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Abstract
Damage to the peripheral and central nervous systems is frequently 

irreversible. Surgically induced neurological damage and anesthesia 
may result in catastrophic situations for patients and their families. 
The incidence of significant neurological complications during the 
perioperative period is examined in this article. In contrast to other organs 
like the kidney, heart, liver, lungs, and skeletal system, native neurological 
function cannot be replaced with artificial parts or devices soon. Ignoring 
brain function during the perioperative period has been a systemic problem 
in anesthesiology, even though the central and peripheral nervous systems 
are crucial. This bold claim is intended to draw attention to the fact that, 
unlike the circulatory and respiratory systems, which have been routinely 
monitored for decades, the brain and other neural structures do not have 
a standard monitoring during surgery and anesthesia. Given that the brain 
and spinal cord are the principal therapeutic targets of analgesics and 
anesthetics, this deficiency in clinical care is even more alarming. Organs 
that are notoriously hard to repair or replace after damage have, up until 
now, received comparatively little attention. In this article, a succinct 
overview of five neurological complications associated with surgery 
and anesthesia is presented. After critically reviewing the literature on 
the subject, the article is focused to common (delirium), controversial 
(postoperative cognitive decline), and potentially catastrophic (stroke, 
spinal cord ischemia, or postoperative visual loss) adverse events in the 
neurological surgery setting. The findings will increase awareness of major 
neurological complications to the involved surgical and anesthesia team 
and enhance preventive and treatment strategies during the perioperative 
period. 
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Common Neurological Complications Related to Anesthesia
Delirium 

Delirium is a temporary and variable neurological condition that indicates 
a deviation from normal cognitive functioning. It is distinguished by the 
key characteristics of inattention and disorganized thinking [1,2]. Delirium 
is widely recognized as a significant postoperative complication due to its 
prevalence, impacting approximately 70% of patients aged 60 years and above 
who undergo major inpatient surgeries. Moreover, it is linked to unfavorable 
consequences such as mortality, enduring cognitive deterioration, and 
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extended periods of intensive care and hospitalization [3]. 
The occurrence of delirium or agitation during recovery from 
general anesthesia is a common phenomenon, particularly in 
pediatric patients [4]. However, it will not be addressed in 
the present section. Most of the discussion will be directed 
towards postoperative delirium due to its notable importance 
as a complication linked to heightened morbidity and 
mortality rates. Postoperative delirium is frequently observed 
in a significant number of patients, serving as an indicator 
of brain susceptibility. Its presence implies the potential 
presence of an underlying neurological disorder, such as 
early or preclinical dementia [5]. Delirium, although its 
frequent occurrence and significant consequences, is often 
not identified due to its manifestation of a hypoactive rather 
than hyperactive phenotype [6]. In addition, in the absence 
of focused inquiry, patients may exhibit a normal appearance 
or even a mild sense of lethargy. Reliable and user-friendly 
diagnostic methods have been developed to facilitate the 
diagnosis of delirium. 

Historically, anesthetists have not prioritized the 
management of delirium due to its tendency to develop when 
patients are no longer under their direct supervision. Delirium 
is a distressing condition that affects both patients and their 
families. It poses a daunting challenge for physicians, as 
there are currently no recognized treatments to reduce 
its occurrence or shorten its length. The prevention and 
treatment of delirium pose challenges due to the involvement 
of various pathogenic processes, such as imbalances in 
neurotransmitters, neuroinflammation, malfunction of 
endothelial cells, poor oxidative metabolism, and changes in 
the availability of large neutral amino acids [7,8]. Given the 
intricate nature of the issue, it is improbable that any singular 
intervention will serve as a universal solution. However, 
it is crucial to address and mitigate significant risk factors 
associated with delirium. Some of these symptoms include 
pain, difficulty sleeping, impaired sensation, loneliness, lack 
of natural light, infections, withdrawal syndromes, low blood 
volume, need for a blood transfusion, abnormal electrolytes 
or acid-base balance, hypoxia, abnormal body temperature, 
seizures, and malfunctions of the endocrine system [9]. 
Several medications frequently administered during the 
perioperative phase, including atropine, antihistamines, 
corticosteroids, benzodiazepines, propofol, and opioids, 
have the potential to induce delirium and should be reduced 
in patients who are susceptible to this condition [10]. 
Considering the prevalence of postoperative delirium, any 
intervention aimed at its prevention or mitigation would 
provide significant clinical implications. Randomized 
controlled trials have recently provided evidence that using a 
processed electroencephalogram to guide the administration 
of both complete anesthesia and volatile-based general 
anesthetics could potentially reduce the occurrence of 
postoperative delirium [11]. One possible explanation for this 

phenomenon is that a processed electroencephalogram helps 
to avoid administering an excessive amount of anesthesia 
to patients who are more susceptible to complications. 
Nevertheless, if a slightly more profound level of anesthesia 
elevates the likelihood of postoperative delirium in 
susceptible surgical patients, it is anticipated that regional 
anesthesia would be linked to a much-reduced occurrence 
of postoperative delirium compared to general anesthesia. 
The results of a meta-analysis of small trials that randomly 
assigned surgical patients to either regional anesthesia (with 
light sedation) or general anesthesia revealed that there was 
no significant association between general anesthesia and an 
increased risk of delirium (odds ratio, 0.88; 95% confidence 
range, 0.51-1.51) [12]. The observed paradox necessitates 
additional investigation by a comprehensive and practical 
clinical investigation.

Postoperative cognitive decline 
Postoperative cognitive dysfunction (POCD) is a significant 

