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Although peripheral nerve injuries secondary to angiography and endovascular in-
terventions are uncommon and usually are not permanent, they can result in sig-
nificant functional impairment. Most arteries used in access for angiography and 

endovascular therapies lie in close proximity to a nerve. The paired nerve may be injured by 
needle puncture, or by compression from hematoma, pseudoaneurysm, hemostasis devic-
es, or manual pressure. 

Nerve injuries have been reported most frequently with axillary and brachial arterial ac-
cess due to the anatomic proximity of the vessels and nerves at this location in combination 
with anatomic challenges for hemostasis. Given the higher rate of complications, axillary 
and brachial arterial access is typically reserved for situations where the interventionalist 
needs upper extremity arterial access, but the radial or ulnar arteries are not options due 
to anatomic or other factors. Subclavian arterial access is rarely used owing to high com-
plication rates due to hemostasis challenges as it traverses the thoracic inlet (1). Femoral 
nerve injury, associated with common femoral artery access, is the second most frequently 
encountered. This is likely due to the high frequency of use of this access site in combination 
with the proximity of the femoral nerve just lateral to the common femoral artery in the 
femoral triangle. 

It has been suggested that nerve injuries related to angiography may be under-reported 
due to delayed onset of symptoms, their impermanent nature, lack of recognition, or reluc-
tance of operators to report complications (2–5). 

Given the increasing frequency of endovascular arterial procedures and the increasing 
use of non-traditional access points, it is important that interventionalists have a working 
knowledge of peripheral nerve anatomy and function as it relates to arterial access sites. 

Upper limb
Radial artery

Radial artery access has gained popularity as a safe and technically useful technique, par-
ticularly for coronary, upper limb, mesenteric, renal, and neurovascular interventions since 
it has been associated with a lower incidence of major access site related complications 
compared to the traditional transfemoral approach (6–9). Although transient sensory im-
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pairment with radial artery access at the 
wrist has been reported, it is extremely rare 
likely due to the low incidence of pseudo-
aneurysms and hematomas which have 
reported incidence of 0.1%–1% as the su-
perficial nature of the radial artery allows 
for easy access site management (10–14). 
Minor digital numbness has been report-
ed from median or superficial radial nerve 
injury (9, 15). The median nerve is nearest 
in proximity to the radial artery but is con-
tained in the carpal tunnel several centime-
ters in the ulnar direction (Fig. 1). The super-
ficial branch of the radial nerve is several 
centimeters dorsal-lateral and has already 
splayed into small cutaneous branches at 
the level of the wrist (Table 1). The use of 
pneumatic compression devices such as 
the TR band (Terumo Interventional Sys-
tems) allow for non-occlusive hemostasis 
and helps to minimize radial access com-
plications (16–18). However, too tight ap-
plication of such devices could theoretically 
compress the superficial radial or median 
nerve and may be one explanation in the 
reported cases of nerve injury.

Rare cases of complex regional pain syn-
drome, a disorder of the extremities also 
known as reflex sympathetic dystrophy, 
characterized by allodynia, swelling, range 
of motion limitation, and vasomotor distur-
bances have been reported and eventually 
resolved in the setting of transradial access 
(19–21). However, this entity is not thought 
to be related to injury to a specific neural 
structure in the region.

Ulnar artery
Although ulnar arterial access is less 

commonly performed than radial, there are 
instances where it may be useful. Such in-
stances may include upper limb, coronary, 
neurointerventional, mesenteric, or renal 
arterial procedures when radial or common 
femoral arterial access is technically difficult 
or inadequate. The ulnar artery is closely re-
lated to the ulnar nerve at the wrist with the 
artery slightly radial and superficial to the 
nerve (Fig. 2). Both pass through the canal of 
de Guyon at the wrist, bordered superficially 
by the palmar carpal ligament and deeply 
by the flexor retinaculum. Despite this close 
relationship, ulnar nerve injury with ulnar ar-
tery access is exceedingly rare (22–25). 

