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A Pictorial Approach to Understanding
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The use of real-time ultrasound guidance in re-
gional anesthesia is growing in popularity. Par-

amount to the successful and safe use of ultrasound
is the appreciation and accurate interpretation of
common ultrasound-generated artifacts. An artifact
is any perceived distortion, error, or addition caused
by the instrument of observation (signal proces-
sor).1 Imaging artifacts can be considered display
phenomena, and, therefore, can potentially compli-
cate the planned procedure. There are 4 generic
categories of imaging artifacts:2 (1) Acoustic: error
in presentation of ultrasound information; (2) An-
atomic: error in interpretation (often called “pitfall”
error); (3) Optical illusion: error in perception; and
(4) Other: electrical noise.

This article builds on the fundamental principles
of ultrasound physics that are discussed in Part I of
this article.3 The objective of this article is to de-
scribe and illustrate many of the acoustic and ana-
tomic artifacts commonly encountered by the re-
gional anesthesiologist. In the process, we will offer
underlying physical explanations and describe prac-
tical tips on how to negotiate these often misleading
phenomena.

Acoustic Artifacts

Acoustic artifacts associated with performing re-
gional anesthesia can be further subdivided into 2
major categories: (1) Missing or falsely perceived
structures; and (2) degraded images. The reader
should note that different imaging artifacts may
have the same underlying physical mechanism.

Missing Structures or Falsely Perceived Objects

Overgain and undergain artifacts. Inappro-
priately low gain settings may result in the apparent
absence of an existing structure (i.e., “missing struc-
ture” artifact), whereas inappropriate high gain set-
tings can easily obscure existing structures.

Example 1: Figure 1 represents two identical im-
ages of the interscalene brachial plexus with the over-
all gain set too high (Fig 1A) and too low (Fig 1B).

Example 2: The incorrect use of the time gain
compensation (TGC) dials can create an image
wherein existing structures appear absent. In Figure
2, the fourth TGC button was turned down too low,
effectively abolishing the image of the nerve roots.
When the TGC was set correctly (Fig 3), the C5
through C7 nerve roots can easily be seen.

Clinical pearls: Gain adjustments are fraught with
potential artifact generation. Take advantage of the abil-
ity to control overall gain levels and TGC. Adjust the gain
settings to optimally define the structure of interest. The
usual pattern of the TGC dials is depicted in Figure 3B,
with a gradual increase in signal intensity; the near field
gain is turned down and the far field gain is increased in
a progressive fashion.

Lateral resolution artifacts. Lateral resolu-
tion refers to the system’s ability to distinguish 2
objects from one another when they exist in a
lateral to medial relationship.

Example 1: Figure 4B demonstrates the common
peroneal and tibial nerves as they appear in short
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REGIONAL ANAESTHESIA

Complications of peripheral nerve blocks
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Key points
† Serious complications of peripheral

nerve blocks include nerve injury,

catheter infection, bleeding, and LAST.

† Intraneural injection occurs frequently
with nerve stimulator or

ultrasound-guided techniques. It is

rarely associated with nerve injury.

† Lipid emulsion therapy is effective in
treating severe LAST.

Summary Complications of peripheral nerve blocks are fortunately rare, but can be
devastating for both the patient and the anaesthesiologist. This review will concentrate
on current knowledge about peripheral nerve injury secondary to nerve blocks,
complications from continuous peripheral nerve catheter techniques, and local
anaesthetic systemic toxicity.

Keywords: complications; nerve, damage (postoperative), local anaesthesia; regional
anaesthesia

Peripheral nerve injury
Peripheral nerve injury is an infrequent complication of
regional anaesthesia. Because neurological injuries after per-
ipheral nerve blocks are so rare, it is extremely difficult to
obtain reliable and consistent data about their incidence. Ret-
rospective studies estimate an incidence of 0.5–1.0%, but one
prospective study suggests an incidence of 10–15%.1 Inci-
dence clearly depends on the definition of nerve injury. For
major complications resulting in permanent nerve damage,
a 1.5/10 000 incidence has been reported.2 Fortunately,
most injuries are transient and often subclinical, or present
as mild mononeuropathies. The incidence of transient neuro-
logical deficits is higher, and the incidence of transient para-
esthesia might be as high as 8–10% in the immediate days
following the block.3 4 Whereas intraneural injections were
once considered forerunners of neural injury and practitioners
were careful to avoid them, they occurred despite the use of
nerve stimulation (NS) or ultrasound (US) guidance. Through
the use of US guidance, we have learned that intraneural
injections do not necessarily result in permanent injury.5 It
is also now possible to visualize and differentiate between
perineural (outside the nerve), intraneural (below the epineur-
ium), and intrafascicular (within the perineurium) injections,
and possibly determine their association with postoperative
neurological complications.

The progression from anatomic and paraesthesia tech-
niques to NS and then to US guidance has greatly improved
the success, onset, and quality of peripheral nerve blocks.6

Owing to the very low incidence of major complications
and the heterogeneity of studies performed, it is difficult
to conclude that US guidance improves the safety of periph-
eral nerve blocks. It most likely does improve safety,5 but
large trials would be required to demonstrate this. US gui-
dance offers the ability to visualize what has previously
been performed blindly. Practitioners are able to appreciate

the nerves and their adjacent structures, and determine the
location of the needle tip and observe the spread of local
anaesthetic. Even with these advances, it is interesting
that the incidence of neurological injury related to periph-
eral nerve blocks has not decreased. In a study of 1010
consecutive US-guided peripheral nerve blocks, including
single-shot and continuous interscalene, supraclavicular,
infraclavicular, femoral, and sciatic nerve blocks, the rate
of postoperative neurological complications was similar to
the low rates previously reported with traditional tech-
niques, possibly reflecting the fact that most post-block
neurological complications are the result of non-block
related causes.4 In a more recent study of more than
7000 peripheral nerve and plexus blocks performed with
US (13%), NS (30%), US with NS (50%), and other (7%) tech-
niques, 30 patients (0.5%) were referred for neurological
assessment. Of these 30 patients, only three met criteria
for nerve injury related to peripheral nerve block (0.04%
incidence). Although this does not demonstrate that US
improves the safety of blocks, it confirms that post-
peripheral nerve block neurological deficits are indeed
rare, and reminds us that neurological follow-up until resol-
ution or stabilization of the condition is mandatory.

Anatomic considerations
Why can we puncture nerves with impunity? In order to
understand neural injury, we need to examine nerve
anatomy (Fig. 1). Individual nerve fibres which are enveloped
by the endoneurium are organized within the fascicles sur-
rounded by the perineurium. These fascicles are embedded
within stromal tissue and surrounded by the epineurium.
The nerves in the axilla have little or no surrounding fascia
and there is a large amount of stroma around the fascicles.
A blunt needle piercing these nerves may be less likely to
puncture a fascicle. As the nerves are not constrained by a
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CASE REPORT

Symptomatic Axillary Hematoma After Ultrasound-
Guided Infraclavicular Block in a Patient with
Undiagnosed Upper Extremity Mycotic Aneurysms
Dave Gleeton, MD, Simon Levesque, MD, FRCPC, Claude A. Trépanier, MD, FRCPC,
Jean-Luc Gariépy, MD, FRCPC, Jean Brassard, MD, FRCPC, and Nicolas Dion, MD, FRCPC

We present a case of axillary hematoma complicating an ultrasound-guided infraclavicular
block in a patient with undiagnosed mycotic aneurysms of the peripheral arteries. Mycotic
aneurysm is a rare medical condition with well-identified risk factors. When performing
regional anesthesia in patients with these risk factors, clinicians should have a high degree of
suspicion about the possible existence of vascular anomalies. A preprocedure Doppler study of the
block area and real-time guidance of the needle using ultrasound may be useful. (Anesth Analg
2010;111:1069–71)

Ultrasound guidance can detect variations in normal
anatomy, thus allowing the anesthesiologist to
tailor the technique to the patient-specific condi-

tion.1–3 Despite these advantages, complications still occur
during ultrasound-guided peripheral nerve blocks.4 We
present a case in which the operator using ultrasound failed
to detect mycotic aneurysms of the upper extremity arter-
ies, leading to a large hematoma of the axillary region after
an ultrasound-guided infraclavicular block.

CASE DESCRIPTION
A 44-year-old women, ASA physical status III, was admitted
in our hospital with a diagnosis of infected olecranon bursa of
the right elbow. Her recent medical history included a mitral
valve replacement for mitral endocarditis (Streptococcus viri-
dans) 4 months previously. Her medical history revealed IV
drug abuse, recurrent cellulitis of the right upper limb, high
blood pressure, Type 2 diabetes, gastroesophageal reflux, and
mild asthma. Her preoperative medication included warfarin,
rosuvastatin, metformin, diltiazem, acetylsalicylic acid,
budesonide/formoterol, salbutamol, and pantoprazole. Be-
cause surgery to drain the bursa was planned, warfarin was
discontinued 24 hours before surgery and the patient was
given 5 mg IV of vitamin K after which the international
normalized ratio was 1.3. While she awaited surgery, prophy-
lactic IV heparin was started and stopped 7 hours before
surgery. No other coagulation test was done immediately
before surgery.

At her arrival in the operating room, standard monitor-
ing and an IV line were started. Because the patient did not
show any sign of systemic infection (normal white blood
cell count and temperature), an anesthetic technique con-
sisting of an ultrasound-guided infraclavicular block was

offered and accepted by the patient. After sedation with
midazolam 2 mg, standard skin asepsis was accomplished
with 2% wt/vol chlorhexidine gluconate and 70% vol/vol
isopropyl alcohol and a sterile sheath was used to cover the
ultrasound probe. A 5- to 12-MHz linear probe was posi-
tioned in a parasagittal plane, medial to the coracoid
process and adjusted to give a transverse view of the
axillary artery using an ultrasound device (Zone Ultra;
Zonare Medical Systems, Mountain View, CA). Using an
in-plane technique, an 8.89-cm 20-gauge Tuohy needle (B.
Braun, Bethlehem, PA) was advanced to the posterior side
of the axillary artery until a fascial click was perceived and
30 mL of mepivacaine 1.5% was injected slowly after
multiple negative aspirations. After documentation of suc-
cessful sensory block of the upper arm, surgery was
performed using a tourniquet (pressure of 250 mm Hg).
The surgeon opened and drained the olecranon bursa, and
the procedure lasted 10 minutes. The patient was then
directed to the postanesthesia care unit for a 30-minute
observation period and was subsequently discharged to the
ward. With agreement of the surgeon, IV heparin was
resumed 2 hours after the end of the surgery and warfarin
was restarted on the first postoperative day. The patient
was followed daily and discharged from the hospital 6 days
later, after a therapeutic level of anticoagulation (interna-
tional normalized ratio 2.6) had been obtained. At that time,
the patient complained of pain in the right shoulder but a
physical examination did not reveal any abnormality.

Two weeks later, the patient consulted at emergency
room for severe pain in her right shoulder. A physical
examination demonstrated a significant swelling of the
anterior part of the shoulder, the axilla, and the upper part
of the right arm. There was no redness or discoloration of
the skin. A neurological examination of the upper arm did
not demonstrate any motor or sensory deficit but the range
of movement of the right shoulder was limited by severe
pain. The radial pulse was present at the right wrist. A
superficial sonogram of the upper part of the right arm
showed a solid hyperechogenic mass of 7.8 ! 3.5 ! 4.7 cm
containing a small amount of liquid. A Doppler study did
not reveal any flow in this mass. A computed tomographic
angiography showed a 5.4-cm hematoma located at the
axillo-humeral junction of the axillary artery within which
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lumen that might complicate its recognition when Doppler
is not used. In our case, a preprocedure Doppler study was
not performed before the technique. Preprocedure diagno-
sis of the mycotic aneurysms in the needle path could have
resulted in modification of the anesthetic technique (choice
of another block site, general anesthesia, use of smaller
needle, etc.) that could have prevented the occurrence of
the complication. However, it should be kept in mind that
ultrasound is a relatively recent technology in the anesthe-
siology field. Because of its rare use for diagnostic pur-
poses, certain rare medical conditions such as the one
reported herein may still go unrecognized.

In conclusion, this case report illustrates that the use of
ultrasound cannot completely eliminate the occurrence of

complications. Despite the advantages of this technology, a
high degree of suspicion should be maintained to minimize
the risk of complications.13 Finally, IV drug users or
patients with a history of endocarditis are at a high risk of
mycotic aneurysms and may benefit from a formal prepro-
cedure examination before a peripheral nerve block.14
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was a 20-mm pool of contrast dye suggesting an aneurysm
just underneath the wound left by a recent cutaneous
puncture below the right clavicle (consistent with the
puncture site of the infraclavicular block). A second aneu-
rysm was suspected in the deltoid area. Digital angiogra-
phy confirmed the presence of 2 aneurysms, 1 near the
humeral neck and the other in the prescapular region (5
and 13 mm). These were supplied by a right lateral branch
of the dorsoscapular artery and the right thoracoacromial
artery, respectively. Supraselective catheterization of the
feeding artery and embolization with liquid adhesive glue
(Indermil; Tyco, Norwalk, CT) and lipiodol was performed.
Control angiogram confirmed the occlusion of both aneu-
rysms (Fig. 1). The patient was discharged from the hospi-

tal the following day without any complication. Three
follow-up visits revealed a complete regression of the
swelling and the pain. One month later, the patient had no
sequel.

DISCUSSION
Mycotic aneurysms are defined as an infectious break in the
wall of an artery with formation of a blind saccular
outpouching that is contiguous with the arterial lumen,
usually in an area of bifurcation or narrowing. The aorta,
peripheral arteries, cerebral arteries, and visceral arteries
are involved in descending order of frequency.5 In the
pre–antibiotic era, !85% of mycotic aneurysms were asso-
ciated with bacterial endocarditis. Currently, the majority
of mycotic aneurysms occur in IV drug users or after invasive
medical procedures. Depressed host immunity secondary to
systemic disease (diabetes, cirrhosis, collagen vascular dis-
ease) and corticosteroid therapy are also contributing fac-
tors.6 Only 15 mycotic aneurysms of the subclavian artery
have been reported since 1923.7 The diagnosis is often
difficult because of the insidious nature of the disease. Pain,
erythema, palpable mass, or ischemia distal to the affected
area is sometimes present.6 Computed tomographic an-
giography is the imaging modality of choice for evaluation
of mycotic aneurysms but Doppler sonography has both
good sensitivity and specificity for detection of mycotic
aneurysms located in peripheral arteries.8 The usual treat-
ment is surgical excision but endovascular techniques have
also been reported.9

One of the main advantages of ultrasound-guided nerve
blocks is the possibility of a real-time visualization of the
needle, nerve, and surrounding structures, notably the
vessels. It has been demonstrated that ultrasound guidance
diminishes the rate of vascular puncture during infracla-
vicular nerve block compared with a nerve stimulation
technique.10 Moreover, it sometimes allows the detection of
abnormal anatomy, thus offering the possibility of making
adjustments to the anesthetic technique planned.1,3 How-
ever, complications have not always been prevented by the
use of ultrasound guidance to perform nerve blockade.4,11

The location of the mycotic aneurysms just below the scar
left by the needle on the skin most likely suggests that in
our case 1 of the 2 preexisting mycotic aneurysms was
punctured by the needle during the technique. This acci-
dental puncture during the course of an apparently uncom-
plicated technique can occur in 2 different situations. First,
it is possible that the needle was not adequately visualized
by the anesthesiologist (one of the most frequent errors of
clinicians performing ultrasound-guided nerve block12)
and could have punctured the mycotic aneurysms just
outside the ultrasound visualization plane. It is also pos-
sible that the mycotic aneurysms were located within the
ultrasound visualization plane but were not recognized
and diagnosed, leading to a witnessed but unrecognized
puncture during the technique.

The use of color Doppler study during sonographic
examination results in a characteristic yin-yang sign in the
presence of mycotic aneurysms (Fig. 2), thus greatly en-
hancing the sensibility of ultrasound to detect mycotic
aneurysms.5 The blood stasis inside the mycotic aneurysms
produces an unusual gray ultrasound image of arterial

Figure 1. A, Angiography of the shoulder area before the emboliza-
tion; black arrow " 13-mm mycotic aneurysm; white arrow " 5-mm
mycotic aneurysm. B, Angiography performed after the embolization;
black arrow " previous site of the 13-mm mycotic aneurysm showing
complete exclusion of the aneurysm.

CASE REPORT

1070 www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA

Anesth Analg 2010;111:1069–1071 MVR + postop anticoagulant

yin yang sign

Vascular Puncture − Recognize Vascular Anomalies

17



Ultrasound guidance compared with electrical neurostimulation
for peripheral nerve block: a systematic review and meta-analysis

of randomized controlled trials

M. S. Abrahams*, M. F. Aziz, R. F. Fu and J.-L. Horn

Department of Anesthesiology and Perioperative Medicine, Oregon Health and Sciences University, 3181 SW
Sam Jackson Park Rd, Portland, OR 97239-3098, USA

*Corresponding author. E-mail: abrahama@ohsu.edu

Background. Despite the growing interest in the use of ultrasound (US) imaging to guide per-
formance of regional anaesthetic procedures such as peripheral nerve blocks, controversy still
exists as to whether US is superior to previously developed nerve localization techniques such
as the use of a peripheral nerve stimulator (PNS). We sought to clarify this issue by performing
a systematic review and meta-analysis of all randomized controlled trials that have compared
these two methods of nerve localization.

Methods. We searched Ovid MEDLINEw, the Cochrane Central Register of Controlled
Trialsw, and Google Scholar databases and also the reference lists of relevant publications for
eligible studies. A total of 13 studies met our criteria and were included for analysis. Studies
were rated for methodological quality by two reviewers. Data from these studies were
abstracted and synthesized using a meta-analysis.

Results. Blocks performed using US guidance were more likely to be successful [risk ratio
(RR) for block failure 0.41, 95% confidence interval (CI) 0.26–0.66, P,0.001], took less time
to perform (mean 1 min less to perform with US, 95% CI 0.4–1.7 min, P!0.003), had faster
onset (29% shorter onset time, 95% CI 45–12%, P!0.001), and had longer duration (mean
difference 25% longer, 95% CI 12–38%, P,0.001) than those performed with PNS guidance.
US guidance also decreased the risk of vascular puncture during block performance (RR 0.16,
95% CI 0.05–0.47, P!0.001).

Conclusions. US improves efficacy of peripheral nerve block compared with techniques that
utilize PNS for nerve localization. Larger studies are needed to determine whether or not the
use of US can decrease the number of complications such as nerve injury or systemic local
anaesthetic toxicity.

