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Neurologic problems after cardiac surgery are 
not unusual, and the incidence rate of it is about 
61%.1 Primitive reflexes, pout/grasp reflex, ophthal-
mological abnormalities, and peripheral nervous sys-
tem disorders are four types of neurologic problems 

after cardiac surgery.1 Peripheral nerve injury is de-
termined as incomplete or complete or both motor or 
sensory function loss. The involved nerves are in-
cluding the brachial plexus, median nerve, ulnar 
nerve, and radial nerve.2 One of the prevalent types of 
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ABS TRACT Neurologic problems after cardiac surgery are not unu-
sual. Peripheral nerve injury is determined as incomplete or complete 
or both motor or sensory function loss. The involved nerves are inclu-
ding the brachial plexus, median nerve, ulnar nerve, and radial nerve. 
One of the prevalent types of peripheral nerve injuries that happen after 
coronary artery bypass grafting is brachial plexus injury. Brachial ple-
xus injury is an uncommon and under-recognized complication after 
cardiac surgeries that may lead to a permanent or temporary sensitivity 
or motor function deficit. Many mechanisms have been recommended 
for brachial plexus injury after cardiac surgeries comprising sternal ret-
ractor placement, internal mammary artery harvesting, hyper-abduc-
tion of arm and poor positioning of patients during the operation, and 
central venous catheter and implantable cardioverter-defibrillator in-
sertion. The diagnosis of brachial plexus injury is challenging due to its 
complex anatomy. Clinical assessment, magnetic resonance imaging 
especially high-resolution 3T magnetic resonance neurography, elect-
roneuromyography, and somatosensory evoked potential monitoring 
are considered as useful methods in the diagnosis of brachial plexus in-
jury. Several strategies are suggested for the prevention and reduction 
of brachial plexus injury that are including the exact sternal retraction, 
the prevention from constant and asymmetrical traction, the hands-up 
position during surgery, and avoiding unsuitable sternal retraction in 
preparation of internal mammary artery. This review evaluates the oc-
currence, mechanisms, diagnostic, and preventive measurements of 
brachial plexus injury after cardiac surgery. 
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ÖZET Kalp cerrahisi sonrası nörolojik problemler olağan dışı 
değildir. Periferik sinir hasarı, eksik veya tam veya hem motor hem de 
duyusal fonksiyon kaybı olarak belirlenir. İlgili sinirler; brakial plek-
sus, medyan sinir, ulnar sinir ve radyal siniri içerir. Koroner arter bay-
pas greftlemesinden sonra meydana gelen yaygın periferik sinir 
yaralanmalarından biri brakial pleksus yaralanmasıdır. Brakiyal plek-
sus yaralanması, kalp ameliyatlarından sonra kalıcı veya geçici has-
sasiyet veya motor fonksiyon eksikliğine yol açabilen nadir görülen 
ve yeterince tanınmayan bir komplikasyondur. Kalp ameliyatları 
sonrası brakial pleksus yaralanması için sternal ekartör yerleştirme, iç 
meme arteri toplama, ameliyat sırasında kolun hiperabdüksiyonu, 
hastaların kötü konumlandırılması, santral venöz kateter ve implante 
edilebilir kardiyoverter-defibrilatör yerleştirilmesi gibi birçok 
mekanizma önerilmiştir. Karmaşık anatomisi nedeniyle brakial plek-
sus yaralanmasının teşhisi zordur. Klinik değerlendirme, manyetik re-
zonans görüntüleme, özellikle yüksek çözünürlüklü 3T manyetik 
rezonans nörografi, elektronöromiyografi ve somatosensöriyel 
uyarılmış potansiyel monitörizasyonu, brakial pleksus yaralanmasının 
tanısında faydalı yöntemler olarak kabul edilmektedir. Brakiyal plek-
sus yaralanmasının önlenmesi ve azaltılması için tam sternal retrak-
siyon, sabit ve asimetrik traksiyonun önlenmesi, cerrahi sırasında eller 
yukarı pozisyonu ve internal meme arterinin hazırlanmasında uygun 
olmayan sternal retraksiyondan kaçınma dâhil olmak üzere çeşitli 
stratejiler önerilmektedir. Bu derleme, kalp cerrahisi sonrası brakial 
pleksus hasarının oluşumunu, mekanizmalarını, tanısal ve önleyici 
ölçümlerini değerlendirmektedir. 
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peripheral nerve injuries that happen after coronary 
artery bypass grafting (CABG) is brachial plexus in-
jury (BPI).3 The brachial plexus is consisting of a 
group of nerves that comprises of upper root (C5-C6), 
middle root (C7), and lower root (C8-T1).4 The rate 
of BPI occurrence after cardiac surgery varies from 
0.5% to 38%, which may be as a result of various 
causes of it.5 

