukocytes in non-vascular tissues with resulting end-
organ inflammation. Furthermore, the hemostatic 
and fibrinolytic systems are overactivated with 
consumptive coagulopathy and microemboli. These 
early phase reactions attenuate as the duration of 
the CPB increases. A “late” inflammatory reaction 
starts after releasing the aortic clamp. It is caused by 
ischemia-reperfusion injury, endotoxemia, heparin/
protamine reactions, and the further release of 
cytokines and NO.

Major therapeutic hope was established on 
corticosteroids. Unfortunately, the two major trials 
(DECS and SIRS trial) were not able to show a 
positive impact of steroids in the general population. 
However, we do believe that dexamethasone is 
a potential benefit for young patients with a 
robust inflammatory capacity, which deserves 
further investigation. At that moment, a mandate 
measurement of cardiac biomarkers would also be 
advisable.

Regarding all other investigated therapies, 
minimal invasive extracorporeal circuit, aprotinin 
(specifically in high-risk surgery) and statins have 
shown potential benefits to clinical outcomes in 
various studies. Future studies should investigate 
the role of using a multimodal approach to diminish 
the inflammatory response and improve patients’ 
outcome after CPB.
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Abstract : Ever since it is first described, rapid 
sequence induction and intubation has been the 
induction technique of choice for patients at risk for 
pulmonary aspiration. It’s a well-known and well 
described technique in adult patients. However, in 
children, data regarding the use of ‘classic’ rapid 
sequence induction is scarce. When applying it 
in children, it could be potentially harmful. This 
narrative review summarizes current literature 
regarding the use of ‘classic’ rapid sequence 
induction in children, controversies in its use and 
potential benefits and adverse events. 

Keywords : Pediatric ; rapid sequence induction/intuba-
tion ; pulmonary aspiration, hypoxemia.

IntroductIon

Mendelson (1) first described the deleterious 
effects of pulmonary aspiration in 1946 and 
recognized the need for a safe anesthesia induction 
technique which could prevent these occurrences.

After adding the introduction of succinylcholine 
in 1951 and the use of cricoid pressure in 1961 (2), 
it was Stept and Safar in 1970 (3) who described a 
new technique, which they called ‘Rapid Sequence 
Induction and Intubation’, a fifteen-step method 
of induction and intubation, designed to secure 
the airway quickly while actively reducing the 
risk of aspiration. It consisted of preoxygenation, 
induction with a predetermined dose of thiopental 
followed by succinylcholine, application of cricoid 
pressure at loss of consciousness, avoidance of 
positive pressure ventilation, and finally tracheal 
intubation with a cuffed tube before removal of 
the cricoid pressure. Without questioning and only 
empiric recommendations available, this has been 
the technique of choice for induction of anesthesia 
in patients who are at risk of pulmonary aspiration.

Although clear guidelines on practice in 
adult patients exist, there seems to be a significant 
heterogeneity in its practical approach among 

anesthesiologists (4). The main reason for this 
heterogeneity is the increasing questioning of 
both the effectiveness and adverse events of this 
technique. When reviewing current literature, many 
concerns and potential disadvantages are brought to 
light.

The pediatric use of this practice, in particular, 
is heavily debated. The past three decades, airway 
management strategy in treating children has 
evolved. Initially, anesthesiologists even recom-
mended awake tracheal intubation in children 
at risk for pulmonary aspiration, although this 
technique has now become obsolete (5). Currently, 
the heterogeneity in practical approach in children 
is even greater as in adults, thus raising questions 
about the feasibility of using the same guidelines for 
adult and pediatric patients.

Methodology

A literature search was conducted in database 
of Pubmed, using the following keywords : “pedia-
tric”, “rapid sequence induction and intubation”, 
“emergency airway management”, “adverse events” 
and “risks”. Each abstract was screened and included 
or excluded by judgment on title and relevance to 
this review. Articles who weren’t written in English 
were excluded. The references for these studies 
were then searched for any relevant articles not 
previously identified in our primary search. This 
literature is hereby summarized, focusing on airway 
management (Fig. 1).
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Following these reviews, an inquiry into the 
usefulness of classic RSI in children was initiated, 
led by a large group of pediatric anesthesiologists. 
Stedeford et al. (8) conducted a survey in south-
west England in 2007, asking both pediatric and 
non-pediatric anesthetists their preferred technique 
in performing RSI in children. Their results showed 
that classic RSI was still performed by the majority 
of anesthetists. However, it was often modified 
for infants, especially by more recently trained 
consultants, by avoiding cricoid pressure and 
application of gentle intermittent mask ventilation.

In 2020, Klucka et al. (4) performed an online 
international survey in 56 countries to evaluate 
clinical practices of RSI, both in adult and pediatric 
patients. The survey was completed by 1921 
members of the European Society of Anesthesiology 
and showed a significant heterogeneity in perfor-
mance of RSI.

In the search for greater patient safety, common 
practice promotes a standard of care essential to 
optimize a patient’s outcome. In this case, outcome 
is not only measured by successfully placing an 
endotracheal tube, but also by minimizing compli-
cations associated with RSI.

Why, then, do we see such heterogeneity in the 
practice of RSI?

Controversies

Overall, pediatric rapid sequence induction 
is not a very common procedure, which makes 
it a difficult subject to gather data for, and most 
data we currently have available is derived from 
retrospective studies. Such studies have several 
specific limitations, such as selection and reporting 
bias, in particular if data is retrospectively derived 
from charts. When reported via chart review, 
adverse events often seem to be underestimated in 
comparison with reports from video review (9, 10).

To form a comprehensive idea of the incidence 
of common complications during performance of 
classic RSI in children, Litman et al. (11) performed 
a retrospective cohort analysis of children who 
underwent a rapid sequence induction. The study 
focused on 1070 children aged between 3-12 years, 
who underwent RSI in a classical manner, with 
the avoidance of ventilation during apneic period, 
application of cricoid pressure and endotracheal 
intubation performed within one minute after 
induction. Most common complications were 
hypoxemia, bradycardia, hypotension and difficult 
intubation. Transient desaturation occurred in 3,6 % 
of these children, of whom 1,7 % experienced 

results

Who, what, where and how?

Rapid sequence induction and intubation is 
well-described in literature for adult patients, and is 
a standard procedure in patients who are at risk for 
pulmonary aspiration of gastric content. In children, 
however, by our knowledge, clear guidelines do 
not exist on how to perform safe, rapid sequence 
induction and intubation. The advice which 
exists now is extrapolated from adult guidelines. 
‘Classic’ RSI (rapid sequence induction) consists of 
several consecutive steps, such as preoxygenation, 
application of cricoid pressure, induction with a 
predetermined dose of anesthetic followed by a 
neuromuscular blocking agent, and avoidance of 
mask ventilation during the apneic period.

In 2004, a literature review was performed 
regarding recommendations on pediatric RSI (6), 
which brought emphasis to protecting the patient’s 
airway from gastric content aspiration by refraining 
from manually ventilating the patient and by 
applying cricoid pressure throughout the intubation 
procedure.

One year later, Zelicof-Paul et al. (7) proposed 
a potential protocol for pediatric RSI, serving to 
summarize existing data. This summary included 
the use of cricoid pressure and the practical goal of 
placement of an endotracheal tube 60 seconds after 
administration of a neuromuscular blocking agent, 
without manually ventilating the patient during the 
period of apnea.

Fig. 1. — Prisma flow diagram. From : Moher D, et al. 
2009. Preferred Reporting Items for Systematic Reviews 
and MetaAnalyses: The PRISMA Statement. PLoS Med 6: 
e1000097.
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capacity. This is why, when compared to adults, 
children will have a reduced tolerance to apnea and 
will quickly desaturate.

Age seems to play a role in how quickly 
children desaturate. Younger children desaturate 
faster than older children (15, 16). In the youngest 
age group, the time to desaturate may even be as 
short as the time required to intubate. Desaturation 
during laryngoscopy in infants is not uncommon.

Cricoid pressure

Cricoid pressure is the application of external 
pressure to the cricoid cartilage during induction 
of anesthesia. The rationale being that the upper 
esophagus is occluded by compression between 
the trachea and the cervical vertebrae. The cricoid 
cartilage has a narrow portion at the anterior and 
the upper esophageal sphincter and cricopharyngeal 
muscle at the posterior site. Cricoid pressure is 
designed to occlude the upper esophageal lumen 
and augment the normal sphincter, preventing pas-
sive reflux of gastric contents.

In 1961, Sellick introduced cricoid pressure 
“to control regurgitation of gastric or esophageal 
contents until intubation with a cuffed endotracheal 
tube was completed” (2). Sellick’s maneuver rapidly 
became an indispensable component of the RSI.

Cricoid pressure, or the Sellick maneuver, 
originally was described in adults. Earliest results 
in children go back to 1972, when Salem et al. 
performed studies on infant cadavers (17). It was 
found that “firm” cricoid pressure was effective in 
occluding the esophagus and preventing reflux of 
saline from esophagus to the pharynx. Even in 1993, 
Moynihan et al. (18) concluded that appropriate 
application of cricoid pressure prevents gastric 
insufflation in infants and children. The correct 
technique for the Sellick maneuver is the application 
of a 10 N pressure on the cricoid cartilage before 
induction of anesthesia and further increase of the 
pressure to 30 N after the induction.

However, over the past few years, both the 
benefits and the manners of performing this 
maneuver are being questioned. Despite wide 
acceptance, there is limited evidence to support 
the effectiveness of its use. Recent editorials are 
questioning the lack of evidence and the increase in 
airway complications as a result of its use (19).

What can we do differently?

Gentle mask ventilation

The practice of routinely avoiding bag and mask 
ventilation during RSI is based on the hypothesis 

severe hypoxemia (SpO2 < 80 %). It was found 
that children weighing less than 20 kg had an 
increased risk of experiencing severe hypoxemia. 
Unfortunately, the study did not include children 
< 3 years of age, although this age is known to be at 
particular risk for the development of complications 
related to RSI. This study demonstrated that a 
classic RSI technique is not a reliable approach to 
minimize the incidence of complications associated 
with the induction of anesthesia in children with a 
full stomach.

These findings correspond to the incidence 
of complications during anesthetic management of 
children with post-tonsillectomy hemorrhage (12). 
Children needing surgical reintervention due to 
post-operative hemorrhage are at risk for pulmonary 
aspiration of gastric contents, for which they 
underwent a classic rapid sequence induction. Here, 
the most common adverse events were hypoxemia, 
bradycardia, and hypotension, as well as difficult 
intubation.

Aspiration

Pulmonary aspiration during induction of 
general anesthesia may occur through active 
regurgitation of gastric contents into the upper 
airway. These are active processes mostly elicited by 
laryngoscopy under light anesthesia and incomplete 
muscle paralysis.

Clinical data in children suggest that regurgi-
tation or aspiration occurs almost exclusively 
when depth of anesthesia and muscle relaxation 
are incomplete (13). In this study, nearly all cases 
of pulmonary aspiration occurred in patients who 
gagged or coughed during airway manipulation or 
during induction of anesthesia in which paralysis 
with muscle relaxants was either not present or was 
insufficient to prevent a gag or cough. Some studies 
even show pulmonary aspiration to be a rather rare 
event in children (14).  

Is the use, then, of RSI in children even needed?

Apnea and time to desaturate

In an apneic patient, the time for oxygen 
desaturation depends on the adequacy of preoxy-
genation, functional residual capacity of the lungs, 
and oxygen consumption of the body. Children have 
a reduced functional residual capacity and thus have 
both a reduced oxygen reserve and a high oxygen 
demand, so that they will deplete their oxygen 
stores more quickly. Besides these factors, they 
are less likely to cooperate during preoxygenation. 
They experience increased small airway closure 
secondary to a high closing capacity to functional 
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was reported (21). Furthermore, there was no 
incidence of pulmonary aspiration during induction, 
laryngoscopy, and throughout the further course of 
anesthesia. Results indicate that intermittent gentle 
mask ventilation prior to endotracheal intubation 
support stable cardiorespiratory conditions for 
securing the airway in children with an expected or 
suspected full stomach.

Hypertrophic pyloric stenosis is one of the most 
common surgical conditions affecting neonates and 
young infants. It causes gastric outlet obstruction 
and gastric fluid retention which increases the risk 
of aspiration during the induction of anesthesia. 
In 2019, in infants presenting for pyloromyotomy, 
anesthetic induction with controlled RSI was 
associated with significantly less hypoxemia without 
an observed increase in aspiration events (22). The 
classic RSI cohort had over 70 % more hypoxemic 
events relative to the controlled RSI. In neonates, 
controlled RSI led to an even greater absolute 
risk reduction of hypoxemia. Results suggest that 
neonates may gain an even greater benefit from 
controlled RSI.

In 2020, a retrospective audit in children 
with post-tonsillectomy bleeding (23) showed less 
incidence of hypoxemia and difficult laryngoscopy 
without increasing occurrence of respiratory 
complications when gentle bag-mask ventilation 
was used between induction and tracheal intubation.

Abandoning cricoid pressure

Do we know where to press? Correct identi-
fication of the cricoid cartilage in young children 
is difficult using landmarks only (24). Incorrect 
application of cricoid pressure could even be more 
harmful by hindering laryngoscopy, causing airway 
obstruction and difficulties with airway mana-
gement.

Could it interfere with airway management? 
Cricoid pressure may cause distortion of the upper 
airway, making airway management unnecessarily 
more difficult. It may interfere with visualization of 
the larynx or mask ventilation. In adults, it causes 
an increase in difficult intubation rate. Because of 
anatomical reasons, this might even occur more in 
children.

Indeed, when applied with forces well below 
the recommended 30 Newton, cricoid pressure 
will cause significant compression and distortion 
of the airway in a child (25). There seems to be a 
higher incidence of difficult airways and a longer 
intubation time. The trachea of infants and young 
children are more easily compressed compared with 
those of adults.

that its use would result in gastric insufflation and 
increase the risk of regurgitation and subsequent 
aspiration. Avoidance of bag and mask ventilation 
does hasten the onset and severity of hypoxemia 
during RSI.

Overall, during RSI, prevention of pulmonary 
gastric aspiration has always been more important 
than protection from hypoxemia. However, due to 
the aforementioned reasons, the majority of children 
will desaturate much faster than adults in the 
absence of ventilation and oxygenation. In clinical 
reality, classic RSI will often induce iatrogenic 
hypoxia, bradycardia, hypotension and subsequent 
high stress levels in anesthesia providers (20). High 
stress levels are likely to trigger unsafe actions. 
Subsequently hastily performed laryngoscopy can 
induce coughing and straining, which impedes 
laryngoscopy and induces regurgitation and aspi-
ration.

Considering that hypoxia during induction is 
a major cause of cardiac arrest and weighing this 
risk against the risk of pulmonary gastric aspiration, 
the ‘controlled RSI’ technique with intermittent 
gentle mask ventilation has become increasingly 
recommended by many authors.

Gentle mask ventilation is ventilation with 
a limited inspiratory pressure ( < 12-15 cmH2O), 
which can lead to effective ventilation and 
oxygenation, without insufflating the stomach. The 
inclusion of such pressure limited ventilation in the 
RSI algorithm is described as ‘controlled RSI’ or 
‘modified RSI’.

In the light of adding gentle mask ventilation to 
the algorithm, an infant simulator-based evaluation 
of this modified algorithm was set up in 2009 (20). 
The sequence was modified : preoxygenation, rapid 
induction of adequate hypnosis and profound muscle 
paralysis, gentle mask ventilation with a maximum 
airway pressure of 12 cmH2O, laryngoscopy, and 
finally intubating when deep anesthesia and full 
muscular blockade are present. Results showed 
that use of this modified sequence caused a 
lower incidence of unsafe actions such as hasty 
laryngoscopy, or forced mask ventilation with high 
airway pressures or esophageal or endobronchial 
intubation, as compared to classic RSI. It also 
reduced providers’ stress levels. The modified 
sequence was aimed to prevent hypoxemia and to 
reduce timing-related pressure.

Subsequently, an analysis was made on the 
incidence of respiratory and consecutive hemo-
dynamic complications when this modified RSI was 
used. Compared to an earlier study on classic RSI in 
children, a lower incidence of oxygen desaturation 

15-Dionys.indd   11615-Dionys.indd   116 12/01/2021   12:1912/01/2021   12:19



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 rapId sequence InductIon and IntubatIon In chIldren revIsIted 117

In 2019, Gaget et al. (32) performed a pro-
spective observational trial to assess its usefulness 
in infants with pyloric stenosis, scheduled for 
pyloromyotomy. Their results suggested that quali-
tative ultrasound assessment may be a simple 
tool for the choice of most appropriate anesthetic 
induction technique in these cases.

dIscussIon and conclusIon

Rapid sequence induction is a procedure that 
often leads to high stress levels (20), especially 
when performed in pediatric patients. In general, 
higher stress levels lead to unsafe actions and more 
complications. Clinical guidelines could help to 
reduce this stress and increase patient safety.

Although there are clear guidelines on how to 
perform a rapid sequence induction in adult patients, 
there appears to be a significant heterogeneity in its 
practical use among anesthesiologists. The main 
reason for this heterogeneity seems to be the rising 
questions of this technique regarding benefits, 
practical approaches and possible adverse events.

When it comes to performing RSI in pediatric 
patients, scarce data exist in literature. Most advice 
about pediatric RSI is extrapolated from guidelines 
for adult RSI.

Historically, preventing pulmonary aspiration 
during induction has been emphasized. Key 
elements in this prevention have always been the 
use of cricoid pressure and refraining from mask 
ventilation.

Over the last few years, controversies are 
starting to put the use of classic RSI in pediatric 
patients into question. Children, especially of 
younger ages, have a higher risk of experiencing 
hypoxemia and subsequent hemodynamic compli-
cations during classic RSI. When comparing the 
incidence of hypoxemia with the incidence of 
pulmonary aspiration, the risk of hypoxemia seems 
to weigh through. 

When it comes to the use of cricoid pressure, 
there are conflicting results in literature. In general, 
most papers are pointing towards cricoid pressure 
not being efficient in children. Besides not being 
efficient, it can also cause distortion of the airway 
and make airway management unnecessary difficult.

When suggesting guidelines for pediatric 
RSI, we should keep in mind that priorities are 
different relative to adult patients. We cannot copy 
adult guidelines to pediatric use without relevant 
adjustments. Children are more likely to experience 
hypoxemia and subsequent hemodynamic compli-
cations in an apneic period. In literature, pulmonary 

Does the practice achieve its desired effects? 
Theoretically, cricoid pressure during RSI could 
prevent regurgitation of gastric contents by 
occluding the esophagus with the posterior cricoid 
cartilage ring. So, the effectiveness of this maneuver 
may be limited if it interferes with the position of 
the esophagus behind this cartilage ring. In 2010, 
a study was performed on the rate and degree of 
esophageal displacement from the airway at the level 
of the cricoid cartilage (26). Lateral displacement 
of the esophagus occurred at a significantly greater 
rate (45 %) in children younger than 8 years of age 
, compared with children aged 8-17 years (15 %), 
which may result in ineffective cricoid pressure.

Little data exists about the effectiveness of this 
practice in children. In adults, there does not seem 
to be evidence to either support or discourage the 
use of RSI (27). One large pediatric observational 
study from 2018 showed that use of cricoid pressure 
during induction was not associated with a lower 
occurrence of regurgitation (28).

Apneic oxygenation

Apneic oxygenation is the application of high-
flow oxygen during the apneic period. During apnea, 
reduced barometric pressure in the alveoli creates 
a pressure gradient and subsequent increased gas 
flow between upper and lower airways. By applying 
oxygen during the apneic period, the oxygen content 
in the lower airways is increased.

In recent years, apneic oxygenation or appli-
cation of high-flow nasal oxygen cannulae (HFNC) 
during the apneic period, is being tested as a 
possible measure to reduce hypoxemia during RSII 
and prolong the time available for laryngoscopy and 
tracheal intubation. Until now, studies performed in 
adult patients are promising.

When used during RSI in critically ill children, 
apneic oxygenation seems to be well-tolerated 
without causing adverse events (29). However, 
results of benefit seem to be conflicting. In 2015, 
it was not associated with a decrease in incidence, 
duration or depth of desaturation (30), but in 2019 
it did seem to reduce the incidence of hypoxemia 
(31).

Gastric ultrasound

Theoretically, preoperative ultrasound assess-
ment of the gastric contents could be a useful point-
of-care tool to guide choice of anesthetic induction 
technique. By measuring the volume of the gastric 
content, the risk of pulmonary aspiration can be 
estimated and this can guide in choosing the method 
of anesthesia induction.
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aspiration almost exclusively occurs when depth of 
anesthesia and muscle relaxation are inadequate. 
Hence, prevention of hypoxemia and the provision 
of optimal intubation conditions is the essential 
characteristic for a safer RSI technique.

On the other hand, when emphasizing the 
need to maintain oxygenation during induction, we 
must not forget to prevent pulmonary aspiration. 
Is it sufficient to provide effective anesthesia and 
complete muscle paralysis to avoid aspiration of 
gastric contents? An absence of evidence of RSI 
decreasing the risk of aspiration does not mean it 
could not be effective.

We suggest adding the use of gentle mask 
ventilation to the sequence of rapid sequence 
induction in children, especially in the youngest 
ones. After all, in 1961, Sellick (2) stated that 
“during cricoid pressure, the lungs may be ventilated 
by intermittent positive pressure ventilation without 
risk of gastric distension”.

There is a relationship between the maximum 
airway pressure used during mask ventilation and 
the amount of air insufflated in the stomach. When 
mask ventilation is considered easy, lower airway 
pressures are used (< 15 cm H2O) and these rarely 
cause stomach inflation. Applying cricoid pressure 
is likely to increase the maximum airway pressure 
by compressing the airway and these patients 
tend to have more air in the stomach than patients 
considered easy to ventilate, therefore we can 
use gentle ventilation in associated with cricoid 
pressure. If ventilation proves to be difficult after 
the application of cricoid pressure, it should be 
released to avoid increasing airway pressures.

In addition, we suggest adding preoperative 
gastric ultrasound to assess the amount of volume 
in the stomach to assess the risk of aspiration. By 
doing this preoperatively, we can refrain from rapid 
sequence induction in children who are not at risk 
for gastric regurgitation and aspiration.

In summary, there is still lack of consensus 
and limited evidence on potential benefits and 
harms regarding use of classic RSI in children. 
Currently, there are more papers with evidence 
pointing towards the ineffectiveness of classic RSI 
in children.

More prospective studies need to be done to 
gain clearer results, which would present ethical 
difficulties.

Acknowledgments

The author wishes to thank Thomas Vanden-
driessche, Kristel Paque and Krizia Tuand, the 

15-Dionys.indd   11815-Dionys.indd   118 12/01/2021   12:1912/01/2021   12:19



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 rapId sequence InductIon and IntubatIon In chIldren revIsIted 119

Esophagus and Its Potential Influence on the Effectiveness 
of Sellick Maneuver in Children. 26(10): 722-725.

27. Neilipovitz D. and Crosby E. 2007. No Evidence for 
Decreased Incidence of Aspiration After Rapid Sequence 
Induction. Can J Anaesth. 54(9): 748-764.

28. Kojima T., Harwayne-Gidansky I., Shenoi A., Owen E., 
Napolitano N., Rehder K. and Adu-Darko M. et al. 2018. 
Cricoid Pressure During Induction for Tracheal Intubation 
in Critically Ill Children: A Report From National 
Emergency Airway Registry for Children. Pediatr Crit Care 
Med. 19(6): 528-537.

29. Mortimer T., Burzynski J., Kesselman M., Vallance J. 
and Hansen G. 2016. Apneic Oxygenation during Rapid 
Sequence Intubation in Critically Ill Children. J Pediatr 
Intensive Care. 5: 28-31.

30. Overmann K., Boyd S., Zhang Y. and Kerrey B. 2019. 
Apneic Oxygenation to Prevent Oxyhemoglobin Desatu-
ration During Rapid Sequence Intubation in a Pediatric 
Emergency Department. Am J Emerg Med.  37(8): 1416-
1421.

31. Vukovic A., Hanson H., Murphy S., Mercurio D., Sheedy 
C. and Arnold D. 2019. Apneic Oxygenation Reduces 
Hypoxemia During Endotracheal Intubation in the Pediatric 
Emergency Department. Am J Emerg Med. 37(1): 27-32.

32. Gagey A., de Queiroz Siqueira M., Desgranges F., Combet 
S., Naulin C., Chassard D., and Bouvet L. 2016. Ultrasound 
Assessment of the Gastric Contents for the Guidance of the 
Anaesthetic Strategy in Infants With Hypertrophic Pyloric 
Stenosis: A Prospective Cohort Study. Br J Anaesth. 116(5): 
649-654.

.

18. Moynihan R., Brock-Utne J., Archer J., Held L. and 
Kreitzman T. 1993. The Effect of Cricoid Pressure on 
Preventing Gastric Insufflation in Infants and Children. 
Anesthesiology. 78(4): 652-656.

19. Brock-Utne J. 2002. Is Cricoid Pressure Necessary? 
Paediatr Anaesth. 12(1): 1-4.

20. Eich C., Timmermann A., Russo S., Cremer S., Nickut A., 
Strack M. and Weiss M. et al. 2009. A Controlled Rapid-
Sequence Induction Technique for Infants May Reduce 
Unsafe Actions and Stress. Acta Anaesthesiol Scand. 53(9): 
1167-1172.

21. Neuhaus D., Schmitz A., Gerber A. and Weiss M. 2013. 
Controlled Rapid Sequence Induction and Intubation - An 
Analysis of 1001 Children. Paediatr Anaesth. 23(8): 734-
740.

22. Park R., Rattana-Arpa S., Peyton J., Huang J., Kordun A., 
Cravero J. and Zurakowski D. 2019. Risk of Hypoxemia 
by Induction Technique Among Infants and Neonates 
Undergoing Pyloromyotomy. Anesth Analg. [Epub ahead 
of print].

23. Kemper M., Buehler P., Schmitz A., Gysin C., Nicolai T. 
and Weiss M. 2020. Classical versus Controlled Rapid 
Sequence Induction and Intubation in Children with 
Bleeding Tonsils (a retrospective audit). Acta Anaesthesiol 
Scand. 64:41-47.

24. Allen L., Engelhardt T. and Lendrum R. 2014. Do Not 
Know Where to Press? Cricoid Pressure in the Very Young. 
Eur J Anaesthesiol. 31(6): 333-334. 

25. Effect of Cricoid Force on Airway Calibre in Children: A 
Bronchoscopic Assessment. Br J Anaesth. 104(1): 71-74. 

26. Dotson K., Kiger J., Carpenter C., Lewis M., Hill J., Raney 
L. and Losek J. 2010. Alignment of Cricoid Cartilage and 

15-Dionys.indd   11915-Dionys.indd   119 12/01/2021   12:1912/01/2021   12:19





© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

Abstract :  Objective : This study tested the hypothesis 
that the 24-h postoperative morphine consumption is 
significantly lower in patients undergoing posterior 
lumbar inter-body (PLIF) surgery with lumbar erector 
spinae plane blocks (ESPB) compared to sham blocks.
Background : Spine surgery is associated with consi-
derable postoperative pain, which can be challenging to 
treat. Locoregional techniques suitable for spine surgery 
should cover the dorsal root of the spinal nerves at 
the levels where surgery is performed. The ESPB is a 
locoregional technique with promising results and was 
recently described at the thoracic level.
Methods :  This prospective randomized double-blind 
multicenter study with preliminary results randomly 
allocated 20 of the 80 planned adult patients (according 
to our power analysis), who underwent elective 1 or 
2-level PLIF surgery during general anesthesia to 
one of two groups as follows : bilateral ESPB (20 mL 
0.25% levobupivacaine) or bilateral sham block (20 mL 
NaCl 0.9%). Primary endpoint was 24-h postoperative 
morphine consumption. Secondary endpoints included 
72-h morphine consumption, intraoperative sufentanil 
dosage, postoperative pain scores at regular time 
intervals, time to first postoperative mobilisation and the 
Quality of Recovery-40 survey score. 
Results : A bilateral ESPB did not decrease morphine 
consumption in the first 24 hours postoperative [ESPB 
group : 23.9 (15) mg vs Sham group : 20.8 (17.1) mg, 
p = 0.73]. Likewise, groups did not differ significantly 
in morphine consumption at 72 hours postoperative, 
intraoperative sufentanil dosage, postoperative pain 
scores at regular time intervals, time to first mobilisation 
and Quality of Recovery-40 survey scores at day one and 
three postoperative.
Discussion and Conclusion : A bilateral ESPB did not 
prove to be superior to bilateral sham blocks in PLIF 
surgery regarding reducing morphine requirements, 
pain scores, PONV and earlier mobilisation in this small 
preliminary study. More research with larger study 
populations is necessary to be able to draw definitive 
conclusions on this subject. 

Keywords : Pain, postoperative ; analgesia ; lumbosa-
cral region ; surgery ; morphine.

IntroductIon

Posterior spine surgery ranks among the most 
painful surgical procedures and can be challenging 
to treat (1, 2). Musculoskeletal pain in posterior 
spine surgery arises from iatrogenic mechanical 
damage, intraoperative retraction and partial devas-
cularisation and denervation to structures such as 
bone, ligament, muscles, intervertebral disks and 
zygopophyseal joints. In addition, neuropathic pain 
arises from compression and damage to nerve roots 
exiting the spinal canal and sometimes damage to 
the spinal cord itself (3, 4). The intensity of pain 
is directly proportional to the number of vertebrae 
involved in the surgery (1). Peripheral as well 
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sumption postoperatively compared to a sham block 
with 20 ml of NaCl 0.9% after posterior lumbar 
interbody fusion surgery.  Secondary objectives 
include the effect of the ESPB on numeric rating 
scale (NRS) pain scores in rest at different fixed 
time intervals, time to first mobilization in chair 
(in hours), time to first walk 20 meters (in hours), 
total morphine dose requirement during first 72 
postoperative hours (in milligrams) and the Quality 
of Recovery 40 score (QoR-40) at day 1 and day 3 
after surgery. 

methods

This was an investigator-initiated prospective 
randomized double-blind multicentre pilot trial. 
The study was performed in accordance with 
the Declaration of Helsinki (Fortaleza, Brazil ; 
October 2013) and Good Clinical Practice (GCP) 
guidelines. The study has been approved by the 
ethics committee on 24/09/2018 at Antwerp Uni- 
versity Hospital, Wilrijk, Belgium, and AZ Klina 
Hospital, Brasschaat, Belgium (reference : 
B300201837508). The chairperson of the ethics 
committee was professor doctor Patrick Cras. The 
trial was prospectively registered at at https://www.
clinicaltrials.gov (reference : NCT03825198) and 
was monitored by the clinical trial center of the 
Antwerp University Hospital.

Patients scheduled for elective 1 or 2 level 
posterior lumbar inter-body fusion surgery in AZ 
Klina Hospital and Antwerp University Hospital 
were asked for written informed consent by a member 
of the Anesthesiology department. Recruitment 
occured during the preoperative consultation ; it 
opened on July 9, 2019 ; and was paused on January 
31, 2020. Inclusion criteria were as follows : (1) 
American Society of Anesthesiologists (ASA) 
physical status of 1-3, (2) age of 18-75 years, and 
(3) normal liver and renal function. Exclusion 
criteria were as follows : (1) body mass index 
(BMI) of less than 18 or BMI of more than 35 ; 
(2) allergy to one or more medications used in the 
study, including epinephrine, levobupivacaine, 
dexamethasone, propofol, sufentanil, rocuronium, 
ketorolac, morphine, ketamine, dehydrobenzperidol, 
ondansetron, and alizapride ; (3) chronic strong 
opioid use (>3 administrations per week) ; (4) con-
traindications to a regional anesthetic technique ; 
and (5) patient refusal or no informed consent or 
both.

Patients were assigned consecutive numbers 
upon inclusion in the study. These numbers were 
randomly allocated (1:1) to the ESPB or the sham 

as central sensitization further contributes to the 
development of increased pain (5). 

In spine surgery, postoperative pain can often 
be severe and difficult to treat, requiring high doses 
of narcotics, certainly if an unimodal approach is 
used to achieve pain control (1, 2). Many caregivers 
are reluctant to prescribe liberal doses of opioids to 
achieve adequate analgesia as this may be associated 
with side effects such as respiratory depression, 
sedation, and nausea. Many techniques (e.g., 
epidural catheters, spinal and epidural morphine, 
or local infiltration) have been combined in order 
to decrease opioid consumption after spinal surgery 
(5, 6). These neuraxial techniques have side effects 
and are not routinely used. Local anesthetic wound 
infiltration is often performed, unfortunately with 
short-lived effect (7). 

The sensation of back pain can be divided 
in segmental type of pain via nociceptors and non 
segmental type of pain sensation trough sympathic 
and parasympathic innervation. Both types of 
innervation pass through the dorsal ramus nerve to 
reach the spinal cord via spinal nerves. A blockade 
of the dorsal ramus nerve theoretically has an effect 
on both segmental and non-segmental type of 
innervation (8, 9). For this reason, the dorsal ramus 
nerve block has been proposed as a technique for 
acute postoperative and chronic back pain control 
(10, 11). In a recent series of case reports, a bilateral 
block of the lumbar dorsal ramus nerve showed 
improved pain scores and reduced morphine 
consumption after spine surgery (12). The erector 
spinae plane block (ESPB) is a relatively new 
truncal interfascial plane block originally described 
by Forero et al. at the thoracic level for chronic pain. 
It involves the deposition of local anesthetics in a 
plane between the erector spinae muscle and the 
transverse process resulting in considerable spread 
in cranio-caudal and medial-lateral directions 
(13). Cadaveric studies have confirmed consistent 
staining of the dorsal rami with variable effect on 
the ventral rami (14-16). To our knowledge only 
two small randomized controlled trials concerning a 
lumbar erector spinae plane block in posterior spine 
surgery have been published just after the start of 
this trial reporting effective analgesia by blocking 
the dorsal rami of spinal nerves as they run trough 
the interfascial plane where the local anesthetics are 
deposited (17, 18).

In this multi-center prospective randomized 
double blind placebo controlled clinical trial with 
preliminary results we wanted to investigate if 
bilateral ESPB with 20 ml levobupivacaine 0.25% 
can provide a reduction in 24-hour morphine con-
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1 g IV around the clock and by patient-controlled 
intravenous analgesia (PCIA) with morphine at a 
concentration of 1 mg/mL and dehydrobenzperidol 
0.05 mg/mL. The PCIA pump was programmed as 
follows : no continuous infusion, a bolus dose of 
1.5-mg morphine, a lockout interval of 8 min, and 
an hourly limit of 7.5 mg. If pain management on 
the PACU was inadequate, defined as a numeric 
rating scale (NRS) pain score of more than 3 (0 = 
no pain to 10 = worst imaginable pain]), additional 
boluses of 1-mg morphine IV were administered 
by the PACU nurses with a total additional dose 
of morphine limited to 0.15 mg/kg. If pain mana-
gement with morphine remained inadequate, an IV 
ketamine (Ketalar, Pfizer, New York, NY, USA) 
bolus (0.2 mg/kg) was administered.

The primary endpoint was the morphine 
consumption during the first 24 h postoperatively 
in milligrams and was determined from the PCIA 
pump. As secondary endpoint, the total morphine 
consumption in milligrams, during the first 72 
postoperative hours, were extracted out of the PCIA 
pump. Pain scores at rest were assessed with the 
NRS score (0 = no pain, 10 = worst imaginable pain) 
and tested at regular time intervals : at the time of 
inclusion, in the PACU (T0 = arrival in PACU, T0 + 
15 min, T0 + 30 min), and on the ward (twice daily : 
morning and evening until postoperative day 3). 
Time to first mobilization to a chair (in hours since 
T0) and time to first walk of 20 m (in hours since 
T0) were noted in the patients’ study diary. The 
QoR-40 scores were calculated from the responses 
to a standard questionnaire at postoperative days 1 
and 3. The QoR-40 is a widely used and extensively 
validated measure of quality of recovery. It is a 
40-item questionnaire on quality of recovery from 
anesthesia that has been shown to measure health 
status after surgery (19, 20). Other endpoints include 
the intraoperative sufentanil dose (in microgram), 
need for rescue analgesia, postoperative nausea and 
vomiting score according to hospital protocol, need 
for rescue postoperative anti-emetics, time to first 
meal and possibility to defecate within 72 hours 
postoperatively. 

SPSS software version 26 (SPSS, Chicago, 
IL, USA) was used for statistical analysis. The 
distribution of variables was evaluated for normality 
using the Shapiro-Wilk test of normality. Continues 
variables were reported using mean ± standard 
deviation, categorical variables were reported as 
counts or percentages. Continuous variables were 
analysed using Independent samples t test if they 
were normally distributed or by Mann-Whitney 
U test if otherwise. Categorical variables were 

block group by using a web-based randomization 
system, QMinim. QMinim uses stratified rando-
mization, and stratification was carried out according 
to site, gender, and levels of surgery. Online 
randomization was carried out by an independent 
anesthesiologist who also prepared the medication.

The ESPB study medication was 20 mL of 
levobupivacaine 0.25% (Chirocaine, AbbVie, Lake 
Bluff, IL, USA). The sham block group received 
20 mL of NaCl 0.9% (B. Braun, Melsungen, 
Germany). All investigators, staff, and patients were 
blinded to the treatment groups. Both solutions and 
syringes appeared identical. 

All patients received bilateral ESPB. These 
blocks were placed preoperatively in a separate 
block room with ultrasound after obtaining 
intravenous (IV) access and application of standard 
ASA monitoring. The blocks were executed as 
described by Forero et al. (13) and modified for 
the lumbar level. The patient was placed in the 
lateral or sitting position. A curved array probe or 
a high-frequency linear probe, depending on the 
body mass index (BMI) of the patient, was placed 
in longitudinal alignment, 2-3 cm lateral to the 
vertebral column. The transverse processes of the 
vertebrae at the level of surgery, the erector spinae 
muscle, and the psoas muscle were identified. In 
case of two-level surgery, the transverse process of 
the upper level was considered as the target. A 5- 
or 8-cm 22-gauge ultrasound needle was inserted 
with an in-plane technique in a cephalad-to-caudal 
direction until bone contact with the top of the 
transverse process was made. After slight retraction 
of the needle, 20 mL of the study medication was 
injected behind the erector spinae muscle. The same 
procedure was repeated on the contralateral side.

General anesthesia – propofol 2-3 mg/kg, sufen- 
tanil 15 μg, and rocuronium 0.5 mg/kg – was then 
induced in a standardized way. After tracheal intu-
bation, anesthesia was maintained with sevoflurane 
and intraoperative analgesia provided with sufentanil 
increments at the discretion of the attending anes-
thesiologist. At the end of surgery, patients received 
acetaminophen 1 g IV, ketorolac 0.5 mg/kg IV 
(maximum of 30 mg), and a morphine loading 
dose (0.1 mg/kg) IV to manage postoperative pain. 
Patients were extubated in the operating theatre and 
admitted to the Post-Anesthesia Care Unit (PACU). 
All patients received dexamethasone 5 mg IV as 
postoperative nausea and vomiting prophylaxis, 
supplemented, if necessary, by ondansetron 4 mg IV 
and further with alizapride 50 mg IV as rescue.

Postoperative pain in the PACU and on the ward 
was treated with regular doses of acetaminophen 
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of surgery differed significantly between both 
groups (p <0.05) with patients in the ESPB group 
undergoing more extensive surgery. (Table 1).

No significant difference in mean cumulative 
morphine consumption during the first 24 hours was 
found between patients in the ESPB group versus 
patients in the sham block group (23.9 ± 15.0 mg 
vs 20.8 ± 17.1 mg, p = 0.73). Likewise, groups did 
not differ significantly in morphine consumption at 
72 hours postoperative, postoperative pain scores at 
regular time intervals, time to first mobilization, time 

analysed using the Chi-square test or Fisher’s exact 
test. A two sided p value < 0.05 was considered 
significant.

Our sample size calculation was based on data 
from a randomized controlled trial comparing the 
effect of systemic infused lidocaine with placebo on 
the 24-h morphine requirement in posterior lumbar 
arthrodesis by Dewinter et al (21). Since prior to 
the start of this study no information regarding 
the effect of bilateral lumbar ESPB on morphine 
consumption with posterior spine surgery was 
known, we considered a 25% reduction in PCIA 
morphine consumption to be clinically relevant. To 
calculate the sample size, we assumed a mean of 
51-mg morphine with standard deviation of 19 mg 
(he mean morphine consumption for the placebo 
group of the above-mentioned trial (21)), a type 1 
failure risk of 5%, and a type 2 failure risk of 20%. 
Thirty-five patients were required in each group to 
detect a 25% reduction in morphine equivalent over 
24 h. The sample size calculation was based on an 
independent samples t test. We planned to include 
80 patients in total to compensate for potential 
dropouts and uncertainty in predicting the actual 
standard deviation. However, an interim analysis 
after 20 patients was performed because the study 
was paused on the January 31, 2020 owing to the 
COVID-19 pandemic. 

results

Between July 9, 2019 and the January 
31, 2020 Fifty-four consecutive patients were 
assessed for eligibility. After the January 31, 2020 
the study was paused because of the COVID-19 
pandemic. Thirty-four patients were excluded 
before randomization as they did not meet inclusion 
criteria (n = 21), declined to participate (n = 2) or 
for logistical reasons (n = 11). Eligible patients for 
this study are shown in a Consolidated Standards of 
Reporting Trials (CONSORT) flow chart (Fig. 1). 
Twenty subjects were randomly allocated using the 
Qminim software system to one of the study groups. 
Study intervention was discontinued in two subjects 
during follow-up. One subject withdrew informed 
consent just after randomization. The other 
patient suffered from a spontaneous intracerebral 
bleeding for which study follow-up was cancelled. 
One patient’s data was excluded from analysis 
given outlier data owing to the need for revision 
surgery just after the follow-up period. Patient 
demographics, ASA classification, length of surgery, 
hospital sites, preoperative and expected pain scores 
were comparable for both groups. Extensiveness 

Fig. 1. —  Consort Flow Chart.

Sham Group 
(n = 11)

ESPB Group 
(n = 6)

P 
value

Age (years) 53.4 ± 15.8 58.2 ± 5.9 0.50*
BMI 26.8 ± 3.4 26.3 ± 4.5 0.82*
Gender (male/female) 4/7 2/4 1^
ASA score (I/II/III) 9/2/0 2/4/0 0.11^
Surgical Level (I/II) 11/0 3/3 0.03^
Preoperative NRS score 4.5 ± 2.7 3.3  ± 2.2 0.40°
Length of Surgery (min) 140 ± 42.6 184.3 ± 72.6 0.13*
Site (UZA/KLINA) 4/7 2/4 1^
Expected NRS score 7.7 ± 1.5 7.5 ± 1.8 0.59°

Table 1
Demographic and operative characteristics of study patients

Values are presented as number or mean +/ standard deviation; ESPB, 
erector spinae plane block; M, male; F, female; ASA, American Society 
of Anesthesiologists; *Independent sample t test ° Mann-Whitney U 
test ^ Fisher’s Exact Test.
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dIscussIon

In this small prospective randomized double 
blind placebo controlled clinical trial with preli-
minary results bilateral lumbar erector spinae plane 
blocks in posterior lumbar fusion surgery failed 
to show a significant benefit regarding morphine 
consumption, quality of recovery, pain scores, the 
incidence of postoperative nausea and vomiting, the 
need for rescue analgesics and time to ambulation.  

to first walk 20 meters and Quality of Recovery-40 
survey scores at day one and three postoperative. 
(Tables 2, 3). 

No significant difference was observed 
between both groups regarding tertiary endpoints : 
intraoperative sufentanil requirement, necessity of 
ketamine as rescue analgesia, postoperative nausea 
and vomiting score, necessity of a rescue anti-emetic, 
time to eat first meal and the percentage of subjects 
able to defecate within 72 hours postoperatively. 
(Table 4).

Sham Group
(n = 11 )

ESPB group
(n = 6 )

P value*

Mean 24 h cumulative morphine consumption (mg) 20.8 ± 17.1 23.9 ± 15.0 0.73
Mean 72 h cumulative morphine consumption (mg) 48.5 ± 34.6 60.2 ± 47.8 0.59
Mean day 1 postop. QoR-40 score 162.0 ± 21.0 167.3 ± 24.1 0.64
Mean day 3 postop. QoR-40 score 175.8 ± 18.6 169.7 ± 14.4 0.49

Table 2
Cumulative Morphine Consumption and QoR-40 score at 24h and 72h postoperative

Values are presented as mean ± standard deviation. ESPB, erector spinae plane block; QoR-40, Quality of Recovery 40 score. *Independent 
T sample test or Mann-Whitney U test depending on normality.