Br J Anaesth 2009

Keywords: anaesthetic techniques, regional; neuromuscular transmission; ultrasound, nerve
stimulation

Accepted for publication: November 19, 2008

With the recent proliferation of ultrasound (US)-guided
techniques for performing regional anaesthetic procedures
such as peripheral nerve blocks, there has been much
debate on the relative merits of US technology in compari-
son with the earlier methods of nerve localization. The use
of a peripheral nerve stimulator (PNS) has been the ‘gold
standard’ for performing peripheral nerve blocks for the
last two decades, and has been shown to be a highly effec-
tive technique for determining adequate needle placement
to produce regional anaesthesia/analgesia.1–3 Whether or
not the use of US can improve practitioners’ ability to

successfully perform peripheral nerve blocks remains con-
troversial. Several randomized controlled trials (RCTs)
have been conducted to compare these two modalities,4–16

but the number of patients in each study has been too
small to conclusively demonstrate superiority of one tech-
nique over another. We sought to clarify this issue by per-
forming a meta-analysis of all RCTs that have compared
these two techniques.
We hypothesized that the success rate of peripheral

nerve blocks would be different when comparing place-
ment with US or PNS guidance. We defined the block
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Background. Despite the growing interest in the use of ultrasound (US) imaging to guide per-
formance of regional anaesthetic procedures such as peripheral nerve blocks, controversy still
exists as to whether US is superior to previously developed nerve localization techniques such
as the use of a peripheral nerve stimulator (PNS). We sought to clarify this issue by performing
a systematic review and meta-analysis of all randomized controlled trials that have compared
these two methods of nerve localization.

Methods. We searched Ovid MEDLINEw, the Cochrane Central Register of Controlled
Trialsw, and Google Scholar databases and also the reference lists of relevant publications for
eligible studies. A total of 13 studies met our criteria and were included for analysis. Studies
were rated for methodological quality by two reviewers. Data from these studies were
abstracted and synthesized using a meta-analysis.

Results. Blocks performed using US guidance were more likely to be successful [risk ratio
(RR) for block failure 0.41, 95% confidence interval (CI) 0.26–0.66, P,0.001], took less time
to perform (mean 1 min less to perform with US, 95% CI 0.4–1.7 min, P!0.003), had faster
onset (29% shorter onset time, 95% CI 45–12%, P!0.001), and had longer duration (mean
difference 25% longer, 95% CI 12–38%, P,0.001) than those performed with PNS guidance.
US guidance also decreased the risk of vascular puncture during block performance (RR 0.16,
95% CI 0.05–0.47, P!0.001).

Conclusions. US improves efficacy of peripheral nerve block compared with techniques that
utilize PNS for nerve localization. Larger studies are needed to determine whether or not the
use of US can decrease the number of complications such as nerve injury or systemic local
anaesthetic toxicity.
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With the recent proliferation of ultrasound (US)-guided
techniques for performing regional anaesthetic procedures
such as peripheral nerve blocks, there has been much
debate on the relative merits of US technology in compari-
son with the earlier methods of nerve localization. The use
of a peripheral nerve stimulator (PNS) has been the ‘gold
standard’ for performing peripheral nerve blocks for the
last two decades, and has been shown to be a highly effec-
tive technique for determining adequate needle placement
to produce regional anaesthesia/analgesia.1–3 Whether or
not the use of US can improve practitioners’ ability to

successfully perform peripheral nerve blocks remains con-
troversial. Several randomized controlled trials (RCTs)
have been conducted to compare these two modalities,4–16

but the number of patients in each study has been too
small to conclusively demonstrate superiority of one tech-
nique over another. We sought to clarify this issue by per-
forming a meta-analysis of all RCTs that have compared
these two techniques.
We hypothesized that the success rate of peripheral

nerve blocks would be different when comparing place-
ment with US or PNS guidance. We defined the block
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“in plane approach…
see the tip of the needle during the whole 

procedure, is thought to prevent 
intravascular injection”

observe local anesthetic spread
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Accidental IV Injection

21



Before Injection
Lessen Transducer Pressure to Look for Veins

Accidental IV Injection

22



Before Injection
a Small Artery Looks Like a Small Nerve

Apply Color Doppler

Accidental IV Injection

23



During Injection
Ultrasound Evidence of Extra-vascular Injection 

in Superficial Locations

Accidental IV Injection

24



Case report

Seizure complicating placement of a nerve
stimulator-guided infraclavicular block: could the use of
ultrasound decrease the risk?
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Abstract The case of a patient who suffered a seizure following a nerve stimulator-guided coracoid
infraclavicular brachial plexus block, is reported. Following the seizure, an ultrasound machine was
used to image the patient's infraclavicular region, which showed an anatomical variation in the
position of the axillary vein relative to the axillary artery. The use of ultrasound in regional anesthesia
provides additional safety information beyond nerve stimulation, which may help decrease the
likelihood of such complications.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Infraclavicular brachial plexus blocks are widely used for
surgery of the upper extremities. Our institution is currently in
a state of transition, with most faculty using ultrasound
exclusively and a few using nerve stimulation exclusively.
When nerve stimulation for coracoid infraclavicular brachial
plexus block is used, the technique generally follows that
described by Wilson et al. [1]. In this case, a patient received
an infraclavicular brachial plexus block using nerve stimu-
lation, which was complicated by a seizure. The patient's
infraclavicular region was later imaged using ultrasound.

2. Case report

A 46 year-old, ASA physical status II, 110 kg man
presented for surgery of the right hand. A nerve stimulator-
guided coracoid infraclavicular block was performed by the
attending anesthesiologist, who was both experienced and
skilled in regional anesthesia. After informed consent was
obtained, standard monitors were placed and nasal oxygen
applied. Midazolam and fentanyl were then given, titrated to
light sedation. The coracoid process was identified and
marked, based on the technique described by Wilson et al.
[1]. The site of needle entry was 2.0 cm medial and 2.0 cm
caudal from the coracoid process, in the deltopectoral
groove. A 100 mm 21-G insulated Stimuplex needle (B.
Braun, Bethlehem, PA, USA) was used. Initially, a median
nerve stimulus was obtained, but with slight movement of
the needle a posterior cord stimulus was also located. The
nerve stimulator was turned down to less than 0.5 mA.
Following negative aspiration of blood, 40 mL of ropiva-

! Corresponding author.
E-mail address: babak.khabiri@osumc.edu (B. Khabiri).

0952-8180/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.jclinane.2009.09.016

Journal of Clinical Anesthesia (2010) 22, 627–631

Fig. 1 Normal anatomical relationship between the axillary artery (Ax. A.) and vein (Ax. V.) at the infraclavicular level. Note the projected
needle path for the nerve stimulator-guided block. PNB = peripheral nerve block, Pec. major = pectoralis major muscle, Pec. minor = pectoralis
minor muscle, Lat Cord = lateral brachial plexus cord, Med Cord = medial brachial plexus cord, Post Cord = posterior brachial plexus cord.

Fig. 2 Axillary vein oriented anterior to the axillary artery (Ax. A.), as noted retrospectively in the patient who suffered a seizure during
nerve stimulator-guided infraclavicular brachial plexus block. Note the projected needle path for the nerve stimulator-guided block. PNB =
peripheral nerve block, Ax. V. = axillary vein.

628 B. Khabiri et al.

J Clin Anesth 2010;22:627–631
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laterally. By scanning medially toward the spinous pro-
cess, the following branches may be visualised in suc-
cession:

1. As the probe is moved over the facet joints, a branch
lying immediately adjacent to the inner aspect of the
facet joints, and/or a branch lying on the superior
aspect of the joint (i.e., over the articulation of the
inferior facet with superior facet), may be seen (facet
joint branch).

2. After imaging the facets, by scanning medially, a
branch to the spinous process is seen. This may be
commonly observed as a single branch lying in the

direction of the spinous process or, sometimes, mul-
tiple branches. The spinous process is rarely seen as
clearly as are the facet joints and, therefore, it is by
scanning off the facets and toward the spinous process
that one can determine the location of this branch.

By scanning laterally toward the transverse process,
the tips of which are seen as an arch, the following
branches may be visualised in succession:

1. A branch lying adjacent to the outer aspect of the
facet joint may be visualised as the probe is moved
over them (facet joint branch).

Fig. 5. Colour Doppler image showing fine arcuate network of arteries formed by branches of the lumbar arteries.

Fig. 6. Colour Doppler image showing prominent communicating branch adjacent to the transverse process.

Duplex ultrasound of the lumbar arteries ! S. ESPAHBODI et al. 175

lumbar vessels 

Lumbar Plexus Block (Deep)
Color Power Doppler to 
Visualize Lumbar Vessels

Accidental IV Injection
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CASE REPORT 

Convulsions Induced by 
Brachial Plexus Block 

Ropivacaine During lnterscalene 

Ben Korman, BSC, MB BS, MD, FANZCA, and Richard H. Riley, MB BS 

Department of Anesthesia, Royal Perth Hospital, Perth WA, Australia 

R opivacaine is a new amide local anesthetic with 
a reportedly high threshold for systemic toxicity 
and high selectivity for sensory fibers (1). We 

present a case of central nervous system (CNS) toxicity 
after ropivacaine during induction of a brachial plexus 
block. 

Case Report 
A 66-yr-old, 65-kg woman (ASA physical status I) was 

scheduled for right acromioplasty with general anesthesia. 
There was no medical history of epilepsy. Physical exami- 
nation was unremarkable. An interscalene brachial plexus 
block was planned to provide intra- and postoperative an- 
algesia. A venous catheter was inserted, and the patient was 
placed in the supine position with her head turned to the 
left. Arterial blood pressure was 140/90 mm Hg, and the 
heart rate was 68 bpm. With the use of a nerve stimulator 
and locator, an insulated 22-gauge short-beveled needle was 
inserted into the interscalene groove (2). Bright red blood 
was obtained, and the needle was withdrawn slightly. No 
further blood could be aspirated, and paresthesia in the 
hand was elicited intentionally. A test dose of 2 mL 0.75% 
ropivacaine was injected. After approximately 2 min, the 
patient reported no unusual sensations. A further 18 mL of 
0.75% ropivacaine was injected slowly. 

Immediately after the injection, the patient convulsed. The 
seizure was characterized by clonic spasms of the facial 
muscles and was accompanied by loss of consciousness. A 
second seizure occurred soon afterward. No arrhythmias 
were seen on the electrocardiogram. Thiopental 100 mg was 
given intravenously (IV), and bag-mask ventilation was ini- 
tiated. Succinylcholine 75 mg was given to facilitate tracheal 
intubation. During this time, the patient’s systolic blood 
pressure was recorded to be 50 mm Hg. Epinephrine 1 mg 
was given, and blood pressure returned to preoperative 
levels. Nitrous oxide, isoflurane, and fentanyl were admin- 
istered. When the effect of the succinylcholine began to 
wane, further relaxation was achieved with rocuronium. The 
decision was made to abandon surgery. 

Approximately 20 min later, anesthetics were discontin- 
ued. While being transferred from the operating table to her 

Accepted for publication July 31, 1997. 
Address correspondence and reprint requests to Dr. B. Korman, 

Department of Anesthesia, Royal Perth Hospital, Box X2213 GPO, 
Perth WA 6001, Australia. 
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bed, the patient regained consciousness. There was no evi- 
dence of brachial plexus blockade. The incident was ex- 
plained, and the patient was given the option of continuing 
with surgery. Despite the presence of a tracheal tube, the 
patient made it clear to all staff present with appropriate 
gestures that the surgery should continue. 

General anesthesia was induced, and the operation pro- 
ceeded. The following morning, the patient was given a full 
explanation of the incident. She had no memory of the 
episode, and her recovery was uneventful. 

Discussion 
Ropivacaine has been reported to be a suitable local 
anesthetic for brachial plexus block in a dose of 2.5- 
2.6 mg/ kg without evidence of CNS or cardiovascular 
toxicity (3). In our case, a total dose of 2.3 mg/kg 
ropivacaine was used. Despite the negative aspiration 
for blood before injection, it is probable that ropiva- 
Caine was injected directly into a vessel. Doses of 
bupivacaine as small as 2.5 mg have been reported to 
induce convulsions when injected into the vertebral 
artery (4). The rapid onset of convulsions is more 
suggestive of intraarterial rather than IV injection (5), 
although a large volume of local anesthetic injected IV 
could also induce both CNS and cardiovascular toxic- 
ity. Both the total dose and time course of administra- 
tion contributed to the local anesthetic systemic toxic- 
ity. Incremental administration of local anesthetic 
while simultaneously assessing the patient for evi- 
dence of toxicity might have alerted us to the inadver- 
tent placement of the needle within a vessel (6). 

There are no published cases of convulsions in hu- 
mans with the use of ropivacaine. In a laboratory 
study in which beagles were given convulsant doses 
of IV ropivacaine (4.9 mg/ kg), all animals made a 
complete recovery after thiamylal administration and 
controlled ventilation (7). In a study of pregnant and 
nonpregnant ewes given IV local anesthetics, Santos et 
al. (8) found that ropivacaine 7.5 mg/ kg produced 
more convulsions compared with bupivacaine 
5.0 mg/kg and that ropivacaine 12.9 mg/kg produced 
more cardiovascular collapse compared with bupiva- 
Caine 8.5 mg/kg. In a study of human volunteers 
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Cardiac arrest following stellate
ganglion block performed
under ultrasound guidance

We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.

S. Rastogi
Wythenshawe Hospital,
Manchester, UK

S. Tripathi
Royal Preston Hospital,
Preston, UK

Email: sachrastogi@gmail.com
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What’s hot and what’s not:
pitfalls in infrared tympanic
thermometry

Since we adopted pre- and post-
operative core temperature thresholds
in-line with the National Institute for
Health and Clinical Excellence (NICE)
guidelines [1], we have encountered
many patients with pre-operative temp-
eratures below the NICE 36.0 !C
threshold. This has generated delays
while patients are warmed. We use
Genius 1 and Genius 2 (Covidien Plc,
Loughlinstown, Co. Dublin, Ireland)
infrared tympanic thermometers. Our
nurses have resorted to taking multiple
measurements to achieve target temper-
ature and have expressed concerns
about the reliability of these devices.

We measured temperature 50 times
with each device from the right ear of
one of the authors (VS). Each measure-
ment was performed by a different
member of the theatre team. There
were 34 ⁄ 50 Genius 1 and 43 ⁄ 50
Genius 2 measurements below 36.0 !C.
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Cardiac arrest following stellate
ganglion block performed
under ultrasound guidance

We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.
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Cardiac arrest following stellate
ganglion block performed
under ultrasound guidance

We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
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What’s hot and what’s not:
pitfalls in infrared tympanic
thermometry

Since we adopted pre- and post-
operative core temperature thresholds
in-line with the National Institute for
Health and Clinical Excellence (NICE)
guidelines [1], we have encountered
many patients with pre-operative temp-
eratures below the NICE 36.0 !C
threshold. This has generated delays
while patients are warmed. We use
Genius 1 and Genius 2 (Covidien Plc,
Loughlinstown, Co. Dublin, Ireland)
infrared tympanic thermometers. Our
nurses have resorted to taking multiple
measurements to achieve target temper-
ature and have expressed concerns
about the reliability of these devices.

We measured temperature 50 times
with each device from the right ear of
one of the authors (VS). Each measure-
ment was performed by a different
member of the theatre team. There
were 34 ⁄ 50 Genius 1 and 43 ⁄ 50
Genius 2 measurements below 36.0 !C.
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Cardiac arrest following stellate
ganglion block performed
under ultrasound guidance

We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.
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We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.
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We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.

A 60-year-old, overweight male was
listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.
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We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.
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chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
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probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
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longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
dle (Polymedic, Carrieres-sur-Seine,
France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
cyanosed. This was followed by a gen-
eralised tonic-clonic seizure. The pa-
tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
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We report a case of cardiac arrest imme-
diately following stellate ganglion block
performed under ultrasound guidance.
We believe this to be the first reported
case of probable inadvertent vertebral
artery injection during stellate ganglion
block under ultrasound guidance.
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listed for left stellate ganglion block for
chronic facial pain following multiple
maxillofacial operations refractory to
conservative therapies. Several previous
stellate ganglion blocks had been effec-
tive and performed without incident.
The procedure was carried out by two
experienced operators, one holding the
probe and needle and the other injecting
the local anaesthetic. A 5–13 MHz linear
ultrasound probe (GE Healthcare, Hat-
field, Herts, UK) was used to guide the
needle via a lateral approach. The sixth
cervical transverse process, left common
carotid artery, left internal jugular vein,
longus colli muscle and oesophagus were
clearly identifiable at all times. A 50-mm
22-G pencil-point nerve stimulator nee-
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France) was used and positioned below
the prevertebral fascia under direct in-
plane ultrasound guidance. A total of
10 ml bupivacaine 0.5% was injected in
2-ml increments over one minute and
the local was observed spreading during
injection. Before and after each 2-ml
bolus, the syringe was aspirated and at no
point was blood withdrawn. The tip of
the needle was visible at all times.
Immediately after completion of the
procedure, the patient felt unwell. He
began twitching around the mouth and
eyes, then lost consciousness and became
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tient’s airway became obstructed and no
pulse was palpable, so ventilation with
100% oxygen and cardiac massage were
commenced. There was return of spon-
taneous circulation after two minutes.
Post-arrest observations were satisfac-
tory. The patient was discharged home
the next morning.

Vasovagal syncope was excluded by
the presence of tonic-clonic seizures and

sinus tachycardia before cardiac arrest
which showed asystole on the ECG [1].
We surmise that the seizures led to
respiratory then cardiac arrest. The
likely cause of the complication was
injection of local anaesthetic into the
vertebral artery because of: (i) the tem-
poral course of events; (ii) subsequent
features of local anaesthetic toxicity; (iii)
the fact that the carotid artery was clear
of the needle on ultrasound; and (iv) the
excitatory nature of the convulsions.
Although it is likely that a small volume
(< 2 ml) would have entered the verte-
bral artery, very small doses of local
anaesthetic have been known to precip-
itate generalised seizures [2].

The advent of ultrasound-guided
nerve blockade has changed the practice
of regional anaesthesia, and its use in
stellate ganglion block has gained
popularity [3]. First described by Kapral
et al. in 1995 [4], there is no consensus
regarding the optimal anatomical
approach for performing ultrasound-
guided stellate ganglion block. The
lateral approach has been advocated and
validated in cadavers [5]. Ultrasound-
guided regional anaesthesia techniques
offer superior accuracy and require lower
doses of local anaesthetic, thus improving
patient safety over landmark techniques.
However, in the absence of large-scale
prospective trials, this serious adverse
event acts as a timely safety warning.
Clinicians must remain mindful of
potentially life-threatening risks such as
intra-arterial injection, despite the
benefit of ultrasound-guidance. When
performing stellate ganglion block under
ultrasound guidance, we suggest routine
safety precautions still apply and resusci-
tation equipment must be readily avail-
able, including lipid emulsion for local
anaesthetic toxicity. Operators must
have thorough knowledge of the ana-
tomical region and be competent using
ultrasound technology. The potential for
life-threatening complications must be
included in the patient consent.
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What’s hot and what’s not:
pitfalls in infrared tympanic
thermometry

Since we adopted pre- and post-
operative core temperature thresholds
in-line with the National Institute for
Health and Clinical Excellence (NICE)
guidelines [1], we have encountered
many patients with pre-operative temp-
eratures below the NICE 36.0 !C
threshold. This has generated delays
while patients are warmed. We use
Genius 1 and Genius 2 (Covidien Plc,
Loughlinstown, Co. Dublin, Ireland)
infrared tympanic thermometers. Our
nurses have resorted to taking multiple
measurements to achieve target temper-
ature and have expressed concerns
about the reliability of these devices.