BPI is presented in two different types. The first 
type is considered by a prevalence sensory complaint 
in the plexus lower roots which includes symptoms 
such as pain, paresthesia, and numbness, and the sec-
ond type by a significant motor deficit in the plexus 
upper and middle roots. The first-mentioned type is 
more prevalent than the second type and has an out-
standing prognosis for recovery.6 BPI after cardiac sur-
gery commonly leads to sensory deficits, whereas 
lesions after non-cardiac surgeries mostly cause motor 
deficits.7 

The anatomical structures of the brachial plexus 
make it vulnerable to neuropathy. The brachial plexus 
has a superficial position that makes it prone to direct in-
jury. The brachial plexus nerve roots are fixed proxi-
mally at their origin site and distally where they are 
connected to the investing fascia, muscles, and other tis-
sues. Therefore, force applied between these sites rises 
the probability of making a stretch neuropathy. More-
over, there is limited space between the first rib and the 
clavicle. Therefore, displacement or fracture of the first 
rib may harm the brachial plexus.8 

BPI may lead to considerable perioperative mor-
bidity, but 2 to 3 months after the surgery most of the in-
juries are heal and generally resolved in one year and 
there is no need for any surgery.9 In a study, it was 
shown that the types of injuries vary from mild to se-
vere, and mostly happen in the lower trunk of the 
brachial plexus.10 The use of retractor and placement, 
positioning, cardiopulmonary bypass, and length of sur-
gery may affect the occurrence of BPI.5  

Having sufficient information about the rate of 
BPIs after cardiac surgery with knowledge of the patho-
genesis and related risk factors can contribute to reduc-
ing these complications. Therefore, this review will 
focus on the mechanisms, diagnostic, and preventive 
measurements of BPI after cardiac surgery.  

 METhOD 
In this review study, all articles related to BPI after 
cardiac surgery were evaluated from the year 1970 to 
2021. Articles were searched through databases such 
as PubMed, Web of Science, Scopus, ScienceDirect, 
Google Scholar, and Cochrane Library using the key-
words “brachial plexus injury”, “BPI”, “Cardiac Sur-
gery”, “Coronary Artery Bypass Graft Surgery” and 
“Median Sternotomy”. A total of 102 articles were 
extracted in the initial search. After reviewing the ab-
stract of these articles, finally, 40 articles that met the 
necessary criteria of the present review were selected 
and evaluated completely. 

EpIDEMIOLOgY Of BRaChIaL pLExus INjuRY 
According to the result of the evaluation of studies in 
this review, it was found that the incidence rate of 
BPI after cardiac surgery varies from 0.5% to 10.6%. 
The rate of BPI 5% in patients who underwent open-
heart surgery and 85% of the lesion were related to 
the lower trunk, Hanson et al. reported.11 In Vahl et 
al.’s study, the incidence rate of BPI has defined 
from 1%-10.6% after cardiac surgery and the com-
plication rate was higher in patients with the prepa-
ration of the internal mammary artery (IMA).10 Unlu 
et al. showed that the rate of BPI was 0.5% in pa-
tients who underwent CABG with median ster-
notomy.5 In a review article by Chong et al., the 
incidence rate of the BPI was reported to be between 
5.5% to 10% after coronary artery bypass graft sur-
gery.12  

