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ARTICLE INFO ABSTRACT

Keywords: Bariatric surgery is gaining popularity as the treatment of choice of morbid obesity since this condition is
Bariatric constantly increasing over the last decades. Several complications have emerged as the number of surgeries and
Obesity follow-up data increase. No systematic review of the neurosurgery-related potential complications has been
p ' gery’ p p

Neurosurgery ) performed to date. Objective of this work is to fill this gap. We reviewed the literature for bariatric surgery-
Intracranial hypertension N A . . . . . .

Netropath related complications involving the neurosurgical practice. Moreover, we present explicative cases dealing with
Pituitali‘y v peri- and post-operative therapeutic precautions. Three pathological mechanisms emerged. The first is related to
Cushing intracranial pressure alterations and may imply either intracranial hypertension or hypotension syndromes in

the operative or post-operative periods. The second is the deficiency of macro- and micro-nutrients which are
potential risk factors for neuro- or myelo-encephalopathies, fetal malformations and spine disorders. The third is
a dysregulation of both autonomic and endocrine / pituitary control. Neurosurgeons must be aware of the
several, multifactorial neurosurgery-related complications of bariatric surgery as their prevalence is likely to be
higher in the next few years.

1. Introduction

The WHO reports that obesity is the fifth leading risk for mortality
and its prevalence has nearly tripled since 1975. [1] In patients who
have not responded to medical treatments, bariatric surgery (BS) is
advised if BMI > 35-40 kg/m2 [2]. The surgical aim is basically to re-
strict food intake with procedures such as the positioning of a gastric
band around the upper stomach or the removal of the greater curvature
of the stomach to create a sleeve-like pouch. More complex procedures
also imply the division of the GI tract in order to alter the absorption of
food. The mean weight loss is of 20-35% in a 2-3-year span. [3] Besides
BS-specific complications, several reports have been published about
systemic complications, some of which also involved the central and
peripheral nervous systems. The analysis of the relationship between

obesity and the neurosurgical practice reported controversial results
[4-6]. Still, no study has systematically evaluated the relationship be-
tween BS and the neurosurgical practice. The aim of this study is to
review the potential neurosurgery-related complications of BS focusing
on etiopathological mechanisms. Preventive precautions and treatment
caveats will be discussed also by means of explicative cases.

2. Materials and methods

In January 2018 we electronically searched PubMed/MEDLINE,
EMBASE and The Cochrane Library to find articles dealing with the
topic of neurosurgical complication of BS, with no time nor language
restrictions. The original query yielded 489 articles. We used this search
strategy in PubMed: ((((((((((csf hypotension) OR csf hypertension) OR
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Table 1
PRISMA guidelines flow diagram.
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Additional records identified
through other sources
(n=7)

Records identified through
database searching
(n=489)

Records after duplicates removed
(n=496)

A 4

Records screened
(n=496)

A 4

Records excluded
(n=305)

A 4

Full-text articles assessed
for eligibility
(n=191)

A 4

Full-text articles excluded
(small case series)
(n=114)

A 4

Studies included in
qualitative synthesis
(n=77)

Table 2
Potential complications of BS divided by their etiopathological mechanism.

1 INTRACRANIAL PRESSURE ALTERATIONS
1.1 Intracranial hypertension
1.2 Overdrainage syndrome
1.3 CSF fistula
2 MACRO- AND MICRO-NUTRIENTS DEFICIENCIES
2.1 Peripheral Neuropathy
2.2 Myelo-encephalopathy
2.3 Neural tube defects
2.4 Spine disorders
3 AUTONOMIC AND ENDOCRINE CONTROL ALTERATIONS
3.1 Orthostatic intolerance
3.2 Pituitary gland alterations

csf) OR neurosurgery) OR brain) OR pseudotumor) OR vision) OR
blindness) OR neuropathy) OR spina bifida) OR dysraphism) AND
bariatric. A flow diagram according to PRISMA guidelines about the
selection the articles discussed is reported on Table 1. Two independent
researchers conducted literature searches to assess the effective re-
levance of a given article, if questions arose, consensus was reached
through discussion with the senior author. Excluding redundant papers
and preferring larger datasets for incidence reports we analyzed 77
papers. Three pathological mechanisms emerged: intracranial pressure
alterations, macro- and micro-nutrients deficiencies and autonomic and
endocrine control alterations. The results of discussed studies are
briefly summarised in Table 2 and reported accordingly. No funding is
to be reported.