Sham Group
(n = 11)

ESPB group
(n = 6)

P value*

NRS At arrival on PACU ward (T0) 3.9 ± 3.4 4.2 ± 4.2 0.73
NRS at T0 + 15 minutes 5.2 ± 3.0 6.0 ± 3.1 0.66
NRS at T0 + 30 minutes 5.1 ± 2.8 6.5 ± 1.5 0.35
NRS at morning postop. day 1 3.7 ± 2.0 3.2 ± 1.8 0.66
NRS at evening postop. day 1 4 ± 2.8 4 ± 2.6 1
NRS at morning postop. day 2 3.6 ± 2.5 4.2 ± 1.7 0.59
NRS at evening postop. day 2 3.1 ± 2.6 3.6 ± 1.3 0.59
NRS at morning postop. day 3 2.9 ± 2.0 3.3 ± 1.4 0.63
NRS at evening postop. day 3 2.9 ± 1.8 3.75 ± 1.9 0.57

Table 3
Comparison of Numeric Rating Scale Pain scores at postoperative time points

Values are presented as mean ± standard deviation. NRS, Numeric Rating Scale; PACU, Post-Anesthesia Care Unit; 
T0, Time of arrival at PACU ward. *Independent T sample test.

Sham Group 
(n = 11)

ESPB group 
(n = 6) P value

Intraoperative Sufentanil dosage (µg) 25.9 ± 9.4 24.2 ± 13.2 0.59*
Ketamine rescue analgesia (yes/no) 1/10 0/6 1°
Highest PONV score ( 0/1/2/3) 10/1/0/0 5/0/0/1 0.3^
Rescue anti-emetic (yes/no) 4/7 2/4 1°
Time to first mobilisation to chair (hours) 35.4 ± 19.8 45.9 ± 24.4 0.44*
Time to first walk > 20 meter (hours) 45.3 ± 19.0 58.7 ± 13.9 0.31¨
Time to first meal (hours) 24.2 ± 13.1 19.2 ± 16.9 0.5¨
Defecation within 72h postop.(yes/no) 3/8 3/3 0.6°

Table 4
Other endpoints

Values are presented as numbers or mean ± standard deviation. PACU, Post-Anesthesia Care Unit; PONV, Post-
Operative Nausea and Vomiting. *Mann-Whitney U test, °Fisher’s exact test, ^Chi-square test, ¨Independent Student 
T Test.
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and 30 minutes observation monitoring periods 
to account for the time to reach systemic local 
anesthetic peak concentrations (27). There have 
been anecdotal reports suggesting lower limb 
weakness presumably due to spread of the local 
anesthetic to the lumbosacral plexus (28).  

The observations of this preliminary results 
study are in contrast with similar small studies, 
published only after the start of this trial, which 
have reported positive outcomes regarding pain 
scores and opioid requirement. A retrospective 
study by Ueshemi et al. demonstrated lower pain 
scores and less fentanyl consumption after lumbar 
spine surgery in patients receiving an ESPB (29).  
Singh et al. published a randomized controlled 
trial reporting reduced pain scores and lower 
morphine requirement in patients undergoing single 
level lumbar laminectomy or single level lumbar 
disk herniation receiving bilateral ESPB (17). A 
randomized controlled trial by Yayik et al. comparing 
bilateral lumbar ESPB to no block in lumbar 
decompression surgery demonstrated significant 
reduced pain scores in rest and movement, lower 
tramadol use and longer time to first analgesic (18). 
A potential reason why this preliminary results trial 
found no significant analgesic benefit, in contrast to 
the above mentioned studies, could be the different 
type of surgery patients underwent. In the study of 
Yayik et al (18). patients had decompression surgery 
without fusion, while patients in the randomized 
controlled trial by Singh et al (17). underwent 
only single level laminectomy or single level disk 
herniation, whereas patients in our study had single 
or double lumbar posterior fusion surgery with 
instrumentation, which can be considered more 
complex and more extensive. A second reason 
might be that the frequency of single and double 
level surgery in the ESPB group in this preliminary 
results trial differed significantly from the sham 
block group. More extensive surgery was required 
in the ESPB group (p = 0.03). As mentioned in 
the introduction, the intensity of pain is directly 
proportional to the number of vertebrae involved in 
the surgery, which might explain the lack of benefit 
in this study (1). Third, the study of Singh et al (17) 
used a stronger concentration of local anesthetic 
(bupivacaine 0.5%) compared to  levobupivacaine 
0.25% in our trial while using identical volumes 
(20mL each side) for the ESPB. This might also 
explain the analgesic benefit in their study, however 
with a potential increase in risk of local anesthetic 
systemic toxicity.   

This preliminary results study has limitations. 
The major limitation is the small sample size. For 

Recently ultrasound-guided interfascial plane 
blocks emerged as new methods of administering 
local anesthetics to specific anatomic locations to 
provide analgesia. Local anesthetics are injected 
in interfascial planes which act as potential spaces. 
The injectate spreads along the path of the least 
resistance to block neural structures away from 
the injection site. There is much uncertainty 
regarding mechanism of action, effectiveness and 
efficacy (22). The ESPB  is a relatively new truncal 
interfascial plane block originally described by 
Forero et al. at the thoracic level for chronic pain. 
It involves the deposition of local anesthetics in a 
plane between the erector spinae muscle and the 
transverse process resulting in considerable spread 
in cranio-caudal and medial-lateral directions 
(13). Cadaveric studies have confirmed consistent 
staining of the dorsal rami with variable effect on 
the ventral rami (14-16). The ESPB should provide 
effective analgesia by blocking dorsal rami of spinal 
nerves as they run trough the interfascial plane 
where the local anesthetics are deposited (23).

Potential benefits of the lumbar ESPB include 
the ease of performance with clear landmarks for 
ultrasound anatomy. The technique is inherently 
safe, as the target site for injection is a muscular 
plane and there is practically no risk for mechanical 
nerve contact. Other benefits include the possible 
reduction in perioperative opioid consumption. 
The ESPB can be performed in patients under 
anticoagulant therapy or with coagulopathies (24). 
Furthermore, hemodynamic instability due to sym-
pathetic blockade, as with epidural and spinal 
anesthesia, occurs rarely. The most likely explanation 
is that the actual mass of local anesthetic reaching 
the epidural space or ventral rami is insufficient 
to produce a clinically-detectable effect (25). Up 
until now no interference with evoked potentials, a 
technique used to detect injuries or ischemia of the 
neural pathway during surgery, has been described 
in the literature (23, 26). 

Possible risks consist primarily of local anes-
thetic systemic toxicity. Since substantial doses are 
considered necessary, there is a clinically significant 
risk for local anesthetic systemic toxicity, as 
with any high volume fascial block. The third 
American Society of Regional Anesthesia and Pain 
Medicine Practice Advisory on local anesthetic 
systemic toxicity advices to add epinephrine to 
the local anesthetic mixture in high volume local 
anethetic blocks to reduce systemic absorption and 
maximum local anesthetic plasma concentrations. 
Other recommendations include the use of diluted 
concentrations of less cardiotoxic local anesthetics 
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review. Br J Anaesth.111(2):161-9.

20 Myles PS, Weitkamp B, Jones K, Melick J, Hensen S. 
2000. Validity and reliability of a postoperative quality of 
recovery score: the QoR-40. Br J Anaesth.84(1):11-5.

21 Dewinter G, Moens P, Fieuws S, Vanaudenaerde B, Van de 
Velde M and Rex S. 2017. Systemic lidocaine fails to improve 
postoperative morphine consumption, postoperative reco-

this reason, no conclusions can be made regarding 
the primary outcome. It cannot be excluded that a 
significant effect on the primary outcome may be 
unveiled after inclusion of a larger patient number. 
For the same reason no conclusions can be made 
regarding secondary or tertiary outcomes. In this 
study we opted not to place catheters in the bila-
teral ESPB sites. The use of a catheter in the inter-
fascial plane has the advantage of continuously 
administering analgesics over a certain period of 
time, but it also has the potential for catheter related 
problems such as local site inflammation, catheter 
migration and accidental removal. Uncertainty 
regarding administering local anesthetics in the 
disrupted tissue plane and the risk of infection were 
considered important reasons to choose for a single 
shot technique. In this pilot trial epinephrine, as 
suggested by the third American Society of Regional 
Anesthesia and Pain Medicine Practice Advisory on 
local anesthetic systemic toxicity, was not added to 
the local anesthetic solution to prevent unblinding 
by potentially observing a rise in heart rate. Another 
limitation is the absence of information regarding 
preoperative pain medication, which might have 
influenced our results. The confounding effect is 
probably rather small as patients taking profound 
amounts of opioids were excluded. Arguably, 
patients on large amounts of opioid prescriptions 
probably experience more benefit from a multimodal 
analgesia technique compared to patients on 
limited doses or no opioids. Lastly, no information 
regarding sensory blockade was gathered due to the 
chosen blinding method.  

conclusIon

No conclusion regarding the effect of bilateral 
erector spinae plane blocks on 24h morphine con-
sumption in PLIF surgery could be drawn because 
of the small sample size in this preliminary results 
study. More research with larger study populations 
is necessary to be able to draw definitive conclusions 
on this subject.  

References
1 Lai LT, Ortiz-Cardona JR, Bendo AA. 2012. Perioperative 

pain management in the neurosurgical patient. Anesthesiol 
Clin.30(2):347-67.

2 Nielsen RV, Fomsgaard JS, Dahl JB, Mathiesen O. 2014. 
Insufficient pain management after spine surgery. Dan Med 
J.61(5):A4835.

3 Datta G, Gnanalingham KK, Peterson D, Mendoza N, O’Neill 
K, Van Dellen J, McGregor A, et al. 2004. Back pain and 
disability after lumbar laminectomy: is there a relationship 
to muscle retraction? Neurosurgery.54(6):1413-20 ; discus-
sion 20.
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Abstract : Since the introduction of the target-controlled 
infusions (TCI) in 1996, researchers are actively trying 
to implement the most suitable simulating programs 
that can predict drug concentrations efficiently, in the 
intravenously anesthetized patients. These infusions use 
a selected set of pharmacokinetic parameters, which is 
incorporated into a programable infusion pump, known 
as a ‘’model’’. In recent practice, only two models are 
routinely used for Propofol TCI. This is because their 
appropriate target concentrations are proved by clinical 
trials. These models are known as Marsh and Schnider. 
The TCI technique is becoming a cornerstone in anes-
thesia practice. Besides, different TCI models for 
delivering analgesics and sedative medications have 
been developed. Different pharmacokinetic Propofol TCI 
models are available in adults, such as Marsh, Schüttler, 
and the Schnider model. Also, there are several Propofol 
TCI models adapted for use in children such as Paedfusor, 
Kataria, and the Short model. Notwithstanding, each 
model has its limitation. The latter based on which 
patient’s data the model equation and algorithm were 
derived.
We conclude that there is no evidence to promote the use 
of one model of Propofol TCI over another and all have 
demonstrated safe for use in clinical practice, specifically 
in adults. However, anesthesiologists should use the 
TCI model which they are most familiar with. Future 
investigation should give more attention to validate a 
model for severely obese patients and also the pediatric 
population.

Keywords : Propofol ; target controlled infusion ; phar-
macokinetic model.

IntroductIon

The discovery of Propofol and the shorter-
acting opioid remifentanil in recent decades (1,2) 
have enabled the development of technique of total 
intravenous anesthesia (TIVA) in which anesthesia 
is administered exclusively through intravenous 
route (3). To calculate the dose of an intravenous 
anesthetic, the weight of the patient is required and 
considered the only independent variable. While 
other variables such as patient’s age, sex, or creatinine 

clearance are often not included due to the complex 
mathematical relationship of these co-variates with 
the dose (4). When giving an appropriate dose of a 
drug, the ultimate goal is a specified clinical effect, 
for which a precise therapeutic concentration at the 
site of drug action is required. This dose-response 
relationship (Fig. 1) can be categorized into three 
parts : the pharmacokinetic phase, which represents 
the relationship between the dose administered and 
plasma concentration, the pharmacodynamic phase 
that outlines the relationship between effect organ 
concentration and clinical effect, and the third part 
is the coupling between pharmacokinetics and 
dynamics.

Historically, there have been two methods to 
administer intravenous medications during anes-
thesia : bolus dose or continuous infusion. Bolus 
doses are usually injected with a hand syringe, 
while infusions are given with an infusion pump. 

A new method for intravenous administration 
of medications was introduced in 1996, called 
Target-controlled infusion (TCI) (4). The TCI 
technique is becoming a cornerstone in anesthesia 
practice. Besides, different TCI-models (for delive-
ring analgesics and sedative medications) have been 
developed, such as the Marsh (5), the Schüttler (6), 
and the Schnider model (7). Also, there are several 
Propofol TCI models adapted for use in children 
such as Paedfusor, Kataria, and the Short model 
(8). Notwithstanding, each model has its limitation. 
The latter based on which patient’s data the model 
equation and algorithm were derived. In the pre-
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The microprocessor calculates how much 
bolus dose should be given and at how much rate 
should the infusion runs subsequently to ensure 
maintaining the desired plasma drug concentration. 
This calculation is frequently repeated (usually 
every 10 seconds) so that the rate of drug-infused 
can be adjusted to maintain the targeted plasma 
concentration. If this desired plasma concentration 
is subsequently increased, then the system gives an 
additional bolus to the central compartment (V1), 
and the infusion rate is further increased to maintain 
the new targeted plasma concentration. While if the 
desired plasma concentration is decreased, then the 
system stops the infusion for a calculated period 
till the plasma concentration decreases to the new 
desired value, then the infusion is re-started at a 
lower infusion rate.

tCi ProPofol models

A pharmacokinetic model is a mathematical 
model through which the plasma concentration of 
a drug can be predicted after a bolus dose or an 
infusion of varying duration. These models are 
derived by measuring the plasma concentration of 
a drug after a bolus or infusion. So far, no evidence 
promotes the use of one model over another, and 
all have demonstrated to be safe in clinical practice, 
specifically in adults, and they have similar accuracy 
and stability in predicting the plasma and effect-site 
concentrations.

Marsh (5) and Schnider (7) models are the 
main two models used. The Marsh model is first 
published in 1991, and was based on Gepts (18) 
three-compartmental model, and was derived on 

sent article, we would like to provide anesthesia 
care providers an overview of the available 
pharmacokinetic models of Propofol TCI and its 
main advantages, pitfalls, and clinical applications.

tArget-Controlled infusions

Maintenance of a steady state of brain concen-
tration of the drug is essential for the efficiency of 
the TCI. This state is achieved by implementing 
complex pharmacokinetic equations that describe 
the distribution of drugs between the various body 
compartments and allow for adjustments of target 
concentration to reach the desired clinical effect. 

The idea of TCI system existed since 1968 
when Kruger-Thiemer (9) marked out a theoretical 
approach to reach and maintain a steady-state of 
plasma concentration of a drug. This principle 
is further investigated by many researchers like 
Vaughan-Tucker (10) and Schwilden. (11) Since 
then, many algorithms have been published for 
targeting plasma concentrations (12-16) and for 
targeting effect-site concentrations. (17,18)

The TCI system is programmed with pharma-
cokinetic models that mathematically describe 
the processes of drug delivery and elimination, 
as demonstrated in figure 1. TCI system uses the 
principle of Bolus/Elimination/Transfer (BET) 
(19) to reach a constant plasma level of the drug. 
When a bolus is given, first the central compartment 
(V1) would be filled with the drug, subsequently, 
the infusion is used to compensate firstly for the 
redistribution to the “vessel-rich” (V2) and the 
“vessel-poor” (V3) compartments and secondly for 
drug elimination from the central compartment (by 
metabolism and renal excretion) as described by k10 
which is the rate constant for drug elimination from 
the central compartment. If the three compartments 
reach a steady-state (after long infusion time), then 
the infusion rate slows to match only the elimination 
rate.

tCi systems

The elemental components of the TCI system 
are a user interface, a microprocessor, and an 
infusion pump. The microprocessor controls the 
user interface by using suitable pharmacokinetic 
software. The TCI system incorporates an infusion 
pump with an infusion rate of up to 1200 ml/h. 
Usually, the system warns the user of problems such 
as line obstruction and the syringe being almost 
empty, through a visual and audible alarm system. 
(20)

Fig. 1. — The three-compartment pharmacokinetic model. 
Adapted from Al-Rifai, Z et al. (20) V1−3 = compartment 
volumes, K12 = the rate constant between V1 and V2, K21 
= the rate constant between V2 and V1, etc. K10 = the rate 
constant for drug elimination from the central compartment. 
ke0 is the rate constant for equilibration between plasma and 
effect-site concentrations.
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concentration targeting ; otherwise, a small insuf-
ficient bolus might be given.

It appears that, although there can be a 
rationale for choosing the Schnider model for the 
elderly and the obese, the most relevant issue is that 
the anesthesiologist uses the model that he is most 
familiar with and titrates it to the individual patient.

At present, two models are commonly used in 
pediatric TCI pumps. Kataria et al. (22) developed a 
three compartmental model for Propofol in children 
using three different pharmacokinetic modeling 
techniques in an extended group of children 
between 3 and 11 years. This model has fixed k10, 
while V1-V3 has a linear correlation with weight. 
The Kataria model is intended to be used in children 
age 3–16 years and with a weight of >15 kg. The 
Paedfusor model (23) was adapted from one of the 
preliminary models developed by Schüttler. In the 
Paedfusor model, the central compartment volume 
and clearance have a non-linear correlation with 
weight as age exceeds 12 years. Weight is also used 
here to calculate the elimination constant k10.

effeCt-site tArgeting

Plasma and effect-site concentration equili-
brium rate rely on factors which consist of those 
control the rate of transfer of the drug to the effect-
site (e.g. cardiac output and cerebral blood flow) in 
addition to the other properties of the medication 
itself that determine the rate of crossing the blood-
brain barrier (e.g. lipid solubility and the degree 
of ionization). A rate constant can calculate the 
time course of plasma to effect-site equilibration 
correctly called the keo (20). Estimating the keo 
can be performed by measuring the clinical effects 
of the medication, e.g., using the Bi-spectral index 
system. If the plasma levels of a group of subjects 
are known, measurements can be used to estimate 
keo.

In a plasma-targeted TCI system, the user 
specifies the plasma concentration. The effect-site 
concentration passively follows, with a time delay 
determined by keo or time to peak effect (TTPE) 
of the medication in use. When the keo is used in 
combination with pharmacokinetic models, it would 
be possible to target the effect-site concentration. 
By targeting the effect-site, the system adjusts 
plasma concentration to reach the target effect-
site concentration as fast as possible. Choosing a 
keo value to use is especially crucial in effects-site 
targeting to determine the overshoot and undershoot 
of the plasma concentration used to drive the 
effect-site concentration as the target effect-site 
concentration increases or decreases. (19)

very small groups of patients (18 patients). Typi-
cally, it targets plasma concentration but can target-
effect site. The required variables are the total body 
weight (TBW) and the age (which is not used in 
the calculation), which must be >16 years. It uses 
variable compartment sizes but a bigger central 
compartment. There is also a modified version of the 
Marsh model, which uses a shorter plasma/effect-
site time constant. Therefore, its use is preferable in 
patients at higher risk of overdose. By using the total 
body weight, this model overestimates induction in 
obese patients and, overall, has a faster induction 
due to the larger calculated central compartment, 
which results in a larger loading dose.

The other adult TCI model is the Schnider 
Model. It was derived in 1998 in a study that 
included 24 volunteers. Typically, it targets the 
effect-site concentration but can target the plasma 
concentration. It uses age, height (to calculate 
lean body mass), and total body weight. The size 
of the vessel-rich compartment is variable and 
is influenced only by age, and being smaller with 
advancing age. This model is limited to Body Mass 
Index (BMI) of less than 42 for males and less than 
35 for females to prevent huge compartment sizes 
being calculated. Schnider model reduced the rate 
of adverse events by giving a smaller initial bolus. 
Overall, less Propofol is used.

The major difference between these three-
compartment pharmacokinetic models is the estima- 
ted volume of the central compartment V1 as it is 
15.9 liter in the Marsh model against 4.27 liter in 
Schnider for a 70 kg person. The Schnider model 
uses this figure for all patients (fixed V1and V 3) 
(19) while The Marsh model ignores age and scales 
V1−3 at linear pattern to patient’s total body weight 
(TBW), (20) thus an identical bolus is given to all 
patients of a given body mass for any chosen plasma 
concentration. These weight-adjusted bolus doses 
do not apply to obese, elderly, or unwell patients. 
The Schnider model calculates a gender-specific 
lean body mass (LBM) and uses it to adjust the 
elimination rate constant k10.

In practice, less initial plasma concertation 
is chosen when a critically ill or an old patient is 
anesthetized using Marsh TCI model and later 
adjust it accordingly. The Marsh model has a faster 
induction due to the larger calculated initial bolus 
dose, while the Schnider model has a reduced rate 
of adverse events by giving a smaller initial bolus 
due to the small fixed V1. Thus, lower doses of 
Propofol are required to achieve a given plasma 
concentration. Caution from awareness should be 
taken when using the Schnider model for plasma 
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As the direct measurement of the concentration 
at the effect-site is not possible and, in most 
cases, the plasma concentration is also unknown. 
However, the time course of changes in effect-site 
concentration can be estimated from measurements 
of clinical effects, e.g., using the Bi-spectral index 
system. If the plasma levels of a group of subjects 
are known, pharmacodynamic measurements can 
be used to estimate keo. (8) The rate constant is 
used for mathematical estimation of the time course 
of equilibrium between the subject’s plasma and the 
effect-site.

summAry

The administration of Propofol using target-
controlled infusions (TCI) for total intravenous 
anesthesia (TIVA) is a favorite technique for anes-
thesia. The safety and efficacy of TCI have a large 
body of evidence. Modern open TCI systems allow 
Propofol to be used with a choice of pharmacokinetic 
models and effect-site or plasma targeting. Generally, 
there is no much conclusive evidence showing the 
superiority of any particular implemented model or 
method of effect-site targeting. Largely accepted 
that anesthesiologists best use the model with which 
they are most familiar.

Using Marsh model, the target concentrations 
are appropriate for younger patients while it is 
associated with hemodynamic instability in elderly 
patients. This is because of both pharmacokinetic 
and pharmacodynamic changes with age. Modern 
open TCI systems allow Propofol to be used with a 
choice of pharmacokinetic models and effect-site or 
plasma targeting. The Marsh model has been shown 
to under-predict plasma concentrations of Propofol 
in the elderly and known not to perform any 
adjustments for age. As the Schnider model adjusts 
infusion rates following the age of the patient, thus it 
provides a strong argument to use this model in the 
elderly and in critically ill patients in whom smaller 
bolus doses will be given after target increases, and 
this may improve hemodynamic stability and safety.

The studies from which the Marsh and 
Schnider pharmacokinetic models were developed 
did not include severely obese patients. Thus, target-
controlled infusions should be used with caution in 
severely obese patients, regardless of which model 
or effect-site implementation method is used. Future 
investigation should give more attention to validate 
a model for severely obese patients.
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Abstract : Objective : Stroke is one of the leading causes 
of increased morbidity and mortality. “Time equals 
brain”. Therefore, our aim was to compare the door-to-
CT time (D2CT) and door-to-needle time (DNT) of the 
Stroke Phase II TARGET protocol of the American Heart 
Association (AHA) with our newly implemented stroke 
management protocol.
Methods : Data were collected before, during and after 
implementation of the new stroke protocol in a referral 
hospital for advanced stroke treatments. A total of 
317 eligible patients were included. D2CT and DNT 
were registered according to standard clinical practice. 
Descriptive analysis was done on three time periods : 
period 1 (before) (2017-2018), period 2 (during) (2018-
2019) and period 3 (after) (2019-2020). Stroke patients 
were subdivided in four groups according to the treatment 
plan as patients may have been referred for specific 
treatments : conservative (CON), thrombolysis (LYS), 
thrombectomy (EMT) and combination (COM). Data are 
presented as median and interquartile range (IQR).
Results :  Period 1 showed a mean D2CT of 40 min for 
CON, 21min for LYS, 20min for EMT and 17min for 
COM and a mean DNT of 48min for LYS and 33min 
for COM. Mean D2CT was 43 min for CON, 31min for 
LYS, 20min for EMT and 18min for COM and DNT 
was 60min for LYS and 45min for COM in Period 2. 
Period 3 had a mean D2CT of 35min for CON, 21min 
for LYS, 25min for EMT and 16min for COM and DNT 
was 32min for LYS and 20 min for COM. D2CT times 
remained consistently higher in patients, who eventually 
underwent conservative therapy.
Conclusion : D2CT did not meet the AHA criteria 
(25min). However, the DNT has always fallen within 
the AHA recommendations (60min). Continuous efforts 
need to be made towards improving D2CT and sustaining 
DNT times. 

Keywords : Stroke ; emergency department ; hospital ; 
thrombectomy ; NIHSS ; door-to-needle-time ; door-to-
CT time.

IntroductIon

Stroke is defined by the World Health Organi-
zation as a clinical syndrome of rapidly developing 
focal or global neurological disturbances, lasting 
more than 24 hours. Stroke classification has two 
main divisions : ischemic and hemorrhagic. Eighty 
percent (80%) of stroke patients presenting at the 
emergency department are experiencing an ischemic 
stroke (1).

It is the leading cause of long-term neurological 
impairment and the second most common cause of 
mortality worldwide (2). The most important factor 
in the management of acute ischemic stroke is time 
to treatment.  Patients lose around a hundred ninety 
thousand brain cells and around fifty times as many 
nerve connections every minute since the onset of 
their stroke. The sooner treatment is initiated, the 
greater the proportional benefit and the more brain 
tissue could be saved (3).

The risk of having an ischemic stroke is 
correlated with patient related factors, such as 
diabetes mellitus, arterial hypertension, smoking, 
family history of stroke, dyslipidemia, physical 
inactivity, large and small vessel disease, heart 
problems. Associated neurological symptoms can 
be transient which makes the presentation of stroke 
omnifarious (4).
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consistent with the start and implementation of the 
protocol on the ED. Throughout this period, data 
were collected retrospectively by a study nurse 
who manually checked all patient files. The second 
period (12/2018-12/2019) was considered as a 
control year to evaluate the protocol. At the start of 
the second period, data were prospectively collected 
with automatically generated data extraction 
from the electronic patient file with standardized 
definitions of each data point. In the third period 
(1/2020-Present) a review and final implementation 
of the protocol was done.

The inclusion criteria for eligibility were 
patients with a documented ischemic stroke pre-
senting themselves within the time window of 3.5 
hours. The exclusion criteria were hemorrhagic 
stroke, TIA’s or stroke mimics e.g. Todd’s paresis

In order to assess the efficacy of our stroke 
management protocol, our primary endpoints 
consisted of door-to-CT (D2CT) and door-to-needle 
(DTN) times for the different treatment groups 
in comparison with the internationally accepted 
TARGET times. These treatment groups consisted 
of conservative (CON), thrombolysis (LYS), endo-
vascular mechanical thrombectomy (EMT) and 
a combination of thrombolysis and endovascular 
mechanical thrombectomy (COM). An effective 
stroke protocol yields a D2CT time within 25 

Systemic hypoperfusion causes ischemia due 
to inadequate cerebral blood flow, usually evoked 
by decreased perfusion pressures in frail patients 
(1). Different treatment modalities have been 
recommended for ischemic stroke patients (5).

The use of intravenous thrombolysis is the 
standard treatment recommended by the American 
Heart Association (AHA/ASA) for patients 
presenting within the first three hours of clinical 
symptoms. Evidence based research, e.g. : NINDS, 
ATLANTIS, ECASS, ECASS-III, have shown that 
the administration of tissue plasminogen activator 
(tPA) given within a time window of three to four 
hours was better than conservative care (3, 6, 7). 
Recently endovascular mechanical thrombectomy 
has become part of the standard treatment for 
patients who experienced an acute ischemic stroke 
(8), granted that treatment was initiated within 6 
hours after onset (9) (10).

Stroke has a major impact on the quality of 
life (QOL) of patients, their family and caregivers 
(11). Effort should be made to shorten any delays 
in the initiation of treatment, because time equals 
brain tissue (10). The TARGET : Stroke Phase 
II campaign (TARGET) of the American Heart 
Association strives to improve the operational flow 
in stroke care management. They evaluated the 
implementation of a stroke management protocol 
as a strategy to improve the initial assessment 
of a suspected stroke patient in the emergency 
department. According to TARGET, an efficient 
stroke care management protocol requires : a door-
to-needle time (DNT) of less than 60 minutes, a 
door-to-computed tomography (D2CT) time of 
less than 25 minutes, with neuroimaging analysis 
and interpretation in less than 45 minutes (12). 
Moreover, effective stroke care depends on a well-
functioning team, from the emergency department 
to the neurologist and the interventional radiologist 
(13). Our objective was to compare our D2CT and 
DNT to the times suggested by TARGET.

Methods

We retrospectively analyzed prospectively 
collected data, stored in a protected database, 
specifically on stroke care in a single center. This 
center is a tertiary non-academic hospital with 
55000 patients presenting annually to the emergency 
department (ED). This study was approved by the 
hospital ethics committee (19/0059U). The results 
are reported according to STROBE guidelines 
(14).  We distinguished three periods in our analysis 
(Fig. 1). The first period (11/2017-11/2018) is 

Fig. 1. — Flowchart – Genk Stroke Database. TIA : Transient 
ischemic attack, CON : Conservative therapy, COM : Com-
bination of therapy (Thrombolysis + Thrombectomy), EMT : 
Endovascular mechanical thrombectomy, LYS : Thrombolysis.
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the final analysis, 126 patients in the first period, 
134 patients in the second period and 35 in the third 
period were included. 

Demographic data (Table1) between different 
time periods did not differ. 48% (n=142) were 
treated conservatively and had a median NIHSS 
of 4 (3-12). 52% (n=153) received an intervention. 
28% (n=83) received only intravenous tPA, in 13% 
(n=39) thrombectomy was performed and in 11% 
(n=31) a combination. Patients receiving intravenous 
tPA alone had a mean age of 74±13 years, 52% 
(n=43/83) were men, and the median NIHSS was 11 
(5-15). Patients receiving thrombectomy alone had 
a mean age of 70±15 years, 49% (n=19/39) were 
men, and the median NIHSS was 18 (9-22). Patients 
receiving both therapies had a mean age of 76±14 
years, 63% (n=20/31) were men, and the median 
NIHSS was 16 (10-20). 

For a general overview of the primary outcome 
results we refer to table 2 and figure 2.

During the first period, in the CON group 26% 
(n=10/38) was within the allowed time for D2CT 
(25min) and 74% (n=65/88) in the other groups. 
Interestingly, in the COM group 100 % was reached 
(n=21/21). The goal for the DNT (60 min) was 

minutes and a DTN time within 60 min for 75% of 
eligible patients (12). The electronic data software 
program was used to retrieve the D2CT and DTN 
times. We refer to the appendix for a detailed report 
of the stroke protocol.

Statistical analyses were conducted with 
GraphPad Prism (v5, GraphPad, San Diego, USA). 
Prior to analysis, normality of the data was assessed 
using Shapiro-Wilk test. As the time, in minutes, 
from door to CT and door to needle were not 
normally distributed, box plots were constructed to 
evaluate the evolution of our stroke protocol over 
time with regard to D2CT and DTN times for the 
different treatment groups. All data was anonymized 
before analysis.

results

In total 747 patients were examined for potential 
eligibility (Fig. 1). Following the exclusion criteria, 
438 patients were eligible for analysis. Another 121 
ischemic stroke patients were excluded as they did 
not present within the 3.5 h time window. In total, 
317 patients were included in the analysis, another 
22 participants were lost due to incomplete data. In 

Variable Conservative Thrombolysis Thrombectomy Combination Total

Patients characteristics N=142/295 N=83/295 N=39/295 N=31/295 N=295
Age Yrs±SD 71 ±16 74 ±13 70 ±15 76 ±14 73 ±14
Gender
Female n % 51 36% 40 48% 20 51% 11 37% 122 41%
Male n % 91 64% 43 52% 19 49% 20 63% 173 59%
Race
White n % 141 99% 83 100% 39 100% 31 100% 294 99%
Other n % 1 1% 0 0% 0 0% 0 0% 1 1%
Smoking
Yes n % 33 23% 18 22% 7 17% 6 20% 64 22%
Alcoholic
Yes n % 0  0% 7 9% 2 4% 0 0% 9 3%
Hypertension
Yes n % 63 44% 68 82% 29 75% 24 77% 184 62%
Diabetic
Yes n % 44 31% 15 18% 4 11% 2 6% 65 22%
Cholesterol
Yes n % 47 33% 37 45% 11 29% 5 17% 100 34%
Obesitas
Yes n % 26 18% 21 25% 5 14% 2 6% 54 18%
Family History
Yes n % 21 15% 19 23% 5 14% 2 6% 47 16%
Prior Stroke
Yes n % 18 13% 9 11% 4 11% 4 13% 35 12%
NIHSS Score (IQR) 4 3-12 11 5-15 18 9-22 16 10-20 12 4-17

Table 1
Patient characteristics and demographic data

Yrs : years ; SD : standard deviation ; NIHSS : National Institutes of Health Stroke Scale. Data are presented as median and interquartile range (IQR) 
for NIHSS-score, as an absolute number with the percentage of the whole or for years as an average with standard deviation.
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Every effort should be made to shorten any delays 
in the initiation of treatment, because time saves 
brain tissue (12).

During the first period, DNT almost met 
the stroke phase II TARGET guidelines’ times. 
In contrast, there was an increased DNT in the 
second period. Lastly, in the third period DNT were 
online with the current guidelines. Overall D2CT 
targets were reached for approximately 70% of the 
treatment groups (LYS-EMT-COM) whereas this 
was only 22% for the conservatively treated groups.

The first period represents the implementation 
of the protocol. Several publications described 
pathways leading to prioritization of stroke 
patients for imaging and emphasized the benefits 
of screening tools and a systematic approach, 

reached for 60% (n=38/63) in the LYS and COM 
groups.

During the second period, 19% (n=16/83) was 
within the TARGET interval for CON and 51% 
(n=26/51) in the other groups. The goal for DNT 
in the LYS and COM groups was reached for 49% 
(n=19/39).

Lastly, in the third period 22% (n=5/21) was 
within the D2CT interval for the CON group and 
57% (n=8/14) for the other groups. The goal for 
DNT was reached for at least 75% (n=9/12).  

dIscussIon

Stroke has an important impact on the quality 
of life of patients, their family and caregivers (11).  

Variable Conservative Thrombolysis Thrombectomy Combination Total
Period 1: 11/2017-11/2018 N=38/126 N=42/126 N=25/126 N=21/126 N=126

D2CT Min 40 (24-71) 21 (12-38) 20 (13-33) 17                (9-20) 23          (15-41)

D2CT <25min n % 10 26% 27 64% 17 68% 21            100% 75      59%

N=42/63 N=21/63 N=63

DNT Min 48 (34-73) 33 (28-45) 42 (32-65)

DNT <60min n (%) 23 55% 15 71% 38 60%

Period 2: 12/2018-12/2019 N=83/134 N=30/134 N=12/134 N=9/134 N=134

D2CT Min 43 (29-67) 31 (16-42) 20 (12-28) 17 (9-25) 35 (21-52)

D2CT <25min n % 16 19% 12 40% 7 58% 7 78% 42 31%
N=30/39 N=9/39 N=39

DNT Min 60 (37-71) 45 (31-74) 57 (36-70)

DNT <60min n % 13 43% 6 67% 19 49%

Period 3:  1/2020 – 5/2020 N=21/35 N=11/35 N=2/35 N=1/35 N=35

D2CT Min 35 (23-62) 21 (12-34) 26 (16-35) 16 * 29 (23-62)

D2CT <25min n % 5 22% 6 55% 1 50% 1 100% 13 37%

N=11/12 N=1/12 N=12

DNT Min 32 (19-49) 20 * 25 (20-44)

DNT <60min n % 8 73% 1 100% 9 75%

Table 2
Comparison of door-to-CT time and door-to-needle time in the acute ischemic stroke patient over time

D2CT : door-to-CT time, Min : Minutes, DNT : Door-to-needle time, * : insufficient data to calculate interquartile range. Data are presented as 
median and interquartile range (IQR) or as an absolute number/total number (n/N) with the percentage % of the whole.

Fig. 2. — Comparison of door-to-CT time and door-to-needle time in the acute ischemic stroke patient over time.
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addition, as the CT-scanner is situated in the back of 
our ED a fast assessment by our emergency doctor, 
whilst the patient waits on the EMS transport 
gurney, was done, saving time bypassing the ED 
bed. Only limited data exist evaluating this potential 
time saving using this method (24).

Finally, moving tPA start-up at the ED CT-
scanner significantly improved DNT. Even to faci-
litate administration, we standardized order sets 
and constructed weight specific charts limiting 
dosing errors (25). The sample size of this group 
was gathered in a shorter time period, resulting in 
fewer eligible patients, partially also influenced by 
the COVID crisis. Nevertheless, the results already 
reflect a noticeable difference in comparison with 
data from the second period. 

Although we already use some recommended 
strategies, some future implementations will be 
made such as : single-call activation systems, pre-
mixing tPA, prompt data feedback (25). However, 
these are still riddled with logistical side notes.

We are conscious of several limitations in our 
study. First of all, it was a single center study and 
the results cannot be generalized, due to intrinsic 
variations among stroke centers. We report only 
differences in time as a result of various interventions 
in the early stroke care and highlight only a relevant 
part of stroke care in the ED. Our study is mainly 
descriptive. While we focused on the DNT and D2CT 
times, we did not focus on functional outcome or 
overall mortality. A limit of 3,5h was chosen, taking 
into account the average door-to-needle time of 60 
min, starting from ED presentation, to remain below 
the accepted international 4,5h range of therapeutic 
eligibility in acute stroke care. Sample size of the 3th 
group was limited in time and number and unequal 
compared to the first two periods, this affects the 
reliability and may cause a higher variability, which 
leads to caution in interpreting the results. Longer 
observation periods are needed to determine if these 
results are reliable for long term or can be further 
improved.

conclusIon

The Emergency Department has an important 
role in the management of acute stroke. After 
implementation of our stroke management protocol, 
the TARGET : Stroke Phase II DNT goal within 
60 min was reached for 75% of eligible patients. 
In contrast, a D2CT within 25 minutes was only 
reached for 37% of eligible patients. In our hospital, 
additional new strategies will be necessary to further 
improve stroke patient flows.

e.g. : use of an ACT-FAST triage protocol, early 
warning of the stroke team and direct interpretation 
of brain imaging (12, 15, 16). During this first 
period, a multi-disciplinary team of ED physicians, 
radiologists, neurologist, interventional radiologist 
and anesthetists established a stroke pathway using 
these published key strategies. Moreover, effort 
was put into education of staff members, nurses, 
residents and trainees. Also, posters reporting the 
new stroke protocol were put up in the ED to draw 
attention. Combining these efforts resulted in D2CT 
and DNT of approximately 60% within target time.  

The second period was an evaluation of the 
protocol. The lack of improvement of the D2CT and 
DTN times were somewhat surprising. The increase 
in median times was likely due to a combination 
of factors. While the data were now prospectively 
gathered, feedback on suboptimal performance was 
not yet established. Essedeeg et al demonstrated 
that improvement of DTN times only happens after 
feedback was given (17, 18). In fact, a dedicated team 
must meet on a regular basis to review the hospital’s 
protocol and, to reflect on clinical outcomes leading 
to recommendations of strategic improvements (12).      
Secondly, an interdisciplinary stroke team has a 
major impact on time efficiency on the ED (12). 
In our center, members providing acute stroke care 
changed frequently, due to mandatory rotations of 
residents and staff members. Thirdly, the effects of 
augmented awareness and of subsequent strategies, 
probably started to fade (19). Lastly, switching from 
manual retrospective data collection by a study nurse 
to prospective data collection from the standard 
clinical practice with an automated data generation 
system, following clearly defined criteria could also 
partly explain the time differences between first and 
second period.

In the third period, a protocol review and 
final implementation was performed. The above-
mentioned shortcomings were tackled, and adapted 
strategies were implemented to reduce D2CT and 
DNT time. We started with a standardized EMS 
prehospital stroke notification. Numerous studies 
have demonstrated that a pre-hospital warning can 
reduce D2CT and DTN times (16, 20-22) At the same 
time, we began transferred stable EMS patients with 
a potential stroke immediately from the ambulance 
to the CT scanner. This was based on Meretoja et 
al., who looked at EMS personnel evaluating acute 
stroke victims on route to the hospital to certify 
“last-known-well” time and document a NIHSS-
score in the ambulance, permitting the EMS  to 
transport patients directly from the ambulance to the 
CT scanner, reducing their DNT and D2CT (23). In 

18-De Meirsman.indd   13918-De Meirsman.indd   139 12/01/2021   12:2212/01/2021   12:22



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

140 d. de meirsman et al. 

14. Von Elm E., Altman DG., Egger M., Pocock SJ., Gøtzsche 
PC., Vandenbroucke JP. 2007. The Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) statement : guidelines for reporting observa-
tional studies. Lancet. 370:1453-1457. 

15. Schwamm LH., Pancioli A., Acker JE., Goldstein LB., 
Zorowitz RD. and Shephard TJ. et al. 2005. Recom-
mendations for the establishment of stroke systems of care : 
recommendations from the American Stroke Association’s 
Task Force on the Development of Stroke Systems. Stroke 
36:690-703. 

16. Saver JL., Smith EE., Fonarow GC., Reeves MJ., Zhao X. 
and Olson DM. et al. 2010. The “Golden Hour” and Acute 
Brain Ischemia. Stroke. 41:1431-1439. 

17. Ghrooda E., Alcock S., Jackson AC. 2012. Improvement 
in thrombolytic therapy administration in acute stroke with 
feedback. Can J Neurol Sci. 39:789-792. 

18. Duncan K., Pozehl B. 2000. Effects of performance 
feedback on patient pain outcomes. Clin Nurs Res. 9:379-
401. 

19. Buehler R., Griffin D., Ross M. 1994. Exploring the 
“planning fallacy” : Why people    underestimate their task 
completion times. J. Pers. Soc. Psychol. 67:366-381 

20. Bae HJ., Kim DH.,Yoo NM., Choi JH., Huh JT. and Cha JK., 
et al. 2010. Prehospital Notification from the Emergency 
Medical Service Reduces the Transfer and Intra-Hospital 
Processing Times for Acute Stroke Patients. J Clin Neurol. 
6:138-5. 

21. Abdullah AR., Smith EE., Biddinger PD., Kalenderian D., 
Schwamm LH. 2009. Advance Hospital Notification by 
EMS in Acute Stroke Is Associated with Shorter Door-to-
Computed Tomography Time and Increased Likelihood 
of Administration of Tissue-Plasminogen Activator. 
Prehospital Emergency Care. 12:426-431. 

22. Lin CB., Peterson ED., Smith EE., Saver JL., Liang L., 
Xian Y. et al. 2012. Emergency medical service hospital 
prenotification is associated with improved evaluation and 
treatment of acute ischemic stroke. Circ Cardiovasc Qual 
Outcomes. 5:514-522. 

23. Meretoja A., Strbian D., Mustanoja S., Tatlisumak T., 
Lindsberg PJ., Kaste M. 2012. Reducing in-hospital delay 
to 20 minutes in stroke thrombolysis. Neurology. 79:306-
313. 

24. Cone DC., Cooley C., Ferguson J., Harrell AJ., Luk JH. 
and Martin-Gill C., et al. 2017. Observational Multicenter 
Study of a Direct-to-CT Protocol for EMS-transported 
Patients with Suspected Stroke. Prehospital Emergency 
Care. 22:1-6.

25. Xian Y., Smith EE., Zhao X., Peterson ED., Olson DM. 
and Hernandez AF. et al. 2014. Strategies used by hospitals 
to improve speed of tissue-type plasminogen activator 
treatment in acute ischemic stroke. Stroke. 45:1387-1395. 

26. Zhao H., Pesavento L., Coote S., Rodrigues E., Salvaris P., 
Smith K. et al. 2018. Ambulance Clinical Triage for Acute 
Stroke Treatment : Paramedic Triage Algorithm for Large 
Vessel Occlusion. Stroke. 49:945-951. 

References

1. Louis Caplan. 2009. Part 1 : General principles, chapter 3 : 
Diagnosis and the clinical encounter. In : Caplan’s Stroke : 
a clinical approach, 4th edition. Philadelphia. Elsevier Inc., 
P. 66.

2. Wolfe CD. 2000. The impact of stroke. Br Med Bull. 
56:275-286.

3. Emberson J., Lees KR., Lyden P.,Blackwell L., Albers 
G. and Bluhmki E. et al. 2014.  Effect of treatment delay, 
age, and stroke severity on the effects of intravenous 
thrombolysis with alteplase for acute ischaemic stroke : a 
meta-analysis of individual patient data from randomised 
trials. Lancet. 384:1929-1935. 