MEChaNIsMs Of BRaChIaL pLExus INjuRY 
A number of mechanisms have been suggested as the 
reason for BPI during cardiac surgery. The factors re-
lated to BPI are including concomitant disease, con-
comitant anatomical predisposition, positioning, 
surgical, and physiological factors.6  

Through general anesthesia, particularly after 
muscle relaxants use, which decrease defensive mus-
cle tone, the patient is at risk for BPI. Peripheral 
nerve injuries can happen in, compression, stretch-
ing, and laceration. During harvesting of the IMA, 
asymmetrical traction of the sternal halves looks to 
be related to a higher risk of BPI. It has been shown 
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that median sternotomy can lead to first rib fractures 
and the fractured ribs result in BPI.13  

Many CABG patients have comorbidities that 
may increase the risk of BPI, such as coagulopathy, 
diabetes, hypothermia, and peripheral vascular dis-
ease.6 It was shown that older age and longer opera-
tion time are associated with the incidence of BPI.14 

sternal Retractors 
Sternal retractors are located in an intercostal space 
and cause superior rotation of the first rib and push 
the clavicles into the retroclavicular space, and both 
of these directions compress the brachial plexus. Ex-
treme force on the upper ribs with a rate of 4-16% 
may lead to fractures that may compress the brachial 
plexus directly. The place of retractor placement may 
lead to plexus injury, with extra retractors caudal 
placement, the stress on the first rib decreases, and 
consequently, the fractures of the upper limb may 
occur.9 Wider opening of the sternal retractors which 
is required to provide a larger surgical field to evalu-
ate special intrathoracic structures, might over-
stretched plexus and lead to its fibers rupture.15 
Vander Salm et al. performed a cadaver study and 
showed that while the retractor was placed at the sec-
ond intercostal space, but not the 4th intercostal space, 
several fractures were seen. Cephalad retractor place-
ment raised the occurrence of rib fractures that may 
damage the brachial plexus.16 

Internal Mammary artery harvest  
It is suggested that IMA harvest techniques may in-
crease the risk of BPI as a result of the pressure and 
angle of retraction that used to expose the artery 
might result in stretching injuries to the brachial 
plexus.17 In a study on patients undergoing CABG, it 
was demonstrated that the rate of BPI is 11% in pa-
tients who received IMA grafts in comparison to 1% 
in patients without IMA harvest.15 During the har-
vesting of the IMA, asymmetrical traction of the ster-
nal halves seems to be related to a higher BPI risk.18 
In a study by Unlu et al., in all BPI cases, the com-
mon feature was harvesting of the left IMA.5 

hyperabduction of arm 
Jackson et al. showed that arm abduction of ≥90°, ex-
ternal rotation, and posterior shoulder dislocation can 

stretch the brachial plexus. They showed that the 
plexus was relaxed while the shoulder girdle was 
raised and when the arms are in the hands-up posi-
tion, in that way preventing injury of the plexus.19 In 
a case report by Lee et al., they recommended that 
the occurrence of BPI was as a result of stretch or 
compression while the arm was hyper-abducted (both 
arms abducted at 100°) during the surgery.20 Vander 
Salm et al. evaluated 180 patients in terms of their 
arm position during cardiac surgery and the incidence 
of BPI. The incidence of neurological deficits was 
higher while the arms by the side than when the arms 
were abducted to 90°, however, it was not signifi-
cant.16 

poor positioning 
The brachial plexus is vulnerable to damage in anes-
thesia and surgical procedures due to poor position-
ing. The proximity of it to easily moving bony parts 
like the first rib, coracoid, clavicle, and humeral head 
makes it susceptible to the compression that is asso-
ciated with poor positioning of the patient during op-
eration.6,20 In a study by Ying et al., the rate of 
position-associated upper extremity somatosensory 
evoked potentials (SSEP) monitoring was 2.89%. 
They recommended that while positioning the patient 
with a lateral position, attention should be paid to the 
dependent arm extremities and the upper shoulders 
to avoid BPI. They also showed that low body mass 
index and diabetes mellitus were related to higher 
BPI after microvascular decompression. All the al-
terations happened during 10 minutes following the 
patients were positioned.21 