We measured temperature 50 times
with each device from the right ear of
one of the authors (VS). Each measure-
ment was performed by a different
member of the theatre team. There
were 34 ⁄ 50 Genius 1 and 43 ⁄ 50
Genius 2 measurements below 36.0 !C.
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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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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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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
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uled for an excision of toe osteophytosis.
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AG, Erlangen, Germany); using the in-
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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
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tration of 325 mg thiopental and 100 mg
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lipid 20% (Baxter Deutschland GmbH,
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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
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Neurologic complications of regional anesthesia
Michael J. Barrington and Gabriel L. Snyder

Introduction
The pathogenesis of peripheral nerve injury (PNI) during
regional anesthesia is complex and includes direct local
anesthetic toxicity, edema, intrafascicular injection, dis-
ruption of the perineurium and ischemia [1]. Neurologic
complications of regional anesthesia are one cause of
perioperative nerve injury, in which both surgical and
patient factors may also contribute [2–6] (Table 1).
Traditional safety guidelines for regional anesthesia con-
sider intraneural injection, in particular intrafascicular
injection and disruption of the perineurium, a major risk
factor for nerve injury [7].

Ultrasound-guided peripheral nerve blockade (PNB)
provides a mechanism to image nerves and potentially
avoid direct needle trauma to nerves. Recent literature
includes an increased focus on peripheral nerve anatomy,
histology of nerve injuries and intraneural injection, and
how these may be relevant to the evolution of neurologic

complications [8–10]. There are continuing efforts to
define the incidence, risk factors and outcomes of nerve
injury associated with regional anesthesia. Neurologic
complications associated with neuraxial blockade have
been investigated in nationwide studies [11] that were
performed before the period of this review. Therefore,
the emphasis of this review is on nerve injury associated
with PNB.

Peripheral nerve anatomy and the
pathogenesis of nerve injury
Individual nerve fibers or axons are enveloped by
endoneurium and gathered in to fascicles, which are
surrounded by perineurium. Perineurium is considered
a protective layer, semipermeable to local anesthetics
and has been described as a ‘blood-nerve barrier’
[12!!]. The epineurium surrounds the entire peripheral
nerve. Fascicles compose as little as 25% of a peripheral
nerve cross-section with connective tissue making up the
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Purpose of review
Regional anesthesia is evolving rapidly and increasing in popularity as evidenced by the
large number of publications on the topic. In this healthcare environment, continual
assessment of the safety and efficacy of clinical practice is critical. Neurologic
complications of regional anesthesia can result in disability and are feared by patients
and clinicians. Ultrasound guidance is unique as a nerve localizing technique in terms of
being able to image needle-nerve proximity and potentially prevent direct trauma to
nerves. This article reviews the recent literature relevant to neurologic complications of
regional anesthesia.
Recent findings
The incidence of intraneural injection during regional anesthesia is higher than
previously appreciated. Defining intraneural injection and its significance are the subject
of current debate. Clinical studies with small sample sizes suggest that intraneural
injection may not necessarily be responsible for nerve injury. Inflammatory mechanisms
may contribute to perioperative nerve injury. Ultrasound guidance has not been proven
to reduce the incidence of nerve injury due to peripheral nerve blockade (PNB).
Increased utilization of PNB is not associated with an increase in perioperative nerve
injury.
Summary
The pathogenesis of perioperative nerve injury is complex with multiple potential
etiologies and mechanisms. The role of intraneural injections as a modifiable risk factor
for neurologic complications due to regional anesthesia remains topical. Relevant
publications include studies on the morphology of peripheral nerves and risk of
perioperative nerve injury in the context of both neuraxial anesthesia and PNB.
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remainder [9,10]. This is represented schematically in
Fig. 1. The term ‘intraneural injection’ is currently used
in the literature to refer to both subepineural (extrafasci-
cular) and subperineural (intrafascicular) injections. It is
critical to specify which site is being described, however,
as discussed this may not be possible.

The internal milieu of the nerve fascicle is maintained by
an intact perineurium and vascular endothelium. High
concentrations of extrafascicular anesthetics produce
axonal injury independent of edema formation. Injection
of local anesthetic within the nerve fascicle is clearly
neurotoxic and may damage the perineurium [1]. Local
anesthetics decrease neural blood flow in a concentration-
dependent manner [13]. Epinephrine has the potential to
cause local vasoconstriction, but its role in causing nerve
ischemia and injury is unproven [14]. Preclinical research
supports the concept of a time-dependent and concen-
tration-dependent basis for neurotoxicity associated with
local anesthetics and adjuvants [15]. Neural ischemia
may also occur following disruption of the neuronal
microvasculature, high injection pressures and application
of tourniquets.

Patients with subclinical pre-existing neurologic con-
ditions may develop overt neuropathies in the postopera-
tive period. When the application of one or more insults
on a dysfunctional but clinically normal nerve results in
new neurologic symptoms, it is termed as the ‘double
crush’ syndrome [16]. Case reports of this include severe
brachial plexopathy after interscalene block (ISB) in a
patient on cisplatin [5], and in a patient with multiple
sclerosis [6].

Postsurgical inflammatory neuropathy is a documented
cause of PNI. Inflammatory neuropathies can present as

pain and weakness in a focal, multifocal or diffuse pattern
and include a spatiotemporal separation from the site and
time of surgery. Staff et al. [17!!] published a series of 33
patients, of whom 23 had nerve biopsies as part of their
investigations [17!!]. Nerve biopsies were abnormal in 21
of 23 cases and histological findings included epineural
perivascular lymphocytic inflammation, axonal degener-
ation and microvasculitis. This series indicates that an
inflammatory–immune mechanism may be an important
nonmechanical etiology of PNI. The incidence and
significance of this entity is unknown.

Intraneural injection during peripheral nerve
blockade
The potential harmful effect of intraneural injection has
been acknowledged for over 30 years [18]. It is a debated
topic in the current literature. However, intraneural
injection may occur and not cause overt signs of nerve
injury [8,19,20,21!!]. Distal nerves have a higher ratio of
extraneural connective tissue to nerve fascicles, and
therefore, needle placement is likely to be in the extra-
fascicular connective tissue compartment, which may be
compliant if injection was to occur [10]. A cadaver study
of short-bevel needle placement within the sciatic nerve
demonstrated that the needle tip was more likely to be
extrafascicular and not cause fascicular or vascular injury
[22]. Three percent of fascicles were injured with sharp
needles in this study.

At common PNB sites such as sciatic nerve, ultrasound
imaging can detect subepineural injection. This is related
to the fascicles being surrounded by epineurium and
other connective tissues that are typically echogenic in
comparison to the hypoechoic image of the injected
local anesthetic. Subepineural injection typically results
in swelling or a halo and often this is referred to as
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Key points

! Inadvertent intraneural injection may be more com-
mon than recognized in the pre-ultrasound era,
however, intentional intraneural injection remains
controversial.

! Further clinical and anatomical studies are required
to define, classify and determine the significance of
intraneural injection.

! Ultrasound-guidance for PNB has not been shown
to reduce the incidence of neurologic compli-
cations.

! Increased utilization of PNB is not associated with
an increase in perioperative nerve injury.

! A systematic approach to the capture, follow-up and
investigation of patients with potential periopera-
tive nerve injury is critical to distinguish between
anesthesia and non-anesthesia causes.

Table 1 Potential mechanisms/etiologies of perioperative
nerve injury

Anesthetic Direct trauma with needle or catheter
Direct nerve perforation, injury to fascicle
and/or perineurium

Pressure effect of local anesthetic injectate
Nerve edema and/or hematoma

Direct toxicity of local anesthetics and adjuvants
Concentration and time dependent (in-vitro studies)

Decreased neuronal blood flow
Needle size and type
Improper positioning (e.g. elbow flexion)

Patient Diabetic mellitus, ulnar neuropathy, carpal tunnel
syndrome, peripheral neuropathies, chemotherapy,

vascular disease, multiple sclerosis, age,
proximal nerve root compression, spinal canal stenosis

Surgical Tourniquet pressure and duration compression,
contusion, stretch, transection

compressive dressings and casts
Improper positioning (e.g. extreme abduction and
external rotation of upper limb)

Other Inflammatory-immune

Current Opinion in Anesthesiology 2011, 24:554 – 560
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Neuropathy following Axillary Brachial Plexus Block: Is It the
Tourniquet?

Christopher J. Jankowski, M.D.,* Mark T. Keegan, M.B., M.R.C.P.I.,* Charles F. Bolton, M.D.,†
Barry A. Harrison, M.B.B.S., F.A.N.Z.C.A., F.R.A.C.P.‡

AXILLARY brachial plexus block is an accepted and
effective means of providing anesthesia for outpatient
upper extremity procedures.1 The incidence of nerve
injury after axillary blockade is between 0.2% and 19%,
however.2 The mechanism of injury is unknown, but
case series imply an association with identification of the
cords of the brachial plexus by needle-seeking paresthe-
siae.3,4 We describe a case of postoperative neuropathy
affecting the upper limb, which was initially attributed
to axillary blockade but, in fact, was caused by ischemic
monomelic neuropathy (IMN) secondary to the use of a
pneumatic tourniquet.

Case Report

A 63-yr-old woman, American Society of Anesthesiology (ASA) phys-
ical class II, presented for open reduction and internal fixation of
comminuted and displaced spiral fractures of her left third and fourth
metacarpals. Relevant medical history included essential hypertension,
which was controlled on hydrochlorothiazide. Bilateral carpal tunnel
syndrome had been diagnosed clinically and confirmed by nerve con-
duction studies 17 yr before presentation. Her symptoms had resolved
without surgery. The physical examination was, apart from the frac-
tures, unremarkable. Her blood pressure was 130/60 mmHg, and her
heart rate was 74 beats/min in sinus rhythm.

After intravenous administration of 1 mg midazolam and 50 !g
fentanyl, an axillary brachial plexus block was performed via the
elicitation of paresthesia technique using a 25-gauge, 2-in needle. Ulnar
nerve paresthesia was obtained on the first pass, and 35 ml 1.25%
mepivacaine and 1:200,000 epinephrine mixture was deposited. On
the second pass, radial paresthesia was obtained and 15 ml was depos-
ited. An additional 10 ml local anesthetic was deposited anterior to the
axillary artery. A total of 60 ml 1.25% mepivacaine with 1:200,000
epinephrine was deposited into the brachial plexus sheath. There was
no pain during injection of the local anesthetic. The intercostobrachial
and musculocutaneous nerves were blocked via subcutaneous injec-
tion of 3 ml and 7 ml 2% lidocaine at the axilla and antecubital fossa,
respectively.

The patient’s left arm was abducted at no more than 90° to the torso
and positioned level on an arm table. A tourniquet (Zimmer ATS 2000;

Zimmer, Dover, OH) was applied to the midpoint of the left upper arm
and inflated to 300 mmHg. The block was satisfactory for the proce-
dure in that neither supplemental nerve block, excessive sedation, nor
general anesthesia was required. The patient underwent open reduc-
tion and internal fixation of the fractures. After 59 min, the tourniquet
was deflated and a loose bulky dressing was applied. With the block
still intact, the patient was dismissed to the outpatient area and,
subsequently, home.

On the following day, surgical evaluation noted that there was
“persistence of total ulnar paresthesias. . .now almost 24 h after the
block.” These symptoms persisted after the dressing was loosened.
Three weeks later, the patient had “ulnar aching and dysesthesias up
the forearm, and occasional shocks and discomfort on abduction of the
arm.” Surgical opinion was that the neurologic deficit was not caused
by operative trauma but by injury resulting from the axillary block.

Three weeks after surgery, a neurologic consultation was obtained;
examination revealed decreased hypothenar and interossei strength,
decreased ulnar digit flexion, and decreased light touch and pinprick
sensation on the left. At the time of the consultation, nerve conduction
and electromyographic studies were obtained ( Tables 1 and 2). Nerves
were stimulated at the elbow and wrist, and responses were recorded
in the hand. The amplitudes of the left ulnar and radial sensory and
median motor responses were reduced. Motor and sensory distal la-
tencies, conduction velocities, and F-wave latency were normal. Nee-
dle electrode examination of the muscles on the left demonstrated
fibrillation potentials in all muscles sampled below the elbow and in
the biceps above the elbow, consistent with a polyneuropathy. Volun-
tary motor unit potentials were normal throughout. The results indi-
cated partial axonal degeneration of the ulnar, median, radial, and
musculocutaneous nerves below the level of the tourniquet in the
midupper arm. (There was also evidence of a mild bilateral median
neuropathy at the wrists, consistent with her previous nerve conduc-
tion studies.) By 6 months, her symptoms had completely resolved.

Discussion

The tourniquet is used in peripheral limb surgery to
produce a bloodless surgical field. Post-tourniquet nerve
palsy or “tourniquet paralysis” is well documented, and
the incidence of tourniquet paralysis has been reported
as 1 in 8,000 operations.5 Recommendations for appro-
priate use of the tourniquet include the maintenance of
a pressure no more than 150 mmHg greater than the
systolic blood pressure and deflation of the tourniquet
every 90–120 min.6 Even the modern-day tourniquet
used according to these recommendations may result in
tourniquet paralysis, however.7 A recent prospective
observational study of upper and lower limb blockade
using a nerve stimulator and the multiple injection tech-
nique demonstrated that higher tourniquet inflation
pressure (! 400 mmHg) was associated with an in-
creased risk of transient nerve injury.8 Prolonged tourni-
quet time is also associated with an increased incidence
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PERFORMING an interscalene block (ISB) during general anesthesia (GA) for postoperative

shoulder surgery analgesia is a common procedure. Although epidural, 1-3 subarachnoid, 4-6 and

motor nerve root 7 injections have been reported during the performance of ISB, there have been
no cases reported in the peer-reviewed literature of injection of local anesthetic solution into the
substance of the cervical spinal cord. Although injection of local anesthetic solution into the
cervical spinal cord would be unlikely in awake patients, performing the block in anesthetized
patients may increase the risk .

This report describes four cases in which the performance of ISB during GA was followed by total
spinal anesthesia and extensive permanent loss of bilateral cervical spinal cord function, and in
which magnetic resonance imaging (MRI) showed syrinx or cavity formation in the cervical spinal
cord. Each of the patients in the cases was involved in a separate medical malpractice law suit. In
the first three cases the author was an expert witness, and in the fourth case the medical data was
taken from the defense-expert timeline of clinical events and findings (obtained by interrogatory
questioning of patient 2); in each case the relevant MRI was supplied by the plaintiff's attorney.
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no cases reported in the peer-reviewed literature of injection of local anesthetic solution into the
substance of the cervical spinal cord. Although injection of local anesthetic solution into the
cervical spinal cord would be unlikely in awake patients, performing the block in anesthetized
patients may increase the risk .

This report describes four cases in which the performance of ISB during GA was followed by total
spinal anesthesia and extensive permanent loss of bilateral cervical spinal cord function, and in
which magnetic resonance imaging (MRI) showed syrinx or cavity formation in the cervical spinal
cord. Each of the patients in the cases was involved in a separate medical malpractice law suit. In
the first three cases the author was an expert witness, and in the fourth case the medical data was
taken from the defense-expert timeline of clinical events and findings (obtained by interrogatory
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Ultrasound Can Detect Intraneural Injection

   
 pig brachial plexus; intraneural 5 mL dye injection; 

2/28 intrafascicular; no histologic injury 
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Ultrasound Can Detect Intraneural Injection
 (A Sensitive Indicator)
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Ultrasonographic Appearance of Intraneural Injections
in the Porcine Model

Fernando R. Altermatt, MD, MHSc, Thomas J. Cummings, MD, Kathryn M. Auten, BA,
Mathew F. Baldwin, BA, Samuel W. Belknap, BA, and James D. Reynolds, PhD

Background: Ultrasonographic (US) images of apparent intraneural
injection of local anesthetic solutions have been reported. We aimed to
define US signs of intraneural (ie, subepineural) injection using a his-
tologic standard in an animal model and compare these signs with other
potential markers of intraneural injection, including low nerve stimu-
lation current thresholds and high injection pressures.
Methods: In 6 anesthetized adult swine, bilateral brachial plexus and
femoral nerves were contacted by needles and penetrated. India ink was
injected intraneurally under US monitoring. The minimum current that
elicited a motor response was recorded. Injection pressures were mea-
sured using a digital manometer. Nerves were then excised, processed,
and subjected to histologic analysis.
Results: Nerve expansion during injection was visualized under ultra-
sonography in all procedures. Electrical current intensity to elicit motor
response to nerve stimulation varied between 0.2 and 3.3 mA with the
needle tip positioned intraneurally. The mean injection pressure was
7.40 T 8.07 psi (range, 0.07Y31.5 psi), with 80% of injections between
0.61 and 15.0 psi. None of 24 intraneural injections resulted in histo-
logic evidence of intrafascicular injection (95% confidence interval,
0.0%Y16.3%).
Conclusions: Ultrasonographic images compatible with nerve swell-
ing during an injection are consistent with true intraneural injections
as demonstrated by histologic analysis. Under the conditions studied,
intensity of the stimulating current required to elicit motor response
was not associated with intraneural needle placement. In the absence
of fascicular injury, intraneural injections were associated with low
injection pressure, although false-positive results can occur.

(Reg Anesth Pain Med 2010;35: 203Y206)

T he development of persistent neurologic deficit is a serious
complication of regional anesthesia that can result from

needle trauma and/or the effect of anesthetic solutions deposited
into neural structures, particularly the fascicle.1 As a means to
prevent these problems, motor responses evoked by low-output
currents during nerve stimulation2 and high injection pressures3

have been considered signs of needle-nerve contact and potential
markers of intrafascicular injection.

More recently, the use of ultrasound-guided nerve blocks
has made it possible to visualize the positions of needles and
neural structures. Conceptually, this represents a great advance-
ment in accuracy and perhaps safety through the ability to
maintain a needle at a close but still safe distance from nerves.
Reports using ultrasonography have shown needles apparently

impaling nerves4 or anesthetic solutions being injected into
neural structures, distorting their shape, without subsequent
clinical signs of long-term nerve damage.5 These observations
challenge the traditional belief that nerve puncture and intra-
neural injections, defined as those located inside the epineurium,
are consistently harmful.

The current level of ultrasonographic (US) resolution does
not allow identification of boundaries and layers of neural
structures.6,7 Consequently, clinicians cannot discern if injection
needles and solutions are subepineural or intrafascicular (sub-
perineural). To address this concern, the primary objective of
this study was to compare ultrasonography-confirmed needle
position and subsequent solution distribution, with histologic
evidence of injury to the nerve after an intentional intraneural
injection. As a secondary objective, we compared these findings
with other surrogate markers of intraneural injections, evaluat-
ing if they were able to distinguish between intrafascicular and
extrafascicular types of injections.