4. Boehme AK., Esenwa C., Elkind MSV. 2017. Stroke Risk 
Factors, Genetics, and Prevention. Circ Res. 120:472-495. 

5. Lisa LP., Jughters A., Kerckhofs E. 2013. The effectiveness 
of different treatment modalities for the rehabilitation of 
unilateral neglect in stroke patients : a systematic review. 
NeuroRehabilitation. 33:611-620. 

6. Hacke W., Donnan G., Fieschi C., Kaste M., Von Kummer 
R. and Broderick JP. et al. 2004. Association of outcome 
with early stroke treatment : pooled analysis of ATLANTIS, 
ECASS, and NINDS rt-PA stroke trials. Lancet. 363:768-
774. 

7. National Institute of Neurological Disorders and Stroke rt-
PA Stroke Study Group. 1995. Tissue plasminogen activator 
for acute ischemic stroke. N Engl J Med .333:1581-1587.

8. Yang P., Zhang Y., Zhang L., Zhang Y., Treurniet KM. and 
Chen W., et al. 2020. endovascular thrombectomy with 
or without Intravenous alteplase in acute stroke. N Engl J 
Med. 382:1981-1993

9. Goyal M., Menon BK., van Zwam WH., Dippel DWJ., 
Mitchell PJ. and Demchuk AM. et al. 2016. Endovascular 
thrombectomy after large-vessel ischaemic stroke : a meta-
analysis of individual patient data from five randomised 
trials. Lancet. 387:1723-1731. 

10. Powers WJ., Derdeyn CP., Biller J., Coffey CS., Hoh BL. 
and Jauch EC. et al. 2015 American Heart Association/
American Stroke Association Focused Update of the 2013 
Guidelines for the Early Management of Patients With 
Acute Ischemic Stroke Regarding Endovascular Treatment. 
Stroke 46:3020-3035. 

11. Chuluunbaatar E., Chou YJ., Pu C. 2016. Quality of life 
of stroke survivors and their informal caregivers : A 
prospective study. Disabil Health J. 9:306-312. 

12. Fonarow GC., Smith EE., Saver JL., Reeves MJ., Hernandez 
AF. and Peterson ED. et al. 2011. Improving door-to-needle 
times in acute ischemic stroke : the design and rationale 
for the American Heart Association/American Stroke 
Association’s Target : Stroke initiative. Stroke. 42:2983-
2989. 

13. Chugh C. 2019. Acute Ischemic Stroke : Management 
Approach. Indian J Crit Care Med. 23:S140-S146. 

18-De Meirsman.indd   14018-De Meirsman.indd   140 12/01/2021   12:2212/01/2021   12:22



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 PerforMance analysIs of an IscheMIc stroke ManageMent Protocol 141

APPENDIX 1 - STROKE PROTOCO

All patients with a tentative diagnosis of stroke were assessed for eligibility, including referrals, out of 
hospital and in hospital patients. When patients presented to our triage with a suspected stroke, the triage 
nurse conducted an ACT-FAST score for early detection of possible stroke patients. The ACT-FAST algorithm 
looks for signs of stroke (unilateral arm drift to stretcher <10 seconds, severe language deficit, gaze deviation, 
hemineglect or the eligibility of stroke mimics (e.g. hypoglycemia) (26). When ACT-FAST was positive a 
secondary survey was done in order to activate the stroke management protocol by an emergency physician. 
The decision was based on an estimation of onset of symptoms and a short summary of the patient history. On 
activation of the protocol the triage nurse placed an IV-access, a pre-assembled stroke kit was opened which 
included : laboratory test tubes, venous blood gas for point of care testing, pre-ordered CT application-forms 
and a NIHSS-scoring sheet. Parameters were taken. The emergency physician then contacted the department 
for neurology and radiology to notify them of a possible acute stroke patient. Meanwhile the CT-scanner was 
reserved, and transport was organized. For all patients a prospective data gathering was started as soon as 
possible.  Data collection was done via a survey, which collected different demographic data. This was done 
either by the patient themselves or by their family and was supplemented by an extensive patient history 
recollected from the hospital records. Baseline characteristics included : age, sex, race, language, smoking, 
alcohol use, hypertension, diabetic, dyslipidemia, obesitas, prior stroke events, NIHSS, premorbid medical and 
functional status and time of stroke onset were gathered. A neurologist at the bedside evaluated all patients. 
Specific radiologic stroke scores (ASPECT-scores, collateral scores and location of occlusion) were collected 
from radiologic reports and added to the database with the help of a study nurse. In our center radiologists 
ensured an immediate imaging protocol 24/7. After scanning the patient returned to the emergency department 
for further assessment and appropriate therapy was given. 

Stroke protocol Gen

Triage Nurse, ED physician
Stroke patient

Location: Triage
Phone ED physician (4444)

(first assessment – phone radiology (4605))
Control of past medical history – Kidney function: eGFR <50ml/min= NaHCO3 1.4% 500ml

Phone neurologist 
Assessment of vital signs, IV-line placement, blood samples, CVA-kits (lab tubes, NIHSS, Follow-up)

Wake-up, posterior stroke, allergy: consider MRI i/o Angio CT

Location: shock room ED
-Call anaesthetist (5099/6666)
2-lumen peripheral IV-catheter

Arterial line by staff

Location: IRCC
-call ER (1580)

-Transport patient

Anaesthetist
ICU

Patient mechanically ventilated to ICU 

Location: shock room ED
Assessment neurologist: 

No endovascular therapy ± start thrombolysis
-call interventional radiologist: call-off stand-by

Location: stroke unit
Admission stroke unit 

HD stable and
extubation

ED physician, Radiologist
Location: Ct-scanner

1.Assesment ED: Hemorrhagic stroke?
2. Assessment radiologist: ischemic stroke – stand-by activation of interventional radiologist

Location: shock room ED
Assessment neurologist: 

endovascular therapy ± start thrombolysis
-call interventional radiologist: timing procedure

-Call ED physician: organize anaesthesia

↙ ↘

↓

↓

↓

↓

↑

↓

↑
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Abstract : Background : Duchenne muscular dystrophy 
(DMD) is the most common severe myopathy in 
children. They often require surgical interventions under 
general or locoregional anesthesia. These patients remain 
challenging cases for the anesthesiologist as they are prone 
to develop complications perioperatively. Anesthesia-
induced rhabdomyolysis (AIR) and hyperkalemic cardiac 
arrest are the most feared complications, and clearly 
associated with the use of succinylcholine and potent 
volatile agents. Intravenous agents are favored, but also 
carry a risk of causing rhabdomyolysis. 
Objectives : We reviewed different types of perioperative 
complications of patients with DMD and tried to correlate 
them to their likely cause, be it underlying pathology, 
surgical complication or anesthetic intervention or agent.
Methods : We performed a retrospective medical record 
analysis of anesthetic interventions in confirmed DMD 
patients from January 1970 through December 2019.
Results : We included 105 DMD patients, collectively 
undergoing a total of 185 anesthetic interventions 
(volatile n=78, intravenous n=107). Complications arose 
in 20.5% (n=38) of overall anesthetic interventions. The 
mainstay could be attributed to surgical or preexisting 
medical conditions, or a combination of both. But in two 
cases rhabdomyolysis developed. One in the intravenous 
group, the other in the volatile group. The latter was 
complicated with a fatal hyperkalemic cardiac arrest. An 
overall rate of difficult tracheal intubations was revealed 
in 19.2% of cases.
Conclusions : There is no anesthetic technique with 
a zero risk for AIR. Potent volatile agents should be 
avoided whenever possible. When they are necessary, 
switch to an intravenously maintained anesthesia should 
be made. However, use of propofol infusions in these 
children requires at least caution. 

Keywords : Duchenne muscular dystrophy ; intra-oper-
ative complications ; postoperative complications ; anes-
thesia induced rhabdomyolysis ; hyperkalemic cardiac 
arrest.

IntroductIon

Duchenne muscular dystrophy (DMD) is an 
autosomal recessive, X-linked dystrophinopathy 
that affects boys with an incidence varying 
between 2 to 3 per 10.000 male births (1). Due to 
an abnormality in the gene encoding for the cell 
membrane protein dystrophin, its absence leads to 
a continuous degeneration of striate muscle fibers 
replacing these with fibrofatty tissue (1,2). Clinically 
this is translated into affected boys suffering from 
proximal muscle weakness over impaired mobility 
to full wheelchair dependency. Parallel to these 
manifestations they develop respiratory failure as 
well as cardiac failure, leading to premature death 
in the third or fourth decade (3, 4). 

Due to the progressive nature of this neuro-
muscular disease, this specific patient population 
often needs a variety of surgical interventions and 
is therefore widely exposed to anesthesia and its 
perioperative risks. 

More specifically, since the 1960s case reports 
describe the occurrence of acute rhabdomyolysis 
and hyperkalemic cardiac arrest with the use of 
succinylcholine and/or halogenated volatile agents 
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adheres to the ICH - GCP principles (International 
Conference on Harmonization Guidelines on 
Good Clinical Practice), the latest version of the 
Declaration of Helsinki, the Oviedo Convention 
on Human Rights and Biomedicine and applicable 
laws and regulations. 

Patient identification

The department of pediatric neurology at the 
UZL keeps a record of all their DMD patients. Their 
database contains 210 confirmed DMD patients 
and data were collected from January 1st 1970 up 
to December 31st 2019. All of these records were 
scrutinized for this study, to map out which of these 
patients had been anesthetized, in what way and if 
any complications arose. 

All DMD patients recorded by the department 
of pediatric neurology (n=210) were potentially 
eligible for inclusion in our database, but not 
every single patient got withheld for inclusion. 
The following exclusion criteria were applied : 
(a) Patients whose original medical file did not get 
transferred into our hospital’s electronic patient 
record system (KWS, Klinisch WerkStation), (b) 
Patients without any mention of an anesthetic inter-
vention in their medical file and (c) Patients that got 
included in the pediatric neurology database outside 
of the time window described previously. 

A PRISMA-flow diagram (Fig. 1) shows 
patient selection through inclusion and exclusion 
criteria, and the reasons for exclusion. 

Preoperative anesthetic assessment documents 
were mainly used to extract demographic data (sex, 

in DMD patients (5). This acute rhabdomyolysis 
has to be differentiated from the clinical entity 
malignant hyperthermia as there is absence of the 
hypermetabolic state preceding this rhabdomyolysis 
and cardiac arrest (6). An important difference that 
has led to the introduction of the term anesthesia-
induced rhabdomyolysis. On the other side, 
the recognition of this difference is of utmost 
importance as these two clinical entities require 
different initial therapeutic management and this 
will have an important influence on survival. 

The previously mentioned case reports 
have discouraged the use of volatile agents in 
favor of intravenous agents (propofol, ketamine, 
benzodiazepines and barbiturates). An ideal agent 
for total intravenous anesthesia, however, doesn’t 
seem to exist as these agents also carry a risk of 
causing rhabdomyolysis (7). A number of case 
reports questioned their safety profile in DMD 
patients (8-10), propofol included. Rhabdomyolysis 
is only one clinical feature of the so-called propofol 
infusion syndrome (PRIS), otherwise characterized 
by an unexplained myocardial failure and metabolic 
acidosis in the setting of prolonged, high dose 
propofol infusion (>4 mg kg-1 h-1 for > 48h) (11). 

The use of locoregional anesthetic techniques 
in DMD patients has been used without major 
complications, although caution is required for pos-
sibly increased sensitivity to local anesthetics (12). 
Unfortunately, regional anesthesia is not always 
possible.

The University Hospitals Leuven (UZL) are a 
tertiary referral center for DMD. As a tertiary referral 
center, we deal with a broad spectrum of pathologies 
and have access to a large database of DMD patients. 
Various types of anesthetic techniques and agents 
are used on a routine basis. The aim of this study is 
to analyze all anesthetic records of DMD patients 
that underwent general or locoregional anesthesia in 
search of differences in complication rate between 
patients who received volatile or intravenous hyp-
notics, review the anesthetic management strategies 
and give recommendations on the optimal anesthetic 
management in this specific patient population. 

methods

Study design

This retrospective medical record analysis 
was approved on January 20th, 2020 by the Ethical 
Research Committee (ERC) of the University 
Hospitals Leuven (Chairperson prof. dr. Minne 
Casteels, reference number S63489). The ERC 

Fig. 1 — PRISMA-flow diagram, depicting the selection of 
patient population following the different criteria and hereby 
mapping the number of records identified, included, excluded, 
and the reasons for exclusion. 
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Demographics 

A total of 185 anesthetic interventions 
performed in 105 DMD patients over a timespan of 
50 years were analyzed. Among the whole group, 
60.5% of these interventions took place at an age 

age, weight, length, ASA classification), regular 
drugs and an up-to-date medical history. Pulmonary 
function tests (forced vital capacity (FVC), forced 
expiratory volume in 1 second (FEV1) and FEV1/
FVC ratio) and transthoracic echocardiograms were 
reviewed when available. 

Intraoperative and postoperative anesthesia 
records were reviewed in all patients. The following 
data were extracted : type of surgery and anesthesia 
(inhalational, intravenous, locoregional techniques 
or combinations), anesthetic agents used (hypnotics, 
neuromuscular blockers, local anesthetics), intuba-
tion reports, type of airway used, duration of 
surgery, inotropic or vasopressor need, estimated 
blood loss, transfusion need and volume, summary 
of postoperative stay on recovery or intensive care.

Procedures were divided into 2 groups ac-
cording to the type of anesthesia performed : use 
of a volatile agent or use of an intravenous agent. 
In search of a possible causative relation between 
the use of volatile anesthetics and perioperative 
complications (hemodynamic, respiratory, infec-
tious or other), we pooled isolated volatile tech-
niques and combination techniques (induction with 
a potent volatile agent and maintenance with an 
intravenous agent) in a single group. 

We performed a subgroup analysis of all patients 
that underwent locoregional anesthesia. Of note 
is that these locoregional techniques were always 
performed as an adjunct to a general anesthesia with 
volatile and/or intravenous anesthetics. Therefore, 
patients included in this subgroup are also included 
in both main groups.

results

Identification of patient population

Based on the previously mentioned inclusion 
and exclusion criteria, we ended up with a total 
of 110 DMD patients, collectively undergoing a 
total of 213 anesthetic interventions (Fig. 1). Of 
these 213 cases, preoperative anesthetic evaluation 
documents, intraoperative anesthetic charts and 
surgical summary documents were evaluated. 
Cases were additionally excluded according to 
the following criteria : (a) No anesthetics were 
administered (anesthetist remained stand-by) (n=1), 
(b) No complete dataset of intraoperative (type of 
anesthesia) and postoperative (recovery or intensive 
care unit) anesthetic records could be found (n=27). 

Eventually, the data that were included came 
from 105 DMD patients that collectively underwent 
a total of 185 anesthetic interventions.

Volatile 
anesthetics 

(n=78)

Total 
intravenous 
anesthetics 

(n=107)
Age at surgery (years)
0-10 31 26
11-20 43 69
21-30 2 11
31-40 2 1
Mean demographics
Mean age (years) ± SD 11.7 ± 6.5 14.3 ± 6.3
Mean body weight (kg) ± SD 36.5 ± 16.2 45.5 ± 19.2
Mean length (cm) ± SD 130.2 ± 23.8 141.7 ± 21.4
ASA score at time of surgery
ASA 1 10 6
ASA 2 22 25
ASA 3 41 63
ASA 4 5 10
ASA 5 0 3
Volatile agent
Sevoflurane 55
Sevoflurane induction – 
propofol maintenance 22

Halothane 1
Nitrous oxide 33 9
Intravenous agent
Propofol - 103
Ketamine - 22
Midazolam - 2
Neuromuscular blockers 
Succinylcholine 0 0
Nondepolarizing muscle 
relaxants 13 32

   Rocuronium 2 19
   Cisatracurium 10 3
   Mivacurium 1 6
   Vecuronium 0 4
Airway management
Preexisting endotracheal tube 1 1
Endotracheal intubation 28 54
Difficult intubation 6 14
Use of muscle relaxants at 
time of difficult intubation 3 4

Laryngeal mask 36 26
Spontaneous airway 5 8
No information on airway 2 4
ICU admission
Elective 15 41
Unplanned 1 0
Readmission 2 4

Table 1
Patient and anesthetic characteristics

ASA = American Society of Anesthesiologists, SD = Standard 
Deviation, ICU = Intensive Care Unit.
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procedures, only volatile agents were used. In 22 
cases, a potent volatile agent was used for induction 
and maintenance was done with intravenous 
hypnotics (Table 1). 

The majority of surgery was performed in the 
age group ranging from 11 to 20 years (112/185). 
Out of these 112 procedures, 69 (60,5%) were 
performed using an intravenous anesthetic agent, 
43 (38.4%) using a potent volatile anesthetic agent. 
In the age group ranging from 0 to 10 years (30,8% 
of procedures), volatile and intravenous agents were 
used in a similar proportion (54.4% and 45.6% 
respectively) (Table 1). 

Propofol is the most commonly used hypnotic 
for total intravenous anesthesia in our DMD patients. 
Similar results were found in a study by Muenster et 
al (13). Sevoflurane was used almost exclusively in 
volatile anesthetic techniques (Table 1).

A more specific overview on the variety 
anesthetic agents used, is found in table 1. 

Locoregional technique

In this database of DMD patients the use of 
locoregional techniques was very limited. In 10 
patients, undergoing a spinal fusion, the surgeon 
placed an epidural catheter. After a bolus of local 
anesthetic, given by the anesthetist, the catheter 
was connected with a patient controlled epidural 
analgesia pump. Details on which local anesthetics 
had been used were not available. 

One caudal block was performed in a 4-year-
old patient for a leg muscle biopsy. 

Unfortunately, we found no details on types 
of local anesthetic used. Although the use of these 

range of 11 to 20 years, followed by the age group 
0 to 10 years, in which 30.8% of procedures were 
counted (Table 1).

More than half of the included DMD patients 
(n=104 [56.2%]) were categorized as ASA class 
3 at the time of surgery. 60.6% (63/104) of these 
ASA 3 patients were anesthetized with an isolated 
intravenous technique, compared to 39.4% (41/104) 
receiving a volatile based general anesthesia (Table 
1). 

A more balanced preference of choice of 
anesthetic technique was found in the ASA 2 group 
(n=47) : 53.2% (25/47) received only intravenous 
anesthetics, versus 46.8% (22/47) receiving volatile 
anesthetics. 

ASA 1 patients were predominantly anesthe-
tized with an isolated volatile technique (n=10/16 
[62.5%]).

When averaging our demographics in function 
of type of anesthetic agent used, mean age was 
higher in the intravenous group (Table 1). 

An overview of the most common comor-
bidities can be found in Table 2, together with the 
preoperative test results (Table 3).

Overall anesthetic procedures 185
Comorbid conditions
Cardiomyopathy 32
Restrictive lung disease 31
Non-invasive ventilation 20
Scoliosis 49
Chronic corticoid use 108
Wheelchair dependent 44
Type of surgery
Spinal fusion 49
Muscle biopsy 44
Orthopedic 36
Dental care 15
Abdominal - Gastrointestinal 14
Cardiovascular 13
Other (thoracic, ophtalmologic,  neurosurgery) 11
Otolaryngologic 4

Table 2
Patient and surgical characteristics

Preoperative test results Volatile
(n=78)

Intravenous 
(n=107)

Median VC (% of predicted) ± SD 
(range)

74 ± 29.5
(7-119)

58 ± 26.9
(14-119)

Median FEV1 (% of predicted) ± 
SD (range)

75 ± 27.2
(7-116)

56 ± 26.8
(15-115)

Median FEV1 (% of VC) ± SD 
(range)

95.5 ± 10.1
(74-117)

94 ± 11.7
(34.5-117)

Normal TTE (N, %) 45
(57.7%)

67
(62.6%)

Pathological TTE (N, %) 15
(19.2%)

23
(13.1%)

No TTE (N, %) 18
(23.1%)

13
(15.9%)

Table 3
Preoperative test results according to the type of anesthetic 

agent used

VC = Vital Capacity, FEV1 = Forced Expiratory Volume in 1 second, 
TTE = Transthoracic Echocardiography.

Type of surgery

The mainstay of surgery performed was major 
spinal surgery (26.4%), followed by muscle biopsy 
(23.8%) and orthopedic interventions (19.5%) 
(Table 2). 

General anesthesia

107 of 185 anesthetic interventions were 
performed with a total intravenous technique. In 56 
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were already intubated and no information on 
difficulty was noted. In 20/102 intubations (19,6%) 
the anesthetist experienced some difficulties and 
resorted to using intubating bougie/stylet, video 
laryngoscopy or fiberoptic intubation. At the 
moment of difficult intubation, muscle relaxants 
had been given in 35% (Table 1). In 45% of reported 
intubation difficulty (9/20, despite the use of muscle 
relaxants in 5 of them), planned surgery was spinal 
fusion.

Spinal fusions

Due to progressive loss of muscle strength, 
DMD patients eventually develop a pronounced 
weakness of trunk and paraspinal muscles, leading 
to a worsening thoracic scoliosis with deteriorating 
pulmonary function and need for surgical correction 
(16, 17). More than a quarter (26.4%) of our 
reviewed surgical procedures were spinal fusions 
(Table 2). The mean age at fusion was 15.7 years 
with a mean body weight 55.9 kg and mean height 
157.2 cm. Most of these DMD patients had some 
degree of restrictive lung disease and 18 of 49 DMD 
patients had a pathological echocardiography. In 
83.7%, they had an ASA physical status 3. The 
mean duration of surgery was 307 minutes and 
the mean estimated blood loss 2117 ml (Table 4). 
These findings are comparable to those found by 
Duckworth et al. (16) and Turturro et al. (17).

techniques in our hospital was very limited, no 
complications related to its use were reported.

Neuromuscular blockers and its reversal agents

In 45 of 185 anesthetic procedures (24.3%) 
non-depolarizing neuromuscular blockers were 
used (Table 1) : rocuronium (n=21), cisatracurium 
(n=13), mivacurium (n=7) and vecuronium (n=4). In 
33 of these 45 procedures (73.3%) a single dose was 
given at induction to facilitate intubation conditions, 
after which no further top-ups were given.

In two patients only, neuromuscular blocker 
reversal agents (Sugammadex) were used. No 
obvious reason for or complications with its use 
were mentioned. The main reason for the limited 
use of neuromuscular blocker reversal agents was 
duration of surgery or continued sedation and 
ventilation post-surgery. 

As depolarizing neuromuscular blocker in-
duced rhabdomyolysis is a known complication 
in DMD patients (14, 15), no depolarizing neuro-
muscular blocking agents were found to have 
been used in any of the 185 reviewed anesthetic 
interventions. 

Difficult tracheal intubation 

On a total of 185 procedures 102 tracheal 
intubations were performed. In 2 procedures patients 

Volatile (n=12) Intravenous (n=37) Overall spinal fusions (n=49)

Mean age (y) at surgery ± SD (range) 14.5 ± 1.1
(13-17)

16.1 ± 2.5
(12-22)

15.7 ± 2.4
(12-22)

Mean body weight (kg) ± SD (range) 51.8 ± 12.8
(24-77)

57.3 ± 14.0
(35-109.8)

55.9 ± 13.9
(24-109.8)

Population ASA2 0.083 0.081 0.082
Population ASA3 0.917 0.811 0.837
Population ASA4 0 0.108 0.082

Median VC (% of predicted) ± SD (range) 49 ± 19.5
(30-106)

50 ± 20.8
(22-105)

49 ± 20.5
(22-106)

Median FEV1 (% of predicted) ± SD (range) 52 ± 21.4
34-116)

55 ± 20.3
(24-113)

53 ± 20.7
(24-116)

Median FEV1 (% of VC) ± SD (range) 93 ± 10.7
(79-113)

93 ± 5.9
(77-102)

93 ± 7.7
(77-113)

Normal TTE (n, %) 6 (50%) 24 (64.9%) 30/49 (61.2%)
Pathological TTE (n,%) 6 (50%) 12 (32.4%) 18/49 (36.7%)
No TTE (n, %) 0 1 1/49 (2.0%)

Duration (min) 265.8 ± 46.6
(200-345)

320.4 ± 77.1
(190-510)

307 ± 74.5
(190-510)

Estimated blood loss (ml) 2002.5 ± 922.3
(150-3000)

2144.3±1456.2
(700-8000)

2117 ± 1372
(150-8000)

Nber perioperative complications 9 16 25
Nber of difficult intubations 3 6 9
Nber of difficult intubations despite use muscle relaxants 2 3 5

Table 4
Patient and surgical characteristics of patients undergoing spinal fusion
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Postoperative airway obstruction requiring 
prolonged intubation and ventilation was identified 
in 4 cases (1 in the volatile group, 3 in the intravenous 
group), 3 of which were extensive spinal fusions 
in prone positioning (possibly contributing to 
airway edema). Difficult intubation circumstances 
were noted in 2 cases. Macroglossia was present 
preoperatively in the other 2 cases. All patients were 
successfully extubated within a mean of 36 hours 
postoperatively. 

One patient in the volatile group died of 
heart failure 18 days post left ventricular assist 
device placement for end stage heart failure 
(LVEF 12.8 %) with pulmonary hypertension (51 
mmHg) despite high dose hemodynamic support 
with norepinephrine, dobutamine, and enoximone 
infusion and nitric oxide inhalation. 

Five patients in the intravenous group under-
going spinal fusion, were started on vasopressor 
and/or inotropic support (norepinephrine, dobu-
tamine). 3 of these patients had a reduced left ven-
tricular systolic function preoperatively (mean left 
ventricular ejection fraction 40,3%). Preoperative 
cardiac function was normal in the other 2 patients. 
In all cases, intraoperative blood loss was high, 
stressing a weak heart even further. Propofol 
infusion may have had an additional negative 
inotropic effect on the stressed heart. 

Sinus bradycardia occurred intraoperatively 
in 2 patients. In one patient, sevoflurane was used 
for induction and maintenance. Propofol wat used 
for induction and maintenance in the other. High 
concentrations of both anesthetic agents may cause 
depression of sympathetic cardioaccelerator tone 
with a suppressive effect on heart rate. Lowering 
agent concentrations and an atropine bolus quickly 
restored normal heart rate. 

The mainstay of the anesthesia-related com-
plications described above can also be attributed 
to the nature and extensiveness of surgery (e.g. 
major blood loss with coagulopathy in spinal fusion 
surgery), preexisting medical conditions specific 
to DMD patients (skeletal muscle weakness with 
restrictive lung disease, cardiomyopathy) or a 

In 18 procedures (36.7%) patients were hemo-
dynamically supported with vasopressors, more 
specifically norepinephrine. 

DMD patients are at greater risk of peri-
operative complications (14, 16). In the subgroup of 
patients undergoing spinal fusion, 25 perioperative 
complications arose (51%). 

Intensive care unit admission

Post major surgery (spinal fusion, cardiotho-
racic surgery, complicated abdominal surgery) 
DMD patients were electively admitted to the 
intensive care unit (n=56). 

Patients who stayed on ICU preoperatively 
(n=6) were readmitted on ICU afterwards. One 
patient needed an unplanned ICU admission 
after developing a hyperkalemic cardiac arrest in 
recovery following uncomplicated anesthesia for 
placement of a Port-à-Cath (Table 1). 

Perioperative complications

All intra- and postoperative complications 
(taking place in theatre, recovery or intensive care) 
were looked into. A perioperative complication 
was defined as an event deviating from a normal 
perioperative course and clearly documented so. 

As anesthetists, apart from the occurrence 
of acute vital complications such as respiratory 
failure (hypoventilation, upper airway obstruction) 
and hemodynamic failure (cardiac failure due to 
acute on chronic decompensation or arrhythmias), 
we were especially interested in the occurrence 
of complications that might be directly linked to 
our anesthetic agents such as anesthesia induced 
rhabdomyolysis (AIR). 

Of the 185 anesthetic interventions that got 
scrutinized, a perioperative complication arose in 
38 cases (20.5%). In some cases, more than one 
different type of complication arose (overall amount 
complications n=43). Perioperative complications 
were identified in 17 cases in the volatile group, 
counting 78 anesthetic interventions (21.8%). Peri-
operative complications were found in 21 cases 
in the intravenous group, counting 107 anesthetic 
interventions (19.6%) (Table 5). 

Respiratory failure was reported in 5 patients, 
in 4 of them perioperatively to undergoing major 
spinal surgery. 4 patients developed CO2 retention. 
1 patient developed increased oxygen requirement 
needing intensified respiratory physiotherapy. Only 
one of these patients received a volatile anesthetic 
intraoperatively. 

Perioperative complications – 
anesthesia-related

Volatile 
anesthetics

Intravenous 
anesthetics

Respiratory failure 1 4

Postoperative (upper) airway 
obstruction 1 3

Cardiac failure 1 5
Cardiac dysrhythmias (bradycardia) 1 1

Table 5
Overview of anesthesia-related perioperative complications
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case  2

The medical history of this 21-year-old 
patient revealed restrictive lung disease (Vital 
Capacity 20%), malnutrition (Body Mass Index 
11.4) and wheelchair dependency for 10 years at 
time of surgery. Preoperative cardiac evaluation 
only revealed a limited septal hypokinesia. Total 
intravenous anesthesia was used during gastrostomy 
placement (Target Controlled Infusion with target 
plasma concentration of 0.6 µg ml-1 maximum, 
duration 35 minutes). The intervention was un-
eventful, and he was referred to the ward. One 
day after placement, he developed an abdominal 
pain syndrome with myoglobinuria (dark urine). 
Rhabdomyolysis (heme dipstick 3+, serum CK 
40100 U L-1, AST 906 U L-1, ALT 218 U L-1, 
LDH 2519 U L-1, normal preoperatively) and 
metabolic and respiratory acidosis were noted. He 
was admitted on ICU where he was treated with 
fluid resuscitation, alkalization, ion correction and 
sustained nightly BiPAP support. He was able to 
return to the ward 24 hours after ICU admission. 

AST = aspartate aminotransferase, normal 
range ≤ 37 U L-1

ALT = alanine transaminase, normal range ≤ 
41 U L-1

LDH = lactate dehydrogenase, normal range 
157-272 U L-1

BiPAP = Bilevel Positive Airway Pressure

dIscussIon

Duchenne muscular dystrophy is the most 
common severe myopathy in children (4). Because 
of advances in supportive therapy, the lifespan of 
DMD patients has been extended to sometimes 
even four decades (3, 4). This means a single DMD 
patient often undergoes a multitude of diagnostic 
and surgical procedures, each of them requiring 
some sort of anesthetic support. Despite dealing 
with them more frequently, these patients remain 
challenging cases for the anesthesiologist as they 
are prone to develop perioperative complications 
(16). Some of these complications, like anesthesia-
induced rhabdomyolysis and hyperkalemic cardiac 
arrest, are directly linked to anesthetic agents 
as succinylcholine and volatile anesthetics. The 
safe use of intravenous agents in DMD patients, 
however, is less clear. In this retrospective medical 
record analysis, we analyzed the anesthetic records 
of DMD patients receiving general or locoregional 
anesthesia. Besides rigorously describing patient, 
surgical and anesthetic characteristics, we searched 

combination of both. As such, these complications 
cannot solely be attributed to the type of anesthetic 
agent used. 

An overview of not anesthesia-related peri-
operative complications is listed in table 6.

Rhabdomyolysis occurred in 2 cases. One 
in the volatile group, the other in the intravenous 
group.

case 1 

A boy, aged 11, was scheduled for placement 
of a Port-à-Cath. He was on chronic corticoid 
treatment and was still ambulatory (10 minutes) 
at time of surgery. Anesthesia was maintained 
with sevoflurane. Surgery was uneventful. After 
extubation, the boy was in pain. Moments after 
admission in recovery, he became cyanotic with 
deteriorating respiration and irresponsiveness. The 
patient was resuscitated. A tension pneumothorax 
was excluded. Blood gas analysis revealed a 
potassium level of 8.7 mmol/L and a metabolic and 
respiratory acidosis (pH 6.839, pCO2 81.7 mmHg 
and lactic acid 25 mmol L-1 (0.5-2.2)). Serum 
creatinine kinase (CK) was up to 58660 U L-1 (≤ 
190 U/L) and urine dipstick was highly positive (3+) 
for red blood cell heme. Extracorporeal membrane 
oxygenation (ECMO) and renal replacement 
therapy was initiated. Despite maximal therapy, 
he died 4 days later. Off note, one year earlier the 
patient underwent an uneventful muscle biopsy 
under sevoflurane induction. We had no data on 
anesthesia agents used in three other previous 
procedures under general anesthesia. 

Perioperative complications – not 
anesthesia related

Volatile 
anesthetics

Intravenous 
anesthetics

Hemodynamic instability caused 
by SIRS 0 2

Hemodynamic instability caused by 
septic shock 2 0

Bleeding 5 5
Pain problem (nociceptive, 
neuropathic) 3 2

Urinary disorder (retention, 
polyuria) 2 1

Infection (wound, urinary tract) 2 1
Air embolism 0 1

Table 6
Overview of not anesthesia-related perioperative 

complications

SIRS = Systemic Inflammatory Response Syndrome
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zymes could have fit this syndrome. In addition, 
malnutrition is a potential risk factor for development 
of PRIS (27). On the other hand, propofol was 
administered at low dose and during a short period 
of time. Moreover, at the time of presentation of 
clinical features, propofol had been discontinued 
for 24 hours. A PRIS-mediated rhabdomyolysis 
alone seems unlikely, but we cannot exclude a 
contribution to it. Muenster et al. (13) concluded 
that propofol is not associated with the occurrence 
of rhabdomyolysis or unexplained fever in DMD up 
to date. In contrast, AIR was reported repeatedly in 
association with the use of different potent volatile 
agents (19-24, 28-30). In our institution, sevoflurane 
was used almost exclusively in volatile anesthetic 
techniques. 

Apart from rhabdomyolysis, we reported a 
variety of anesthesia-related perioperative com-
plications (respiratory failure, upper airway ob-
struction, cardiac failure and dysrhythmias). These 
complications could not be directly linked to the type 
(volatile or non-volatile) of anesthetic agent used but 
could be attributed to the nature and extensiveness 
of surgery, to preexisting medical conditions 
specific to DMD patients or a combination of both. 
Complication rate between patients who received 
volatile or intravenous hypnotics was similar 
(respectively, 21.8% versus 19.6%).

We had too little information to make a 
statement about the safe use of local anesthetics 
and locoregional anesthesia techniques, although 
generally its use is accepted to be safe in DMD 
patients (12). However, dosing of local anesthetics 
should be done carefully as increased sensitivity 
to local anesthetics is described in DMD (12). The 
use of ultrasound has caused a general increase in 
popularity of locoregional anesthetic techniques 
in the past decades. Hopefully, more data will be 
available soon to evaluate its safety profile in this 
patient population. However, young patient age, the 
nature of surgery and often pronounced orthopedic 
deformities in these DMD patients may limit its use. 

Airway management in DMD patients is often 
challenging. Macroglossia, obesity, limited man-
dibular mobility and orthopedic deformities like 
scoliosis and contractures are factors contributing 
to a limited mouth opening and thus a more difficult 
airway anatomy (31). Our study revealed an overall 
rate of difficult tracheal intubations in 19.2% 
of cases. This is a much higher rate compared to 
reported incidences in other retrospective re-
views (Segura et al. (18) 4.2% ; Muenster et al. 
(13) 4-7.5%). One explanation could be that our 
institution is a university hospital, teaching many 

for differences in complication rate between patients 
who received volatile or intravenous hypnotics. We 
compared these findings with available literature 
and give recommendations on the optimal anesthetic 
management in this specific patient population.

In this study the mainstay of procedures was 
performed in the age group ranging from 11 to 
20 years. As most DMD patients lose the ability 
to walk and become wheelchair dependent at the 
age of ten (1), contractures in hips, knees and 
feet are common. Core muscle weakness leads to 
progressive scoliosis. Both conditions often require 
surgery. Mean age at contracture surgery and spinal 
fusion surgery was 12. 4 and 15.7 years respectively. 
In the age group ranging from 0 to 10 years, the 
most commonly performed procedure was muscle 
biopsy, as this is often the way the disease first gets 
diagnosed. These findings are comparable to those 
made by Segura et al. (18).

Out of 185 revised procedures, we found two 
cases of rhabdomyolysis. The first patient underwent 
an uneventful sevoflurane based general anesthesia. 
No muscle relaxants were given. Only in the 
recovery room, he developed a fatal hyperkalemic 
cardiac arrest. Sevoflurane was thought to have 
triggered rhabdomyolysis as other causes for the 
eventual cardiac arrest were excluded. Literature 
suggests that in AIR, there is a very wide range in 
time to onset of symptoms after exposure to a volatile 
trigger (isoflurane, sevoflurane, cyclopropane, 
halothane) (19-24). There is also a wide variation 
in concentrations of a potent volatile anesthetic that 
can cause AIR, making it an idiosyncratic reaction 
(19-24). A previously uncomplicated volatile based 
anesthesia is no guarantee that AIR will not occur at 
a new exposure to a volatile anesthetic.   

The second patient developed rhabdomyolysis 
and myoglobinuria, without cardiac arrest, nor 
cardiac dysrhythmias. Triggering events for rhabdo-
myolysis like seizures, infections, ionic disturbances 
and ischemia were absent. As there was only a mild 
hyperglycemia (193 mg dL-1) and endocrinologic 
evaluation for diabetes mellitus was negative, dia-
betic ketoacidosis was excluded. The presence 
of ketones (dipstick 4+) and metabolic acidosis 
(with normal lactic acid) was assumed to be related 
to preoperative fasting. Indeed, rhabdomyolysis 
has been described in ketoacidosis in dystrophic 
patients (in this case body mass index 11.4) who 
are fasted (25). It is unlikely that propofol triggered 
rhabdomyolysis in this case. 

Considering the variety in presenting clinical 
features of PRIS (26), the presence of metabolic 
acidosis, rhabdomyolysis and elevated liver en-
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risk of inducing AIR in these cases. Keep in mind, 
however, that in the second case rhabdomyolysis 
still occurred despite the sole use of intravenous 
agents.

This malnourished, dystrophic DMD patient 
in ketoacidosis was fasted preoperatively, further 
depleting his carbohydrate storages, making him 
an excellent substrate for development of rhabdo-
myolysis. So the use of propofol infusions in these 
children requires at least caution. Limiting fasting 
time and providing carbohydrate supplementation 
in the form of a dextrose infusion may potentially 
reduce the risk.

It seems there is no anesthetic technique with a 
zero risk for AIR. Every anesthetic intervention in a 
DMD patient demands awareness about the potential 
for AIR and should be approached with extra 
vigilance at every step of way, from preoperative 
evaluation to referral to ward postoperatively. 
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Abstract : The patient controlled administration of 
intravenous morphine has been studied widely and 
proven its efficacy. The administration devices however 
have changed in the course of their use and the impact 
of these devices has not been studied even though there 
are severe differences in patient feedback between 
the commercially available devices. It is suggested by 
the auther that, since it has been proven that patient 
satisfaction increases while the opioid dose remains 
similar, part of the satisfaction is dependend on auditive 
or visual cues provided by the PCIA systems inducing a 
placebo effect. In this pilot study we performed a post-
hoc analysis of data, comparing the evolution of reported 
pain scores through the numeric rating scale (NRS) by 
patient between an analogue (Vygon Freedom 5) and 
a digital (CADD Solis VIP ambulatory Pump, Smiths 
Medical) PCIA pump for the administration of the same 
morphine/dehydrobenzperidol solution during a 5 day 
period after surgery. No difference opioid dosage was 
considered, only a difference in NRS. Data analysis 
was performed through independent T-Testing on every 
measurement point, after checking for normality, using 
the IBM SPSS statistics software. Both groups showed 
a similar downward trend as is expected in a post-
operative trajectory. Although a difference in trendline 
was obtained, no significant result was obtained between 
two groups. As was expected since this study served as a 
pilot study to determine the scale of future research. 

Keywords : Analgesia, patient-controlled ; analgesia ; 
patient controlled / methods ; analgesics, opioid / admi- 
nistration & dosage ; morphine ; infusion pumps.

IntroductIon

Post-operative analgesia has known rapid 
evolution and development of new materials. While 
the effectiveness and cost-efficiency for epidural 
delivered analgesia in combination with continuous 
wound infiltration has been widely studied (1-3). 
There is a wide range of patients not eligible for 
epidural analgesia. Patient controlled intravenous 
analgesia (PCIA) with parenteral morphine admi-
nistration has an important place in the post-
operative analgesia in most hospitals. Even after 
initializing epidural analgesia, there is a frequent 
transfer to intravenous pain medication because of 

various reasons (4). It has been widely proven to 
be a safe and effective acute treatment option (5). 
Making the (opioid) intravenous analgesia delivery 
a patient-controlled process has been widely proven 
to be an effective way to both reduce pain scores 
and to reduce opioid dosage. 

We performed a literature search to review 
which types of pumps were used to deliver the 
opioids using both MeSH as non-MeSH terms. 
While there are numerous studies comparing 
different dosages of medication, we were unable to 
uncover a study that compared two types of patient 
controlled intravenous analgesia devices. However, 
there is a large difference between the commercially 
available systems, both in use and in price. In most 
Belgian hospitals the standard of care is to use a 
digital PCIA infusion pump since it provides a 
commercially easily accessible device that can be 
used for both intravenous and epidural analgesia. 
Maintenance of these devices is relatively easy, 
however not inexpensive. The economic cost of the 
electronic devices on the other hand is significant 
since the main, reusable electronic, device has 
a high initial cost, there is also the battery cost 
and disposable catheter part to consider. Other 
delivery devices are available that are analogue and 
disposable.1

Since the PCIA pump is capable of reducing 
both the pain scores, improving the patient satis-
faction and reduce the delivered opioid dosage, it 
should be argued that part of the pain relief is based 
on placebo effects provided by the delivery system 
(6, 7). Therefore, we suspect that part of the placebo 
effect relies on auditive, visual and haptic cues that 
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Statistical analysis was performed using the 
IBM SPSS v22 software suite. First control of 
normality was performed by usage of the Shapiro-
Wilk test. Testing for homogeneity invariance was 
performed by using the Levene Test. An independent 
T Test was performed on every point of observation 
to average the NRS score results set against the time 
since admission to the ward. No other confounders 
were considered for this study as this was a pilot 
study and patient subgroups were considered be too 
small to yield significant results. The obtained data 
was also insignificant to consider the amount of 
morphine delivered to every patient as an outcome 
parameter. After obtaining a mean on every point of 
measurement, a linear plot line was calculated using 
the Microsoft Office Excell, build 12730.20270, 
to provide graphical representation of the dataset 
obtained through the SPSS software (Fig. 1).

results

The test of normality using the Shapiro-Wilk 
test resulted in regular values >0.05, meaning 
violation of normality assumption, as is shown 
in Table 1. This is because there are relatively 
few possible NRS scores and few patients in both 
groups. Since the independent T Test is considered 
as robustly performant when in violation of 
normality, testing was still performed on the later 
observation points. 

Since the Levene test showed equal variance 
distribution across all observation points, only these 
values were retained in the independent T Test. 
Table 2 shows the means and standard deviations 
on each observation point for both pumps. Table 3 
shows the independent T Test for each measurement 
between the analogue and digital PCIA pump. As 
is shown in the table, only on measurement D2-3 
(third measurement on the third day) statistically 

are provided by the delivery system. This has not 
been investigated by previous researchers.

objectIve

Since no comparative study exists, we per-
formed a pilot study comparing two different 
types of intravenous administration devices, both 
commercially available for efficacy, to provide data 
for a power calculation for future research. 

method

The pilot study was conducted at the center 
where the authors are active. Post-hoc data was 
analyzed of two pump systems. The first pump 
system was obtained from Vygon (Vygon Freedom 
5 model 7301.10 PCA kit), the second pump 
system was obtained from CADD systems [CADD 
Solis VIP ambulatory Pump, Smiths Medical ). 
Both devices were loaded with the same dose of 
morphine (1 milligram per milliliter (mg ml-1)] 
and dehydrobenzperidol (DHBP ; 0.05 mg ml-1). 
Patients agree to post-hoc data evaluation upon 
admission to the ward, prior to their surgery. No 
additional informed consent was obtained. Data 
registry started from arrival of our patients in their 
respective wards after surgery and a limited stay in 
the anesthesia recovery ward. Observations were 
performed by nursing staff of the ward, based on 
the Numeric Rating Scale (NRS) as is the standard 
of care at our hospital during the first five 24-hour 
periods of medication administration after return 
from the anesthesia recovery ward. Patients with a 
stay in the intensive care unit or a prolonged stay 
in the anesthesia recovery ward, defined as more 
than 6 hours postoperative, were rejected as the 
reliability of the data could not be guaranteed and 
other confounding medication could be present. This 
is because it is a common practice on the intensive 
care ward to provide a continuous administration of 
morphine and DHBP through the electronic pump, 
which is not registered in the patient follow-up 
charts.