Ulnar nerve injury at the wrist causes 
impairment of the hypothenar and most 
of the intrinsic hand muscles (the interos-
seous muscles, 3rd and 4th lumbricals, and 
the adductor pollicis). Sensory impairment 
involves the hypothenar aspect of the palm, 
the small finger, and ulnar side of the ring 
finger. These impairments are functionally 
significant, particularly given the impor-
tance of the intrinsic hand muscle function 
(Table 1).

Brachial/ axillary artery
Axillary arterial access was once com-

monly performed by angiographers. Al-
though it is sometimes necessary to use 
brachial or axillary arterial access, particu-

Main points

•	 Nerve injuries associated with angiography 
and endovascular interventions are rare and 
usually transient but may result in significant 
functional impairment and are largely avoid-
able.  

•	 Nerve injuries more often result from hema-
toma and pseudoaneurysm formation.  Less 
commonly they may result from direct nee-
dle puncture or external/manual compres-
sion.

•	 Knowledge of the relative risks of various 
access sites, relevant anatomy, employment 
of ultrasound-guided access, and thorough 
attention to achieving hemostasis can mini-
mize the risks.

•	 Nerve injuries are most frequently reported 
with axillary and brachial arterial access due 
to the anatomic proximity of the vessels and 
nerves at this location in combination with 
anatomic challenges for hemostasis.  

Figure 1. Grayscale ultrasound image of the radial artery (RA) and median nerve (MN) at the wrist.

Figure 2. Grayscale ultrasound image of the ulnar artery (UA) and ulnar nerve (UN) at the wrist.
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Table 1. Motor deficits associated with upper extremity peripheral nerve injuries (cont'd)

Access site Possible nerve injury Muscles involved Motor impairment

Ulnar artery – wrist Ulnar nerve Abductor digiti minimi Small finger flexion/ abduction

Flexor digiti minimi All MCP joint abduction/ adduction

Interosseous muscles MCP joint flexion with IP joint extension 
(small and ring fingers)

Lumbricales 3 and 4

Brachial or axillary artery Median nerve (variable 
impairment depending on 
relationship of injury to site 
motor branches)

Hand:

Opponens pollicis Thumb abduction/ flexion/ opposition

Abductor pollicis brevis

Flexor pollicis brevis MCP joint flexion with IP joint extension 
(index and middle fingers)

Lumbricales 1 and 2

Palmaris brevis

Forearm:

Pronator teres Forearm pronation

Pronator quadratus* Wrist flexion/ radial deviation

Flexor carpi radialis MCP and PIP joint flexion

Palmaris longus DIP joint flexion (index and middle fingers)

Flexor digitorum superficialis

Flexor digitorum profundus (index and 
middle fingers)*

Flexor pollicis longus* Thumb IP joint flexion

Ulnar nerve (variable 
impairment depending on 
relationship of injury to site 
motor branches)

Hand: See ulnar nerve involvement from 
injury at the wrist

Hand: See ulnar nerve involvement from 
injury at the wrist

Forearm:

Flexor carpi ulnaris Wrist flexion/ ulnar deviation

Flexor digitorum profundus (ring and small 
finger)

DIP joint flexion (ring and small fingers)

Radial nerve (variable 
impairment depending on 
relationship of injury to site 
motor branches)

Upper arm:

Triceps Elbow extension

Anconeus

Brachioradialis Elbow flexion

Brachialis**

Extensor carpi radialis longus Wrist extension

Extensor carpi radialis brevis

Extensor carpi ulnaris

Supinator Forearm supination

Abductor pollicis longus Thumb abduction/ extension

Extensor pollicis longus

Extensor pollicis brevis

Extensor indicis MCP joint extension of all digits

Extensor digitorum communis

Extensor digiti minimi

MCP, metacarpophalangeal; IP, interphalangeal; PIP, proximal IP; DIP, distal IP.
*Branches of the anterior interosseous nerve.
**Brachialis shares innervation from the radial and musculocutaneous nerves.
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larly when common femoral or radial access 
is inadequate or technically challenging, 
these access points have demonstrated 
significantly higher neurologic complica-
tions compared to other access sites (Table 
1), with a reported incidence as high as 9% 
(2, 4). Arterial cutdown is sometimes neces-
sary when the artery is too small and/or for 
placement of large sheaths; moreover, cut-
down is associated with lower complication 
rates for brachial and axillary access site he-

matoma with reported complication rates 
ranging from 0%–4.1% (26–28).

