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ABSTRACT

وبصرف  املفرطة.  للسمنة  فعال  عالج  البدانة  جراحة  اعتبرت  وقد 
عن  اإلبالغ  مت  وقد  املضاعفات،  املتعلقة  اإلجراءات  عن  النظر 
جزء  أي  على  تؤثر  التي  العصبية  االضطرابات  من  واسعة  مجموعة 
من نيوراكسيس التالية بس. تعقيدات اجلهاز العصبي املركزي، على 
الرغم من أن أقل شيوعا من مضاعفات اجلهاز العصبي احمليطي، حتمل 
معدالت اعتالل كبيرة والوفيات احملتملة. اعتالل الدماغ، االضطرابات 
السلوكية والنفسية، اعتالل النخاع واالعتالل العصبي البصري هي 
األكثر شيوعا ذكرت مضاعفات اجلهاز العصبي املركزي. قد يؤدي 
الكشف املبكر واإلدارة السريعة إلى حتسني هذه املضاعفات العصبية 
أو عكسها متاما. فمن الضروري أن األطباء املعاجلني يجب أن يكون 
املبكر  التشخيص  لذلك  واإلدارة،  السريرية  املظاهر  من  بينة  على 
والعالج ميكن أن متنع املرضى من يعانون من عجز عصبي كبير وحتى 
املضاعفات  لهذه  السريرية  املظاهر  االستعراض  هذا  يناقش  املوت. 
بالتفصيل والتي سوف تساعد الطبيب املعني في االعتراف في وقت 

سابق، وبالتالي منع التأخير في عالج معني.

Bariatric surgery has been considered as an effective 
treatment for morbid obesity. Apart from procedures 
related complications, a broad spectrum of neurological 
disorders affecting any part of neuraxis has been reported 
following BS. Central nervous system complications, 
although less common than peripheral nervous system 
complications, carry significant morbidity and potential 
mortality. Encephalopathy, behavioral and psychiatric 
disorders, myelopathy and optic neuropathy are the 
most frequently reported CNS complications. Early 
detection and prompt management may improve or 
completely reverse these neurological complications. It 
is essential that the treating physicians must be aware 
of their clinical manifestations and management, so 
early diagnosis and treatment can prevent patients 
from suffering significant neurological deficits and even 
death. This review discusses the clinical manifestations of 
these complications in detail which will help concerned 
physician in earlier recognition and hence prevent the 
delay in specific treatment.
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As the prevalence of morbid obesity is increasing 
worldwide, greater number of persons suffering from 

obesity is undergoing bariatric surgery (BS) resulting in 
dramatic worldwide increase in BS in 21st century. In 
addition to significant weight loss, BS is also associated 
with improvement in obesity related co-morbidities. 
Unfortunately, this rise in BS surgery has brought with 
it a variety of previously unrecognized complications.  
Among these, the neurological complications have 
gained attention because of their diversity, complexity, 
and potentially devastating effects. Failure of recognition 
and delay in management of these complications 
especially those affecting the central nervous system 
(CNS) can lead to irreversible neurological deficits and 
even death. Most of these complications are attributed 
to vitamins and micronutrients deficiency. Thiamine, 
cobalamin, copper, zinc, vitamin A, and folic acid are 
the common nutrients involved in CNS complications 
of BS. In this review, we will discuss the clinical features, 
mechanism and management of different reported CNS 
complications after BS in detail with special emphasis 
on early recognition and timely management. 
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Obesity and its hazards. Obesity is a pathological 
condition characterized by accumulation and 
maintenance of excessive adipose tissue.1 Obesity is 
often assessed by body mass index (BMI) values, where 
a BMI of 30 kg/m2 or more is considered obesity, while 
BMI value between 25 and 29.9 kg/m2 is considered 
overweight.1-3 The terminology of overweight, obesity 
and severe obesity are continuum of a spectrum.4 
Obesity is among one of the major risk factors for 
cardiovascular and cancer morbidity and mortality 
contributing to almost 3 million deaths every year 
worldwide.5 It is associated with an increased prevalence 
of morbidity and reduced life expectancy. The mortality 
risk associated with obesity was recognized even in the 
works of Hippocrates.6  