issue for older surgery patients and their families. Recent 
investigations have confirmed that a significant proportion, 
up to 50%, of older people who undergo both cardiac and 
non-cardiac surgery continue to experience persistent POCD 
[13]. POCD is a contentious diagnosis that is not explicitly 
outlined in the Diagnostic and Statistical Manual of Mental 
Disorders. Moreover, it is worth noting that there is currently 
no defined International Classification of Disease Code for 
POCD. The postoperative cognitive deficit disorder is a subtle 
and often temporary decrease in cognitive function that can 
only be identified by specific neuropsychological testing and 
a comparison with preoperative cognitive abilities. Studies 
have shown that elderly patients who undergo major surgery 
often experience POCD for a period of weeks to months. 
Specifically, 10% of patients over the age of 60 years still 
experience POCD three months following the procedure [14]. 
Early POCD has significant adverse effects on patients and 
their families, including causing delays in returning to work, 
being connected to higher death rates [15], and prematurely 
leaving the employment [16]. Nevertheless, it remains 
uncertain if early POCD often indicates patient vulnerability. 
Furthermore, when studies have tracked patients over an 
extended period, their cognitive progressions have resembled 
those of age- and disease-matched individuals [17-19]. 
This finding provides evidence in favor of the frailty or 
vulnerability theory, as it demonstrates that the occurrence 
of cognitive deterioration is consistent after 3 months 
following major surgery under general anesthesia, as well as 
after coronary angioplasty without surgery or under general 
anesthesia [14]. Recent findings from a Dutch multicenter 
experiment may cast doubt on long-held beliefs about POCD 
following heart surgery [20]. The present study employed a 
randomized design to allocate a total of 280 patients into two 
groups: percutaneous coronary intervention, which involved 
no surgical procedures or general anesthesia, and off-pump 
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coronary artery bypass grafting. The cognitive function of 
these patients was thoroughly evaluated using a comprehensive 
set of nine neuropsychological tests. At the 7.5-year follow-
up, the study revealed that the surgical group had comparable 
enhancements in cognitive function to the non-surgical group 
[20]. Given that significant cognitive decline is a common 
occurrence with aging, even in individuals as young as 45 
years old, it is not surprising that studies lacking suitable 
age- and disease-matched controls have observed cognitive 
deterioration in older patients with different health conditions 
in the intermediate to long-term postoperative period. Several 
studies in this field have encountered significant constraints, 
such as the absence of suitably matched non-surgical 
controls, lack of data on preoperative cognitive trajectories, 
suboptimal statistical methods, and failure to consider 
cognitive outcomes in relation to the success of surgery and 
the overall postoperative course [21]. Take into consideration 
a hypothetical scenario involving an elderly individual with 
notable vascular disease, exhibiting cognitive decline prior 
to undergoing surgery, experiencing complications such as 
hypotension and substantial blood component transfusion, 
encountering a challenging postoperative recovery in the 
intensive care unit characterized by delirium, subclinical 
stroke, wound infection, and renal dysfunction, and enduring 
chronic pain resulting from surgical incisions. It would not 
be surprising if this hypothetical patient were to suffer from 
chronic POCD. Patients are likely to experience cognitive 
impairment in the early postoperative period due to the 
cognitive burden caused by pain, inflammation, and acute 
illness [22]. This cognitive impairment might be likened to 
sickness behavior. Nevertheless, following the recuperation 
process following surgical procedures, patients may revert 
to their anticipated cognitive trajectories, which are derived 
from their preoperative trajectories. Individuals who exhibit 
enhancement in their overall well-being in comparison to 
their initial state before surgery may also encounter a relative 
improvement in cognitive function. This phenomenon may 
arise when surgical intervention leads to a reduction in pain 
(e.g., from angina pectoris), a decrease in inflammation 
(e.g., from arthritis), an increase in cerebral blood flow, 
and an improvement in everyday functioning. The concept 
of cognitive improvement or decline following surgery is 
a subject of debate. However, it aligns with findings that 
demonstrate the brain's capacity for plasticity throughout 
an individual's lifespan. Additionally, initial studies have 
indicated that successful surgical procedures, such as back 
surgery, joint surgery, carotid surgery, cardiac surgery, and 
ventricular assist device surgery, may result in increased 
brain volumes or enhanced cognitive performance [23].

Stroke 
A perioperative stroke is a type of cerebral infarction 

caused by either ischemia or hemorrhage that happens during 
or after surgery. The postoperative period for this type of 

stroke can be up to 30 days. The occurrence of perioperative 
stroke is most observed in cases of cardiac surgery and carotid 
endarterectomy, with an incidence rate ranging from 4% to 
5%. In their study, Bucerius et al. [24] examined a cohort of 
16,184 consecutive patients who underwent cardiac surgery. 
The researchers observed a perioperative stroke incidence 
rate of 4.8%, with double-valve surgery being linked to a 
risk of 10%. A total of 3526 patients who underwent carotid 
surgery under either general anesthesia or local anesthesia 
with sedation were examined in the multicenter GALA 
experiment [25]. The incidence of stroke was found to be 
4% in all groups, indicating that general anesthesia does not 
provide a significant risk for perioperative stroke, particularly 
in the case of carotid endarterectomy. The prevalence of 
stroke among individuals who have undergone non-cardiac, 
non-vascular, and non-neurological surgical procedures is 
notably reduced. In their investigation, Mashour et al. [26] 
utilized the National Surgical Quality Improvement Program 
(NSQIP) database of the American College of Surgeons. A 
total of 500,000 patients who underwent various procedures 
were examined, and it was shown that the occurrence of 
perioperative stroke was 0.1%. However, when five or more 
risk factors were present, the incidence increased to 2%. In 
their study, Sharifpour et al. [27] utilized the NSQIP database 
to analyze a sample of 38,000 patients who underwent non-
carotid vascular surgery. Their findings revealed an incidence 
rate of 0.6%. It is imperative to acknowledge that the data 
pertain to the occurrences of overt stroke, specifically stroke 
characterized by a clinically evident neurological impairment. 
The NeuroVISION experiment, which involved noncardiac 
surgery in patients with cardiovascular risk factors, has 
provided initial findings indicating that the occurrence of 
hidden stroke, defined as the absence of apparent deficit, is 
estimated to be 10%. This diagnosis is made using magnetic 
resonance imaging during the postoperative phase [28]. 
If substantiated by a broader trial, this notable observation 
could have significant ramifications for the investigation 
and mitigation of perioperative stroke following non-cardiac 
surgical procedures. 