From the axilla to just above the elbow, 
the medial brachial fascial compartment 
(MBFC) is formed by a thick brachial fascia 
covering a thin, axillary sheath which con-
tains the axillary and brachial vessels (Fig. 
3) as well as the median and ulnar nerves. 
These anatomic factors make hemostasis 
challenging and nerve injury more likely. 
Median nerve injury occurs more frequent-

ly than ulnar nerve injury. Although the 
radial and musculocutaneous nerves exit 
the compartment well proximal to the lo-
cation of axillary arterial access, there have 
also been reports of injury involving these 
nerves. Furthermore, it appears that brachi-
al artery access is similarly risky to axillary 
access because the anatomy of the MBFC 
still allows hematoma to form within the 
compartment and to compress the nerves 
(3–5, 29–31). Paradoxically, it appears that 
the size of hematoma does not correlate 
well with the severity of nerve injury (4, 5). 
Although brachial artery access with place-
ment of a sheathless 4F catheter is relative-
ly safe, this essentially limits the operator to 
diagnostic angiography without interven-
tion from this access point. Additionally, 
brachial artery access complications may 
be reduced with the off-label employment 
of the Angioseal (St. Jude Medical) device 
in adequately sized vessels. Smaller studies 
support the off-label use of multiple oth-
er closure devices, including Perclose and 
StarClose (Abbott Laboratories) (32, 33).

Injury to the median nerve in the axillary/ 
brachial region results in motor impairment 
(Table 1) of nearly the entire anterior com-
partment of the forearm (sparing only the 
two ulnar innervated muscles: flexor car-
pi ulnaris and flexor digitorum profundus 
branches supplying the small and ring fin-
gers). Additionally, the thenar muscles of 
the hand and 1st and 2nd lumbricals will be 

Table 1. Motor deficits associated with upper extremity peripheral nerve injuries (cont'd)

Access site Possible nerve injury Muscles involved Motor impairment

Musculocutaneous nerve 
(variable impairment 
depending on relationship 
of injury to site motor 
branches)

Upper arm:

Coracobrachialis Shoulder flexion

Biceps brachii Shoulder flexion, elbow flexion, supination

Brachialis** Elbow flexion

Subclavian artery Brachial supplying the 
lower trunk, medial cord 
and components of the 
posterior cord. Ultimately 
impairing C8-T1 dominant 
components of the median, 
ulnar, radial, and medial 
pectoral nerves

Pectoralis major 

Pectoralis minor

Median and ulnar muscle impairments 
as described with brachial/ axillary 
involvement except with sparing of the 
Pronator teres,

Shoulder flexion and adduction

Flexor carpi radialis, and Palmaris longus Scapular protraction and depression

Radial nerve components:  Abductor and 
extensor pollicis longus

Thumb abduction and extension

Less weakness involving the extensor 
digitorum communis, extensor indicis, and 
extensor digiti minimi

Extension of the metacarpophalangeal joints 
of the lesser 4 digits

MCP, metacarpophalangeal; IP, interphalangeal; PIP, proximal IP; DIP, distal IP.
*Branches of the anterior interosseous nerve.
**Brachialis shares innervation from the radial and musculocutaneous nerves.

Figure 3. Color doppler ultrasound image of the brachial artery (A), paired brachial veins (V), and 
median nerve (MN) above the elbow.



weak. Motor examination will demonstrate 
weakness in wrist and finger flexion, pro-
nation, and thumb opposition and flexion. 
Sensory impairment will include much of 
the palmar surface of the hand (with spar-
ing over the hypothenar region) as well as 
the thumb, index finger, middle finger, and 
radial half of the ring finger. 