Data from 73 patients was obtained over a 
period from April 2018 through May 2018 for the 
analogue pump and from April 2019 through May 
2019 for the digital pump. In the Vygon group 8 
patients were rejected before analysis because of a 
stay in the intensive care unit, leading to a group for 
statistical analysis of n = 33 patients. In the CADD 
Solis group 15 patients were rejected because of 
their stay in the intensive care unit, leading to a 
group for statistical analysis of n = 17 patients.

Fig. 1. — Graphical representation of the findings, also a 
statistically insignificant linear regression is shown for both 
systems.
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dIscussIon

Although no overall statistically significant 
result was obtained in comparing both study groups, 
this study was meant serve as the basis for a power 
calculation for a future, larger scale, observational 
study to compare an analogue and digital delivery 
method for efficacy in patient-controlled pain relief. 
After performing statistical analysis, both groups 
showed a similar downward linear evolution, though 
only on one observation was there a statistically 
significant difference between an analogue and a 
digital pump, favoring the analogue pump. 

When considering the one significant obser-
vation point, we can only make assumptions as to 
why there is a difference, since no other outcome 
parameter was considered. There is no measurement 
of delivered morphine and/or DHBP nor is there a 
registration patient opinion as to their experience 
with the PCIA pump. We can suggest that pain 
relief was possibly compromised because of the 
many alarms on the digital pump, e.g. for battery or 
reservoir depletion, intravenous line obstruction or 
near-obstruction and so on. This might interfere with 
an already compromised sleep pattern, resulting in 
higher NRS values. 

Another possible explanation for the results 
is that the audiovisual feedback when pressing the 
digital PCIA pump, e.g. the mechanical noise and 
the light on the pump handle, is absent when the 
lockout period is still in effect. This is not the case 
in the analogue PCIA pump, which provides the 
same haptic feedback regardless of the amount of 
chamber filling. The aforementioned placebo effect 
is therefore not broken, the patient can assume he 
is being dosed, while in reality he is only pressing 
a button.

When regarding possible points of improve-
ment, neglecting the obvious lack in scale in this 
pilot study, we could incorporate confounders for 
type of surgery/trauma, for this would be expected 
to impact the evolution of pain and its relief, since 
not all patients follow the same linear pattern of 
pain improvement. When abdominal surgery has 
passed, one expects a linear improvement of the 
pain with no further events. In orthopedic surgery 
however, we expect to see a rise in NRS scores 
when mobilization and/or physiotherapy occurs. 
Another issue with this study, is that we did not take 
into account the amount of delivered morphine, for 
the objective of this study was merely to show a 
difference in NRS score, not in amount of morphine 
delivered. This might provide an interesting sub-
analysis in a future study.

significant difference is shown (M= 1.097 ; SD = 
0.497, t = 2.205, p = 0.033), with a higher NRS 
score on the digital PCIA pump, thus favoring 
the analogue PCIA pump for pain relief. On no 
other observation could a statistically significant 
difference be shown. 

It is worth noting that towards the later 
observations, few patients remained in either study 
group, with only 3 patients completing the full 5 
24 hour observation periods. This is because the 
administration of IV morphine through PCIA pumps 
for those patients had ceased, however no distinction 
is made between patients being discharged from the 
ward or still being admitted, but no longer needing 
patient controlled morphine delivery.

Tests of Normality

 Shapiro-Wilk
 Statistic df Sig.
D0-1 0,729 4 0,024
D0-2 0,729 4 0,024
D0-3 0,63 4 0,001
D0-4 0,863 4 0,272
D0-5 0,729 4 0,024
D0-6 0,729 4 0,024
D1-1 0,729 4 0,024
D1-2 0,63 4 0,001
D1-3 0,63 4 0,001
D1-4 0,791 4 0,086
D1-5 0,729 4 0,024
D1-6 0,729 4 0,024
D2-1 0,729 4 0,024
D2-2 0,729 4 0,024
D2-3 0,945 4 0,683
D2-4 0,945 4 0,683
D2-5 0,801 4 0,103
D2-6 0,945 4 0,683
D3-1 0,945 4 0,683
D3-2 0,729 4 0,024
D3-3 . 4 .
D3-4 . 4 .
D3-5 0,63 4 0,001
D3-6 0,63 4 0,001
D4-1 0,945 4 0,683
D4-2 0,63 4 0,001
D4-3 0,63 4 0,001
D4-4 0,729 4 0,024
D4-5 0,863 4 0,272
D4-6 0,863 4 0,272
D5-1 0,993 4 0,972
D5-2 0,945 4 0,683
D5-3 0,801 4 0,103
D5-4 0,895 4 0,406
D5-5 0,729 4 0,024
D5-6 0,729 4 0,024

Table 1
Test for normality using the Shaprio-Wilk Test
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Table 2
Mean and standard deviation for both groups on every point of observation, Mean value 

is the mean value for the observed NRS score

Type Pomp N Mean Std. Deviation Std. Error Mean

D0 - 1
Digital Pump 17 3,29 2,494 ,605
Analogue Pump 33 2,21 2,408 ,419

D0 -2
Digital Pump 17 2,94 2,135 ,518
Analogue Pump 31 2,29 1,637 ,294

D0-3
Digital Pump 17 2,24 1,855 ,450
Analogue Pump 28 2,71 2,052 ,388

D0-4
Digital Pump 16 2,44 1,548 ,387
Analogue Pump 26 2,31 1,594 ,313

D0-5
Digital Pump 17 2,29 1,404 ,340
Analogue Pump 25 2,40 1,443 ,289

D0-6
Digital Pump 15 2,13 1,356 ,350
Analogue Pump 25 2,72 1,768 ,354

D1 - 1
Digital Pump 17 2,29 1,829 ,444
Analogue Pump 26 2,58 1,770 ,347

D1 -2
Digital Pump 17 1,94 1,819 ,441
Analogue Pump 25 2,32 1,547 ,309

D1-3
Digital Pump 17 2,59 1,839 ,446
Analogue Pump 27 2,22 1,311 ,252

D1-4
Digital Pump 17 2,65 1,730 ,420
Analogue Pump 27 2,30 2,109 ,406

D1-5
Digital Pump 17 2,18 1,741 ,422
Analogue Pump 24 2,46 1,841 ,376

D1-6
Digital Pump 17 2,06 1,713 ,415
Analogue Pump 25 2,00 1,500 ,300

D2 - 1
Digital Pump 17 2,41 1,770 ,429
Analogue Pump 23 2,00 1,567 ,327

D2 -2
Digital Pump 17 2,06 1,560 ,378
Analogue Pump 24 2,00 1,560 ,319

D2-3
Digital Pump 17 2,88 1,965 ,477
Analogue Pump 28 1,79 1,371 ,259

D2-4
Digital Pump 16 2,38 1,360 ,340
Analogue Pump 24 2,08 1,666 ,340

D2-5
Digital Pump 15 1,60 1,639 ,423
Analogue Pump 25 2,20 1,658 ,332

D2-6
Digital Pump 15 1,33 1,447 ,374
Analogue Pump 27 1,96 1,285 ,247

D3 - 1
Digital Pump 16 1,31 1,352 ,338
Analogue Pump 24 1,88 1,569 ,320

D3 -2
Digital Pump 15 1,93 2,187 ,565
Analogue Pump 24 1,54 1,351 ,276

D3-3
Digital Pump 15 1,93 2,658 ,686
Analogue Pump 24 1,71 1,122 ,229

D3-4
Digital Pump 14 1,21 1,122 ,300
Analogue Pump 23 1,70 1,428 ,298

D3-5
Digital Pump 13 2,38 2,987 ,828
Analogue Pump 23 1,52 1,201 ,250

D3-6
Digital Pump 13 1,62 1,502 ,417
Analogue Pump 24 1,58 1,213 ,248

D4 - 1
Digital Pump 12 1,33 1,497 ,432
Analogue Pump 20 1,15 1,137 ,254

D4 -2
Digital Pump 12 1,42 1,564 ,452
Analogue Pump 22 ,91 ,868 ,185

D4-3
Digital Pump 11 1,55 1,809 ,545
Analogue Pump 22 1,00 ,816 ,174

D4-4
Digital Pump 10 1,10 1,449 ,458
Analogue Pump 17 1,18 ,951 ,231

D4-5
Digital Pump 10 1,20 1,476 ,467
Analogue Pump 18 1,17 1,150 ,271
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D4-6
Digital Pump 9 1,00 1,118 ,373
Analogue Pump 19 1,21 1,548 ,355

D5 - 1
Digital Pump 5 1,00 1,000 ,447
Analogue Pump 17 1,47 1,375 ,333

D5-2
Digital Pump 5 1,40 1,342 ,600
Analogue Pump 17 1,53 1,375 ,333

D5-3
Digital Pump 4 2,00 1,414 ,707
Analogue Pump 16 1,63 1,628 ,407

D5-4
Digital Pump 3 2,00 1,732 1,000
Analogue Pump 15 1,67 1,175 ,303

D5-5
Digital Pump 3 2,33 2,517 1,453
Analogue Pump 15 1,13 ,915 ,236

D5-6
Digital Pump 3 1,33 1,155 ,667
Analogue Pump 11 1,45 1,293 ,390

Levene’s Test for 
Equality of Variances t-test for Equality of Means

Observation point F Sig. T Sig. 
(2-tailed) Mean Difference Std. Error 

Difference
95% CI 

Difference
Lower Upper

D0-1 0,586 0,448 1,487 0,143 1,082 0,728 -0,381 2,545
D0-2 1,013 0,319 1,181 0,244 0,651 0,551 -0,458 1,760
D0-3 0,068 0,795 -0,786 0,436 -0,479 0,609 -1,707 0,749
D0-4 0,176 0,677 0,259 0,797 0,130 0,501 -0,883 1,143
D0-5 0,000 0,997 -0,236 0,815 -0,106 0,449 -1,013 0,801
D0-6 0,326 0,571 -1,103 0,277 -0,587 0,532 -1,663 0,490
D1-1 0,385 0,538 -0,506 0,616 -0,283 0,559 -1,413 0,847
D1-2 1,903 0,175 -0,725 0,472 -0,379 0,522 -1,434 0,677
D1-3 2,511 0,121 0,771 0,445 0,366 0,475 -0,592 1,324
D1-4 0,051 0,822 0,574 0,569 0,351 0,611 -0,882 1,584
D1-5 0,007 0,933 -0,494 0,624 -0,282 0,571 -1,436 0,873
D1-6 2,150 0,150 0,118 0,907 0,059 0,499 -0,950 1,068
D2-1 0,806 0,375 0,778 0,442 0,412 0,529 -0,660 1,484
D2-2 0,023 0,880 0,119 0,906 0,059 0,495 -0,942 1,059
D2-3 0,621 0,435 2,205 0,033 1,097 0,497 0,094 2,100
D2-4 0,396 0,533 0,582 0,564 0,292 0,501 -0,723 1,306
D2-5 0,289 0,594 -1,113 0,273 -0,600 0,539 -1,692 0,492
D2-6 2,535 0,119 -1,454 0,154 -0,630 0,433 -1,505 0,245
D3-1 0,040 0,842 -1,172 0,249 -0,563 0,480 -1,534 0,409
D3-2 1,352 0,252 0,694 0,492 0,392 0,565 -0,752 1,536
D3-3 4,397 0,043 0,368 0,715 0,225 0,612 -1,015 1,465
D3-4 0,157 0,694 -1,074 0,290 -0,481 0,448 -1,392 0,429
D3-5 7,867 0,008 1,231 0,227 0,863 0,701 -0,562 2,288
D3-6 0,052 0,821 0,071 0,944 0,032 0,454 -0,890 0,954
D4-1 1,578 0,219 0,392 0,698 0,183 0,468 -0,772 1,138
D4-2 5,389 0,027 1,224 0,230 0,508 0,415 -0,337 1,352
D4-3 5,756 0,023 1,203 0,238 0,545 0,453 -0,379 1,470
D4-4 1,941 0,176 -0,166 0,869 -0,076 0,460 -1,025 0,872
D4-5 1,190 0,285 0,066 0,948 0,033 0,502 -0,998 1,065
D4-6 0,425 0,520 -0,364 0,719 -0,211 0,579 -1,400 0,979
D5-1 1,977 0,175 -0,707 0,488 -0,471 0,666 -1,859 0,918
D5-2 0,008 0,930 -0,186 0,854 -0,129 0,696 -1,581 1,322
D5-3 0,215 0,648 0,421 0,679 0,375 0,891 -1,497 2,247
D5-4 0,923 0,351 0,419 0,681 0,333 0,796 -1,354 2,020
D5-5 6,206 0,024 1,536 0,144 1,200 0,781 -0,456 2,856
D5-6 0,129 0,726 -0,146 0,886 -0,121 0,828 -1,925 1,683

Table 3
Test on every observation point with Equal variance assumed; CI: confidence interval
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conclusIon

No statistically significant difference could 
be shown between the analogue PCIA pump and 
the digital PCIA pump for the administration of 
Morphine/DHBP for hospitalized patients using 
the available data. The data can be used for power 
calculation of a future comparison study between 
both delivery mechanisms. 
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Abstract : Background : The ultrasound-guided coracoid 
approach to the infraclavicular block is the most common, 
but needle visualization can be challenging due to a steep 
angle. The retroclavicular approach enhances needle 
imaging as the needle can be kept parallel to the ultrasound 
probe. The main drawback of this approach is a blind spot 
caused by acoustic shadowing when passing below the 
collarbone. This ensues potential injury to neurovascular 
structures, especially the suprascapular nerve which can 
lie in the needle trajectory. This study aimed to determine 
the incidence of long term neurological complications 
using both approaches. Secondary objectives were the 
incidence of short term adverse events, block success rate 
and opioid consumption.
Methods : We conducted a retrospective cohort study 
reviewing charts of all patients who received an 
infraclavicular block for distal arm surgery between 
01/01/2016 and 31/12/2018, with inclusion of follow-
up information up until 1 year after surgery. Exclusion 
criteria were unavailable medical records, and loss to 
follow-up with their attending surgeons immediately 
after the procedure. Statistical analysis was performed 
using SigmaStat version 4.0 (SYSTAT software inc.).
Results : 155 patients were included, 94 in the coracoid 
group and 61 in the retroclavicular group. One patient had 
persistent neurological symptoms possibly associated 
with the retroclavicular block (1,6%) compared to two 
patients in the coracoid group (2,1%), which was not 
statistically significant (p-value 0,703). New onset and 
persistent neurological symptoms were all associated 
with ulnar neuropathy. Secondary objectives did not 
show a significant statistical difference. 
Conclusion : Primary and secondary objectives were 
similar in both groups. This study unfortunately does not 
have the power to validate the safety and the efficacy of 
the retroclavicular approach. We could however not find 
one case of suprascapular nerve injury in the 61 patients 
who received an infraclavicular plexus block using the 
retroclavicular approach. It can be assumed that cases 
with ulnar neuropathy were not a consequence of the 
block but rather due to surgery or trauma.

Keywords : Anesthesia and analgesia ; brachial plexus 
block ; regional anesthesia ; upper extremity ; ultraso-
nography ; interventional.

IntroductIon

Advantages of multimodal analgesia including 
regional anesthesia for surgery on limbs have been 
widely described and are largely accepted. The 
brachial plexus arises from C5 to T1 in the neck, 
then descends and runs under the clavicle through 
the axilla down to the arm. Various techniques for 
brachial plexus blockade are possible to render 
surgical anesthesia and analgesia of the lower arm. 
The infraclavicular block has suggested advantages 
for procedures from the elbow to the hand. The 
brachial plexus is arranged as three cords (lateral, 
medial and posterior) around the axillary artery at the 
level of the infraclavicular space. An effective block 
can be achieved with a single U-shaped injection of 
local anesthetic to surround the artery despite not 
accurately identifying the three cords, avoiding the 
need for multiple needle passes. The block can also 
be performed without having to abduct or move the 
arm, which is more comfortable for patients with an 
injured limb or restrictive mobility of the shoulder/
elbow joint. A significant decrease in tourniquet 
pain has been reported with an infraclavicular block 
compared with other blocks. And lastly, it allows 
reliable continuous catheter placement, seeing as the 
chest wall musculature helps securing the catheter 
and prevents its dislodgement without excessively 
restricting arm movement (1-3).

There are various approaches to deposit local 
anesthetic around the infraclavicular brachial plexus, 
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paresthesia during block performance and a shorter 
time needed to perform the retroclavicular block (9, 
10).

Grape et al. compared it to the supraclavicular 
brachial plexus block, showing an identical success 
rate while providing similar pain relief, albeit with 
reduced needling time for the supraclavicular plexus 
block (11).

The main drawback of the retroclavicular 
approach is the acoustic shadowing when passing 
below the collarbone, making the needle invisible. 
This causes a hazard of damaging neurovascular 
structures when advancing the needle blindly 
beneath the clavicle. Due to the inability to compress 
vascular structures underneath the clavicle it seems 
reasonable to proceed with caution in case of 
coagulopathy. 

A recent cadaver study calls attention to 
the potential risk of suprascapular nerve injury.
Dissection following the retroclavicular block 
showed this nerve was systematically found in the 
path of the needle posterior to the clavicle, directly 
touching the needle in three out of six cases, and 
in close proximity in the remaining cases. The 
nerve supplies motor branches to the supraspinatus 
and infraspinatus muscle and sensory branches 
to the shoulder joint. Injury may manifest as 
weakness with external rotation and abduction of 
the humerus, or pain localized to the superior or 
posterolateral aspect of the shoulder. To reduce the 
risk of iatrogenic nerve injury, it is best to exclude 
any external rotation of the shoulder using nerve 
stimulation while advancing the needle in the 
acoustic shadow underneath the clavicle (12-14).

This raises concern about the safety of this 
particular approach. However, there has yet to be 
a report in literature of suprascapular nerve injury 
following the retroclavicular approach. At our 
center, we have been regularly performing the 
retroclavicular block for a number of years, with 
positive outcomes similar to the aforementioned 
published research. As far as we know, there are 
no published studies looking at the long term 
complication rate of this retroclavicular approach. 
This is a retrospective cohort study that aims to review 
charts of patients who received an infraclavicular 
block over a period of 2 years for a variety of 
distal arm surgery, in particular to determine the 
risk of short and long term complications using the 
retroclavicular approach compared to the coracoid 
approach.

the most common being the ultrasound-guided 
coracoid approach. The transducer probe is placed 
in a parasagittal plane below the coracoid process 
to identify the axillary artery and the different cords 
of the brachial plexus. Scanning medially allows 
you to locate the pleura in order to maintain a safe 
distance. The needle is then inserted just below 
the clavicle, in a plane from ventral to dorsal and 
cephalo-caudal, aiming towards the posterior aspect 
of the axillary artery. Needle visualization can be 
challenging due to the depth of the plexus and 
limited space for the transducer to be placed below 
the clavicle, resulting in a steep angle of the needle 
(2, 4).

The posterior or retroclavicular approach 
to the infraclavicular block was first described 
by Hebbard and Royse (5). In this approach, the 
ultrasound probe is placed inferior to the collarbone 
and medial to the coracoid process, identifying the 
different cords and axillary vessels in a parasagittal 
plane, while confirming adequate distance from 
the ribs and pleura. The needle is inserted in the 
supraclavicular fossa sufficiently posterior to the 
lateral part of the clavicle, usually 1-2cm, and medial 
to the insertion of the trapezius muscle. It is wise 
to assess the length of the surface distance between 
the insertion point and the probe, which should be 
about 3 to 4 cm, before inserting the needle. The 
needle is then advanced cephalo-caudally, passing 
just underneath the collarbone while staying aligned 
with the probe, until the needle tip becomes visible, 
aiming underneath the artery. With a different 
needle entry point above the clavicle, it is possible 
to maintain the needle parallel to the ultrasound 
probe, which enhances needle visualization as the 
ultrasound beams are reflected perpendicularly. 
This theoretically improves the safety of the block 
as the tip of the needle can be steered towards the 
objective under direct visibility, avoiding damage 
to neurovascular and thoracic structures. Additional 
advantages have been described, notably avoiding 
the cephalic vein, the acromial branch of the thoraco-
acromial artery and the lateral cord, which all lie 
in the needle trajectory of the classical coracoid 
approach (6, 7).

This novel approach has been validated by a 
number of studies. Charbonneau et al. described 
its feasibility, concluding that the approach offers a 
high success rate and low needling time (8).

Two studies comparing this approach to the 
coracoid approach showed a similar success rate 
and satisfaction but with a significantly better visua- 
lization of needle tip and shaft. Ozturk et al.’s study 
even demonstrated fewer needle passes, lower 
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block, confirming correct documentation of block 
by reviewing reports and imaging, reviewing 
operative anesthetic charts, reviewing drug charts in 
the 24h period after surgery, and finally reviewing 
postoperative visits with the attending surgeon and/
or visits with physiatrist or any contacts suggesting 
persistent neurological injury or other possible side 
effects related to the regional anesthesia up to one 
year after surgery. It was expected that we would 
need to evaluate the medical records of 250 patients 
in order to identify all subjects who were eligible 
for inclusion in this study.

The primary objective of this study was to 
determine the incidence of persistent neurological 
symptoms after 1 year associated with the retro-
clavicular approach compared to the coracoid 
approach.

The secondary objectives were the incidence 
of short term adverse events : new onset of 
neuropathy (described as new neuropathy in the 
immediate postoperative period lasting up to one 
month), vascular puncture or hematoma, Horner’s 
syndrome, local anesthetic systemic toxicity 
(LAST), pneumothorax and infection at injection 
site. Other objectives were to assess the efficacy 
of this technique for distal upper limb surgical 
procedures and postoperative analgesia, defined as 
block success rate and opioid consumption during 
the first 24 hours starting from surgery, using 
cumulative morphine milligram equivalents and 
satisfaction scores.

Statistical analysis was performed using 
SigmaStat version 4.0 (SYSTAT software inc.). 
Descriptive data are presented as mean  ±  standard 
deviation for continuous variables and number (n) 
with percentages for nominal variables. Comparative 
data were tested for a normal distribution with the 
Shapiro-Wilk test. Normally distributed variables 
were compared using the independent sample t-test. 
The Mann-Whitney Rank Sum Test was used for 
nonparametric variables. The chi-squared test and 
Fisher’s exact test were used for nominal data 
where appropriate. A probability value of  p < 0.05 
was considered to indicate statistical significance.

results

Between January 2016 and December 
2018, 203 patients were identified in the regional 
anesthesia database, whose records were con-
sequently screened. 155 patients were available for 
analysis. 48 patients were excluded, 37 of those 
received a different block than was documented in 
the database, 9 patients figured twice on the list, and 

materIals and methods

This manuscript is a retrospective cohort study 
and adheres to the applicable STROBE guidelines. 
The trial was conducted in compliance with the 
principles of the Declaration of Helsinki (current 
version), the principles of GCP and in accordance 
with all applicable regulatory requirements. The 
protocol and related documents were submitted and 
approved by the Clinical Trial Center and the Ethics 
Committee. 

The study procedures were limited to reviewing 
and collecting information of already existing 
medical records. The study involves all patients who 
received an infraclavicular brachial plexus block for 
distal upper limb surgical procedures, performed 
over a period of two years at University Hospitals 
Leuven. All cases were included receiving their 
initial surgery between 01/01/2016 and 31/12/2018, 
with inclusion of follow up information on all 
subjects up until 1 year after surgery. 

Eligibility criteria were males and females who 
underwent distal upper limb surgical procedures with 
an infraclavicular block, using the retroclavicular or 
the coracoid approach, between the aforementioned 
period, and had at least one postoperative visit with 
their attending surgeon. Exclusion criteria were 
unavailable medical records, and loss to follow up 
with their attending surgeons immediately after the 
procedure. 

We decided not to exclude patients with a pre-
existing neurological deficit of the distal arm or 
patients who underwent amputation surgery from 
analysis to broaden the patient population in an effort 
to look at suprascapular nerve injury in particular. 
In the University Hospitals of Leuven, having a pre-
existing neurological deficit does not necessarily 
exclude patients from receiving locoregional 
anesthesia. The decision is individualized as some 
patients may benefit from a locoregional anesthetic 
technique rather than other anesthetic or analgesic 
options, under the condition that the preoperative 
neurological status is scrutinously documented 
prior to any intervention. Only new onset of 
neuropathy was taken into account for this study, 
excluding pre-existing neuropathy or neuropathy 
due to amputation.

Data collection included all of the following : 
reviewing the existing regional anesthesia database 
for all infraclavicular blocks during the designated 
period, identifying patients personal information 
(name, dates of birth and patient’s hospital 
identification numbers) and date of surgery with 
corresponding date of the infraclavicular plexus 
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Primary and secondary outcomes are listed 
in Table 3. New onset and persistent neurological 
symptoms found after reviewing the data were all 
associated with ulnar neuropathy, excluding pre-
existing neuropathy or neuropathy due to amputation.  
Looking at the primary outcome, one patient had 
persistent neurological symptoms after 1 year 
possibly associated with the retroclavicular block 

7 patients did not have a single follow-up surgical 
consultation. 

Demographic patient data, preoperative charac- 
teristics and continuous catheter versus single shot 
bolus of local anesthetic are shown in Table  1. There 
were no significant differences in age, sex, BMI, 
ASA score or comorbidities related to peripheral 
neuropathy.

The different types of surgery which were 
the indication for the infraclavicular block are 
figured in Table 2. These were primary procedures 
or revisions. Sometimes these procedures were 
combined with a concomitant second procedure on 
a different anatomical location.

RA (n = 61) CA (n = 94)
Age 50 ± 19 50 ± 18
Male 29 (48%) 44 (47%)
Female 32 (52%) 50 (53%)
BMI 26,3 ± 5,6 25,6 ± 4,6
ASA I 17 (28%) 28 (30%)
ASA II 34 (56%) 52 (55%)
ASA III 10 (16%) 13 (15%)
Smoker 13 (21%) 23 (24%)
Diabetes Mellitus 5 (8%) 8 (9%)
Pre-existing neuropathy 9 (15%) 13 (14%)
With continuous catheter 52 (85%) 78 (83%)
Single shot bolus 9 (15%) 16 (17%)

Table 1
Baseline characteristics

Values are given as the number and percentage or mean ± standard 
deviation. RA : retroclavicular approach, CA : coracoid approach, BMI: 
body mass index, ASA : American society of Anesthesiologists.

RA

(n = 61)

CA

(n = 94)
Elbow osteosynthesis (open reduction 
and internal fixation) 27 (44,3%) 46 (48,9%)

Elbow arthroplasty (radial or total) 12 (19,7%) 16 (17%)
Elbow arthrolysis ± removal of osteosyn-
thesis material 6 (9,8%) 13 (13,8%)

Distal radial and/or ulnar osteosynthesis 6 (9,8%) 5 (5,3%)
Amputation (ranging from distal forearm 
to fingers) 4 (6,6%) 4 (4,3%)

Surgical management of traumatic crush 
or saw injury 3 (4,9%) 4 (4,3%)

Tendon/ligament reinsertion (distal 
biceps tendon, lateral ulnar collateral 
ligament)

1 (1,6%) 3 (3,2%)

Resection of elbow tumor (bone and/or 
soft-tissue) 0 2 (2,1%)

Radial and/or ulnar osteotomy 1 (1,6%) 0
Wound debridement 0 1 (1,1%)
Arteriovenous fistula surgery 1 (1,6%) 0

Table 2
Type of surgery

Values are given as the number and percentage. RA : retroclavicular 
approach, CA : coracoid approach.

RA (n = 61) CA (n = 94) p-value
Persistent neurological symptoms associated with 
block

1 (1,6%) 2 (2,1%) p = 0,703

Short term complications
     New onset neuropathy 2 (3,3%) 2 (2,1%) p = 0,939
     Vascular puncture or hematoma 0 2 (2,1%) p = 0,676
     Horner’s syndrome 1 (1,6%) 1 (1,1%) p = 0,676
     LAST 1 (1,6) 0 p = 0,833
     Pneumothorax 0 0 -
     Infection at injection site 0 0 -
Combination with GA (planned) 47 (77%) 73 (78%)

LRA only 14 (23%) 21 (22%
     Successful block 11 (79% of LRA only) 19 (90% of LRA only) p = 0,369
     Failed block (conversion to GA or rescue LRA) 3 (21% of LRA only) 2 (10% of LRA only)
Cumulative 24-hour morphine consumption 41,4 ± 33,8 39,3 ± 34,1 p = 0,794
     with catheter 45,4 ± 34,8 44,3 ± 34,7 p = 0,990
     single shot 18,5 ± 13,1 14,8 ± 14,3 p = 0,530

Table 3
Primary and secondary outcomes

Values are given as the number and percentage or mean ± standard deviation. Cumulative morphine consumption is expressed in 
morphine milligram equivalents. RA: retroclavicular approach, CA : coracoid approach, LAST : local anesthetic systemic toxicity, GA : 
general anesthesia, LRA : locoregional anesthesia.
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In the retroclavicular group, the two cases of 
new onset ulnar neuropathy remained persistent.  
One developed persistent neuropathy in the coracoid 
group, and one was unfortunately lost to follow-
up after her first postoperative surgical visit. A 
flowchart of the cases with neurological symptoms 
is summarized in figure 1.

The ulnar nerve is a terminal branch of the 
medial cord of the brachial plexus. In both the 
coracoid or the retroclavicular approach, the 
medial cord is lying opposite to the needle entry 
point, making it improbable to be injured during 
an infraclavicular block. Furthermore, when depo-
siting an U-shaped injection of local anesthetic 
around the axillary artery, the needle usually does 
not come near the vicinity of the medial cord. 
It thus seems highly unlikely that the cases of 
ulnar neuropathies were due to the locoregional 
anesthetic, but rather due to trauma or surgery.

All of these cases were following either 
elbow arthroplasty, osteosynthesis or arthrolysis. 
Ulnar nerve damage can be acute injury-related, 
iatrogenic during operative treatment, or present 
itself in a delayed manner postoperatively, stressing 
the importance of a careful clinical evaluation of 
the peripheral nerve function prior to any operation 
or locoregional anesthesia. Ulnar neuropathy has 
been cited as a frequent complication ranging 
from 3% to 12% of internal fixations and total 
elbow replacements. Perioperative manipulation 
of the ulnar nerve during elbow surgery is almost 
inevitable, sometimes requiring decompression, 
isolation and/or transposition of the nerve. Surgery-
induced lesions are often caused by traction on the 
nerve, direct damage or compression from a retractor, 
or indirectly due to a prolonged high-pressure 
pneumatic tourniquet time. Late presentation of 
neuropathy is possible secondary to postoperative 
swelling or scarring, and the nerve may also be 

(1,6%) compared to two patients in the coracoid 
group (2,1%), which is not statistically significant 
to exclude the possibility that the difference is due 
to random sampling (p-value 0,703).

Two cases of new onset ulnar neuropathy 
and one of Horner’s syndrome were found in both 
groups, two vascular punctures occured in the 
coracoid group, and one possible local anesthetic 
toxicity was observed in the retroclavicular group, 
none of which showed a significant statistical diffe-
rence. 

The vast majority of patients underwent a 
combined general anesthetic with the use of the 
infraclavicular block, which makes it difficult to 
assess block success. There was no statistical signi-
ficance of block success (p = 0,369) in the small 
sample of patients who underwent the surgical 
procedure solely under locoregional anesthetic, 
counting 79% and 90% for the retroclavicular and 
coracoid approach respectively.

Cumulative morphine consumption, expressed 
in morphine milligram equivalents, showed similar 
results in both groups, with a marked decrease in the 
group who only received a single shot bolus of local 
anesthetic. P-values were 0,794 ; 0,990 and 0,530 
for the total, catheter group and single shot group 
respectively. 

No satisfaction were noted or found in any of 
medical records. 

dIscussIon

There was a relatively high rate of persistent 
neurological symptoms following surgery, lasting 
at least more than 6 months, excluding pre-existing 
neuropathy or neuropathy due to amputation. These 
were all patients who developed neuropathy of the 
ulnar nerve, ranging from numbness with or without 
paresthesia for the majority, to weakness with or 
without muscle atrophy in a minority of cases. 

Four cases in the retroclavicular and three 
cases in the infraclavicular, totaling 7 patients 
of the 155 (4,5%), developed persistent ulnar 
neuropathy due to elbow surgery, which were all 
confirmed with electromyography. On top of this, 
one patient had persistent ulnar neuropathy in 
the retroclavicular group and two patients in the 
coracoid group, all of which developed after the 
surgery date. Unfortunately these three patients did 
not undergo an electromyography in the following 
months, whereby this persistent neuropathy could 
not be excluded as a potential consequence of the 
block. 

Fig. 1. — Flowchart of neurological complications. EMG : 
electromyography.
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using this approach might be more hazardous seeing 
as the collarbone impedes adequate compression.

There was one case of possible local anesthetic 
systemic toxicity in the retroclavicular group. This 
did not occur during the placement of the block, 
but 48 hours later. The patient described nausea 
and dizziness, combined with numbness and 
paresthesia on the chin. The patient was a male 
individual weighing 81 kilograms and measuring 
186 centimeters. He had a continuous infusion of 
ropivacaine 0.2% at a rate of 5 milliliters per hour 
combined with a 5 milliliters bolus with a lockout 
of 60 minutes. He received a total of 450 milligrams 
over the course of 48 hours. The continuous catheter 
infusion was stopped, and his symptoms resolved 
without further intervention after a few hours. A lot 
of factors could have contributed to his symptoms 
and it is not clear if this was an actual case of local 
anesthetic toxicity, but fortunately he recovered 
without any serious symptoms. The infraclavicular 
plexus block offers reliable placement of an 
indwelling catheter for postoperative analgesia with 
dislodgement rates that seem similar using either 
approaches, with the advantage of a technically 
easier placement using the retroclavicular approach. 
(6) But due to the positioning of the catheter around 
the axillary artery, the rate of systemic absorption 
of local anesthetic might be higher, theoretically 
putting patients at risk of toxicity. However, 
reported numbers on systemic toxicity following 
an infraclavicular block (0.2%) are not higher than 
with other peripheral nerve blocks (0.7%) (1).

The rate of other short term complications was 
low, in line with literature on the infraclavicular 
block. One case of ipsilateral Horner’s syndrome 
was found in both groups. The percentage of cases 
following infraclavicular nerve blockade is much 
lower than with blocks above the collarbone. It is 
benign and the effect lasts for the duration of the 
blockade. But since local anesthetic can travel along 
the brachial plexus sheath up to the stellate ganglion, 
there is a possibility of phrenic nerve blockade as 
well using the infraclavicular block, which has more 
vital consequences.   While being rare, it has been 
reported and should always be kept in mind using 
this block. There were no cases of pneumothorax or 
injection site infection in both groups (1, 24).

Retrospective analysis of block success was 
made difficult, since a vast majority of the cases 
received a general anesthetic as well. This was due 
to various reasons : prone positioning, patient’s and/
or surgeon’s preference, prolonged operation time 
or concomitant surgery on a different anatomical 
location (bone marrow graft, osteosynthesis on 

injured due to migration of fixation material or the 
forming of osteophytes and heterotopic ossification 
(15-18).

Even though 3 patients with persistent ulnar 
neuropathy did not undergo an electromyography, 
it can be assumed these were not a consequence of 
the block but rather due to surgery or trauma. In 
particular, no records of suprascapular nerve injury 
were found in any of the 61 patients who received 
the retroclavicular approach.

International reported incidence of postopera-
tive neurologic adverse events after peripheral 
nerve blockade ranges from 0,18% to 3% for 
symptoms lasting longer than 5 days, and 0.04% to 
0.09% for symptoms lasting longer than 6 months 
(19-21). We should therefore be cautious to draw 
conclusions in this relatively small patient popu-
lation. Suprascapular nerve injury might have a 
more subtle clinical presentation, and it might not 
be recognized by the attending physician if it is not 
evaluated specifically. In any case, we found no 
major increased risk of nerve injury as is preconized 
by the cadaver study of Sanchetti et al. (12).

There were two cases (2,1%) of vascular 
puncture in the coracoid group. In the first case 
blood was aspirated on the first pass, but had an 
uncomplicated block after a short period of com-
pression. The second case had an accidental arterial 
placement of the catheter, which was consequently 
removed, and developed a large hematoma des-
pite compressive therapy. Even though there 
is no statistical significance compared with the 
retroclavicular group, a possible explanation might 
be the reduced visualization of the needle tip, 
making it theoretically more a risk of piercing 
structures. It has been proven that the retroclavicular 
approach offers a significantly better visualization 
of needle tip and shaft (9,10). Although this does 
not auto-matically translate to fewer complications, 
guiding the needle and tip under direct visualization 
allows the anesthetist to see and navigate away 
from sensitive structures and monitor the spread of 
local anesthetic, which most consistently excludes 
intravascular injection (22, 23). 

Another explanation could be the location of 
the cephalic vein and the acromial branch of the 
thoraco-acromial artery in the needle path of the 
coracoid approach as opposed to the retroclavicular 
approach, which could mean an increased risk of 
vascular puncture with the classic approach (6, 7). 
However it must be noted that the blind spot in the 
retroclavicular approach does not allow appreciation 
of any vascular structures along the trajectory of the 
block below the clavicle, and a vascular puncture 
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accounted for as well since some procedures were 
performed without regional anesthesia, with patients 
receiving a rescue block only postoperatively. There 
was no standard postoperative protocol, and some 
patients received a systematic dose of tramadol 
at certain hours independent of their pain scores. 
Sometimes the catheter was removed preemptively 
to assess the risk of compartment syndrome at the 
request of the surgical team. In both groups, there 
was a marked lower consumption in the single 
shot bolus population compared to the patients 
who received a continuous catheter. Cumulative 
morphine milligram equivalents were also similar 
in both subgroups. These results seem contradictory, 
however patients receiving a catheter were also the 
patients getting extensive and painful procedures.

No satisfaction were noted or found in any of 
medical records. This underscores the need for more 
rigorous follow-up. Regular audits or more specific 
post-anesthesia investigation seems in order. This 
could also increase the involvement of anesthesia in 
perioperative care.

There are of course serious limitations to this 
study. The population sample is small, especially 
when looking for rare outcomes of complications 
after regional anesthesia. As mentioned before, 
the used records were not designed for this study, 
resulting in an important heterogeneity between 
procedures and perioperative care. As with any 
retrospective study, some data might be missing 
or wrongfully documented. One of the exclusion 
criteria was loss to follow-up without a first 
surgical visit, but this resulted in patients who were 
lost to follow-up after this visit being included. 
Unfortunately not every patient was seen after 1 
year, potentially meaning an underestimation of the 
rate of complications. This study also shows the 
need for better record keeping and more rigorous 
follow-up. This cannot be emphasized enough!

While the retroclavicular approach has proven 
to offer better needle visibility, we should be cautious 
about having a false sense of safety. Despite the fact 
that it has become the universal standard of care for 
peripheral nerve blockade, ultrasound guidance has 
not been able to prove a significant effect on the 
incidence of postoperative neurologic symptoms. 
Ultrasound is only a tool, and it should be used 
with full knowledge of its limitations. Standard 
monitoring, with use of neurostimulation and 
ultrasound guidance should always be combined 
while performing peripheral nerve blocks. (28) 

a second limb,...). The remaining population who 
underwent surgery without general anesthesia 
was unfortunately very small, counting 14 and 21 
patients and a success rate of 79% and 90% for the 
retroclavicular and coracoid groups respectively. 
This difference was not statistically significant (p = 
0,369) with a trend towards the coracoid approach, 
but no conclusions can be made due to the limited 
sample. Possible reasons for failure of the block 
were emergency procedures, an abridged wait 
between block and surgery, and a language barrier. 

Delayed anesthesia of the musculocutaneous 
nerve using the retroclavicular approach has been 
reported in other studies. The needle passes further 
away from the lateral cord in this technique compared 
to the coracoid approach, where the lateral cord lies 
in the needle path. This lowers the risk of injury to 
this cord, but is also the probable explanation to the 
delay in onset of anesthesia of the musculocutaneous 
nerve, which usually branches early from the lateral 
cord. Depositing some local anesthetic at the level 
of the lateral cord could improve the time needed to 
block this nerve (6, 9, 25, 26).

As with every intervention, it is important to 
know its limitations, and consequently select only 
patients who could benefit from the block. Patients 
with a high body mass index might prove a chal-
lenge due to a deep localization of the cords with 
increasingly difficult needle visualization using the 
coracoid approach. Unfortunately, these patients 
often also have an anatomically challenging supra-
clavicular fossa that might limit the possibility of 
the retroclavicular approach. Patients with a short 
neck, deformed or highly angulated clavicle, a full 
supraclavicular fossa or thin chest wall are less well 
suited for this approach, as it might prove a challenge 
to pass the needle underneath the clavicle. Similar 
to a subclavian catheter insertion, adducting the arm 
might offer some help in increasing visualization 
and passing below the collarbone. This makes the 
block very suitable for emergency procedures or 
pain relief in patients with an injured limb (3, 8, 25, 
27).

Cumulative opioid consumption during the first 
24 hours starting from surgery was calculated using 
cumulative morphine milligram equivalents (MME). 
Results in both groups were similar, ranging from 
41,4 ± 33,8 MME for the retroclavicular and 39,3 
± 34,1 MME for the coracoid group, which showed 
no significant difference (p = 0,794). However, 
seeing as this was a retrospective study, there was 
an important heterogeneity in type of surgery and 
postoperative care, resulting in large standard 
deviations. Intraoperative usage of sufentanil was 
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conclusIon

The infraclavicular plexus block offers several 
advantages compared to other upper limb alter-
natives, notably a single injection block and reliable 
catheter placement. The retroclavicular approach to 
this block offers a useful alternative to maintain the 
ultrasound probe parallel to the needle, resulting in 
better visibility of shaft and tip. 

The downside of this approach is the acoustic 
window when passing beneath the collarbone and 
the possible location of the suprascapular nerve in 
the needle path. 

Neurological and other characteristic compli-
cations of locoregional anesthesia of the upper limb, 
block success and postoperative analgesia were 
similar using both approaches. This retrospective 
study unfortunately does not have the power 
to validate the safety and the efficacy of the 
retroclavicular approach to the infraclavicular block 
compared to the classic coracoid approach. We 
could however not find one case of suprascapular 
nerve injury in the 61 patients who received an 
infraclavicular plexus block using the retroclavicular 
approach. Large, randomized multicentric studies 
are needed to further analyze the safety and efficacy 
of this approach. The University Hospitals of 
Leuven is a teaching center, where most blocks 
are performed by anesthetists in training. Both 
approaches offer an easy and feasible option with 
a satisfying learning curve. They are useful skills to 
have in the repertory of the locoregional anesthetist, 
presuming an appropriate selection of patients is 
made.

References

1. Chin K.J., Alakkad H., Adhikary S.D. and Singh M. 
2013. Infraclavicular brachial plexus block for regional 
anaesthesia of the lower arm. Cochrane Database Syst Rev. 
8: CD005487.

2. Hadžić A., Atchabahian A., Vandepitte C. and Lopez 
A.M. 2017. Ultrasound-Guided Infraclavicular Brachial 
Plexus Block In: Textbook of regional anesthesia and acute 
pain management, 2nd edition. p574-579. McGraw-Hill 
Medical.

3. Luftig J., Mantuani D., Herring A.A. and Nagdev A. 2017. 
Ultrasound-guided retroclavicular approach infraclavicular 
brachial plexus block for upper extremity emergency 
procedures. Am J Emerg Med. 35: 773-777.

4. Sites B.D., Brull R., Chan V.W., Spence B.C., Gallagher 
J.,  Beach, M.L., et al. 2007. Artifacts and pitfall errors 
associated with ultrasound-guided regional anesthesia: Part 
II: a pictorial approach to understanding and avoidance. 
Reg Anesth Pain Med. 32: 419-433.

5. Hebbard P. and Royse C. 2007. Ultrasound guided posterior 
approach to the infraclavicular brachial plexus. Anaesthesia. 
62:539.

21-Beaumond.indd   16621-Beaumond.indd   166 12/01/2021   12:2312/01/2021   12:23



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 a retrospectIve analysIs of safety and effIcacy for dIstal upper lImB surgery 167

musculocutaneous nerve from the brachial plexus: 
implications for infraclavicular nerve blocks. Anesth 
Analg. 114: 1131-1133.

27. Beh Z.Y., Hasan M.S. and Lai H.Y. 2016. Ultrasound-
guided retroclavicular block (aka posterior approach 
infraclavicular block): anatomical variation of the clavicle 
limits block feasibility. Reg Anesth Pain Med. 41: 658-659.

28. Neal J.M. 2016. Ultrasound-guided regional anesthesia 
and patient safety: update of an evidence-based analysis. 
Reg Anesth Pain Med. 41: 195-204. 

peripheral nerve blockade. Anesthesiology. 109: 1142-
1145.

24. Gentili M.E., Deleuze A., Estèbe J.P., Lebourg M. 
and Ecoffey C. 2002. Severe respiratory failure after 
infraclavicular block with 0.75% ropivacaine: a case report. 
J Clin Anesth. 14: 459-461.