A number of comorbidities have been associated to 
obesity including coronary artery disease, hypertension, 
stroke, a variety of cancers, non-insulin dependent 
diabetes mellitus, gall bladder disease, lipid disorders, 
osteoarthritis, and pulmonary diseases including sleep 
apnea as well as gout.2 Obesity has a negative impact on 
vascular risk factors and has not only been attributed 
to stroke but also to neurodegenerative disorders 
including dementia.7-9 Leptin, which is considered as 
anti-obesity hormone is also thought to have preventive 
effect on neuronal death and with increasing age, as 
the levels of circulating leptin decrease, the process of 
neurodegeneration can accelerate.9 

Epidemiology of obesity. Obesity is not the 
problem of individuals. Obesity has reached pandemic 
proportions. The 2014 WHO facts sheet suggests that 
about 13% of world population is obese, with more than 
1.9 billion adults 18 years and above being overweight.10 
More alarming is the trend with doubling in worldwide 
prevalence of obesity between 1980 and 2014.10 
Approximately 41 million children under the age of 5 
were obese in 2014, with more than half of those living 
in Asia. Not only that, the mortality from obesity and 
overweight is more than the deaths from underweight.10 
The rate of obesity and corresponding obesity associated 
disease burden has increased in past several decades 
despite countless research studies, national statements 
and efforts from worldwide organizations.11

Bariatric surgery: an overview. Obesity is highly 
preventable through healthier food selection and 
the implementation of regular physical activity. 
Surgical therapy for the management of obesity is 
recommended for people with BMI of ≥40 kg/m2 or 
for those with BMI ≥35 kg/m2 with additional obesity 
related complications like hypertension, type 2 diabetes 
mellitus, dyslipidemia, or obstructive sleep apnea.4 
However, tremendous increases in demand for weight 

loss and the advancement in bariatric surgical procedures 
and techniques have made BS the most efficacious 
treatment for morbid obesity.12 Little over 340,000 
bariatric surgeries were performed in the year 2011 by 
more than 6500 bariatric surgeons across the world.12 A 

Figure 1 - Commonly performed surgical methods for bariatric surgery 
a) AGB - Adjustable gastric band. A band with an inner 
inflatable silastic balloon is placed around the proximal 
stomach just below the gastroesophageal junction. The band is 
adjusted through a subcutaneous access port by the injection 
or withdrawal of solution. b) SG - Sleeve gastrectomy. The 
stomach is transected vertically creating a gastric tube and 
leaving a pouch of 100 to 200 mL. c) BPD - Biliopancreatic 
diversion. A 400 mL gastric pouch is formed from the 
stomach. The small bowel is divided 250 cm proximal to the 
ileocecal valve and is connected to the gastric pouch to create 
a Roux-en-Y gastroenterostomy. An anastomosis is performed 
between the excluded biliopancreatic limb and the alimentary 
limb 50 cm proximal to the ileocecal valve. d) RYGB - Roux-
en-Y gastric bypass. An upper gastric pouch, of 15 to 30 mL 
in volume, and a lower gastric remnant is formed from the 
stomach. The jejunum is divided some 30 to 75 cm distal 
to the ligament of Treitz, and anastomosed to the gastric 
pouch. The distal jejunum is brought up as a ‘Roux-limb’. 
The excluded biliary limb, including the gastric remnant, is 
anastomosed to the bowel some 75 to 150 cm distal to the 
gastrojejunostomy.78

*Copyright © 2013 Biomed Central Ltd, BMC Med. Published by BMC Med, 
reproduced with permission.
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number of surgical methods have been tried over past 
50 years, many of those abandoned now. Currently the 
most commonly used methods are sleeve gastrectomy 
(SG), Roux-en-Y gastric bypass (RYGB), adjustable 
gastric banding (AGB), and biliopancreatic diversion/
duodenal switch (BPD/DS).4,12 These are shown in 
Figure 1. In addition to surgical management, a number 
of endoscopic procedures have also been developed 
using intragastric balloons, sutures, malabsorptive 
techniques as well as botulinum toxin.13