METHODS
This study was approved by the Duke Institutional Animal

Care and Use Committee before implementation. Experiments
were conducted on young adult swine weighing between 35 and
40 kg, used solely for the purpose of this protocol. General
anesthesia was induced using a combination of intramuscular
ketamine 20 mg/kg, intramuscular acepromazine 0.8 mg/kg, and
intravenous sodium thiopental 10 mg/kg. Anesthesia was main-
tained with isoflurane in oxygen after tracheal intubation.

Initial scans using a high-frequency linear ultrasound
probe (12L-RS 5Y13 MHz, GE Logiq E; GE Healthcare,
Buckinghamshire, UK) were obtained to locate the right and
left brachial plexus, under the pectoral muscles, at a level
equivalent to cords in human anatomy. Femoral nerves were
bilaterally located at the inguinal creases. Once the target nerves
and their anatomic relationships were identified, a 100-mm, 21-
gauge, short-beveled stimulating needle (Stimuplex; B. Braun
Medical, Bethlehem, Pa) was inserted using a short-axis in-plane
approach (the target sites were studied sequentially), in a 30- to
45-degree angle. Under US visualization, the needle was placed
inside the nerve until the needle tip was seen in the center of the
nerve, confirmed by nerve and needle movement with contact.

A peripheral nerve stimulator (Stimuplex; B. Braun Medi-
cal) was set at a stimulus frequency of 2 Hz and a pulse width
of 100 Ksecs. The current amplitude was gradually increased
until a distal motor response was elicited. The minimum cur-
rent required to evoke the response was registered.

With the needle located inside the nerve and stabilized by
hand, 4 mL india ink was injected under real-time visualization
using an automated syringe pump (3100; Graseby Medical,
Hertfordshire, UK). Changes in the diameter of the nerve struc-
tures under US observation were recorded. Two independent
observers with experience in ultrasound-guided regional anes-
thesia procedures evaluated these findings during post hoc
review of US images.
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Nerve Expansion Seen on Ultrasound Predicts Histologic
But Not Functional Nerve Injury After Intraneural

Injection in Pigs
Catalin Mario Lupu, MD,* Tim-Rasmus Kiehl, MD,! Vincent W.S. Chan, MD,*

Hossam El-Beheiry, MBBCh, PhD," Melissa Madden, DVM,§ and Richard Brull, MD*

Background and Objectives: Intraneural injection can be seen as
nerve expansion during ultrasound-guided regional anesthesia. The pur-
pose of this animal study was to determine if nerve expansion seen on
ultrasound during intraneural injection results in nerve injury.
Methods: Ten pigs underwent general anesthesia for this randomized
control study. After skin incision, the right and left median nerves for
each animal were randomly assigned to the local anesthetic (LA) side or
control side. For the LA side, a needle was placed intraneurally under
direct vision. Nerve expansion seen on ultrasound was produced by
injecting up to 20 mL lidocaine 2% with epinephrine intraneurally. For
the control side, no needle puncture or injection was administered. The
primary outcome was histologic evidence of nerve injury (axonal retrac-
tion balls) on the seventh postoperative day after intraneural injection
seen as nerve expansion on ultrasound. Correlation coefficients were
calculated between the maximum volume injected, maximum injec-
tion pressure, degree of nerve expansion, and histologic and functional
nerve injury.
Results: Six nerves from the LA side and none from the control side
had histologic evidence of injury (P G 0.01). All 10 nerves from the LA
side exhibited histologic evidence of inflammation compared with 3
from the control side (P G 0.005). No pigs exhibited functional nerve
injury. We were unable to demonstrate any correlation between the
maximum volume injected or pressure generated and the relative in-
crease in nerve cross-sectional area or the graded presence of any his-
tologic markers of inflammation or injury.
Conclusions: This animal study suggests that nerve expansion seen
on ultrasound during intraneural injection of clinically relevant volumes
of LA results in histologic but not functional nerve injury.

(Reg Anesth Pain Med 2010;35: 132Y139)

N erve injury after regional anesthesia, albeit uncommon, can
have devastating consequences.1 Intraneural injection of

local anesthetic (LA) has been associated with histologic and/or

functional nerve damage.2Y6 Presently, our ability to detect un-
intentional needle puncture and/or injection inside a nerve
remains limited. Conventional surrogate methods to detect intra-
neural injection can be misleading. Subjective reports of par-
esthesia during nerve localization or pain upon LA injection is
not a reliable warning signal even in awake patients.3,7 Nerve
stimulation may be equally unreliable to detect intraneural needle
placement because the threshold safety current has not yet been
firmly established.8Y13 Recently, it has been suggested that high
injection pressure measurement may predict intraneural needle
placement6; however, intraneural injection often occurs with lower
injection pressures.2

A reliable method of detecting intraneural injection to pre-
vent nerve injury during peripheral nerve blockade remains
elusive. We recently completed a preliminary animal study
(phase 1), which demonstrated that intraneural injection in the
smallest amounts reliably produces nerve expansion seen on
ultrasound.12 The present animal study (phase 2) aimed to de-
termine whether nerve expansion seen on ultrasound during in-
traneural injection of a clinically relevant volume of LA results
in nerve injury. We hypothesized that nerve expansion seen
on ultrasound leads to histologic nerve injury and functional
neuropathy.

MATERIALS AND METHODS
This was a prospective, randomized, controlled study. After

Institutional Animal Care Committee approval, 10 Yorkshire-
cross pigs (weight, approximately 55Y60 kg) were included in
the study. All animal housing, acclimatization, care, and surgical
procedures were in accordance with the National Institutes of
Health Guidelines for the Care and Use of Laboratory Animals
and the Animals for Research Act and Canadian Council on
Animal Care guidelines. All eligible animals were examined
clinically by a veterinarian for evidence of musculoskeletal
or neurologic disease, which resulted in exclusion from the
present study.

All animals were premedicated with ketamine (30 mg/kg)
and atropine (0.04 mg/kg). Preoperative antibiotics included
penicillin G (7500 IU/kg) and enrofloxacin (2.5 mg/kg), and
general anesthesia was induced with isoflurane by mask. Endo-
tracheal intubation was performed using a 6.5 to 7.0 mm cuffed
endotracheal tube, and anesthesia maintained with isoflurane
(2%Y2.5%) and oxygen. Intravenous hydration was provided
at 5- to 10 mL/kg per hour through an ear vein. Body tem-
perature was maintained by a hot-water blanket, and a lingual
pulse oximeter and noninvasive radial blood pressure cuff were
applied.

For each animal, the right and left forelimbs were randomly
assigned to the LA side or the control side using a computer-
generated randomization sequence.
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No Clinical or Electrophysiologic Evidence of Nerve
Injury after Intraneural Injection during Sciatic
Popliteal Block

Xavier Sala-Blanch, M.D.,* Ana M. López, M.D., Ph.D.,* Jaume Pomés, M.D.,†
Josep Valls-Sole, M.D., Ph.D.,‡ Ana I. García, M.D.,† Admir Hadzic, M.D., Ph.D.§

ABSTRACT

Background: Intraneural injection during nerve-stimula-
tor– guided sciatic block at the popliteal fossa may be a
common occurrence. Although intraneural injections
have not resulted in clinically detectable neurologic injury
in small studies in human subjects, intraneural injections
result in postinjection inflammation in animal models.
This study used clinical, imaging, and electrophysiologic
measures to evaluate the occurrence of any subclinical
neurologic injury in patients with intraneural injection
during sciatic popliteal block.
Methods: Twenty patients undergoing popliteal block were
enrolled; 17 patients completed the study protocol. After
tibial nerve response was achieved by nerve stimulation (0.3–
0.5 mA; 2 Hz; 0.1 ms), 20 ml mixture of mepivacaine
(1.25%) and radiopaque contrast (2 ml) were injected.
Location and spread of the injectant were assessed by ul-
trasound measurements of the sciatic nerve area before
and after injection, and by computed tomography. In ad-
dition to clinical neurologic evaluations, serial electro-
physiologic studies (nerve conduction and late response
studies using predefined criteria) were performed at base-
line and at 1 week and 3 weeks after the block for signs of
subclinical neurologic dysfunction.
Results: Sixteen injections (94%, 95% CI: 71–100%) met
criteria for an intraneural injection. Postinjection nerve area
on ultrasound increased by 45% (95% CI: 29–58%), P !
0.001. Computed tomography demonstrated fascicular sep-

aration in 70% (95% CI: 44–90%), air within the nerve in
29% (95% CI: 10–56%), contrast along bifurcations
in 65% (95% CI: 38–86%), and concentric contrast layers
in 100% (95% CI: 84–100%). Neither clinical nor electro-
physiologic studies detected neurologic dysfunction indicat-
ing injury to the nerve.
Conclusions: Nerve-stimulator–guided sciatic block at the
popliteal fossa often results in intraneural injection that may
not lead to clinical or electrophysiologic nerve injury.

T HE exact location and disposition of local anesthetics
during peripheral nerve blockade were poorly under-

stood before the introduction of ultrasound in the practice of
regional anesthesia. Ultrasound monitoring during nerve
blockade has shown that intraneural injection of local anes-
thetic is a common occurrence.1–5 Data from animal studies
indicate that evoked motor response to low-current intensity
(less than 0.5 mA) nerve stimulation during sciatic popliteal
block (SPB) occurs primarily when the needle enters the
subepineural space.6–8 Thus, intraneural needle placement is
likely to occur during nerve-stimulator–guided SPB.1,2,8 Al-
though intraneural injections are thought to carry a risk for
nerve injury, reports based on small series of patients suggest
that clinically overt neurologic complications are not com-
mon.1–5 However, intraneural injections in animals are asso-
ciated with postinjection inflammation, although clinical
correlation and long-term outcome remain unknown.8,9 The
primary purpose of this study was to determine whether low-
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What We Already Know about This Topic

• Ultrasonography indicates peripheral nerve blocks often result
in intraneural needle placement, and intraneural injection re-
sults in acute inflammation in animals

What This Article Tells Us That Is New

• In 16 patients, an injection into the epineurium of the sciatic
nerve at the popliteal fossa did not lead to postoperative neu-
rologic dysfunction as assessed by serial physical examina-
tions and nerve conduction studies

Anesthesiology, V 115 • No 3 September 2011589

Intraneural Injection May Not Result in Neurologic Injury

Anesthesiology. 2011;115:589–595

16 NS guided injections
20 mL mepivacaine 1.25%; 1 and 4 week testing 

44



2–3 ml of anesthetic mixture injected

Anesthesiology 2006; 105:779
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CASE REPORT

Neurologic Complication After Anterior Sciatic Nerve Block
Shruti Shah, MD, Admir Hadzic, MD, PhD, Jerry D. Vloka, MD, PhD, Maureen S. Cafferty, MD,
Calin S. Moucha, MD, and Alan C. Santos, MD

Department of Anesthesiology, St. Luke’s-Roosevelt Hospital Center, College of Physicians and Surgeons of Columbia
University, New York

The lack of reported complications related to lower
extremity peripheral nerve blocks (PNBs) may be re-
lated to the relatively infrequent application of these
techniques and to the fact that most such events go
unpublished. Our current understanding of the fac-
tors that lead to neurologic complications after PNBs
is limited. This is partly the result of our inability to con-
duct meaningful retrospective studies because of a lack of

standard and objective monitoring and documentation
procedures for PNBs. We report a case of permanent in-
jury to the sciatic nerve after sciatic nerve block through
the anterior approach and discuss mechanisms that may
have led to the injury. Intraneural injection and nerve in-
jury can occur in the absence of pain on injection and it
may be heralded by high injection pressure (resistance).

(Anesth Analg 2005;100:1515–7)

O ur current understanding of the factors that lead
to neurologic complications after peripheral
nerve blocks is limited. We report a case of

permanent injury to the sciatic nerve after sciatic nerve
block through the anterior approach and discuss
mechanisms that may have led to the injury.

Case Report
A previously healthy 51-yr-old woman (height and weight,
150 cm and 60 kg, respectively) was admitted to the hospital
for open operative treatment of a nonunion fracture of her
distal fibula and tibial malleolus. During the anesthesia in-
terview, she seemed extremely anxious and required pre-
medication (midazolam 4 mg). Twenty minutes later, she
was taken to the operating room and received an additional
2 mg of midazolam and 100 !g of fentanyl before placement
of a peripheral nerve block (PNB). A single-injection sciatic
nerve block was performed through the anterior approach
(1,2) using a 15-cm-long 21-gauge needle (Stimuplex®, B.
Braun Medical Inc, Bethlehem, PA) connected to a nerve
stimulator (Digistim, B. Braun). The sciatic nerve was stim-
ulated at a depth of approximately 12 cm on the third
insertion attempt, and a motor response (dorsal flexion of
the foot) of the common peroneal nerve (CPN) at a current
of 0.38 mA (0.1 ms/2 Hz) was obtained. The resident per-
forming the injection noted high resistance at the beginning
of the injection of the local anesthetic (LA). After the forceful
injection of the first 1 mL of LA, the administration of the

subsequent 29 mL of LA (total, 30 mL) was without resis-
tance. The patient remained comfortable, conversant, and
cooperative throughout the injection. A femoral nerve block
was also administered for application of the tourniquet us-
ing a standard technique (3), and injection of 20 mL of LA
after a quadriceps muscle twitch at 0.3 mA had been ob-
tained. Mepivacaine 2% with freshly added sodium bicar-
bonate 1 mEq/10 mL and epinephrine 1:300,000 was used
for both PNBs. The surgical procedure proceeded unevent-
fully; a thigh tourniquet was used (250 mm Hg) for 92 min.

Twenty-four hours later, the patient had not regained
sensation in, or the ability to move, her right foot and
complained of pain radiating along the path of the sciatic
nerve. On examination, she had absent sensation in the
anterolateral aspect of the skin below the knee and was
unable to dorsiflex the foot or to extend the great toe; the
tibial component of the sciatic nerve was intact. Neurology
consultation 48 h later confirmed the diagnosis of sciatic
nerve injury with neuropraxia of the right CPN. The patient
was discharged 5 days after surgery with the persistent
neurologic deficit. Two weeks later, her surgical wound
healed nicely; however, the sensory-motor deficits in the
CPN territory persisted, as did the radiating pain, which
required treatment with acetaminophen with codeine,
naproxen (375 mg twice a day), and gabapentin (300 mg
every bedtime). The peroneal longus, brevis, and anterior
tibialis and extensor hallucis longus were profoundly weak,
whereas the gastrocnemius and posterior tibialis were nor-
mal. There was a diminished pinprick sensation in the web
space between the first and second digits of the right foot
and on the lateral aspect of the foot and lower leg. A labo-
ratory workup for metabolic causes of the neurologic deficit
was normal.

An electromyography (EMG) study was performed 4 wk
after the injury and demonstrated absent right peroneal motor
potentials and conduction velocities; EMG of the right tibial
nerve was normal. Additionally, EMG of selected right leg
muscles showed mild spontaneous activity of the right anterior
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3 attempts, 0.38 mA, initial high pressure
easy injection after 1 mL, patient awake
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sacral plexus block (deep)

...the sciatic nerve was noted to be distended and 
local anesthetic was leaking from its sheath !
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OWER-EXTREMITY nerve injuries are relatively less

common than injuries to upper-extremity nerves.35,41

Lesions involving the sciatic nerve comprise the

largest as well as a very important subset of lower-extrem-

ity nerve injuries.21 Management of these patients can be

challenging because most surgeons without a special in-

terest in nerve injuries would only see a handful of such

cases over many years. Therefore, the physician’s knowl-

edge of the natural history and management of these cases

often relies on limited and anecdotal experience. The rel-

ative paucity of reported case series in the literature adds

further uncertainty about their management. Indeed, only

a few series of reasonable size in which sciatic nerve

injuries have been reported have been published.9,21,25,36,49

Most of these series have concentrated on injuries from

gunshot wounds (GSWs), reflecting a largely wartime

experience. Other relevant literature includes excellent

reviews concerning clinical presentation and management

but no data on outcome are provided.21,22,47,48

In this retrospective study we provide some detail con-

cerning experience with civilian sciatic nerve injuries at a

single institution. Over a 24-year period, we evaluated 380

patients with sciatic nerve injuries at either the buttock or

thigh level, and 231 of these underwent surgery. We pre-

sent information about clinical characteristics and patient

management. Our goal in this report is to provide an out-

line for management of patients with sciatic nerve lesions

based on outcomes.

Clinical Material and Methods
We conducted a retrospective review of lower-extremi-

ty nerve lesions treated at Louisiana State University

Medical Center by searching patient records spanning a

24-year period (1967–1991). Among 1025 patients in

whom at least 1 year of follow-up information was record-

ed, 380 with sciatic nerve lesions were identified and form

the basis of this report.

J. Neurosurg. / Volume 89 / July, 1998

J Neurosurg 89:13–23, 1998

Management and results of sciatic nerve injuries: a 24-year

experience 

DAVID G. KLINE, M.D., DANIEL KIM, M.D., RAJIV MIDHA, M.D., CARTER HARSH, M.D.,
AND ROBERT TIEL, M.D.

Departments of Neurosurgery, Louisiana State University Medical Center, and Charity, University,
and Ochsner Hospitals, New Orleans, Louisiana

Object. The purpose of this retrospective clinical study was to present results and provide management guide-

lines for various types of sciatic injuries.

Methods. Over a 24-year period, 380 patients with sciatic nerve injuries were managed. In 230 patients (60%),

the injury was at the buttock level, with injection injuries comprising more than half of these cases. Thigh-level sci-

atic injury was evaluated in 150 cases (40%) and was usually secondary to one of four main causes: 1) gunshot

wound; 2) femur fracture; 3) laceration; or 4) contusion. Patients with partial deficits uncomplicated by severe pain

or with significant spontaneous recovery or late referral were managed medically. Surgical exploration was not indi-

cated in 23% of injuries at the thigh level and almost 50% of those at the buttock level. Most of these patients

achieved partial but good spontaneous recovery, especially in the tibial division distribution. Surgical intervention

was required for more complete and persistent deficits in either the tibial or peroneal distribution. Divisions of the

sciatic nerve were split apart and evaluated independently. Management was guided by nerve action potential

(NAP) recordings, which indicated whether neurolysis or resection of the lesion was required. Repair was then made

by using sutures or more frequently by graft placement. 

In most cases in which neurolysis was performed because a positive NAP was recorded distal to the lesion, useful

function was found in the peroneal distribution. Unfortunately, significant recovery occurred in only 36% of patients

who received suture or graft repairs of the peroneal division. Good-to-excellent outcome was common for the tibial

division, even in cases in which repair was proximal and required lengthy grafts. The relatively favorable recovery of

tibial as opposed to peroneal divisions of the sciatic nerve occurred regardless of the level or mechanism of injury.

Conclusions. Surgical exploration and, when necessary, repair of sciatic nerve injuries is worthwhile in selected

cases.