25. Uppal V., Kalagara H.K. and Sondekoppam R.V. 2018. 
Tips and tricks to improve the safety of the retroclavicular 
brachial plexus block. Am J Emerg Med. 36: 1107-1108.

26. Pianezza A., y Nedeo A.S., Chaynes P., Bickler P.E. 
and Minville V. 2012. The emergence level of the 

21-Beaumond.indd   16721-Beaumond.indd   167 12/01/2021   12:2312/01/2021   12:23





© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

Abstract : Background : During vascular surgical 
procedures a fixed dose of heparin is usually given. This 
fixed dose is rarely based on significant evidence to reach 
a target ACT. Literature has shown that these heparin 
doses are often inaccurate, leading to extra dosing, 
excessive testing or even major complications to reach 
this target. Physical characteristic-based dosing is rarely 
used in vascular surgery.
Objectives/design : Using a retrospective observational 
study our goal was to determine whether we could get 
a weight-, BSA- or EBV-based dose of heparin to have 
a narrow ACT target and whether the impact of Heparin 
Resistance is important in this matter. Another goal was 
to see if basic laboratory data like white blood cell count 
and platelet count would influence this ACT and in turn, 
our required dose of heparin.
Methods : Data was collected from pre-operative labo-
ratory measurements and anesthesiology charts. Using 
Multivariate Linear Regression, we tried to determine the 
dosing, based on weight, BSA and EBV. The standard 
deviation of all HSI can give us an idea of its effect on 
ACT values in different people and the possibility of 
using it in clinical practice if the spread is narrow.
Setting : Monocentric study at Ghent University Hospital
Results : Data was collected from 450 patients, of which 
115 patients met inclusion criteria. In 8/115 patients, 
ACT was lower than 200 s and in 16/115 patients ACT 
was higher than 250 s, possibly inducing complications. 
In all cases a semi-fixed dose was used, usually 5000 IU, 
adjusted according to weight to 2500 or 7500 IU. There 
was no significant correlation between weight, BSA or 
EBV and ACT. HSI in all variables demonstrated a wide 
SD (resp. 33.4%, 32.7% and 33.5%). Furthermore, there 
was no obvious effect from WBC or platelets on the ACT 
target.
Conclusion : Although in this study multiple cases with 
ACT under- or overshooting could be demonstrated 
after semi-fixed heparin dosing, these results show that 
weight-based, BSA-based or EBV-based heparin dosing 
is not recommended. Data was also insufficient to show 
a direct response from WBC or platelet count correction.

Keywords : Anesthesiology ; Heparin ; general sur-
gery ; anticoagulants.

IntroductIon

Problem Statement

Vascular surgery is one of the fields of surgery 
which has advanced progressively over the last few 
years. This is thanks to the advances in different 
medical branches, especially laboratory fields. 
Laboratory testing is now possible point-of-care 
(POC) and this has made vascular surgery and 
anesthesia much safer and more reliable. It has made 
battling hypercoagulable states convenient and has 
helped in the form of a prophylaxis medication for 
clot prevention.

One of these advances is the POC analyzer for 
Activated Clotting Time (ACT). At our institution, 
the Department of Anesthesiology, Ghent Univer-
sity, the Abbott I-STAT® ACT is used. 

When looking up heparin dosage in literature, 
a fixed dose of 5000 IU is usually given at the 
beginning of peripheral vascular surgery. Some 
institutions tend to use a dose per weight unit of 50-
75 IU kg-1, but this is exceptional. We could say that 
Heparin dose is at random.

During peripheral vascular surgery procedures 
(arterial and venous dilatations, endarterectomies, 
endoprostheses placement) we also tend to use 
a (semi-)fixed dose of heparin, usually 5000 IU. 
A change in dose to 7500 IU or 2500 IU is only 
considered if the patient’s weight suggests we 
change doses, but this is based on gut feeling 
and has no scientific background. Literature (and 
clinical experience) has shown these doses are often 
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Other studies have shown Estimated Blood 
Volume (EBV) to be even better correlated with 
anticoagulation tests. One study demonstrated that 
dosing heparin based on EBV vs based on weight, 
reduced the use of heparin and bleeding events. We 
calculated the Lean Body Mass (LBM) using the 
Janmahasatian equation, since this is the active mass 
in heparin pharmacokinetics. We used this LBM  to 
calculate the EBV using the Nadler Equation (9-11).

Because different brands of ACT measurement 
devices were available at our institution, and these 
different devices all have their own ACT-values, 
unification to one device was imminent. This would 
reduce differences in ACT measurements across 
same blood samples, as these differences in values 
can lead to different treatment and consequently 
possible major complications. 

To determine which clinical and laboratory 
tests were needed, literature was consulted. Anti-
thrombin/platelet and fibrinogen levels could give 
useful information. Other studies determining clini-
cal factors that would influence ACT, also showed 
platelet count to be influencing. Since our standard 
laboratory does not include antithrombin and 
fibrinogen in every patient (due to high cost) and 
this is a retrospective study, only platelet count can 
be taken to analyze (3).

Other studies showed infection (and especial-
ly white blood cell count) had an impact on anti-
coagulation, so white blood cell count could in-
fluence the heparin dose requirements. 

Since our pre-op laboratories are very limited 
and first results were not satisfying, we quickly 
determined that extra tests on other lab results 
would be useless. 

In no studies age or gender had any influence 
on ACT, so this was not used in our study.

objectIVes

As little is known about quantifying heparin 
dose during peripheral vascular procedures, and it is 
still debated whether weight-based heparin dosage 
or fixed dosage is the way to go, it was our goal to 
get a retrospective look on the semi-fixed heparin 
doses and concomitant ACT-values in peripheral 
vascular surgery. Moreover, we studied whether 
heparin resistance has a large enough impact to 
abolish weight, BSA or EBV as a significant factor. 
If not, we can raise the question if it’s better to use 
weight, BSA or EBV-based dosing in clinical setting 
and potential prospective study? Another question 
we can raise is whether pre-anesthesia clinical 
and laboratory data have a significant influence on 

too high or too low, which can lead to insufficient 
coagulation, bleeding or other major complications 
(1-5). Even in patients with similar physiological 
characteristics, a widespread difference in ACT-
values can be seen. 

This difference in heparin response is called 
Heparin Sensitivity (Index) (HSI) or Heparin 
Resistance (HR).

Although in the late 80’s there was doubt 
about the use of heparin during vascular procedures, 
studies have shown that microthrombi can be 
present and lead to early graft failure if no heparin is 
used (1-6). Temporary clamping of arterial vessels 
can cause significant thrombus formation.

Because measurement of ACT-levels was not 
available in the 80’s, and laboratory aPTT values 
are difficult to get fast enough, in most cases there 
was no knowledge about the coagulation status of 
the patient (1, 5-7). 

Most of the heparin protocols that were 
found in literature were directly extrapolated from 
interventional cardiology procedures without ever 
doing any RCT studies. When reasoning, extra-
polation cannot be done without further action, as 
both vessels are of a different caliber and many 
used wires/catheters have a different diameter. 
Some institutions also aim for higher ACT 
values (> 300 s) (8). Still, these protocols were 
adopted into peripheral vascular surgery by many 
institutions and studies. Recent studies however 
tried to quantify the best ACT-level for vascular 
interventions, mostly based on the occurrence of 
complications with high ACT values. They related 
bleeding complications outside of the depicted cut-
off values. Main conclusions from this large registry 
were that a higher total heparin dose (>60 IU kg-1) 
and a peak procedural ACT of >250 s were strong 
predictors of significantly increased postprocedural 
bleeding events. The technical and procedural 
success was high and did not differ between the 
described groups with higher or lower heparin dose 
or peak ACT. Deduced from these results, it was 
strongly suggested that, during Peripheral Arterial 
Interventions (PAI), a body-weight-dependent 
dose of up to 60 IU kg-1 should be administered, 
while the ACT should have a target peak value of 
< 250 s. An ACT level of 200-250 s should give 
enough anticoagulation to diminish the risk for 
microthrombi during these peripheral procedures. 
In these studies, the relationship between weight 
and ACT is not studied but it is suggested that a 
dose of > 60 IU kg-1 would give an ACT of > 250 s. 
In the results a wide spread of ACT values can be 
seen, in both low and high dose heparin (2, 5). 
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As stated before, which data to collect, was 
chosen after consulting literature. We tend to think 
that weight and length (BSA) influence heparin dose 
requirements and wanted to show this correlation 
so we could more accurately dose our heparin for 
desired ACT-values. In some studies EBV seemed 
to be better correlated. Since LBM is the active 
distributive mass in heparin pharmacokinetics, EBV 
was calculated from this weight.

Janmahasatian equation was used to determine 
Lean Body Mass. Nadler’s equation was used to 
calculate Estimated Blood Volume : 

Janmahasatian equation :

Nadler’s equation : 

For measuring HSI, the following formulas were 
used : 

Platelet count and white blood cell count 
were gathered to see if this would influence dose 
requirements, as studies have shown that infection 
can influence coagulation and as stated before, 
platelets can influence Heparin Resistance.

We also wanted to use AT III, since a lot of 
discussion is going on about the effect of AT III in 
low dose heparin, but unfortunately, this is not in 
our pre-operative laboratory assessment. On the 
other hand, if we could show that weight-based 
heparin is enough to determine how much heparin 

patients’ sensitivity to heparin, so we can use this to 
get an even more accurate heparin dose?

ratIonale

ACT measurement has only recently started 
being used in vascular surgery to guide the heparin 
doses and adjust if needed. Although accurate 
measurements can be done with new devices like 
the Abbott I-STAT®, we still use a semi-fixed dosage 
of heparin, without looking at any aspect of the 
patient’s characteristics, whether it be laboratory 
or clinical values. It is semi-fixed, since we do use 
higher doses if patients have a higher than normal 
weight (and lower dose in low weight). This is 
however based on gut feeling and no cut-off weight 
was ever determined. With this retrospective study, 
we would like to see whether we can get a dose, 
in which we can accurately predict the ACT-value, 
making peripheral vascular surgery at our institute 
safer, as fewer complications would arise, and in 
turn, fewer cost for the patient both emotionally (in 
severe complications) and economically. This all 
with little extra effort. Accurate prediction will also 
lead to fewer blood sampling, fewer use of I-STAT® 
cartridges, which is economically interesting for the 
hospital. It would also be less time-consuming, a 
factor often forgotten, since only certain OR nurses 
can/are allowed to operate these I-STAT® devices, 
many of whom have different OR jobs and are 
usually not immediately available. But above all, it 
leads to safer anesthesia and surgery.

experImental approach/ methods

Data was collected by retrospectively looking 
at cases in vascular surgery at the Ghent University 
Hospital over a period of 9 months from 1st of 
November 2017 until 31st of July 2018. Length and 
weight at the time of operation was taken from the 
pre-operative questionnaires each patient is given 
prior to surgery. Platelet counts and white blood cell 
counts were gathered from pre-operative laboratory 
testing the night before surgery. ACT measurements 
and heparin doses were taken from anesthesia 
charts.

Inclusion criteria were wide, since it was a 
retrospective study and we wanted a complete 
image of how we were doing in using heparin in 
our patients.  

Patients should be 18 years or older, getting 
peripheral vascular surgery with general anesthesia 
and the use of heparin, where ACT was measured at 
different times and targeted at 200-250 s.

                                            (9270*Weight)
Men : LBM (kg)   =                                          
                                                               Weight                                 (6680+(216*   (                   )   
                                                              Height                                     (       )2
                                                                 100

                                            (9270*Weight)
Women : LBM (kg) =                                          
                                                             Weight                                 (6780+(244*  (                   )   
                                                              Height                                     (        )2
                                                                100

Men : EBV(L)=(0.3669 × Height^3 ) + (0.03219 × 
Weight) + 0.6041  
Women : EBV(L)= (0.3561 × Height^3) + (0.03308 
× weight) + 0.1833

                              (ACT (3min) - ACT (start)
HSI (Weight)=                                      
                                                                                                                                                                                                                    Heparin Bolus Dose                           (                      )                              weight
or
                              (ACT (3min) - ACT (start)
HSI (BSA)=                                      
                                                                                                                                                                                                                    Heparin Bolus Dose                           (                      )                              BSA
or
                              (ACT (3min) - ACT (start)
HSI (EBV)                                         
                                                                                                                                                                                                                    Heparin Bolus Dose                           (                      )                              EBV
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differences, where gut feeling was the biggest 
decision maker and no weight cut-off was chosen. 
An overview can be seen in figure 1.

In 8 patients (7%), the first heparin dose 
was insufficient and extra heparin had to be given 
(usually at the 8-10-minute marker after first dose). 
In most cases, surgery is well underway by then and 
catheters are usually already in place. 

In 16 of 115 (13.9%) patients, the ACT value 
was higher than 250.

12 of 16 patients with an ACT higher than 250 
(75%) were given 7500 IU. If we use the guidelines 
of 60 IU kg-1, a person should only receive 7500 
IU if he weighs over 125 kg (107 kg if 70 IU kg-1 
is used). There was no patient included with this 
weight, or a higher weight, in our study (7 patients 
weighed more than 107 kg).

18 other patients, weighing less than 107 kg, 
received 7500 IU and were still in the safe range. 
There was only one person weighing more than 107 
kg who received 7500 IU and was in the safe range.

In 5/7 cases with patients weighing more than 
107 kg, 5000 IU was given, again showing the 
randomness of higher heparin dosage. Only in one 
instance of these 5, extra heparin was needed to 
reach ACT >200 s. 

One patient weighing 108 kg, received 7500 
IU and still needed 2500 IU extra to reach an ACT 
of > 200 s. Another patient weighing only 86 kg, 
needed another 2500 IU after 7500 IU.

Figure 1 shows the different doses of Heparin 
and the respective ACT outcome. It is obvious that 
most patients received 5000 IU of heparin, although 
many patients, even though not overweight, were 
given 7500 IU and were still in the “safe” range of 
ACT. 

should be given, we could possibly derive that ATIII 
indeed does not influence HSI significantly.

In total, there were 445 cases of Peripheral 
Vascular Surgery meeting our inclusion criteria 
(every case in which the aim for ACT was 200-250 
s). In 20 cases, there was no anesthesia file scanned. 
In 75 cases, clinical data (weight, height, Platelets 
or WBC) was missing.  From these 350 patients, 
210 patients were excluded because baseline ACT 
or ACT after first heparin dose was not measured. 
Of the data of the remaining 140 patients, 25 were 
thrown out because it was data from a patient who 
already was included (undergoing 2nd surgery).

Eventually 115 patients were included in 
the study. In only 65 of these, ACT was again 
measured after 60 minutes or at the end of surgery. 
Approval of the Ehtics Committee was obtained 
on 3/1/2019, Commissie voor Medische Ethiek – 
Ghent University,Chairman : Prof. Dr. D. Matthys, 
BE Registration Nr : B670201838394, National 
Registry : FAGG – Research and Development

Flow chart for data collection
See Flowchart 1 in Figures

results

In 80 patients, heparin dose was 5000 IU. In 32 
instances, heparin dose was 7500 IU. In 2 instances 
it was 2500 IU and in one case 3750 IU was given. 
Doses were mostly chosen because of weight 

Fig. 1. — Numbers of patients treated with respective heparin 
dose of 7500 IU (column 1) – 5000 IU (column 2) – 3250 IU 
(column 3) – 2500 IU (column 4). A summary column was 
added to the right. Green represents ACT values in the required 
range. Orange represents too low ACT. Red, too high ACT.
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not let us see which medication was given at the 
time of or prior to surgery. 

Since we use a semi-fixed dosage of 5000 to 
7500 IU of Heparin, the X-axis on figure 2a, b and 
c shows a wide spread of heparin IU kg-1, which is 
contributory to our study. Still, the difference in 
ACT values is very widespread, and no significant 
link between heparin dose and weight can be drawn. 
A practice that is used in cardiac surgery, where the 
heparin dose is determined by the weight of the 
patient (300-400 IU kg-1). 

The results were gathered using linear regres-
sion analysis. 

Because BSA might be more related to 
effective heparin dosage, this was also calculated 
and set out in a model in figure 2b.

Again, there is a wide spread in heparin dosage 
per m² of BSA and a widespread in subsequent ACT 
values. 

We can perform the same analysis on ACT 
values based on Estimated Blood Volume (EBV), 
since studies have shown better correlation and less 
bleeding events, seen in figure 2c. 

All these models look fairly the same and on 
first sight, no apparent difference in spread can be 
seen. To have a better view of this, the slope of each 
line represents the HSI of each patient. To compare 
these different methods, we can put the HSI of every 
case in a numerical graph and look at the numbers 
of the spread. 

This shows a wide spread of HSI, which can 
be seen in figure 4a (per kg), figure 4b (per m2 BSA) 
and figure 4c (per L EBV). Mean values for HSI 
based on weight were 1.2058 (SD : +/- 0.4039, 
33.4% of mean). based on BSA 0.02964 (SD : +/- 
0.009715, 32.7% of mean). Based on EBV 0.07623 
(SD : +/- 0.02555, 33.5% of mean). 

To determine if WBC or platelet count had 
any effect on the change in ACT, we looked at the 

Heparin dose per weight unit (kg) was set out 
and is shown in figure 2.

It is obvious that there is a wide spread of 
baseline ACT, seen on the Y-axis in figure 2a and 
quantified in figure 3. A Gaussian distribution can 
be seen in baseline ACT values. With these ACT 
baselines we should ask ourselves if all patients 
were heparin naive at the start of surgery, potentially 
already at bleeding risk when they receive extra 
heparin. Unfortunately, our technical system does 

a

b

c

Fig. 2. — ACT values of patients at start (Baseline ACT) and 
ACT value 3 minutes after administration of heparin. ACT 
values are set out against heparin dose per kilogram of weight 
in a, against BSA in b and against EBV in c. The slope of one 
line represents the Heparin Resistance (or HSI) of a patient. A 
spread of HSI can already be seen.

Fig. 3. — Baseline ACT of 115 patients.
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WBC values were between 5000 and 10000. An 
increase can be seen from 15000 and higher but 
too little data was collected to determine if this 
was a significant change. Platelet count also had 
no significant effect on the HSI values. Again, a 
prospective study with more patients would have to 
be set up. 

In figure 5b, the same WBC count and platelet 
count are set out against HSI based on BSA. 
Again, no significant effect can be seen, and data 
is insufficient to determine whether high WBC and 
platelet count might have any effect. 

In figure 5c, WBC and platelet count are set 
out against ACT based on EBV in L, with again no 
significant effect of both variables.

Of course, the effect of platelet inhibitors like 
acetylsalicylic acid, or even ADP-R inhibitors like 

change in HSI corrected with the pre-op value of 
both WBC and platelet count. 

As this is a retrospective study, we wanted 
to see if standard laboratory tests would suffice in 
enhancing our prediction of ACT, without need for 
further, more expensive lab testing. A prospective 
study will be set up in the future where more lab 
tests can be done preoperatively to determine other 
factors.

Figure 5a shows that HSI (based on weight) 
was not changed by correction with WBC and that 
data is insufficient to determine whether high WBC 
count can change ACT significantly. Most of the 

a

b

c

Fig. 4. — HSI count based on Heparin bolus dose per weight 
unit (kg) in a. Per BSA unit (m²) in b. Per EBV unit (L) in c.

Fig. 5. — Correction of HSI over a wide range of WBC count 
and platelet (Thrombo) count. Based on Heparin doses by 
weight unit (kg), BSA or EBV in respectively a, b and c. Note 
that at higher platelet counts, the ACT seems to be rising, but in 
both high and low WBC and platelet count the deviation is too 
large to make a statement.
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significant correlation between body weight and 
ACT after multivariable regression (OR 0.92 ; 95% 
0.87-0.98 ; P = 0.008). Something we also could not 
reproduce (18).

Other studies tried to EBV as a variable 
on which heparin could be dosed. Based on the 
findings of one study which demonstrated rapid 
therapeutic anticoagulation and less bleeding events 
in continuously administered heparin, we added 
calculation of our doses based on EBV using the 
Nadler equation (6, 11). Again, our study could 
not reproduce better results using EBV as the only 
factor. Variation in HSI was still too spread out.

It seems HSI variation in the population is too 
large to let weight, BSA or EBV be the only factor 
in deciding heparin dosage.

Based on these numbers, there is no significant 
difference between HSI based on weight, HSI based 
on BSA or HSI based on EBV. All SD seem to be 
evenly widespread (resp. 33.4%, 32.7% and 33.5%). 
One retrospective study from 1998 by Ferguson 
et al. using high dose heparin (130 IU kg-1, target 
>300s) compared the effect of weight and BSA 
in PTCA and demonstrated similar results (33% 
vs 32% spread of SD in resp. Weight and BSA). 
This study also demonstrated slight but significant 
correlation between heparin response and weight (r 
= 0.37) and heparin response and BSA (r = 0.36). 
Still, Ferguson et al. did not recommend weight 
based dosing, as the correlation was only slightly 
significant (15).

No study showed the spread of HSI when 
dosing is based on EBV. Our result of 33.5% (SD % 
of mean) suggests no gain in the use of EBV. It should 
be considered that EBV is already an estimation and 
Nadler’s equation has its own limitations and errors 
which could also influence our results significantly. 

Since there was a wide spread of baseline 
ACT, we can ask ourselves if all patients were 
heparin naive, this could suggest a lower dose of 
heparin is needed to reach a certain ACT level. We 
can also ask ourselves if a higher baseline ACT or 
if patients already receiving heparin, would have a 
difference in Heparin Response, possibly indicating 
less need for heparin, regardless of the provided 
target. Literature has already shown that heparin 
half-life lengthens when heparin dose is increased. 
ACT peak and half-life after multiple heparin doses 
was not evaluated in any study and the effect is 
unknown. 

In 8.6% of patients, an extra dose of heparin 
was needed, which means that an extra blood 
sample and cartridge was needed for another test. 
In most instances however (77%) the first dose of 

clopidogrel, also has an effect. Our system did not 
allow to see which patients were taking these drugs 
at the time of surgery or whether platelet inhibitors 
were stopped 10 days prior to surgery. 

dIscussIon

These results show that weight, BSA and EBV 
have little to no predictive value in sensitivity to 
heparin and thus our goal to get a fixed dose per unit 
(kg, m² or L) was not reached. 

In 16 of 115 patients the ACT was higher 
than 250 s, which in other studies has shown that 
this significantly increases the risk for bleeding 
complications (8, 11). A dosage of 60-70 IU kg-1 as 
suggested by multiple guidelines to be the absolute 
maximum for peripheral vascular surgery would 
mean a dose of 4800 IU for a patient weighing 80 
kg. In some instances, we observed doses of up to 
80 or 90 IU kg-1 in our data.

From figure 1 we can conclude that the doses 
of heparin administered, are partially random. Only 
1/7 patients weighing more than 107kg received 
7500 IU and were in the desired ACT-range. 4/7 
were also in the desired ACT-range, but only 
received 5000 IU.

Other studies have shown that weight or BSA 
is poorly correlated with HSI or ACT (12,13). One 
study showed that obese patients often tend to get 
overdosed if weight is used as a dose value. In our 
study, 12 of 16 patients with an ACT higher than 250 
(75%) were given 7500 IU. If we use the guidelines 
of 60 IU kg-1, a person should only receive 7500 IU if 
he weighs over 125 kg (107 kg if 70 IU kg-1 is used). 
There was no patient included with this, or a higher 
weight in our study (7 patients had a weight more 
than 107 kg). In 5/7 cases with patients weighing 
more than 107 kg, only 5000 IU were given, again 
showing the randomness of higher heparin dosage. 
Only in one instance of these 5, extra heparin was 
needed to reach ACT >200 s. 

One patient weighing 108 kg, received 7500 
IU and still needed 2500 IU to reach an ACT of > 
200 s. 

One study concluded that a fixed dose of 5000 
IU helped achieve ACT >200 s in almost all patients, 
but “most patients were outside recommended 
target interval”, meaning they had an ACT of 250 or 
higher (14). In our study this was not the case, as a 
5000 IU dose only gave an ACT of higher than 250s 
in 4/115 cases.  To provide a more consistent and 
predictable heparinization, this study recommended 
a weight-based bolus dose of heparin of 60-70 IU 
kg-1”. Unlike our study, this study also showed a 
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like AT III, fibrinogen, CRP/WBC and sedimen-
tation could maybe show a more significant 
effect of these factors. Also, since liver function 
can have a significant impact on coagulation, a 
future study could include measurements of AST/
ALT and their impact on ACT. It is still unclear 
whether liver disorders have an effect on baseline 
coagulation or on heparin sensitivity (22).

There are a lot of limitations in this study. 
Obviously, since this is a retrospective study, there 
is a very wide inclusion criteria of patients. A 
randomized controlled trial would give more insight 
in to whom would be included in this study. This 
study did not make any difference in which vascular 
procedure was done, ranging from dilatations to 
placement of endoprostheses. Both have their own 
impact on coagulation. Little impact is however 
expected at the beginning of surgery, where no 
intervention/manipulation is done, and target ACT 
is 200-250 s.

Secondly, ACT devices have their own limi-
tations. A comparison was done by the university of 
alberta where they compared i-STAT to Hemochron 
devices. The difference in measurements in different 
brands and the standard deviation of results of one 
specific brand can have a significant effect on ACT-
values, although in clinical setting, these differences 
are probably not as significant. The coefficient 
variation in the I-STAT is only 3.1% when targeting 
between 90 and 400s (23, 24).

As stated by Wallach et al., ACT is influenced 
by numerous factors, including hemodilution, 
temperature of the blood sample, environmental 
temperature, blood sample volume and timing of 
blood sample and many others (25).

Since this is a retrospective study, we cannot 
be certain about the similarity of these factors in our 
patients. We are taught to take a blood sample at 
the three-minute marker, but many factors influence 
this : a nurse needs to be available and as this is at 
the beginning of surgery, both anesthesiologists and 
nurses usually have many things on their hands, 
delaying the sampling. In a future prospective study, 
blood sampling could be done at the same time in 
every patient. Since peak effect of heparin on ACT 
values is marked at 60-90 s, this could also be 
changed in a future study, since at the three-minute 
mark, the effect is already in a downward slope 
and could have already dropped. Since half-life of 
heparin is 60 to 90 minutes, this would only have 
a slight but clinically insignificant influence. In 
future study, when subsequent ACT measurements 
and heparin doses are measured, half-life and peak 
effect of heparin will have to be considered.

heparin was enough to reach the target interval 
(87% in patients receiving 5000 IU vs 56% in the 
7500 IU group). 

Unfortunately, our study could not show 
any significant link between weight and BSA for 
determining the heparin dosage. As expected, 
Heparin Resistance seems to have a great effect 
on target ACT reached and is too widespread in 
the population. Other studies (most of them done 
in Percutaneous Coronary Interventions (PCI) with 
higher dose heparin and target ACT) also showed 
irregular coagulation in most patients after weight-
based dosing, some showing only slight significant 
correlation (8, 16, 17).

In our study, platelet count did not significantly 
influence the heparin sensitivity. In one study with > 
500 patients undergoing Cardiopulmonary Bypass 
(CPB), Heparin Resistance was alleviated by giving 
patients AT III. It could show that platelet count ( 
> 300000) had a significant influence on Heparin 
Resistance (18). In our results a higher platelet count 
led to a non-significant higher HSI, however, more 
patients with high platelet count should be included 
to have a significant meaning, since only 1 patient 
in our study had a platelet count > 300000, and only 
2 patients had a platelet count < 100000. Another 
study demonstrated that AT III made patients more 
susceptible to heparin and one in-vitro study of 2000 
showed that addition of AT III increases sensitivity 
to supplemental heparin as reflected by significantly 
prolonged ACT (19), whereas contradictory studies 
showed that preoperative AT III-levels had no 
significant influence on HSI (12, 20). This suggest 
other more complex factors are at work. Again, a lot 
of the studies are not specific to vascular surgery, 
most of them are based on cardiac surgery and 
patients going on Cardio-Pulmonary Bypass or 
Percutaneous Coronary Interventions with higher 
doses of heparin and higher ACT values.

This also means that a future prospective study 
with AT III measurement could be interesting to 
determine its effect on these ACT values.

No other studies have shown the effect of 
white blood cell count on ACT values, but since 
many studies state that infection has an influence 
on coagulation status, we wanted to see if we could 
correlate this with the WBC count (21). Obviously, 
since at our institution, infectious patients are 
usually postponed from surgery, not a lot of patients 
had high WBC count, so it was difficult to really 
determine if this would have any effect on ACT 
values. 

Again, a prospective study with more patients, 
pre-operative (or PERI-operative) laboratory values 
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approach could reduce periprocedural bleeding and 
should be investigated as a possible alternative. An 
important matter in Anti-Xa monitoring is the long 
duration of measurement and the cost for analyzing 
one sample (27, 28).

When it comes to heparin, aPTT has long 
been the standard of use during measurement of 
anticoagulation. Although literature has shown 
ACT has a bad correlation with aPTT, it is still 
not recommended in intra-operative setting due to 
inability to measure aPTT point-of-care. One study 
demonstrated a Pearson correlation of 0.17 when 
ACT was correlated with aPTT.

A retrospective, single center, cohort study 
by Vandiver et al compared anti-Xa and aPTT 
monitoring of IV heparin in the treatment of 
pulmonary embolism and deep vein thrombosis. 
They compared 88 patients where aPTT was used to 
target vs 98 where aXa was used. The study showed 
that the use of anti-Xa assay-based monitoring 
protocol resulted in statistically significantly higher 
percentage of within-range monitoring values than 
the aPTT protocol (69% vs 41%). In addition, 
patients in the anti-Xa group reached therapeutic 
levels sooner and received fewer dose adjustments 
than those in the aPTT group (29-31).

Maybe in future study a TEG measurement 
might give more information on how heparin 
should be dosed. This would give information about 
ACT values, alongside other information regarding 
coagulation.

As stated before, although these measurements 
are difficult point-of-care, they might be useful in 
future study setting to get better results and possibly 
show better correlations with weight, BSA, BV or 
other variables.

Future study in a controlled setting with 
accessibility to multiple laboratory data and more 
accurate anticoagulation status measurement is 
needed to get more accurate heparin dosing in 
peripheral vascular surgery.
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Abstract : Background : Local infiltration of anesthetics 
(LIA) is an upcoming alternative method for analgesia 
following total knee arthroplasty (TKA). It could replace 
patient controlled epidural anesthesia (PCEA). The 
advantages of LIA are faster mobilization, less risks 
compared to placement of an epidural catheter, and it 
increases patient care in a quantitative and qualitative 
way. On the other hand, PCEA provides prolonged 
analgesia postoperatively. The aim of this study was 
to compare the effects of LIA and PCEA on pain and 
comfort scores during the seven days following TKA.
Methods : Two weeks after hospital dismissal, a 
questionnaire was sent to 116 patients who underwent 
TKA. Patients were asked for their pain scores on the 
day of surgery (=DO), two days after (=D2) and 7 days 
after (=D7). They were also asked about their general 
comfort, postoperative nausea and vomiting (PONV), 
vertigo and comfort urinating. The primary endpoint was 
pain at D7, secondary endpoints were pain on D0 and D2, 
and comfort scores.
Results : Data of 81 patients were analyzed, 40 were 
provided with PCEA and 41 patients received LIA. Pain 
scores on D7 were significantly better in the LIA-group 
(18 [0-75] vs 38 [0-100] for LIA and PCEA, respectively 
(p=0.01)). Pain scores on D2 were also significantly 
better in the LIA group, whereas no difference in pain 
scores was seen on D0. There was less PONV on D0 and 
less discomfort urinating on D7 in the LIA group. Other 
scores showed no significant differences between the two 
groups.
Conclusion : LIA showed in lower pain scores and 
improved comfort scores, compared to PCEA. 

Keywords : Arthroplasty ; replacement ; anesthesia, 
epidural ; infiltration local anesthesia.

IntroductIon

On a yearly base, thousands of total knee 
arthroplasty (TKA) procedures take place in 
Belgium. TKA demands adequate analgesia per- 
and postoperatively. Inadequate analgesia can lead 
to postoperative discomfort, slower mobilization 

and delayed revalidation, which might lead to 
a prolonged hospital stay. It could also increase 
the risk for thromboembolic events and impaired 
wound healing (1, 2). Adequate perioperative anal-
gesia gives less surgical stress which results in less 
postoperative morbidity and faster revalidation and 
recovery. In addition, there is a smaller chance of 
developing a chronic pain syndrome (3). Despite 
the importance of adequate perioperative analgesia, 
up to fifty percent of patients receiving TKA 
experience severe postoperative pain (1). 

The ideal method for analgesia has a long 
time of action, acts fast, has no adverse effects, 
and should be easy to administer. It provides early 
mobilization (4, 5) and thereby decreases the number 
of physical therapy sessions (6), thromboembolic 
events and infections (7) and possible formation 
of arthrofibrosis (8). These risks increase with a 
prolonged hospital stay. Muscle weakness and 
orthostatic hypotension are also contributing factors 
(9). 

In local infiltration of anesthetics (LIA), 
peripheral nerve block and wound infiltration with 
local anesthetics are combined. Although benefits of 
LIA were already reported in 2008, the exact location 
of the infiltration sites has not yet been described 
(10). The distribution of the local anesthetics is 
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Anesthesia protocol and the local infiltration

A strict protocol was used to provide anesthesia. 
Either LIA with spinal anesthesia (LIA-group) or 
combined spinal-epidural (CSE) anesthesia (PCEA-
group) was used. Patients in the LIA-group received 
spinal anesthesia with 3 ml levobupivacaine 0.25%, 
whereas patients in the PCEA-group received spinal 
anesthesia with 3 ml levobupivacaine 0.5%. General 
anesthesia was induced in all patients with propofol 
2-3 mg/kg, sufentanil 10 µg and dexamethasone 
5 mg. Patients also received parecoxib 40 mg and 
paracetamol 1 g.

Infiltrations in the LIA-group were done with 
a moving needle technique to prevent intravenous 
injection of the mixture. They were placed with 
50ml syringes with 18G needles with a length of 
4 cm.

The injections were given in two phases (Fig. 
2), based on the description of Kerr (10). The surgeon 
applied the technique. No catheter was left behind. 
Posterior, proximal and medial structures were 

described in a neuroanatomically cadaver study 
where specific sensible locations were found (11). 
When using LIA, mastering the neuroanatomy of 
the knee is a prerequisite. Only when injections are 
placed correctly, optimal analgesia can be achieved. 

The aim of this study was to compare pain 
and comfort scores between patient controlled 
epidural anesthesia (PCEA) and LIA with specific 
attention for the neuroanatomy of the knee. We 
hypothesized that LIA would provide better pain 
scores postoperatively.

materIals and methods

The study was approved by the ethical 
committee of Maria Middelares hospital, Ghent, 
Belgium (reference number PBH/nm/2015.52). 
Written informed consent was obtained from all 
patients. Reporting has been done conform to the 
STROBE guidelines.

Patient selection

All patients, aged ≥18 years, undergoing 
TKA between 01-01-2014 and 01-03-2015 were 
eligible. Patients with allergy to non-steroid anti-
inflammatory drugs (NSAID) or local anesthetics 
were excluded. Also revisions and partial knee 
replacements were excluded. Two weeks after 
hospital dismissal, a questionnaire (table 1) was sent 
through mail. Patients were asked about pain scores 
on the day of surgery (=DO), two days after (=D2) 
and 7 days after (=D7). They were also asked about 
their general comfort, postoperative nausea and 
vomiting (PONV), vertigo and comfort urinating. A 
visual analogue scale (VAS) (Fig. 1) was included 
and the patients were asked to draw a line on the 
included scale in proportion with their answer. This 
scale had a length of 100 mm, which made it easier 
to calculate the scores afterwards. A stamped and 
addressed envelope was included to make it easy for 
the patient to return the questionnaire.

After collecting all questionnaires, comple-
teness was checked. Incomplete or inaccurate 
questionnaires were left out of the analysis. VAS-
scores were qualified and put into an Excel file. 
When registering the data, it was not known whether 
the patient received LIA of PCEA. After unblinding, 
no more adjustments were made in the data file. 

Primary endpoint was the pain score on D7. 
Secondary endpoints were pain scores on D0 
and D2, as well as PONV, experience during the 
preparations, comfort in the first days, comfort 
urinating at D7 and their favor for the same pain 
management in future TKA.

Fig. 1. — Visual Analogue Score (VAS) which was included 
in the questionnaire.

Fig. 2. — Infiltration sites of the local anesthetics.

1. How did you experience your pain on the day of surgery?
2. How did you experience your pain the first day after surgery?
3. How did you experience your pain 7 days after surgery?
4. How did you experience the preparation 2 hours prior to surgery?
5. How was your general comfort in the days following surgery?
6. In case of a second TKA, would you choose the same analgesic 

method?
7. To what extent was it comfortable for you to urinate in the week 

following surgery?
8. To what extent did you experience vertigo in the days following 

surgery?
9. To what extent were you nauseous in the days following surgery?

Table 1
Questions asked in the questionnaire
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Postoperative management

When patients from the PCEA-group arrived 
at the post anesthesia care unit (PACU) a bladder 
catheter was placed by the nurses. Pain medication 
was given to all patients following a strict in-
hospital protocol. Paracetamol 1g was given each 
6 hours intravenously of orally, parecoxib each 12 
hours until 36 hours after surgery. In case of pain 
tramadol 100 mg with alizapride 50 mg was given 
every 6 hours and if necessary, also piritramide 20 
mg intramuscular. After 36 hours all analgesics were 
given orally with either Zaldiar® (paracetamol 325 
mg/tramadol 37,5 mg) and paracetamol 500 mg, or 
paracetamol 1 g every 6 hours and diclofenac 75 mg 
twice a day. 

Analgesics were stopped when the patients 
did not feel any need for it anymore. Passive 
mobilization was initiated at D0 in both groups. 

In the LIA group, patients were allowed to 
walk with crutches at D1 every 2-3 hours. In the 
PCEA-group, active mobilization started on D2 
because epidural analgesia might cause orthostatic 
hypotension and motoric block.

During hospital stay, patients were guided by 
a physical and occupational therapist, which was 
continued throughout the rehabilitation process 
after hospital dismissal.

Statistical analysis

A pilot study showed a mean (± standard 
deviation) pain score of 40 (± 30) and 25 (± 20) in 
the PCEA and LIA group, respectively. A difference 
of 15% between both techniques was considered 
clinically relevant. We used a Wilcoxon-Mann-
Whitney test with an α-error probability of 0.05 
and a power of 0.8 to calculate a sample size of 
39 patients in each group. Considering a non-
responders rate of 35%, 60 persons per group were 
approached. To assess the normality of continuous 
variables a Kolmogorov–Smirnov test was used. 
To assess the difference between the two groups, a 
Wilcoxon-Mann- Whitney U test was used. P < 0.05 
is considered statistically significant.

results

The flow diagram of the study inclusion is 
presented in figure 3. Of the 124 patients who 
were assessed for eligibility, eight of them did not 
meet the inclusion criteria (6 revisions, 2 partial 
TKA). Of the remaining 116 patients, 83 returned 
their questionnaire. Because of inaccuracy, two 

infiltrated with a mixture of 140 ml ropivacaine 2 
mg/ml, ketolorac 30 mg and 10 µg/ml epinephrine.

To guarantee a good spread of the mixture, 
following technique was used by the surgeon.

After completing all osseous incisions, the 
posterior tissue of the knee in 90° flexion was 
infiltrated (Fig. 2a) :

1. Through the posterior capsule of the knee, 
with a medial direction the posterior side of 
the femur was found and 40 ml of the mixture 
was applied

2. Through the posteromedial capsule another 7 
ml was injected

3. Through the posterolateral capsule 3 ml was 
given
After cementation of all components (Fig. 2b), 

the synovial and muscle tissues were infiltrated :
4. Medial synovial and capsular structures : 3x5 

ml
5. For the vastus medialis : 15 ml
6. In the adductor channel also 15 ml
7. In the suprapatellar pouch another 5 ml was 

infiltrated
To prevent dermal necrosis, subcutaneous infil-

tration of local anesthetics was performed without 
epinephrine in the mixture. Following infiltrations 
completed the LIA

8. In the medial subcutaneous tissue 6x5 ml was 
injected

9. In the proximal subcutaneous tissue in medial 
direction 20 ml was infiltrated
While infiltrating all these structures, the 

neuroanatomy of the knee was considered, both the 
posterolateral as the anteromedial innervation of the 
knee.

In the PCEA-group, patients did not receive 
any additional local anesthetics intraoperatively. 
PCEA was provided from the moment mobility had 
returned, with a mixture of levobupivacaine 1.25 
mg/ml, sufentanil 0.25 µg/ml and clonidine 1.125 
µg/ml. It ran at 4 ml/h continuously with 4 ml boli 
if necessary with a limit of 50 ml/4 hours and an 
interval of 20 min between two boli. 

Surgical technique

Both groups received comparable techniques 
(12). A standard medial parapatellar incision was 
used and all components were cemented. To prevent 
swelling, a compressive bandage was used for 
venous and lymphatic compression. No drains were 
left behind in the wounds. Surgery was performed 
by two surgeons. One surgeon used LIA, the other 
surgeon treated patients receiving PCEA.
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We asked for pain scores even after discharge 
from the hospital until day seven postoperatively. 
This could be interesting, as there are no other 
studies comparing both techniques on the longer 
term.  An earlier study comparing LIA and PCEA 
found no difference between both in the first three 
days postoperatively. In that study, a catheter was 
left behind until the first day postoperatively (13).

A major review (14) identified 12 important 
parameters for the outcome after orthopedic 
surgery : mortality, length of hospital stay, waiting 
time until surgery, complications, readmissions for 
revisions, mobility, quality of life, pain, daily living 
activities, medication use, location of living and 
costs. An adequate perioperative analgesic strategy 
could influence some of these parameters.

The cornerstone of postoperative pain mana-
gement should consist of a multimodal, balanced 
analgesia with a minimal risk for complications. 
It should promote early rehabilitation and have 
a minimal cost. Central sensitization should be 
avoided in order to prevent the evolution to chronic 
pain syndrome (15).  

Besides paracetamol and NSAID, other medi-
cations and techniques exist to threat postoperative 
pain in TKA. Of all these, opioids, femoral nerve 
block, adductor channel block, epidural anesthesia 
and LIA are most frequently used. All these 
techniques have specific pros and cons. In the 
present study, we compared LIA with PCEA as 
these are the standard techniques in our hospital for 
pain management after TKA.

Epidural analgesia is a reliable technique, 
although execution might sometimes  be difficult, 
may be uncomfortable for the patient and is time 
consuming. Also, although rare, there is the risk of 
complications, such as epidural or spinal hematoma 
or abscess (16). The incidence of epidural hematoma 
is 1 per 4330 to 22189 placements (17, 18). Also 
postdural puncture headache is an unsettling com- 

questionnaires were refused. Eventually 81 ques-
tionnaires were analyzed (41 belonged to the LIA-
group and 40 to the PCEA-group).

Patient characteristics and reported VAS 
scores are presented in table 2. Figure 4 depicts the 
main findings of the study. The primary endpoint 
was reached, pain scores on D7 were significantly 
better in the LIA-group. Pain scores on D2 were 
also significantly better in the LIA group, whereas 
no difference in pain scores was seen on D0. There 
was less PONV on D0 and less discomfort urinating 
on D7 in the LIA group. Other scores showed no 
significant differences between the two groups. 

dIscussIon

The main findings of this study are that LIA 
gives significant better pain and comfort scores 
(PONV, comfort urinating) than PCEA. 

Fig. 3. — Flow diagram according to the Consolidated Standard 
of Reporting Trials (CONSORT) statement.

PCEA group LIA group P-value

Number of patients 41 40

Male/female 31/10 30/10

Age 63 [44-84] 67 [40-84]

Pain at D0 18 [0-98] 21 [0-100] 0.56

Pain at D2 21 [0-100] 20 [0-81] <0.01*

Pain at D7 38 [0-100] 18 [0-75] 0.01*
Experience during 
preparations 13 [0-100] 21 [0-100] 0.66

Comfort score first 
days 20  [0-97] 20 [0-77] 0.05

Favour same pain 
management 17 [0-95] 0 [0-100] 0.93

Comfort urinating D7 0 [0-100] 0 [0-41] <0.01*

Vertigo first days 0 [0-100] 0 [0-97] 0.12

Nausea at D0 0 [0-100] 0 [0-93] <0.01*

Table 2
Patient characteristics and VAS scores (scale 0-100)

These variables are reported as absolute number or as median 
[minimum-maximum]. *P<0.05.

Fig. 4. — Boxplot of the main findings, the boxplots show the 
minimum and maximum value, median value,  and mean value 
(-). * indicates statistical difference (P<0.05).
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stay (24). A multidisciplinary consensus, published 
in the Acta Orthopaedica in October 2019, confirms 
LIA as a part of ERAS programs (25). 