Injury to the ulnar nerve in the axillary/ 
brachial region results in the same motor 
deficits described previously with injury 
at the wrist (Table 1), in addition to motor 
impairment of the flexor carpi ulnaris and 
flexor digitorum profundus branches sup-
plying the small and ring fingers. The sen-
sory deficits will also be the same with the 
addition of sensory impairment involving 
the posterior aspect of the ulnar side of the 
hand owing to involvement of sensory fi-
bers supplying the dorsal ulnar cutaneous 
nerve.

Injury to the radial nerve in the axillary/ 
brachial region results in impairment of the 
muscles of the entire posterior compart-
ment of the forearm (Table 1). Motor exam 
will demonstrate weakness in supination, 
wrist extension and extension of the dig-
its. There may also be subtle weakness of 
elbow flexion due to involvement of the 
brachioradialis and dual innervation of the 

brachialis by the radial and musculocutae-
ous nerves. If the nerve is injured far proxi-
mally, the triceps and anconeus will also be 
affected, yielding weakness in elbow exten-
sion. Sensory impairment will include the 
posterior, radial aspect of the hand, poste-
rior forearm, and possibly the posterior arm.

Injury to the musculocutaneous nerve 
in the axillary/ brachial region results in 
weakness in elbow flexion and forearm su-
pination due to impairment in the biceps 
brachii and brachialis (Table 1). If the nerve 
is injured proximally enough, there may 
be weakness of shoulder flexion due to in-
volvement of both the coracobrachialis and 
biceps brachii. Additionally, the terminal 
sensory branch of the musculocutaneous 
nerve, the lateral antebrachial cutaneous 
nerve, may yield sensory impairment in the 
anterior-radial aspect of the forearm.

Subclavian
Subclavian arterial access is rarely used. 

Although it has been used for transcathe-
ter aortic valve replacement, endoluminal 
therapy and angiography when other ac-
cess could not be obtained, it is typically 
avoided as hemostasis may be challenging 
and surgical repair may be complex (1, 34). 
Similar to axillary and brachial access, cut-

down has been shown to reduce complica-
tions (35, 36). The artery is accessed infra-
clavicularly and visualization of the artery 
with ultrasound and bony landmarks with 
fluoroscopy can be helpful. 

The subclavian artery is not enclosed 
within a fascial sheath with the accom-
panying nerves theoretically decreasing 
nerve injuries from small sheath hemato-
mas (37, 38). However, the close anatomic 
relationship between brachial plexus and 
subclavian artery in the thoracic inlet can 
result in pseudoaneurysm and hematoma 
compression injury to the brachial plex-
us (39–42). The brachial plexus is formed 
by the lower four cervical nerves and first 
thoracic nerve (C5, C6, C7, C8, and T1). This 
network of nerves is divided into five roots, 
three trunks, six divisions, three cords, and 
five branches. The subclavian artery lies in 
close proximity to the roots and trunks in 
particular the C8 and T1 nerve root and in-
ferior trunk. C8 and T1 contributes mostly 
to the medial cord, which forms the ulnar 
nerve, medial brachial and antebrachial 
cutaneous nerves, medial pectoral nerve, 
lower trunk and medial cord contributions 
to the median nerve, and the posterior cord 
contributions to the radial nerve. Hence 
neurologic symptoms from subclavian ac-
cess would most likely involve these nerves. 
Functionally, injury to the inferior trunk can 
result in sensory impairment in the skin of 
the arm and forearm, inability to complete-
ly contract the pectoralis muscles (partial 
contraction would occur due to innerva-
tion from the lateral pectoral nerve), and 
most prominent impairment in the hand. 
Since the intrinsic hand muscles are all in-
nervated via the C8-T1 lower trunk/ medial 
cord components of the median and ulnar 
nerves, the thenar muscles, hypothenar, 
lumbricales, and interosseous muscles of 
the hand would all be weak. Additionally, 
C8-T1/ lower trunk/ posterior or medial cord 
dominant median, radial, and ulnar inner-
vated muscles of the forearm would also be 
impaired such as the flexor digitorum pro-
fundus and superficialis, flexor carpi ulnaris, 
and extensor and abductor pollicis longus.