KEY WORDS • neurolysis • sciatic nerve • tibial and peroneal divisions •
nerve suture • nerve graft • repair result
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380 cases; 60% gluteal sciatic nerve
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Intraneural Injection Related Neurologic Injury

49



ORIGINAL ARTICLE

Early surgical treatment protocol for sciatic nerve injury due to
injection – a retrospective study

KIVANÇ TOPUZ1, MURAT KUTLAY1, HAKAN ŞIMŞEK1, CEM ATABEY1,

MEHMET DEMIRCAN1 & MEHMET ŞENOL GÜNEY2

1Department of Neurosurgery, GATA Haydarpasa Training Hospital, Istanbul, Turkey, and 2Department of Neurology,

GATA Haydarpasa Training Hospital, Istanbul, Turkey

Abstract
Background and purpose. We retrospectively researched 119 patients with buttock level traumatic injury to sciatic nerves and
42 cases of sciatic nerve injuries due to intramuscular injections were observed among them. Our aim was finding out the
post-operative outcomes of early intervention and describing a timing schedule for surgical intervention.
Methods. Between 1984 and 2004 a total of 73 patients were operated on to explore the nerve lesion. These injuries
consisted of post-injection injury, hip fracture/dislocation, contusion, compression, gunshot wound, hip arthroplasty and
laceration. Our study took into account 29 cases operated because of injection injury. The most common presenting
symptom was pain, which often masked underlying loss of function. Findings at operation were analysed according to the
type of sciatic nerve damaged following intramuscular injection, the nature of this injury and the referring speciality. Some of
the more common causal operations and procedures are discussed. Preventive measures are listed, and early diagnosis and
treatment are recommended. The aim of the operation was to establish the diagnosis, to resolve pain and to improve function
by epineural or interfasciculary neurolysis.
Results. We analysed the findings at operation according to the nature of the injury and the procedures which the patients
underwent. Seven patients (24.1%) had an excellent outcome, 14 patients (48.2%) had good outcome and 4 patients
(13.8%) had fair outcome. The other four patients (13.8%) had poor outcome. No patients suffered from additional post-
operative neurological deficits or from worsening of pre-operative deficits.
Conclusions. Based on our experiences, we recommend measures by which the morbidity rate of these injuries may be
reduced. We stress, however, that if the clinical evidence points to transection of a nerve, that nerve may be explored without
waiting for electrophysiological confirmation. Delay in recognition and therefore treatment was a cause of litigation, and
contributed to the poor outcome in many cases.

Key words: Sciatic nerve, intramuscular injection, injury.

Introduction

Nerve injury appears to be a much greater problem in
developing countries because of high use of intra-
muscular injections (IMI) for treating common
illnesses. In the developed countries, however, the
incidence of nerve injuries following IMI has
decreased over the last decade.1

Injection was the most common injury mechanism
affecting the sciatic nerve at the buttock level.2 These
are the most vulnerable peripheral nerves due to IMI
because of their large size and because the buttock
area is a common injection site.3 Sciatic nerve injury
after IMI may occur with various therapeutics and
other agents.4,5 The most common intramuscularly
delivered agents that were injected into the nerve
were a combination of analgesic and antiemetic
drugs. Other agents included antibiotic and local

anaesthetic medications, vitamin preparations, vac-
cines and occasionally even steroid drugs.2 Injection
injuries occurred in all age groups and affected
individuals ranging from newborn to 75 years of age.2

The postulated mechanism of injury includes
direct needle trauma, secondary constriction by scar
and direct nerve fibre damage by neurotoxic chemi-
cals in the agent injected.6 Damage may be minimal
or may result in severe axonal and myelin degenera-
tion, depending on the agent injected and dose of the
drug used.7,8 The nature of the injected compound is
also important, as certain drugs are much more
damaging than others when injected into a peripheral
nerve.6 To date, studies have revealed that causative
factors of sciatic nerve injury may be mechanical or
chemical, including the volume and character of the
medication, and location of the injection.3 The
anatomical proximity of the injection to the nerve is
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Early surgical treatment protocol for sciatic nerve injury due to
injection – a retrospective study
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Abstract
Background and purpose. We retrospectively researched 119 patients with buttock level traumatic injury to sciatic nerves and
42 cases of sciatic nerve injuries due to intramuscular injections were observed among them. Our aim was finding out the
post-operative outcomes of early intervention and describing a timing schedule for surgical intervention.
Methods. Between 1984 and 2004 a total of 73 patients were operated on to explore the nerve lesion. These injuries
consisted of post-injection injury, hip fracture/dislocation, contusion, compression, gunshot wound, hip arthroplasty and
laceration. Our study took into account 29 cases operated because of injection injury. The most common presenting
symptom was pain, which often masked underlying loss of function. Findings at operation were analysed according to the
type of sciatic nerve damaged following intramuscular injection, the nature of this injury and the referring speciality. Some of
the more common causal operations and procedures are discussed. Preventive measures are listed, and early diagnosis and
treatment are recommended. The aim of the operation was to establish the diagnosis, to resolve pain and to improve function
by epineural or interfasciculary neurolysis.
Results. We analysed the findings at operation according to the nature of the injury and the procedures which the patients
underwent. Seven patients (24.1%) had an excellent outcome, 14 patients (48.2%) had good outcome and 4 patients
(13.8%) had fair outcome. The other four patients (13.8%) had poor outcome. No patients suffered from additional post-
operative neurological deficits or from worsening of pre-operative deficits.
Conclusions. Based on our experiences, we recommend measures by which the morbidity rate of these injuries may be
reduced. We stress, however, that if the clinical evidence points to transection of a nerve, that nerve may be explored without
waiting for electrophysiological confirmation. Delay in recognition and therefore treatment was a cause of litigation, and
contributed to the poor outcome in many cases.

Key words: Sciatic nerve, intramuscular injection, injury.

Introduction

Nerve injury appears to be a much greater problem in
developing countries because of high use of intra-
muscular injections (IMI) for treating common
illnesses. In the developed countries, however, the
incidence of nerve injuries following IMI has
decreased over the last decade.1

Injection was the most common injury mechanism
affecting the sciatic nerve at the buttock level.2 These
are the most vulnerable peripheral nerves due to IMI
because of their large size and because the buttock
area is a common injection site.3 Sciatic nerve injury
after IMI may occur with various therapeutics and
other agents.4,5 The most common intramuscularly
delivered agents that were injected into the nerve
were a combination of analgesic and antiemetic
drugs. Other agents included antibiotic and local
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injuries occurred in all age groups and affected
individuals ranging from newborn to 75 years of age.2

The postulated mechanism of injury includes
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and direct nerve fibre damage by neurotoxic chemi-
cals in the agent injected.6 Damage may be minimal
or may result in severe axonal and myelin degenera-
tion, depending on the agent injected and dose of the
drug used.7,8 The nature of the injected compound is
also important, as certain drugs are much more
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nerve.6 To date, studies have revealed that causative
factors of sciatic nerve injury may be mechanical or
chemical, including the volume and character of the
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42 cases of IM injection
(analgesic, antipyretic, antiemetic, antibiotic, steroid)

Results

We identified 42 patients with nerve injury following
IMI among the patients who underwent surgery and
who were included in the study group. Patients’ ages
ranged from 11 to 56 years (mean age, 25.6 years).
Of these 42 patients, 31 were males (73.8 %) and 11
were females (26.2%). In this injection series, there
was only 1 patient (2.38 %) in the paediatric group
(Table I). Mean follow-up period was 31.3 months
(range, 3–126 months). Eighty-seven percent of
patients completed the 36-month follow-up.

The most common intramusculary delivered
agents that were injected into the nerve were
combinations of analgesic–antipyretic and antiemetic
drugs (74.7%). Other agents included antibiotic
(18.4%) and occasionally even steroid drugs (7.5%).

The neurological symptoms experienced by the
patients were as follows: weakness, 26 (61.9%);
paresthesia, 15 (35.7%); numbness, 7 (16.6%);
neuropathic pain, 23 (54.7%). The onset of symp-
toms was immediate in 37 patients (88.1%) and
delayed in 5 patients (11.9%) (Table I). Adults were
more likely to have immediate onset of symptoms
than children. The mean duration of symptoms from
the time of onset to admission to our hospital ranged
from 5 h to 23 days.

Neurophysiologic improvement was detected in
the repeated EMG studies during follow-up period
(rather than 10–14 days after injection) of the
patients compared to their initial conduction values.
The most frequent abnormality was reduction in
CMAP (peroneal and tibial) and SNAP (sural)
amplitude and conduction velocity. The peroneal
component of sciatic nerve was affected more
seriously than the tibial component in 27 individuals
(64.2%) (Table I), equally involved in four subjects
(9.5%) and less affected than the tibial division in 11
patients (26.2%).

Surgery was performed in 29 of 42 injection injury
lesions (69.04%). The other 13 of 42 patients
(30.1%) were treated conservatively. The time frame
for surgical intervention (n! 29) was immediate (1–3
days) for 12 patients (41.3%) and late for 17 patients
(58.6%) after 10–21 days. Twelve of 29 patients had
total motor deficit and/or severe intractable pain had
immediate surgery, had no EMG evaluations pre-
operatively. In 17 of 29 patients where there were no
significant clinical or electrical signs of recovery,
surgical exploration was performed after EMG
evaluations. We performed decompressive explora-
tion as an immediate surgery and epineural or
interfasciculary neurolysis as a late surgery.

In patients (n! 30) (71.4%) who had undergone
EMG between 7 and 10 and 10 and 14 days, features
of active denervation were found in 13 of these
patients (43.3%) who had a partial injury that spared
some function in both peroneal and tibial divisions,
so they were treated conservatively. Seventeen of 30
patients (56.6%) who were under observation had

mild partial deficits involving the peroneal more than
the tibial division, and they suffered from persistent
severe neuropathic pain unresponsive to drugs did
not reveal improvement and there was still no
spontaneous activity and the recruitment was re-
duced with normal motor unit morphology in the
weak muscles, therefore, they were operated. Nine of
these patients (n! 17) (53%) exhibited perioperative
transmittable NAPs across each tibial and peroneal
division of a nerve segment presumed to have been
injected, indicating initial partial sparing of function
or significant ongoing regeneration through the
lesion site. NAP in 8 of 17 patients (47%) had
features of active denervation, so we performed
interfascicular neurolysis in addition to epineural
neurolysis.
The operations were considered successful (ex-

cellent" good outcomes) in 21 of 29 patients
(72.4%) at the long-term follow-up. Seven patients
(24.1%) had an excellent outcome, 14 patients
(48.2%) had good outcome and 4 patients (13.8%)
had fair outcome. The other four patients (13.8%)
had poor outcome. No patients suffered from
additional post-operative neurological deficits or
from worsening of pre-operative deficits (Table II).
Nine out of 26 patients (34.6%) who had presented
with motor deficits pre-operatively had fully recov-
ered, and 12 of 26 patients (46.1%) experienced
partial recovery of motor strength. In 18 out of 22
patients (81.8%), sensory deficits had fully recovered
while four patients (18.2%) had partial recovery.

Discussion

Injection remains the most frequent cause of serious
injury to the buttock-level sciatic nerve. The
mechanism of injury with IMI includes a combina-
tion of direct mechanical injury, changes in the
permeability of the blood–nerve barrier, associated
oedema, pressure ischaemia, epinephrine-mediated
vasoconstriction and increased endoneural fluid
pressure, all of which may contribute to the nerve
injury.8,13–24

Peripheral nerve injury after IMI may occur with
various therapeutic and other agents.4,5 Damage may

TABLE II. Data of postoperative outcomes

Excellent (24.1%) 7
Good (48.2%) 14

Fair (13.8%) 4

Poor (13.8%) 4

TABLE I. Demographic data of the patients

Male (73.8%) 31
Female (26.2%) 11

Pediatric (2.38%) 1

Immediate onset of neurodeficit (88.1%) 37

Late onset of neurodeficit (11.9%) 5
Peroneal component involvement (64.2%) 27
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Ultrasound-guided interscalene blocks: understanding
where to inject the local anaesthetic

B. C. Spence,1 M. L. Beach,2 J. D. Gallagher3 and B. D. Sites4

1 Assistant Professor of Anaesthesiology, 2 Professor of Anaesthesiology and Community & Family Medicine, 3 Professor
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Summary
Although ultrasound-guided regional anaesthesia has gained in popularity, few data exist describing
the optimal location(s) to inject local anaesthetic. Our objective was to compare, for interscalene
blocks, the effectiveness of an injection between the middle scalene muscle and brachial plexus
sheath (peri-plexus) with an injection within the brachial plexus sheath (intra-plexus). We enrolled
170 patients undergoing shoulder surgery with general anaesthesia and interscalene block in this
randomised, controlled trial. Our primary outcome variable was loss of shoulder abduction. Block
quality was also measured and defined by an evaluation of onset time, sensory and motor loss and
duration. There was no difference between the two groups in block onset times or block quality.
After adjusting for sex, age and volume injected, intra-plexus blocks lasted a mean of 2.6 h (16%)
longer (95% CI 0.25–5.01, p = 0.03) than peri-plexus blocks.

........................................................................................................
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Characterising the different distributions of spread of
local anaesthetic that predict success while enhancing
safety is paramount to advancing the widespread
acceptance of ultrasound-guided regional anaesthesia.
Each nerve and plexus may have one or more effective
morphological distributions of local anaesthetic solu-
tion. There are currently no evidence-based patterns of
spread of local anaesthetic that can be recommended
[1]. This leaves practitioners unsure whether a new
needle position is needed following a test injection.
This is in contrast to nerve stimulation, where the end
point for injection is a motor response to nerve
stimulation at currents between 0.2 and 0.5 mA.

Traditionally, the placement of local anaesthetic
around the nerve structure, or ‘doughnut sign’, has
been considered the gold standard [2]. This concept of
circumferential spread may be necessary or appropriate
for some nerve blocks. Our clinical experience,
however, suggests that it is not true for single injection
interscalene block. Injection in the potential space
between the middle scalene muscle and the brachial

plexus sheath (peri-sheath) has seemed equally effica-
cious in our practice. Indeed, demanding an aggressive
circumferential spread may result in more needle-to-
nerve trauma, more repositioning and the induction of
unnecessary dysaesthesias [3]. Our hypothesis in this
investigation was that there is an equally effective
method of placing the local anaesthetic immediately
lateral to the plexus, without the need to penetrate into
the plexus itself. In essence, we aimed to compare the
block efficacy between a conservative injection in the
peri-plexus location with that of a more traditional and
aggressive intra-plexus injection technique.

Methods

Approval for the study was obtained from the
Committee for the Protection of Human Subjects at
Dartmouth Medical School and informed consent was
obtained from each participant on the day of surgery.
All adults (‡ 18-year-old) undergoing primary shoul-
der arthroscopy were identified for possible inclusion

Anaesthesia, 2011, 66, pages 509–514 doi:10.1111/j.1365-2044.2011.06712.x
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in the study. Patients unable to consent for their
anaesthetic, patients having a repeat shoulder arthros-
copy, patients having a total shoulder replacement or
hemiarthroplasty, patients on chronic opioid therapy,
patients who were pregnant, employees of our insti-
tution and their family members, medical students and
patients who refused to participate were not studied.

Patients were randomly assigned to either an
‘aggressive’ intra-plexus injection or a ‘conservative’
peri-plexus injection. Computer-generated group
codes were sealed in an envelope and opened following
the signing of informed consent. The regional anaes-
thesia nurse, data collection nurse and the operative
team were blinded to the group assignment. Baseline
measurements of sensation and motor function were
obtained from the operative limb and recorded.
Patients were given a combination of midazolam
0–2 mg and fentanyl 0–50 lg intravenously for the
block placement. After an aseptic preparation and
draping of the patient, the skin was anaesthetised with
5 ml lidocaine 1% using a 25-G needle. Next, an
ultrasound-guided, in-plane, and single injection in-
terscalene block was performed using a 22-G 50-mm
blunted bevel needle (B Braun, Melsungen, Germany).
The site of the all injections was at the level of roots to
trunks as defined using ultrasound. The needle was
directed from lateral to medial through the middle
scalene muscle. In the intra-plexus group, the needle
was advanced into the brachial plexus sheath by passing
between the two most superficial large hypoechoic
circles. This sheath penetration corresponded to a
physical and visual popping sensation. The injection
commenced and local anaesthetic was then expected to
fill from within and expand the tissue layers surround-

ing the brachial plexus (Fig. 1 and Video S1; see
Supporting Information details given at the end of this
paper). If the local anaesthetic did not appear to be
surrounding all of the identified neural structures, then
the needle was repositioned to assure complete spread
of the local anaesthetic. In the peri-plexus group, the
needle was advanced and stopped at the junction of the
outer hyperechoic fascial layer of the plexus and the
fascial layer covering the middle scalene muscle. The
injection commenced and was expected to result in the
plexus being pushed medially with the local anaesthetic
spread adjacent to the plexus (Fig. 2 and Video S2; see
Supporting Information details given at the end of this
paper). If an intramuscular injection was noted with the
first 2 ml of local anaesthetic, then the needle was
advanced closer to the plexus, but not through the
fascial layer covering the plexus.

The first 15 patients enrolled (seven peri-plexus and
eight intra-plexus) received 30 ml bupivacaine 0.5%
for their interscalene blocks. The protocol was
changed, with permission from the Committee for
the Protection of Human Subjects, to 0.25 ml.kg)1

(with a maximum of 30 ml) because of the potential for
systemic toxicity in patients with low body weight. All
traditional techniques for insuring safety were utilised,
including assessing patient feedback, monitoring
resistance to injection with an in-line pressure monitor
(B-Smart; Macosta, Mirandola, Italy) and frequent
aspiration during the injection. Injection pressures
were kept below 103 kPa (15 psi).

Following block completion, a research nurse
blinded to the treatment group, performed the block
assessment. Sensory and motor examinations were
performed at 5-min intervals for 30 min. Loss of

Figure 1 Needle placement for the intra-plexus group. The
needle tip is demarcated in the image by an arrow. C5 and
C6 are the nerve roots of the brachial plexus.