Given the consent of the patients, we present two cases treated at
our Institution with a neurosurgery-related complication of BS.

3. Results and discussion
3.1. Intracranial pressure alterations

Obesity has long been known to be a relevant risk factor for raised
ICP and related conditions such as idiopathic intracranial hypertension

(IIH) and empty sella syndrome (ESS). Different plausible pathological
mechanisms have been proposed to explain this correlation: firstly, the
increased abdominal pressure has been assumed to impair cranial and
spinal venous outflow, with a consequent raise in venous pressure,
determining CSF outflow impairment. Moreover, there is some evidence
about the presence of occult cerebral sinovenous obstruction in obese
patients, thanks to a hypercoagulable state. Moreover, the involvement
of hormonal factors and obstructive sleep apnea syndrome has been
suggested. On the basis of these assumptions alone or combined with
other CSF diversion techniques, BS has then been reported as a treat-
ment option of both obesity and IIH in selected patients. [7-9] Neu-
rosurgical issues may then arise in operating on patients with a high
intracranial pressure, especially if laparoscopic procedures are in-
volved.

3.1.1. Intracranial hypertension

The main concern in dealing with BS candidates is to avoid potential
sources of ICP increase during the anesthesiological procedures. In
particular hypercarbia, hypoxia, hypertension and hyperthermia need
to be avoided. [10] When dealing with hypercarbia, the exogenous CO,
needed for laparoscopic procedures may be absorbed by the peritoneum
leading to an end-tidal CO, raise of up to 30%. As for hypertension, a
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decreased abdominal and chest-wall compliance due to pneumoper-
itoneum may increase the systemic venous and arterial resistance. [11]
On the pharmacological side, volatile agents, in particular Halotane and
Nitrous oxide, may raise ICP, whereas IV anesthetic agents generally
decrease it, with the exception of Ketamine. Depolarizing muscle re-
laxants should be avoided because they may rise ICP through muscle
fasciculation by increasing the venous pressure [12]. In cases where the
ICP value is known to be already above 20 mmHg, CSF drain may be
considered before surgery in symptomatic patients. In this regard, we
propose to temporarily set in place a lumbar drain as explained in case
2. We preferred this strategy in order to both avoid sudden CSF with-
drawals and to be able to monitor ICP throughout the intervention.
Moreover, we advocate against the prophylactic use of Dexametasone
or osmotic diuretics because of the chronic, non-edema-related ICP
raise.

3.1.2. Overdrainage syndrome

Several patients undergoing BS have already been treated by means
of different CSF diversion techniques because of concomitant raised
ICP. Even though it has been reported as unsuccessful in ESS, BS has
been reported to be able to revert some already treated IIH patients to
shunt-free clinical course. [13,14] In this regard, the way BS exerts its
effect on CSF diversion may be twofold: firstly, it could revert the
aforementioned mechanisms responsible for IIH; secondly, the pressure
gradient across the shunting may be raised because the abdominal
pressure diminishes [15]. Hence, if the combination of these mechan-
isms prevails over the actual need for shunting, an overdrainage syn-
drome may occur. The clinical manifestation is usually with orthostatic
headaches but may imply potential life-threatening conditions such as
cerebellar tonsillar herniation with distorsion of the brainstem [16].
Overdrainage syndromes have been reported for both lumboperitoneal
(LP) and ventriculoperitoneal (VP) shunts. Nevertheless, there have
been reports of dramatic improvement of the overdrainage syndrome
after shifting a LP shunt to a VP one, thus suggesting that pressure
dynamics may act separately in relation to obesity and IIH [15]. Either
case, we advocate for a frequent clinical and radiological follow-up
evaluation in shunted patients undergoing BS.

