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Objectives

• General considerations


• Define: 


• Ultrasound generation, frequency, wavelength, 
attenuation, Doppler


• Image optimization


• Image interpretation


• Needle insertion and injection



Peripheral Nerve Stimulator


Ultrasound guided regional anesthesia

Evolution



Peripheral Nerve Stimulator
Current intensity


For localizing the nerve: 


between 0.5 and 2 mA


For avoiding intraneural needle positioning:


between 0.3 and 0.5 mA




PNB with

Peripheral Nerve Stimulator

Several disadvantages


Blind technique (anatomic variations?)


Dependent of normal functioning nerves


Large volumes of LA (risk of LAST)



PNB with

Ultrasound

• Landmark technique


• Several disadvantages


• Blind technique (anatomic variations)


• Dependent of normal functioning nerves


• Large volumes of LA (risk of LAST)



ULTRASOUND



Ultrasound: physical definition

Infrasound

<20Hz

Ultrasound

>20,000Hz< <Audible sound
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The base

Knowledge of anatomy

 (and sonoanatomy)



REMEMBER!!

Anatomy varies 

and 


we are not all experts

Andreas Vesalius (Brussels1514- Zakinthos 1564) 

De humani corporis fabrica libri septem



UGRA: 10 Tasks

1. Visualize key landmarks structures:


            Blood vessels, bone, fascia, muscles


2. Identify nerves or plexus in SAX


3. Confirm normal anatomy or recognize variations


4. Plan for needle approach to avoid unnecessary trauma


5. Follow the needle under real-time visualization



UGRA: 10 Tasks

6. Consider a second confirmation technique


7. Hydrolocalisation


8. Follow the correct spread of local anesthetic


9. Maintain safety guidelines: resuscitation equipment, 
aspiration, test dosing, monitoring, patient response, 
injection characteristics


10.Maintain aseptic technique with respect to US 
equipment



Toxicity Chlorhexidine

…. and PNB





Levels of difficulties

• Deep blocks: degradation of US and needle image


            Patient-related factors like obesity


• Blocks near vital structures


• Small nerves


• Catheter-based techniques



Skills

• g



US machine and probes



+

-

Object

Electrical	energy Mechanical energy

Probe

Echoes are interpreted and processed by the US-machine



Piezoelectric effect

Piezoelectric element 


• deforms when subject to a voltage, creating a sound wave


• produces a voltage when deformed by a sound wave


• is sender and receiver

Electrical 

signal

Electrical 

signal

Sound 

wave

Sound 

vibration



US beam

• Pulsed beam

• Sends waves 1% of time


• Receives 99% of time


• Beam profile

• 3D approx. 1 mm thick


• Image produced is “2D”

• Tomographic slice

Ultrasonic Beam

• Pulsed beam

– sends waves 1% of time

– receives 99% of time

• Beam Profile

– 3D approx. 1 mm thick

– User controlled depth

• Image produced is “2D”

– Tomographic slice
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• All US-transducers contain a range of frequencies, 
termed bandwidth


• Medical US: 2-20MHz

Bandwidth



Spatial compound imaging



Image generation

usrabook.com

ScatteringAbsorption Reflection
Refraction RefractionRefraction

Reflection
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Penetrance - Resolution�
Frequency



Image optimization�
Lateral resolution

-2-objects discrimination depends of 


-the distance between individual piezoelectric crystals


-the distance between the objects

2 signals 1 signal



Image optimization - Focus

Ideal US-beam

Unfocused US-beam

Focused US-beam



Electronic Focus
Image optimization


= improved 

axial resolution

usrabook.com

Focus



• Definition: the reduction in power & intensity as 
sound travels through a medium


• Higher frequencies attenuate, or are adsorbed, faster 
than lower frequencies

Attenuation



Attenuation - tissue

Higher frequency = more attenuation

More attenuation = less penetration
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Velocity in medium

Material Velocity

(m/sec)

