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INDICATIONS

• Exposition chirurgicale
• Lobectomie, segmentectomie
• VATS
• Thoracoscopie
• Biopsie pulmonaire
• Chirurgie médiastinale
• Chirurgie œsophagienne
• Chirurgie aorte thoracique
• Chirurgie cardiaque par voie robotique

• Protection pulmonaire
• Pathologies néoplasique
• Pathologies infectieuses (abcès, 

pneumopathie)
• Hémoptysie massive

• Lavage pulmonaire unilatéral: 
Protéinose alvéolaire

• Oxygénation: Fistule broncho 
pleurale, trauma pénétrant 
pulmonaire, contusion pulmonaire 
etc



Physiologie de la ventilation unipulmonaire

Poumon dépendant

Poumon non dépendant Perfusion 40%

Perfusion 60%

Campos JH,  Feider A:  JCVA 2018 Oct;32(5):2330-2338



Physiologie de la ventilation unipulmonaire

Effets de la gravité 
sur la perfusion 
pulmonaire en DL

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Physiologie de la ventilation unipulmonaire
DL, VS, thorax fermé
• Le poumon 

dépendant: 
meilleure 
compliance
• Hémidiaphragme

dépendant:  
meilleure 
contraction

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Physiologie de la ventilation unipulmonaire
DL, AG, VM, curarisation, thorax fermé

• Diminution de la CRF
• Meilleure Perfusion 

poumon dépendant
• Meilleure Compliance 

poumon non dépendant

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Physiologie de la ventilation unipulmonaire
DL, AG, VM, curarisation, thorax ouvert

• Meilleure compliance poumon dépendant
• Amélioration perfusion poumon non dépendant (diminution des 

pression, meilleur DC)
=> diminution de l’effet shunt



Physiologie de la ventilation unipulmonaire
Vasoconstriction pulmonaire hypoxémique

• Seul le poumon 
dépendant participe à la 
ventilation
• Changement distribution 

V/P
• Majoration shunts droite-

gche

=>Hypoxémie

Campos JH,  Feider A:  JCVA 2018 Oct;32(5):2330-2338



Vasoconstriction pulmonaire hypoxémique

• Hypoxémie
=> activation VPH
=> augmentation 
RVP
=> diminution du 
shunt
Þ meilleure paO2

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Vasoconstriction pulmonaire hypoxémique

• Phénomène réflexe adaptatif autorégulé en réponse à une hypoxémie

• Vasoconstriction cellules musculaires lisses circulation pulmonaire

• Diminutions perfusion  40-50% du poumon non dépendant

=> Amélioration paO2

=> Diminution du shunt 



Vasoconstriction pulmonaire hypoxémique

• Réflexe biphasique:  une phase d’installation rapide (20-30 min) suivie 
d’une phase plus lente  avec un effet maximum à 100 min 

Andrew B. Lumb, Peter Slinger. Anesthesiology 2015; 122:932–946

The biphasic nature of hypoxic pulmonary vasoconstriction in hypoxic healthy subjects (end-tidal Po2 of 50 mmHg). Phase 1 of the 
response is complete within minutes, with a second phase occurring approximately 40 min later. Po2 = partial pressure of oxygen. 
PVRc = pulmonary vascular resistance corrected for cardiac output. (Based on data from reference 7.)



Vasoconstriction pulmonaire hypoxémique

• L’effet de la VPH sur la paO2

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Vasoconstriction pulmonaire hypoxémique: 
facteurs inhibiteurs directs

• HYPOCAPNIE et Alcalose
• pvO2 élevée
• Vasodilatateurs: nitroprussiat de sodium, nitroglycérine, inhibiteurs 

calciques, adénosine, NO, prostaglandines
• Hémodynamique: HTAP, DC élevé
• Halogénés > 1 MAC
• Hypothermie
• Manipulation chirurgicale (libérations PG)

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Vasoconstriction pulmonaire hypoxémique: 
facteurs inhibiteurs indirects
Diminution du débit sanguin vers le poumon dépendant

• Ventilation à pression élevées
• PEEP excessive sur le poumon dépendant
• FiO2 basse
• vasopresseurs

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



Vasoconstriction pulmonaire hypoxémique
Influence du débit cardiaque

Andrew B. Lumb, Peter Slinger. Anesthesiology 2015; 122:932–946



Vasoconstriction pulmonaire hypoxémique:
Agents Halogénes
Inhibition dose dépendante et agent dépendante:

(études animales)
Halotane >  isoflurane   >>>    sévoflurane

Halotane: inhibiteur puissant

0.5 MAC Halotane =   ↓50%  VPH chez le rat

1.3 MAC Isoflurane   � 1 MAC Halotane sur la VPH

Marshall C et al. Anesthesiology 1984; 60:304–8



Vasoconstriction pulmonaire hypoxémique:
Agents Halogénes: sévoflurane

Sevoflurane at a clinically relevant 
concentration (1 MAC) 

no significant effect on HPV in 
anaesthetized piglets.

Kerbaul F et al. Br J Anaest 2000; Vol 85  Pages 440-5



Vasoconstriction pulmonaire hypoxémique:
propofol vs sévoflurane
Effects of propofol vs sevoflurane on arterial oxygenation during one-lung
ventilation:

Pruszkowski O et al Br J Anaesth 2007; 98: 539–44

Sevoflurane and propofol 
similar effect on PaO2 

during OLV



Hypoxémie  et OLV

• Incidence 4 – 10 %

• littérature hétérogène sur les facteurs prédictifs

Guenoun T et al. J Cardiothorac Vasc Anesth 2002; 16:199–203



Hypoxémie  et OLV

• Facteurs prédictictifs: 

• paO2 pendant TLV ou VS   (Slinger P et al. Can J Anaesth 1992;39:1030-5)

• EFR préop nles vs BPCO : effet paradoxal   (Bardoczky GI et al. Chest 110:180-84,1996)

• Latéralité: chir. pulmonaire droite  (Katz et al. J Cardiothor Vasc Anesth 1996; 10:207-9)

• % perfusion poumon opéré  (Schwarzkopf et al. Anesth Analg 2001;92:842-75)

• Ht > 45%  (Guenoun T et al J Cardiothorac Vasc Anesth. 2002;16(2):199–203)



Hypoxémie  et OLV

oxygen (PaO2) less than 60 mm Hg. Furthermore,
alveolar derecruitment of the nonoperative lung
from general anesthesia and lateral positioning
also contributes to arterial hypoxemia.23 Wang
and colleagues24 estimated the shunt fraction after
30 and 60 minutes of OLV to be 35% and 37%,
respectively, with an inverse correlation between
PaO2 and V/Q mismatch.

In response, hypoxic pulmonary vasoconstric-
tion (HPV) activates and redirects blood flow
from poorly ventilated lung regions, operative
lung, to well-ventilated lung regions, nonoperative
lung, to decrease the intrapulmonary shunt.25 Fac-
tors that inhibit HPV, such as inhaled anesthetics,
hypotension, severe chronic obstructive pulmo-
nary disease (COPD), and use of vasodilators or
vasoconstrictors, will divert blood flow to the oper-
ative lung and worsen V/Q mismatch and hypox-
emia. Factors that improve V/Q matching include
lateral decubitus position and moderate COPD
with air trapping. The likelihood of a patient devel-
oping hypoxemia during OLV is associated with
several patient- and surgery-specific risk factors
(Table 3).26–29

Thanks to improved lung isolation devices,
improved positioning techniques, and newer anes-
thetics, the incidence of hypoxemia during OLV
has decreased from 25% in the 1970s to 4% to
10% today.30 Healthy individuals can tolerate hyp-
oxemia during OLV,31 and SaO2 as low as 85% to
90% may be acceptable.31,32 Individuals with
coexisting cardiovascular, cerebrovascular, or
pulmonary disease, however, are at greater risk
for hypoxemia-induced complications, including
myocardial depression, atrial fibrillation, pulmo-
nary hypertension, and cognitive dysfunction.33

Judicious delivery of oxygen is recommended to
maintain adequate oxygenation yet minimize the
deleterious effects of hyperoxia, such as inflam-
mation, oxidative stress, alveolar wall thickening,
absorption atelectasis, and coronary and periph-
eral vasoconstriction.34

Hypoxemia during OLV can be managed
methodically and sequentially. First, the fraction
of inspired oxygen (FiO2) can be increased to 1.0.

An alveolar recruitment maneuver (ARM), consist-
ing of 10 consecutive breaths at a plateau pres-
sure of 40 mm Hg, can be tried next. Notably, a
preemptive ARM of both lungs before instituting
OLV has been shown to decrease alveolar dead
space and improve arterial oxygenation.35,36 The
high plateau pressure associated with an ARM
can cause transient hemodynamic derangements
and, therefore, should be considered carefully
before routine use.37

Incremental increases in PEEP to the nonopera-
tive lung to a maximum 20 cm H2O can be attemp-
ted to open atelectatic alveoli.35,38,39 Careful
attention is warranted as PEEP is adjusted.
When PEEP causes the end-expiratory pressure
to approach the inflection point of the patient’s
static lung compliance curve, oxygenation is likely
to improve. Conversely, if the equilibrium end-
expiratory pressure increases beyond the inflec-
tion point, oxygenation is likely to deteriorate.40

The application of PEEP to the nonoperative lung
should be individualized by using a PEEP decre-
ment trial; this can improve oxygenation, ventila-
tion, and lung mechanics compared with a
standard increase in PEEP of 5 cm H2O.41 Clinical
trials examining the effect of individualized periop-
erative ventilator strategies42 as well high versus
low PEEP during OLV are ongoing.43

Apneic oxygen insufflation or continuous posi-
tive airway pressure (CPAP) to the operative lung
should be considered to improve oxygenation by
passive mechanics.44 In the specific cases
whereby CPAP may be contraindicated, including
video-assisted thoracoscopic surgery, high-
frequency jet ventilation to the operative lung has
been used to assist with both oxygenation and
ventilation, while maintaining an acceptable surgi-
cal field of vision.45 Recently, differential lung
ventilation has been described whereby the oper-
ative lung is ventilated with minimal tidal volumes
(TV).46