3.1.3. CSF fistula

The effects of BS on ICP may be relevant also in patient without
previous disturbances of ICP. In particular manifestations similar to a
spontaneous intracranial hypotension syndrome (IHS) may occur, as
reported in our first case. Franzini et al thoroughly analyzed the po-
tential etiology of IHS: besides the supposed risk factors such as trivial
trauma and congenital weakness of the dural sac, they interestingly
pointed out the role of the reduction of pressure in the inferior vena
cava, which in turn may increase the venous drainage from the epidural
plexuses of Bateson fostering CSF outflow. [17] Specifically, this me-
chanism may also be responsible for the developing of a hypotension
syndrome even without the neuroradiological evidence of a definite
CSF leak. As a matter of fact, the negative gradient may justify an as-
pirating force acting diffusely on the dural surface an at the origin of
spinal roots with a considerable outflow of CSF from the subarachnoid
space to the radicular veins [17]. Interestingly, Schievink et al reported
11 patients out of a consecutive series of 338 HIS cases (3.3%) who
underwent previous BS procedures [18]. 7 of them had a demonstrated
CSF leak whereas 4 had multiple thoracic arachnoid cysts. When ana-
lyzing this relationship, three other speculative mechanism may be
suggested besides the pressure gradient explanations. Firstly, the abrupt
thinning of the epidural fat may withdraw a pre-existing epidural
tamponade. Secondly, the pre-existing ICP raise may have somewhat
thinned the dural layer, thus making it prone to ruptures e.g. in the
skull base. Lastly, the post-BS frailty of the dural sac may be related
both to macro- and micro- nutrient deficiencies and to structural
changes of the dura, in particular those related to the collagen com-
position of its extracellular matrix [19].
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3.2. Macro- and micro- nutrients deficiencies

Obesity is, counter-intuitively, a risk factor for malnutrition, as it
has been reported that 20-30% of obese patients have in fact micro-
nutrient deficiencies. [20] Moreover, in the post-BS period, vomiting,
altered dietary patterns and bacterial overgrowth could lead to relevant
nutrient deficiencies, the most common being vitamin B12, vitamin B9
and thiamine [21]. These deficiencies have been deemed responsible
for a 5-10% incidence of sensorimotor deficits in the post-BS period
[22]. The relative incidence has been estimated to consist of about 60%
peripheral neuropathies, 30% encephalopathies and 8% optic nerve
lesions [21]. Rarely, nutrient deficiencies have also been related to
spinal disorders and potential fetal malformations or undergrowth.

3.2.1. Peripheral neuropathy

Peripheral neuropathy after BS is the most common neurological
complication and may be characterized by different onset timing,
neurologic deficit pattern and etiology. All the different peripheral
damages to the nerves share a potential etiology in relative or absolute
deficiency of one or more nutrient, which may explain the protean
manifestation of the damage; the definition of the specific neurological
implication of a given micronutrient deficiency is better reviewed
elsewhere. [23,24] Moreover, peripheral nerves of morbidly obese pa-
tients may already be more prone to injury even before BS also because
of concomitant metabolic diseases (i.e. diabetes) and mechanical stress
[25]. Hence, BS may foster an immediate onset of post-operative neu-
ropathy which is potentially related to patient positioning. In this re-
gard, both brachial plexus and ulnar nerve have been commonly re-
ported, especially in lengthy procedures, but there have also been
reports of sciatic nerve damage because of gluteal compartment syn-
drome [26,27]. Interestingly, there have also been reports of sciatic
neuropathy due to body contouring surgery after massive weight loss
[28]. Moreover, Meralgia parestethica has also been related to both
morbid obesity and immediate post-BS period [29]. The common
etiology of the onset timing of these two conditions may reside in an
impingement of the femoral cutaneous nerve due to pannicular traction
at the inguinal ligament in a chronic fashion. This is mainly due to
obesity and also to abdominal retractors or laparoscopic insufflation at
a more acute stage.