Fat 1460

Water 1480

Soft tissue

(average) 1540

Bone 4080

Ultrasound Pulse

Velocity


= determined by the material


Density
Stiffness


V=√
Average for soft tissue


1540m/s



Vessel recognition�
Color Doppler

Returning signal: lower frequency

Returning signal: higher frequency



Vessel recognition�
Color Doppler



Doppler

and


Angulation

Doppler frequency (fd) = 2 . ft . V . cos θ
c

θ
θ = angle of incidence 


between 

US-beam and flow-direction



On-Off

Gain

Depth

Frequency Focus

FreezeDoppler Enter

TGC



Gain

Depth

Frequency Focus

FreezeDoppler Enter

TGC

Focus



Gain
Depth

Frequency Focus

Freeze

Doppler

TGC

Focus
Frequency



1. Gain


= gray scale optimization by modulation 


of the returned US-signals 
Anechoic = black


Hypo-echoic = grey

Hyper-echoic = white



2. Focal zone



• The gain curve expected a certain attenuation with 
depth of travel


• Operator controlled adjustment to compensate for the 
attenuation 


• Must be adjusted manually

3. Time Gain Compensation



3. Time Gain Compensation

1

2

3

4

5

6

1

2

3

4

5

6



4. Depth

Increasing the depth:

Narrowed image to keep proportions


Reduced lateral resolution

Reduced axial resolution

3.0 cm5.0 cm6.5 cm



5. Frequency
The highest possible frequency 

related to the depth of the target



US-machine & Settings

• Choose transducer according to blocks’ and patient’s 
characteristics


• Position your target in the centre of the screen


• Set focal zones just above and below the target to optimize 
lateral image resolution


• Adjust TGC and gain to get the optimal view/contrast


• Adjust frequency to optimize penetrance & axial resolution


• US machine: be careful & keep clean



6. Machine dependent knobs





Skills



Direct visualization of anatomical structures


Dynamic tracing for confirmation / or not of anatomy


Doppler assessment of vascular structures


Different anatomical site evaluation for ease of block performance



Exploratory Scan
A

R

T

Alignment

Rotation

Tilting

Compression



Exploratory scan ≠ static



Exploratory scan = dynamic



Skills



• Not a “true” representation of the tissue imaged


• Artifacts to characterize tissue (medical diagnostic)

Artifacts�



Artifacts
  Acoustic enhancement


Increased through transmission of US-wave posterior to a weakly attenuating structure

  


Bright lines under the thick 
walled or compressed        
structures (ex. vessels)



Artifacts� 


  Acoustic shadowing

Diminished US posterior to a strongly reflecting or attenuating structure, resulting in a dark area

 

Strong reflextors: calcification, 
bone


Strong attenuators: solid tissue, 
dense masses



Artifacts: Anisotropy
T

Nerves

Tendons



Artifacts�
Reverbation

Artifacts 
Reverberation

• Multiple images under 
strong beam reflectors 
f.ex. pleura, needles or 
bones
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Artifacts�
Velocity changes

Bayonet artifact



�

Comet tail artifact

• The comet-tail artifact appears when there is a marked 
difference in acoustic impedance between an object 
and its surroundings. 

• Examples:
– In pulmonary edema, when the beam meets the sub-

pleural end of the thickened septum, it reflects 
indefinitely at a speed of 1,450 m/s, resulting in an 
artifact composed of all the micro-reflections or comet 
tail.

– Also used to identify pneumoperitoneum and 
pneumothorax.

Comet tail artifact in pulmonary edema

Comet tail artifact in pulmonary edema Artifacts: Ring down

• transmitted ultrasound energy causes resonant 
vibrations within fluid trapped between a tetrahedron 
of air bubbles. 

• These vibrations create a continuous sound wave that 
is transmitted back to the transducer and  are 
displayed as a line or series of parallel bands 
extending posterior to a gas collection.

• This is another type of reverberation artifact.



Artifacts�
Comet-tail artifact

Pleural effusion = none

Pneumothorax = none


Paremchymal lung disease = multiple



“Artifacts”�
Anatomy

Regional anesthesiologists diagnosing 


non-neural pathology


Reg Anesth Pain Med 2006;31:555-62



Skills



Ergonomics





US guided blocks�
Axis and Plane

SAX-IP SAX-OOP

LAX-IP
LAX-OOP



OOP (Crossing the plane)

45°



IP



Needle angulation and depth

50mm

30°
20°

10°

+2 +5 +8,5 +20,7

11
22

33
50

General rule (= 511 rule)

At 50mm depth


1° means a displacement of about 1mm 


Nerve

Skin

72mm

+50mm needle length 

60°

45°



Needle technique 




Ultrasound

• Visualisation of


• Nerve,  but not fasciculi


• Epineurium? Bigeleisen RAPM 2010


• Deep nerves? Resolution at low frequencies??