The primary aims of surgery are restriction of food 
intake and/or iatrogenic malabsorption of food.4 A 
number of mechanisms have been suggested to explain 
the weight loss accomplished by BS. Restriction of 
food intake due to small volume of the stomach pouch 
is a major contributor, resulting in decreased calories. 
Decreased nutrient absorption was considered an added 
mechanism.14 The decreased appetite and early satiety 
may not only be due to the decrease in the stomach 
space, but may also be contributed by neuronal and 
hormonal modulation.4 The so-called enteroencephalic 
endocrine axis is considered to contribute significantly 
through complex interactions between centers in the 
brain and hormone productions in the intestinal tract, 
as well as pancreas.14 Bariatric and metabolic surgery 
have shown to improve or resolve many obesity related 
complications and improve survival as well.15  

Benefits of bariatric surgery. The outcomes following 
bariatric surgery vary between procedures, and predicting 
individual outcome is difficult. However, a number 
of conditions have been shown to improve after BS 
including cardiovascular health, systemic hypertension, 
diabetes mellitus, sleep apnea, lipid profile, as well as 
nonalcoholic fatty liver disease.4 Both fatal and non-fatal 
myocardial infarctions and strokes are reduced after 
BS.16 The incidence of first time cancer, and cancer 
related diagnosis appears to be decreased after BS.17,18 
This risk reduction appears to be independent of the 
type of cancer, whether the cancer is considered obesity 
related or unrelated. The overall mortality, development 
of comorbid conditions and overall healthcare use have 
all been shown to be reduced after BS.19 

Complications of bariatric surgery. Though 
clearly offering benefits to morbidly obese, BS is 
not a completely benign procedure. A number of 
complications of BS have been reported including 
death. Short or long term complication rates around 
20% have been reported.20 Increasing expertise, safer 
methods, and use of laparoscopic procedures seem to 
have decreased the morbidity significantly.21 The initial 
reports suggested nearly 2% mortality risk, which over 
time has improved and mortality rate as low as 0.3% 
has been reported.22,23 Sepsis secondary to anastomosis 

leak, cardiac events and pulmonary emboli are the main 
cause of 30-day mortality.24   

Apart from perioperative complications related to 
surgical procedures, BS is associated with significant 
gastrointestinal, metabolic, nutritional and neurological 
complications. Deficiencies of iron, and other essential 
elements, thiamine (vitamin B1), cobalamin (vitamin 
B12), folic acid and fat soluble vitamins can occur after 
BS. The risk of nutritional deficiencies depends on post-
operative weight loss, the surgical procedure performed 
and patient compliance with follow up.25 Nutrient 
deficiencies that occur after BS are probably the most 
important long term complications as they may lead to 
potentially irreversible hematological, metabolic and 
neurological conditions.26

Neurological complications. Neurological 
complications occurring in BS are not uncommon. 
These complications have been reported to occur 
in 5-10% of patients after BS.27 Recently, a cross 
sectional study from Jeddah, KSA reported the rate 
of 3% (15) among 451 patients undergoing BS.28 In 
another retrospective study involving 592 post sleeve 
gastrectomy patients, only 7 (1.18%) were found to have 
neurological complications.29 Almost any region of the 
nervous system can be affected.27,30 These complications 
can be early or delayed and can occur months to 
several years after surgery. A number of neurological 
complications including encephalopathy, psychiatric 
disorders, behavioral changes, ataxia, myelopathy, optic 
neuropathy, plexopathy, peripheral polyneuropathy, 
mononeuropathy, myopathy, myotonia, and 
compartment syndrome have been described.27 
Wernicke’s encephalopathy and polyneuropathy due 
to vitamin B1 deficiency can present within few days 
to week after BS and often proceeded by intractable 
vomiting. While myelopathy and neuropathy secondary 
to vitamin B12 deficiency may take years to develop. 