If hypoxemia persists, two-lung ventilation
should be restored to allow for fiber-optic assess-
ment of the lung isolation device position and the
presence of secretions. As a last resort, during

Table 3
Risk factors for developing hypoxemia during one-lung ventilation can be classified as patient specific
and surgery specific

Patient-Specific Risk Factors Surgery-Specific Risk Factors

! Normal preoperative spirometry
! Body mass index >30 kg/m2

! Low baseline PaO2
! History of lung-reducing operation

! Large, central lung mass
! Right-sided thoracic surgery
! Surgery performed in the supine position

Anesthetic Management of the Thoracic Patient 283

Intraoperative Anesthetic
Management of the
Thoracic Patient
Melina Shoni, MDa, Gerardo Rodriguez, MDb,*

INTRODUCTION

The concept of lung isolation dates back to the
1870s when experimental physiologists Edward
Pflüger and Claude Bernard introduced the first
example of a single-lumen endobronchial cannula.1

The transition from single-lumen endobronchial
cannulas to double-lumen cannulas that combined
short-tracheal and long-bronchial segments in
1889 facilitatedmany advances in respiratory phys-
iology and independent lung spirometry.1 Over the
years, these techniques led to a practical progres-
sion in human airway instrumentation devices,
including two-cuff single-lumen endobronchial
tubes (SLTs), double-lumen endobronchial tubes
(DLTs), and bronchial blockers (BBs). This special-
ized armamentarium established the anesthetic
practice of one-lung ventilation (OLV) and enabled
the performance of complex lung, esophageal,
mediastinal, and thoracic wall operations.

ONE-LUNG VENTILATION

OLV can be defined as the preferential ventilation
of the nonoperative lung while deflating the opera-
tive lung to achieve an immobile surgical field and
to prevent surgical debris, pus, or secretions from
entering the contralateral lung (Box 1). The extent
of lung deflation differentiates lung separation
(adequate deflation) from lung isolation (complete
deflation).2 In routine practice, OLV is initiated
intraoperatively by the anesthesiologist when the
surgeon communicates that the pleura is opened;
however, there is evidence to support preemptive
OLV immediately after lateral positioning for expe-
dited lung collapse.3

Double-Lumen Endobronchial Tubes

The modern version of the DLT stems from a
breakthrough invention in 1949 by the Swedish

Funding: None.
a Department of Anesthesiology, Boston Medical Center, 750 Albany Street, Power Plant, 2nd Floor, Boston,
MA 02118, USA; b Surgical Intensive Care Unit, Department of Anesthesiology, Boston University School of
Medicine, Boston Medical Center, 750 Albany Street, Power Plant, 2nd Floor, Boston, MA 02118, USA
* Corresponding author.
E-mail address: gerardo.rodriguez@bmc.org

KEYWORDS

! One-lung ventilation complications ! Double-lumen endobronchial tube ! Bronchial blocker
! Hypoxic pulmonary vasoconstriction ! Hypoxemia and one-lung ventilation

KEY POINTS

! Serious complications from one-lung ventilation include arterial hypoxemia, injury to the nonoper-
ative lung, and right ventricular dysfunction.

! Understanding the effects of anesthetic agents on hypoxic pulmonary vasoconstriction is important
for optimizing oxygenation during thoracic surgery.

! Individualized one-lung ventilation management strategies, influenced by the patient’s risk for
developing hypoxemia, the surgical approach, and the airway device selected, can improve post-
operative outcomes.

! Goal-directed fluid therapy and perioperative pain management strategies can reduce morbidity af-
ter thoracic surgery.

Thorac Surg Clin 30 (2020) 279–291
https://doi.org/10.1016/j.thorsurg.2020.04.011
1547-4127/20/! 2020 Elsevier Inc. All rights reserved. th
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Hypoxémie et OLV: stratégies thérapeutiques

Rozé Hadrien et al: Management of Intraoperative Hypoxemia during One-lung Ventilation
Anesthesiology. 2011;114(1):167-174. doi:10.1097/ALN.0b013e3182023ed3



Hypoxémie et OLV: algorythme

Rozé Hadrien et al: Management of Intraoperative Hypoxemia during One-lung Ventilation
Anesthesiology. 2011;114(1):167-174. doi:10.1097/ALN.0b013e3182023ed3



Ventilation protectrice et OLV

Original Article

The Effects of an Open-Lung Approach During
One-Lung Ventilation on Postoperative Pulmonary
Complications and Driving Pressure: A Descriptive,

Multicenter National Study

iPROVE Network investigators, Javier Belda, MD, PhDn,
Carlos Ferrando, MD, PhDn,†,1, Ignacio Garutti, MD, PhD‡

nHospital Clínico de Valencia, Valencia, Spain
†CIBER de Enfermedades Respiratorias, Instituto de Salud Carlos III, Madrid, Spain

‡Hospital Gregorio Marañón de Madrid, Madrid, Spain

Objective: Thoracic surgical procedures are associated with an increased risk of postoperative pulmonary complications (PPCs), which seem to
be related directly to intraoperative driving pressure. The authors conducted this study to describe the incidence of PPCs in patients in whom an
individualized open-lung approach was applied during one-lung ventilation.
Design: This was a prospective, multicenter, national descriptive study.
Setting: Thoracic surgery patients undergoing one-lung ventilation.
Participants: Eligible participants were included consecutively from October 1, 2016, to September 30, 2017. A total of 690 patients were
included.
Interventions: An individualized open-lung approach that consisted of an alveolar recruitment maneuver followed by a positive end-expiratory
pressure adjusted to best respiratory system compliance was performed in all patients.
Measurements and Main Results: Preoperative and intraoperative data were recorded; the primary outcome was a description of the incidence of
PPCs in these patients during the first 7 postoperative days. The patients were mainly male, and half of them had a high risk of PPCs (ARISCAT
score exceeding 44). Eleven percent of participants developed a PPC within the first postoperative week. The mean open lung positive end-
expiratory pressure was 8 7 3 cmH2O. When compared with pre-open lung approach values, the open-lung approach significantly decreased the
driving pressure (14 7 4 cmH2O v 11 7 3 cmH2O; p o 0.001) and increased dynamic compliance (30 7 10 mL/cmH2O v 43 715
mL/cmH2O; p o 0.001).
Conclusions: The low incidence of PPCs in patients who underwent an open-lung approach during one-lung ventilation compared with that
reported for other thoracic surgery series and the decrease in the driving pressure in these patients justify an additional randomized controlled
trial to compare the open-lung approach with the standard protective strategy of low tidal volume and low positive end-expiratory pressure.
& 2018 Elsevier Inc. All rights reserved.

Key Words: positive end-expiratory pressure; one-lung ventilation; postoperative pulmonary complications; driving pressure

THORACIC SURGERY procedures are associated with an
increased risk of postoperative pulmonary complications
(PPCs) as a result of several factors associated with the

patient; the surgery itself; and other variables, such as
ventilation-induced lung injury.1,2 Although the incidence of
moderate to severe PPCs after thoracic surgery is not known

Contents lists available at ScienceDirect

journal homepage: www.jcvaonline.com

Journal of Cardiothoracic and Vascular Anesthesia

https://doi.org/10.1053/j.jvca.2018.03.028
1053-0770/& 2018 Elsevier Inc. All rights reserved.

1Address reprint requests to Carlos Ferrando, MD, PhD, Department of Anesthesiology and Critical Care, Hospital Clínico Universitario, Av. Blasco Ibañez, 17,
46010 Valencia, Spain.

E-mail address: cafeoranestesia@gmail.com (C. Ferrando).
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Ventilation protectrice et OLV

• VT 5 - 6 ml/kg IBW
• Optimal PEEP: 8 +/- 2 cm H2O (meilleure C dyn)
• DP 11 +/- 3 cm H2O

Belda J, et al. (2018), https://doi.org/10.1053/j.jvca.2018.03.028 

• Étude prospective, descriptive
• Multicentrique
• 690 patients, thoracotomies (wedges, segmentect, 

lobectomies)



Ventilation protectrice et OLV

the pre-RM PEEP) correlated with the change in DP (calculated as
the DP after the RM minus the DP before the RM; p ¼ 0.232 and
0.07, respectively). Fig 1, C shows the change in DP; no
correlation was observed between the DP, Pplat, PEEP, and the
development of PPCs (p ¼ 0.152, p ¼ 0.748, and p ¼ 0.508,
respectively).
An exploratory analysis was performed to describe the

possible associations between the individualized PEEP and
preoperative or intraoperative variables. There were significant
—but not strong—correlations between OL-PEEP and ABW
(p o 0.001), ideal body weight (IBW; p ¼ 0.005), BMI
(p o 0.001), FEV1 (p ¼ 0.006), and FVC (p ¼ 0.008;
Pearson correlation coefficients ¼ 0.296, 0.110, 0.279,
"0.117, and "0.118, respectively) (Fig 2). No significant
correlation was found between the OL-PEEP and age, height,
FEV1/FVC, RV, preoperative PaO2, PaCO2, or SaO2. A
similar pattern was found for the change in DP, which was
significantly (p o 0.001) but not strongly correlated with
ABW and BMI (Pearson correlation coefficients ¼ 0.159 and
0.16, respectively), and no correlations were found for IBW,
age, height, FEV1, FVC, FEV1/FVC, RV, PaO2, PaCO2, or
SaO2.