• Needle penetration into nerve???



Epineurium
Extrinsic blood vessels

Perineurium Fascicle
Connective tissue40X

4X



Thanks to 

M.A. Reina



Needle Technique
US-guided tangential needle approach to the nerve

IP

Anaesthesia. 2017 Apr; 72(4): 461-469

Direct

Tangential

Skin

Nerve







US & Injection 
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SM. The effect of alcohol swabs and filter straws on reducing
contamination of glass ampoules used for neuraxial injec-
tions. Anaesthesia 2007; 62: 286–8.
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Pneumothorax after an ultrasound-guided
lateral sagittal infraclavicular block

doi: 10.1111/j.1399-6576.2008.01732.x

Sir,
Lateral sagittal infraclavicular block (LSIB) is popular

because of easy landmarks, good analgesia of the hand and
forearm, lower patient discomfort than in the axillary app-
roach and low risk of pneumothorax.1–3 Imaging of the inserted
needle using in-plane ultrasound guidance should eliminate
this risk. To our knowledge, pneumothorax has not yet been
reported after ultrasound-guided brachial plexus blocks.

A 70-year-old male (height 175 cm, weight 70kg) presented
with right dislocated, comminute, supracondylar humerus frac-
ture after a fall. He was not fasting and reported daily alcohol
and tobacco abuse. The medical history and physical examina-
tion did not suggest any co-morbidities. He was scheduled for
LSIB and general anaesthesia. The block was performed by a
supervised resident. Axillary vessels were visualized in 4 cm
depth using a LOGIQe scanner (GE Medical Systems, Wuxi,
China) and a 8–13MHz linear transducer (12L-RS). An 80-mm
long, 22-gauge insulated needle was inserted into the transdu-
cer’s long plane, with an approximately 501 downwards angle
aimed posterior to the artery.4 The needle was poorly visible and
by observing tissue displacement the tip was advanced to ca.
6 cm depth. Injection of the first millilitres of ropivacaine did not
produce a typical anechogenic area. The staff anaesthesiologist
corrected the transducer’s position and re-inserted the needle at
a flatter angle, touching the arterial wall at 7 : 00hours. Ropiva-
caine was then injected spreading posteriorly and caudally to it.
The patient tolerated the procedure well and was subsequently
anaesthetized. Surgery took 210min. He woke up without pain,
breathing spontaneously and was transferred to the recovery
room. Two hours later, he returned to the surgical ward, receiving
oxygen through a face mask. Oxygen saturation during this
period was 92–93%, falling under 90% when he removed the
mask. A chest X-ray taken during the evening rounds revealed a
large right pneumothorax (Fig. 1). The pleura was drained, which
improved the patient’s saturation to 98%. Drainage continued
until discharge from the hospital 2 weeks later.

Two cases of pneumothorax are reported after nerve stimu-
lator-guided ‘coracoid’ blocks, where needles are inserted
vertically.5–6 Magnetic resonance imaging measurements for
LSIB suggested that the risk of pneumothorax is minimal if the
needle is not inserted deeper than 6.5 cm.1 In our patient, it was
approximately 6 cm. Two clinical studies,2,3 using a nerve
stimulator, suggested that dorsal needle inclination varies
from 0 to 45–461. It was approximately 501 in our patient due

to the pressure of the ultrasonic transducer. A steeper angle may
be a risk factor for pleural puncture because the needle’s
visibility in ultrasound deteriorates with an increasing angle.7

Other probable factors were resident training and late interven-
tion of the staff anaesthesiologist. Insufficient needle imaging
during advancement is the most common error observed during
novice training.8 Positive pressure ventilation could also con-
tribute to the development of this complication. It is also possible
that pneumothorax in this patient occurred spontaneously.