Patterns of neurological complications. The 
neurological complications of BS had been classified in 
various ways based on timings, early versus late; site of 
involvement, peripheral versus central; and mechanism.31 
Frequently, more than one part of neuraxis is involved.32 
Early complications can manifest within days and weeks 
and include peripheral nerve damage due to stretch 
or compression injury, Wernicke’s encephalopathy 
and polyneuropathy or polyradiculoneuropathy. Late 
complications may only manifest after several years 
of surgery and include optic neuropathy, myelopathy, 
peripheral neuropathy and myopathy. In this paper, the 
neurological complications affecting CNS are reviewed 
according to site of involvement. Table 1 summarizes 
the various identified CNS complications after BS.  
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Mechanisms of neurological complications. The 
most common underlying mechanism of neurological 
complications is nutritional deficiencies. Acute 
weight loss resulting in susceptibility to compression 
neuropathies is another mechanism. The patient 
undergoing BS, despite their obesity may have subclinical 
or overt nutritional deficiencies. After the surgery, the 
malabsorption results from a variety of mechanisms 
including decreased gastric acidity, decreased absorption 

due to bypass of proximal intestine, short food contact 
time, diarrhea, blind loop syndrome and deficiency 
of factors required for absorption of certain nutrients 
resulting from loss of functional gastrointestinal tract.32 
Vitamin B12, thiamine, and copper are the commonest 
micronutrients involved in neurological complications, 
however, other potential but uncertain contributors 
include vitamins like folate, pyridoxine, riboflavin, 
vitamin D and vitamin E, minerals like calcium 
phosphorus and magnesium, and trace elements like 
zinc, iodine and selenium.32 Table 2 summarizes the 
potential mechanism and involved micronutrient in 
CNS complications of BS.

Central nervous system complications of bariatric 
surgery. Wernicke’s Korsakoff syndrome (WKS), 
episodic encephalopathy associated with D-lactic 
acidosis, behavioral changes and neuropsychiatric 
disorders, CNS demyelination, myelopathy, 
myeloneuropathy, and optic neuropathy are some of 
the reported CNS complications. The relationship of 
stroke and seizures is still less well defined. Some of the 
reported complications as stroke, CNS demyelination 
and cognitive impairment following BS need to be 
verified by further randomized trials. Diagnostic 
findings and treatment of common CNS complications 
are outlined in Table 3. 

Wernicke’s Korsakoff Syndrome (WKS). Wernicke’s 
Korsakoff syndrome is the best known neurological 
complications of thiamine (vitamin B1) deficiency.  
Wernicke’s encephalopathy (WE) characterized by 
acute confusion, ataxia and nystagmus was described 
in late 19th century.  Korsakoff syndrome (KS) is a 
sequela of WE seen in about 80 percent of survivors 
of Wernicke’s encephalopathy.32 The characteristic 
features of KS are anterograde amnesia, retrograde 
amnesia, confabulation (invention of new memories), 
apathy and lack of insight.33 Classically, Wernicke’s 
encephalopathy and KS have been described in relation 
to intractable vomiting, hyperemesis gravidarum and 
excessive alcohol intake. KS is more likely to be seen 
when WE is related to alcohol abuse.32  

A relatively uncommon condition in modern 
world, WE has emerged as a serious and significant 
complication of BS. The exact incidence of WE after BS 
is unknown, however, more than 100 cases have been 
reported in literature. In an early series of 500 patients 
with BS, 0.4% patients developed WE.34 Systemic 
reviews discussing WE after BS have reported finding in 
32 and 84 cases.35,36 More than 80% cases were women 
in both reviews with onset of symptoms between 2 
weeks to 18 months of surgery. It happened after all 
modalities of BS and the patients had between 13-45% 

 Table 1 - Central nervous system complications following bariatric 
surgery.