According to the territories involved, sub-acute and late peripheral
neuropathies have been classified as sensory-predominant polyneuro-
pathy, mononeuropathy and radiculoplexus neuropathy; the lagest co-
hort studied has reported relative incidences of 55, 38 and 7% re-
spectively. [30]

Sensory-predominant polyneuropathy is usually related to various
micronutrient deficiencies and should be prevented and treated ac-
cordingly. [31] Notably, post BS neuropathic pain has multifactorial
etiologies and has diverse manifestations ranging from a focal pain (e.g.
burning feet syndrome) to a central component like in painful myelo-
pathy. Its treatment should not then be based only on dietary supple-
ments, it also has to rely on tailored pharmacological treatments taking
into account the pharmacokinetic alterations after BS [32]. As for
mononeuropathy, a dual mechanism has been proposed: firstly, a rapid
weight loss may imply a relevant loss of subcutaneous tissue and pro-
tective fat pads, thus leading to structural changes that in their turn
make the nerves more susceptible to compressions; secondly, metabolic
changes including low albumin with low oncotic pressure or possibly
intracellular formation of sorbitol from glucose causing osmotic stress
may damage both myelin and neurons [33]. The most frequent mono-
neuropathies reported in literature are carpal tunnel syndrome and the
aforementioned meralgia parestethica but there have also been several
reports of peroneal neuropathy-related foot drop, which have resolved
after simple supplementary therapy alone or in combination with focal
decompression surgery [34-37]. Post-BS motor deficit related to
Guillan-Barré syndrome and myopathies have also been reported, thus
implying the fundamental role of a thorough electrophysiological study
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for a correct diagnosis [38,39].

3.2.2. Myelo-encephalopathy

There are many reports about the beneficial effects of BS on cog-
nitive and motor performances. In particular, it has emerged that BS
improves neural plasticity of the limbic system and prefrontal areas.
[40-42] Sadly, not all the patients experience an improvement since
some of them may develop neurological deficits. After the first series
reported in 1987, several reports have been recently published on the
topic [43-47]. A new term, i.e. acute post-gastric reduction surgery
neuropathy (APGARS), has even been introduced to describe a syn-
drome characterized by a combination of vomiting, hypo / hyperre-
flexia, weakness, confusion psychosis, ophtalmoplegia and gait dis-
turbances [48]. APGARS is most likely a combination of various
neurological disorders related to deficiencies in micro-nutrients such as
the aforementioned peripheral neuropathy, Wernicke-Korsakoff syn-
drome and posterolateral myelopathy. Wernicke-Korsakoff is an acute
encephalopathy usually related to deficiency in vitamin B1, character-
ized by the triad ophthalmoplegia / nystagmus, motor ataxia, and
confusion. Most cases have an onset within 6 months post BS, but it may
be earlier in case of frequent vomiting [49]. Brain MRI could show
hyperintense areas on T2 (periventricular zone, mammillary bodies,
medial thalamus). Although most neurologic disorders enlisted are re-
versible with vitamin replacements, persistent residual neurologic
symptoms are unfortunately common in patients with Wernicke-Kor-
sakoff [50]. Posterolateral myelopathy, has instead been reported to
occur an average of 9 years (range 0.5-18 years) after surgery [51]. Its
clinical signs are a disabling gait ataxia with spastic legs with hy-
perreflexia, loss of proprioception and vibratory sensation. It has been
mostly related to vitamin B12 and copper deficiencies and even in this
case a spinal MRI could be helpful, whereas the CSF study has been
reported as useless.>! Since its onset may be late from BS, we advocate
for a thorough anamnestic evaluation of patients affected by a myelo-
pathy with no overt radiological signs of spinal cord compression at the
imaging studies.

3.2.3. Neural tube defects

Pregnant and postpartum BS patients are at particular risk of mi-
cronutrient deficiencies leading to various potential fetal / neonatal
complications. Dealing specifically with neurulation and neural tube
growth, both folic acid, vitamin B12 and vitamin A are fundamental.
Several cases of fetal neural malformations related to BS have been
reported from the late ‘80s. [52-56] Pre- and post-conception assess-
ment of the various micro nutrient statuses should be recommended
and constantly monitored in women of childbearing age [57-59].