Discussion

In this prospective, multicenter national study, the authors
found an 11% incidence of PPCs in patients undergoing OLV
who received treatment with an OLA that consisted of
maintaining a low VT and administering an alveolar RM
followed by an individualized PEEP to obtain best OL-PEEP
respiratory system Cdyn. There was no correlation between the
individualized PEEP and preoperative or surgical recorded
variables, and this approach significantly reduced the DP
compared with the pre-recruitment lung condition.
The descriptive characteristics of this study make it impos-

sible to demonstrate a decrease in postoperative morbidity in
these patients. However, the results might be of clinical
relevance because there was a lower incidence (11%) of
PPCs in these patients compared with previously published
results for thoracic surgery. Blank et al. who reported PPC
components similar to the ones in the present study showed a
PPC incidence of 18%,5 and Naik et al. found an incidence of
32%.3 None of the aforementioned studies used RMs, although
they did use low PEEP (not exceeding 5 cmH2O). To the best
of the authors’ knowledge, only Licker et al., in a retrospective
study, previously applied an OLA in thoracic surgery to
investigate its effect on PPCs.4 That observational study
compared an OLA with conventional ventilation in a historical
group of patients, and unlike the present study, the PEEP level
was fixed during the OLV and the RMs were performed using
vital capacity maneuvers at 30-minute intervals. However, like
the findings of the present study, the OLA reported by Licker
et al. resulted in a reduction in PPCs when compared with the
conventional ventilation approach.4 In the present study, the
incidence of acute respiratory distress syndrome was demon-
strated to be less than 1%, which is lower than in other studies
(1.2%, 2.2%, and 2.4%, respectively).5,21,22 Again, only
Licker et al. in the OLA group showed an incidence of PPC
as low that in the present study and the same incidence of
atelectasis (5%),4 which is lower than the 9% found in their
conventional ventilation group or the 10% shown by Blank et
al.5 Therefore, the findings of the present study justify the
implementation of an additional randomized controlled trial,
which should be designed to compare the OLA with the
commonly used protective ventilation with low VT and low
PEEP levels.
The application of PEEP during OLV has become

part of standard of care23,24 because PEEP applied to the

Table 2
Postoperative Pulmonary Complications

Incidence of PPC % (n)

Atelectasis 5.3 (24)
Acute respiratory failure 6.0 (27)
Reintubation 2.7 (12)
ARDS 0.9 (4)
Pneumonia 4.4 (20)
Empyema 0.7 (3)
Bronchospasms 1.1 (5)
Pneumothorax 1.1 (5)
Pneumonitis 0 (0)
Bronchopleural fistula 0 (0)
Patients stratified by number of complications
0 88.2 (398)
1 6.6 (30)
2 3.5 (16)
3 0.8 (4)
Z4 0.6 (3)

NOTE. Only atelectasis requiring bronchoscopy was included as a PPC. For
the acute respiratory failure diagnosis, a SpO2 value of less than 92% was used
instead of the usual 90%.
Abbreviations: ARDS, acute respiratory distress syndrome; PPC, postoperative
pulmonary complications; SpO2, oxyhemoglobin saturation.

Table 3
Intraoperative Ventilatory Variables During One-Lung Ventilation

Pre-RM Post-RM Variation Pre-RM v Post-RM p Value (95% CI)

PEEP (cmH2O) 6 7 1 8 7 2 2.5 7 2.5 ˂0.001 (2.32-2.72)
Dynamic compliance (mL/cmH2O) 30 7 10 43 7 15 13.4 7 9.4 o0.001 (12.7-14.1)
Plateau pressure (cmH2O) 20 7 4 20 7 4 "1.01 7 4.14 o0.001 (0.57-1.46)
Driving pressure* (cmH2O) 14 7 4 11 7 3 "3.56 7 3.5 o0.001 ("3.18 to "3.93)

NOTE. Data are presented as the mean 7 standard deviation.
Abbreviations: CI, confidence interval; PEEP, positive end-expiratory pressure; RM, recruitment maneuver.

nThe driving pressure was calculated as the plateau pressure minus the positive end-expiratory pressure.

J. Belda et al. / Journal of Cardiothoracic and Vascular Anesthesia ] (]]]]) ]]]–]]]4

Please cite this article as: Belda J, et al. (2018), https://doi.org/10.1053/j.jvca.2018.03.028

Complications 
postopératoires  

11.8% 

Belda J, et al. JCVA 2018 Dec;32(6):2665-2672

(18-32% dans la littérature)



Techniques de ventilation unipulmonaire

• 2 techniques principales 

• Bloqueurs bronchiques• Tubes double lumière



Anatomie arbre 
trachéo-
bronchique

The trachea in males is larger both in diameter and in length
than in females. The length of a male trachea at 20 years of age
ranges between 12 and 14 cm, whereas a female trachea ranges
between 11 and 12 cm. In terms of diameter, the upper limits
for coronal and sagittal diameters in men are 2.5 cm and
2.7 cm but 2.1 cm and 2.3 cm in women. Lower limits of both
diameters are 1.3 cm in the male and 1.0 cm in the female.37

The last cartilage of the trachea is thick and broad in the
middle and is prolonged into a triangular hook-shaped process

that curves downward and backward between the bronchi. A
typical bronchoscopic view of the carina is shown in Figure 5.
The right main bronchus is both wider and shorter than the

left bronchus (see Fig 4). Usually, it is only about 2.5-cm long
with 6 to 8 cartilages. The division of the bronchi at the carina
into left and right bronchi is asymmetrical because the right
bronchus branches at a less acute angle (25-30 degrees) than
does the left main bronchus (45 degrees) and thus is more of a
direct continuation of the trachea. This anatomic difference is

Fig 4. Tracheobronchial tree. The anatomy and dimension of the tracheobronchial tree relevant to lung isolation with DLTs or a BB. Note that the right main
bronchus is shorter than the left main bronchus and that the orifice of the right upper lobe bronchus arises about 2 cm from the carina.

D. Falzon et al. / Journal of Cardiothoracic and Vascular Anesthesia 31 (2017) 678–693682

D. Falzon et al. JCVA 31, 2017: 678–693 



Anatomie endo trachéo-bronchique

the reason why intubation and aspiration of gastric contents
when the patient is supine or erect are more likely to occur into
the right main bronchus.
The orifice of the right upper lobe lies in the lateral wall of

the right main bronchus at about 2 cm from the carina, with a
range of 1 to 4 cm.30 There is an immediate trifurcation of the
upper lobe bronchus into its 3 segmental bronchi, anterior at
9 o’clock, apical at 12 o’clock, and posterior at 3 o’clock
(Fig 6).38 This is a very important visual landmark to identify
during FOB to distinguish the right from the left mainstem
bronchus.39 There are variations to the anatomy of the right
main bronchus that are related mostly to its length, which is
important because the closer the orifice of the right upper lobe
bronchus to the carina, the more likely it is that it will get
occluded when using a right-sided DLT or BB.40 A very
proximal opening to the right upper lobe might cause problems

during lung isolation due to an inability to adequately collapse
or ventilate the right upper lobe, depending on which side the
surgery is being performed.
Following the orifice of the right upper lobe bronchus, the

right main bronchus then continues as the bronchus inter-
medius for another 2.5 cm before dividing below the pulmon-
ary artery into the middle and lower lobe bronchi at least 4 cm
from the carina.30 During FOB, the division between the right
middle and lower lobe bronchi may be mistaken for the
division of the left and right main bronchi at the carina if the
right main bronchus has been intubated.
The left main bronchus is almost twice the length of the

right main bronchus, having 9 to 12 cartilaginous rings. It
passes beneath the pulmonary artery and gives off 2 main
branches at its distal end. The first branch is distributed to the
left upper lobe and the mainstem continues to enter the left
lower lobe.35

Variations in Tracheobronchial Anatomy
Anesthesiologists who perform lung isolation must be aware

of the variance in the normal anatomy of the major airways. As
detailed earlier in this section, the position of the orifice of the
right upper lobe bronchus varies. In addition, congenital
variations and changes due to sex, race, and age all lead to
differences in the anatomy of the bronchial tree.
In the child, the trachea is smaller, more deeply placed, and

less fixed than in the adult.36 It is elliptical in shape, with the
coronal diameter exceeding the sagittal diameter—the sagittal
dimension being the measurement that determines the largest
tube size in pediatrics.41 In small children, body weight
corresponds better with tracheal growth than either height or
age. The bifurcation also is higher until the age of 10 to 12
years. Even though the diameters of the left and right main
bronchi are correlated positively with children’s age, there is a
wide variance in the subcarinal angle that is unrelated to age.42

Changes in tracheal and bronchial dimensions with age are
illustrated in Table 2; however, these are not always reliably
predictable from the tracheal diameter.43 With aging, an
atherosclerotic aorta, or severe chronic obstructive pulmonary
disease, the trachea can be deviated to the right. Aging and

Fig 5. View of bifurcation of the trachea into the left and right main bronchi.
Representation of a bronchoscopic view of the carina and the main bronchi.
Note the inverted u-shaped cartilaginous rings and flat posterior of the trachea
with bands of fibroelastic tissue and nonstriated muscle fibers, allowing for
anteroposterior orientation and identification of the right and left main bronchi.

Fig 6. Orifice of the right main bronchus. Bronchoscopic view of the right
upper lobe bronchus, which characteristically immediately trifurcates into its
3 segmental bronchi. Note that the view through the fenestration in a right
DLT is far more limited.

Table 2
Changes in Airway Sizes With Age in Children

Age
(years)

Right Bronchus
(mm)

Left Bronchus
(mm)

Trachea
(mm)

Cricoid
Diameter (mm)

0.5–1 4.8 3.7 5.6 4.5
1–2 5.6 4.3 6.5 5.5
2–4 6.5 5.0 7.6 7.0
4–6 6.7 5.3 8.0 8.0
6–8 7.9 6.1 9.2 –
8–10 7.7 6.0 9.0 9.0
10–12 8.4 6.5 9.8 –
12–14 8.6 6.8 10.3 11.0

Expected cricoid and tracheobronchial diameters of children as they age.
Based on Hammer et al41, and Roberts S, Thornington R: Paediatric
bronchoscopy. Contin Educ Anaesth Crit Care Pain 41:41-44, 2005.
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semicircular “D-shaped” lumens side by side rather than front to back
would improve on the original Carlens tube (Figure 16).

The next part of the development process will probably be
consigned to history, as once Robertshaw had a few left-sided trial
tubes, he used to try his prototypes out on patients undergoing
major thoracic surgery at Park Hospital. His tubes were refined by a
combination of intuition, clinical judgment, trial and error, and per-
sonal contact with Leyland. He used to drive to Leyland in the morn-
ing with an idea and would speak personally to the staff there who
would thenmanufacture a new prototype by handwhile Robertshaw
took lunch in a local pub. Hewould then return toManchester for the
afternoon list and try it out in a few patients.