Major disorders Recognized complications
Encephalopathy Wernicke’s encephalopathy (WE)

Encephalopathy associated with 
D-lactic acidosis

•	 Hyperammonemic 
encephalopathy

Neuropsychiatric disorders •	 Frank eating disorders
•	 Anorexia nervosa
•	 Bulimia nervosa

•	 Binge eating behavior 
•	 Eating avoidance disorder

•	 Suicide
Myelopathy •	 Posterolateral myelopathy

•	 Myeloneuropathy
Optic neuropathy •	 Nutritional optic neuropathy 
Other possible conditions 
(need to be verified by 
further studies)

•	 Stroke and Seizures
•	 CNS demyelination

•	 Spontaneous intracranial 
hypotension

•	 Cognitive impairment secondary 
to focal brain atrophy

CNS - central nervous system

Table 2 - Central Nervous System complication and associated 
micronutrient.

Conditions Micronutrient involved and likely 
pathology

Wernicke’s encephalopathy Thiamin (Vitamin B1) deficiency
Episodic encephalopathy Elevated D-lactate
Hyperammonemic 
encephalopathy (HAE)

Elevated serum ammonia and plasma 
glutamine levels
Zinc deficiency

Underlying Urea cycle disorder
Myelopathy Cobalamin (Vitamin B12) and Copper 

deficiency
Vitamin E, folate and B6 deficiency (less 

common)
Optic Neuropathy Cobalamin (Vitamin B12) deficiency

Vitamin A, Copper and zinc deficiency (less 
common)

Spontaneous intracranial 
hypotension

Vitamin A and D deficiency
Spontaneous CSF leakage

CSF - cerebrospinal fluid
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weight loss at the time of diagnosis. Recurrent vomiting 
for several days was the precipitant in most cases. In 
the patients who did not have recurrent vomiting, 
avoidance of food, poor appetite, rapid weight loss and 
noncompliance with vitamin supplementation were the 
possible precipitants.36 The classic triad of confusion, 
ataxia, and eye signs is not always present in these 
patients. Several additional neurological symptoms and 
signs including third and sixth cranial nerve palsies, 
dysarthria, dysmetria, asterixis, myoclonus, seizures, 
psychiatric symptoms, vestibular symptoms, blurred 
vision, papilledema and gait disturbances were seen.35,36 
Polyneuropathy is often an associated complication.  
The entire spectrum may not be solely explained by the 
deficiency of thiamine and additional inflammatory 
mechanisms may play a role.35

Thiamine is a water soluble vitamin that has small 
reserves in the body and can be depleted in less than 
3 weeks with decreased oral intake.37 The diagnosis 
remains mainly clinical, supported by laboratory and 
imaging studies. Serum and urine thiamine levels after 
BS are not reliable indicators of tissue levels. Red blood 
cell assays of relevant enzymes may be more sensitive 
indicators.32 MRI brain is the imaging modality of 
choice, although it may be normal in some cases. 
The typical abnormalities are seen in periventricular 
region, thalamus, hypothalamus, mammillary bodies, 
periaqueductal region, as well as other parts of brainstem 
and cerebellum. Rarely corpus callosum and basal 
ganglia may be involved.32,35 Untreated, the condition 

may be fatal. The treatment regimen is not very well 
defined; however, parenteral treatment is mostly 
recommended.32,36,38 Patients at risk should get parenteral 
thiamine before administration of glucose.32 In cases 
with established thiamine deficiency, supplementation 
with 30 mg twice daily for several months should be 
considered.38 In the reported literature of WE after BS, 
more than half of the patients made complete recovery.  
Those with incomplete recovery had residual cognitive 
deficits, psychosis, gait disturbances, and nystagmus.  
Fortunately, death was a rare complication.32,35

Encephalopathy associated with D-lactic acidosis. 
Few reports of encephalopathy characterized by 
episodes of confusion, behavioral abnormalities, 
weakness, lethargy, ataxia and dysarthria in association 
with D-lactic acidosis have been described after 
jujenoileostomy.39-43 The neurological symptoms 
often precipitated after high carbohydrate diets and 
believed to result from fermentation of carbohydrates 
in the colon or bypassed segment of the small bowel 
resulting in elevated levels of D-lactate. Although severe 
metabolic acidosis was considered to be associated with 
this condition, the serum chemistries and absence of 
anion gap may be misleading.42 Diagnosis is established 
by marked increase in D-lactate concentration in serum 
and urine. It is of note that most laboratories routinely 
check L-lactate and do not check the D-lactate levels.  
When this condition is suspected, D-lactate levels 
should be determined as L-lactate levels may be 
normal. High carbohydrate ingestion can reproduce 

Table 3 - Diagnosis and treatment of common central nervous system complications.