Spinal cord ischemia 
Spinal cord ischemia is a severe complication that can 

occur because of surgical intervention aimed at repairing 
thoracoabdominal aneurysms and dissections. The reported 
occurrence of spinal cord injury (SCI) exhibits variability, 
which can be attributed to the heterogeneity of patient cohorts 
in terms of aneurysm type, preventive measures, and surgical 
approaches. In the past, the occurrence of SCI has been 
shown to range from 5% to 40% [29]. However, more recent 
research indicate that the prevalence is normally about 10% 
[30]. Immediate-onset SCI can occur when the blood supply 
to the spinal cord is interrupted during surgery. It is possible 
for a spinal cord infarction to be many hours old when it is first 
detected. The anterior spinal cord receives its native blood 
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supply from dual sources, namely the singular anterior spinal 
artery and many segmental radicular (intercostal) tributaries. 
The interruption of blood flow through the intercostal arteries 
can result in acute SCI due to several procedures, such as 
collateral artery ligation during surgical dissection, aortic 
cross-clamp application, and collateral artery covering by 
an endovascular stent. Postoperative collateral thrombosis 
or a reduction in spinal cord perfusion pressure, such as 
hypotension or increased cerebrospinal fluid (CSF) pressure 
due to ischemia-reperfusion, or both, can contribute to the 
occurrence of delayed-onset SCI. The primary determinant 
of SCI is the precise position and size of the aortic 
aneurysm. Conrad et al. (31) conducted a study examining the 
association between the occurrence of SCI and the specific 
site of the aneurysm. Their findings revealed a declining 
incidence as the Crawford types I and II (originating from 
the upper thoracic region) progressed to type III (originating 
from the mid-thoracic region) and finally type IV (originating 
from the distal thoracic region). Additional risk factors that 
should be considered include the duration of cross-clamp 
duration, particularly when distal reperfusion techniques are 
not employed, emergency surgical procedures, occurrences 
of aortic rupture or dissection, and the potential presence of 
intraoperative hypotension. The identification and subsequent 
reimplantation of non-selected segmental intercostal arteries 
do not provide a definitive reduction in the risk of SCI, but 
it may offer potential advantages in cases where substantial 
aortic replacement is required. The occurrence of SCI in 
thoracic endovascular aneurysm repair may be comparatively 
lower, potentially due to a reduced number of risk factors 
connected with the surgery. This is even though the operation 
involves the coverage of many segmental arteries, and this 
further indicates a diverse range of SCI risk factors for each 
individual patient. Patients undergoing endovascular repair 
may face an increased risk of SCI if they have a history of 
infrarenal abdominal aortic aneurysm repair or internal iliac 
artery blockages, which can lead to reduced contributions to 
collateral flow.

Postoperative visual loss
 Postoperative visual loss is an infrequent yet severe 

neurological consequence that can arise from elective 
surgical procedures. It can be attributed to various factors 
such as central retinal artery blockage, cortical blindness, and 
ischemic optic neuropathy (ION). Shen et al. (32) conducted 
a study utilizing the Nationwide Inpatient Sample database 
in the United States to determine the overall occurrence of 
posterior occlusion of the vertebral column (POVL). The 
findings revealed that heart surgery (0.09%) and posterior 
spine surgery (0.03%) were found to be linked to the highest 
risk of POVL. In their study, Patil and colleagues [33] 
utilized the identical database but applied distinct inclusion 
criteria. They observed a 0.09% occurrence of POVL in 
spine surgery, with 0.02% of this occurrence being attributed 

to ION. In their study, Stevens et al. (1996) observed a 
significantly elevated occurrence of postoperative lumbar 
vertebral stenosis following spinal surgery at three different 
institutions. The incidence rates were 0.2% for all causes and 
0.1% specifically for ION. The variations in the occurrence 
are likely attributable to the database employed and the 
criteria for inclusion. Overall, the data indicate that heart 
surgery and posterior spine surgery are the types of surgeries 
with the highest risk for POVL and ION. However, it is 
important to note that this complication is not exclusive to 
these specific surgeries.

What are high-risk surgeries?
Following are various surgical procedures with possible 

significant effect on hemodynamics, blood loss, and other 
pathophysiological deficiencies leading to neurological 
complications. The rise in organ transplantation (heart. liver, 
lung, kidney) has led to significant increase in neurological 
problems observed by healthcare practitioners. Occasionally, 
these issues arise due to the unique characteristics of the 
transplant surgery, while in other cases, neurological 
impairment occurs because of subjecting an unwell patient to 
a lengthy and frequently challenging procedure.

Perioperative problems that may arise during every 
transplant operation

Encephalopathy: During the perioperative phase, 
individuals who have undergone transplantation may display 
a spectrum of behavioral alterations that can vary from a 
moderate state of disorientation or psychosis to a more severe 
encephalopathy characterized by obtundation or coma. 
During the first 48 hours following surgery, acute confusional 
episodes are typically associated with a widespread hypoxic-
ischemic injury [34]. Additional potential factors encompass 
metabolic irregularities, impaired renal and hepatic function, 
the presence of multiple organ failure, and the occurrence 
of sepsis. When considering individuals with compromised 
hepatic and renal function, it is important to consider their 
reduced metabolism and excretion of anesthetics and other 
sedating drugs. The occurrence of altered mental status 
within a span of 2 to 5 days following surgery can potentially 
be attributed to acute care psychosis. This condition may 
be alleviated through the administration of neuroleptics or 
environmental reorientation [35].

Cyclosporine is associated with encephalopathy, a 
serious adverse reaction that affects around 5% of patients 
who are prescribed the medication [36]. The individuals in 
question may exhibit symptoms such as reduced cognitive 
awareness, cephalalgia, dysarthria, depressive symptoms, 
manic episodes, cortical blindness, visual hallucinations, and 
seizures [37]. Magnetic resonance imaging investigations can 
reveal extensive swelling and white matter abnormalities in 
the brain [36,37]. This condition is commonly observed in 
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individuals with increased amounts of cyclosporine in their 
bloodstream. Nevertheless, it is important to note that other 
variables, including hypocholesterolemia, hypomagnesemia, 
high-dose steroids, hypertension, and uremia, may also play 
a role in its development [38,37].

Seizure: In patients undergoing transplants, seizures are a 
frequent occurrence, occurring in 6% to 36% of cases [39]. As 
usual, an underlying cause needs to be identified and a seizure 
should be treated as a sign of CNS dysfunction. Determining 
the type of seizure at onset (partial versus generalized) and 
its location is often beneficial. Among transplant recipients, 
medication toxicity (particularly cyclosporine, FK506, and 
OKT3), metabolic abnormalities, and hypoxic-ischemic 
damage are the most frequent causes of seizures [41]. 
Strokes and infections are less frequent sources of seizures. 
Another reason for seizures in this group is central nervous 
system infections, which typically develop weeks to months 
following organ transplantation.