Lower limb
Common femoral artery

Common femoral access is performed 
most frequently for arterial interventions. 
Despite the close proximity of the femoral 
nerve just lateral to the common femoral 
artery in the femoral triangle (Fig. 4), nerve 
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Figure 4. Color Doppler image of the femoral triangle structures from lateral to medial: femoral nerve 
(FN), common femoral artery (A), and common femoral vein (V).
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injury at this location is uncommon, likely 
from a combination of factors including in-
terventionalists’ familiarity with the region-
al anatomy, use of ultrasound guidance 
allowing for avoidance of nerves, and the 
recognized morbidity associated with ac-
cess site complications have emphasized 
proper access site management to reduce 
vascular complications which often are the 
culprits of neurologic symptoms (43–46). 
One large study in the United States pool-
ing Nationwide Inpatient Sample data from 
2002 to 2010 showed a femoral nerve inju-
ry incidence of 3.8 per 100,000 procedures, 
though there may be underestimation of 
actual occurrence from under-reporting 
and other variables (47). Another study by 

Kent et al. (48) reported a 0.2% incidence 
of femoral neuropathy. Furthermore, com-
plications are reduced when ultrasound 
guided access is performed (45). However, 
femoral nerve injury has been reported sec-
ondary to hematoma, pseudoaneurysm, or 
via injury during cannulation (43, 49–51). 

Injury to the common femoral nerve at 
this location causes weakness of the quad-
riceps muscles (Table 2). Sensory impair-
ment involves the anterior-medial thigh 
and medial calf, owing to involvement of 
the anterior femoral cutaneous and saphe-
nous nerves (52–54). Femoral neuralgia is 
generally characterized by post-procedural 
groin pain radiating down the anteromedi-
al thigh (anterior femoral cutaneous nerve) 

with hyperesthesia. Sparing of the motor 
components of the femoral nerve in femo-
ral neuralgia is likely explained by the deep-
er and safer anatomic course of the motor 
fibers (43). Prognosis of femoral neuralgia 
can range from near complete resolution to 
chronic pain requiring pain clinic visits and/
or physical therapy (43, 49–51). 

Percutaneous vascular closure devices 
(VCD) such as Angio-Seal® (St. Jude Medical), 
Perclose® (Abbott Vascular) are most com-
monly used at the common femoral arteri-
otomy site and have been shown to achieve 
rapid hemostasis leading to early mobiliza-
tion and discharge (55). Despite the advan-
tages, device failure rates range from 1.5% to 
20% in contemporary studies (56). Overall, 
literature suggests that VCDs are safe and 
effective, but equivocal complication rates 
compared to manual compression range 
from better to worse (55, 57–63). Nerve dam-
age associated with vascular closure device 
occurs when the patient tolerated the proce-
dure well until closure device deployment or 
there is failure of deployment with one study 
reporting a 5.4 fold increase risk of groin 
bleeding, hematoma, pseudoaneurysms 
that can result in nerve injury (52, 56). In 
one report, the patient’s pain and localized 
hypoesthesia were suspicious for injury and/
or entrapment of the anterior cutaneous 
branches of the femoral nerve by the An-
gio-Seal collagen plug (52). In addition, VCDs 
may provide interventionalists with a false 
sense of security and decreased vigilance 
for the sequelae of bleeding complications. 
Studies have shown increased risk of groin 
bleeding, hematoma, pseudoaneurysms 
from failed VCD deployment (52, 56, 64–66).

Popliteal artery
Popliteal artery access has gained pop-

ularity in lower extremity interventions in 
recent years, especially when anterograde 
access to treat superficial femoral artery 
disease is unsuccessful. Operators should 
be aware of the important anatomy in this 
region. Most commonly the sciatic nerve 
divides into the tibial nerve and common 
peroneal nerve in the popliteal fossa (Fig. 5), 
although the sciatic nerve may divide fur-
ther proximally. Although somewhat vari-
able, the popliteal artery is positioned ante-
rior to the popliteal vein and anteromedial 
to the tibial nerve (Fig. 6). The common pe-
roneal nerve courses further laterally in the 
popliteal fossa. Popliteal artery is accessed 
at the P2 segment (extending from prox-

Figure 5. Diagram of sciatic nerve dividing into the common peroneal and tibial nerves. A medial approach 
is used to avoid the nerve and vein. Popliteal artery is accessed at the P2 segment shown in figure.