After two and a half years of work, his design was finalized. The
new tubesweremade of a new rubber compound, whichwas slightly
firmer and not as easily damaged by boiling as other contemporaries.
They were also significantly cheaper than the Carlens tube to manu-
facture. Robertshawhad settled on a new color-coding scheme for his
two cuffs, which is now almost universally adopted. The tracheal cuff
was red due to the color of the rubber, but he chose blue for the bron-
chial cuff, although confusingly some of the early production tubes
were colored the opposite way. He could not have envisaged it at
the time, but the blue color would prove to be the perfect choice be-
cause it contrasts well with the pink bronchial mucosa when
inspected using a fiberoptic bronchoscope. He designed left- and
right-sided tubes and envisaged that the left-sided one would be
used most often (the opposite of Bryce-Smith's most recent pub-
lished opinion). The left-sided tube had an angle of 45° at the carina,
and it did not possess a carinal hook. The right-sided tube had an
angle of 20° at the carina and possessed the slotted cuff of the
Green-Gordon tube.

Robertshaw had addressed the problem of cuff herniation with
the different rubber used in the manufacture of his tubes, and com-
ments in his article stated that whereas bronchial cuff overinflation
must be avoided, inflating the cuff firmly both enhances the seal of
the cuff against the mucosa and opens the slot rather than the re-
verse. Robertshaw had also successfully tested his tube with large
bore suction, which negated the problem of applying large negative
pressures to the whole lung should a narrower tube be used. Finally,
he publishedwith his design description flow resistance data demon-
strating that his tubes offered significantly lower resistance than the
Carlens tube. Again, unforeseen at the time, the wide lumens would
easily permit the passage of modern fiberoptic bronchoscopes, as
well as allowing today's anesthetists to tackle end-stage emphysema
patients for lung volume reduction surgery and lung transplantation.

In 1962, with Eric Carlens' approval, Robertshaw published his
design.29 Hewas a verymodest man, and accordingly, he did not pat-
ent any of his tubes because he considered that he had simply modi-
fied Eric Carlens' tube and incorporated the best aspects of other
tubes already in use. He had also used an established manufacturing

process to keep costs down which proved a problem some 30 years
later, after his death, when Rüsch, who manufactured the Carlens
tube in Germany, bought out and closed down the Leyland rubber
company in the early 1990s. When Rüsch subsequently began mar-
keting their own version of the “Robertshaw” tube, this led to fierce
arguments over the ownership of the design. Rüsch had incorrectly
based their tube mainly on the Carlens extrusion without the carinal
hook, and so it deviated significantly from Robertshaw's final prod-
uct. A group of ex-Leyland employees set up their own rubber
manufacturing company called Phoenix Medical, and with a little
help from friends in anesthesia, they were able to make subtle alter-
ations in the design of the Leyland tubes so that they became Phoenix
Robertshaw tubes (Figure 17).28 Phoenix Medical is now part of “P3
Medical” that also makes sterile rubber disposable tubes, which per-
form in the same way as the Robertshaw originals. They can also
make rarer tubes to order such as the Green-Gordon and the
Macintosh-Leatherdale, and interestingly, they are virtually the only
manufacturer of veterinary tracheal tubes, from 2.5 to 40mm cuffed.28

Robertshaw tubes entered widespread clinical practice quickly
and became popular both with thoracic and nonspecialist anesthe-
tists. Zeitlin and coworkers30 evaluated the Robertshaw tubes and
confirmed their advantages in 1965. A review published in 1979 re-
vealed that the Robertshaw tubes were by far the most popular of
the DLTs in use at that time in Great Britain.31 Despite other develop-
ments, a review in 1988 demonstrated that the right-sided
Robertshaw tube had the best safetymargin for right upper lobe ven-
tilation of all the DLTs available on the market.32

The manufacture of both standard endotracheal tubes and the
more specialized DLTs has changed gradually from rubber to plastic.
The first successful plastic tube was based on the Robertshaw design
and was manufactured by the National Catheter Corporation of
America, which later became part of Mallinckrodt and is now
owned by Covidien.33 They approached Robertshaw for advice
when they were designing their tube, and he was happy to give it.

Fig. 16. Comparison of three DLTs in cross section. Author's own material. The
Robertshaw tube incorporated Carlens’ design; however, the lumens were side by
side and the pilot tubes were incorporated into the rubber walls.

Fig. 17. Phoenix Robertshaw tubes and with endobronchial cuff inflated (author's own
material). This is now in use worldwide in thoracic anesthesia.

85B. McGrath et al. / Journal of Anesthesia History 3 (2017) 76–86Hospital in Cleveland, designed a left-sided DLT for bronchospirometry
in 1939,12 and William Zavod from New York designed a similar tube
in1940with a steel plate in its tip to aidpositioningwithfluoroscopy.13

However, both of these tubes were notoriously difficult to direct,
and their high resistance would have caused inaccuracies in the
measurements that were taken.

Ten years later, the breakthrough came when Eric Carlens
(1908-1990), a physician working in the same department as
Frenckner in Stockholm, reported his “double lumen tube for
separation of the lungs.”14 Carlens’ tube (Figure 7) was also
designed for bronchospirometry and originally made of red
rubber (manufactured by the instrument maker Stille-Werner,
Stockholm, Sweden). The tracheal part of the tube was round ex-
ternally, and both the tracheal and bronchial tubes (lying side by
side) had a “D-shaped” cross section. Carlens’ tube was shaped an-
atomically to advance down the left main bronchus, and the distal
end had a cuff to seal off the left lung. Closely above the carinal
hook, there was an opening for ventilation of the right main bron-
chus, and above this was the tracheal cuff (Figure 7).14 The main
advantages were its moderately rigid shape, the optimally angled
distal bevel to allow entry into the left main bronchus, and the
carinal hook to prevent placing the tube too distally. The hook
probably also pushed on the right hand wall of the trachea as it
approached the carina and helped to guide the tip of the tube to
the left. The left main bronchus could be reliably entered without
the need for radiograph, and the lumens were larger and offered
lower resistance than the previous tubes of Zavod and Gebauer.
It became commercially available in three sizes for large and
small adults.

Carlens inserted the DLT under topical anesthesia in the sitting
position. He placed a curved metal stilette into the bronchial lumen
to guide it and tied the carinal hook to the tube with a moistened
silk thread slipknot, preventing it from getting trapped at the vocal
cords. After passing the tube through the larynx under indirect
mirror-guided laryngoscopy, he released the slipknot, withdrew the
metal stilette, and advanced the tube into the left main bronchus
until he felt the hook engaging on the carina.

After Carlens had used his tube in more than 100 bron-
chospirometries, its anesthetic potential was quickly realized, and it
was introduced for the first time in November 1949 for its familiar
purpose—the resection of a tuberculous abscess. He worked with
the Swedish thoracic surgeon Viking Björk (of Björk flap tracheosto-
my fame), and together, in 1950, they reported its successful use in
20 lung resections.15 Although a major advance, the Carlens tube
was not universally accepted into thoracic anesthesia because the
carinal hook could be a problemwhen closing a right pneumonectomy.
Therefore, this was not favored by some anesthetists and was also a
problem for the surgeon. Furthermore, although the increased lumen
diameter was a significant improvement on previous designs, there
was still not much room for an adequate suction catheter and resis-
tance to airflow with early ventilators was high. These limitations led
to other anesthetists trying to improve on the basic design of the
Carlens tube.

Bronchial Blockers

In the 1920s, the problems of lung collapse during surgical pneu-
mothoraxhad been partly solved by the introduction of positive pres-
sure ventilation: patients with deep inhalational anesthesia were
breathing spontaneously but with manually assisted spontaneous
ventilation. Other issues such as transbronchial contamination from
spillover and ventilation in the presence of a bronchopleural fistula
remained. The treatment for excessive bronchial secretions was
mainly postural drainage, use of suction, and rigorous perioperative
physiotherapy. Although endobronchial intubation allowed one-
lung ventilation, the problems of secretion control and the applica-
tion of adequate suction led some workers to look at alternatives. In
1936, Magill developed the initial technique of bronchial blocking
(Figure 8, left), whereby his blockerwas essentially a suction catheter
with a smooth rubber balloon on the end, which could be stiffened by
a wire stilette. Hewould pass his blocker into the bronchus under di-
rect vision using either a rigid bronchoscope or a split-sided straight
(channeled) laryngoscope, and the cuffed tracheal tube was then
inserted into the trachea alongside the stalk of the blocker. The
lumen was small, however, and suction remained poor, with the
smooth-walled cuff frequently becoming displaced from its target lo-
cation. In this era before thewidespread availability of antibiotics, pa-
tients often had lungs full of pus that compounded these problems.
This led Vernon Thompson to develop a gauze-covered blocker bal-
loon in 1943, which he felt allowed a more secure hold against the
bronchial wall (Figure 8, right).

An alternative technique was to pack off either main bronchus
using ribbon gauze introduced by a rigid bronchoscope, which was
a method that was developed by Crafoord in 1938 and described by
Nosworthy16 in 1941. This prevented the problem of contamination
of the opposite lung and allowed ventilation of the nonobstructed
lung by a standard endotracheal tube but, of course, did not facilitate
collapse of the operative lung or allow suction in any form.

These ideas were taken one step further by Stürtzbecher17 in
1953. His tube was essentially a standard endotracheal tube with an
extension of either 7 or 9 cm (Figure 9) and was directed into either
bronchus using awire stylet, which acted as a bronchial blockerwhen
inflated and allowed suction distally. The 7-cm version was used to

Fig. 7. Carlens DLT showing left-sided bronchial cuff and carinal hook (author's own
material). This endobronchial part is inserted into the leftmain bronchus, and thedistal
end has a cuff to seal off the left lung. Above the carinal hook, an opening for ventilation
of the right main bronchus exists, and above this is the tracheal cuff.
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DLTs or BBs. More commonly, as discussed later in the
section on pediatrics, it may be required in infants and children
who are too small for the smallest DLT manufactured.