This study demonstrated a significant difference 
in pain scores at D7, but it has some limitations. 
First of all, the PCEA-group and LIA-group were 
treated by another surgeon. Although  they both 
used exactly the same surgical and infiltration 
technique, this may have induced a bias. Secondly, 
patients in the PCEA group received a higher dose 
of spinal chirocaine, as the epidural gives motor 
block anyway. Thirdly, the study only compares 
two different techniques in a single center. A multi-
center approach would have been more interesting.

conclusIon

LIA provided lower pain scores on D7 
postoperatively, compared to PCEA. Pain scores on 
D2, nausea at D0 and discomfort urinating at D7 
were also significantly lower in the LIA group.The 
study demonstrates that LIA is a reliable technique 
to treat postoperative pain after TKA.
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Abstract : Background : Postoperative delirium and 
cognitive dysfunction contribute to an important 
increase of complications after major surgery. The use 
of dexmedetomidine in ICU has already established 
promising results in previous studies regarding its 
delirium-reducing features. However, the results on 
its intraoperative application remain conflicted. The 
goal of this systematic review is to examine whether 
there is scientific evidence that dexmedetomidine 
reduces delirium and cognitive dysfunction when it is 
administered intraoperatively. 
Methods : This systematic review was fully processed 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses Protocols (PRISMA-P) 
guidelines. The build-up is carried out according to 
the Cochrane Handbook for Systematic reviews of 
Interventions. This review is based on prospective 
recent double-blind Randomized Controlled Trials and 
retrospective Cohort Studies. 
Focus : We will focus on the benefits of dexmedetomidine 
towards the prevention of postoperative delirium and 
cognitive dysfunction. Furthermore, we will make a 
comparison between cardiac and non-cardiac surgery. 
Dexmedetomidine infusion was compared with a placebo 
and outcomes were assessed by neuropsychological 
assessment tests. 
Results : In total, fourteen articles have been selected. 
There was no clear evidence concerning a reduction in 
postoperative cognitive dysfunction. Neither was there a 
reduction in delirium after non-cardiac surgery. On the 
other hand, after cardiac surgery, a reduction in delirium 
was observed in all applicable articles. 
Conclusions : Intraoperative dexmedetomidine most 
likely prevents postoperative delirium after cardiac 
surgery. In non-cardiac surgery there was no clear 
prove for the use of dexmedetomidine in the prevention 
of postoperative delirium. No conclusions could be 
established regarding postoperative cognitive dysfunction 
and the use of dexmedetomidine intraoperatively. 

Keywords : Dexmedetomidine ; delirium ; cognitive 
dysfunction ; intraoperative ; clinical trial.

IntroductIon

Background

Postoperative Delirium (POD) and postope-
rative cognitive dysfunction (POCD) have been 
consistently associated with short term post-
operative complications. The incidence of POD 
and POCD has been reported to affect 20% to 
40% in the critical ill (1, 2). This even exceeds 
50% after cardiac surgery (3).  The pathogenesis 
has been studied thoroughly over the last decade. 
Nevertheless, the exact pathophysiological mecha-
nism has not yet been fully clarified. Many factors 
have already been identified in contributing to its 
incidence (4-6) but it is clearly a multifactorial 
condition. Predisposing and precipitating risk 
factors are summarized in respectively figure 1 
and figure 2 (7). Besides a higher morbidity and 
mortality, POD and POCD also entail a prolonged 
in-hospital stay and therefore an increase in hospital 
costs (8-10). Many interventions have been devised 
however, due to its multifactorial pathogenesis 
a straightforward solution remains anything but 
obvious. To date, first-generation antipsychotics, 
second-generation antipsychotics, cholinergic en-
hancers and antiepileptic agents are used to counter 
postoperative delirium but the evidence supporting 
the efficacy is limited (7). Dexmedetomidine, a 
highly selective and short acting a-2-agonist, has 
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disorders and disturbed physical function even up 
to one year after surgery (17).

POCD is described as a subtle change in 
mental status which is due to a surgical intervention.  
The most frequently affected mental properties are 
verbal learning, working memory, episodic memory 
and processing speed. A preoperative baseline of the 
patients’ mental state is essential to evaluate POCD. 
Several scales have been developed attempting to 
evaluate a deterioration in mental state. To date the 
Mini-mental State Examination scale or MMSE 
scale and the Montreal Cognitive Assessment or 
MoCA-scale are considered to be the most valid 
tests to evaluate a deterioration in mental status 
(13, 18). Studies suggest that the MoCA-scale 
detects a cognitive decay earlier than the MMSE-
scale, but the MMSE-scale is the easier one to carry 
out. The viability of the MMSE-scale still remains 
disputable (18). Although its limits, the MMSE-
scale is widely acknowledged as the most popular 
neuropsychological assessment test regarding 
altered mental states. Results however should be 
interpreted with caution. POCD is associated with 
a prolonged in hospital stay, a faster functional 
decline, a diminishment of autonomy and an 
increased mortality (19-21).

It is consequently essential for both entities 
to be diagnosed in an early stage and predisposing 
factors should be corrected if possible. A thorough 
preoperative risk stratification should be performed 
aiming to identify predisposing factors and therefore 
predict the patients’ risk for POD and POCD. 
Predisposing factors regarding the incidence of 
POD and POCD are summarized in Figure 1. 
Eliminating precipitating factors for postoperative 
delirium (Fig. 2) showed a drastic reduction in 
the incidence of delirium (22, 23). Therefore, we 
only can emphasize that a intraoperative reduction 
in triggering factors and a thorough preoperative 
screening remains the key-feature in POD/POCD 
prevention.

Dexmedetomidine is a highly selective a-2 
adrenoreceptor agonist with no effect on the GABA-
receptor which generates a state of sedation/sleep 
without any respiratory depression. Although the 
working mechanism is not fully clarified yet, its 
sedative properties are induced by its affinity for 
the locus coeruleus (an area in the brain regulation 
arousal) (24-32). Previous studies demonstrated 
the anxiolytic and analgesic properties of dexme-
detomidine when used as a sedativum in ICU (24, 
33-38). In a meta-analyse from Flükiger J., et al., 
(24) – containing 28 double-blind randomized 
controlled trials (RCTs) – a significant reduction 

sedative, anxiolytic and analgesic features with 
minimal respiratory depression (11, 12). It has been 
excessively tested as a sedative in the Intensive 
Care Unit (ICU). Several studies confirmed that 
postoperative administered dexmedetomidine at 
the ICU contributes to a significant reduction in 
the incidence of POD. However, it remains unclear 
whether the same results could be established when 
dexmedetomidine is administered intraoperatively 
because of an absence of randomised controlled 
trails concerning this subject. 

POD is defined by the Diagnostic and Sta-
tistical Manual of Mental Disorders fifth edition 
(DSM-V criteria) as an alteration in mental status of 
the patient which is characterized by a reduction in 
awareness and a disturbance in attention (13). Other 
neuropsychological disorders (for example : changes 
in memory deficit, language, visuospatial ability, 
perception or disorientation) can be associated. The 
key method - and as well the “Golden Standard” – 
towards identifying POD, remains the Confusion 
Assessment – Method (CAM) (13). Patients who 
develop delirium at an ICU are 200% to 400% more 
likely to prematurely die (14-16). Studies showed 
that POD can lead to an increase in cognitive 

POD POCD
Age > 70 years Age > 65 years
Depression Preoperative cognitive impairment
Dementia Preoperative physical impairment
Preoperative use of narcotics 
or benzodiazepines

Cognitive impairment during 
hospitalization

Self-reported use of alcohol Delirium
Previous history of delirium
Vision impairment
Severe illness
BUN/creatinine ratio >18
Tobacco use
Vascular surgery
Depressive symptoms
Attentional deficits

Fig. 1. — Predisposing factors of postoperative delirium 
(POD) and postoperative cognitive dysfunction (POCD) (22).

POD: intraoperative precipitating triggers
Acute pain
Use of physical restraints
Malnutrition
Addition of three or more medications in 24–48 h
Use of a urinary bladder catheter
Anaemia
Electrolyte and fluid abnormalities
Greater surgical blood loss, greater intraoperative transfusion

Fig. 2. — Intraoperative precipitating triggers of postoperative 
delirium (POD) (22).
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evaluated on their usability in the review. For your 
reference see Tables 1, 2, 3 and 4.

Study characteristics

This review will include 12 double-blind 
randomized controlled trials (RCT) and 2 retro-
spective cohort studies published in medical 
journals between 2012 and 2018. All studies utilized 
dexmedetomidine versus a placebo containing a 
saline solution. Dexmedetomidine was started at 
the induction of surgery with or without a loading 
dose and was continued intraoperatively until the 
end of surgery. Of the 14 relevant publications, 13 
articles investigated the incidence of POD or POCD 
as primary objective. One article investigated this as 
secondary objective. 

Diagnostic tests 
The occurrence of POD or POCD was assessed 

immediately postoperative with a follow-up up 
to 30 days. Both POD and POCD were evaluated 
by the use of neuropsychological assessment 
methods by specialized personnel. The Confusion 
Assessment Method (CAM) or the Confusion 
Assessment Method in ICU (CAM-ICU) was 
used in the majority of the studies concerning the 
evaluation of POD. This test is considered to be 
the most relevant and reliable indicator to assess 
POD according to the Diagnostic and statistical 
Manual of Mental disorders (DSM-V) criteria (13). 
This test evaluates the following criteria : 1) Acute 

on the incidence and duration of POD and POCD 
after major surgery was identified. Dosages of 
sedatives (for example Midazolam, Haloperidol, 
…) and opioids could be drastically been reduced 
in the dexmedetomidine group. Similar results were 
already described in a study from Pasin L., et al. (39) 
from 2014 and Xia Z., (40) from 2013. Based on these 
results the Food and Drug Administration (FDA) 
and Therapeutic Goods Administration (TGA) 
already approved the use of dexmedetomidine as a 
sedativum in ICU. A study of Sun Y. et al. (41) also 
has demonstrated a lower occurrence of emergence 
delirium in children after the use of intraoperative 
dexmedetomidine during cardiac surgery. The few 
similar studies that have been conducted in the adult 
population could not confirm the same assumption 
as a result of an underpowered sample size. 

Consequently, using only applicable and recent 
randomized controlled trials (RCTs), this review 
will elaborate if dexmedetomidine could achieve 
similar results when administered intraoperatively. 

metHodology

Literature search

The literature search of this review was guided 
by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols (PRISMA-P) 
guidelines. Following electronic databases were 
utilized : Pubmed, Embase and Cochrane library. 
The searched Medical Subject Heads (MeSH) were : 
“dexmedetomidine” and “delirium”. In addition, the 
search was refined using the following keywords : 
“intraoperative”, “cognitive dysfunction” and 
“clinical trial”. 

Eligibility and inclusion criteria were defined 
as followed : administration of dexmedetomidine 
intraoperative, adult surgical patients (age >18 
years), studies in which a placebo is used as a 
control group, surgery under general anaesthesia, 
POD or POCD as primary or secondary focus, 
studies written or translated into English. Exclusion 
criteria included : use of dexmedetomidine as a 
sedative added to regional anaesthesia and case 
report studies. 

results

A total collection of 370 articles would be 
relevant for the study. A flow chart of the selection 
can be found in figure 3. Fourteen publications would 
comply with the selection criteria for this systematic 
review. All these articles were thoroughly read and 

Fig. 3. — Flow chart of systematic search for randomized or 
quasi-randomized controlled trials according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
Protocols (PRISMA-P) guidelines.

 

15 
 

Figure 3:  
Flow chart of systematic search for randomized or quasi-randomized controlled trials 
according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
Protocols (PRISMA-P) guidelines. 
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only ASA I and ASA II patients were included. 
Four other separate studies of Li Y. et al. (45), Chen 
J. et al. (46), Ding L. et al. (47) and Xu H. et al. 
(48) concluded that during laparoscopic procedures 
administering dexmedetomidine intraoperative 
significantly reduces POCD (respectively P-value 
< 0.01, = 0.05, < 0.05 and < 0.05). These studies 
displayed only minor limitations. Two other studies 
by Mohamed S. et al. (49) and Yilmaz F. et al. (50) 
could not confirm these results. These studies also 
showed some crucial limitations. Besides their 
small sample size (respectively n=50 and n=40), 
they did not apply a standardized diagnostic method 
to identify POCD. Furthermore, the study of Yilmaz 
F. et al. assessed POCD only two hours after minor 
surgery which could explain the lack of significance 
between the control and study group.

Postoperative delirium 

The other 7 studies investigated exclusively 
the incidence of POD. A large prospective study 
containing 390 patients by Deiner S. et al. (51) 
was ceased prematurely because of futility. Interim 
analysis revealed no significant difference in 
incidence of POD after 5 days. The author stated 
that these non-conclusive results were due to an 
intra-operative underdosing of dexmedetomidine 
as no loading dose was provided. A study written 
by Lee C. et al. (52) separated 354 patients into 
three groups. The first group only received a 
loading dose of dexmedetomidine whereas the 
second group received both a loading dose and 
a continuous infusion. Both groups showed a 
substantial decrease in delirium in comparison to 
the control group. Furthermore, the second group 
established an additional significant reduction 
in POD in comparison to the group with only a 
loading dose. This study showed little limitations 
apart from the fact that the continuous infusion 
of dexmedetomidine had no fixed rate (0.25-0.6 
µg/kg/hour). A large retrospective cohort study 
performed by Ji F. et al. (53) in 2013 included 1134 
patients (ASA I-IV, > 18 years) and investigated 
the impact of intraoperative dexmedetomidine on 
postoperative morbidity and mortality as primary 
aim.  A secondary aim examined the incidence of 
POD. Results confirmed a significant reduction in 
POD (5.4% in the study group versus 7.4% in the 
control group ; P = 0.003). Although the liberal use 
of dexmedetomidine (0.2-0.6 µg/kg/hour) and the 
limited duration of follow-up (only 24 hours), this 
study is one of the leading studies because of its 
large sample size. Limitations however remain the 

new onset of delirium ; 2) Inattention ; 3) Altered 
consciousness ; 4) Disorganized thinking. To 
meet the delirium criteria, 1) and 2) are obligatory 
and 3) or 4) must be present (22, 42). The Mini-
Mental State Examination (MMSE) is the best 
known and most frequently used indicator to assess 
POCD (17, 18). This test evaluates an evolution 
in the cognitive aspects of mental functions (f. e. 
orientation, memory, attention, following written 
and verbal commands, …) and is a simple quick 
way to identify individuals with dementia, cognitive 
impairment and depression (32). A postoperative 
assessment can easily diagnose postoperative 
cognitive dysfunction when compared to its 
preoperative conducted assessment. Another test 
which investigates POD is the Montreal Cognitive 
Assessment (MoCA) criteria. This test examines 
short term recall, visuospatial abilities, attention, 
concentration, working memory and orientation in 
time and space. It is confirmed to be a valid method 
to evaluate cognitive impairment and is more 
reliable than the MMSE-scale (18) (43). In addition, 
two other articles diagnosed the occurrence of a 
new onset of delirium when an acute emerge of 
one of the following four entities occurred : (1) 
Hallucinations/Illusions, (2) Acute confusion, (3) 
Agitation or (4) Altered behaviour.

The RCTs in this systematic review utilized 
the same study setup and diagnostic methods to 
recognize and identify POD/POCD. This enables 
us to make a reliable comparison between the 
different study results and create a synopsis 
towards a definitive conclusion for the clinical 
practitioner. Eventually this review will present 
a final recommendation for the administration of 
intraoperative dexmedetomidine regarding the 
evaluation of POCD (Table 1) or POD (Table 2). 
Furthermore, we tried to differentiate if there was a 
difference in results regarding the incidence of POD 
in non-cardiac (Table 3) versus cardiac surgery 
(Table 4) based on substantiated scientific evidence. 

Postoperative cognitive dysfunction

Of the 14 articles, 7 focused on the occurrence 
of POCD. A first study from Zhao W. et al (44) 
investigated the effect of intraoperative administered 
dexmedetomidine on its cognitive dysfunction 
reducing assets after non-cardiac surgery. Significant 
results (p<0.009) were established nonetheless 
some limitations were found regarding the setup of 
this study. Only a loading dose of dexmedetomidine 
was administered after induction and no further 
continuous infusion was provided. Additionally, 
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into a group investigating the incidence of POD only 
after non-cardiac surgery (Table 3) and a group with 
studies which studied POD after cardiac surgery 
(Table 4). Three studies by Deiner S. et al. (51), Lee 
C. et al. (52) and Liu L. et al (57) contained a study 
set-up based on non-cardiac surgery. These studies 
contained contradictory results as written above. 
However, when we reviewed the 4 other remaining 
articles (Ji F. et al. (53), Li X. et al (54), Cheng H. et 
al. (56) and Shu A. et al. (58)), which investigated 
the incidence of POD after cardiac surgery, we 
discovered consistent results leading to a significant 
reduction in POD. 

conclusIon

Based on these findings, we can determine 
three different assumptions :

A reduction on the incidence of POCD by the 
use of dexmedetomidine intraoperatively could only 
been be portrayed in 4 out of 7 applicable RCTs. 
Hence no unambiguous results could be revealed, 
no recommendation could be made regarding this 
subject for the clinical practitioner.

Regarding the incidence of POD after non-
cardiac surgery, there is no conclusive evidence to 
support the use of intraoperative dexmedetomidine.  
Out of the 3 bigger RCTs regarding this subject 
only 2 of them achieved significant results. Because 
of contradictory results it is only suspectable that 
dexmedetomidine reduces POD after non-cardiac 
surgery but to date no exact recommendation can 
be offered. Larger prospective clinical trials are 
required to create clarity. Currently there is a large 
study going on in China conducted by Wang B. et 
al. (59) to investigate the incidence of POD after 
non-cardiac surgery with intraoperative usage of 
dexmedetomidine in a loading and continuous 
infusion. Hence the number of the sample size 
will be substantial (n = 620), these findings will 
contribute to further decision-making towards the 
management of intraoperative dexmedetomidine in 
non-cardiac surgery. Results are expected by the fall 
of 2019.

Regarding the reduction of POD after cardiac 
surgery we can assume that the intraoperative 
application of dexmedetomidine in cardiac surgery 
is desirable. All the studies involving cardiac surgery 
portrayed a significant reduction in POD. Although 
some studies showed a few limitations, they all 
described comparable results. After this review, 
one can conclude that it is advisable to administer 
intraoperative dexmedetomidine during cardiac 
surgery. This will result in a substantial reduction 
of the incidence of POD leading to a noticeably 

use of non-standardized assessment methods where 
POD was affirmative in the presence of the new 
onset of one of the following entities : illusions, 
confusion or agitation. A study performed by Li X 
et al. (54) in 2017 revealed the same results (4.9% 
versus 7.7%). This study however remained not 
significantly (P = 0.34) due to its smaller sample 
size (n=285) and therefore remained underpowered. 
What stands out in this study, is the exceptional 
low general incidence of delirium as well in the 
study as in the control group. The general incidence 
of postoperative delirium amounts to up to 30% 
(3) (55) whereas in this study the control group 
would knowledge an occurrence of only 8%. 
This exceptional low incidence of POD could be 
explained by the fact that this study took place in 
a centre in which postoperatively active delirium 
preventing measures were taken. The author 
however emphasized that this study would have 
been significant if the sample size would have been 
larger. Another retrospective cohort study by Cheng 
H. et al. (56) in 2016 concerning 505 elderly ASA 
I-IV patients yielded significant results (7% versus 
11% with a P < 0.0001). However, a few remarks 
concerning this study have to be discussed. First, 
the postoperative assessment was conducted after 
24 hours and had no further follow-up regarding 
POD. Second, the neuropsychological assessment 
tests were non-standardized methods for evaluating 
POD. And finally, the dosage of the intraoperative 
administered dexmedetomidine had no fixed rate 
(0.2-0.6 µ g/kg/hour). A study from Liu L. et al 
(57), which only admitted young (20-44 years) 
ASA 1 to ASA 2 patients, applied a continuous 
infusion intraoperatively without any loading dose 
in comparison to a saline infusion. Two different 
rates where compared to a control group. Eventually 
both subgroups would register significant results 
(P<0.05) although its non-representative study 
group. A smaller study presented by Shu A. et 
al. (58) in 2017 noted a significant reduction in 
postoperative delirium when dexmedetomidine 
was applied during cardiac surgery. The validity 
of this study remains very questionable.  Their 
methodology was not elaborated thoroughly, 
contained inconsistencies and no power analysis 
was calculated. Significant results were described, 
nevertheless.

A conclusion regarding the efficacy of 
dexmedetomidine on the incidence of POD was not 
ambiguous. The majority of these studies portrayed 
a significant reduction in POD whereas other studies 
could not confirm these results. A sub analysis was 
conducted regarding POD. We separated the studies 
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in the postoperative setting. Taking into account 
that the effect of postoperative administered 
dexmedetomidine in the ICU already has proven 
its delirium reducing assets, a significant result was 
obvious. These results eventually were generalised 
to the perioperative usage of dexmedetomidine. 
Therefore, they concluded that the intraoperative 
use of dexmedetomidine was advisable with no 
scientific evidence to support this theory.

A meta-analysis from Wu M. et al. (61), 
which was published in the Journal of Clinical 
Anesthesia in 2018 revealed the same remarks. 
This study investigated the reduction of delirium 
postoperative after cardiac surgery by the use of 
10 RCTs. This metanalysis confirmed a beneficial 
result towards POD when dexmedetomidine was 
used intraoperatively. However, these results were 
based on 7 RCTs where dexmedetomidine was 
administered solemnly postoperative. The eventual 
results remained significant and were generalised 
for its intraoperative usage. Both meta-analyses 
therefore suggested that dexmedetomidine reduces 
POD when used intraoperative. These results 
could have been biased by the continuation of 
dexmedetomidine in the postoperative setting on 
ICU. Generalizing these results to solemnly its 
intraoperative usage seems however unreliable.

Consequently, we can conclude that further 
investigation is necessary. A future high-quality 
large-scaled clinical study would contain of a 
particularly at-risk subpopulation (elderly, ASA I 
to IV), a clear-cut methodology (dexmedetomidine 
in a loading dose and a continuous infusion at a 
fixed rate) and a daily postoperative POD/POCD 
assessment using an official neuropsychological 
assessment test. 
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Abstract : Background : Pain management after 
posterior thoracolumbar interbody fusion surgery 
remains a challenging problem. Epidural analgesia with 
local anesthetics as an adjuvant treatment might prove 
beneficial.
Objective : To evaluate the effects of continuous epidural 
analgesia with a ropivacaine solution as an adjuvant 
treatment after posterior thoracolumbar interbody fusion.
Study design : A prospective double-blind, randomized, 
placebo-controlled clinical trial. Setting : University 
Hospital Brussels, a tertiary academic health science 
centre.
Methods : Thirty-three patients undergoing spinal fusion 
surgery were randomized into two groups. One group 
was administered a continuous epidural infusion of a 
0.9% saline solution. The other group was administered 
a continuous epidural infusion of a 0.2% ropivacaine 
solution. The primary outcome measure was the level 
of pain experienced by the patients, which was assessed 
using the visual analogue scale (VAS). Secondary 
outcomes were time to mobilisation, total length of stay 
and opioid consumption on patient demand.
Results : The mean VAS score postoperatively the day 
of surgery was scored as 3,5 for the patients receiving 
the ropivacaine infusion. The placebo group scored 
5 on the VAS scale, thus suggesting a beneficial effect 
of ropivacaine infusion (p-value 0.02). The mean VAS 
score at post-op day 1 of surgery differed between 2 
for the ropivacaine group and 2,8 for the placebo group 
(p-value 0.05). Length of stay was shorter for patients 
who had received ropivacaine infusion (mean difference 
1,8 days ; p-value 0,02). No other significant differences 
were withheld.
Conclusion : The use of a continuous epidural 
ropivacaine infusion after posterior thoracolumbar spinal 
fusion surgery could improve postoperative VAS scores 
and may also result in faster hospital discharge rate. Trial 
registration : registered and approved in the EudraCT 
registry (2014-004713-91).

Keywords : Epidural anesthesia ; spinal surgery ; back 
surgery ; spinal fusion ; pain medicine ; orthopedic sur-
gery ; ropivacaine.

IntroductIon

Many different therapeutic interventions 
thought to reduce postoperative pain after posterior 
thoracolumbar spinal fusion surgery have been 
investigated (1). A multimodal strategy for pain 
management can consist of a combination of 
different interventions, but even so pain management 
after posterior thoracolumbar spinal fusion surgery 
remains challenging (2, 3). Better pain management 
has been associated with less incidence of chronic 
back pain, less postoperative complications, better 
surgical outcome, faster time to mobilisation 
and shorter length of stay, thereby also reducing 
financial cost (4, 5, 6).

Traditionally opioids are the agents of choice 
for pain management (6, 7). The role of opioids has 
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included the inability to provide informed consent, 
minors (patients under the age of 18 years) and a 
history or suspicion of allergy to local anesthetics.

Randomization of the subjects into two groups 
was performed by blocks. A patient-list sorted by date 
of scheduled surgery was used to associate subjects 
a unique number. Those numbers were randomized 
using an online form (www.randomization.org), to 
generate two groups of equal size. Patients in group 
1 were given placebo (saline), patients in group 2 
were administered ropivacaine. The randomized list 
was kept confidential by the principal investigator 
(MT). Allocation of the patient to either group 
was concealed from surgeons, anesthesiologists, 
participants and all other personnel involved in data 
collection. An epidural catheter was placed during 
the procedure, an infusion system was installed to 
enable the continuous infusion of a clear fluid (NaCl 
0.9% for group 1, ropivacaine 0.2% for group 2). 
Both these products were stored in the operating 
theatre and prepared by the principal investigator 
during the surgical intervention. The infusion fluid 
was introduced in elastomeric pumps and labelled 
as study medication. Infusion fluid for bolus 
injection was prepared in syringes, also labelled as 
study medication. In this manner the products were 
handed over to the attending anesthesiologist so as 
to ensure full blindness.

All patients received standard preoperative 
care as per protocol used in our hospital. Patients 
were premedicated with transdermal fentanyl 
(patches, 25 mcg per hour) and oral administration 
of gabapentin (300 mg) the evening before the 
intervention. Patients already on opioids, saw 
their daily dose added in fentanyl patches. A first 
VAS score was determined the evening before 
surgery as reference. On the day of surgery oral 
administration of gabapentin (300 mg) was repeated 
and acetaminophen (1000 mg) was added.

General anesthesia was induced with propofol 
and sufentanyl. Muscle relaxation was achieved 
witch rocuronium, unless the patient presented 
chronic kidney or liver dysfunction ; in these cases 
cisatracurium was used. The trachea was intubated 
and ventilation was controlled at the discretion 
of the anesthesiologist. General anesthesia was 
maintained with sevoflurane. Perioperative pain 
was managed with ketamine infusion (bolus of 1 mg 
per kg and maintenance of 0.2 mg per kg per hour) 
and sufentanyl also at the discretion of the attending 
anesthesiologist.

At the end of the procedure, the epidural 
catheter (Perifix® Epidural Anesthesia Catheter, B. 
Braun) was introduced by the spine surgeon. The 

been investigated thoroughly as well as their many 
different administration routes : oral, subcutaneous, 
intramuscular, intravenous, epidural and intrathecal 

(8). However, use of opioids is associated with 
many side effects including respiratory depression, 
urinary retention, hypotension, nausea and cognitive 
impairment, thus limiting their usefulness (6). When 
used via an epidural route, these side effects can be 
partially overcome (8, 9).

Epidural analgesia, when compared to other 
modalities in postoperative pain control, provides 
a greater potency and efficacy of the administered 
drugs. As a result, drug load can be limited, which 
diminishes the severity and incidence of side effects 
(6, 8). 

The use of epidural local anesthetics is a well-
established practice, however the advantages of this 
approach in the setting of spinal surgery have only 
been suggested over the course of the last few years 
(2, 6, 10). The main action of local anesthetics is 
to block neural transmission of pain signals. Used 
via the epidural route local anesthetics may prevent 
central pain sensitization, a key factor in chronic 
pain (6). For this study we chose to examine the 
effect of ropivacaine, since this drug permits the 
preservation of motor function and has limited 
cardiovascular and neurological toxicity (11). 

The primary objective of this study is to 
examine the effect of a continuous epidural 
infusion of ropivacaine on postoperative pain after 
spinal surgery, assessed by a visual analogue scale 
(VAS). Secondary objectives include time to first 
mobilisation, total length of stay and the use of 
opioids as rescue medication on patient demand.

patIents and methods

A double-blind, randomised, placebo-control-
led, clinical trial was set up at the University 
Hospital Brussels (Brussels), a tertiary academic 
health science centre.  The study protocol was 
approved by the local ethics committee (Medical 
Ethics Committee UZ Brussel - VUB, Laarbeeklaan 
101, 1090 Brussels ; head of the ethics committee : 
A. Van Steirteghem ; date of approval 4/12/2014) 
and registered and approved in the EudraCT registry 
(2014-004713-91). Forty patients were included, 
they all provided written informed consent prior to 
inclusion. 

Patients who were scheduled to undergo 
thoracic or lumbar posterior interbody fusion surgery 
were eligible for the study, provided they be adults 
fitting the American Society of Anesthesiologists 
physical status (ASA) I-III. The exclusion criteria 
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were excluded because of refusal to participate or 
because they did not meet the inclusion criteria. 
The included patients were monitored in hospital 
until they were discharged. Seventeen patients were 
randomized into group 1 and 16 into group 2. 3 
patients from group 1 had to be removed from the 
study. Two patients were excluded because they did 
not receive the correct premedication in accordance 
with the study protocol. A third patient was excluded 
because of a dura mater leak that occurred during 
surgery. The leak could not be properly sealed 
during surgery so the desired epidural anesthesia 
could not be guaranteed. In total then, 14 patients 
were assigned as treatment group and 16 patients as 
control group.

There were no significant differences be-
tween the two groups concerning age, weight, 
height, gender, BMI (Body Mass Index), ASA 
physical status, duration of the surgical procedure, 
preoperative VAS score or preoperative mean daily 
morphine consumption (Table 1). 

The mean VAS scores are detailed in Table 
2. The VAS scores at day 0 and day 1 were 
significantly lower in group 2 (p-value 0.02 and 
p-value 0.05). Intraoperative opioid administration 
and supplemental opioid consumption on patient 

catheter was placed four to five cm in the epidural 
space, in the centre of the surgical field so its 
placement could be confirmed visually. Afterwards 
a bolus of 10 ml NaCl 0.9% or ropivacaine 0.2% 
was administered. Continuous infusion was started 
at the Post Anesthesia Care Unit (PACU) through an 
elastomeric pump at a basal rate of 7 ml per hour for 
72 hours after surgery.

At the PACU, pain scores were determined 
every 10 minutes. Piritramide was administered, 2 
mg per bolus, until a VAS score ≤3 was achieved. 
At the surgical ward, VAS scores were determined 
every 8 hours and oxycodone was administered 
on patient demand in case of pain. Standard 
postoperative pain treatment consisted of 1000 mg 
acetaminophen every 6 hours, and gabapentin (300 
mg) every 12 hours. Side effects were recorded if 
any and when they occurred. 

We aimed to detect a 40% reduction in VAS 
score in the treatment group as compared with the 
control group. Assuming a standard deviation of 2, a 
minimum of 16 patients per group would be required. 
We set type I error α = 0.05 (two-sided) and type II error  
b = 0.2. For statistical analysis SPSS Statistics® 
version 23 was used. The normality of the distribu-
tion was assessed using the Kolmogorov-Smirnov 
test. The student T-test was used for analysing the 
differences between the two groups. The chi-square 
test was used for analysis regarding the occurrence 
of side effects. P values <0.05 were considered to 
be statistically significant. No post-hoc correction 
was used. 

This report is redacted according to the 
Consolidated Standards of Reporting Trials 
(CONSORT) guidelines (consort-statement.org).

results

Since our power analysis indicated we needed 
two groups of at least 16 patients, we proposed to 
include 40 patients between December 2014 and 
December 2015 in the study (Fig. 1). Seven patients 

Fig. 1. — Consort diagram. n = number of patients, group 1 = 
placebo group, group 2 = ropivacaine group.

Group 1 Group 2 Difference (95% CI) P
Average age, years 62 ±16 55 ± 18 -6.8 (-19.2 to 5.6) NS
Weight, kg 70 ± 12.7 79.8 ± 18.6 9.8 (-2.2 to 21.7) NS
Height, cm 165.9 ± 7.7 171.7 ± 11.7 5.3 (-2.2 to 12.8) NS
BMI, kg/cm2 26.5 ± 3.7 24.9 ± 10.2 1.7 (-1.8 to 5.3) NS
ASA I/II/III, n 3/9/2 4/10/2 -0.1 (-0.5 to 0.4) NS
Preoperative VAS 3 ± 3.1 3.4 ± 2.8 0.4 (-1.8 to 2.6) NS
PMDMa 0 0 / NS

Table 1
Patient characteristics

a Preoperative mean daily morphine, mg.
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1 in the ropivacaine group when compared to the 
placebo group. Other mean VAS scores did not 
differ significantly. The lack of significance for 
the other VAS scores could be attributed to an 
inadequate sample size or by our means of data 
collection. Gottschalk et al. (2) also compared 
epidural ropivacaine 0.1% with placebo and found 
significant reduction of more postoperative VAS 
scores. This study measured VAS scores at fixed 
time intervals, which we could not achieve. 

For our study we used a ropivacaine 0.2% 
solution, whereas Blumenthal et al. (12) used a 
solution of 0.3% ropivacaine. Their choice was 
based on a single pilot study, which demonstrated 

demand is detailed in Table 3. Opioid use is 
expressed in mg sufentanyl during the OR, mg 
piritramide at the PACU and mg oxycodone at the 
ward. 

The mean time to mobilisation and mean 
length of stay are detailed in Table 4.  Patients in the 
ropivacaine group presented a shorter length of stay. 
The occurrence of side effects is detailed in Table 5. 
There were no significant differences between the 
two groups concerning side effects.

dIscussIon

In this trial, significantly lower VAS scores 
were observed postoperatively at day 0 and day 

Time Group 1 Group 2 Difference (95% CI) P
First PACU 7.2 ± 3.7 4.5 ± 3.9 2.7 (-1.8 to 2.6) NS
Mean PACU 5.7 ± 0.9 3.6 ± 3 1.5 (-1.5 to 5.6) NS
Day 0 5 ± 2.9 3.5 ± 1.5 1.6 (-0.1 to 3.6) 0.02
Day 1 2.8 ± 1.5 2 ± 0.7 0.8 (0 to 1.7) 0.05
Day 2 2.1 ± 0.8 1.7 ± 1.2 0.4 (-0.4 to 1.2) NS

Table 2
VAS score (mean ± SD) at each collection time

Day 0 = day of surgery.

Time Group 1 Group 2 Difference (95% CI) P
OR 41.4 ± 14.2 55.5 ± 23.5 14.1 (-1 to 29.1) NS
PACU 14.8 ± 10.9 9 ± 7.5 5.7 (-1.2 to 12.6) NS
Day 0 10.5 ± 11.4 6.9 ± 7.3 3.6 (-3.4 to 10.6) NS
Day 1 11.4 ± 10.5 6.8 ± 7.9 4.5 (-2.3 to 11.4) NS
Day 2 11.8 ± 15.9 6 ± 7.5 5.8 (-3.3 to 14.9) NS

Table 3
Supplemental opioid consumption (mean ± SD) at each time

OR: mg sufentanyl. PACU: mg piritramide. Otherwise: mg oxycodone.

Parameter Group 1 Group 2 Difference (95% CI) P
Mobilisation, days 1.5 ± 1 0.8 ± 0.8 0.8 (0 to 1.4) NS
Hospitalisation, days 9.6 ± 5.6 6.7 ± 3.9 1.8 (-0.7 to 6.5) 0.02

Table 4
Day of mobilisation, length of stay (mean ± SD)

Group 1 vs. Group 2
PACU Day 0 Day 1 Day 2

Nausea/vomiting, % 14.3 vs. 6.3b 0 vs. 6.3b 0 vs. 6.3b 0 vs. 0b

Abdominal discomfort, % 0 vs. 0b 7.1 vs. 0b 7.1 vs. 0b 7.1 vs. 0b

Constipation, % 14.3 vs. 6.3b 21.4 vs. 25b 28.6 vs. 21.3b 21.4 vs. 12.5b

Pruritus, % 0 vs. 0b 0 vs. 0b 0 vs. 0b 0 vs. 0b

Respiratory depression, % 0 vs. 0b 7.1 vs. 0b 0 vs. 0b 0 vs. 0b

Paresthesia, % 0 vs. 18.9b 0 vs. 18.9b 0 vs. 12.5b 0 vs. 12.5b

Motor blockade, % 0 vs. 0b 0 vs. 0b 0 vs. 0b 0 vs. 0b

Table 5
Occurrence of side effects

b P-value non-significant, n = number of patients.
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resulted in significantly faster discharge rates in 
the ropivacaine group. Based upon these results, 
a beneficial effect of the use of epidural local 
anesthetics post thoracolumbar spinal fusion surgery 
can be suggested. 
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superior pain control with a 0.3% ropivacaine 
solution compared to a 0.2% solution. However, 
a more concentrated solution might also make the 
patient more prone to motor blockade, which is an 
undesirable effect in spinal surgery. 

In the study of Blumenthal et al. (12) the 
authors investigated the effect of epidural infusion of 
ropivacaine in comparison to intravenous morphine 
as pain management after scoliosis surgery. The 
VAS scores in this study were significantly in favour 
of the ropivacaine group. 

Opioid consumption did not differ signifi-
cantly, although patients in the treatment group 
seemed less likely to ask for additional opioid admi-
nistration. This lack of significance is in accordance 
with a study conducted by Choi et al. (10) who 
used a combination of epidural bupivacaine and 
hydromorphone administration after lumbar spinal 
fusion. The authors suggested that the observed wide 
confidence intervals may fail to detect a significant 
difference. Studies with larger sample sizes than 
this study or our own may resolve this issue.  

The availability of rescue medication is a 
possible confounding variable.  Any medication had 
to be requested by the patient. Patients may be holding 
back to ask for rescue medication when needed. 
The use of patient controlled analgesia (PCA) is a 
possible solution for this problem. Gottschalk et al. 
(2) used this approach and provided their patients 
with an intravenous PCA pump. This way they 
could demonstrate lower opioid requirements in the 
ropivacaine group. 

The time to mobilisation was not significantly 
shorter in the ropivacaine group. This is in 
accordance with other studies in the literature. 
Fisher et al. (13) conducted a study to compare 
patient controlled intravenous analgesia (PCIA) to 
PCEA after lumbar spinal fusion. Their epidural 
solution contained a combination of fentanyl, 
bupivacaine and epinephrine. They also found no 
difference in time to mobilisation between groups. 
The major difference with our study is that we use a 
placebo (epidural infusion of NaCl 0.9%) whereas 
the control group in the study of Fisher et al uses 
PCIA. Choi et al. (10) failed to detect a difference 
in mobilisation as well.

In summary, a continuous epidural analgesia 
infusion with ropivacaine 0.2% after posterior 
thoracolumbar spinal fusion resulted in significantly 
lower pain scores at day 0 and day 1. It also 
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Abstract : Cardiac surgery performed by sterno-
tomy is associated with moderate to severe acute 
postoperative pain. Most common analgesic 
schemes for per- and postoperative pain are based 
on intravenous opioids. Our goal is to compare 
standard opioid based regimen to a multimodal pain 
management to determine which therapy provides 
the most comfort, the fastest extubation time, the 
least pain and the least delirium.
Methods : In this prospective randomized double-
blinded trial, two groups of 25 patients, were 
divided in an opioid group and a multimodal group 
after given written informed consent. Postoperative 
pain was scored at 8-h, 16-h, 24-h, 32-h, 40-h and 
48-h by the NRS-scale in the awake patient, or 
the Critical-Care Pain Observation Tool (CPOT) 
in the sedated patient. Delirium is measured by 
the Intensive Care Delirium Screening Checklist 
(ICDSC)-score. Time to extubation, length of stay 
(LOS) in ICU, LOS in hospital and rescue pain 
medication are all registered and compared between 
both groups. 
Result : These are preliminary results of an ongoing 
study where we intend to include 100 patients. Forty-
five patients were successfully enrolled. Baseline 
characteristics were similar between two groups. 
The multimodal pain scheme was administered in 
21 patients, 24 patients received an opioid based 
scheme. After linear mixed model analysis no 
significant differences were seen in CPOT-score 
(p=0,057), NRS-score (p=0,919) or consumption in 
rescue pain medication. Also, for the ICDSC-score 
no significant difference was found (p=0,595). Time 
to extubation, LOS at ICU or LOS at the hospital 
showed no significant difference between both 
groups.
Discussion : This trial shows no significant dif-
ference in pain, delirium, intubation time, LOS 
on ICU or LOS in hospital between multimodal 
analgesia versus an opioid-based analgetic protocol 
in cardiac surgery by sternotomy.
Keywords : Postoperative pain, analgesics, delirium ; 
thoracic surgery, sternotomy.

IntroductIon

Cardiac surgery performed by sternotomy 
is associated with moderate to severe acute 
postoperative pain. Postoperative pain is the 
primary reason for prolonged convalescence and 
one of the main concerns of the surgical patient in 
the intensive care unit (ICU) department (1). This 
pain is multifactorial and multifocal ; it can be 
caused by incision, intraoperative tissue retraction 
and dissection, surgical manipulation of the parietal 
pleura, posterior rib dislocation or fracture, possible 
brachial plexus injury, chest tube insertion and 
harvesting of the saphenous vein and internal 
mammarian artery (1-3).

The most common analgesic schemes for 
postoperative pain in cardiac surgery are based on 
intravenous opioids by bolus, with patient- or nurse-
controlled delivery systems. Although without 
any doubt, they have a beneficial effect on pain, 
opioids are associated with dose-related side effects 
including oversedation, ileus, urinary retention, 
nausea, vomiting, pruritus, mental confusion and 
respiratory depression, which might lead to a 
prolonged extubation time (2-4).

In the 1990s anesthetic strategies mainly 
consisted out of high-dose opiates that required 
mechanical ventilation for 12 to 24 hours post-
operatively. In the years that followed many centers 
initiated fast-track care pathways. Even though 
specific approaches differed, these pathways shared 
the common goal of facilitating early extubation 
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who develop delirium after cardiac surgery have 
prolonged mechanical ventilation, prolonged 
length of hospital stay, high hospital mortality, and 
cognitive decline.

Recent studies show that dexmedetomidine 
might be the best agent to reduce the occurrence of 
delirium after cardiac surgery.(8). Dexmedetomidine 
is an alpha-2 adrenergic receptor agonist that acts 
directly on the peripheral nervous system, causing a 
dose-dependent inhibition of C-fibers and Aα-fibers 
(2, 12). Dexmedetomidine induces sedation while 
preserving a degree of arousability among patients. 
Its use resulted in a shorter time to extubation, an 
increased number of days free from coma or delirium, 
a reduced incidence of agitated delirium, prevention 
of delirium, and lower mortality compared to other 
agents (8, 11, 13). Hypotension and bradycardia 
are common side effects (2, 8, 14-16). The clinical 
efficacy has been proven in non-cardiac surgery by 
augmenting anesthesia and analgesia, and allowing 
a reduction in opioid requirements.(2).

Gabapentin and pregabalin are effective for 
treatment of various neuropathic pain syndromes. 
They inhibit central neuronal sensitization and 
also produce anti-hyperalgesia by decreasing 
excitatory amino acid neurotransmission in the 
spinal cord through a direct postsynaptic or pre-
synaptic inhibition of Ca² influx. It has been shown 
that gabapentin reduced pain scores and opioid 
requirements in different surgical settings (3, 17-
19). Literature is not conclusive and because of 
conflicting results the routine use of gabapentin 
and pregabalin to reduce opioid consumption in the 
cardiac surgical patients is not yet recommended.
(17, 19).

Ketamine is not only an anesthetic agent but 
also has an analgesic effect. The exact mechanism 
is not yet known but some of the pathways are 
already identified.(20). It binds to the opioid 
receptors κ (kappa), δ (delta) and μ (mu) and it has 
been proven that ketamine induces phosphorylation 
of mitogen-activated protein kinases by 2-3 
times that of traditional opioid drugs.(14, 21). 
Another pathway of its analgesic effect is by the 
muscarinic acetylcholine receptors in the central 
nervous system.(14). Ketamine also effects other 
ion channels including sodium channels and 
voltage sensitive calcium channels leading to local 
anesthetic and gabapentin like effects.(20). Because 
of the unique effect of keeping hemodynamic 
stability during induction, ketamine can be useful 
in cardiac surgery. The analgesic effect, the absence 
of respiratory depression and hemodynamic sta-
bility make it an excellent drug to use in the 

and limiting ICU resource usage, primarily through 
minimizing opioid usage. Systematic review and 
analysis of the results of these attempts demonstrated 
that it was a safe approach in low-risk patients and 
that duration of intubation and ICU stay was reduced 
but no change in overall length of hospital stay (5). 
However, the significant heterogeneity in the data 
precludes definitive conclusions on these programs. 