In conclusion, the presented case of pneumothorax after an
ultrasound-guided lateral, sagittal infraclavicular block should
alert anaesthesiologists to the fact that ultrasound is not fool-
proof. Consistent ‘real-time’ imaging of needle trajectory, iden-
tification of all neighbouring structures and recognition of an
initial spread of local anaesthetic are mandatory to prevent this
complication.

Z. J. Koscielniak-Nielsen
H. Rasmussen
L. Hesselbjerg
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Case Report

Intravascular Injection During Ultrasound-Guided Axillary
Block: Negative Aspiration Can Be Misleading

Christopher Robards, MD

Steven Clendenen, MD

Roy Greengrass, MD

Needle visualization is an advantage of ultrasound-guided nerve blocks compared
to traditional methods of nerve localization. However, visualization of local
anesthetic spread is also important. During an ultrasound-guided axillary block,
there was negative aspiration for blood. However, the absence of local anesthetic
spread on ultrasound imaging suggested possible intravascular injection. The
ultrasound transducer was removed from the patient’s arm and venous blood was
aspirated from the nerve block needle. Pressure applied to an ultrasound trans-
ducer can occlude venous structures making negative aspiration of blood unreli-
able for excluding intravascular needle placement.
(Anesth Analg 2008;107:1754–5)

Ultrasound guidance has advantages over tradi-
tional methods for localizing peripheral nerves. There
are studies demonstrating more rapid block place-
ment, faster block onset times, and reduction in the
dose of local anesthetic required.1–3 Needle visualiza-
tion is a specific advantage of ultrasound guidance
because it enables precise needle placement in prox-
imity of a target nerve. However, visualization of local
anesthetic spread is also important. Failure to observe
local anesthetic spread may be an indication of intra-
vascular injection. We present a case in which intra-
vascular injection of local anesthetic occurred and was
quickly detected despite negative aspiration for blood
during an ultrasound-guided axillary block.

CASE REPORT
A 54-yr-old 78 kg ASA physical class II patient was

scheduled for left small finger proximal interphalangeal
joint arthrodesis. The patient’s medical history was signifi-
cant for hypertension that was well controlled. The anes-
thetic plan included an ultrasound-guided axillary brachial
plexus block in combination with IV sedation. After attach-
ing electrocardiogram, noninvasive arterial blood pressure
monitors, and Spo2 and the administration of supplemental
oxygen, the patient was sedated with IV midazolam 2 mg
and fentanyl 100 mcg. The axillary artery and surrounding
nerves were easily visualized (Fig. 1) using ultrasound
guidance (Sonosite MicroMaxx, 13–6 MHz 38-mm broad-
band linear array transducer). A 22 gauge 2 in. (50 mm)
Stimuplex (B Braun, Bethlehem, PA) needle was inserted
using an in-plane approach from the anatomic lateral side of
the ultrasound probe. In an attempt to localize the ulnar
nerve, the needle was advanced past the axillary artery (Fig.

2). No motor response was obtained despite a stimulating
current of 0.5 mA, and an apparent intimate relationship
between needle tip and ulnar nerve. After negative aspira-
tion, 1 mL of ropivacaine 0.5% was injected without visual-
ization on the ultrasound monitor. After repeat negative
aspiration, another 2 mL of ropivacaine was injected without
visualization. Injection was halted, and the amount of pres-
sure applied to the skin with the ultrasound transducer was
reduced. The basilic vein, which had previously been col-
lapsed from transducer pressure, was visualized (Fig. 3)
with the stimuplex needle in its lumen. Aspiration at that
time revealed venous blood, and the needle was reposi-
tioned. The nerve block was completed and 30 mL of
ropivacaine 0.5% was injected with good visualization of
local anesthetic spread. The block proved to be adequate for
surgical anesthesia, and the patient did not exhibit any signs
of local anesthetic toxicity from the small amount of pre-
sumed intravascular injection.