Vessel Cannulation 
Central venous catheter placement is usually essential 
in cardiac patients for intraoperative hemodynamic 
monitoring. Frequent punctures of the jugular vein 
can result in a hematoma that may put the plexus 
under pressure.22 Trentman et al. showed that BPI can 
happen by the placement of subclavian central 
catheters, but an appropriate method can diminish 
this problem.23 In another study by Wang et al. central 
venous catheterization resulted in contralateral BPI, 
which might be due to a tight suture that fixed the 
jugular catheter.24 
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Implantable Cardioverter Defibrillator 
Jumper et al. reported a case of BPI after an im-
plantable cardioverter defibrillator (ICD). BPI sub-
sequent to ICD insertion might be associated with 
vein puncture site for lead access or generator place-
ment or both of them.25 Xu et al.’s study showed two 
cases who experience BPI after ICD implantation, the 
first one was due to continuous injuries to the sub-
clavian artery and vein, and the second patient had a 
left cephalic vein nicked during cut down and devel-
oped a hematoma that induced BPI.26  

Central Venous Catheter Insertion  
The internal jugular vein has a close association with 
the brachial plexus. The cannulation of the internal 
jugular vein can result in direct needle injury to the 
brachial plexus. Hanson et al. in a study on 5,531 pa-
tients who underwent cardiac surgery revealed that, in 
most of the patients, the side of the BPI was related 
to the side of internal jugular vein cannulation.11 Mol 
et al. in a case report showed a case of brachial plexus 
palsy as a result of internal jugular vein catheteriza-
tion in a patient which leads to compression by right 
subclavian artery pseudoaneurysm.27 Walden in a 
study demonstrated the subclavian aneurysm as a re-
sult of removal of a central venous catheter lead to 
BPI.28  

Median sternotomy 
In Unlu et al.’s study, 3 out of 575 patients who un-
derwent CABG’s with median sternotomy were de-
tected to have BPI.5 Kim et al. also revealed two 
cases who developed a BPI after median ster-
notomy that one of them was a lower trunk lesion 
and the other was medial cord lesion.29 Stangl et al. 
also showed that 6.5% of cases after median ster-
notomy diagnosed with BPI, which they believed 
that level of sternal spread as well as the retractor’s 
placement height independence of the rigidity of 
the rib cage is responsible for it.30 Reddy et al. in a 
prospective study also reported that 7 out of 459 
(1.53%) cases, who underwent open-heart surgery 
with median sternotomy, showed BPI and it was as-
sociated with the retraction of the sternum during 
surgery.31 

DIagNOsIs Of BRaChIaL pLExus INjuRY 
The assessment of the BPI is a diagnostic challenge 
for the physicians. The complex anatomy of the 
brachial plexus, the distribution of it, and the techni-
cal factors make the diagnosis of BPI challenging.32 
Clinical assessment, comprising of history and phys-
ical evaluation, may determine the location of the le-
sion in 30-50% of cases.33 

Examination of the brachial plexus comprises a 
comprehensive history of the pain of the upper ex-
tremity, evaluation of sensation to pinprick, paraes-
thesia, and check of muscle groups motor function 
innervated through the brachial plexus. The motor ex-
amination contains elevation of the scapula, abduc-
tion, adduction, the arms medial and lateral rotation, 
the forearms supination and flexion, ulnar hand flex-
ion, the opposition and flexion thumb, the forearm 
and phalanges extension, and the hand radial exten-
sion and the thumb extension.34 