Double-Lumen Endobronchial Tubes

For most thoracic procedures, either a DLT or BB can be
used, but the DLT is the popularly preferred choice for lung
isolation.57 The DLT and BB are designed to isolate,
selectively ventilate, and/or collapse either lung.58 To reduce
the chance of upper airway obstruction, they are designed with
a short bronchial cuff with a relatively short distance from the
proximal edge of that cuff to the distal tip of the tube.56 They
are produced in left- and right-sided versions and in 7 sizes
(26, 28, 32, 35, 37, 39, and 41 French). The left-sided DLT is
used most commonly. Specific anatomic and surgical scenarios
requiring a right-sided DLT, including left main bronchus
obstruction or surgery, left tracheobronchial disruption or
anatomic variations, and left pneumonectomy. Regarding the
last point, it is possible with surgical cooperation to use a left
DLT for a left pneumonectomy if the bronchial portion of the
tube is withdrawn into the trachea from the left main bronchus
before it is transected and stapled.
A fundamental problem for anesthesiologists who use DLTs

is the lack of evidence-based guidelines for choosing the size of
tube that is appropriate for individual patients. The main body
of the DLT should pass without trauma through the glottis and
be advanced easily down the trachea. In addition, there should
be minimal herniation of the bronchial cuff into the trachea, and
this can be difficult to achieve when the size of the DLT has
been underestimated.38 However, oversizing of a DLT may be
associated with increased incidence of sore throat.59–61

Given the lack of consensus and variation in practice, it is
difficult to provide advice on sizing, except that generally, the
size of DLT required correlates positively with patient height:
A larger DLT is required for taller patients and vice versa.
Clinically, determining the correct size sometimes takes trial
and error. For example, it may prove impossible to pass a DLT
that seems appropriately sized for a patient’s height through
that particular patient’s glottis. Alternatively, what may seem
appropriately sized for height may prove to be too short to
isolate the lung effectively as the cuff herniates into the trachea
when the DLT is inserted fully. In both cases, the next size of
DLT—down and up, respectively—should be used.
Two methods are used for the placement of a DLT. The

method most commonly used is blind insertion after direct
laryngoscopy. A left DLT is held at a 90-degree turn clockwise
to its normal axis and a right DLT is held at 90 degrees anti-
clockwise to its normal axis so that the bronchial portion of the
DLT is in line with the trachea. Once the bronchial portion of
the DLT is through the larynx, the tube is rotated back to its
normal axis and advanced until a slight resistance is felt.
Although less popular than the Robertshaw-style DLTs,
Carlens-style DLTs with a carinal hook still are manufactured
and can facilitate blind positioning (Fig 7).
Traditionally, correct positioning was confirmed clinically

by intermittently clamping the 2 tubes and inspecting and

auscultating the chest for asymmetric movement and presence
or absence of breath sounds. However, even experienced
anesthesiologists can be incorrect in their assessment. When-
ever available, visual inspection from the tracheal lumen using
FOB should be undertaken to confirm that the bronchial tube is
in the correct main bronchus and that, when inflated, the cuff is
visible but not herniating into the trachea.52

To prevent occlusion, right-sided DLTs have a fenestration in
the bronchial tube to allow for ventilation of the right upper lobe
through the orifice of its bronchus. Thus, for right DLTs, the
anesthesiologist should use FOB to confirm that the fenestration
overlies the orifice of the right upper lobe bronchus to ensure
right upper lobe ventilation during surgery and help prevent
hypoxia. Some also advocate identifying the orifice of the right
upper lobe bronchus after placement of left DLTs to ensure that
the right lower bronchus has not been intubated in error. The
right upper lobe can be identified by its typical appearance as it
immediately trifurcates into 3 segments (see Fig 6).
Alternatively, the DLT can be inserted into the trachea, as

described previously, then an FOB is placed into the bronchial
lumen and used to guide the tip of the DLT into the mainstem
bronchus.39 This is a valuable approach if the blind insertion
technique fails or if the DLT is dislodged intraoperatively.
Videolaryngoscopy has been compared with direct laryngo-

scopy using a Macintosh blade when intubating with a DLT,
but there is insufficient evidence to demonstrate superior-
ity.62,63 One study found that there was no difference in
success of first attempt at intubation using the GlideScope
(Verathon, Bothell, Washington).62 Another study found that
with the CEL-100 (Connell Energy Technology Co. Ltd.,
Shanghai, China) there was a statistically significant difference
without an increase of airway complications.63 However, this
latter study excluded patients who had a known or predicted
difficult airway. Even though there may be no value for its
routine use, the authors of this review were unable to assess
the value of videolaryngoscopy in placing DLTs in patients
with difficult airways.

Video-Capable Double-Lumen Endotracheal Tubes
The efficacy of the DLT depends on its exact position in the

airways, as verified using FOB after intubation; this then must

Fig 7. A carinal hook on the right-sided Carlens-style DLT manufactured by
Sumi, Sulejówek, Poland. Image supplied by and used with permission
from Sumi.
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semicircular “D-shaped” lumens side by side rather than front to back
would improve on the original Carlens tube (Figure 16).

The next part of the development process will probably be
consigned to history, as once Robertshaw had a few left-sided trial
tubes, he used to try his prototypes out on patients undergoing
major thoracic surgery at Park Hospital. His tubes were refined by a
combination of intuition, clinical judgment, trial and error, and per-
sonal contact with Leyland. He used to drive to Leyland in the morn-
ing with an idea and would speak personally to the staff there who
would thenmanufacture a new prototype by handwhile Robertshaw
took lunch in a local pub. Hewould then return toManchester for the
afternoon list and try it out in a few patients.

After two and a half years of work, his design was finalized. The
new tubesweremade of a new rubber compound, whichwas slightly
firmer and not as easily damaged by boiling as other contemporaries.
They were also significantly cheaper than the Carlens tube to manu-
facture. Robertshawhad settled on a new color-coding scheme for his
two cuffs, which is now almost universally adopted. The tracheal cuff
was red due to the color of the rubber, but he chose blue for the bron-
chial cuff, although confusingly some of the early production tubes
were colored the opposite way. He could not have envisaged it at
the time, but the blue color would prove to be the perfect choice be-
cause it contrasts well with the pink bronchial mucosa when
inspected using a fiberoptic bronchoscope. He designed left- and
right-sided tubes and envisaged that the left-sided one would be
used most often (the opposite of Bryce-Smith's most recent pub-
lished opinion). The left-sided tube had an angle of 45° at the carina,
and it did not possess a carinal hook. The right-sided tube had an
angle of 20° at the carina and possessed the slotted cuff of the
Green-Gordon tube.

Robertshaw had addressed the problem of cuff herniation with
the different rubber used in the manufacture of his tubes, and com-
ments in his article stated that whereas bronchial cuff overinflation
must be avoided, inflating the cuff firmly both enhances the seal of
the cuff against the mucosa and opens the slot rather than the re-
verse. Robertshaw had also successfully tested his tube with large
bore suction, which negated the problem of applying large negative
pressures to the whole lung should a narrower tube be used. Finally,
he publishedwith his design description flow resistance data demon-
strating that his tubes offered significantly lower resistance than the
Carlens tube. Again, unforeseen at the time, the wide lumens would
easily permit the passage of modern fiberoptic bronchoscopes, as
well as allowing today's anesthetists to tackle end-stage emphysema
patients for lung volume reduction surgery and lung transplantation.

In 1962, with Eric Carlens' approval, Robertshaw published his
design.29 Hewas a verymodest man, and accordingly, he did not pat-
ent any of his tubes because he considered that he had simply modi-
fied Eric Carlens' tube and incorporated the best aspects of other
tubes already in use. He had also used an established manufacturing

process to keep costs down which proved a problem some 30 years
later, after his death, when Rüsch, who manufactured the Carlens
tube in Germany, bought out and closed down the Leyland rubber
company in the early 1990s. When Rüsch subsequently began mar-
keting their own version of the “Robertshaw” tube, this led to fierce
arguments over the ownership of the design. Rüsch had incorrectly
based their tube mainly on the Carlens extrusion without the carinal
hook, and so it deviated significantly from Robertshaw's final prod-
uct. A group of ex-Leyland employees set up their own rubber
manufacturing company called Phoenix Medical, and with a little
help from friends in anesthesia, they were able to make subtle alter-
ations in the design of the Leyland tubes so that they became Phoenix
Robertshaw tubes (Figure 17).28 Phoenix Medical is now part of “P3
Medical” that also makes sterile rubber disposable tubes, which per-
form in the same way as the Robertshaw originals. They can also
make rarer tubes to order such as the Green-Gordon and the
Macintosh-Leatherdale, and interestingly, they are virtually the only
manufacturer of veterinary tracheal tubes, from 2.5 to 40mm cuffed.28

Robertshaw tubes entered widespread clinical practice quickly
and became popular both with thoracic and nonspecialist anesthe-
tists. Zeitlin and coworkers30 evaluated the Robertshaw tubes and
confirmed their advantages in 1965. A review published in 1979 re-
vealed that the Robertshaw tubes were by far the most popular of
the DLTs in use at that time in Great Britain.31 Despite other develop-
ments, a review in 1988 demonstrated that the right-sided
Robertshaw tube had the best safetymargin for right upper lobe ven-
tilation of all the DLTs available on the market.32

The manufacture of both standard endotracheal tubes and the
more specialized DLTs has changed gradually from rubber to plastic.
The first successful plastic tube was based on the Robertshaw design
and was manufactured by the National Catheter Corporation of
America, which later became part of Mallinckrodt and is now
owned by Covidien.33 They approached Robertshaw for advice
when they were designing their tube, and he was happy to give it.

Fig. 16. Comparison of three DLTs in cross section. Author's own material. The
Robertshaw tube incorporated Carlens’ design; however, the lumens were side by
side and the pilot tubes were incorporated into the rubber walls.