Figure 2 Needle placement for the peri-plexus group. The
needle tip is demarcated in the image by an arrow. C5 and
C6 are the nerve roots of the brachial plexus.
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intra-plexus peri-plexus

In the peri-plexus group, the needle was advanced and stopped at the junction of
 the outer hyperechoic fascial layer of the plexus and the fascial layer covering 

the middle scalene muscle.
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Diabetes Mellitus and Subclinical Neuropathy

A Call for New Paths in Peripheral Nerve Block Research

PERIPHERAL nerve blocks have become a popular anes-
thetic option in the perioperative management of pa-
tients with diabetes mellitus (types 1 and 2) because
blocks provide better postoperative analgesia than does
general anesthesia, while avoiding the cardiopulmonary
and insulin-resistance effects of general anesthesia. De-
spite widespread clinical application of peripheral nerve
blocks, important limits persist in our knowledge regard-
ing their use in these patients. First, whether local anes-
thetics themselves are more toxic to peripheral nerves in
diabetic and other preneuropathic patients is unknown,
although this has been suggested by a recent report of
sensorimotor nerve damage for patients with previously
undiagnosed polyneuropathy.1 Second, we do not know
whether the dose of local anesthetic for effective periph-
eral nerve block differs in the presence of diabetes mel-
litus. Third, a recent report suggests that standard (nerve
stimulator) approaches to localizing nerves for injection
exhibit reduced effectiveness in diabetic patients.2

In this issue of ANESTHESIOLOGY, Rigaud et al.3 take an
essential step toward better understanding of the sug-
gested problem related to needle localization using
nerve stimulators in the presence of diabetes mellitus.
Rigaud et al. first show that in normal dogs, nerve stim-
ulation with electrical current levels in the range of
0.33–1.0 mA results in needle placement sufficiently
close to the sciatic nerve in 23 of 24 insertions, with
unwanted epineural penetration occurring in 1 of these
nerve trials. Of note, the lower threshold for electrical
perineural stimulation (i.e., 0.50 mA) did not result in
distinguishably better needle positioning. The authors
then demonstrate that—in the presence of hyperglyce-
mia induced by streptozotocin and alloxan—low-thresh-
old (0.5 mA) stimulation in the hyperglycemic animals
uniformly resulted in intraneural injections. The hyper-
glycemic animals were unfortunately not tested with
high-threshold (i.e., 1.0 mA or higher) electrical current.
The application of the study findings directly to diabetic

patients, however, is problematic because of the uncer-
tainty of relevance of acute changes in streptozotocin hy-
perglycemia in animals to long-standing diabetes mellitus in
people. Nonetheless, these preliminary observations pro-
vide the impetus for future research into the safety of nerve
stimulation to guide needle placement for peripheral nerve
blocks in patients with diabetes mellitus.

Follow-up studies will need to address a number of
important questions regarding the implications of hyper-
glycemia and diabetes mellitus for the utility, conduct,
and safety of local anesthetics in peripheral nerve
blocks. Well-designed studies in this area would likely be
considered highly significant for funding by the Founda-
tion for Anesthesia Education and Research and the
American Society for Regional Anesthesia and Pain Med-
icine. A central problem is the use of animal models to
emulate the clinical conditions of human diabetes melli-
tus. There is currently no perfect research model for
diabetes mellitus, let alone diabetic neuropathy. Perhaps
the closest diabetes mellitus model to the human condi-
tion is the naturally occurring diabetes mellitus that
develops in rhesus monkeys fed an ad libitum diet.4

These primates develop type 2 diabetes mellitus after
several years of overfeeding; however, the expenses
associated with this model system make it impractical
for most research questions. One interesting recently
reported type 2 diabetic rat strain is the Zucker Diabetic
Fatty rat,5 and an example of a useful type 1 diabetic
mouse model involves autoimmunity of the nonobese
diabetic, severe combined immunodeficient mouse to a
glutamic acid decarboxylase peptide.6 Generally, these
small animal models have been derived by selective
breeding. Although these strains are valuable for study,
they also have particular characteristics that may or may
not pertain to desired abnormalities in glucose metabo-
lism. Recently, mouse models for obesity and type 2
diabetes mellitus have been reviewed7; these models
involve genetic manipulation to create transgenic mice
with selective disruption of various genes related to
insulin signal transduction. For example, mice with com-
plete loss of insulin receptors die shortly after birth, and
selective knockout approaches have been used for un-
derstanding the role of the insulin receptor in various
organs. However, whether any such mouse models de-
velop peripheral neuropathy is unknown.

Streptozotocin-induced hyperglycemia is rapid and has
the advantage that studies can be performed with treated
and untreated animals examined in parallel. This ap-
proach has been used in a wide range of species (e.g.,
rat, pig, dog). At higher doses, streptozotocin is associ-

This Editorial View accompanies the following article: Rigaud
M, Filip P, Lirk P, Fuchs A, Gemes G, Hogan Q: Guidance of
block needle insertion by electrical nerve stimulation: A pilot
study of the resulting distribution of injected solution in dogs.
ANESTHESIOLOGY 2008; 109:473–8.
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Sonographic Evaluation of the
Peripheral Nerve in Diabetic Patients
The Relationship Between Nerve Conduction Studies,
Echo Intensity, and Cross-sectional Area

Tsuneo Watanabe, MT, Hiroyasu Ito, MD, PhD, Ayako Sekine, MT, 
Yuriko Katano, MT, Takashi Nishimura, MT, Yoshihiro Kato, MD, PhD, 
Jun Takeda, MD, PhD, Mitsuru Seishima, MD, PhD, Toshio Matsuoka, PhD

Objective. Early detection of nerve dysfunction is important to provide appropriate care for patients
with diabetic polyneuropathy. The aim of this study was to assess the echo intensity of the peripheral
nerve and to evaluate the relationship between nerve conduction study results and sonographic find-
ings in patients with type 2 diabetes mellitus. Methods. Thirty patients with type 2 diabetes (mean ±
SD, 59.8 ± 10.2 years) and 32 healthy volunteers (mean, 53.7 ± 13.9 years) were enrolled in this study.
The cross-sectional area (CSA) and echo intensity of the peripheral nerve were evaluated at the carpal
tunnel and proximal to the wrist (wrist) of the median nerve and in the tibial nerve at the ankle.
Results. There was a significant increase in the CSA and hypoechoic area of the nerve in diabetic
patients compared with controls (wrist, 7.1 ± 2.0 mm2, 62.3% ± 3.0%; ankle, 8.9 ± 2.8 mm2, 57.6%
± 3.9%; and wrist, 9.8 ± 3.7 mm2, 72.3% ± 6.6%; ankle, 15.0 ± 6.1 mm2, 61.4% ± 5.3% in con-
trols and diabetic patients, respectively; P < .05). Cross-sectional areas were negatively correlated with
reduced motor nerve conduction velocity and delayed latency. Conclusions. These results suggest that
sonographic examinations are useful for the diagnosis of diabetic neuropathy. Key words: cross-
 sectional area; diabetic neuropathy; echo intensity; median nerve; sonography; tibial nerve. 
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he World Health Organization estimates that
more than 180 million people worldwide have
diabetes mellitus. This figure is estimated to
more than double by 2030.1 In Japan, the num-

ber of diabetic patients has increased and reached 8
million, and it is assumed that 35% to 45% of diabetic
patients have symmetric diabetic polyneuropathy
(DPN). Advanced DPN causes serious complications,
such as diabetic foot ulcers, gangrene, and Charcot joint,
all of which worsen the quality of life of diabetic patients.2

Therefore, early detection of nerve dysfunction is impor-
tant to provide appropriate care for patients with DPN.3

The diagnosis of diabetic neuropathy is based primari-
ly on characteristic symptoms and is confirmed with a
nerve conduction study (NCS). Although imaging analy-
ses for neuropathy have not been used for diagnosis,
high-resolution diagnostic ultrasound equipment has
improved greatly, making revelation of minute peripher-
al nerves by sonographic evaluation possible.4 Recent
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Categorizing of participants into tertiles of latency
yielded 3 separate groups. Compared with the first
tertile, CSAs of the median nerve increased signifi-
cantly with each tertile. Moreover, after combining
tertiles of latency and the MCV, even more com-
prehensive CSA stratification was possible, with all
CSAs ranging from 7.1 mm2 in participants in the
lowest tertile of both parameters to 14.6 mm2 in
participants in the highest tertile (Figure 5). The
latency period of the tibial nerve was divided into 3
groups: latency of less than 4.5 milliseconds, laten-
cy of 4.5 to 5.0 milliseconds, and latency of greater
than 5.0 milliseconds. The MCV of the tibial nerve
was also divided into 3 groups: MCV of less than 40
m/s, MCV of 40 to 50 m/s, and MCV of greater than
50 m/s. The CSA of the tibial nerve stratification
was 16.3 mm2 in participants in the highest tertile
for both parameters (Figure 6).

In the ROC analysis (Figure 7), the following
cutoff values corresponded to the highest diag-
nostic accuracy: 11 mm2 for the sonographic CSA
of the carpal tunnel, 8 mm2 for the sonographic
CSA of the wrist, and 10 mm2 for the sonograph-
ic CSA of the ankle; 62% for the hypoechoic area
of the wrist and 66% for the hypoechoic area of
the ankle; 52 m/s for the NCS MCV of the medi-
an nerve and 42 m/s for the NCS MCV of the tib-
ial nerve; and 4.0 milliseconds for latency in the
median nerve and 4.4 milliseconds for latency in
the tibial nerve. According to the cutoff values
derived from ROC analysis, the most effective
sonographic parameter was the CSA of the carpal
tunnel (68.2% sensitivity and 85% specificity),
whereas the most effective NCS parameter was
the tibial nerve MCV (87.5% sensitivity and 93.5%
specificity). The sensitivity was lower with sonog-

Figure 4. (continued) E, Sonogram of the tibial nerve in a control participant’s ankle. F, Histogram of the tibial nerve in a control par-
ticipant’s ankle. G, Sonogram of the tibial nerve in a diabetic patient’s ankle. H, Histogram of the tibial nerve in a diabetic patient’s
ankle.
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Functional Deficits After Intraneural Injection During
Interscalene Block

Joshua M. Cohen, MD and Andrew T. Gray, MD, PhD

Objective: We present an occurrence of a severe but transient neuro-
logic complication after intraneural injection during an ultrasound-
guided interscalene block.
Case Report: A 36-year-old man underwent ultrasound-guided inter-
scalene nerve blockade before shoulder incision and drainage. On post-
operative day 1, he exhibited new-onset arm weakness with dysesthesias.
Intraneural injection was recognized based on a retrospective review of
the recorded ultrasound imaging. The symptoms persisted for more than
2 weeks and completely resolved by 6 weeks.
Conclusions: Our report suggests that intraneural injection during
ultrasound-guided interscalene block carries a risk of neurologic
complications.

(Reg Anesth Pain Med 2010;35: 397Y399)

T here are many case reports and even clinical series of intra-
neural injections visualized with ultrasound imaging. These

cases suggest safety for regional block because the follow-up
examinations failed to reveal any1 or minor2 neurologic symp-
toms after local anesthetics were injected directly into peripheral
nerves. However, here we present a case of functional deficits
after interscalene block in which intraneural injection was rec-
ognized from the recorded images.

CASE REPORT
The patient was a 36-year-old man scheduled for repeat left

shoulder incision and drainage with manipulation for range of
motion. He sustained a traumatic shoulder injury before admis-
sion andwas 5 days status-post an uneventful left shoulder incision
and drainage for infection under general anesthesia with a preop-
erative interscalene nerve block. He was taking no pain medica-
tions before his injury, and after the initial incision and drainage,
he was taking gabapentin and oxycodone with good analgesia.
Before his second procedure, he had normal strengthwith regard to
arm flexion and no history of neuropathy. His medical history
was remarkable only for major depressive disorder, treated with
citalopram and mirtazapine. The patient gave his written consent
for the publication of this report.

A fresh solution consisting of 40 mL 0.375% bupivacaine
with 60 Hg buprenorphine and 20 mg tetracaine (all preservative-
free) was prepared in a 60-mL syringe. A linear ultrasound

transducer (L12-5, 50-mm footprint; PHILIPS iU22 platform;
Philips, Bothell, Wash) was positioned on the neck at the level of
C6, and the brachial plexus was visualized between the anterior
and middle scalene muscles (Fig. 1 and Video 1, Supplemental
Digital Content 1, http://links.lww.com/AAP/A22). Lidocaine
was used to anesthetize the skin, and 30 mL 0.375% bupiva-
caine with 45 Hg buprenorphine and 15 mg tetracaine was slowly
injected with intermittent aspiration through a 21-gauge 50 mm
echogenic needle (Echotip percutaneous entry needle; bevel
angle, 30 degrees; Cook Incorporated, Bloomington, Ind) con-
nected via 60-in microbore intravenous extension tubing (Arrow
International, Inc, Reading, Pa) with an in-plane short-axis ap-
proach. The block was performed using a multiple-injection tech-
nique, with the needle bevel oriented toward the transducer to
improve needle-tip visibility. The needle was subsequently re-
moved, and the interscalene groove scanned to ensure adequate
deposition of local anesthetic around the superior and middle
trunks of the brachial plexus. The transducer and needle were
held by an anesthesia resident, while the injection was performed
with one hand by an experienced attending. The block was un-
eventful; no additional sedatives or analgesics were administered,
and no paresthesias were reported. Within 5 minutes, the patient
described clinical signs suggestive of a successful block, including
numbness over his shoulder and weakness with arm abduction.

He underwent surgery for 46 minutes in beach-chair po-
sition with intravenous midazolam (total, 2 mg) and fentanyl
(total, 100 Hg), with range of motion during manipulation noted
as 20-degree external rotation at 90 degrees of abduction. Im-
mediately after surgery, he had no pain in the recovery room.
However, the following morning, he complained of left arm
weakness and numbness below his elbow, with considerable
shoulder pain. He described the presence of dysesthesias in
the distal forearm. On examination, he had no sensory deficits,
but muscle testing revealed 0/5 elbow flexion and supination
strength. Whereas sensation to cold temperature was not al-
tered, he exhibited decreased sensation to light touch in the fifth
and sixth left cervical nerve distributions. At this point, we re-
viewed the stored ultrasound images recorded during the inter-
scalene block and noticed that injection had been made
intraneurally (Fig. 1 andVideo 1, Supplemental Digital Content 1,
http://links.lww.com/AAP/A22).

This patient had a prolonged hospital course consisting
of further left shoulder irrigation and drainages in the operating
room under general anesthesia. By the time of his discharge
2 weeks postoperatively, arm flexion and supination strength
were 3/5, and the dysesthesias had nearly resolved. By 6 weeks
postoperatively, arm flexion and supination strength were 5/5,
and no dysesthesias were reported. Because the patient’s symp-
toms improved during this period, no formal neurology consul-
tation or electromyographic recordings were performed.

DISCUSSION
Our patient had no residual neurologic deficits by 6 weeks

postoperatively. Regardless, this case illustrates a significant func-
tional impairment lasting more than 2 weeks after a documented
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intraneural injection. Although we presume that this patient’s
neurologic deficits were caused by needle-tip placement and in-
jection into the brachial plexus, we cannot absolutely exclude
other explanations. Perioperative nerve injury may be due to fac-
tors unrelated to the nerve block such as intraoperative posi-
tioning or surgical trauma. However, we feel that these are very
unlikely in the present case because of the brief surgical proce-
dure that was performed without a tourniquet. The surgical ex-
ploration was limited to the territory of the axillary nerve, which
was intact by postoperative day 1.

Many clinicians assume that awake or minimally sedated
patients will be able to recognize and report pain or other atyp-
ical symptoms from an errant needle before neurologic injury
occurs.3 Although pain and paresthesia sensations may be clin-
ically relevant indicators of potential nerve injury, awake pa-
tients may not be able to verbalize these warnings to prevent
injury from occurring or indeed may not be aware of any ab-
normal sensations during block placement.3 Particularly im-
pressive was the fact that the patient in the present case received
no sedation before this block.

This case report raises the concern that whether intraneural
injections result in neurologic sequelae after regional block may
depend on the drug injected. Although clinically equipotent,
there is evidence in experimental models of intraneural injection
and desheathed nerves that tetracaine is more likely than bupi-
vacaine to cause irreversible conduction block and fascicular
damage.4,5 Although it contributes to postoperative analgesia
when used as an adjunct in peripheral nerve blockade,6 formal
assessments for neurotoxicity associated with buprenorphine
have not been conducted.

The anatomic site also may be important to neurologic
outcome after needle injection injury. Interscalene blocks are
performed at the level of the cervical ventral rami or trunks of
the brachial plexus. These proximal nerves have relatively few
fascicles with little connective tissue and therefore appear
hypoechoic on ultrasound scans.7,8 Oligofascicular nerves are
at higher risk of compression and traction injury than polyfas-
cicular nerves.9 The question remains as to whether the same is
true for needle injection injury. Oligofascicular nerves also have
a vulnerable blood supply and less regenerative capacity, and
proximal injury results in more extensive functional compromise.

Most authors agree that it is not possible to discern if
needle-tip placement is intrafascicular or extrafascicular based
on ultrasound scans. However, the recorded movie appears to
show that the injection separates individual fascicles rather
than expand them (Video, Supplemental Digital Content 1,
http://links.lww.com/AAP/A22). At center frequencies of 10 MHz,
ultrasound imaging is capable of resolving approximately one-
third the total number of nerve fascicles.10 Extrafascicular injection
has traditionally been associated with low-pressure injection,11

which is consistent with the present case.
We cannot rule out that low-pressure intrafascicular injec-

tion occurred. One recent study found that intrafascicular
injections were low pressure (G11 psi) 43% of the time.12 Be-
cause the perineurium is the principal diffusion barrier within
peripheral nerves, more profound drug effects and toxicity are
expected with intrafascicular injections compared with extra-
neural or extrafascicular injections.4,13 More extensive collateral
damage to adjacent nerves would be expected with high-pressure
intrafascicular injections. However, low-pressure intrafascicular
injections with lidocaine and epinephrine were not associated
with adverse neurologic outcomes in animal models.12

FIGURE 1. Sonographic appearance of the intraneural injection
during interscalene block. Scans are shown before (A) and
immediately after (B) intraneural injection. Several minutes later,
the brachial plexus was scanned to assess the injected
distribution (C) and showed rapid dissipation of the intraneural
injection. The components of the brachial plexus involved in the
intraneural injection are identified (arrows), along with the
remainder of the plexus (arrowheads). The block needle is visible
within the plane of imaging in A. The skin surface is at the top
of the images. L indicates posterolateral, with images 3 cm in
depth. Estimates of the cross-sectional area of the expanded
segment (indicated with arrows) are 40, 76, and 32 mm2 as
measured before (A), during (B), and after (C) injection.
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intraneural injection. Although we presume that this patient’s
neurologic deficits were caused by needle-tip placement and in-
jection into the brachial plexus, we cannot absolutely exclude
other explanations. Perioperative nerve injury may be due to fac-
tors unrelated to the nerve block such as intraoperative posi-
tioning or surgical trauma. However, we feel that these are very
unlikely in the present case because of the brief surgical proce-
dure that was performed without a tourniquet. The surgical ex-
ploration was limited to the territory of the axillary nerve, which
was intact by postoperative day 1.

Many clinicians assume that awake or minimally sedated
patients will be able to recognize and report pain or other atyp-
ical symptoms from an errant needle before neurologic injury
occurs.3 Although pain and paresthesia sensations may be clin-
ically relevant indicators of potential nerve injury, awake pa-
tients may not be able to verbalize these warnings to prevent
injury from occurring or indeed may not be aware of any ab-
normal sensations during block placement.3 Particularly im-
pressive was the fact that the patient in the present case received
no sedation before this block.

This case report raises the concern that whether intraneural
injections result in neurologic sequelae after regional block may
depend on the drug injected. Although clinically equipotent,
there is evidence in experimental models of intraneural injection
and desheathed nerves that tetracaine is more likely than bupi-
vacaine to cause irreversible conduction block and fascicular
damage.4,5 Although it contributes to postoperative analgesia
when used as an adjunct in peripheral nerve blockade,6 formal
assessments for neurotoxicity associated with buprenorphine
have not been conducted.