In the last decades, much has been written 
about multimodal pain protocols and their role in 
Enhanced Recovery after Surgery (ERAS)-protocols 
to treat acute postoperative pain in non-cardiac 
surgery.(5). The objective is not only to reduce the 
dose and side effects of opioids. By working on both 
the central and peripheral pain mechanisms, the aim 
is to find a holy grail where the patient has minimal 
suffering and the central neural hyper-excitability 
that increases postoperative pain is maximally 
attenuated (3, 6), reducing the risk of transformation 
of acute into chronic pain to a minimum. 

The prevalence of CPSP after cardiac surgery 
ranges from 3.8% to 56%. In recent studies evalua-
ting CPSP in non-cardiac surgery a decline in CPSP 
was seen (7).

A lot of research has been done on prevention 
and treatment of delirium after cardiac surgery. 
Delirium is characterized by an acute onset and 
a fluctuating course of inattention and either 
disorganized thinking or an altered level of con-
sciousness. It is known to affect 15% to 70% of 
the medical and surgical populations, with the 
highest prevalence in elderly and critically ill 
patients.(8). Delirium usually is elicited by an acute 
noxious insult acting on predisposing factors. Age, 
cerebrovascular disease, preadmission cognitive 
dysfunction, postoperative pain, use of opioids and 
sedatives, surgical inflammation and depression 
are important risk factors, with general anesthesia, 
anesthetic drugs and prolonged mechanical venti-
lation being triggers.(9, 10). 

In cardiac surgery the incidence of this 
cognitive disorder is as high as 50-70%, despite 
improvements in surgical and perioperative care 
achieved in the last decades.(10, 11). The use of 
cardiopulmonary bypass with continuous flow, 
hypothermia, microembolization, impairment of 
cerebral oxygenation, and impaired autoregulation, 
and eventual occurrence of cardiac dysfunction, 
all affect neurologic function and further increases 
the risk of postoperative delirium.(8). Factors 
predisposing patients to delirium after cardiac 
surgery and strategies to prevent and treat this 
devastating condition are poorly understood. 
Furthermore, it is very well-known that patients 

26-Bogaert.indd   20426-Bogaert.indd   204 12/01/2021   12:2712/01/2021   12:27



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 oPIod versus MultIModal In oPen cardIac surgery 205

Study Participants

All Patients, aged 45 or older, undergoing a 
first sternotomy for coronary artery bypass graft 
(CABG) surgery with or without valve replacement 
requiring cardiopulmonary bypass were candidates 
for trial inclusion. In women we actively checked 
for being in menopause to rule out a systematical 
pregnancy test in women.

Patients with a preoperative left ventricular 
ejection fraction less than 30%, preexisting cognitive 
impairment measured by a preoperative MMSE 
less than 21, Alzheimer disease, Parkinson disease, 
history of recent seizures, or hypersensitivity to 
any of the study medications, and patients taking 
medications for cognitive decline or under chronic 
pain medication therapy were excluded. 

Participants who did not speak Dutch were 
excluded because of their inability to complete the 
cognitive assessments, which have been extensively 
validated in Dutch.

Randomization and blinding

After informed consent, patients were assigned 
randomly (1:1) by computer randomization to either 
a ‘standard’ pain protocol or a multimodal pain 
protocol. The attending anesthesiologist was aware 
of the randomization. Patients and study nurses 
were blinded to the pain management.

Procedures

In the multimodal pain protocol, patients 
received Pregabaline 75mg one hour preoperatively. 
Once in the operating room, a dexmedetomidine 
infusion was started at 0.8µg/kg/h. Postoperatively 
at ICU, the continuous infusion was lowered to 
0.5 µg/kg/h and stopped 12 hours postoperatively. 
Induction of anesthesia was performed with Propofol 
until loss of consciousness and Fentanyl 1-2 µg/kg. 
Fentanyl dose was limited to 2.5µg/kg during the 
peroperative period. If needed, the anesthesiologist 
was allowed to exceed this dose, as long as it was 
documented. After induction of anesthesia, a bolus 
of ketamine 0.5 mg/kg IV was given followed by a 
continuous infusion of 0.3 mg/kg/h. This continuous 
infusion was stopped postoperatively at ICU 
together with the continuous infusion of propofol. 
Also, a bolus of Lidocaine 1.5 mg/kg IV was given 
at induction followed by a continuous infusion of 
1.3 mg/kg/h. This Lidocaine infusion was stopped 
12 hours postoperatively. Magnesium was given 
25 mg/kg IV at induction and was repeated after 
weaning of the extracorporal circulation. 

ICU (20). Previous literature demonstrated a 
significant analgesic effect from the intraoperative 
administration of ketamine, and current reviews 
continue to cite ketamine as a potential agent for use 
in multimodal analgesia strategies for the enhanced 
recovery of cardiac surgery patients. However, it 
has to be acknowledged that not all studies showed 
a reduced opioid consumption or lower pain scores 
postoperatively.(22).

The perioperative use of intravenous lidocaine 
has many beneficial effects in open procedures, 
such as an earlier return of gastrointestinal tract 
function, less postoperative opioid consumption, 
improvement of postoperative cognitive dysfunction 
and reduced stay in the hospital.(19, 23, 24). The 
exact working mechanism is not identified but the 
anti-inflammatory effects of lidocaine mediated 
through interactions with polymorphonuclear cells 
and the inhibition of G protein-coupled receptors 
may play a crucial role (24).

Magnesium sulfate’s analgesic mechanisms 
are also not fully identified, but it is thought that the 
NMDA receptor is blocked by calcium regulation 
mechanisms. Because the NMDA receptor plays 
a role in the transmission of pain, magnesium has 
become a subject of interest for potential use in 
postoperative pain schemes.(25, 26). It has been 
proven that peri-operative intravenous magnesium 
can reduce opioid consumption especially in the 
first 24h.(26).

The goal of the present study is to compare 
a standard pain regimen “Fentanyl – Tradonal – 
Paracetamol – Oxynorm” to a multimodal pain 
management protocol “Gabapentin – Magnesium 
sulfate – minimal dose of Fentanyl – Ketamine – 
Lidocaine – Dexmedetomidine – Paracetamol” to 
determine which therapy provides the most comfort, 
the fastest extubation time, the least pain and the 
lowest incidence of delirium.

MetHodology

Study design

This prospective randomized double-blinded 
(for participant and study staff) study was conducted 
at Ghent University Hospital from September 
2019 to March 2020. Institutional review board 
approval was obtained at 17/7/2019 from chairman 
Prof. dr. D. Matthys of the Committee on Clinical 
Investigations and the Ethical Committee, Corneel 
Heymanslaan 10, 9000 Gent (eduract number : 
2019-000515-84) and all patients provided written 
informed consent.
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sedatives during the first 48 hours postoperatively, 
pain scores, patient delirium and cognition assess-
ment data, and adverse events. 

Data were abstracted from the medical record 
to assess secondary endpoints.

Statistical analysis was done with IBM SPSS® 
software, version 26. We used descriptive statistics 
and used for parametric data : unpaired t-test, or 
student t-test, for non-parametric data : Wilcoxon’s 
test. For repeated measures of non-independent 
data, to test for fixed effects, we used linear mixed 
models type III tests. Level of significance was set 
at (p) < 0.05.

results

Study population

The flow chart of study inclusion is presented 
in figure 1. This is a preliminary report, halfway of 
our study with 100 patients. A total of 50 patients 
provided informed consent after ruling out any of 
the exclusion criteria and were enrolled, of whom 50 
were randomized. Five patients who were eligible 
and signed informed consent dropped out because 
the attending anesthesiologist refused to implement 
the protocol for this particular patient. No patients 
dropped out after the protocol was started.

Twenty-one patients received the multimodal 
pain therapy and 24 patients received the “standard” 
opioid-based pain therapy. 

Baseline characteristics are shown in table 
1. With the exception of length, no significant 

If a patient was assigned to the standard 
pain protocol, no pain medication was given 
preoperatively. Induction was also done with 
Propofol until loss of consciousness and Fenta-
nyl. Fentanyl dose was limited to 15µg/kg 
IV. Postoperatively, a continuous infusion of 
Remifentanil was started at a dose of 0.05-0.1 µg/
kg/h and stopped 12 h postoperatively. Magnesium 
2.5 mg/kg was given once at induction.

For both groups, postoperative pain manage-
ment consisted of Paracetamol 1g/6h IV and Tra-
madol 100mg/6h IV if needed and as long as the 
patient was ventilated. Once a patient was extubated 
rescue pain medication was Oxycodone 5mg. No 
other analgesics were allowed.

Study outcomes

The primary endpoint of the study was 
postoperative pain at 8-h, 16-h, 24-h, 32-h, 40-h and 
48-h after cardiac surgery. Pain was measured by 
a dedicated study nurse by means of a NRS-scale 
ranging from 0 to 10 if the patient is awake, and 
by the CPOT ranging from 0 to 8 in the sedated 
patient. Secondary endpoints include delirium in 
the awake patient measured at 8-h, 16-h, 24-h, 32-
h, 40-h and 48-h after surgery, by the ICDSC-score 
ranging from 0 to 8. Also included in the secondary 
endpoints were : time till extubation in hours, 
length of hospital stay in hours, length of stay at 
the ICU department in hours, Mean arterial blood 
pressure (MAP), vasopressor need (VIS-score), 
heart frequency and total consumption of rescue 
pain medication registered in mg/kg.

Sample size calculation

Following data were used for sample size 
calculation : Two independent study groups, 
continuous endpoints, an anticipated incidence of 
NRS-score in the standard protocol of 4 vs 3 in the 
multimodal group, with a standard deviation of 1.5, 
based on a previous study by Rafiq S. et al (3), a 
probability of type 1 error of 5% and power of 80%. 
Two groups of 35 patients were calculated.

This paper is an intermediary analysis of 
50 patients divided in 2 groups. This makes this 
analysis underpowered.

Statistical analysis

Research Electronic Data Capture (REDCap) 
was used for data collection and included 
demographic data, information on analgesics and 

Characteristics Multimodal (n=21) Opioid based 
(n=24)

Demographics

Male 17 (81) 19 (79,2)

Female 4 (19) 5 (20,8)

Age(years) 70,33 68,67

Length (cm) 173,76* 168,54*

Weight (kg) 79,05 80,35

BMI 26,214 28,154

Baseline MMSE 26,9 27,1

Surgery

CABG 18 (85,7) 15 (62,5)

Valve 2 (9,5) 5 (20,8)

CABG + valve 1 (4,8) 4 (16,7)

Table 1
The baseline characteristics

*Level of significance between both groups p=0.037. First number 
reported is the absolute number, followed by percentage in parentheses.

26-Bogaert.indd   20626-Bogaert.indd   206 12/01/2021   12:2712/01/2021   12:27



© Acta Anæsthesiologica Belgica, 2020, 71, Spplement 1

 oPIod versus MultIModal In oPen cardIac surgery 207

Delirium

There was no significant difference in the 
ICDSC-scores between groups. Mean difference 
in the opioid group compared to the multimodal 
group was 0.063 [95% CI -0.171, 0.297] (p=0.595).. 
The ICDSC-score was always scored as 0 when a 
patient is sedated, so there could have been made 
an analyzing error if there was a difference between 
both groups in length of intubation or sedation. 
Analysis of duration of intubation and sedation 
showed no difference between both groups, making 
sure that this ICDSC comparison was done correctly.  

Blood pressure

To assess any differences in hemodynamics, 
absolute values of MAP as well as the vasoactive-
inotropic score (VIS-score) was compared between 
both groups. No significant differences were seen in 
MAP (p=0.884) or VIS (p=0.193).

differences were found between the two groups. 
Since we are not talking about low back pain 
here, this difference between the two groups will 
not be relevant in a possible difference in the pain 
experience between the two groups. Coronary artery 
bypass-grafting was the most frequent performed 
intervention (33/45 [73.33%]), followed by single 
or multiple valve surgery (7/45 [15.55%]) and 
combined surgery formed the smallest group (5/45 
[11.11%]).

Drug Administration

All patients in the opioid protocol received 
medication as prescribed by the protocol. In the 
multimodal protocol, the attending anesthesiologist 
was allowed to give extra fentanyl when deemed 
clinically needed. In seven (33%) multimodal 
cases, the fentanyl dose had to be augmented to 
5µg/kg. In two (10%) cases, the dose even had to be 
augmented to 7.5 µg/kg. When asked after surgery, 
all anesthetists reported that they had to augment 
the dose because of hypertension, especially at the 
moment of sternotomy. No other problems were 
reported with drug doses in the protocol.

Pain scores

No significant differences in pain scores 
between the two groups were seen. Mean difference 
in the opioid group compared to the multimodal 
group was 0.324 [95% CI -0.241, 0.889] (p=0.257) 
and -0.026 [95% CI -0.531, 0.479] (p=0.919) for 
CPOT and NRS scores, respectively. 

The course of the NRS-scores is depicted in 
figure 2.
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Fig1. Flow chart of inclusion 
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Fig. .1 — Flow chart of inclusion.

Fig. 2. — Mean NRS-scores varying in time. A start value was 
measured at admission to the hospital, the on admission value 
was taken at admission on ICU. All patients were sedated at 
admission on ICU.
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day five postoperative and he needed to undergo an 
urgent surgery leading to a longer LOS at ICU and a 
longer LOS at the hospital.

dIscussIon

In this randomized controlled trial, we com-
pared two different pain management protocols 
(opioid based vs multimodal). We found no 
differences in postoperative pain at 8-h, 16-h, 24-
h, 32-h, 40-h and 48-h. We found no significant 
difference in delirium in the awake patient in the 
first 48h post-operative, no significant difference in 
time to extubation, LOS in ICU or LOS in hospital.

In literature conflicting data about multimodal 
analgesia is very common. This is because there is 
no specific definition of multimodal analgesia and 
there is no consensus of what drugs and what dose of 
drugs should be included in a multimodal protocol. 
Our multimodal pain protocol was based on 
protocols used in non-cardiac surgery. It contained 
pregabalin, ketamine, dexmedetomidine, lidocaine 
and low dose opioids. The exact combination of all 
of our drugs in the multimodal protocol has never 
been studied before in cardiac surgery. Because of 
this combination of different drugs it is impossible 
to determine the value of each separate drug. Non-
believers in multimodal analgesia find this its 
biggest weakness, believers find this its biggest 
strength (3). 

Our multimodal protocol used a fentanyl 
dose of 2.5µg/kg vs. 15µg/kg in the opioid-based 
protocol. During this trial it was found that 2.5µg/
kg of fentanyl in the multimodal protocol does 
not always provide an equally stable anesthesia, 
especially during a strong pain stimulus such as 
a sternotomy. In 9 (43%) cases anesthetists had 
to increase the fentanyl dose up to a maximum of 
7.5µg/kg, still significantly lower than the 15µg/kg 
in the opioid-based protocol. 

Heartrate 

No significant differences in heart rate were 
seen between both groups (p=0.760). 

Three patients (two in the opioid group and one 
in the multimodal group) were in atrial fibrillation 
during the preoperative visit. In two of these three 
patients, no atrial fibrillation was diagnosed during 
the first 48 hours postoperatively, one patient stayed 
in atrial fibrillation during the whole first 48 hours 
postoperatively. 

Only 16 patients were not having a paced 
heart rhythm at admission on the intensive care 
unit (ICU). Twelve (75%) belonged to the opioid 
group whereas only four (25%) of them belonged 
to the multimodal group. Thirteen patients (61%) 
of the multimodal group needed pacing for longer 
than 8 hours. In contrast, only five patients (21%) 
of the opioid group required pacing for longer than 
8 hours. The decision to start or stop pacing was 
made by the attending ICU specialist. There was no 
mandatory threshold included in the protocol.  

Time to extubation, LOS at ICU and LOS at the 
hospital

When we take a look at table 2, we can see 
that there is no significant difference in time to 
extubation, LOS at ICU or LOAS at hospital. We 
do see there is a trend towards a longer time to 
extubation for the multimodal group and a shorter 
LOS at hospital.

Need for rescue medication

In this trial we could not find any significant 
difference in need for rescue pain medication 
between the two groups (table 3).

Adverse events

One patient in the multimodal group developed 
a ruptured abdominal aorta aneurysm during his 
postoperative stay at the ICU. This happened at 

Opioid group Multimodal 
group P value

Median* Time to 
extubation (hours) 7 9 0.072

Median LOS at ICU 
(hours) 22 24 0.284

Median LOS at hospital 
(hours) 201.75 99 0.085

Table 2
Time to extubation and lengths of stay

*We used median time because tested for normality by a Shapiro-Wilk 
test and found the data significantly deviate from a normal distribution.

Opioid group Multimodal group P-value
Paracetamol 
(mg/kg)

106  [68 , 170] 106  [68 , 169] 0.909

Tradonal 
(mg/kg)

1.12  [0 , 5] 1.22  [0 , 3.88] 0.913

Oxynorm 
(mg/kg)

0.23  [0 , 0.65] 0.35  [0 , 1.67] 0.945

Table 3
Need for rescue medication in the first 48h *We used median 
time because tested for normality by a Shapiro-Wilk test and 
found the data significantly deviate from a normal distribution.
post-operative

Data are presented as median [min , max].
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proven that they could have an effect on developing 
postoperative delirium after cardiac surgery (8, 10, 
27). 

The composition and dosing of the multimodal 
protocol has not been studied before so it is plausible 
that other doses or other combinations of drugs will 
provide different results.

conclusIon

This trial shows no significant difference in 
pain, delirium, intubation time, LOS on ICU or 
LOS in hospital and in hemodynamics between 
multimodal analgesia versus an opioid-based anal-
getic protocol in adult cardiac surgery patients 
who underwent sternotomy. Although this trial is 
underpowered it suggests that multimodal analgesia 
in cardiac surgery is feasible and that it might be a 
good alternative for opioid based protocols.
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Abstract : Near-infrared spectroscopy (NIRS) enables 
noninvasive monitoring of oxygenation and cerebral 
blood volumes. However, concerns have been raised 
about extracranial contamination of the signal. We aim 
to assess the occurrence of extracranial disturbance of 
the NIRS signal during administration of phenylephrine. 
The study will be performed with NIRO 200NX 
(Hamamatsu Phototonics Corp, Tokyo, Japan) which 
employs both the original Modified Beer-Lambert 
(MBL) method to measure concentration changes in total 
hemoglobin (tHb, expressed in µM), and the Spatially 
Resolved Spectroscopy (SRS) method to measure the 
total hemoglobin content (nTHI, expressed in arbitrary 
units). Although both parameters generally provide 
concordant values, SRS has a higher cerebral specificity 
and tends not to be affected by extracranial blood flow. 
We hypothesize that extracranial contamination of NIRS 
values is plausible when phenylephrine induces more 
pronounced changes in MBL than in SRS.  
After ethical committee approval, 20 consenting 
patients undergoing cardiac surgery with extracorporeal 
circulation will be included. Patients under 18 years of 
age and patients who do not need phenylephrine during 
the procedure will be excluded. Two NIRO sensors will 
be placed bilaterally on the forehead for continuous 
registration of nTHI and tHb. Phenylephrine will be 
administered when clinically indicated. Posthoc, the 
means of 15 values just before and 90 seconds after 
each administration of phenylephrine will be calculated. 
To adjust for the difference in raw scale units, Z-scores 
will be calculated. Distribution of data will be tested for 
normality using the Shapiro-Wilk test. The nTHI and tHb 
values pre- and post-phenylephrine, and the differences 
between nTHI and tHb will be analysed with t-test or 
Wilcoxon Signed Ranks Test, as appropriate. Statistical 
significance will be accepted at p < 0.05

Keywords : NIRS ; tissue blood volume ; Phenylephrine ; 
extracranial contamination.

IntroductIon

Background 

Near-infrared spectroscopy (NIRS) has been 
proven to be a useful tool in clinical care. Its use-

fulness lies in the fact that it offers a bedside, 
noninvasive and real-time method to monitor 
tissue oxygenation (1, 2). It is mostly used for the 
evaluation of cerebral oxygen saturation (ScO2), for 
instance during cardiac surgery or carotid artery 
surgery.

However, concerns have been reported about 
the actual sampling volume and the possible 
signal contamination by superficial tissues, such 
as the skin and subcutaneous adipose layers (3-
6). Presumably the most important source of 
extracranial contamination is interference from the 
cutaneous circulation. This is a relevant issue as 
control of skin blood flow is considerably different 
from cerebral blood flow and its interference might 
significantly alter NIRS-based management.

All commercially available NIRS devices 
use an identical basic technology to measure ScO2 
continuously. One particular device, the NIRO 
(Hamamatsu Phototonics Corp, Tokyo, Japan), also 
enables measurement of tissue blood volume, by 
using two different techniques : the technique of 
Spatially Resolved Spectroscopy (SRS) to measure 
the normalized tissue hemoglobin index (nTHI), 
and the Modified Beer-Lambert (MBL) method to 
measure the total hemoglobin concentration (tHb). 

Although theoretically blood volumes 
measured with these two techniques should be 
identical, the values have been shown to occasionally 
diverge (own observation, not reported). It has been 
suggested that SRS has a higher cerebral specificity 
and tends to be less sensitive to extracranial changes 
than MBL variables (7-9).
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whereas the MBL method measures tHb. It is of 
great importance to know the difference between 
those two methods.

Spatially Resolved Spectroscopy vs. Modified Beer-
Lambert

Modified Beer-Lambert (MBL) 

The MBL method is based on the changes in the 
amount of detected light induced by concentration 
change of the substance of interest. The MBL 
law states that the quantity of light absorbed by a 
substance is directly proportional to the absorption 
coefficient of the substance, the concentration of the 
substance, and the path length of the light (2, 11). 
A correction factor is applied for scatter loss due 
to light backscattered by the tissues. It is important 
to mention that with the MBL method there is no 
distinction between superficial and deep layers.   

By means of the MBL technology, NIRO 
provides a measure of concentration changes of 
O2Hb, HHb and tHb (= O2Hb + HHb) with respect 
to an arbitrary initial value (expressed in µM). 
The biggest advantage of measuring ScO2 with 
this method is its high sensitivity for changes in 
brain oxygenation. The second advantage of this 
technique is that it needs only one point for light 
detection, enabling miniaturization of the sensor 
size. 

On the other side, there is the theoretical 
disadvantage of extracranial contamination inter-
fering with the measurement, which is the subject 
of this study. 

Spatially Resolved Spectroscopy (SRS)   

SRS measures backscattered light as a function 
of the source-detector distance. The depth of photon 
penetration is proportional to the source-detector 
distance. Thus analysing the differential signal as 
a function of the distance provides assessment of 
changes occurring in deep tissue layers. This results 
in values that are theoretically free from components 
originating in the superficial layers. Therefore it is 
suggested that SRS is not affected by blood flow in 
the superficial layers (12).

Limitations 

Although NIRS monitoring has greatly 
improved in recent years, the technique still has 
limitations and faces issues that might significantly 
contribute to bias and imprecision in readings. 

Therefore, the aim of the present study is to 
evaluate if there is a difference in blood volume 
measurements between SRS and MBL when 
administering a vasopressor (phenylephrine). Phe- 
nylephrine is a selective α1-adrenergic receptor 
agonist, commonly used in anesthesia to increase 
blood pressure. It binds selectively to α-receptors 
which cause blood vessels to constrict. Since the 
cerebral vasculature lacks significant α-adreno-
receptors (10), vasoconstriction mainly occurs in 
the extracranial area. 

We hypothesize that if NIRS measurements 
are indeed prone to extracranial contamination, 
the blood volume values measured with the 
MBL method (tHb) will be more affected by the 
administration of phenylephrine than the values 
measured with the SRS method (nTHI).  

Basic principle of NIRS 

NIRS is an analyzing method that collects 
information about tissue oxygenation and tissue 
composition by the use of invisible near infrared 
light (1). Light emitted at wavelengths specific 
for the peak absorption of the chromophores 
oxyhemoglobin (O2Hb) (920 mm) and deoxy-
hemoglobin (HHb) (760mm) penetrates the scalp 
and skull, and “lights up” brain tissue. Light 
detectors applied to the forehead measure light 
attenuation at a set distance from a NIRS-emitting 
light source.  NIRS then measures the ratio of O2Hb 
over total hemoglobin (sum of O2Hb  and HHb) at 
a depth of around 2 cm below the scalp, assuming 
the distance between the light emitter and detector 
is 4 cm (9, 11). NIRS reflects the oxygenation of 
all hemoglobin in the arteries, veins and capillary 
vessels. It is important to notice that NIRS-
based cerebral and tissue oximeters do not use 
plethysmography. So in contrast to pulse oximetry, 
NIRS does not differentiate between arterial and 
venous blood. 

Venous blood contributes on average 75% 
of the volume of total blood in the measured 
brain tissue in the frontal lobe. However ScO2 as 
measured with cerebral oximetry varies between 
subjects by approximately 10 %. This is due to the 
fact that different individuals may have a different 
composition of arteries, veins, capillaries and 
nonvascular tissue in the frontal lobe. (9, 11)  

Currently available NIRS devices use different 
technologies and computational algorithms to 
generate NIRS values. NIRO employs two different 
techniques to measure tissue oxygenation and blood 
volumes : the technique of SRS measures nTHI, 
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tHb (MBL-based variable). The vasoconstriction 
caused by phenylephrine is expected to only affect 
the skin circulation, not the cerebral circulation.  
Therefore, we hypothesized that extracranial con-
tamination of NIRS values is plausible when 
phenylephrine induces more pronounced changes 
in the superficial method of measurement (MBL, 
measuring tHb).  

materIals and methods 

This is a prospective, observational study. 
Approval by the local research ethics committee 
was obtained on 19 March 2019 (reference number 
2019/0265). After obtaining written informed 
consent, 20 patients undergoing cardiac surgery 
with extracorporeal circulation will be included. 
Patients under 18 years of age and patients who do 
not need phenylephrine during the procedure will be 
excluded. The standard fasting guidelines according 
to the local fasting protocol are applicable.  The 
study encompasses no additional benefits nor risks 
as patients will be treated by standard of care. 

Study procedure 

Two NIRS sensors (NIRO 200NX, Hama-
matsu Photonics, Tokyo, Japan) will be placed 
respectively on the left and right forehead for 
continuous registration of nTHI and tHb of 
the corresponding brain hemisphere. General 
anesthesia will be induced with fentanyl up to 3 µg 
kg-1, propofol up to 2 mg kg-1, and rocuronium up 
to 1 mg kg-1. Mechanical ventilation with oxygen 
enriched air (fractional inspired oxygen 0.6) will be 
adapted to keep the end-tidal CO2 around 35 mmHg. 
Anesthesia will be maintained with sevoflurane at a 
minimum end-tidal concentration of 1.5 %. 

Phenylephrine will be administered whenever 
clinically indicated. It will not be administered for 
the purpose of the study. Every administration of 
phenylephrine and other vasoactive medication will 
be marked and posthoc the means of 15 values just 
before and 90 seconds after each administration of 
phenylephrine will be calculated.  

Statistics 

Statistical analysis will be performed using 
the statistical software SPSS Statistics 23 (SPSS 
Inc., Chicago, IL). The raw data will be tested for 
normality using the Shapiro–Wilk test. Data will be 
presented as mean ± standard deviation or median 
[minimum-maximum], as appropriate.  

One important limitation is the variation 
among individuals. NIRS does not quantify 
oxygen molecules but calculates the ratio of light 
absorbencies at predefined wavelengths. The 
algorithm used to calculate NIRS values assumes 
a fixed distance for light to travel through the 
sampled area (the optical path length). However, 
different tissue components produce very different 
amounts of photon scattering and absorption. As 
a result, variations in probe positioning, as well 
as interindividual variations in the composition of 
tissue, may result in variability of the true optical 
path length. Also variations in arterial and venous 
blood ratio in the sampling area might cause 
reading errors (13). Another possible cause of the 
variations in NIRS-measured values might be due 
to extracranial contamination. The most important 
source of extracranial contamination is likely 
the interference of cutaneous circulation on the 
NIRS measurements, which is the subject of our 
study. Also other possible sources of extracranial 
contamination are reported, like differences in skin 
color (1). Darker skin is seen by the cerebral oximeter 
as more venous, causing reading bias towards lower 
saturations. Values were also reported to be affected 
by skull thickness and the area of the cerebrospinal 
fluid layer (14). It is also known that NIRS reads 
lower in women across the spectrum of saturations.  
Whether this is related to lower hemoglobin, thinner 
cranial bone or other factors in female subjects is 
not clear (1). 

Another limitation to mention is the presence 
of myoglobin in muscle tissue. Hemoglobin and 
myoglobin share key properties including similar 
optical properties. When addressing peripheral 
oxygenation at the thenar or forearm, myoglobin may 
become a major contributor to the overall reading.  
Since oxygen affinity of myoglobin is markedly 
stronger compared to hemoglobin, myoglobin 
will have a relatively high oxygen saturation and 
can therefore be mistaken for hemoglobin with 
overestimating of the saturation. However this is 
less an issue when measuring cerebral oxygenation, 
since in case of frontal readings only minimal 
muscle and thus myoglobin is within the photon 
pathway. 

aIm of the study 

It has been suggested that SRS-based variables 
are less sensitive to extracranial changes in blood 
volume than MBL-based variables. To evaluate 
this hypothesis, we aim to assess the effect of 
phenylephrine on nTHI (SRS-based variable) and 
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A study conducted by Sorensen also examined 
the contribution of extracranial  contamination. 
Two different devices (NIRO-200NX and 
INVOS-4100) monitored ScO2 in volunteers during 
interventions that are known to affect cerebral 
and skin oxygenation. They observed that INVOS 
underestimated ScO2, particularly when skin blood 
flow was reduced by phenylephrine (4).

Contamination of NIRS values due to 
superficial circulation is not only a problem for 
cerebral oximetry. Some studies demonstrated that 
circulation in the skin can also affect the values 
when measuring muscle oxygen saturation.  

Mesere et al. conducted a study with the same 
setup as ours, except that superficial contamination 
was evaluated at the muscular level, instead of 
the extracranial level (7). They compared SRS 
and MBL in muscle and skin during selective 
alterations of blood volumes by thermoregulation. 
SRS appeared to effectively reject interference of 
cutaneous blood flow in both muscle blood volume 
and oxygenation monitoring.  Instead, MBL-based 
variables appeared to be much more sensitive to 
changes in skin circulation. 

In the present study, we aim to induce 
selective changes in extracranial circulation by 
administration of phenylephrine. Phenylephrine 
is a catecholaminergic drug with exclusive α-1 
activity. Because of the sporadic presence of α-1 
receptors in the brain circulation in contrast to the 
abundant existence in peripheral blood vessels (10), 
phenylephrine is extremely fit for measuring the 
influence of extracranial blood volume on NIRS 
parameters. 

The findings in this study have potentially 
important clinical significance. The problem of 
extracranial contamination cannot easily be dis-
missed. When measuring cerebral oxygenation, 
it is important that changes are not affected by 
cutaneous perfusion. NIRS is increasingly used to 
guide therapy. If there is inherent contamination, this 
might have an influence on detection of deleterious 
events (such as hypoxia) and may interfere with the 
success of the guided therapy. Therefore, improving 
the accuracy of the technology could improve the 
management of such events. If on the other side, 
NIRS is only used to detect interruptions in the 
symmetry of cerebral blood flow during carotid 
surgery then extracranial contamination is of less 
importance (6). 

This study might also provide an answer to 
the question of paradoxically cerebral desaturation 
after phenylephrine reported by Nissen et al. and 
Moerman et al (16, 17). If our hypothesis would be 

The variable nTHI is expressed in arbitrary 
units, whereas tHb is expressed in μM. To adjust 
for the difference in the raw scale units, the raw 
unit measures of each data point will be converted 
to standard deviation units (Z-scores), according to 
the formula : Z-score = (Raw score-mean average) / 
standard deviation. All data are then normalized to a 
common scale with an average of zero and standard 
deviation of 1, allowing the probability estimation 
that two different categories of data are significantly 
different. The nTHI and tHb values pre- and post-
phenylephrine, and the differences between nTHI 
and tHb will be analysed with t-test or Wilcoxon 
Signed Ranks Test, as appropriate. Statistical signi-
ficance will be accepted at p < 0.05.

dIscussIon 

It has been suggested that changes in cutaneous 
circulation can affect NIRS measurements and 
might lead to inaccurate values (4-6, 15). However, 
not all NIRS devices employ the same measurement 
technology. NIRO is the only clinically available 
device that uses both MBL and SRS, all other clinical 
devices use MBL technology combined with spatial 
resolution (MBL-SR).  The aim of spatial resolution 
is to correct the obtained MBL measurements for 
contamination. Spatial resolution works by using 
differentially spaced light detectors. The closer 
receiver will measure the superficial tissue while the 
distal optode measures both superficial and deeper 
tissue. After subtraction of the interference from 
superficial tissues, oxygenation in the deeper tissues 
is derived.   

However, various studies have suggested 
that despite correction by means of the spatial 
resolution technology,  NIRS might still be prone to 
extracranial contamination.  

The first study which suggested extracranial 
contamination is a study by Davie et al. (6). 
By inflating a tourniquet around the forehead, 
significant reductions in ScO2 measured with three 
different NIRS devices (INVOS, Foresight and 
Equanox) were observed, suggesting extracranial 
contamination. These devices all employ MBL-SR 
technology, suggesting insufficient correction of 
the interference of extracranial tissues by the SR 
technology.

Another study examined the effect of the 
position and extracranial contamination on  three 
different devices (INVOS-5100C, FORE-SIGHT 
ELITE and NIRO). NIRO had the least extracerebral 
contamination, particularly in the upright position 
(9). 
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troscopy determined cerebral oxygen saturation during 
administration of norepinephrine. Anesthesiology 117: 
263-270 

6. Davie S.N. and Grocott H.P. 2012. Impact of extracranial 
contamination on regional cerebral oxygen saturation : 
a comparison of three cerebral oximetry technologies. 
Anesthesiology 116: 834-840. 

7. Messere A. and Roatta S. 2013. Influence of cutaneous and 
muscular circulation on spatially resolved versus standard 
Beer-Lambert near-infrared spectroscopy. Physiol Rep. 5: 
1(7). 

8. Messere A. and Roatta S. 2015. Local and remote 
thermoregulatory changes affect NIRS measurement in 
forearm muscles. Eur. J. Appl. Physiol. 115: 2281-2291. 

9. Kato S., Yoshitani K., Kubota Y., INamtomi Y. and Ohnishi 
Y. 2017. Effect of posture and extracranial contamination on 
results of cerebral oximetry by near-infrared spectroscopy. 
J. Anesth. 31: 103-110. 

10. Strandgaard S. and Sigurdsson S. 2008. Point-Counterpoint : 
Sympathetic activity does/does not influence cerebral blood 
flow. Counterpoint : Sympathetic nerve activity does not 
influence cerebral blood flow. J. Appl. Physiol. 105: 1366-
1367 ; discussion 1367-1368.

11. Steppan J. and Hogue C. 2014. Cerebral and tissue oximetry. 
Best Practice and Research Clin. Anaesth. 28: 429-439. 

12. Canova D., Roatta S., Bosone D. and Micieli G. 2011. 
Inconsistent detection of changes in cerebral blood volume 
by near infrared spectroscopy in standard clinical tests. J. 
Appl. Physiol. 110: 1646-1655. 

13. Watzman H., Kurth C., Montenegro L., Rome J., Steven 
J. and Nicolson S. 2000. Arterial and venous contributions 
to near-infrared cerebral oximetry. Anesthesiology 93: 947-
953. 

14. Yoshitani K., Kawaguchi M., Miura N., Okuno T., Kanoda 
T., Ohnishi Y. and Kuro M. 2007. Effects of hemoglobin 
concentration, skull thickness, and the area of the 
cerebrospinal fluid layer on near-infrared spectroscopy 
measurements. Anesthesiology 106: 458-462. 

15. Germon T., Young A., Manara A. and Nelson R. 1995. 
Extracerebral absorption of near infrared light influences 
the detection of increased cerebral oxygenation monitored 
by near infrared spectroscopy. J. Neurol. Neurosurg. 
Psychiatry 58: 477-479. 

16. Nissen P., Brassard P., Jorgensen T. and Secher N.H. 
2010. Phenylefrine but not ephedrine reduces frontal lobe 
oxygenation following anesthesia-induced hypotension. 
Neurocrit Care 12: 17-23. 

17. Moerman A., Vanbiervliet V., Van Wesemael A., Bouchez 
S., Wouters P. and De Hert S. 2015. Assessment of cerebral 
autoregulation patterns with near-infrared spectroscopy 
during pharmacological induced pressure changes. Anes-
thesiology 123: 327-335.  

confirmed by our results, cerebral desaturation might 
be explained as the result of reduction in extracranial 
blood volume due to the vasoconstriction caused by 
phenylephrine.  

A major strength of our study design is the 
fact that the values of MBL and SRS are obtained 
with the same device, at the same sampling site and 
in the same patient. So therefore, no interdevice 
technologic differences, nor inter- or intraindividual 
differences can explain discrepancy.  

conclusIon 

This study aims to evaluate if NIRS measure-
ments are affected by extracranial tissue changes. We 
hypothesized that if tHb is more affected than nTHI 
when administering phenylephrine, extracranial 
contamination is highly plausible. If this proves to 
be true, it might be safer to adopt the SRS variables 
rather than the MBL variables whenever changes in 
skin perfusion cannot be excluded.  
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Abstract : The duration of neuromuscular blockade 
(NMB) may be prolonged following the administration 
of a neuromuscular blocking agent (NMBA) due to 
different causes. We report a case of an 83-year-old man 
who experienced severe prolongation of NMB following 
the administration of rocuronium.
Case presentation : An 83-year-old man, who had been 
admitted to the geriatrics ward of our hospital two days 
prior, was found unresponsive and apneic shortly after 
the initiation of oxygen supplementation for hypoxemic 
respiratory failure. Basic life support was started by the 
nursing staff. When the emergency response team arrived, 
the patient was found to have circulatory output, although 
he remained apneic and unresponsive. The trachea was 
intubated after the administration of fentanyl, propofol 
and rocuronium using a rapid sequence intubation (RSI) 
procedure. When more than two hours following the 
NMBA administration, the patient failed to show any 
endogenous respiratory drive on a pressure support 
ventilation (PSV) setting on the ventilator, a further 
diagnostic workup was performed. The patient remained 
paralyzed for a prolonged period of time. Objective 
monitoring of NMB, using a peripheral nerve stimulator 
and accelerometer, was instrumental in differentiating 
the condition from other underlying causes of apnea.
Conclusion :This case helps to illustrate the benefits 
of objective measurement of any residual NMB in the 
emergency department, especially when identifiable risk 
factors for prolonged action of an NMBA are present.

Key words : Neuromuscular block ; curare ; neuromus-
cular monitoring.

IntroductIon

Multiple causes of prolonged duration of action 
of neuromuscular blocking agents (NMBA) have 
been described in the past. Respiratory acidosis has 
been proven to prolong the action of vecuronium (1). 
In patients over 75 years of age, NMBA are known 
to be able to have an extended duration of action 
(2). A combination of factors could severely prolong 
the neuromuscular blockade (NMB). The benefits 
of objectively monitoring NMB before tracheal 
extubation are well known in a postoperative setting 
(3, 4). However, in an emergency department (ED) 

objective monitoring for residual NMB is not 
routinely performed before tracheal extubation. 
We report a case of an 83-year-old man who 
showed a severe prolongation of NMB following 
a rapid sequence intubation (RSI) procedure, using 
rocuronium as the NMBA, following resuscitation 
for a hypercapnic respiratory arrest.

case report narratIve 

Our patient was an 83-year-old male with 
a prior history of acute myocardial infarction, 
coronary stenting, pacemaker placement following 
third degree atrioventricular block, atrial fibrillation, 
transient ischemic attack, mild chronic renal 
insufficiency (with an estimated glomerular filtration 
rate (eGFR) of 50 mL/min/1.73 m2) and bilateral 
cataract surgery. At admission he weighed 55 kg 
for a length of 185 cm. He had been hospitalised 
two days earlier due to a fall. In the latest months, 
the patient became more and more anorexic and 
cachectic. The family noted a decline in cognitive 
functioning that was yet undifferentiated. Four 
days prior to the hospitalisation, a mildly sedating 
agent (mirtazapine) had been started by his primary 
care physician because of a dysregulation of the 
circadian sleeping pattern. The family reported a 
steep decline in gait stability and general condition 
since the first intake of mirtazapine. In the ED no 
posttraumatic complications were withheld due 
to the fall. Initial physical examination revealed 
a pronounced cachexia and general weakness. At 
the time of admission, no focal neurologic findings 
were withheld, nor were there any signs of infection. 
Further diagnostic work up revealed a presumed 
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bronchopneumonia. A repeated blood biochemistry 
panel demonstrated an increase of CRP to 80 mg/L. 
A tentative diagnosis was made of a combined 
type 1 and type 2 respiratory failure due to bron-
chopneumonia leading to severe hypercapnia, 
coma and subsequent respiratory arrest. The patient 
was started on antibiotics appropriate for a lower 
respiratory tract infection. Ventilation was titrated 
using serial ABGs to achieve a neutral pH. At two 
hours post induction, an attempt was made to switch 
over to a pressure support ventilation mode. However, 
the patient remained apnoeic. At this point, it was 
unclear whether the cause of apnoea was related to 
an underlying disease process also responsible for 
causing the respiratory arrest. A CT angiogram of the 
brain was performed and no intracranial bleeding, 
nor any sign of a vessel occlusion was observed. A 
peripheral nerve stimulator was brought from the 
operating room to determine the residual NMB. The 
nerve stimulated was the right ulnar nerve. The train 
of four ratio was calculated using an accelerometer 
placed at the thumb. At a current of 40 mA the TOF 
ratio was calculated to be 0. At this point a dose of 
1g (>16mg/kg) of sugammadex was administered. 
Three minutes later the patient resumed spon-
taneous breathing and following a cessation of 
sedation proved to be alert and cooperative. He was 
subsequently extubated and continued to maintain a 
free airway and continued to spontaneously breathe 
initially. He responded adequately to questions. 
Over the course of fifteen minutes, however, he 
became more and more somnolent. He ended up 
being reintubated because of recurrence of coma 
due to hypercapnia. The patient remained sedated 
and mechanically ventilated until the next day, 
when a new attempt was made to wean the patient of 
mechanical ventilation. He was extubated following 
a successful spontaneous breathing trial. He was 
able to maintain adequate spontaneous ventilation 
without support for a prolonged period of time in 
the ED and was subsequently readmitted to the 
geriatrics ward. He was further treated for a lower 
respiratory tract infection. An intensive regimen of 
physiotherapy was started. Further evaluation of the 
underlying cause of the weight loss and cognitive 
decline was initiated. In the following days he 
continued to improve, and he was eventually 
discharged from the hospital with further follow up 
planned in an outpatient setting.

dIscussIon

The patient showed a prolonged duration of 
paralysis after administration of rocuronium. The 

chronic and metabolically compensated respiratory 
acidosis. There was no history of obstructive or 
restrictive pulmonary pathology nor were there any 
clinical signs of current respiratory infection. Further 
laboratory testing demonstrated a mild macrocytic 
anaemia, no significant signs of inflammation. Any 
sedating agents were discontinued, and the patient 
was subsequently admitted to the geriatric ward for 
further follow up and diagnostic work up for the 
underlying cause of cachexia and cognitive decline.

Our emergency response team (ERT) was 
called because of a presumed cardiac arrest. One 
hour prior to the call, the geriatrician had been called 
to the patient’s bedside due to a severe decrease in 
the peripheral oxygen saturation (SaO2) to as low 
as 73%. He was started on oxygen supplementation 
via an oxygen mask. During a subsequent check 
of the patient’s parameters, the nurse found the 
patient to be unresponsive and not breathing. Basic 
life support was initiated. When the ERT arrived, 
the first rhythm check was an organised electrical 
activity. A pulse check revealed a pulse to be 
present. However, the patient remained completely 
unresponsive and any spontaneous respiration 
remained absent. Pupils appeared equal, miotic and 
unresponsive to light. An ABG was sent and bag-
valve-mask ventilation with an inspired fraction 
of oxygen (FiO2) of 100% was continued. At that 
time, the patient’s vitals were as follows : blood 
pressure (BP) was 68/40 mmHg, heart rate was 60/
min with broad paced complexes, SaO2 was 100%. 
The glycemia was 114 mg/dL. Adrenaline was 
titrated intravenously (IV) up to a dose of 50 µg. 
Hereafter, the blood pressure increased to 132/74 
mmHg and the heart rate increased to a rate of 
around 100/min with an irregular rhythm. An ABG 
showed a pronounced respiratory acidosis with a 
pH of 7.05 and a partial pressure of arterial carbon 
dioxide (PaCO2) of 143 mmHg. After consulting 
with the treating physician concerning the presence 
of any therapeutic restrictions, the decision was 
made to intubate the trachea and ventilate the 
patient. An RSI procedure was performed using 
100µg of fentanyl, 40mg of propofol and 65 mg of 
rocuronium (1.2 mg/kg). Subsequently, the patient 
was intubated and further adrenaline was titrated 
IV for hemodynamic stabilisation post induction. 
Hereafter, the patient was transferred to the ED for 
further diagnostic workup and close monitoring. A 
propofol continuous infusion was started at a low 
dose of 10 mg per hour. 