DISCUSSION
Local anesthetic toxicity has been reported during

axillary nerve block despite negative aspiration of
blood.4,5 The mechanism of local anesthetic toxicity
from peripheral nerve block can be due to either a
direct intravascular injection or from systemic absorp-
tion of a toxic dose of local anesthetic. Toxicity from
direct intravascular injection typically occurs at the
time of injection, whereas toxicity from absorption
necessarily has a delayed onset. Two commonly used
measures to avoid direct intravascular injection in-
clude the addition of epinephrine to local anesthetics
and frequent aspiration for the presence of blood.
Although epinephrine may help identify an intravas-
cular injection, it has the potential to increase nerve
injury if injected intraneurally,6 and we do not typi-
cally add it to our local anesthetics. The Raj test is
commonly used to confirm appropriate local anes-
thetic spread,7 however, because there was no motor
response elicited at the time of injection, it was not
possible. The fact that we did not persist in attempts to
elicit a motor response was reasonable because we had
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visual confirmation of needle to nerve proximity by
ultrasound.8

A purported benefit of ultrasound guidance is that
its use will decrease complications. In this case, its use
may have increased the likelihood of an intravascular
injection but reduced the amount of intravascular
local anesthetic injected. With a nerve stimulator-
guided technique for an axillary block, the needle
insertion site is usually proximal to the palpating
fingers which either rest over or straddle the arterial
pulse. Because of that, the tissues underlying the
needle tip are not compressed, and aspiration of blood
would be more likely to occur if a vascular structure
was punctured. Using an in-line ultrasound-guided

approach, this is not the case. The needle tip is beneath
the probe at the time of injection. Aspiration may only
be possible when the pressure from the probe is
reduced, as in this case.

The fact that local anesthetic spread was not visu-
alized on ultrasound imaging alerted us to a possible
intravascular injection even though the needle ap-
peared to be correctly positioned near the ulnar nerve.
Although ultrasound guidance in regional anesthesia
clearly has its advantages (visualization of nerve,
needle, surrounding structures, and local anesthetic
spread), there are certain pitfalls that must be antici-
pated and avoided when incorporating its use into
practice.
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Figure 1. Axillary artery (red arrow) with surrounding
nerves and overlying compressed basilic vein (not seen).
Biceps muscle (B), coracobrachialis muscle (C), triceps
muscle (T), humerus (H), musculocutaneous nerve (MC),
median nerve (white arrow), ulnar nerve (yellow arrow).

Figure 2. Needle (arrow heads) during injection showing no
local anesthetic spread, axillary artery (red arrow), com-
pressed basilic vein (blue arrow). Biceps muscle (B), coraco-
brachialis muscle (C), triceps muscle (T).

Figure 3. Axillary artery (red arrow) with overlying basilic
vein (blue arrow). Biceps muscle (B), coracobrachialis
muscle (C), humerus (H).
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visual confirmation of needle to nerve proximity by
ultrasound.8

A purported benefit of ultrasound guidance is that
its use will decrease complications. In this case, its use
may have increased the likelihood of an intravascular
injection but reduced the amount of intravascular
local anesthetic injected. With a nerve stimulator-
guided technique for an axillary block, the needle
insertion site is usually proximal to the palpating
fingers which either rest over or straddle the arterial
pulse. Because of that, the tissues underlying the
needle tip are not compressed, and aspiration of blood
would be more likely to occur if a vascular structure
was punctured. Using an in-line ultrasound-guided

approach, this is not the case. The needle tip is beneath
the probe at the time of injection. Aspiration may only
be possible when the pressure from the probe is
reduced, as in this case.

The fact that local anesthetic spread was not visu-
alized on ultrasound imaging alerted us to a possible
intravascular injection even though the needle ap-
peared to be correctly positioned near the ulnar nerve.
Although ultrasound guidance in regional anesthesia
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To the Editor:

Vascular puncture and local anesthetic
injection during ultrasound-guided re-

gional anesthesia (RA) with subsequent
seizure have been recently reported,1 al-
though to our knowledge, there is no case
of cardiac arrest under ultrasound-guided
RA. We report a case of reversible cardiac
arrest during an ultrasound-guided sciatic
nerve block with ropivacaine.