Complications Diagnosis Treatment 
Wernicke’s encephalopathy Clinical

Erythrocyte transketolase activation assay or RBC 
thiamine diphosphate

Characteristic paraventricular signals on MRI 

Intravenous thiamine 500 mg 3 times a day for 2-3 days followed by 
250 mg daily for 3-5 days.32,36,38

Oral maintenance dose of 50-100 mg daily for long term

Encephalopathy associated 
with D-lactic acidosis:

Elevated D- lactate levels in serum and urine
High an ion gap metabolic acidosis

Correction of metabolic acidosis
Carbohydrate restriction

Antibiotics43 
Hyperammonemic 
encephalopathy (HAE)

Measurement of plasma ammonia, zinc, 
glutamine and serum albumin level along with 

genetic testing for OTC enzyme deficiency

Dietary protein restriction Parenteral glucose and lipid infusion
Repletion of zinc, other micronutrients and amino acids. 

Hemodialysis44

Reversal of surgical procedure49

Myelopathy secondary to 
vitamin B12 deficiency

Serum B12, methylmalonic and plasma 
homocysteine levels

Abnormal signals in dorsal column and 
corticospinal tract on MRI 

Intramuscular 1000 mic gram daily for 7 days followed by once weekly 
and then monthly32

Myelopathy secondary to 
copper deficiency

Serum and urinary copper
Serum ceruloplasmin activity

MRI findings similar to B12 deficiency

Parenteral; intravenous 2 mg daily of elemental copper for 5 days
Oral; 8 mg per day of elemental copper for 1st week, 6 mg for 2nd week, 

4 mg for 3rd week and 2 mg thereafter32

Myelopathy secondary to 
folate deficiency

RBCs folate Parenteral; 1-5 mg daily32

Oral; 1 mg 3 times a day then maintenance dose of 1 mg per day
RBC - red blood cells, MRI - Magnetic resonance imaging, HAE - Hyperammonemic encephalopathy, OTC - Ornithine transcarbamylase
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the condition, whereas fasting and administration of 
intravenous amino acids reverses the metabolic changes 
and improves symptoms.40 A case report published in 
2000 reported the occurrence of the condition 23 years 
post-surgery 42 and another in 2017 reported it in a 
48 years old woman 4 years after BS.43 The condition 
has been treated with correction of metabolic acidosis, 
carbohydrate restriction or fasting and antibiotics 
acting on gut flora.43 This condition should always be 
considered as an important differential diagnosis in 
cases of episodic confusion with no other explained 
etiology. 

Hyperammonemic encephalopathy (HAE). 
Hyperammonemic encephalopathy has been 
recognized as a serious and potentially treatable CNS 
complications following gastric BS. Nearly 25 cases 
of HAE have been reported following RYGB in the 
absence of overt hepatic disease.44 It is hypothesized 
that nutritional complications following gastric BS 
may unmask preexisting subclinical urea cycle disorder 
such as ornithine transcarbamylase deficiency (OTC) 
which can lead to fatal hyperammonemia.45-47 In a 
retrospective review of 20 patients with gastric bypass 
associated hyperammonemia (GaBHA), 95% of 
patients were female. Weight loss, HAE associated with 
increased plasma glutamine levels, lack of evidence 
of cirrhosis, low serum albumin levels and reduced 
plasma zinc levels were commonly identified features. 
Mortality rate as high as 50% has been reported.48 
Measurement of plasma ammonia, zinc, glutamine and 
serum albumin level along with genetic testing for OTC 
enzyme deficiency helps in early diagnosis of this clinical 
entity which carries high mortality rate. Dietary protein 
restriction, parenteral glucose and lipid infusion along 
with repletion of zinc, other micronutrients and amino 
acids is the mainstay of treatment. Hemodialysis is done 
in refractory cases.44 Reversal of surgical procedure may 
be one option.49 