Magnetic resonance imaging (MRI) has the abil-
ity to demonstrate the location and the degree of the 
BPI and it may be capable to define the affecting fac-
tors. It also can provide information for other diag-
noses.35 Rafael Tronco Alves et al. also showed the 
effective role of MRI in the diagnosis of BPI in 
post�sternotomy injuries.36 Torres et al. suggested 
that a modified MRI technique facilitated the evalu-
ation and diagnosis of BPI.32 According to Vargas et 
al.’s study, MRI is the best method to reveal nerve 
root avulsion.37 Chhabra et al. reported that high-res-
olution 3T MR neurography with three-dimensional 
imaging was able to describe the situation of nerve 
roots and to determine the site and amount of damage 
in the distal part of plexus.38 

Electroneuromyography (EMG) makes possible 
the visualization of distal lesions of the brachial 
plexus. It also demonstrates the differentiation be-
tween edema and demyelination of trunk and cord le-
sions.37 Chanlalit et al. showed that a combination of 
EMG and clinical findings associated well with the 
diagnosis of BPI.39  

It is reported that the use of SSEP monitoring of 
the nerves may be useful in the prediction of periph-
eral nerve injury in cardiac surgery.40 
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pREVENTION Of BRaChIaL pLExus INjuRY 
The risk of BPI will be reduced through proper po-
sitioning, avoiding prolonged and extreme traction 
on the rib cage, and thoracoscopic harvesting of 
LIMA.41 Lin et al., suggested that BPI could be di-
minished by a lower position and the smallest prob-
able opening for the sternal retractor, precise median 
sternotomy, and the prevention from constant and 
asymmetrical traction on the sternal halves.18 Ac-
cording to Unlu et al.’s study to reduce the risk of 
BPI the exact sternal retraction and the use of the 
hands-up position are important. Also, it should be 
avoided from unsuitable sternal retraction in prepa-
ration of IMA.5 It is also recommended that the use 
of retractors designed for asymmetric traction 
should be done with great caution. Also, caudal lo-
calization of the retractor is recommended.6 It is 
suggested that postoperative neurologic evaluation 
should be done in all patients to let initial detection 
and treatment of nerve lesions.42 Jellish et al. 
showed that hands-up positioning during asymmet-
ric sternal retraction for IMA harvest might decrease 
the incidence of BPI.43 

MaNagEMENT aND TREaTMENT Of  
BRaChIaL pLExus INjuRY afTER suRgERY 
To manage the postoperative BPI following treat-
ments are recommended. Retarding muscle atrophy 
and facilitating the reeducation of the impaired mus-
cles may be done by physical therapy with galvanic 
muscle stimulation. Stretching training and passive 
ROM are significant to prevent contracture. More-
over, isotonic and isometric strengthening training, 
with the progressive rise of intensity and numbers, 
are effective to improve power and endurance.20 Ac-
cording to Hudson et al., the management of the BPI 
should be mainly conservative, with splintage and 
treatment to avoid inherent hand contractures and to 
afford support for the hand until the recovery hap-
pens. Surgical intervention may be used if no retrieval 
has happened in 3-5 months when there is a persist-
ent loss of function or in the presence of progressive 
pain in the neck.44  

In surgical treatment information about patterns 
of injury, surgery timing, prioritization in function 
restoration, and management of expectations of pa-
tients should be considered. The surgical manage-
ment options are including nerve grafting, neurolysis, 
and nerve transfers and should be accomplished 
within 6 months of injury. The free functioning mus-
cle transfers can develop function in the acute as well 
as late setting. Modern patient-specific treatment 
leads to consistent restoration of flexion of elbow as 
well as stability of shoulder with the potential of the 
hand prehension.45 

 CONCLusION 
Nerve injuries, including BPI, after cardiac surgery, 
are well-recognized complications. BPI may be a 
source of postoperative morbidity in some patients. 
Several mechanisms have been suggested for BPI 
after cardiac surgeries including sternal retractors 
placement, IMA harvesting, hyper-abduction of arm 
and poor positioning of patients during surgery, ves-
sel cannulation, and central venous catheter and ICD 
insertion. Focused preventive strategies including the 
exact sternal retraction, the prevention from constant 
and asymmetrical traction, the hands-up position, and 
avoiding unsuitable sternal retraction in preparation 
of IMA might decrease both the frequency and sever-
ity of BPI. 
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