Neuropathies: Peripheral nerve damage can occur in 
organ transplantation, as well as in other extended surgical 
procedures (Figure 1). The prevalence varies between 
5% among individuals who have undergone kidney 
transplantation and as high as 13% among patients who 
have undergone cardiac surgeries [42,35]. Peripheral nerve 
injuries can occur due to the mispositioning of patients who 
are pharmacologically paralyzed during surgery, stretching 
caused by prolonged retraction, or the creation of a local 
hematoma with compression of the nerve. The ulnar nerve, 
often located in the cubital tunnel, is the most frequently 
affected nerve under general anesthesia [43]. Injury at the 
elbow site may occur because of accentuated extension or 
flexion [43]. Every instance of transplantation is linked to a 

distinct pattern of peripheral nerve damage. For instance, renal 
transplant patients have been observed to exhibit femoral and 
lateral femoral cutaneous neuropathies [44], whereas heart 
transplant recipients have been found to experience lower 
brachial plexus stretch injuries [45]. Cold-induced phrenic 
nerve damage, which occurs when the heart is packed in 
ice during cardiac transplantation, is another recognized 
mechanism of nerve injury [35].

Perioperative complications unique to specific 
transplant procedures

Kidney Transplantation: The 1-year survival rate for 
transplant recipients is nearly 100%, with a graft survival 
rate ranging from 85% to 95% [46]. Notwithstanding 
these advancements, the incidence of neurologic problems 
associated with kidney transplants remain prevalent. 
Neurologic problems were observed in 30% of transplant 
recipients in a comprehensive study [47].

There are some neurological issues that are unique to 
the surgery, in addition to the potential risks associated with 
general anesthesia. The femoral and lateral femoral cutaneous 
nerves are frequently affected by compressive neuropathies 
following kidney donation [44]. Compressive femoral 
neuropathies, which typically result from the formation of 
local hematomas rather than retraction damage, are observed 
in a range of 1.5% to 8.4% among individuals who have 
had transplantation [48]. During the surgery, the lateral 
femoral cutaneous nerve is typically exposed and retracted. 
It is observed in 2.4% of patients in a specific study [44]. 
Renal transplantation can lead to an uncommon complication 
in patients who have abnormal blood flow to the lower part 
of the spinal cord. The caudal spinal cord in these patients 

Figure 1: Peripheral neuropathy is a disorder caused from damage to nerve endings. Patients frequently report burning, itching, or shooting 
pain that often begins in the feet and gradually progresses to other areas. Peripheral neuropathy is a symptom of an underlying disease or 
process and needs testing to investigate the underlying cause.
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receives blood supply via branches of the internal iliac artery, 
as opposed to the intercostal arteries. Spinal cord ischemia 
may occur when the iliac artery is utilized for blood flow to 
the allograft [49].

Cerebrovascular events are the prevailing neurologic 
sequelae following kidney transplantation, with a prevalence 
rate of 9.5% seen in a comprehensive retrospective 
analysis. Many of these incidents, however, took place at 
a period of more than 6 months after transplantation [50]. 
There is a notable correlation between the prevalence of 
cerebrovascular accidents and the underlying medical 
conditions that necessitate kidney transplantation, such as 
diabetes, hypertension, and lupus. Furthermore, it is common 
to find disruptions in the serum concentrations of cholesterol, 
triglycerides, and lipoproteins within this demographic [51]. 
Hematologic abnormalities and secondary polycythemia, 
which have been found in individuals who have undergone 
kidney transplantation, may also have a role in the occurrence 
of thromboembolic events [50].

Liver Transplantation: The scarcity of organs often results 
in an extended waiting period prior to the transplantation 
procedure. Consequently, individuals who undergo 
transplantation frequently exhibit severe illness and typically 
present with a certain level of hepatic encephalopathy prior to 
the surgical procedure [52]. Furthermore, this demographic 
has a higher susceptibility to hemorrhages in the central 
nervous system during the perioperative phase due to 
coagulopathies linked to liver failure.

The predominant perioperative neurologic complication 
observed in multiple clinical series following liver 
transplantation was encephalopathy, characterized by varying 
degrees of severity ranging from disorientation to coma [53-
56]. Encephalopathy in this population can be attributed to 
various factors, such as metabolic abnormalities (including 
preexisting hepatic encephalopathy), medication toxicity 
(including cyclosporine and FK506), hypoxic ischemic brain 
damage, and infection. Autopsy studies conducted during the 
perioperative period indicate that metabolic and hypoxic-
ischemic damage were the primary factors contributing to 
encephalopathy in liver transplant recipients [44,53,57].

The occurrence of central pontine myelinolysis is a rare 
neurological complication that is more prevalent among 
individuals who have undergone liver transplantation. central 
pontine myelinolysis has been regularly detected in 7% to 
19% of liver transplant recipients in several neuropathologic 
studies [58-60]. The condition commonly leads to symmetric 
noninflammatory demyelination of the basis pontis, although 
neurons and axons are mostly spared [61]. Additionally, there 
have been reports of extrapontine myelinolysis [61].

The most prevalent peripheral nerve injury found after 

liver transplantation is injury to the lower brachial plexus, 
which can occur in up to 6% of patients [52,62]. The 
occurrence of the injury is thought to take place during the 
axillary dissection procedure that is necessary to gain access 
to the axillary vein for the purpose of endogenous bypass 
[52,62].

Heart Transplantation: While graft rejection and 
infection are significant contributors to death, it is worth 
noting that neurological problems might manifest in around 
60% of patients, leading to substantial morbidity and 
subsequent impact on quality of life [63,64].

Cerebral infarction, encompassing both localized 
and diffuse ischemic-anoxic injury, is the prevailing 
neuropathological observation, with prevalence rates 
ranging from 16% to 43% in certain autopsy studies [65]. 
A retrospective analysis of clinical data showed a much 
lower incidence of neurological problems (5%) throughout 
the perioperative phase [66]. Cerebrovascular events can 
present as stroke with localized neurological impairments, 
disorientation, or severe encephalopathy accompanied by 
obtundation or coma. Global hypoxic-ischemic pathways 
are typically implicated in the occurrence of encephalopathy 
with psychosis during the immediate postoperative 
period. Encephalopathy may also manifest alongside 
metabolic derangements, multiple organ failure, and sepsis. 
Occasionally, seizures occurring immediately after surgery 
may be linked to focal embolic occurrences [67].