3.2.4. Spine disorders

The effect of BS on the spine health of obese patients may be dual: it
is generally beneficial on spine pain scores of patients but its effect on
calcium metabolism triggers some warnings. [60-63] In particular,
obese patients may have low levels of vitamin D even before surgery
because of bad nutritional habits, sequestration in the adipous tissue
and sedentary lifestyle. This deficit may worsen after surgery because of
malabsorption and diminished intake leading to hypocalcemia and
secondary hyperparathyroidism, thus weakening bony structures [64].
In a recent review, a trend of increased fracture risk in BS patients
compared to controls at 24 months post-surgery (RR = 1.24) is reported
[62].

3.3. Autonomic and Endocrine Control Alterations

The relationship between the obesity and CNS is characterized by a
feedback mechanism so integrated and complex that obesity has been
defined as a “chronic subcortical brain disease”. [65] This integration is
so deep-rooted that the thalamus / hypothalamus region has well de-
fined relationships with food intake. Lesions in that area could lead to
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secondary obesity, especially in young patients, whereas the DBS
modulation of ventromedial hypothalamus, lateral hypothalamic area
and nucleus accumbens have already been tested for the treatment of
morbid obesity [66,67]. On the other hand, BS alters the incretion of
gut hormones which can, in turn, modulate autonomic nerve tone and
its response to stimuli [68]. Eventually, the pituitary function is related
to the systemic adipose deposits both in physiological and pathological
conditions. Hence, an abrupt modification of these multidirectional
feedbacks, as in a dramatic weight loss, could lead to some pathological
alterations.

3.3.1. Orthostatic intolerance

Gut hormones such as ghrelin, gastrin, GLP-1, CCK insulin and
leptin are released systemically and have been reported to exert their
function on the vagus nerve too. [69] Their incretion is actually cor-
related to an exaggerated vagal tone which could be the cause of pa-
thological vasovagal syndromes. Several cases of clinically relevant
orthostatic hypotension have been reported recently, with an onset of
symptoms varying from few months to years after [70-73]. A post-BS,
autonomic neuropathy primarily affecting the lower thoracic and
lumbar sympathetic neurons has also been proposed [74]. Although this
hypothesis cannot be completely ruled out, it is unlikely that a neuro-
pathy spares other districts focusing only on autonomic fibers. Instead,
it is to be considered that most obese patients may have had metabolic
syndromes with various degrees of insulin-resistance which could have
led to a chronic microvascular neuropathy. Even a small amount of
vagal tone variation may thus exert a relevant clinical effect on an al-
ready challenged autonomic system. A neurosurgical differential diag-
nosis of syncope in BS patients must include potential cerebrovascular
accidents, seizures or derangement of the CSF dynamics which however
tends to crop up at an earlier post-operative stage [75].

3.3.2. Pituitary gland alterations

Besides the empty sella syndrome already discussed previously, it is
well-known that some endocrinological disorders in the pituitary region
may be related to obesity. This raises various concerns: the potential
misdiagnosis of the obesity cause, the role of BS on pre-existing hor-
monal deficiency and the potential influence of BS on the absorption of
the hormone therapy replacement therapy. As for the cause of obesity, a
study on 783 obese patients undergoing BS showed the prevalence of
pituitary disease in 1.9% of the patients and specifically a prevalence of
Cushing’s disease of 0,8%, greatly higher than the figures for the gen-
eral population. [76] Since the presence of such dysfunctions may re-
quire specific therapies other than BS which, in turn, may be even
contraindicated, we advocate for a careful endocrinological evaluation
of all the patients undergoing BS. In particular, as far as Cushing’s
syndrome is concerned, at least an overnight 1 mg dexamethasone test
should be recommended to avoid unnecessary treatments [77,78]. En-
docrinological follow-up evaluations should also be planned since al-
ready reported recurrences of Cushing’s syndrome after both pituitary
and BS have already reported [79]. On the other hand, the role of BS on
pre-existing hormonal deficiencies should be evaluated on the basis of
the interactions between the adipose tissue and the pituitary gland. As
for GH incretion, many factors have to be taken into account. Firstly,
GH secretion drops by up to 6% per each unit increase in BMI. More-
over, obesity-related conditions such as sleep apnea syndrome and type-
2 diabetes notably infer the GH-IGF-1 axis. The abrupt resolution of the
obesity may, then, exert a function in augmenting GH secretion as re-
ported in an acromegalic patient whose GH values showed a constant
increase in the post-operative course after BS [80]. Similarly, the se-
cretion rates of the gonadotropin hormone show augmented incretion
values after BS, whereas TSH values do not seem to be relevantly al-
tered by BS [81,82]. Dealing with the concern of an altered absorption
of hormone replacement therapy in BS patients, recent reports excluded
any significant impairment [83,84].
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Fig. 1. MRI T2 scans showing thin fronto-parietal, bilateral chronic subdural hematomas and detachment of the dura from the bony margins of the cervical spinal
canal with hyperintensity signal in the interspinous soft tissues as of CSF leakage.