The anatomic site also may be important to neurologic
outcome after needle injection injury. Interscalene blocks are
performed at the level of the cervical ventral rami or trunks of
the brachial plexus. These proximal nerves have relatively few
fascicles with little connective tissue and therefore appear
hypoechoic on ultrasound scans.7,8 Oligofascicular nerves are
at higher risk of compression and traction injury than polyfas-
cicular nerves.9 The question remains as to whether the same is
true for needle injection injury. Oligofascicular nerves also have
a vulnerable blood supply and less regenerative capacity, and
proximal injury results in more extensive functional compromise.

Most authors agree that it is not possible to discern if
needle-tip placement is intrafascicular or extrafascicular based
on ultrasound scans. However, the recorded movie appears to
show that the injection separates individual fascicles rather
than expand them (Video, Supplemental Digital Content 1,
http://links.lww.com/AAP/A22). At center frequencies of 10 MHz,
ultrasound imaging is capable of resolving approximately one-
third the total number of nerve fascicles.10 Extrafascicular injection
has traditionally been associated with low-pressure injection,11

which is consistent with the present case.
We cannot rule out that low-pressure intrafascicular injec-

tion occurred. One recent study found that intrafascicular
injections were low pressure (G11 psi) 43% of the time.12 Be-
cause the perineurium is the principal diffusion barrier within
peripheral nerves, more profound drug effects and toxicity are
expected with intrafascicular injections compared with extra-
neural or extrafascicular injections.4,13 More extensive collateral
damage to adjacent nerves would be expected with high-pressure
intrafascicular injections. However, low-pressure intrafascicular
injections with lidocaine and epinephrine were not associated
with adverse neurologic outcomes in animal models.12

FIGURE 1. Sonographic appearance of the intraneural injection
during interscalene block. Scans are shown before (A) and
immediately after (B) intraneural injection. Several minutes later,
the brachial plexus was scanned to assess the injected
distribution (C) and showed rapid dissipation of the intraneural
injection. The components of the brachial plexus involved in the
intraneural injection are identified (arrows), along with the
remainder of the plexus (arrowheads). The block needle is visible
within the plane of imaging in A. The skin surface is at the top
of the images. L indicates posterolateral, with images 3 cm in
depth. Estimates of the cross-sectional area of the expanded
segment (indicated with arrows) are 40, 76, and 32 mm2 as
measured before (A), during (B), and after (C) injection.
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Neurologic Injury Can Happen With UGRA

inflammatory brachial neuritis

(patient related)

patient was again noted to have a dense motor and sensory block of the
operative extremity, as would be expected 10 h after a successful
regional blockade.

On postoperative day 1, the patient continued to have shoulder
pain with a persistent flaccid motor block of his entire right upper
extremity. This pain was exacerbated by shoulder and arm move-
ment and not by neck movement or a Valsalva maneuver, as can be
seen in cervical radiculopathy. A consultation by the neurology
service on postoperative day 2 found sensation to temperature
throughout dermatomes C4 –T1, with absent light touch sensation
in C6 –T1. Vibration and joint position perception were absent
throughout. A magnetic resonance image of the chest was per-

formed on postoperative day 3, which demonstrated postsurgical
changes without any evidence for compressive or avulsive pathol-
ogy. However, it was diagnostic for brachial neuritis (fig. 2). High-
dose methylprednisolone was initiated to treat a presumed autoim-
mune brachial neuritis. An electromyelogram performed on postop-
erative day 4 showed loss of the median and ulnar F waves. In
addition, there was no voluntary recruitment of the following mus-
cles: deltoid, triceps, biceps, brachioradialis, wrist extensors, and
first dorsal interosseous. At this time, there was no evidence of
active denervation in any of the muscles examined. On postopera-
tive day 11, a complete paresis of the patient’s entire arm persisted;
an electromyelogram demonstrated active denervation of all mus-
cles and no voluntary motor recruitment. This study demonstrated
low-amplitude compound muscle action potentials of the median
and ulnar motor nerves. Median ulnar and radial sensory nerve
action potentials were absent. Electromyographic examination re-
vealed active denervation in all of the muscles previously examined,
with no voluntary motor recruitment (table 1).

A follow-up electromyelogram 3 months from the date of surgery
showed improvement. There was reduced voluntary motor recruit-
ment with evidence of reinnervation in all of the muscles that were
previously examined. The patient’s unaffected limbs were tested, and
studies of the radial and sural sensory nerves and ulnar and peroneal
motor nerves with F waves yielded normal results. Nerve fiber loss can
still be significant despite normal nerve conduction study results.
Therefore, a normal electromyelogram does not completely rule out
subclinical peripheral neuropathy.

At 8 months postoperatively, the patient continued to have signifi-
cant range of motion and strength deficits. His distal hand function
remained limited secondary to stiffness from the prolonged neurologic
recovery. Range of motion at the wrist, metacarpophalangeal joints,
proximal interphalangeal joints, and distal interphalangeal joints were
significantly limited, with approximately 50% loss of motion at each
level. The patient also continued to have visible isolated muscle atro-
phy of proximal musculature, including the pectoralis major and pos-

Fig. 1. Interscalene nerve block in our patient with multiple
sclerosis. Image shows the C5–C7 ventral roots of the right
brachial plexus. Arrows indicate the needle in plane with the
ultrasound beam. The needle tip was completely visualized
throughout the procedure. L indicates local anesthetic com-
pletely surrounding nerve roots, i.e., “donut sign.”

Fig. 2. (A) T2 coronal image demonstrat-
ing increased signal intensity of the right
brachial plexus (arrow). (B) Sagittal T1
image demonstrating swelling of the bra-
chial plexus (arrows) posterior and supe-
rior to the subclavian artery flow void. (C)
Sagittal T2 image demonstrating increased
girth and increased signal of the brachial
plexus (arrow) posterior and superior to
the subclavian artery flow void.
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Nerve Injury Complicating
Ultrasound/ElectrostimulationYGuided
Supraclavicular Brachial Plexus Block

Wojciech Reiss, MD, Sushmitha Kurapati, MD, MPH, Ali Shariat, MD, and Admir Hadzic, MD

Background and Objectives: Neurologic complications after pe-
ripheral nerve blocks (PNBs) are relatively uncommon. It has been
postulated that real-time, needle-nerve visualization during ultrasound-
guided PNBs might further reduce the risk of neurologic or vascular
complications.
Case Report: In this report, we describe the occurrence of a severe
brachial plexus injury after combined ultrasound and nerve stimulatorY
guided supraclavicular brachial plexus block.
Conclusions: Ultrasound guidance should not preclude development
of additional monitoring and protocols to decrease the risk of compli-
cations with PNBs.

(Reg Anesth Pain Med 2010;35: 400Y401)

N erve injury associated with peripheral nerve blocks (PNBs)
is a relatively uncommon complication1,2 and permanent

injury is rare. It has been postulated that the introduction of
ultrasound (US) guidance during nerve localization and injec-
tion of local anesthetic may even further reduce neurologic injury
by allowing monitoring of the needle-to-nerve relationship. In
this report, we describe an occurrence of severe brachial plexus
injury after US-guided supraclavicular brachial plexus block.

CASE REPORT
A 68-year-old woman presented for arthroplasty and

volar capsulodesis of her left thumb basal joint with ligament
transfer and carpal tunnel release. The patient gave her permis-
sion for the publication of this report. Other than osteoarthritis,
her medical history was unremarkable. Preoperative neurologic
examination by the orthopedic surgeon was reported as normal
except for a positive median nerve compression test. However,
there was no thenar atrophy or weakness, and flexor and extensor
movement of the left arm and forearm was normal. Two-point
discrimination was 5 mm throughout, and grip strength was
50 lb, consistent with a normal examination.

Upon application of standard American Society of Anes-
thesiologists (ASA) monitors, the patient was premedicated
with incremental intravenous doses of midazolam and fentanyl
(totaling 8 mg and 50 Hg, respectively). The patient was sedated
and calm but remained verbal and responsive to commands
throughout the block procedure. A left supraclavicular block was
performed using a 5-cm, 22-gauge Stimuplex needle (BBraun
Medical, Inc, Bethlehem, Pa) under US guidance (SonoSite S-
Nerve Ultrasound System fitted with a L38X 10- to 5-MHz
transducer, SonoSite, Inc, Bothell, Wash). A nerve stimulator
(Digistim; BBraun Medical, Inc) was simultaneously used to
confirm needle position. The brachial plexus was visualized
lateral to the subclavian artery and approached by the block
needle from lateral-to-medial using an in-plane technique. The
block was performed by a CA-2 anesthesiology resident under
the supervision of an anesthesiologist with 20 years of experi-
ence of performing PNBs and 4 years of experience with US-
guided PNBs. During the needle positioning, mixed motor
responses of the arm and forearm were noted first. The minimal
current at which the motor response of the forearm persisted was
reported as 0.4 mA (0.1 millisecond). Unfortunately, the infor-
mation pertaining to specific motor response at the time of in-
jection, resistance to injection, and the US images were not
documented. A total of 30 mL ropivacaine 0.6% without ad-
ditives was injected using two 20-mL syringes; there was no
pain on injection. Fifteen minutes after the injection, adequate
sensory-motor block was documented.

The surgical procedure commenced and was completed
uneventfully using the supraclavicular block as the sole anes-
thetic. An arm tourniquet was applied (200 mm Hg) for 1 hr
45 mins. Postoperatively, a short arm cast was placed from just
below the elbow to the proximal digits. The patient was dis-
charged home and subsequently reported that the block lasted
approximately 24 hours after the surgery.

On postoperative day (POD) 2, the patient contacted the
surgeon complaining of severe pain in the posterior arm, over
the triceps muscle, and the lateral forearm. The pain radiated
to the parascapular area, and its intensity was reported as 10/10.
On POD 3, with the cast in place, the pain persisted and was
associated with inability to extend fingers, prompting evalua-
tion in the surgeon’s office. At the time of the evaluation, she
was unable to extend any of her left fingers and had a wrist-
drop. Compression from the cast was excluded based on location
of the pain above the cast, lack of finger swelling or discolor-
ation, and the extent of the neurologic dysfunction, all of which
clinically suggested that the injury to the radial nerve occurred
above the elbow. On POD 6, the patient developed severe allo-
dynia over the posterior arm above the level of the cast as
well as the forearm. She was referred to our pain management
division for evaluation. After removal of the cast, physical ex-
amination confirmed an inability to extend the left wrist (wrist-
drop), a marked decrease in triceps strength, and allodynia over
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Preliminary Results of the Australasian Regional
Anaesthesia Collaboration

A Prospective Audit of More Than 7000 Peripheral Nerve and Plexus Blocks
for Neurologic and Other Complications

Michael J. Barrington, MB, BS, FANZCA,* Steve A. Watts, MB, ChB, FANZCA,!
Samuel R. Gledhill, MMedStat,* Rowan D. Thomas, MB, BS, FANZCA, MPH,* Simone A. Said, PGDipEpi,*
Gabriel L. Snyder, MB, BS,* Valerie S. Tay, MB, BS, FRACP," and Konrad Jamrozik, DPhil, FAFPHM§

Background and Objectives: Peripheral nerve blockade is asso-
ciated with excellent patient outcomes after surgery; however, neurologic
and other complications can be devastating for the patient. This article
reports the development and preliminary results of a multicenter audit
describing the quality and safety of peripheral nerve blockade.
Methods: From January 2006 to May 2008, patients who received
peripheral nerve blockade had data relating to efficacy and complications
entered into databases. All patients who received nerve blocks performed
by all anesthetists during each hospital’s contributing period were
included. Patients were followed up by phone to detect potential
neurologic complications. The timing of follow-up was either at 7 to
10 days or 6 weeks postoperatively, depending on practice location and
time period. Late neurologic deficits were defined as a new onset of
sensory and/or motor deficit consistent with a nerve/plexus distribution
without other identifiable cause, and one of the following: electrophys-
iologic evidence of nerve damage, new neurologic signs, new onset of
neuropathic pain in a nerve distribution area, paresthesia in relevant
nerve/plexus distribution area.
Results: A total of 6950 patients received 8189 peripheral nerve or
plexus blocks. Of the 6950 patients, 6069 patients were successfully
followed up. In these 6069 patients, there were a total of 7156 blocks
forming the denominator for late neurologic complications. Thirty
patients (0.5%) had clinical features requiring referral for neurologic
assessment. Three of the 30 patients had a block-related nerve injury,
giving an incidence of 0.4 per 1000 blocks (95% confidence interval,
0.08Y1.1:1000). The incidence of systemic local anesthetic toxicity was
0.98 per 1000 blocks (95% confidence interval, 0.42Y1.9:1000).
Conclusions: These results indicate that the incidence of serious
complications after peripheral nerve blockade is uncommon and that the
origin of neurologic symptoms/signs in the postoperative period is most
likely to be unrelated to nerve blockade.

(Reg Anesth Pain Med 2009;34: 534Y541)

Peripheral nerve and plexus blockade (PNB) is associated with
excellent patient outcomes after surgery. These benefits

include superior postoperative analgesia and recovery compared
with general anesthesia1,2 and opioid analgesia,3 and similar
quality of analgesia compared with epidural analgesia.4

Although considered rare, neurologic and other serious
complications after PNB can be devastating to the patient. The
results of the largest study performed to date support the rarity
of serious complications after PNB,5 although the reported
incidences vary significantly.6 This is in part due to variability
in the methods used to capture anesthesia-related neurologic
complications. These methods have included direct follow-up
by the anesthesiologist, patient self-reports, surgical follow-up,
and voluntary surveys. Once a potential complication is de-
tected, there is also variability in both the pathway of neurologic
investigation and definition for injury.6 In addition, determining
the incidence of rare adverse events requires data from a large
number of patients. The Australasian Regional Anaesthesia
Collaboration (ARAC) has been established so that data de-
scribing the quality and safety of PNB from tens of thousands of
patients can be collected and analyzed. The objective of this
article is to describe the development and report the preliminary
results of this audit. In addition, the methods used to capture
and investigate potential complication are detailed.

METHODS
The human research and ethics committee of each hospital

contributing to this project has either approved this project as a
quality-assurance activity or low-risk research, or formally
waived the requirement for approval. During the calendar year
2006, data relating to PNB performed at 2 hospitals were
prospectively entered into proprietary databases (Microsoft
Access 2003; Microsoft Corporation, Redmond, Wash; and
SPSS Statistics; SPSS Inc, Chicago, Ill). During this period, an
online open source database (MySQL; MySQL Inc, Cupertino,
Calif ) was developed by one of the authors (R.D.T.), recognizing
that the Web-based interface would simplify data entry and
facilitate multicenter collaboration. From January 2007 to
May 2008, a further 7 hospitals/practices contributed data to
this project, with most data entered directly into the online
database.7

All patients who received PNB for anesthesia and/or
analgesia performed by all anesthetists during each hospital’s or
practice’s contributing period had their PNB recorded and were
systematically followed up for potential neurologic complica-
tions using direct contact by phone. Appendix 1 lists the
hospitals/practices that contributed to this project. Data were
recorded relating to the performance and efficacy of PNB,
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A further limitation of this report is having 13% of patients
without late follow-up. The authors believe that patients with
complications would, more likely than not, present back to their
original hospital with a complaint. In addition, the denominator
for the incidence of nerve damage was calculated only from the
number of PNBs performed in the number of patients success-
fully contacted. It is for these 2 reasons that we consider our
denominator calculation accurate. Hospitals with low follow-up
rates represent only one of the challenges of maintaining a large
multicenter project.

A further challenge is ensuring that there is reliable data
collection. The processwe used tomanage thiswas a combination
of monthly emails highlighting key project requirements, use of
local coordinators, and regular audits of the audit. These audits
included monthly reviews of data entry at each contributing
hospital and monthly reports. A potential limitation is that the
criteria used to define late neurologic deficits included the proviso
that there were no Bother identifiable causes[ for the patient’s
neurologic features in the postoperative period. This definition
may result in exclusion of patients with preexisting conditions
such as diabetes mellitus who may have a preexisting peripheral

neuropathy and theoretically be at risk for a new or progressive
neuropathy.22 In this current study, these other identifiable causes
were defined medical diagnoses made after postoperative
assessment by a neurologist with expertise in peripheral
neuropathies. Furthermore, the presence of preexisting condi-
tions did not influence our decision to refer and investigate
patients. For example, patient 22 (Table 3) had preexisting
diabetic neuropathy and met the criteria for neurologic referral;
however, the patient’s clinical features and subsequent investiga-
tions were consistent with lumbar canal stenosis and not a nerve
blockYrelated injury. Where our results state that the clinical
features were unrelated to PNB, an alternative diagnosis was
madewithwell-defined clinical features and/or investigations; the
results were either normal or not consistent anatomically with the
PNB performed; or the criteria for late neurologic deficit (related
to PNB) were not achieved for other reasons with these findings
summarized in Table 3.

The imbalance of reporting is evident with different
hospitals contributing varying numbers of both total and
individual blocks. Operator expertise may be related to the
volume of blocks performed23; however, the frequency with

TABLE 4. Local Anesthetic Toxicity

Surgery Site/
Hospital

Nerve Location
Technique PNB

Local
Anesthetic

Dose,
mg/kg Comments Signs/Symptoms

Major toxicity
1 Knee/I NS FNB Ropivacaine 2.1 IV injection, ST-segment

depression
Tonic-clonic seizure

2 Hip/A Landmark FI Ropivacaine 3.6 V Tonic-clonic seizure
3 Hand/H US + NS AXB Ropivacaine 1.8 IV injection, ropivacaine

69 Kg/mL
Unconsciousness, tachycardia
(adrenaline in injectate)

Minor toxicity
4 Finger/H NS AXB Ropivacaine 1.2 IV injection Disinhibition, auditory

symptoms, agitation
5 Hand/H US + NS AXB Ropivacaine 5.5 V Agitation, successful block
6 Elbow/A NS ISB Ropivacaine 2.7 IV injection Tinnitus, drowsy, twitchy
7 Finger/H US + NS AXB Lidocaine 7.5 V Tinnitus, twitching
8 Hand/H US + NS AXB Ropivacaine 4.5 Ropivacaine 3.1 Kg/mL,

amphetamine abuse
Mild CNS toxicity
for 4Y5 hrs

PNB indicates peripheral nerve block; US, ultrasound; NS, nerve stimulator; FNB, femoral nerve block; IV, intravenous; FI, fascia iliaca block;
AXB, axillary brachial plexus block; ISB, interscalene block.