Fig. 17. Phoenix Robertshaw tubes and with endobronchial cuff inflated (author's own
material). This is now in use worldwide in thoracic anesthesia.
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faculty, lecture-based instruction/videos, and the use of
bronchoscopy texts were found to enhance training experience
in a survey of 59 pulmonary fellows.66 Even though anesthesia
simulators remain in development, they can contribute sig-
nificantly to the improvement of performance, and preliminary
evidence indicates reliability and validity to evaluate clinical
competence.65,67 To practice FOB techniques, it is recom-
mended that trainees participate in at least 20 cases in which
FOB is performed in the operating room by a thoracic surgeon
or anesthesiologist using a video monitor screen and a
minimum of 20 cases on a simulator with specialist gui-
dance.39 The AirSim Bronchi airway simulator (TruCorp Ltd,
Belfast, Northern Ireland) has shown promise for training in
lung isolation techniques. These include FOB and placement
of left- and right-sided DLTs and BBs, with checklists and
detailed scoring systems for assessment of performance.68

Special Situations

Difficult Airways

It is important to remember that there are very few absolute
requirements for lung isolation; therefore, it might be that
patient safety needs to be prioritized over lung isolation if a
patient is considered to have a difficult airway.56

In lung isolation in the setting of a difficult airway, an SLT
inserted either orally or nasally may be used to establish
control of the airway, and then a BB may be inserted to obtain
isolation. Therefore, difficult airway guidelines apply to
placing an SLT, potentially the performance of an awake
fiberoptic intubation or laryngeal mask airway exchange
technique. Alternative approaches to achieving lung isolation
in patients with difficult airways include SLT intubation
followed by airway exchange techniques to a DLT, bronchial
blockade through a laryngeal mask airway, or the use of
videolaryngoscopy for intubation.69 If an airway exchange
catheter is used, then the type and size should be considered
because catheters that are too thin may not be robust enough to
prevent kinking when railroading a DLT over them.70

Tracheostomies

There are a number of approaches to obtain lung isolation in
patients with a tracheostomy. The tracheostomy tube can be
exchanged with a different airway such as a standard tracheal
tube (through which a BB can be passed), a DLT, or Univent
tube (Fuji Systems). When removing the tracheostomy tube,
the careful use of an airway exchange catheter along with an
awareness of the relatively short distance between stoma and
carina will aid in the correct and safe placement of the lung
isolation device.
If choosing not to remove the tracheostomy tube, if the

tracheostomy tube can be connected to standard connectors, a
BB could be passed through it. If the larynx is patent, to avoid
removal of the tracheostomy tube, a BB could be passed
through the vocal cords into the appropriate bronchus after
temporary tracheostomy cuff deflation.

When possible, tracheostomy tube removal and replacement
with a lung isolation device should be avoided if the
tracheostomy stoma has been formed recently or is compli-
cated by surgical or patient factors.71 In patients who undergo
laryngectomy, a DLT can be used through the tracheostomy.
However, a normal-sized DLT placed through a tracheostomy
stoma is prone to malposition because of the shortened length
of the upper airway. Shortened DLTs are available that are
designed specifically for use with tracheostomies and are more
anatomically suitable (Fig 11).56,69

Pediatrics

Pediatric and adult anatomic differences were discussed
earlier in the anatomy section. In infants and small children,
bronchial diameter is not reliably related to tracheal diameter,
making it difficult to provide lung isolation using a DLT.
Therefore SLT and intubation of a main bronchus or extra-
luminal use of a BB are more suited to obtaining lung
isolation.17,72 The smallest DLT manufactured is 26-F and
currently is recommended to be used in children meeting 2 of
the following criteria: 8 years or older, weighing more than 30
kg, and measuring 130 cm or taller in height.73,74 In Boston’s
Children’s Hospital a 26-F DLT was used successfully in a
patient who weighed only 23.3 kg, although this patient met
the other 2 criteria.74

The problems associated with the use of a bronchially
placed SLT include failure to achieve an adequate seal,
especially with uncuffed tracheal tubes, and hypoxia related
to obstruction of an orifice of an upper lobe bronchus with
failure to ventilate the upper lobe.41 In 2005, a study examined
the use of the 5-F Arndt BB in 24 children ages 2 to 16 years.
The trachea was intubated with a standard, appropriately sized
tracheal tube, and then a 2.2- or 2.8-mm FOB was used for
placement of the BB. This approach allowed for successful
lung isolation in 23 of 24 children. In 3 children, malposition
as a result of migration of the BB occurred intraoperatively,
but repositioning could be performed using FOB.73 Difficulties
associated with technique include decreased ventilation during
placement; potential for complete airway obstruction if the

Fig 11. A right-sided DLT for insertion using a tracheostomy manufactured by
Sumi, Sulejówek, Poland. Image supplied by and used with permission
from Sumi.
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intraoperatively. Several reports highlight the poten-
tial utility of this device to decrease the need for 
bronchoscopy during initial tube placement and con-
!rmation of DLT position.11–13

Other studies of this tube have compared it favor-
ably to conventional Robertshaw DLTs14 and found 
that it can be cost-effective when compared to rou-
tine Robertshaw/!ber-optic bronchoscope (FB) 
approaches.15 In addition to decreasing the need for 
perioperative FB, the VivaSight can also guide BB 
placement by visualization of BB position at the cari-
nal level.16 This real-time continuous monitoring of BB 
position can be useful during right-side isolation with 
a BB because the margin for malposition is smaller. 
The VivaSight-DL may also be useful in verifying 
tube position during procedures in which the head of 
the patient is away from the anesthesia workstation, 
such as in some robotic surgical procedures.

Figure 1 shows a single-use replica of the original 
red rubber Robertshaw design DLT (P3 Medical), 
which is less likely to be displaced intraoperatively. 
The right-sided version of the tube has a longer venti-
lating slot to increase the chance of alignment with the 
right upper lobe ori!ce.

The ECOM double-lumen endobronchial tube DLT 
(ECOM Medical, Inc.) has electrodes on the bron-
chial cuff that enable real-time monitoring of imped-
ance changes from the ascending aorta and provides 
an estimate of the cardiac output.17,18 This tube can 
potentially be useful during lung transplantation and 

off-pump cardiac surgery, during which lung collapse 
is required, or for patients with cardiac comorbidities 
who undergo lung resection.

Selection of DLT Size: Formulas, CT Scan, and 
Ultrasound
 To provide lung separation, an appropriately sized 
DLT must be selected. Too large a tube may result in 
herniation of the bronchial cuff and/or cause tracheal 
or bronchial damage, while an undersized tube may 
dislocate intraoperatively with failure of lung sepa-
ration.19–21 The optimal size of DLT should allow the 
bronchial lumen to pass into the desired main stem 
bronchus with minimal resistance and permit a bron-
chial seal when the bronchial cuff is in#ated.22

Chest Imaging as a Guide for DLT Selection
No consensus exists as to how to best determine DLT 
size, and most anesthesiologists choose the DLT size 
based on their personal experience. Use of the follow-
ing height/gender criteria,23 “women <1.6 m (63 in), 
35 Fr; women >1.6 m, 37 Fr; men <1.7 m (67 in), 39 Fr; 
and men >1.7 m, 41 Fr,” resulted in a >90% incidence 
of successful positioning and a similar rate of effective 
lung separation.24

Although the size of the LMB is a relevant fac-
tor when sizing a DLT, unlike the trachea, it is not 
clearly visible on chest X-ray in >50% of cases. 
However, since tracheal width is closely correlated 
with LMB width, LMB width has been estimated as 

Figure 1. Novel DLTs. CO indicates cardiac output; DLT, double-lumen tube; ET, endotracheal tube; FB, !ber-optic bronchoscope; L-DLT, left-
sided double-lumen tube.Cohen E. Anesth Analg 2021 Dec 1;133(6):1520-1531 
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• Pas de formule magique
• en général, selon la taille/sexe  du(la) patient(e)
• cas particuliers: mesures radiologiques

each time a DLT is placed and again when the patient is
repositioned.

The most common problems and complications associated
with the use of a DLT are malposition and airway trauma. A
malpositioned DLT will fail to allow collapse of the lung,
causing gas trapping during positive-pressure ventilation, or it
may partially collapse the ventilated or dependent lung, pro-
ducing hypoxemia. Common causes of malposition are dis-
lodgement of the endobronchial cuff because of overinflation,
surgical manipulation, or extension of the head and neck during
or after patient positioning. Fiberoptic bronchoscopy is the
recommended method to diagnose and correct intraoperative
malposition of DLTs. If a DLT is malpositioned, there is a
greater likelihood of hypoxemia during OLV.11 If a DLT is in
the optimal position but lung deflation is not completely
achieved, a suction catheter should be passed to the side where
lung collapse is supposed to occur. This suction will expedite
lung deflation. The suction catheter must then be removed to
avoid including it in a suture line.