Neuropsychiatric disorders. Several neuropsychiatric 
and psychobehavioral disorders have been described 
in relation to BS. Many of the patients have existing 
psychological conditions prior to BS. Mood disorders, 
anxiety disorders and binge eating disorder comprise 
the large majority of pre-existing conditions in this 
population.50 Improvement in psychopathology after BS 
has been reported in studies.51,52 However, psychiatric 
disorders may appear following BS as well. Frank eating 
disorders like anorexia nervosa and bulimia are not 
uncommon. Few patients develop eating avoidance post 
surgically, the so called postsurgical eating avoidance 
disorder.53 Some patients with pre-surgical binge eating 
disorder may resort to binge eating behavior, however, 

gastric restrictions limits the ingestion of large amounts.  
Night eating syndrome, in which there is a potential 
circadian shift of eating and sleep, appears to decrease 
after BS.54

Alcohol use and other substance use disorder 
probably do not change much after BS. In a cohort 
of about 2000 patients, the alcohol use disorder was 
more common in the second postoperative year, 
compared to the first postoperative year and the year 
prior to surgery.55 There is inconclusive evidence about 
other addictive behaviors like gambling, compulsive 
shopping, and compulsive sexual behavior.53  

The risk of suicide is higher in bariatric BS patients. 
Tindle et al56 reported the suicide rate as high as 
6.6/10,000, while another systematic review of 28 
studies reported a rate of suicide as 4.1/10,000. The 
suicide was usually committed between 18 months 
to 5 years postoperatively. Pre-existing psychiatric 
conditions, particularly long-term depression were 
the most plausible explanation for this finding.57 

Acute mania has been reported by Nepal et al58 in 57 
years old female 2 months after RYGB. Pre-surgical 
psychiatric evaluation before BS is recommended to 
monitor the at risk patients.53 Pre surgical counseling 
and psychoeducation should be planned for patients 
with suicide risk. Pharmacotherapy and psychotherapy 
should be implemented where indicated.59

Stroke and seizure. Stroke and seizure are not 
common after BS. A case of stroke and seizure 4 
months post gastric bypass surgery had other risk 
factors for strokes and malnutrition and dehydration 
were the possible precipitant.60 This finding needs to be 
confirmed by further studies. 

Central nervous system demyelination. Central 
nervous system demyelination resembling multiple 
sclerosis (MS) has been described after BS. A study 
from Brazil describing 26 patients with neurological 
complications identified CNS demyelination in 
five patients. MRI in four cases fulfilled diagnostic 
criteria for multiple sclerosis. However it was not well 
established that the findings were an effect of BS, or 
incidental co-existing multiple sclerosis.61 Monophasic 
CNS demyelination was reported in 2 and relapsing and 
remitting MS in 1 out of 15 patients with neurological 
complications after BS by Falah et al.62 

Cognitive impairment and bariatric surgery. Higher 
midlife BMI has been identified as an independent risk 
factor for dementia such as Alzheimer’s disease and 
vascular dementia.63 Changes in cognitive abilities may 
begin in childhood. Blanco-Gomez et al64 reported 
greater deficit in inhibitory control in overweight and 
obese children compared with age-matched and gender-
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matched controls.64 BS has been shown to improve 
cognitive function rapidly after surgery and the effect 
lasts for years.65-67 

Graff-Radford et al68 described a case series of 10 
patients developing cognitive complaints following 
RYGB. The cognitive impairment was attributed to 
bilateral posterior thalamic focal brain atrophy detected 
on volumetric MRI.68 The findings need to be verified 
by further studies.