TABLE 5. Immediate and Delayed Complications According to Nerve Localization Technique

Complication

Nerve Localization Technique

Total (n = 8189)Nerve Stimulation (n = 2507) Ultrasound (n = 5141) Other (n = 541)

Local anesthetic toxicity 1.2 (0.25Y3.5) 0.8 (0.2Y2.0)* 1.8 (0.05Y10.3) 0.98 (0.42Y1.9)
Unintentional vascular puncture† 13.9 (8.2Y21.9) 5.1 (3.0Y8.1)‡ 2.3 (0.06Y12.8) 7.2 (5.1Y10.0)
Unintended paresthesia† 10.8 (5.9Y18.1) 20.5 (15.9Y25.9)* 2.3 (0.06Y12.8) 16.8 (13.4Y20.8)
Late neurologic deficit 0.8 (0.1Y2.9) 0.2 (0.005Y1.1)* V 0.4 (0.08Y1.1)
Long-term neurologic deficit 0.4 (0.01Y2.2) 0.2 (0.05Y1.1)* V 0.2 (0.03Y0.9)

Data are presented as n/1000 (95% CI) procedures.
Ultrasound includes ultrasound used as the sole technology and combined ultrasound and nerve stimulation. Other comprises techniques not using

nerve stimulation or ultrasound technology.
*Not statistically significant.
†Reduced total cohort (n = 4991), for nerve stimulation (n = 1297), ultrasound (n = 3260), and other (n = 434).
‡Indicates a statistically significant difference (P = 0.001; Poisson regression) between ultrasound and nerve stimulation and other techniques.
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Proactive Error Analysis of Ultrasound-Guided Axillary
Brachial Plexus Block Performance

Owen O’Sullivan, MB,* Annette Aboulafia, PhD,! Gabriella Iohom, PhD,* Brian D. O’Donnell, MD,*
and George D. Shorten, PhD*

Background: Detailed description of the tasks anesthetists undertake
during the performance of a complex procedure, such as ultrasound-
guided peripheral nerve blockade, allows elements that are vulnerable to
human error to be identified. We have applied 3 task analysis tools to
one such procedure, namely, ultrasound-guided axillary brachial plexus
blockade, with the intention that the results may form a basis to enhance
training and performance of the procedure.
Methods: A hierarchical task analysis of the procedure was performed
with subsequent analysis using systematic human error reduction and
prediction approach (SHERPA). Failure modes, effects, and criticality
analysis was applied to the output of our SHERPA analysis to provide
a definitive hierarchy to the error analysis.
Results: Hierarchical task analysis identified 256 tasks associated with
the performance of ultrasound-guided axillary brachial plexus block-
ade. Two hundred twelve proposed errors were analyzed using SHERPA.
Failure modes, effects, and criticality analysis methodology was applied
to the output of SHERPA analysis to prioritize 20 errors.
Conclusions: This study presents a formal analysis of (i) the specific
tasks that might be associated with the safe and effective performance of
the procedure and (ii) the most critical errors likely to occur as trainees
learn to perform the procedure. Potential applications of these data in-
clude curricular development and the design of tools to teach and assess
block performance.

(Reg Anesth Pain Med 2011;36: 502Y507)

U ltrasound-guided regional anesthesia (UGRA) is a reliable
nerve localization technique that may facilitate faster onset,

improved quality of peripheral nerve blockade,1 and adminis-
tration of smaller doses of local anesthetic2 than with traditional
nerve stimulation technique. In 1994, Kapral and colleagues3

described how ultrasound can be used, in real time, to guide
nerve blockade. By 2009, a survey of American Society of
Regional Anesthesia and Pain Medicine members demonstrated
that 67% (of 583 respondents) use UGRA.4 This dissemination
has created a requirement to teach and learn a series of new
and complex procedures, involving acquisition and interpreta-
tion of ultrasound images and the placement of a needle tip
close to specific nerves, while simultaneously actively managing
the patient. Changes in the landscape of medical education are
likely to decrease the number of opportunities for trainees to
learn and practice procedural skills in a clinical setting, in part,
due to the curtailment of working hours.5,6 ‘‘See one, do one’’
is no longer the sole method for teaching procedural skills.7

These circumstances have created a need to address the
quality of training. Procedures such as UGRA may be more
effectively taught if addressed initially as its component parts,
each subsequently mastered and then assimilated into seamless
performance of the complete procedure.8 Simulation-based train-
ing is likely to be important in delivering effective safe training
in this new environment.9 Simulation facilitates the acquisition
of necessary skills at a point removed from the patient, thus
allowing learner errors to occur without adverse clinical effects.

In clinical practice, the attainment of a successful proce-
dural end point does not ensure error-free procedure perfor-
mance. In a study, even after performing 60 ultrasound-guided
blocks as part of regional anesthesia rotation, trainees were still
making on average 2.8 errors per procedure.10 Design of future
training programs and tools should/could be guided by identi-
fying important errors that occur during procedural performance.
Our principal objective was to identify and rank for priority those
errors most likely to occur during trainee performance of 1 UGRA
procedure, ultrasound-guided axillary brachial plexus blockade
(USg axillary blocks). We believe that this information would be
useful in informed development of training and assessment pro-
grams for UGRA. Furthermore, we believe that the methodolog-
ical approach we adopted might have applicability to a wide range
of procedural skills. To achieve this, we used a number of task
analysis tools. The tools were chosen based on their ability to
characterize the procedure and provide qualitative and quantitative
information about the errors that may occur during trainee per-
formance. To characterize specific errors using these tools, it was
necessary to select a single UGRA procedure, as each block will
have a different error profile. We chose to analyze USg axillary
blocks for a number of reasons: (i) it is a commonly performed
block in our institution and elsewhere,11,12 (ii) it involves multiple
nerve targets in close proximity to vascular structures, and (iii) the
block has less site-specific complications associated with it than
others (eg, pneumothoraces, hemidiaphragmatic paresis, uninten-
tional neuraxial blockade).
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  Common Errors

• the needle is poorly or not visualized while advancing it toward the target

• the anesthetist believes the needle tip is visible when in fact it is not

• the anesthetist incorrectly identifies visual cues of local anesthetic bolus 
to confirm the needle tip position as appropriate when they are not

• the anesthetist believes the needle tip is visible when in fact it is not 
before depositing a bolus of local anesthetic, 

• the anesthetist fails to check the risk of the possible trajectory to cause 
neural/other injury or vascular puncture

Reg Anesth Pain Med 2011;36:507
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Needle Visualization in Ultrasound-Guided
Regional Anesthesia: Challenges and Solutions

Ki Jinn Chin, M.B.B.S., F.A.N.Z.C.A., M. Med., F.R.C.P.C.,
Anahi Perlas, M.D., F.R.C.P.C., Vincent W. S. Chan, M.D., F.R.C.P.C., and
Richard Brull, M.D., F.R.C.P.C.

Needle visualization is important for safe and successful ultrasound-guided peripheral nerve block. However,
accurate and consistent visualization of the needle tip can be difficult to achieve. This review article describes
many of the challenges affecting needle visualization, summarizes the relevant literature on ultrasound imaging
of needles, and offers practical strategies for improving needle tip visibility. Finally, future directions for research
and development are suggested. Reg Anesth Pain Med 2008;33:532-544.

Key Words: Needle visualization, Peripheral nerve block, Regional anesthesia, Ultrasound.

The foremost advantage of ultrasound (US)-
guided peripheral nerve block (PNB) is the ability

to visualize both anatomical structures of interest as
well as the advancing block needle. Ideally, US guid-
ance should translate into greater efficacy, by ensur-
ing accurate deposition and spread of local anesthetic
around the target nerve; and improved safety, by
avoiding unintentional intraneural and intravascular
puncture and injection. While the identification of
relevant anatomical structures can become relatively
easy with practice and development of a trained eye,
keeping the needle tip in view as the needle is ad-
vanced toward the target is much more difficult.1

Failing to do so was the most common error observed
in residents learning to perform US-guided PNB.2 Per-
sistent failure to visualize the needle tip was docu-
mented even after performing more than 100 US-
guided PNB, suggesting that experienced practitioners
can also face difficulty.2 Needle advancement and/or
local anesthetic injection without adequate needle tip
visualization may result in unintentional vascular,
neural, or visceral injury.

This review article describes many of the chal-
lenges in needle visualization, summarizes the rel-
evant literature on ultrasound imaging of needles,
and offers practical strategies for improving needle
tip visibility.

Methods

We performed a literature search of the MEDLINE
database from January 1960 to January 2008 us-
ing the search terms “ultrasound” and “needle” and
limited the search by excluding terms related to
anatomical structures or techniques that we consid-
ered irrelevant to peripheral nerve block. These
included “endoscopic,” “endobronchial,” “brain,”
“lung,” “pancreas,” “kidney,” “ovary,” “prostate,”
and “fetus.” The search was limited to articles in the
English language. This search strategy captured
4,427 articles, of which we eliminated 4,358 based
on their titles. We reviewed the remaining abstracts
and eliminated a further 29 articles due to lack of
relevance. We reviewed the full text of the remain-
ing 40 articles for relevance to our topic. We iden-
tified another 11 articles of interest from the refer-
ence lists of the reviewed articles. The selected
articles were graded according to their level of evi-
dence as recommended by the Centre for Evidence-
Based Medicine (Appendix 1).

Results and Discussion

We identified 34 articles of direct relevance, in-
cluding letters and case reports. These are summa-
rized in Table 1 and discussed below. Where appro-
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smaller needle-beam angles (!30°); however, the
reason for this is not clear.17,18

Needle bevel orientation. Needle tip visibil-
ity is better when the bevel opening is oriented
either to directly face the US beam (0°) or to face
180° away from the beam.11,14

Priming the needle. There appears to be little
difference in visibility between needles primed with
either water or air.17 Inserting a guidewire will sig-
nificantly increase needle shaft visibility.17 How-
ever, this effect is lost if very tightly-fitting guide-
wires are used, as there is no longer an acoustic
interface between the shaft and guidewire.17 For
the same reason, stylet and hollow needles have
similar visibility.17 However if a stylet needle is
used, pumping the stylet up and down several times
within the shaft may transiently increase needle
echogenicity.15 The effect of this “pump maneuver”
is attributed to the formation of microbubbles about
the needle tip and shaft.

Using needles of larger diameter. Better
needle tip visibility can be obtained with larger
diameter needles,14,17 but at the expense of in-
creased tissue trauma and patient discomfort.

Recommendations

A needle-beam angle close to 90° offers the best
needle visibility when using an in plane needle
approach (Fig 3).10,13,14,17 However maintaining a
large needle-beam angle is not always feasible, es-
pecially when targeting deeper nerves, e.g., the in-
fraclavicular brachial plexus. In these situations, a
“heel-in” maneuver may be helpful. This involves
pressing one end (the “heel”) of the transducer
more deeply into the patient than the other end
(the “toe), thus increasing the needle-beam angle
(Fig 4). It is our routine practice to prime needles
with fluid (local anesthetic or dextrose 5%) to avoid

obscuration of the image by the echogenic artifact
that occurs with injection of air. We continue to use
22-gauge block needles for single shot PNB as we
find in most cases the increase in visibility afforded
by larger needles does not warrant the correspond-
ing increase in patient discomfort.

Ultrasound Imaging Technology

Challenges/Background

As ultrasound technology has advanced, new im-
aging modes have been developed; these include
spatial compound imaging, frequency compound
imaging, tissue harmonic imaging, beam steering,
and 3-dimensional US. These modes are designed to
improve image quality and increase the amount of
information that can be obtained from an US ex-
amination; however, their effect on needle visibility
varies.

Strategies

Compound and harmonic imaging. Com-
pound imaging involves acquiring multiple images
of the same object and combining them into a single
image; the images may be acquired from different
angles in the same plane (spatial compound imag-
ing) or acquired at different frequencies (frequency
compound imaging). Tissue harmonic imaging
forms an image using echoes at twice the emitted
frequency; this higher frequency harmonic signal is
spontaneously generated by propagation through
tissues.

When compared with conventional B-mode im-
aging, spatial compound imaging consistently im-
proves needle visibility20,21 while tissue harmonic
imaging worsens it.19,22 Frequency compound im-
aging does not appear to have a significant effect on
needle visibility.19

Electronic beam steering. Electronic beam
steering is a technology that allows the US beam to
be tilted relative to the transducer, thus increasing
the needle-beam angle of incidence toward 90°.
This greatly improved needle tip and shaft visibility
in a small study of 7 patients undergoing breast
biopsy.23

Three-dimensional ultrasound. Preliminary
case reports on the use of 3-dimensional US to
guide PNB suggest that a third dimension (i.e.,
plane view) may be able to give additional informa-
tion about needle and catheter location.37,38 How-
ever, the present technology does not appear to
enhance needle visibility per se, and all of the chal-
lenges associated with poor needle echogenicity
likely still apply. Additional limitations of 3-dimen-
sional US currently include a slower frame rate and

Fig 3. (A) A 22-gauge needle is initially inserted in a
shallow trajectory toward the axillary brachial plexus,
and both the shaft and tip are clearly visible. The needle-
beam angle (indicated by dashed lines) is almost 90° and
reflection back to the transducer is maximal. (B) As the
needle trajectory increases, and the needle-beam angle
becomes smaller, the shaft becomes less echogenic, and
the tip is no longer clearly visible.
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Combination of Intraneural Injection and High
Injection Pressure Leads to Fascicular Injury and
Neurologic Deficits in Dogs

Admir Hadzic, M.D., Ph.D, Faruk Dilberovic, M.D., Ph.D, Shruti Shah, M.D.,
Amela Kulenovic, M.D., Eldan Kapur, M.D., Asija Zaciragic, M.D.,
Esad Cosovic, M.D., Ilvana Vuckovic, M.D., Kucuk-Alija Divanovic, M.D.,
Zakira Mornjakovic, M.D., Daniel M. Thys, M.D., and
Alan C. Santos, M.D., M.P.H.

Background: Unintentional intraneural injection of local anesthetics may cause mechanical injury and pressure
ischemia of the nerve fascicles. One study in small animals showed that intraneural injection may be associated with
higher injection pressures. However, the pressure heralding an intraneural injection and the clinical consequences of
such injections remain controversial. Our hypothesis is that an intraneural injection is associated with higher
pressures and an increase in the risk of neurologic injury as compared with perineural injection.

Methods: Seven dogs of mixed breed (15-18 kg) were studied. After general endotracheal anesthesia, the sciatic
nerves were exposed bilaterally. Under direct microscopic guidance, a 25-gauge needle was placed either perineurally
(into the epineurium) or intraneurally (within the perineurium), and 4 mL of lidocaine 2% (1:250,000 epinephrine)
was injected by using an automated infusion pump (4 mL/min). Injection pressure data were acquired by using an
in-line manometer coupled to a computer via an analog digital conversion board. After injection, the animals were
awakened and subjected to serial neurologic examinations. On the 7th day, the dogs were killed, the sciatic nerves
were excised, and histologic examination was performed by pathologists blinded to the purpose of the study.

Results: Whereas all perineural injections resulted in pressures !4 psi, the majority of intraneural injections were
associated with high pressures (25-45 psi) at the beginning of the injection. Normal motor function returned 3 hours
after all injections associated with low injection pressures (!11 psi), whereas persistent motor deficits were observed
in all 4 animals having high injection pressures ("25 psi). Histologic examination showed destruction of neural
architecture and degeneration of axons in all 4 sciatic nerves receiving high-pressure injections.

Conclusions: High injection pressures at the onset of injection may indicate an intraneural needle placement and
lead to severe fascicular injury and persistent neurologic deficits. If these results are applicable to clinical practice,
avoiding excessive injection pressure during nerve block administration may help to reduce the risk of neurologic
injury. Reg Anesth Pain Med 2004;29:417-423.

Key Words: Intraneural injection, High injection pressure, Fascicular injury, Local anesthetic, Neurologic
injury.

Nerve injury after peripheral nerve block (PNB)
is a rare but serious complication of regional

anesthesia. Unintended injection of local anesthet-
ics directly into a nerve (intrafascicular injection)

has long been recognized as a possible cause of
nerve injury.1-11 Development of nerve localization
and injection techniques to reliably prevent intra-
neural injection remain elusive.1 Sharp, lancinating
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side. The tissues were fixed in formalin, embedded in
paraffin, and stained with hematoxylin and eosin for
histologic examination. A series of tissue slices were
taken approximately 1.5 cm proximal and 1.5 cm
distal to the site of injection. A pathologist, who also
was blinded to the study, performed histologic analy-
ses by using light microscopy.

Statistics

Fourteen sciatic nerves (7 dogs) were required for
the power of 0.80 to detect a significant difference
in proportions of nerve injury between intraneural
and perineural injections at ! ! 0.05.20 Statistical
analyses were performed by using SAS (SAS for
Windows, version 9; SAS Institute Inc, Cary, NC).
Maximum pressure values (psi) during intraneural
and perineural injections were compared by using
paired t tests. Rates of neurologic and histologic
injuries were compared between intraneural and
perineural injections by using McNemar’s test for
paired proportions. Fisher’s exact test was used to
compare injury rates during the intraneural injec-
tion between groups of dogs, based on injection
pressure threshold values. A P value " .05 was
considered to be significant.

Results

Pressure Data

Generally speaking, all injections were character-
ized by an “opening” pressure at the beginning of
the injection (first 10-15 seconds), which was fol-
lowed by significantly lower pressures during the
remainder of the injection (Figs 2 and 3). Although
all perineural injections resulted in pressures "4
psi, most intraneural injections were associated
with injection pressures #25 psi (Fig 3). The highest
mean pressure for an intraneural injection was 21.7

# 16.5 psi compared with 2.5 # 0.7 psi for peri-
neural injection (P " .05). The difference between
the mean values 19.2 # 15.8 psi (95% confidence
interval, 4.2-34.1) was significant (t ! 3.14, df ! 6,
P ! .02). Of note, 4 of the 7 intraneural injections
resulted in high injection pressures (#25 psi; range,
25-45 psi) (Fig 3).

Neurologic Data

On awakening from general anesthesia, all dogs
exhibited signs of sciatic nerve blockade during
neurologic examination. Motor function fully re-
turned within 3 hours after all low-pressure injec-
tions ("11 psi), regardless of whether the injection
was performed perineurally or intraneurally. None
of the extremities having either a perineural or
intraneural low-pressure injection exhibited resid-
ual paresis, muscle atony, atrophy, or absent re-
flexes at the end of the study. In contrast, after all
intraneural injections associated with high injection
pressures (#25 psi), severe and persistent motor
deficits were recorded in all 4 extremities (P " .05).

Pathohistologic Data

Macroscopic observation of the sciatic nerves im-
mediately on injection showed a fusiform swelling
of all nerves at the site of injection, extending ap-
proximately 1 to 2 cm in the proximal-distal direc-
tion. In addition, in 1 intraneural injection, there
was a petechial epineural hemorrhage present. His-
tologic examination revealed normal sciatic nerve
architecture in all 10 low injection pressure nerve
specimens (7 perineural and 3 intraneural). In con-
trast, in the remaining 4 sciatic nerves having high
injection pressure, there were varying degrees of
damage to the neural architecture ranging from
mechanical disruption and delamination to frag-
mentation of the myelin sheath and marked cellu-

Fig 2. Injection pressure recorded during perineural in-
jections.

Fig 3. Injection pressure recorded during intraneural in-
jections.
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