Airway trauma and rupture of the membranous part of the
trachea or the bronchus are potential complications with
DLTs.12 Airway trauma can occur from an oversized DLT or
when an undersized DLT migrates distally into the bronchus
and the main (ie, tracheal) body of the DLT enters the bron-
chus, producing lacerations or rupture of the airway. Airway
damage during the use of DLTs can present with an unexpected
air leak, subcutaneous emphysema, airway bleeding, protrusion

of the DLT cuffs into the surgical field, or contralateral tension
pneumothorax.13 However, the overall incidence of significant
complications caused by DLTs is extremely low.9

BBS

The common alternative technique to achieve lung separa-
tion involves blockade of a mainstem bronchus to allow lung
collapse. BBs also can be used to achieve selective lobar
collapse if necessary.1 There are specific situations in which a
BB may be preferred to a DLT such as patients with previous
oral and/or neck surgery who present with a challenging airway
and require lung separation for intrathoracic surgery. In these
cases, the use of a single-lumen endotracheal tube during an
awake nasotracheal or orotracheal intubation or via tracheos-
tomy secures the airway, and, thereafter, an independent bron-
chial blocker can be placed to achieve lung separation. Another
group of patients who may benefit from the use of BBs are
those cancer patients who have undergone a previous contralat-
eral pulmonary resection. In such cases, selective lobar block-
ade with a BB in the ipsilateral side improves oxygenation and
facilitates surgical exposure. BBs are most commonly used
intralumenally (coaxial) with a single-lumen tube. They can
also be placed separately thorough the glottis or tracheostomy
exterior to a single-lumen tube. This allows the use of a smaller
single-lumen tube and is often an option in pediatrics. Another
advantage of the BBs is when postoperative mechanical venti-
lation is being considered after prolonged thoracic or esopha-
geal surgery. In many instances, these patients have an edem-
atous upper airway at the end of the procedure. If a BB is used,
there is no need to change the endotracheal tube, and there is no
risk of losing the airway during a tube change. Table 4 de-
scribes the characteristics of the new BBs. The smallest inter-
nal diameter (ID) of endotracheal tube that will allow pas-
sage of both a BB and a fiberoptic bronchoscope depends on
the diameters of the bronchoscope and blocker. For standard
adult 9F blockers, an endotracheal tube with a !7.0-mm ID
can be used with a bronchoscope with a "4-mm diameter.
Larger bronchoscopes will require an endotracheal tube with
a !7.5-mm ID. All blockers need to be well lubricated
before placement.

Table 2. The Selection of DLT Size Based on Adult Patients’
Sex and Height

Sex Height (cm) Size of DLT (F)

Female "160 (63 in)* 35
Female !160 37
Male "170 (67 in)† 39
Male !170 41

*For females of short stature ("152 cm or 60 in), examine bronchial
diameter on computed tomography scan, consider 32F.

†For males of short stature ("160 cm), consider 37F.

Table 1. Comparative Diameters of Single- and Double-Lumen
Tubes

Single-Lumen
Tubes DLTs

ID (mm) ED (mm)
French
Size (F)

Double-Lumen
ED (mm)

Bronchial Lumen
ID (mm)

FOB Size
(mm)

6.5 8.9 26 8.7 3.2 2.4
7.0 9.5 28 9.3 3.4 2.4
8.0 10.8 32 10.7 3.5 2.4
8.5 11.4 35 11.7 4.3 !3.5
9.0 12.1 37 12.3 4.5 !3.5
9.5 12.8 39 13.0 4.9 !3.5

10.0 13.5 41 13.7 5.4 !3.5

NOTE. Double-lumen ED # approximate external diameter of the
double-lumen portion of the tube. FOB size # maximal diameter of
fiberoptic bronchoscope that will pass through both lumens of a
given size of DLT.

Abbreviations: ED, external diameter; ID, internal diameter.

Table 3. Indications for a Right-Sided DLT*

Distorted anatomy of the entrance of the left mainstem bronchus
External or intraluminal tumor compression
Descending thoracic aortic aneurysm

Site of surgery involving the left mainstem bronchus
Left lung transplantation
Left-sided tracheobronchial disruption
Left-sided pneumonectomy†
Left-sided sleeve resection

*This is a common clinical practice pattern for using right-sided
DLTs and assumes normal tracheobronchial anatomy, specifically a
normal position of the orifice of the right upper lobe. However, some
clinicians prefer to use right DLTs for all left-sided surgery.

†It is possible to manage a left pneumonectomy with a left-sided
DLT or bronchial blocker. However, the DLT or blocker will have to be
withdrawn before stapling the left mainstem bronchus.
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each time a DLT is placed and again when the patient is
repositioned.

The most common problems and complications associated
with the use of a DLT are malposition and airway trauma. A
malpositioned DLT will fail to allow collapse of the lung,
causing gas trapping during positive-pressure ventilation, or it
may partially collapse the ventilated or dependent lung, pro-
ducing hypoxemia. Common causes of malposition are dis-
lodgement of the endobronchial cuff because of overinflation,
surgical manipulation, or extension of the head and neck during
or after patient positioning. Fiberoptic bronchoscopy is the
recommended method to diagnose and correct intraoperative
malposition of DLTs. If a DLT is malpositioned, there is a
greater likelihood of hypoxemia during OLV.11 If a DLT is in
the optimal position but lung deflation is not completely
achieved, a suction catheter should be passed to the side where
lung collapse is supposed to occur. This suction will expedite
lung deflation. The suction catheter must then be removed to
avoid including it in a suture line.

Airway trauma and rupture of the membranous part of the
trachea or the bronchus are potential complications with
DLTs.12 Airway trauma can occur from an oversized DLT or
when an undersized DLT migrates distally into the bronchus
and the main (ie, tracheal) body of the DLT enters the bron-
chus, producing lacerations or rupture of the airway. Airway
damage during the use of DLTs can present with an unexpected
air leak, subcutaneous emphysema, airway bleeding, protrusion

of the DLT cuffs into the surgical field, or contralateral tension
pneumothorax.13 However, the overall incidence of significant
complications caused by DLTs is extremely low.9

BBS

The common alternative technique to achieve lung separa-
tion involves blockade of a mainstem bronchus to allow lung
collapse. BBs also can be used to achieve selective lobar
collapse if necessary.1 There are specific situations in which a
BB may be preferred to a DLT such as patients with previous
oral and/or neck surgery who present with a challenging airway
and require lung separation for intrathoracic surgery. In these
cases, the use of a single-lumen endotracheal tube during an
awake nasotracheal or orotracheal intubation or via tracheos-
tomy secures the airway, and, thereafter, an independent bron-
chial blocker can be placed to achieve lung separation. Another
group of patients who may benefit from the use of BBs are
those cancer patients who have undergone a previous contralat-
eral pulmonary resection. In such cases, selective lobar block-
ade with a BB in the ipsilateral side improves oxygenation and
facilitates surgical exposure. BBs are most commonly used
intralumenally (coaxial) with a single-lumen tube. They can
also be placed separately thorough the glottis or tracheostomy
exterior to a single-lumen tube. This allows the use of a smaller
single-lumen tube and is often an option in pediatrics. Another
advantage of the BBs is when postoperative mechanical venti-
lation is being considered after prolonged thoracic or esopha-
geal surgery. In many instances, these patients have an edem-
atous upper airway at the end of the procedure. If a BB is used,
there is no need to change the endotracheal tube, and there is no
risk of losing the airway during a tube change. Table 4 de-
scribes the characteristics of the new BBs. The smallest inter-
nal diameter (ID) of endotracheal tube that will allow pas-
sage of both a BB and a fiberoptic bronchoscope depends on
the diameters of the bronchoscope and blocker. For standard
adult 9F blockers, an endotracheal tube with a !7.0-mm ID
can be used with a bronchoscope with a "4-mm diameter.
Larger bronchoscopes will require an endotracheal tube with
a !7.5-mm ID. All blockers need to be well lubricated
before placement.

Table 2. The Selection of DLT Size Based on Adult Patients’
Sex and Height

Sex Height (cm) Size of DLT (F)

Female "160 (63 in)* 35
Female !160 37
Male "170 (67 in)† 39
Male !170 41

*For females of short stature ("152 cm or 60 in), examine bronchial
diameter on computed tomography scan, consider 32F.

†For males of short stature ("160 cm), consider 37F.

Table 1. Comparative Diameters of Single- and Double-Lumen
Tubes

Single-Lumen
Tubes DLTs

ID (mm) ED (mm)
French
Size (F)

Double-Lumen
ED (mm)

Bronchial Lumen
ID (mm)

FOB Size
(mm)

6.5 8.9 26 8.7 3.2 2.4
7.0 9.5 28 9.3 3.4 2.4
8.0 10.8 32 10.7 3.5 2.4
8.5 11.4 35 11.7 4.3 !3.5
9.0 12.1 37 12.3 4.5 !3.5
9.5 12.8 39 13.0 4.9 !3.5

10.0 13.5 41 13.7 5.4 !3.5

NOTE. Double-lumen ED # approximate external diameter of the
double-lumen portion of the tube. FOB size # maximal diameter of
fiberoptic bronchoscope that will pass through both lumens of a
given size of DLT.

Abbreviations: ED, external diameter; ID, internal diameter.

Table 3. Indications for a Right-Sided DLT*

Distorted anatomy of the entrance of the left mainstem bronchus
External or intraluminal tumor compression
Descending thoracic aortic aneurysm

Site of surgery involving the left mainstem bronchus
Left lung transplantation
Left-sided tracheobronchial disruption
Left-sided pneumonectomy†
Left-sided sleeve resection

*This is a common clinical practice pattern for using right-sided
DLTs and assumes normal tracheobronchial anatomy, specifically a
normal position of the orifice of the right upper lobe. However, some
clinicians prefer to use right DLTs for all left-sided surgery.

†It is possible to manage a left pneumonectomy with a left-sided
DLT or bronchial blocker. However, the DLT or blocker will have to be
withdrawn before stapling the left mainstem bronchus.
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each time a DLT is placed and again when the patient is
repositioned.

The most common problems and complications associated
with the use of a DLT are malposition and airway trauma. A
malpositioned DLT will fail to allow collapse of the lung,
causing gas trapping during positive-pressure ventilation, or it
may partially collapse the ventilated or dependent lung, pro-
ducing hypoxemia. Common causes of malposition are dis-
lodgement of the endobronchial cuff because of overinflation,
surgical manipulation, or extension of the head and neck during
or after patient positioning. Fiberoptic bronchoscopy is the
recommended method to diagnose and correct intraoperative
malposition of DLTs. If a DLT is malpositioned, there is a
greater likelihood of hypoxemia during OLV.11 If a DLT is in
the optimal position but lung deflation is not completely
achieved, a suction catheter should be passed to the side where
lung collapse is supposed to occur. This suction will expedite
lung deflation. The suction catheter must then be removed to
avoid including it in a suture line.