Sciatic nerve

Common peroneal 
(fibular) nerve

Tibial nerve

Popliteal artery

Popliteal vein



imal part of patella to center of knee joint 
space) via a media approach to avoid the 
nerve and vein (Fig. 5). Despite the close an-
atomic proximity of the nerves to the artery, 
nerve injuries from popliteal access are rare 
as ultrasound guidance allows for avoid-
ance of the associated nerves (46, 67–69). In 
addition, antegrade balloon occlusion can 
be used to help obtain hemostasis at the 
popliteal access site once a lesion has been 
traversed in a retrograde fashion; when the 
lesion cannot be traversed retrograde, the 
relatively low pressure of the popliteal ar-
tery distal to the proximal occlusion helps 
maintain hemostasis during compression.

The tibial nerve courses through the mid 
portion of the popliteal fossa into the deep 
posterior compartment of the leg, whereas 
the common peroneal nerve courses laterally 
in the popliteal fossa to wrap laterally around 
the fibular neck where it divides into the deep 
and superficial peroneal nerve branches.

Injury of the tibial nerve in the popliteal 
fossa will affect the motor function of the 
muscles of the posterior compartments of 
the leg and plantar foot (Table 2). Therefore, 
there will be weakness in plantar flexion, 
ankle inversion, and toe flexion. Sensory 
impairment will involve the plantar aspect 
of the foot.

Injury of the common peroneal nerve at 
the popliteal fossa will affect motor function 
of the muscles of the anterior and lateral 
compartments of the leg as well as the dorsal 
foot (Table 2). Therefore, weakness of ankle 
dorsiflexion (“drop foot” during gait), ankle 
eversion, and toe extension may be present. 
Sensory impairment will involve the dorsal 
foot and ankle and first webspace (Table 2).

Posterior tibial artery
Since Botti et al. (70) described recanali-

zation of tibial arteries using retrograde ac-
cess, these techniques have gained increas-
ing popularity. When performing posterior 
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Table 2.  Motor deficits associated with lower extremity peripheral nerve injuries

Access site Possible nerve injury Muscles involved Motor impairment

Common femoral artery Femoral nerve (variable impairment 
depending on relationship of injury 
to site motor branches)

Quadriceps Knee extension

Pectineus Hip flexion

Sartorius

Popliteal artery Tibial nerve (variable impairment 
depending on relationship of injury 
to site motor branches)

Foot:

Flexor hallucis brevis Flexion of all digits

Flexor digitorum brevis

Quadratus plantae

Abductor hallucis Abduction/ Adduction of all digits

Adductor hallucis

Abductor digiti minimi

Interossei IP joint extension with MCP joint 
flexion

Lumbricals

Leg: Plantar flexion

Gastrocnemius Flexion of all digits

Soleus

Tibialis posterior

Flexor hallucis longus

Flexor digitorum longus

Common peroneal nerve Foot:

Extensor digitorum brevis Extension of all digits

Extensor hallucis brevis Extension of all digits

Leg:

Tibialis anterior

Extensor digitorum longus Ankle dorsiflexion

Extensor digitorum brevis

Peroneus longus

Peroneus brevis Ankle eversion

Posterior tibial artery- ankle/  
foot

Tibial nerve As listed in the foot related to posterior 
tibial nerve

Anterior tibial artery/  
Dorsalis pedis-ankle/ foot

Deep peroneal nerve As listed in foot related to common 
peroneal nerve

IP, interphalangeal; MCP, metacarpophalangeal.
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tibial artery access at the ankle, operators 
should be aware that the posterior tibial ar-
tery lies just medial to the tibial nerve in the 
region of the tarsal tunnel (Fig. 7). Despite 
this close proximity, we are unaware of any 
reported cases of tibial nerve injury from 
posterior tibial artery access.