CASE REPORT
An 82-year-old woman, height

163 cm, weight 45 kg, ASA III, was sched-
uled for an excision of toe osteophytosis.
Regional anesthesia was accepted by the
patient. Her medical history included ar-
terial hypertension and chronic atrial
fibrillation, but no ischemic heart disease
or neurologic alterations. In the operating
room, standard monitoring was applied.
She received oxygen 3 L/min via a face
mask. Two milligrams midazolam was in-
jected. A parasacral approach to the sci-
atic nervewas performed under ultrasound
guidance (10-MHz probe; Siemens Ultra-
sound Systems, Acuson CV70; Siemens
AG, Erlangen, Germany); using the in-
plane approach with a 22-gauge, 100-mm
insulated needle associated with neurosti-
mulation. A tibial nerve response was ob-
served. After repeated negative aspiration
tests, a mixture of 20 mL 0.5% ropivacaine
and 50 Kg clonidine was slowly injected
(around 90 secs). Immediately after the
injection, the patient had difficulties in
speaking, lost consciousness, and had a
generalizedtonic-clonicseizure.Maskven-
tilation with 100% oxygen and tracheal
intubation were performed after adminis-
tration of 325 mg thiopental and 100 mg
suxamethonium. The seizure stopped,
but approximately 1 min later, ventricular
fibrillation was observed. There was no
palpable pulse. Chest compressions were
started. Two defibrillations (200 and 300 J)
were necessary to return to the initial
rhythm of atrial fibrillation. Blood pres-
sure was 110/70 mm Hg; heart rate, 125
beats/min; and the SpO2, 99%. Infusion
of amiodarone 300 mg and 70 mL of intra-
lipid 20% (Baxter Deutschland GmbH,
Unterschleissheim, Germany) was admin-
istered during the transfer to the inten-
sive care unit under propofol (100 mg/hr).
Blood level of ropivacaine 15 min after
the injection was 2.48 mg/mL. Recov-
ery was uneventful, and the patient was
discharged on the day after her arrival in
intensive care unit without neurologic
sequelae.

In this case, we observed clear
sonogram images of the main structures
and with the in-plane approach2 could
follow the path of the needle throughout
the procedure. This information is not
available with neurostimulation alone.
The probe could have compressed vascular

structures on this elderly patient, prevent-
ing us from seeing an intravascular place-
ment of the needle. Modifications resulting
from the pressure exerted by the probe
have been suggested.2 The combined use
of neurostimulation involves movement
secondary to motor responses, which may
have contributed to an accidental intravas-
cular insertion of the needle. The high
blood level of ropivacaine may explain the
severe signs of toxicity. We also observed
rapid beneficial effects of lipid infusion
on cardiac resuscitation.3

CONCLUSION
This case demonstrates that use of

ultrasound guidance for RA does not al-
ways prevent the worst-case scenario. It
also emphasizes the usefulness of color-
flow analysis when initial injections have
distorted anatomic structures, the impor-
tance of prolonging the injection time of
the LA, and the beneficial effect of intra-
lipid as a part of resuscitation.
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lipid 20% (Baxter Deutschland GmbH,
Unterschleissheim, Germany) was admin-
istered during the transfer to the inten-
sive care unit under propofol (100 mg/hr).
Blood level of ropivacaine 15 min after
the injection was 2.48 mg/mL. Recov-
ery was uneventful, and the patient was
discharged on the day after her arrival in
intensive care unit without neurologic
sequelae.

In this case, we observed clear
sonogram images of the main structures
and with the in-plane approach2 could
follow the path of the needle throughout
the procedure. This information is not
available with neurostimulation alone.
The probe could have compressed vascular

structures on this elderly patient, prevent-
ing us from seeing an intravascular place-
ment of the needle. Modifications resulting
from the pressure exerted by the probe
have been suggested.2 The combined use
of neurostimulation involves movement
secondary to motor responses, which may
have contributed to an accidental intravas-
cular insertion of the needle. The high
blood level of ropivacaine may explain the
severe signs of toxicity. We also observed
rapid beneficial effects of lipid infusion
on cardiac resuscitation.3

CONCLUSION
This case demonstrates that use of

ultrasound guidance for RA does not al-
ways prevent the worst-case scenario. It
also emphasizes the usefulness of color-
flow analysis when initial injections have
distorted anatomic structures, the impor-
tance of prolonging the injection time of
the LA, and the beneficial effect of intra-
lipid as a part of resuscitation.
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parasacral approach = deep
difficult to see even with US
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Observe local anesthetic spread 

THROUGHOUT THE INJECTION


NOT only in the beginning



US & Nerve

Intraneural LA during injection 


= swelling of the nerve 0.5ml is reliably detected with US 
N.Moayeri et al.