Cardiac transplantation is associated with a somewhat 
high incidence of peripheral nervous system damage, which 
are comparable to those observed in open heart surgery 
(13% of cases) [68]. The lower brachial plexus is frequently 
affected by injuries resulting from stretching during chest wall 
retraction or compression due to a hematoma. Individuals who 
have experienced lower brachial plexus injury commonly 
exhibit symptoms such as weakness and numbness in the 
distal arm, sometimes accompanied by a reduced triceps 
reflex. Tension can also cause recurrent laryngeal damage, 
which can lead to voice cord paralysis. Cold-induced injury 
resulting from the application of ice to the heart during 
transplantation has the potential to cause damage to the 
phrenic nerve [68]. Oftentimes, these individuals exhibit 
clinical symptoms such as diaphragmatic paralysis and 
challenges in transitioning away from mechanical ventilation 
or experiencing extended postoperative respiratory distress. 
Following the transplantation procedure, patients continue 
to face the potential for cerebrovascular events due to the 
presence of cardiac emboli, underlying atherosclerosis, and 
postoperative arrhythmias [69].

Lung Transplantation: There is limited information 
pertaining to the neurological problems that are linked to 
lung transplantation. Between October 1993 and October 
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1995, a total of 108 consecutive lung transplant procedures 
were conducted [70]. Out of the total number of transplant 
recipients, 21 individuals (19%) experienced 27 neurological 
problems. The most prevalent neurological consequence of 
transplantation was encephalopathy, which ranged from 
disorientation to coma, and affected 11 patients (10%) [70]. 
While metabolic reasons accounted for the bulk of cases 
(7.4%), medication toxicity also played a role in 2.8% of 
cases [70]. Four transplant recipients (3.7%) experienced 
seizures, which were attributed to metabolic abnormalities, 
cyclosporine toxicity, and stroke [70]. Cerebrovascular events 
were observed in a rather high frequency. Specifically, four 
patients (3.7%) experienced hypotensive watershed infarcts, 
four patients had embolic infarcts, and one patient had a 
hemorrhage in the vicinity of a watershed infarct. Two patients 
were found to have left atrial thrombi on transesophageal 
echocardiography during investigations into suspected 
sources of emboli. The pulmonary vein/left atrial anastomosis 
has the potential to serve as a significant reservoir of emboli 
in individuals who have undergone lung transplantation. In 
a study conducted by Stang et al. [71], a cerebral infarction 
was observed in a patient four weeks following a bilateral 
lung transplant. Transesophageal echocardiography revealed 
the presence of a thrombus in the left atrium at the location 
of the anastomosis. Furthermore, a study conducted on 21 
individuals who underwent lung transplantation revealed the 
presence of pulmonary vein thrombosis in 5 patients (24%) 
during the immediate postoperative phase, as determined by 
transesophageal echocardiography [72].

Neurological complications after cardiac surgery
Neurological problems rank as the second leading cause 

of morbidity and mortality after cardiac surgery, after heart 
failure. The occurrence of neurologic sequelae (Figure 2) 
substantially raises the probability of necessitating extended 
periods of care [73].

A significant complication following heart surgery is the 
occurrence of postoperative neurological impairment [74]. 
There are many different clinical symptoms, such as localized 
neurological abnormalities, altered states of consciousness, 
and cognitive-behavioral disorders [75]. Neurocognitive 
impairment is observed in a range of 15-66% of patients upon 
their release, and in a maximum of 40% of patients during a 
span of 5 years following the surgical procedure [76]. The 
prevalence of symptomatic stroke ranges from 1.2% to 6% 
among patients, with a larger occurrence observed in the 
geriatric population [77]. Multiple studies have assessed 
postoperative neurological problems and risk factors in 
patients undergoing cardiac surgery. However, the findings 
are inconsistent or insufficient mostly due to a limited number 
of interventions or variables. Several investigations have 
documented a correlation between extended cardiopulmonary 
bypass and the occurrence of postoperative stroke [77], but it 
has been subject to scrutiny by other researchers [78]. There 
is a lack of research assessing the occurrence of neurological 
problems after heart surgery in a significant number of 
individuals [76].

Figure 2: Potential Neurological complications in cardiac surgery.
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A research investigation was conducted to assess the 
prevalence of postoperative neurological issues among a 
cohort of 2,121 consecutive patients who underwent heart 
surgery. The findings revealed that 4.3% of the patients 
exhibited neurological abnormalities [79]. Out of the total 
of 2,121 patients, 37 individuals (1.7%) exhibited imaging 
evidence of stroke, whereas up to 71% displayed not-small 
ischemic strokes. The incidence of postoperative neurological 
problems has been found to be associated with higher rates of 
hospitalization and mortality.

Bilateral Stenosis of Internal Carotid Artery: With an 
odds ratio of 73.84, bilateral internal carotid artery (ICA) 
stenosis of any grade emerged as the most significant risk 
factor. Previous research has examined the correlation 
between stroke following cardiac surgery and carotid stenosis 
[80], which encompasses two primary mechanisms: artery-to-
artery thrombosis (thrombosis from the proximal segment to 
the distal segment) or hypoperfusion (resulting in border zone 
infarcts - watershed infarction). Hirotani et al. (80) conducted 
a study using a sample of 476 patients who underwent 
coronary artery bypass grafting (CABG). The researchers 
identified carotid stenosis as the sole independent risk factor 
for postoperative stroke. As far as current research indicates, 
there is no established correlation between ICA stenosis, 
regardless of its severity, and neurologic impairment. Another 
study found that 69% of patients with neurological difficulties 
had bilateral ICA stenosis of any grade, even below 50%. In 
contrast, 85% of patients without neurological complications 
had normal ICAs [79]. 

Neurological Complications During Kidney 
transplant Anesthesia Procedures

Neurological problems are common in the context 
of renal illness and transplantation; in the posttransplant 
scenario, their incidence has been reported to range from 
10% to 21%. Neurological side effects can happen soon 
after transplantation or they can take months or even years 
to manifest. Neurologic disorders can also result from renal 
disease; kidney transplantation may be able to alleviate or 
improve some of these disorders.

With over 17,000 kidney transplants performed each 
year and over 100,000 patients on the waiting list, kidney 
transplantation is the most common solid organ transplant in 
the United States [81]. Since kidney transplantation is more 
cost-effective over the course of a patient's life and, for most 
patients with end-stage renal disease, delivers better survival 
and quality of life than hemodialysis, this number has been 
rising over the past several years. However, difficulties 
necessitating hospitalization may arise during the first year 
following transplant, usually because of infection brought 
on by prolonged immunosuppression or immunosuppressive 
drugs. Between 30 and 60 percent of patients after a kidney 
transplant experience neurological problem, which are a 

prevalent problem [82]. Since neurological problems are 
linked to higher rates of morbidity and death, all patients 
receiving transplants should be evaluated for them.