As it courses distally into the foot, the tib-
ial nerve divides into the medial and lateral 
plantar nerves and supplies the muscles 
and skin of the plantar foot. Therefore, in-
jury of the tibial nerve at this location may 
cause weakness of toe flexion and impaired 
sensation on the plantar foot (Table 2).

Dorsalis pedis/ anterior tibial artery
Dorsalis pedis or anterior tibial arterial ac-

cess at the ankle has also gained popularity 
in recent years. Nerve injury from access at 
this location is exceedingly unlikely as the 
deep peroneal nerve has already given off all 
except the most distal of its motor branches 
in the anterior compartment. A tiny caliber 
deep peroneal nerve at this location only 
contains motor fibers to the extensor digi-
torum brevis and extensor hallucis brevis on 
the dorsal foot and a sensory branch to the 
first webspace. In the unlikely event of an 
injury at this location, the functional impair-
ment would be miniscule owing to the re-
dundant function of the extensor digitorum 
longus and extensor hallucis longus, which 
would remain intact (Table 2).

Treatment
Nerve injuries may result from direct nee-

dle puncture, compression from hematoma, 
pseudoaneurysm, manual compression, or 
compression device use. Most commonly, 
they are the result of hematoma with or 
without pseudoaneurysm formation. The 
hematoma may compress the adjacent 
nerve(s) directly or by raising the pressure 
within a confined anatomic compartment 
and causing compartment syndrome in its 
most severe form. 

Hematoma is usually treated with man-
ual compression to stop the site of extrav-
asation. Vascular Quality Initiative classifies 
access site hematomas with or without 
pseudoaneurysms into four types: minor 
without treatment, moderate necessitating 
blood transfusion, moderate necessitating 
thrombin injection, or major requiring a 
surgical procedure (71). Surgical repair may 
be necessary when minimally invasive tech-
niques are unsuccessful (27, 72, 73). In the 
event of compartment syndrome, fascioto-
my is required to relieve the pressure.

Figure 6. Grayscale ultrasound image demonstrating the tibial nerve (TN) posterior laterally, popliteal 
vein (PV), and popliteal artery (PA).  The common peroneal nerve is further lateral and not included 
on this image.

Figure 7. Grayscale ultrasound of the tarsal tunnel region demonstrating the posterior tibial artery (A) 
with paired veins (V) and the tibial nerve (N) medially.



Pseudoaneurysm is a false aneurysm con-
tained by fewer than all the layers of the 
vessel wall. Treatment of pseudoaneurysms 
have evolved from the traditional surgical 
option to a less invasive approach includ-
ing ultrasound-guided compression at the 
pseudoaneurysm, ultrasound-guided percu-
taneous thrombin injection, and endovas-
cular management such as embolization or 
stent-graft placement when feasible (74–81). 
Very rarely is surgical neck ligation repair nec-
essary. Most of the literature for treatment 
of pseudoaneurysm is based on the more 
traditional femoral artery access site; how-
ever, compression, thrombin injection, en-
dovascular management have been shown 
to be successful in upper extremity pseudo-
aneurysms (82–89). In cases of radial access, 
successful treatment of pseudoaneurysms 
via compression with the Terumo TR Band™ 
(Terumo Medical Corporation) has also been 
successfully demonstrated (90).

In the setting of upper extremity access 
complicated by nerve injury, an aggressive 
approach is advocated as surgical evacua-
tion of compressive hematoma within 48 
hours yields improvement in nearly all pa-
tients whereas delaying surgery beyond 
48 hours yields improvement in only about 
half of patients (91–93). Complex regional 
pain syndrome has been encountered rare-
ly after arterial access. Management is mul-
tidisciplinary and may necessitate consulta-
tion with pain management, rehabilitation, 
and mental health specialists. Sympathetic 
nerve block has been shown to alleviate 
symptoms in complex regional pain syn-
drome to a significant degree in reported 
cases associated with transarterial access 
(19, 20).