Airway trauma and rupture of the membranous part of the
trachea or the bronchus are potential complications with
DLTs.12 Airway trauma can occur from an oversized DLT or
when an undersized DLT migrates distally into the bronchus
and the main (ie, tracheal) body of the DLT enters the bron-
chus, producing lacerations or rupture of the airway. Airway
damage during the use of DLTs can present with an unexpected
air leak, subcutaneous emphysema, airway bleeding, protrusion

of the DLT cuffs into the surgical field, or contralateral tension
pneumothorax.13 However, the overall incidence of significant
complications caused by DLTs is extremely low.9

BBS

The common alternative technique to achieve lung separa-
tion involves blockade of a mainstem bronchus to allow lung
collapse. BBs also can be used to achieve selective lobar
collapse if necessary.1 There are specific situations in which a
BB may be preferred to a DLT such as patients with previous
oral and/or neck surgery who present with a challenging airway
and require lung separation for intrathoracic surgery. In these
cases, the use of a single-lumen endotracheal tube during an
awake nasotracheal or orotracheal intubation or via tracheos-
tomy secures the airway, and, thereafter, an independent bron-
chial blocker can be placed to achieve lung separation. Another
group of patients who may benefit from the use of BBs are
those cancer patients who have undergone a previous contralat-
eral pulmonary resection. In such cases, selective lobar block-
ade with a BB in the ipsilateral side improves oxygenation and
facilitates surgical exposure. BBs are most commonly used
intralumenally (coaxial) with a single-lumen tube. They can
also be placed separately thorough the glottis or tracheostomy
exterior to a single-lumen tube. This allows the use of a smaller
single-lumen tube and is often an option in pediatrics. Another
advantage of the BBs is when postoperative mechanical venti-
lation is being considered after prolonged thoracic or esopha-
geal surgery. In many instances, these patients have an edem-
atous upper airway at the end of the procedure. If a BB is used,
there is no need to change the endotracheal tube, and there is no
risk of losing the airway during a tube change. Table 4 de-
scribes the characteristics of the new BBs. The smallest inter-
nal diameter (ID) of endotracheal tube that will allow pas-
sage of both a BB and a fiberoptic bronchoscope depends on
the diameters of the bronchoscope and blocker. For standard
adult 9F blockers, an endotracheal tube with a !7.0-mm ID
can be used with a bronchoscope with a "4-mm diameter.
Larger bronchoscopes will require an endotracheal tube with
a !7.5-mm ID. All blockers need to be well lubricated
before placement.

Table 2. The Selection of DLT Size Based on Adult Patients’
Sex and Height

Sex Height (cm) Size of DLT (F)

Female "160 (63 in)* 35
Female !160 37
Male "170 (67 in)† 39
Male !170 41

*For females of short stature ("152 cm or 60 in), examine bronchial
diameter on computed tomography scan, consider 32F.

†For males of short stature ("160 cm), consider 37F.

Table 1. Comparative Diameters of Single- and Double-Lumen
Tubes

Single-Lumen
Tubes DLTs

ID (mm) ED (mm)
French
Size (F)

Double-Lumen
ED (mm)

Bronchial Lumen
ID (mm)

FOB Size
(mm)

6.5 8.9 26 8.7 3.2 2.4
7.0 9.5 28 9.3 3.4 2.4
8.0 10.8 32 10.7 3.5 2.4
8.5 11.4 35 11.7 4.3 !3.5
9.0 12.1 37 12.3 4.5 !3.5
9.5 12.8 39 13.0 4.9 !3.5

10.0 13.5 41 13.7 5.4 !3.5

NOTE. Double-lumen ED # approximate external diameter of the
double-lumen portion of the tube. FOB size # maximal diameter of
fiberoptic bronchoscope that will pass through both lumens of a
given size of DLT.

Abbreviations: ED, external diameter; ID, internal diameter.

Table 3. Indications for a Right-Sided DLT*

Distorted anatomy of the entrance of the left mainstem bronchus
External or intraluminal tumor compression
Descending thoracic aortic aneurysm

Site of surgery involving the left mainstem bronchus
Left lung transplantation
Left-sided tracheobronchial disruption
Left-sided pneumonectomy†
Left-sided sleeve resection

*This is a common clinical practice pattern for using right-sided
DLTs and assumes normal tracheobronchial anatomy, specifically a
normal position of the orifice of the right upper lobe. However, some
clinicians prefer to use right DLTs for all left-sided surgery.

†It is possible to manage a left pneumonectomy with a left-sided
DLT or bronchial blocker. However, the DLT or blocker will have to be
withdrawn before stapling the left mainstem bronchus.
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• contrôle fibroscopique 
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TDL: contrôle fibroscopique

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



TDL droit: particularités

• Choix du tube
• Ventilation du LSD
• Stabilité lors des 

manipulations, du 
positionnement
• Contrôle fibroscopique 

indispendable

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



TDL: complications de positionnement
Malposition
• Échec exclusion
• Exclusion partielle poumon 

dépendant, exclusion LSD
• Obstruction trachéale

=> hypoxémie

Causes
• Hyperinflation ballonnet bronchique
• Extension cervicale à la mise en DL
• Manipulation chirurgicale

Anesthesiology, 3e edition, 2018 McGraw Hill: David E. Longnecker et al



TDL: complications traumatiques

• Lésions du larynx
• Lésions trachéales (partie 

membraneuse)
• Lésions bronchiques

• Pneumothorax du poumon 
dépendant

Fitzmaurice and Brodsky, 1999: principales causes
• Sous-estimation taille
• Femmes
• 35 Fr ou 37 Fr



Bloqueurs bronchiques

• alternative aux TDL
• utilisation avec un tube monolumière
• occlusion bronche souche
• ballonnet distal 
• lumière interne (aspiration, O2)
• fibroscope



Bloqueurs bronchiques: indications générales

• Airway et/ou intubation difficile
• Post laryngectomie
• Trachéostomie
• Immobilisation cervicale
• Obésité morbide
• Pédiatrie



Bloqueurs bronchiques
• 4 modèles

• Cohen Flex-Tipp blocker
(taille 9 Fr)

• EZ-Blocker
(taille 7 Fr)

• Arndt blocker
(taille 5, 7, 9 Fr)

• Fuji Uniblocker
(taille 4, 5 et 9 Fr)



EZ-Blocker

• 4 lumières, 7 Fr
• forme en Y avec double 

ballonnet, 4 cm
• radio opaque
• facilité
• stabilité



Comparatif: TDL vs BB

and 1 for delivery of supplemental oxygen and positive
pressure to the isolated lung or aspiration and suction. This
BB is supplied with an endobronchial tube adaptor to aid
introduction of the BB, FOB, or suction catheter.
Combined with the development of VDLT, there also is a

VivaSight (ETView) SLT with an embedded camera at the tip.
It is designed to allow for a continuous view of the trachea and
carina during surgery and placement of the BB. This also has
been studied recently, with the performance of intubation

through an iGel (Intersurgical, Wokingham, Berkshire, UK)
supraglottic airway without traditional laryngoscopy.64

A summary of the advantages and disadvantages of DLTs
and BBs for lung isolation is provided in Table 3.

Training

There are no formal training guidelines for FOB as
performed by anesthesiologists. One-to-one instruction by

Fig 10. EZ-Blocker bronchial blocker. The EZ-Blocker BB (Teleflex) consists of 4 lumens and a 7.0-F polyurethane catheter that ends in a Y shape. Each limb of
the Y has an inflatable cuff with a related color-coded pilot tube. Each limb also has 2 lumens: 1 is for cuff inflation and the other is for delivery of oxygen and
positive pressure to, or aspiration and suction from, the isolated lung. Image supplied by and used with permission from Teleflex.

Table 3
Advantages and Disadvantages of Double-Lumen Endobronchial Tubes and Bronchial Blockers for Lung Isolation

Double-Lumen Endobronchial Tube Bronchial Blocker

Advantages Disadvantages Advantages Disadvantages

Easier placement and quicker lung
isolation58,60,61

Greater incidence of sore throat and
hoarseness61-63

No requirement to change to
tracheal tube if postoperative
ventilation required39

Correct placement slower61

Drainage of isolated lung61 Increased risk of airway trauma61,62 Use in pediatrics and difficult
airways67

More frequently misplaced61

Less expensive than BBs Can be difficult or even impossible
to place63

EZ-Blocker is simpler to place with
less risk of intraoperative
movement63

More expensive than DLTs61

Reportedly increased speed of lung
deflation66

Extra airway procedure to exchange
ETT if postoperative ventilation
required66

One article reported no difference in
lung collapse scores between
devices62

Intraoperative repositioning more
frequently required62,63

Each lung can be inspected with the
bronchoscope59

Difficulty with insertion and
positioning in patients with
abnormal upper or lower airway
anatomy62

Cohen BB has multiple suction
ports that may improve time to
lung collapse62

Once the stylet is removed from
Arndt blockers, reinsertion
difficult66

Enables independent lung
ventilation in ICU58

Allows for selective lobar
blockade62

Most do not allow sequential
thoracotomies66

Collapsed lung can be deflated and
reinflated during the procedure58

Modest increase in deadspace and
resistance to flow66

Continuous positive-pressure
ventilation can be applied to
contralateral lung during OLV58

Significant increase in peak
pressures between BB (19
cmH2O) and DLT (16 cmH2O)

62

Allows anesthesiologist to safely
collapse and reinflate the operated
lung as often as needed during a
procedure58

Abbreviations: BB, bronchial blocker; DLT, double-lumen endobronchial tube; ETT, endotracheal tube; ICU, intensive care unit; OLV, one-lung ventilation.

D. Falzon et al. / Journal of Cardiothoracic and Vascular Anesthesia 31 (2017) 678–693 687

D. Falzon et al. JCVA 31, 2017: 678–693 



Papworth BiVent tube

• TDL supracarenal avec BB
• 1 lumière principale 

trachéale
• 1 ballonnet trachéal
• 1 petite lumière pour le BB



Conclusion

• Physiologie ventilation unipulmonaire

• Ventilation protectrice poumon dépendant

• Algorythme thérapeutique en cas d’hypoxémie

• TIVA  ou  Anesthésie inhalatoire



Conclusion

• Anatomie et endo anatomie 
trachéobronchique

• Techniques d’exclusion/isolation 
pulmonaire

• Fibroscopie bronchique