Spontaneous intracranial hypotension (SIH). A 
case-control study has identified BS as a possible risk 
factor for spontaneous intracranial hypotension (SIH). 
In this study, 3.3% of the patients with SIH were found 
to have past history of BS compared with 0.8% of 
patients with un ruptured intracranial aneurysms. Effect 
of vitamin A and D deficiency on CSF absorption and 
possible spontaneous CSF leakage were the likely given 
explanation.69

Myelopathy/Myeloneuropathy. Posterolateral 
myelopathy is one of the common and potentially 
disabling CNS complications of BS. Myelopathy may 
be associated with peripheral neuropathy resulting in 
a picture of myeloneuropathy. Myelopathy involves 
mostly the posterior columns with dorsal root ganglia. 
The onset is usually several years after the surgery and 
clinical manifestations include loss of proprioception, 
vibration, gait ataxia, hyperreflexia and Babinski sign. 
Sphincter dysfunction and limb weakness may also 
be seen. Involvement of the peripheral nerves can 
give glove and stocking pattern of sensory change.30,32 
The myelopathy is mostly attributed to vitamin B12 
deficiency after gastric bypass surgery; however, copper 
deficiency is now another well-established cause of 
myelopathy.30,70

Optic neuropathy can be seen along with 
myeloneuropathy in copper deficiency. Folate deficiency 
is also a potential contributor and the clinical features 
are indistinguishable from vitamin B12 deficiency.32,71,72 

Vitamin E (tocopherol) deficiency has also been 
identified as a cause of treatable myelopathy.73,74 
Pyridoxine deficiency is another cause as described by 
Koffman et al.72 The treatment of these micronutrient 
deficiencies often result in improvement in clinical 
signs and symptoms. Initial parenteral replacement 
is followed by oral supplementation. Hematological 
parameters improve quickly and completely, however, 
the neurological recovery lags behind and may not 
be complete.32 Copper replacement can be done 
intravenously, followed by long term oral replacement. 
Serum copper levels should be periodically checked.32 
Vitamin B12 is usually given intramuscularly.32 

Diagnosis and treatment of these common complications 
are outlined in Table 3.

Optic neuropathy. Bariatric procedures associated 
with gastrointestinal malabsorption of vitamins 
and microelements may constitute a risk factor for 
nutritional optic neuropathy (NON). The NON results 
either from complete lack or insufficient dietary supply 
of nutrients needed for normal functioning of nerve 
fibers. Unilateral or bilateral optic neuropathy has been 
described after gastric bypass surgery associated with 
vitamin B12, copper, as well as vitamin A deficiency.30,75,76 
A case of dermatitis and optic neuropathy due to zinc 
deficiency following BS has also been reported.77 The 
optic neuropathy can manifest slowly or acutely and can 
occur several years after BS. The pathogenesis is likely 
related to demyelination, however, the recovery may be 
incomplete and the blindness may be permanent.

In conclusions, With increasing obesity and 
increasing use of BS, it is likely that the neurologists 
and other healthcare professionals might encounter 
more neurological complications of these procedures in 
future. Patients, surgeons, internal medicine physicians, 
and neurologist need to be aware of these potential 
complications and should recognize that time to 
diagnosis and treatment matters. Early diagnosis and 
timely management may improve and possibly reverse 
the neurological deficit completely. Fortunately, many of 
these complications are potentially preventable. Lack of 
adherence to the postoperative nutritional replacement 
is still a significant issue. We strongly recommend 
the preoperative nutritional as well as psychological 
assessment of patients undergoing BS to prevent 
many of known complications. Appropriate screening, 
counselling and postoperative nutritional replacement 
should be the mainstay of management to avoid such 
catastrophic neurological complications.  A routine 
multidisciplinary approach might help in reducing 
these complications as well. The review aims to raise 
awareness for the potentially permanent neurological 
complications and offers an overview of the most 
common CNS complications that can be encountered 
after BS. Neurological complications after endoscopic 
bariatric procedures, not described here separately need 
to be addressed as well and compared with other BS.
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