- Endocrinological evaluation (was Cushing sd. tested?)

I 7 -ICP raise signs (Empty sella, IIH?)
INTRA-OP . = Avoid ICP raise (no gases, no depolarizing muscle
blockers, consider temporary CSF drain if laparoscopy)
POST-OP - New neurological deficit (mielo-encephalo-neuropathy)

- Orthostatic intolerance (dysautonomic hypotension,
overdrainage syndrome, CSF leak)

- Hormonal disturbancies

- Pain (spinal fractures, peripheral neuropathy)

- Pregnancy councelling (spina bifida)

Fig. 2. Neurosurgical issues of BS divided in relation to the surgical timing.

Case 1. The patient was a 57-year-old male who underwent gastric
bypass surgery 2 years before losing a total of 96 kg (height: 1.84 m,
BMI = from 63.2 to 34.9). During the week prior admission, he
complained of orthostatic cephalalgia, no other focal neurological
signs were present and he reported no traumas. CT and MRI scans
showed very thin fronto-parietal, bilateral chronic subdural
hematomas. A whole-spine MRI study showed a detachment of the
dura from the bony margins of the spinal canal, associated to a diffuse
T2 hyperintensity signal in the interspinous soft tissues as of CSF
leakage (Fig. 1). A diagnosis of spontaneous cervical CSF fistula with
related intracranial hypotension syndrome was made. A blood patch
procedure was planned but the symptoms disappeared after 1 week of
forced clinostatism and sustained hydration. Cephalalgia was never
reported at follow-up evaluations and subdural hematomas
spontaneously reabsorbed.

Case 2. The patient was a 33-year-old woman whose BMI was of 52, so
a videolaparoscopic sleeve gastrectomy procedure was proposed. Her
intracranial pressure was of 29.4 mmHg (40 cmH,0) with no clinical
response to an Acetazolomide treatment (1250 mg per day). At the time
of surgery, we collegially decided to set a lumbar external drain with
continuous ICP measurement. Specifically, after the system was set in
place, 30 ml of CSF were drained and ICP dropped to 26 mmHg. We
then set the height of the device to allow little-to-no CSF drain. The
insufflation of the peritoneal cavity was performed at a low pressure
(10 instead of 15 mmHg) and we registered the drain of further 15 ml of
CSF throughout the intervention. The patient underwent an uneventful
awakening and the drain was removed immediately after surgery. At
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the last follow-up (24 months) the patient lost a total of 83 kg (1.58 m,
BMI = from 52.1-29.9) and her neurological symptoms greatly
improved.

4. Conclusions

BS is an elective procedure which implies complex pre-operative
evaluations, careful intraoperative managing and a long-lasting follow-
up based on outpatient visits (Fig. 2). Neurosurgeons must be aware of
the several, multifactorial, neurosurgery-related complications of BS
since their prevalence is likely to be higher in the next years. In the
neurosurgical practice, many of these complications may act as con-
founders in the diagnosis of other, more frequent, neurosurgical
pathologies e.g. CSF pressure alterations, myelo-radiculopathies or pi-
tuitary alterations.

Delay in the diagnosis of some of these complications may worsen
their long-term sequelae. A multidisciplinary team management is ad-
vised, providing careful neurological and nutritional monitoring at
regular intervals.
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