In the ED, a further diagnostic work up 
was performed. A chest X-ray appeared normal. 
However, a CT of the chest was compatible with 
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after the administration of a NMBA. Objective 
monitoring of the residual neuromuscular blockade 
can help distinguish between a state of prolonged 
paralysis and other underlying causes of apnea and 
unresponsiveness. The use of objective monitoring 
of the residual neuromuscular blockade should be 
considered in the ED before tracheal extubation 
even at longer time intervals after administration of 
an NMBA when known risk factors for a prolonged 
action are present.
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initial problem requiring intubation was coma 
due to hypercapnia complicated by a respiratory 
arrest. In this case, the objective monitoring of the 
residual NMB objectively helped to distinguish 
between a severely prolonged paralysis due to 
rocuronium and some other primary underlying 
pathology that caused the patient to remain apneic 
and unresponsive. The patient had several risk 
factors for prolongation of paralysis, namely an 
advanced age (2), a severe respiratory acidosis 
(1) and reduced kidney function (5). Since these 
predisposing factors are not uncommon in the ED 
and considering the fact that clinical assessment has 
been shown to be insufficient to identify clinically 
significant residual NMB (4), it seems prudent to 
also objectively monitor for any significant residual 
NMB before attempting tracheal extubation in the 
ED even at longer time intervals post administration 
of a NMBA, certainly when any or more of the 
known risk factors for a prolonged duration of 
action are present.

conclusIon 

There are several identifiable risk factors 
that may lead to a prolonged duration of paralysis 
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Abstract : Background : The alfa 2 agonist, clonidine is 
a valuable adjuvant drug during anaesthesia. It has been 
used as sedative and analgesic drug via the parenteral 
or perineural route. It most likely is also a potent 
postoperative analgesic drug. 
Objectives : We performed a qualitative systematic 
review of the literature to evaluate the role and place of 
oral or systemic clonidine for postoperative analgesia 
during day case surgery. We specifically tried to answer 
the question if clonidine could reduce postoperative 
consumption of analgesics or opioids.
Methods : We searched for clinical prospective rando-
mized controlled trials, published between 1991 and 
2018, testing systemic clonidine in the surgical population 
on opioid consumption, postoperative pain intensity with 
consideration for possible negative effects. Used terms 
were “intravenous clonidine postoperative” and “oral 
clonidine” in Pubmed database and through the online 
research tool Limo from Catholic University of Leuven. 
Results : Sixteen randomized controlled trials were 
eventually included. After extrapolation of data, seven 
of the sixteen trials showed a statistically significant 
favourable effect of the perioperative use of systemic 
clonidine on postoperative pain score and/or demonstrated 
a significant reduction in postoperative need of analgesics 
or opioid consumption. Side effects such as bradycardia 
and hypotension were often described, but mostly without 
the need for drug intervention. 
Conclusion : Systemic clonidine is generally associated 
with lower pain scores and can be safely used in day case 
surgery. Given the heterogeneity of the research groups 
in the trials, it was impossible to perform a quantitative 
analysis, which makes further research warranted.

Keywords : Clonidine ; intravenous ; oral ; postopera-
tive analgesia ; sedation ; side-effects.

IntroductIon

Clonidine is an α2 adrenergic receptor ago-
nist. It has been used for years to treat several 
medical conditions such as arterial hypertension, 
panic disorders, hyperactivity, pain and to reduce 
symptoms of withdrawal (alcohol, drugs, opioids, 
benzodiazepines). It is also used as a sedative (1).

The role of day case surgery in health care 
is becoming increasingly important. Adapted 
anaesthesia techniques and short-acting products 
are therefore necessary. It is common knowledge 
that opioid-sparing techniques are a crucial element 
in reducing recovery time, which is a major goal 
in the ambulatory setting of surgery. Clonidine is 
one of the products participating in a multimodal 
anaesthesia and analgesia policy to partially replace 
these opioids. Moreover there is a synergistic 
interaction between clonidine and opioids. 
Therefore coadministration enhances the effects of 
postoperative analgesia by morphine (2).

This review focuses on the use of systemic 
clonidine perioperatively, specifically in day case 
surgery. We will try to provide an answer to the 
question if perioperative administration leads to 
a reduction in the postoperative needs of opioids 
or analgesics without compromising on safety. 
Therefore desired effects on analgesia and side 
effects will be analyzed. 

Methods

After clearly defining our research topic and 
question in June 2019, we searched articles through 
Pubmed and Limo (research tool KU Leuven) 
according to the PRISMA recommendations. We 
searched for prospective randomized controlled 
clinical trials, testing the effect of perioperative use 
of clonidine in surgical population on pain intensity 
and opioid consumption. We looked for trials 
testing the effect of systemic clonidine administered 
intravenously or orally. This was a very important 
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Effect on pain scores

In seven trials (3-9) systemic clonidine resulted 
in a significantly lower pain score compared to the 
placebo group (table 2, 3). In four of those seven 
studies clonidine was administered during surgery, so 

criterium, since most trials survey the effect of 
neuraxial administered clonidine.

We searched Pubmed and Limo using terms 
“intravenous clonidine postoperative”, “oral cloni-
dine”, “postoperative analgesia” and combinations 
of those. Inclusion criteria were clinical trials, peer-
reviewed, English-language, published between 
1991 and 2018. However, since clonidine is rather 
an old product, frequently used in the nineties, many 
studies date from that period. For this research, we 
supplemented the clinical trials with more recent 
articles, such as existing systematic reviews and 
meta-analyses, by manual reference searching to 
carry out a literature review. 

results

The search led to the retrieval of ninety studies. 
Only randomized double-blind controlled trials were 
retained. Nineteen of them were eligible for further 
analysis. Three of them were yet excluded because 
of insufficient quality (jaded score <3), eventually 
leading us with sixteen trials (Fig 1, table 1). 

Sixteen randomized controlled trials were ana- 
lysed. They contained 951 study patients in total 
(table 1). After extrapolation of data, seven trials 
showed a favourable effect of the perioperative 
use of systemic clonidine compared to control 
group on postoperative pain score and/or demon-
strated a reduction in postoperative need of 
analgesics or opioid consumption (table 2). 
Below, we will discuss the most notable results 
by formulating an answer to relevant questions 
regarding the use of clonidine in day case surgery.  

Fig. 1. — PRISMA Flowchart of retrieved, excluded and 
analysed trials.

Table 1.
Details Included Randomized Controlled Trials
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significantly more episodes of hypotension and 
higher level of sedation postoperative. 

Patients satisfaction, measured by a satis-
faction score, was a secondary endpoint in five 
(3, 4, 6, 10, 11) out of the sixteen RCT’s. In three 
studies a significantly higher score was found in the 
clonidine group compared to the control group (3, 4, 
6). Logically, these three studies also demonstrated 
a lower pain score and lower opioid consumption as 
a primary endpoint.

On the other hand, Mayson et al could not prove 
any significant difference between the placebo and 
clonidine group, nor in satisfaction score nor in pain 

intraoperatively. In those four studies (3, 4, 6, 7) the 
loading dose of clonidine was at least 3µg kg-1 and in 
three studies it was followed by a continuous infusion 
of clonidine. They all reported a reduction in pain 
score and in opioid consumption postoperatively.  
Marinangeli et al published a study (7) where they 
compared a placebo group with 3 groups, receiving 
different loading doses of clonidine, respectively 
2, 3 and 5 µg kg-1, followed by a fixed continuous 
infusion. There was a significant difference in VAS 
and opioid consumption as from 3µg kg  -1 loading 
dose. In the 5µg kg -1 group pain scores were not 
lower than in the 3µg kg-1 group, but there were 

Table 2.
Primary, secondary endpoints and adverse effects of analysed trials. plus C = more in clonidine group; min C = less in clonidine group ; 
ND = no difference of statistical significance ; PL = placebo; x = no registration; PO = postoperatively; * Mean HR significantly lower 
in clonidine group, but not <60bpm ; ** but higher PCA clonidine doses needed in IV than EPI route ; *** mild bradycardia, mild 
hypotension, without need of medical intervention ; ° first 6h postoperatively. END POINTS ADVERSE EFFECTS STUDY opioid 
requirement PO pain score PO satisfaction ; score anxiety PO bradycardia hypotension sedation PO PONV respiratory depression 
Striebel W.

Table 3.
Numerical data on analgesia and opioid consumption of the 7 favourable RCTs. PO = postoperatively ; VAS = visual analogue scale ; 
VRS = verbal rating scale ; OPS = objective pain scale ; cl = clonidine; pl = placebo; NS = not significant.
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scores and hemodynamic side effects did not differ 
between the three groups. This study suggests that 
not perineural clonidine, but systemic clonidine 
prolongs postoperative analgesia after a peripheral 
nerve block.

– Mikawa et al studied the effect of pre-
operatively (105 minutes before surgery) admi-
nistered oral clonidine in different doses compared 
to a placebo group for minor surgery in children 
between 5 and 12 years old. They concluded that 
clonidine causes significantly lower pain scores 
postoperatively, directly proportional to preoperative 
degree of sedation, at a dose of 4µg kg-1. Clonidine 
at 2µg kg-1 could not show any significant difference 
in pain scores. Mild hypotension and bradycardia 
was more frequent in the 4µg kg-1 group, but without 
the need for any drug intervention.

Opioid consumption

As described above, seven out of sixteen 
randomized controlled trials showed statistically 
significant lower postoperative pain scores after 
systemic administration of clonidine in the 
perioperative setting. Five (3-7) of them actually 
showed a reduction in opioid consumption. In one 
study opioid consumption was not included as an 
endpoint in the study, in the other study no reduction 
could be demonstrated despite lower pain scores 
(table 2, 3).

PONV

Incidence of PONV was included as a 
secondary endpoint in eleven of the sixteen trials 
(table 2). Nine of them could not demonstrate any 
difference between the clonidine group and the 
control group(s). Two trials did :

– M. De Kock et al (3) published a study 
in 1994 where 80 male adults, scheduled for a 
hemicolectomy, were included and divided into 
4 groups. The study was able to demonstrate a 
significant beneficial effect of the intraoperative use 
of i.v. clonidine on the incidence and/or severity of 
PONV (3).

– In another study dating from 2018, the 
efficacy of premedication with ondansetron was 
compared with oral clonidine for prevention 
of postoperative pain and PONV in 30 adults 
after orthognathic surgery. The study showed 
that ondansetron is more effective in preventing 
PON and POV than clonidine. On the other hand, 
clonidine was able to prolong analgesia time ; but 
unfortunately there was no significant difference 

score and opioid consumption. In the latter case, 
oral clonidine was administered at a dose of 3 µg 
kg-1 90 minutes prior to surgery in adults undergoing 
prostatectomy (11). A possible explanation could be 
that the dose of clonidine is too low in relation to 
the scope of surgery to obtain a clinically significant 
effect.

A trial by Bernard et al (12) showed a lower 
pain score after administration of high dosed i.v. 
clonidine in the postoperative setting, but it was 
not a placebo-controlled study. The other group 
received epidural clonidine, also administered post-
operatively. There was no significant difference 
in pain scores between those two routes of admi-
nistration ; but higher PCA doses of clonidine 
were needed in intravenous than epidural route. 
This thesis is also confirmed by a study carried out 
by M De Kock in 1993 (10) comparing the same 
dose of epidurally and intravenously administered 
clonidine. Opioid consumption perioperatively and 
postoperatively (during first six hours) was signi-
ficantly lower in the epidural compared to the i.v. 
group, although VAS did not differ between the two 
groups.

Striebel et al (13) published a RCT showing no 
significant difference in postoperative pain score, 
neither in opioid consumption, between the placebo 
group and the group who received intraoperatively 
one bolus of clonidine IV. One side note here is that 
the bolus was a fixed dose of 150 µg of clonidine, 
so not adjusted to body weight. On the other hand, 
hypotension and bradycardia did occur more 
frequently in the clonidine group (table 3). 

Five (8, 9, 11, 14, 15) out of the sixteen 
studies investigated the effect of preoperatively 
administered clonidine. Two (8, 9) of those studies 
showed a significant decrease in postoperative 
pain scores, but without significantly reduced 
opioid consumption (no endpoint in one study, no 
significant difference in the other study) : 

– Mannion S et al published an RCT con- 
sisting of 36 adult patients undergoing hip surgery, 
who were divided into three study groups : one 
placebo-group, one group receiving i.v. cloni- 
dine and one group receiving perineural clonidine 
(Psoas Compartment Block). The dose of clonidine 
in both the i.v. and perineural group was 1 µg kg-1 
and was administered 45min prior to surgery. The 
interval between onset block and first supplementary 
analgesia postoperatively was longer in the i.v. 
group compared to the other two groups. Also, 
pain score at rest was significantly lower 24hours 
postoperatively in the i.v. group, but with no 
difference in total morphine consumption. Sedation 
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There was however a statistically significant 
increase in incidence of hypotension in three trials 
(4, 5, 7), considered as a limiting factor for the use 
of i.v. clonidine. Looking closer on those three 
trials, the following remarks can be made :

– Bharti et al (4) compared the use of cloni- 
dine in wound infiltration versus i.v. clonidine, 
administered at the end of surgery (open chole-
cystectomy). There was also a third placebo-group 
of 20 adults. They concluded that clonidine 3µg 
kg-1 provided effective postoperative analgesia with 
a reduced morphine requirement when clonidine 
was administered intravenously or in the wound 
infiltration compared with placebo. However, the 
incidence of postoperative hypotension was signi-
ficantly higher in the i.v. clonidine group compared 
with the other two groups.

– Bernard et al (5) published a trial consisting 
of 50 ASA I patients undergoing spinal surgery. 
25 patients received clonidine 5µg kg-1 in bolus 
followed by an i.v. infusion of 0.3µg kg-1 h-1 in 
the postoperative period, whereas the other 25 
patients received placebo (randomly assigned to 
one of the two groups). They recommend the use 
i.v. clonidine in the postoperative setting as part 
of a multimodal analgesia policy in major surgery 
because of its beneficial effect on pain without 
respiratory depression. However, the trial also 
shows a significant decrease in perioperative blood 
pressure, especially if filling pressure is inadequate, 
which may be seen as a convincing limiting factor 
in major surgery.

– The third RCT by Marinangeli et al. (7) 
showed a higher incidence of hypotension (and 
sedation scores) after the administration of 5µg kg-1 
clonidine i.v. in bolus at the start of surgery, which 
was not demonstrated in the other three groups 
where respectively 0, 2 and 3µg kg-1 clonidine was 
administered at the same moment – and followed by 
a continuous infusion of clonidine during surgery.

Another trial by Striebel et al. (13) showed 
lower heart rates in the clonidine group compared 
to the placebo group. In this population, 150 µg of 
clonidine was given over 30 min at the start of the 
surgery and afterwards 150 µg over the following 
90 min. There was also a significant increase in 
incidence of hypotension ; but no one had to be 
treated for it. They noted that the drop of blood 
pressure and heartrate arised after the continuous 
infusion. 

Respiratory depression

Data on respiratory depression were reported 
in four trials (5, 6, 12, 16). No study could show 

in severe pain incidence between the two groups. 
However, it should be noted that the study group 
was rather small (15).

Sedation

Data on postoperative sedation were reported 
in twelve of the sixteen trials.

In 6 studies (5, 6, 8, 10, 11, 16) there was no 
significant difference in degree of seda-tion between 
clonidine and control group.

In 4 studies (4, 7, 12, 14) there was a signi-
ficantly higher sedation score in patients who 
were administered systemic clonidine. However, 
in one study (7) the increase in sedation was 
recorded only from a dose of 5µg kg-1 and 
higher ; no significant difference was shown 
between placebo, 2µg kg-1 and 3µg kg-1 group. 
A study by De Kock M et al (3) even proved 
significantly less sedation in the clonidine group.  
Akin et al published a trial in 2010 (17) including 
60 children between 2 and 8 years old undergoing 
inguinal hernia repair or orchidopexy surgery. 
Anaesthesia consisted of general anaesthesia 
with caudal block (levobupivacaine 0.25%). The 
subjects were randomly divided into 3 groups of 
20 patients in a double blinded way : 1 placebo 
group, 1 group received clonidine i.v. 2µg kg-1 at 
the start of surgery, and 1 group received clonidine 
2µg kg-1 caudally. The study showed that the time 
to first analgesia demand was significantly longer 
after caudal administration of clonidine, where no 
difference between placebo and i.v. group could be 
demonstrated. Besides there was no difference in 
sedation score between the placebo and i.v. group, 
whereas sedation after caudal administration was 
significantly higher at certain times (i.e. 30, 60 and 
240 min postoperatively). 

Hemodynamics

α2 agonists are associated with a bradycardi-
zing and hypotensive effect, the reason why they 
are used as an antihypertensive agent. Data on intra- 
and postoperative hemodynamic effects could be 
extracted from fourteen trials (table 2). Two studies 
(15, 18) did not mention any information about it.

By hemodynamic instability we mean the 
occur-rence of bradycardia and hypotension that 
require a drug intervention. In the majority of the 
trials the incidence of hypotension or bradycardia 
in the clonidine group was similar compared to the 
control group (table 2).

Data of five studies (5, 7, 9, 13, 14) de-
monstrated more events of bradycardia, but without 
the need for drug intervention.
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the primary afferent neurons in the dorsal horn of 
the spinal cord. The presynaptic stimulation of α2 
receptors effectuates the inhibition of adenylate 
cyclase, reducing intracellular cAMP, leading to 
hyperpolarization of the membrane and finally 
decreasing the release of norepinephrine in the 
central nervous system (19, 20). The way clonidine 
acts when added in peripheral nerve blocks is due to 
an increased effect of local anesthetics, decreasing 
the conduction on C (pain) and Aα (motor) fibers 
(21) and through a smaller vasoconstrictor effect 
via α1 adrenergic receptor. However, clonidine has 
a selective affinity to α2 receptors 220 times higher 
than to α1 receptors (22).

By acting via other pathways than involved in 
opioid analgesia, clonidine may be opioid sparing 
and lead to a reduction of associated side effects 
such as respiratory depression. Besides, clonidine 
induces a reduction in blood pressure by various 
mechanisms : a combination of a decrease in vascu-
lar resistance, a decrease in venous return, heart rate 
and myocardial contractility (5).

A recent study from 2019 by Flanders et al. 
(18), examined the effect of dexmedetomidine and 
clonidine on the inflammatory response in critical 
illness.

α2 agonists are often used at intensive care 
units as sedatives and analgesics during critical 
illness. Flanders et al investigated the potential anti-
inflammatory response of α2 agonists during critical 
illness by means of a systematic review (22). This 
anti-inflammatory response could potentially 
have a beneficial effect during and after surgery. 
Data from 30 animal studies and 9 human studies 
were extrapolated and analysed. In animals it was 
shown that many mediators of the inflammatory 
cascade (such as serum/tissue TFNα, interleukins, 
neurofactors, TLR...) were reduced by α2 agonists. 
In human studies, dexmedetomidine reduced CRP, 
TFNα and certain interleukins. All this evidence 
supports the thesis that α2 agonists have potential 
anti-inflammatory effects, with possibly an 
additional beneficial perioperative effect, but today 
the clinical relevance of this is questionable.

Routes of administration

Clonidine can be administered through several 
routes : intravenously, orally (liquids, transmucosal, 
capsules), nasal sprays, rectal suspensions. Trans-
dermal route of clonidine also exist by transdermal 
patches, but this is not commonly used. Nasal 
sprays and rectal suspensions obtain a rapid 

a higher incidence of postoperative respiratory 
depression after the perioperative use of clonidine.

dIscussIon 

A large heterogeneity in study design and 
patient populations was noted between the dif-
ferent studies included in our analysis. Hence, a 
quantitative analysis was not possible. Therefore we 
performed a systematic qualitative literature review 
and analysis. The review will allows us to formulate 
recommendations on the use of systemic clonidine.

Significantly lower pain scores in the post-
operative period could be observed in 7 RCT’s after 
the administration of systemic clonidine compared 
to the control group. Only in 6 studies did this 
also appear to be clinically relevant. A significant 
and clinically relevant reduction in postoperative 
morphine consumption could be demonstrated in 
5 studies, as shown in table 3. Moreover, in three 
studies a higher satisfaction score, translated as 
better patient satisfaction, was retained after the 
use of clonidine. On the contrary, there was no 
significant reduction in postoperative opioid con-
sumption in 5 analysed trials, with underdosing as a 
possible explanation in at least 3 of them.

Data on incidence of bradycardia could be 
extracted from 13 of the 16 RCT’s of which no 
increase in incidence could be demonstrated in 
8 studies. In 5 studies a higher incidence of mild 
bradycardia was retained but without clinical 
relevance. Regarding the incidence of hypotension, 
3 studies showed a clinically relevant increased 
hypotension following the use of systemic cloni- 
dine. One study showed that increased haemo-
dynamic instability occurred only at high doses, 
5 µg kg-1 to be more specific. However, no 
significant nor clinically relevant difference in 
incidence of hypotension could be demonstrated in 
9 studies. 4 studies showed an increased sedation 
postoperatively following the use of clonidine, in 
one study again only as from a dose of 5µg kg-1. 
No significant increase in postoperative respiratory 
depression was reported in any trial. 

Mechanism

Clonidine is a centrally acting imidazoline α2 
adrenergic agonist, with centrally analgesic effects 
(19, 20). Its analgesic effect is mediated through 
brainstem and spinal α2 adrenergic receptors, which 
are associated with descending pain inhibitory 
pathways arising in the locus coeruleus. These 
pathways control neurotransmitter release from 
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At a dose of 4µg kg-1 clonidine reduced the need for 
additional analgesia with minimal side effects. Oral 
clonidine premedication of 2µg kg-1 was found to 
be insufficient. In addition, clonidine was found to 
be superior to midazolam or other benzodiazepines 
and to i.v .fentanyl for prevention of postoperative 
nausea and vomiting and for emergence agitation. 
However, studies with larger populations are 
warranted (23).

The indication of clonidine as a premedication 
for postoperative analgesia is less clear in adults 
(11, 14, 18.

Intraoperative use

In addition to clonidine as a premedication, it 
can be used safely during surgery to reduce the need 
for intra- and postoperative opioids. Intravenous 
administration should be at least 3µg kg-1 to provide 
a postoperative analgesic effect, shown in the trials 
we investigated. It can be administered as a bolus 
charge (over 15 minutes e.g.), and followed by a 
continuous infusion, but in ambulatory setting, the 
latter seems less appropriate as shown in the trial by 
Striebel et al (13). They noted that the drop of blood 
pressure and heartrate arised after the continuous 
infusion, which may be an indication to avoid 
continuous infusion perioperatively and limit the 
use of clonidine only to a loading dose of 3µg kg-1, 
certainly in ambulatory setting.

There was no sufficient data to extrapolate 
from our trials about prevention of postoperative 
agitation after intraoperative administration. How-
ever, according to the systematic review by Afshari 
et al, clonidine at a dose of 3µg kg-1 should be 
administered 20min before the end of surgery in 
children older than 1 year to prevent emergence 
agitation. Intraoperative clonidine also prolonged 
the time to first analgesic administration and 
reduced postoperative opioid consumption, while 
recovery times were extended by clonidine in this 
child-population. Intraoperative doses of clonidine 
in the literature ranges from 1 to 3µg kg-1 with higher 
doses giving most benefit according to Afshari’s 
review (23). Although the administration of higher 
doses, like 5 µg kg-1 in the RCT by Marinangeli et 
al. (7), also caused significantly more hemodynamic 
instability. The last trial shows that haemodynamic 
effects of clonidine are dose-dependent and can be 
avoided. 

Postoperative use

Only one study 5 from our selection was able 
to demonstrate a beneficial effect of postoperative 

onset of action but are associated with unreliable 
absorption. Oral administration is characterised by 
rapid absorption (peak plasma levels within 60-90 
min), a bioavailability of around 85%, and half-life 
of around 12 hours. Intravenous administration of 
clonidine is the most predictable and most easily 
dose-adjustable. 23 Average elimination half-life of 
clonidine is 12 hours , providing long lasting stable 
analgesia (5).

Time of administration

Preoperative use

Given it’s anxiolytic activity, clonidine has 
often been subject of research on premedica-tion in 
children undergoing surgery, but it may also help 
reduce distress in children post-operatively. Oral 
clonidine should be applied an hour in advance to 
avoid or treat agitation (23).

Only two out of the sixteen trials were 
performed in a child-population. In one clonidine 
was administered as premedication prior to minor 
surgery. Data from this study (9) showed that 
children who were administered oral clonidine 4µg 
kg-1, had higher preoperative sedation scores, but 
also significant lower pain scores post-operatively 
and less need for supplementary analgesia. Oral 
clonidine premedication is a good approach in 
children undergoing minor surgery. This thesis 
is supported by Lambert et al. who published a 
review in 2014 investigating the effect of clonidine 
as a premedication in children on postoperative 
pain. Again, clonidine was recommended as part 
of a multimodal analgesia strategy. Based on this 
review, it is likely to be effective and safe providing 
pain relief in children in an adequate dosage, at a 
dose of 4µg kg-1 (19).

In an open label trial by Schmidt et al, the 
effect of preanesthetic midazolam, clonidine and 
dexmedetomidine on postoperative pain and anxiety 
in children was investigated. Possibly in line with 
expectations, it was shown that α2 agonists had a 
similar anxiolytic effect as midazolam (0.5mg kg-

1), but moreover children given dexmedetomidine 
or clonidine had less perioperative sympathetic 
stimulation and consequently less pain postopera-
tively compared to midazolam. In this trial oral 
clonidine was also administered at a dose of 4µg 
kg-1 (24). 

Afshari published a systematic review and 
meta-analysis in 2019 about the value of clonidine 
in paediatric anaesthesia. They confirmed again the 
previous thesis about oral clonidine premedication. 
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16.  Salengros JC, Hecquet F, Touihri K, Sekkat J, Barvais L 
and Engelman E. 2011. Low-dose intravenous ketamine 
and clonidine for poor postoperative opioid responsiveness: 
a double blind randomized study. Acta Anaesthesiol Belg. 
62(2):65-72.

administration of clonidine on the need of analgesics. 
In this study clonidine was administered at a dose of 
5µg kg-1, which is quite high. There was a significant 
difference in postoperative pain score and opioid 
consumption compared to the placebo group ; and 
this without increased sedation, but unfortunately 
with a higher incidence of hypotension. In minor 
surgery, such as in the ambulatory setting, we would 
not recommend to use such high doses of clonidine. 
Besides that we expect less perioperative fluid shifts, 
so we may assume less haemodynamic instability 
during the intra- and postoperative period. 

The trial by Salengros et al could not 
demonstrate any benefit from postoperative 
administration. In my opinion this was due to low 
dosing (16). In the other trials no clear conclusion 
could be drawn given too heterogeneous research 
questions or research groups.

According to Afshari’s review clonidine can 
be useful to treat emergence agitation or post-
operative shivering after paediatric surgery. If no 
prior administration of clonidine, give 2-3µg kg-1 
intravenously to treat postoperative agitation, with 
a maximum of 75µg i.v. as initial dose in obese 
children or adolescents. In case of postoperative 
shivering 1µg kg-1 should suffice (23).

conclusIon

Based on the present qualitative literature 
review, we can conclude that systemic clonidine 
can be a very useful adjunct to multimodal anal-
gesia for postoperative pain management in the 
ambulatory surgical setting. Favourable effects on 
both analgesia and opioid consumption have been 
demonstrated, without compromising patient safety. 
Adequate dosing, 3µg kg-1 in adults and 4µg kg-1 
in children, seems necessary to guarantee a robust 
analgesic effect. Higher doses and continuous 
infusions are less suitable in the ambulatory setting, 
but could be reserved for major surgery with 
prolonged postoperative monitoring. Preoperative 
or intraoperative administration in children and 
intraoperative administration in adults is recom-
mended, however, further study is necessary. 
Children may benefit the most from this safe and 
slightly sedative analgesic drug, although also in 
adults the opioid sparing effect may be useful.
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Abstract : Background and objectives : Patients under-
going shoulder surgery in beach chair position are at risk 
for severe neurological complications due to cerebral 
ischemia. Near-infrared spectroscopy is a non-invasive 
technique that enables continuous monitoring of the 
regional cerebral oxygenation. In this investigation we 
tried to determine the incidence of cerebral desaturation 
events (CDEs) during shoulder surgery in the beach chair 
position. 
The primary outcome of this study was to evaluate the 
relationship between arterial blood pressure and cerebral 
oxygenation. The secondary outcome was measuring the 
amount of hypotensive and cerebral desaturation events. 
Our aim was to improve the monitoring of patients under 
general anesthesia (GA) in beach chair position and 
diminish the risk for neurological complications.
Methods : We conducted a prospective monocentric 
observational study. Data were collected of 52 patients 
undergoing arthroscopic or open shoulder surgery under 
GA, whether combined with locoregional anesthesia 
(interscalene block) or not. Arterial blood pressure, heart 
rate, arterial oxygen saturation and regional cerebral 
tissue oxygenation (rScO2) were measured at the baseline 
before positioning and inducing anesthesia, and then 
continuously until the end of the operation. We registered 
the incidence of cerebral desaturation events, where CDE 
was defined as a 20% decrease of the rScO2 from the 
baseline. Anesthetic management was standardized in 
all patients. Arterial hypotension was managed using a 
predetermined protocol.
Results : The incidence of intraoperative CDEs was 
28%. There was an overall significant (p<0.0001) 
correlation between arterial blood pressure and cerebral 
tissue oxygenation (rScO2). However, no correlation was 
shown between predefined CDE and those hypotensive 
events. No correlation was shown between CDE and 
length of surgery, age, gender, ASA (American Society 
of Anesthesiologists) classification or BMI (body mass 
index).
Conclusion : The CDE rate in our series was in the same 
range as previously reported rates. There was an overall 
correlation between arterial blood pressure and cerebral 
tissue oxygenation (rScO2), suggesting the relevance 
of using NIRS during beach chair position to improve 
patient safety.  

Keywords : Cerebral oxygenation ; near-infrared spec-
troscopy ; beach chair position ; shoulder surgery.

IntroductIon

 
The beach chair position is commonly used 

for arthroscopic and open shoulder surgery. It has 
benefits from both a surgical and anesthetic point 
of view, compared to the lateral decubitus position. 
The sitting position provides better access and 
smoother manipulations with the shoulder, less risk 
of injury of the brachial plexus, less bleeding risk 
and accessibility for conversion to open surgery. It 
allows more anesthesia flexibility to easily convert 
to a supine position and provide better airway access 
if necessary (1, 2, 3). 

However, there are several reports published 
on severe neurological complications ranging 
from cerebral infarction to death (4, 5, 6). It has 
been suggested that these complications were due 
to cerebral ischemia. Under GA, the beach chair 
position is associated with important hemodynamic 
changes resulting in arterial hypotension and 
increased risk of cerebral hypoperfusion. (figure 
1). The reduction in blood pressure and cardiac 
output (CO) is assumed to be mainly the result of 
venous pooling of blood in the lower extremities 
(7). This effect will be more pronounced if a higher 
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Any contact with hemoglobin leads to a change in 
the light spectrum, depending upon the oxygenation 
status of the hemoglobin molecule (10). Reflected 
light is detected by the light sensors on the NIRS 
probes. The cerebral oxygenation is calculated 
using the Beer-Lambert Law (13).

Firstly, in this study, we investigated the 
relationship between arterial blood pressure and 
cerebral oxygenation. Although correlation has been 
proven before, most studies involved small numbers 
and did not consider the possible association between 
cerebral oxygenation and patient characteristics. 
Secondly, this study is aimed at obtaining a better 
view of the frequency, time lapse and size order of 
cerebral desaturation events (CDE) to improve the 
monitoring of cerebral oxygenation and limit the 
risk of neurological complications during this type 
of surgery.

MaterIal and Methods

Study design and participants

We conducted a prospective monocentric ob-
servational study of 52 patients between 2017 and 
2020. We included adult patients who underwent 
arthroscopic or open shoulder surgery under GA, 
whether combined with a locoregional anesthesia 
(LRA) interscalene block (ISB) or not, at the 
University Hospital of Leuven. All patients were 
informed of the purpose and the course of the study, 
and the security policy regarding the data acquired. 
A written informed consent was obtained before 
surgery.

Intra-operative monitoring and treatment

We used routine cardiovascular monitoring 
(electrocardiography, pulse oximetry (SpO2) and 
invasive arterial blood pressure (ABP) measure-
ment) combined with cerebral oximetry with NIRS 
(rScO2) and capnography (etCO2). We opted for 
the Foresight (Casmed, USA) as near-infrared 
spectroscopy to quantify the regional cerebral 
tissue oxygenation (rScO2). The NIRS electrodes 
were placed before induction of GA. The first 
measurement of the rScO2-level of the awake patient, 
before administration of hypnotics and opioids, was 
used as the baseline value. Cerebral desaturation 
event (CDE) was defined as a 20% decrease of 
the rScO2-level from the baseline (12). Parameters 
(ABP, SpO2, heart rate, rScO2) were registered at the 
baseline before the positioning and the induction 
of anesthesia, and then every 5 minutes for the 

angle of upright position is used. The resulting 
decline in stroke volume (SV) and cardiac output 
(CO=HRxSV) will result in arterial hypotension 
and impact circulation. Physiological adaptive 
responses, such as the baroreceptor reflex, will be 
attenuated by anesthetics (8).  

When blood pressure is below the limit of 
cerebral autoregulation, cerebral perfusion pressure 
(CPP) and cerebral blood flow (CBF) is depended 
on the mean arterial blood pressure (MAP) 
according to the classical equation CPP=MAP-
ICP. Intraoperative MAPs should be maintained 
above the lower limit of cerebral autoregulation to 
guarantee adequate cerebral perfusion and avoid 
neurological brain damage (7). In addition, we 
must consider the gravitational effects of the beach 
chair positioning, where the MAP at the level of 
the brain differs from the MAP at the level of the 
heart. A correction factor for the vertical distance 
of the blood column between the arm and the brain 
should be used to calculate the different MAPs 
(figure 1). It is difficult to determine the individual 
safe range of MAPs during upright positioning (7, 
9, 10). On top of that, we also have to consider the 
effect of hyperventilation during GA, resulting in 
cerebral vasoconstriction and diminished cerebral 
circulation (7).

As advised before in several reports, the use 
of continuous intraoperative monitoring of cerebral 
oxygenation to appropriately detect cerebral hypo-
oxygenation and properly manage it, should be 
considered routinely (11).  A technique which has 
gained popularity in this field is cerebral oximetry 
with near-infrared spectroscopy (NIRS). This is 
a non-invasive transcutaneous technique for the 
continuous monitoring of the regional cerebral 
oxygen saturation (rScO2) (5, 12). The NIRS device 
emits light from a near infrared spectrum (650-
900nm) through the skull and brain tissue (13).  

Figure 1. — Hemodynamic and cerebral effects of beach chair 
position during GA with kind permission by Clara Lobo, 
Anesthesiology Consultant Centro Hospitalar Trás-Os-Montes 
e Alto Douro, Vila Real, Portugal.
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results

Overview

In the period between 2017 and 2020, 52 
patients who underwent shoulder arthroscopy in 
beach chair position under GA, completed the 
study. Patients characteristics of included patients 
are summarized in table 2. Due to missing baseline 
values of rSc02, we adjusted the sample size to 43 
for statistical analysis (table 3).

duration of the surgical procedure. Mean arterial 
blood pressure was measured by default at the level 
of the external acoustic meatus at the University 
Hospital of Leuven. We implemented an acceptable 
lower threshold of the MAP of 60mmHg (14). A 
decrease of arterial blood pressure of more than 20% 
under the acceptable threshold was conventionally 
treated with bolus injections of Phenylephrine and/
or Ephedrine, and/or drips with Phenylephrine.

Anesthesia protocol

All shoulder procedures were performed at 
the University Hospital of Leuven’s ambulant care 
centre (“chirurgisch dag centrum, CDC”) under 
GA, usually in combination with LRA, unless 
contra-indicated.

Prior to anesthesia, patients had to be in a fasting 
state for 6 hours. A peripheral intravenous line and a 
radial arterial catheter (20-gauge) was placed before 
induction of anesthesia. If no contraindications were 
noticed and if patient consent was obtained, an ISB 
was facilitated under ultrasound view and standard 
ASA (American Society of Anesthesiology) moni-
toring. After a bolus administration of Ropivacaine 
0.5% (15 to 20cc), a catheter was inserted for 
postoperative continuous infusion. Standard ASA 
monitoring and NIRS electrodes were placed 
before induction of general anesthesia. After pre-
oxygenation with FiO2=1, general anesthesia 
was induced with a bolus of sufentanil 0.2mg/kg, 
followed by a bolus of propofol 2mg/kg. Tracheal 
intubation was facilitated by a bolus administration 
of rocuronium 0.6mg/kg. General anesthesia was 
maintained using sevoflurane, at MAC ≥ 1.0. 
Analgesia was achieved with intermittent bolus 
injections of sufentanil depending on patients’ 
reactions, spontaneous movements, sweating and/
or sudden increase in heart rate or arterial pressure. 
All patients were positioned in beach chair after 
induction.

Statistical analysis

Statistical analysis was performed using 
IBM® SPSS® Statistics. Data were analyzed for 
correlation using the Pearson’s coefficient, r. The 
level of statistical significance of the observed 
results was set at p<0.05. Comparisons between 
CDE and non-CDE groups were performed using 
the 2-sample t-test for continuous data.

rScO2 MAP

Cerebral 
desaturation event

<20% of the baseline 
rScO2

Hypotensive event 1 decline >20% of the 
baseline

Hypotensive event 2 <60mmHg

Table 1.
Implemented definitions of CDE and hypotensive events in 

this study

Age, y 47 ± 16
Male/Female 34/18
BMI, kg/m2 27.2 ± 4.4
ASA I 20
ASA II 26
ASA III 6

Table 2.
Patients characteristics

Categorical variables are presented as numbers. Continuous variables 
are presented as mean ± standard deviation. BMI, body mass index; 
ASA, American Society of Anaesthesiologists.

Number of Left CDE Right CDE

hypotensive events 1, decline of the MAP >20% of the 

baseline
43 43

hypotensive events 2, MAP<60mmHg 43 43

Table 3.
Adjusted sample size because of missing data

Figure 2. — Plot of blood pressure (systolic blood pressure 
SBP, diastolic blood pressure DBP and mean arterial pressure 
MAP) and regional cerebral tissue oxygenation (rScO2) vs. 
time (minutes).
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Blood pressure (SBP, DBP and MAP) and regional 
cerebral oxygen saturation (rScO2)

In our series there was an overall correlation 
of the arterial blood pressure values (SBP, DBP and 
MAP) and the regional cerebral oxygen saturation 
(rScO2), (p<0.0001 for left and right rScO2, table 
4-5). Figure 2 shows the relationship between these 
parameters during time of surgery. 

Blood pressure, mm Hg Correlation 
coefficient, r

P-value

SBP 0.265 <0.0001
DBP 0.303 <0.0001
MAP 0.376 <0.0001
HR, beats/min 0.376 <0.0001

Table 4.
Correlation of blood pressure and left cerebral tissue 

oxygenation saturation

Correlation was assessed using the Pearson correlation coefficient, r.

Table 5.
Correlation of blood pressure and right cerebral tissue 

oxygenation saturation

Blood pressure, mm Hg Correlation 
coefficient, r

P-value

SBP 0.193 <0.0001
DBP 0.239 <0.0001
MAP 0.229 <0.0001
HR, beats/min 0.298 <0.0001

Correlation was assessed using the Pearson correlation coefficient, r.

Patients experiencing CDE (n=43) 12 (28%)
Number of right CDE (n=43) 1.07 ± 2.55
Number of left CDE (n=43) 0.98 ± 2.31
Number of hypotensive events, decline of the MAP 
>20% of the baseline (n=52) 12.58 ± 6.04

Number of hypotensive events, MAP<60mmHg 
(n=52) 3.87 ± 3.56

Patients experiencing CDE and hypotensive event, 
decline of the MAP >20% of the baseline (n=43) 12 (28%)

Patients experiencing CDE and hypotensive, MAP 
<60mmHg (n=43) 7 (16%)

Length of surgery, min (n=52) 85.83 ± 30.07

Table 6.
Cerebral desaturation events (CDE), hypotensive events and 

operative data

Categorical variables are presented as numbers (%). Continuous 
variables are presented as mean ± standard deviation

Correlation coefficient, r P-value
Left CDE -0.069 0.660
Right CDE -0.235 0.129

Table 7.
Correlation of the number of cerebral desaturation events and 

hypotensive events 1, decline of the MAP >20% of the baseline

Correlation was assessed using the Pearson correlation coefficient, r.

Correlation coefficient, r P-value
Left CDE -0.348 0.022*
Right CDE -0.205 0.188

Table 8.
Correlation of the number of cerebral desaturation events and 

hypotensive events 2, MAP<60mmHg

Correlation was assessed using the Pearson correlation coefficient, r.

Table 9.
Comparisons between the CDE and non-CDE group

1: CDE, 0: NON-CDE. Comparisons were performed using the independent 2-sample t-test for continuous data. BMI, body mass index; ASA, American 
Society of Anaesthesiologists.
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dIscussIon

The beach chair position is commonly 
used for arthroscopic and open shoulder surgery. 
Despite the known surgical and anesthetic benefits 
(1, 2, 3), we still have to consider the possible 
catastrophic neurological complications. There are 
several reports published on severe neurological 
complications from cerebral infarction to death 
(4, 5, 6). There is an increased risk of cerebral 
hypoperfusion, after moving an anesthetized patient 
from the supine to the sitting position resulting in 
arterial hypotension. From this point of view, we 
should consider the use of continuous intraoperative 
monitoring to appropriately detect cerebral hypo-
oxygenation (11). Cerebral oximetry with near-
infrared spectroscopy (NIRS) allows in a non-
invasive way for the continuous monitoring of the 
regional cerebral oxygen saturation (rScO2).

In this study, we tried to confirm previous 
reporting of the correlation between arterial blood 
pressure and cerebral oxygenation. Our results 
indeed represented an overall significant association 
of the blood pressure values (SBP, DBP and MAP) 
and the regional cerebral oxygen saturation (rScO2) 
(p<0.001). Furthermore, a significant link was seen 
between the heart rate and regional cerebral oxygen 
saturation (p<0.0001 for left and right rScO2, table 
4-5).

We analyzed the frequency, time lapse and size 
order of CDE, predefined as a 20% decrease of the 
rScO2-level from the baseline (12).  The CDE rate 
in our series was in the same range of previously 
reported rates, as summarized by Salazar et al. 
(15). We tried to determine substantial differences 
between patients with and without CDE events. 
In our study, ASA classification, gender, length, 
weight, BMI and age turned out not to be predictive 
of CDE. This can possibly be explained by the 

Heart rate (HR) and regional cerebral oxygen 
saturation (rScO2)

A significant correlation was also seen between 
heart rate and regional cerebral oxygen saturation 
(p<0.0001 for left and right rScO2, table 4-5).

Cerebral desaturation events (CDE)

In our investigation 28% (12 of 43 patients) 
experienced intraoperative CDE (table 6).

In general, no correlation was shown between 
the predefined cerebral desaturation events (CDE) 
and hypotensive events (table 7-8), except for 
one significant correlation that was seen between 
left CDE and hypotensive event 2, defined as 
MAP<60mmHg (p=0.022, table 8).

We tried to determine differences between 
the CDE and non-CDE group. ASA classification, 
gender, length, weight, BMI and age were not 
predictive of CDE (table 9). None of these patient 
variables demonstrated a statistically significant 
difference between the CDE group (n=12) and the 
non-CDE group (n=31). There was no difference 
between the non-CDE and the CDE group in terms 
of the length of surgery (p = 0.802, table 10). The 
mean length of surgery in the non-CDE group was 
94.35 minutes and 75.58 minutes (range, 75-112 
minutes) in the CDE group (Fig. 3).

Table 10. 
Comparison of length of surgery between non-CDE and CDE group

1 : CDE, 0 : NON-CDE. Comparisons were performed using the independent 2-sample t-test for continuous data.

Figure 3. — Comparison of length of surgery between
non-CDE and CDE group.
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hypotensive events seems to be warranted at this 
moment. Further research could help us enhance our 
knowledge of cerebral perfusion and avoid potential 
disastrous outcomes after beach chair positioning.  
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