Ischemic stroke: Ischemic strokes are prevalent 
among individuals who have undergone heart and kidney 
transplantation. Stroke has been observed in around 8% of 
individuals who have undergone renal transplantation. This 
occurrence might be attributed to factors such as hypertension, 
diabetes, and accelerated atherosclerosis, which can be 
acquired either during dialysis or following transplantation 
[82]. Ischemic strokes can be associated with various factors, 
including immunosuppressive treatment, surgical procedures 
such as transplantation, common surgical complications 
(such as bacterial infections, negative outcomes related 
to anesthesia, bleeding, etc.), the presence of bacterial 
endocarditis and vasoinvasive fungal central nervous system 
infections, hypercoagulable states, accelerated atherosclerosis, 
vasculitis, and cardiac arrhythmias after transplantation [82]. 
The causes of strokes in transplant recipients are primarily 
attributed to perioperative and infectious factors. However, in 
individuals who have survived for a medium to long period of 
time following transplantation, the occurrence of accelerated 
atherosclerosis can impact cerebrovascular circulation, 
hence elevating the risk of stroke. Strokes are observed in 
heart and liver allograft recipients at an early stage following 
transplantation, while they tend to manifest at a later stage 
following kidney transplantation. Age over 40 and diabetes 
were identified as significant risk factors for cerebrovascular 
illness in kidney transplant recipients [85]. Atherosclerosis 
is often associated with ischemic strokes following kidney 
donation [86]. A notable decrease in the occurrence of strokes 
has been documented in individuals with diabetes who have 
concurrent kidney and pancreas transplantation [84].

The incidence of stroke is higher following kidney 
transplantation, whereas liver transplantation is associated 
with encephalopathy, seizures, and central pontine 
myelinolysis. Stroke is the predominant neurological 
complication in kidney transplant patients, but cerebral 
infarction and hemorrhage are more commonly observed 
after heart transplantation. Post-transplant polycythemia and 
hypercoagulability are commonly observed in kidney allograft 
recipients, with a prevalence rate of 17% among patients. 
These conditions have been associated with an elevated risk 
of stroke [87]. Kidney allograft recipients transplanted for 
polycystic kidney disease have a 10-fold higher chance of 
experiencing aneurismal subarachnoid hemorrhage [88]. The 
occurrence of diabetic nephropathy as a contributing factor 
to pre-transplant kidney failure has been found to elevate the 
likelihood of post-transplant cerebral hemorrhage [88]. It is 
reasonable to expect that a similar outcome may arise from 
the use of immunosuppressants in individuals with diabetes. 
Calcineurin inhibitors and steroids are primarily responsible 
for causing post-transplant diabetes, with tacrolimus being 
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associated with a higher likelihood of this problem. A 
retrospective review of kidney transplant recipients revealed 
a higher incidence of post-transplantation diabetes mellitus in 
patients who received a cadaver organ compared to those who 
received a living donor organ. Additionally, this condition 
was more commonly observed in patients who received 
tacrolimus therapy vs cyclosporine therapy [89]. However, it 
has been observed that the use of mTOR inhibitors is linked 
to a higher likelihood of developing new-onset diabetes after 
transplantation (NODAT) [90].

Encephalopathy: Metabolic encephalopathy frequently 
occurs in transplant recipients, with its causes being as 
diverse as in non-transplant patients (Figure 3). These causes 
often involve alterations in electrolyte levels and glucose 
levels. Individuals who have pre-existing diabetes exhibit 
sensitivity to steroid treatment, and the administration of Tac 
may potentially trigger the onset of diabetic ketoacidosis. 
Discontinuation of steroids abruptly and unintentionally 
might also lead to a disruption in consciousness. Individuals 
who experience a severe systemic infection without 
central nervous system involvement commonly develop 
encephalopathy associated with sepsis [91]. Hepatic and 
uremic encephalopathy have been found to be related 
with delayed graft function in orthotopic liver and kidney 
transplantation, respectively [91].

Acute neuropathy: Acute neuropathy can also result 
during surgery, although peripheral neuropathy following 
kidney transplantation can also be brought on by drugs used 
for immunosuppression and antimicrobial prophylaxis. With 
a frequency of between 2% and 4%, acute femoral neuropathy 
is a rather uncommon consequence (92). It is thought that 
the pathophysiology consists of direct compression and 
ischemia of the nerve, which may be brought on by the steal 
phenomenon after the graft renal artery and the iliac artery 
have anastomose.

Stroke: Cerebrovascular illness is a commonly observed 
condition among individuals who have received kidney 
transplantation, exhibiting a stroke or transient ischemic 
attack rate of 5% within the initial year and 9.4% within the 
subsequent year (93). A significant portion of the occurrence 
can be attributed to the frequent presence of comorbidities 
among individuals who have undergone renal transplantation. 
Factors such as diabetes, advanced age, post-transplant kidney 
function, and prior stroke are all recognized as risk factors 
for ischemic stroke following transplantation. Conversely, 
diabetes, precipitated kidney disease, and hypertension have 
been found to be associated with hemorrhagic stroke (94). 
Post-transplant polycythemia and hypercoagulability can be 
observed in renal patients, hence elevating the susceptibility 
to stroke.

Figure 3: Energy failure model of metabolic encephalopathy. Hypoglycemia and any enzyme defect in mitochondrial 
energy production may result in metabolic encephalopathy. The pathophysiology of metabolic encephalopathy by fatty acid 
oxidation defect is multifactorial.
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Neurological complications during open radical 
prostatectomy, cystectomy 

Robot-assisted laparoscopic prostatectomy: Neuropathic 
pain consequences resulting from lesions in the endopelvic 
nerve: The most often employed approach for surgical 
intervention in individuals with localized prostate cancer is 
robot-assisted laparoscopic prostatectomy (RALP), which is 
the most often used surgical approach for treating patients 
with localized prostate cancer. The RALP approach provides 
several significant benefits compared to traditional retropubic 
radical prostatectomy. These advantages include decreased 
blood loss, reduced postoperative pain, faster recovery, 
shorter hospital stays, and improved outcomes in terms of 
postoperative urinary continence and erectile function [95].