The different types/etiologies of nerve in-
juries and their treatments are summarized 
in Table 3.

Conclusion
Although nerve injuries associated with 

angiography and endovascular interven-
tions are rare, they may result in signifi-
cant functional impairment and are largely 
avoidable. Nerve injuries may result from 
direct needle puncture, compression from 
hematoma, pseudoaneurysm, manual 
compression, or compression device use, 
with hematoma being the most common 
cause.

The severity of nerve injury is multifac-
torial and varies from transient paresthesia 
and/or pain to severe, prolonged disability. 
When nerve injury persists, key emphasis 
to patients should be time and reassur-
ance; in addition, multidisciplinary evalua-
tion and treatment is appropriate and may 
necessitate involvement of specialists in 
pain management, neurology, and reha-
bilitation (43). Fortunately, vascular access 
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Table 3. Different nerve injury types and treatment

Type/etiology of nerve injury Treatment options

Hematoma Observation (if  hemostasis is achieved)

Manual or ultrasound-guided compression for hemostasis

Endovascular means to achieve hemostasis (embolization or stent-graft if 
feasible/ appropriate)

Surgical evacuation/ repair

Pseudoaneurysm Ultrasound-guided compression 

Ultrasound-guided thrombin injection

Endovascular management (embolization and stent-graft placement if 
feasible/ appropriate)

Surgical repair

Compartment syndrome Fasciotomy

Neuralgia (i.e., femoral neuralgia) Observation

Physical therapy

Nerve block

Analgesic and pain medications

Palsies (i.e., brachial palsy) Early surgical intervention for decompression

Physical therapy

Regional complex pain syndrome Physical therapy

Psychotherapy

Medications such as opioids, tricyclic antidepressants, anticonvulsants

Sympathetic nerve block

Surgical sympathectomy
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related peripheral nerve symptoms are 
most often transient and relatively minor. 
In terms of prevention, understanding the 
anatomical relationship between the arter-
ies and nerves will decrease the possibility 
of nerve injury. Ultrasound guidance allows 
for proper visualization of the access needle 
and its trajectory to avoid nearby nerves 
(44, 45, 67). Using a smaller sheath when 
technically feasible diminishes the risk of 
vascular complications and subsequent 
neurologic injury (10, 15, 94–96). Utilizing 
smaller access needle selection may be pre-
ferred, particularly for difficult access or in-
experienced operators as increased needle 
size is associated with increased frequency 
of intraneural hematoma causing neurolog-
ic deficits (97–99). A good understanding of 
nerve and vessel anatomic relationships 
can also help prevent direct compression of 
the nerve itself; there are very few reported 
cases of nerve injury from direct compres-
sion likely due to the relatively short dura-
tion of manual compression, rarity of the 
injury, the transient nature of most such 
nerve injuries, under-recognition, and un-
der-reporting. One tangentially relevant 
case report showed manual compression 
that resulted in nerve injury resolved after 
cessation of compression (100). 

As most nerve injuries are associated with 
pseudoaneurysms and hematomas, proper 
access, hemostasis, and periprocedural care 
are the mainstay of prevention. Manual com-
pression has been accepted as the gold stan-
dard for access site hemostasis. In the event 
of vascular complications, close monitoring 
and early/proper treatment of pseudoaneu-
rysms and hematomas, before they expand 
to large sizes, are essential to reduce risk of 
nerve injury and other morbidity and mortal-
ity. Though not always feasible, making sure 
the patient is in optimal health with good 
control of underlying disease decreases the 
risks of vascular complications. Diabetes, hy-
pertension, and infection are some common 
entities that increase the risk of pseudoaneu-
rysm and hematoma formation (101, 102). 

Knowledge of the relative risks of various 
access sites, relevant anatomy, employment 
of ultrasound-guided access, and thorough 
attention to achieving hemostasis can min-
imize the risks. Although rare, neurologic 
complications ranging from mild transient 
sensory to disabling motor neuropathies 
can be avoided. 
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