Neurological damage linked with RALP can still occur, 
even when performed by surgeons with extensive experience. 
Patient malposition on the surgical table or endopelvic injury 
after surgery can lead to neurological problems. Currently, 
there is a growing recognition of the possibility of nerve 
damage caused by robotic-assisted laparoscopic surgery [96] 
and the need to prevent them. Numerous inquiries have been 
conducted to examine the quantitative aspects of this subject 
matter. As an illustration, a retrospective examination of 377 
RALP procedures revealed that the incidence of postoperative 
neuropathies was 1.3% [97]. In recent studies, Wen et al. 
(1998) documented a peripheral nerve injury incidence rate of 
0.16%, whereas Gezginci et al. (99) observed neuromuscular 
problems in around 5% of the patient population.

RALP surgery can result in several types of surgical 
damage to the pelvic nerves. Various processes are involved in 
the pathophysiology of these damages, including compression 
(e.g., caused by hematoma or pelvic lymphoceles), 
transection, incision, traction, thermal traumas, and trapping 
with clips. The combination of these mechanisms is most 
observed during the Santorini plexus stitch, Rocco stitch, or 
PLND. Most of these pathways have the potential to cause 
significant damage to Schwann cells and the loss of myelin, 
resulting in long-lasting nerve damage [100].

Neurological complications during Major Oncologic 
Head and Neck Surgery

Neurovascular Complications after Neck Dissection: 
Due to the prevalence of oral malignancies, neck dissection 
is a frequently conducted technique within the field of head 
and neck oncology. This surgical procedure is especially 
susceptible to a range of neurovascular problems because of 
the complex architecture of the neck.

With the advancement of neck dissection surgical 
procedures, there has been a corresponding increase in the 
kind and occurrence of problems. Neck dissections are 
susceptible to a range of neurovascular problems because 
to their complex anatomical structure and the presence of 

numerous nerves, arteries, and lymphatic channels. Neck 
dissection frequently leads to shoulder complaints and 
functional impairment, which are often caused by injury to 
the spinal accessory nerve either from dissection or direct 
impact. Despite efforts to preserve the spinal accessory 
nerve during neck dissection, a considerable number of 
patients nevertheless experience varying degrees of shoulder 
impairment. In addition to adhesive capsulitis and myofascial 
pain in the upper trapezius, levator scapulae, and rhomboid 
muscles, these symptoms can be related to spinal accessory 
neuropraxia and neurotmesis [101]. The greater auricular 
nerve (GAN) and marginal mandibular nerve (MMN) are 
also commonly injured nerves. However, the incidence of 
phrenic nerve injury is rather modest [102].

Neck dissection, primarily performed on the left side, 
poses a potential risk of chylous fistula, which can occur 
in approximately 3-5% of instances. Previous research has 
indicated that the incidence of internal jugular vein (IJV) 
thrombosis following neck dissection varies between 0% and 
29.6% [103].

Both marginal mandibular and greater auricular nerve 
praxia following neck dissection are more prevalent than 
commonly perceived, yet frequently overlooked. This is 
because during the post-operative phase, both the surgeon and 
patient are preoccupied with other significant post-operative 
matters associated with complex surgical procedures, such as 
feeding, pain management, and wound care.

Phrenic nerve paralysis is a nerve complication that can 
occur because of neck dissection. It is characterized by the 
elevation of the hemidiaphragm on the same side, with or 
without a shift in the mediastinal plane on a chest radiograph. 
This condition has the potential to cause complications in the 
lungs throughout the post-operative period. The fundamental 
approach to injury prevention involves the preservation of 
the fascial layer that covers the nerve and anterior scalene 
muscle. Unilateral phrenic nerve paralysis was seen in 14 
cases (8%) out of 176 consecutive neck dissections in a 
retrospective analysis. Severe symptoms were not observed 
in any of the patients who experienced post-operative phrenic 
nerve paralysis [104].

Chylous leaking is a rare complication that can occur 
following neck dissection. Various therapeutic methods have 
been identified for this condition. The incidence of chylous 
fistula after radical neck dissection is typically between 1% 
and 2.5%, with the majority (75-92%) occurring on the left 
side [105]. Teymoortash et al. [106] conducted a study where 
2 out of 98 patients who underwent selective neck dissection 
experienced chylous leak after the surgery. These cases were 
treated with conservative measures [106].

Post-operative thrombosis is a potential complication 
of neck dissection, in addition to intra-operative damage or 
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closure of the internal jugular vein. The study conducted by 
Quraishi et al. (year) documented an initial incidence of IJV 
thrombosis at 25%, which subsequently dropped to 6% during 
the long-term follow-up period [107]. Previous research has 
documented a range of incidence rates for IJV thrombosis, 
varying from 0% to 29.6%. The studies conducted by Harada 
et al. [103] and Teymoortash et al. [106] have documented a 
patency rate of 100% following neck dissection.

In the last century, neck dissection has emerged as the 
prevailing procedure in the field of head and neck oncology, 
whether conducted independently or as an essential 
component of extensive resection and reconstruction. 
Despite its regularity, it is important not to underestimate the 
related morbidities and make every effort to reduce them by 
becoming familiar with the intricate anatomy of the region.

Neurological complications during Spine deformity 
surgery

Given the aging population, increased life expectancy, and 
evidence of improved health-related quality of life following 
surgical intervention, there has been a rise in the number of 
adult spinal deformity (ASD) procedures. Still, there is a 
significant likelihood of medical and surgical consequences. 
Patients may experience particularly severe neurological 
effects, such as spinal cord injury and motor impairments. 
Anterior, lateral, or posterior surgical approaches, the use 
of osteotomies, thoracic hyperkyphosis, the location of 
the spine, patient characteristics, and the status of revision 
surgery are some of the independent variables that may have 
an impact on the chance of neurological issues.

Any illness that causes aberrant spinal alignment in the 
axial, coronal, and sagittal planes is classified as an ASD 
[108]. The prevalence of ASD is expected to rise over the 
next few decades because of an aging population, longer life 
expectancies, and increased awareness, with over 60% of 
adults over 60 having the disorder [109,110].

Changes in anatomy, the need for osteotomies due to 
fusion masses, scar tissue, and the presence of neurological 
abnormalities prior to surgery, in comparison to primary 
surgery patients, may make revision surgery a risk factor for 
neurological problems [111]. The odds ratio (OR) for nervous 
system injury (1.10-1.60) and accidental vessel or nerve 
puncture (1.44 [1.29-1.61]) were higher in revision surgery 
patients (72 vs. 47%, p = 0.0001) and those who had the 
procedure performed nationwide [111]. A analysis of 108,419 
spine procedures conducted in another study [112] found that 
the rate of neurological problems following revision surgery 
was 41% greater than that of first surgery, providing further 
evidence of this elevated risk of difficulties. Notwithstanding 
the fact that the revision group required a considerably higher 
number of three-column osteotomies (3-COs) than the main 
cohort, Hassanzadeh et al. [113] did not detect a statistically 

significant increased rate of severe complications in their 
comparison of 167 primary and revision ASD procedures.

Following surgery for adult cervical deformity, a 
prospective multicenter center with 78 patients found a major 
complication rate of 24%, with C5 motor palsies accounting 
for 6.4% of cases [114]. The study conducted by He and 
colleagues (115) examined 316 patients who underwent 
posterior cervical fusions for congenital and mixed 
etiologies of abnormalities. Spontaneous spinal cord injury 
accounted for 1.3% of cases during surgery, with reperfusion 
following decompression being the most common cause. 
1 percent of cases had nerve root injury, which was traced 
to incorrect lateral mass screw placement and verified by 
electromyography monitoring. A further case of spinal 
cord injury following intubation [116] describes cervical 
hyperextension.

When anesthetic methods are used to treat the cervical 
spine, vertebral artery injury (VAI) is a potentially harmful 
outcome that can have a neurological impact. Lall et al. [117] 
examined the complications of 2,274 craniometrical fusion 
procedures and discovered a 1.3-2.1% VAI rate when C1-2 
trans articular screws were inserted. Since the injury in these 
cases was more common, the authors stressed the importance 
of identifying a high-riding vertebral artery. Identifying 
additional anomalies such as a convoluted vertebral 
artery, a high entrance level into the transverse foramen, 
and a persisting first intersegmental artery is also crucial. 
According to another study [118], 3.7% of individuals with 
unilateral VAIs experienced neurological sequelae. After 
anterior cervical surgery, nerve injuries, including those to 
the recurrent laryngeal nerve (1.3–13.3 %) [119], superior 
laryngeal nerve (1%), hypoglossal nerve (<1%) [120], and 
cervical sympathetic chain (0.2-4%), have been properly 
documented [121].

Neurological complications during Aortic Surgery
Aortic surgery can obstruct blood flow from the aorta to 

the nervous system, which can lead to ischemic neurologic 
symptoms. While aortic procedures are a relatively new area 
of surgical advancement, the neurologic consequences of 
aortic blockage have long been studied and discussed. The 
occurrence was initially documented in 1667 when a rabbit's 
hindquarter was paralyzed following obstruction of the 
abdominal aorta, as reported by Stenonis and Swammerdam 
[122]. The Stenonis experiment is the name given to this 
observation. The cause of this paralysis remained unknown 
and was first thought to be either peripheral nerve or 
medulla ischemia [122]. However, Schiffer's research in 
1869 disproved both theories. He found that the difference 
between suprarenal and infrarenal degrees of aortic occlusion 
in the dog determined whether the occlusion was central or 
peripheral. In 1899, Hoche elucidated that the dog's spinal 
circulation differed from that of the rabbit, making the 
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Stenonis experiment unfeasible in that species. Neurological 
consequences following aortal ligation in humans were a topic 
of intense debate and discussion in the past. Many authors in 
the earlier literature on the pathogenesis of neurologic injury 
following saddle embolism acknowledged an ischemic origin 
in the peripheral nerve, but others were swayed by the rabbit 
experiment results and supported a spinal origin in such 
circumstances. 

Neurological complications caused by ischemia of 
peripheral nerves

The extension of the disease beyond this field may need 
prolonged closure of the abdominal aorta during abdominal 
aortic surgery. Saddle embolism is another possible cause. 
This is a risk associated with any aortic procedure, but it 
is more so after aneurysm surgery, as surgery is one of the 
etiologic causes of saddle embolism. Dissecting aneurysms 
that have been documented as the consequence of aortic 
surgery may also cause prolonged blockage of the abdominal 

aorta [122]. The neurological complications are exaggerated 
with the co-morbidity of diabetes (Figure 4).

Neurological complications after thoracic 
endovascular aortic repair

Spinal cord ischemia (SCI) and ischemic stroke rank 
among the most serious side effects of TEVAR. Spent grafts 
that cover a large portion of the aorta wall, blocking the 
arteries providing blood to the spinal cord, are the cause of 
lower limb paresis and spinal cord ischemia. Despite being 
thought to be lower than in open surgery, the risk of stroke 
and SCI can nevertheless reach 2.5-5% [123]. Neurological 
problems are linked to long-term disability and handicap, 
which results in substantial costs. They can be deadly in up 
to 30% of cases. Several microRNAs (miRNAs) have been 
implicated in the underlying pathophysiology of spinal cord 
ischemia-reperfusion injury. Various cellular events and rise 
and fall of specific miRNAs induce inflammation and damage 
due to apoptosis and autophagy of the cells (Figure 5).

 Figure 4: Schematic diagram showing the effect of ischemia due to diabetic peripheral neuropathy 
(DPN) leading to occluded vasa vasorum, damaged unmyelinated and myelinated nerve fibers.

Figure 5:  Several microRNAs (miRNAs) play a role in the pathophysiology of spinal cord ischemia-
reperfusion injury to induce inflammation and damage due to apoptosis and autophagy of the cells.
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Conclusion
Even with the technological advancements in organ 

transplantation, neurologic problems continue to be a major 
cause of morbidity and death. All transplant types share many 
of the same problems, such as encephalopathy, seizures, 
and damage to peripheral nerves. Additional problems are 
specific to each transplant operation. The process of kidney 
transplantation is generally benign and does not carry a high 
risk of perioperative morbidity. Significant neurological side 
effects from liver transplantation include central pontine 
myelinolysis and hepatic encephalopathy. Both hypoxic-
ischemic damage and cerebral infarction are frequently linked 
to heart and lung transplants, often resulting from a cardiac 
embolus. The annual number of transplants performed is 
rising, thus it is critical that the neurologists understand the 
potential issues associated with organ transplantation. When 
it comes to identifying and treating neurological side effects 
of transplantation, neurologist expertise is crucial.
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