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ABSTRACT

Hyperammonemia can lead to serious outcomes including brain herniation, coma and death.
It is often attributed to liver disease, specifically in association with alcohol use. However, in
the absence of liver pathology, it can be difficult to diagnose the etiology. We present a case
of a patient with a history of remote alcohol use disorder in remission and Roux-en-Y gastric
bypass (RYGB) 20 years prior who was admitted for altered mental status, found to have
hyperammonemia with normal liver function tests and a normal liver biopsy. An extensive
workup was unremarkable until several weeks into her admission, where she was found to
have osmotic demyelination syndrome on head MRI, which was obtained after she developed
persistent myoclonus and opsoclonus. Her osmotic demyelination was speculated to be
secondary to hyperammonemia, which itself was correlated to her history of RYGB. There
have been multiple case reports on the association of late onset hyperammonemic encepha-
lopathy after RYGB; however, no significant correlation has yet to be made between osmotic

ARTICLE HISTORY
Received 19 May 2021
Accepted 1 July 2021

KEYWORDS
Hyperammonemia; gastric
bypass; osmotic
demyelination

demyelination syndrome and hyperammonemia.

1. Introduction

Hyperammonemia is most commonly associated with
liver disease. It can cause a multitude of neurotoxic
effects such as cerebral edema, brain herniation and
ultimately death. Multiple case reports have now
shown that Roux-en-Y gastric bypass (RYGB) can
be a causative factor of hyperammonemia in the
absence of liver disease [1-4]. The exact underlying
mechanism is not entirely clear, but due to alteration
of the gut microbiome in association with nutritional
deficiencies, these are thought to be the two main
reasons for increased ammonia level [1]. Although
more commonly hyperammonemia neurotoxicity
would be expected to cause cerebral edema, we pre-
sent a case of a patient with a history of RYGB who
unfortunately developed osmotic demyelination syn-
drome. Osmotic demyelination syndrome was specu-
lated to be secondary to hyperammonemia. Few case
reports have made this association previously; how-
ever, there is a possible underlying relationship
between the two [5,6].

2. Case description

A 58-year-old female with a history of polysubstance
abuse including alcohol, cocaine and opiates in
remission (sober for 4 years), and RYGB 20 years
prior presented to the emergency department from
her nursing facility due to altered mental status,
which was noticed earlier that morning. The nursing

facility had noted a progressive decrease in her mem-
ory over the last few days, and the morning of admis-
sion, she had notable body jerking. She was vitally
stable in the emergency department. She was given
both Narcan and Ativan for possible opioid overdose
and seizure, respectfully; however, neither improved
symptoms. She continued to have body jerking for
approximately 10 minutes, which was deemed as
status epilepticus. She was intubated, admitted to
the ICU and started on propofol and phenytoin.

It was noted that the patient’s ammonia level was
elevated to 206 mcmol/L on admission. She was
started on lactulose and rifaximin; however, due to
refractory hyperammonemia, she underwent contin-
uous renal replacement therapy (CRRT) from day 7
to day 9 of admission (Table 1). She developed
further seizures while on hemodialysis and was
started on levetiracetam. It was initially thought that
her hyperammonemia was due to cirrhosis secondary
to her history of alcohol use disorder. Her liver func-
tion tests revealed that an AST was only mildly ele-
vated to 49 TU/L (reference range 5-40 IU/L), ALT
within the normal limit and alkaline phosphatase
elevated to 128 IU/L (reference range 35-104 IU/L).
Her INR was noted to be elevated at 2.9 (reference
range 0.8-1.1). She underwent a liver biopsy, which
was unremarkable and did not show advanced liver
disease, thus ruling out this theory. The patient
received both a head CT and MRI, which demon-
strated stable multifocal cortical encephalomalacia as
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Table 1. Ammonia level concentrations over time.
Time since

Ammonia level mcmol/L (reference range 11—

admission 51)
0 hours 206
4 days 133
6 days 252
7 days* 290
8 days* 161
9 days* 125
10 days 86
11 days 60
12 days 54
13 days 55
16 days 37
20 days 33
40 days 22

*Days while on CRRT for hyperammonemia.

well as mild atrophic, chronic small vessel ischemic
disease (Figure 1(a)). No acute intracranial pathology
was identified. EEG was also negative for epileptiform
activity.

The patient was eventually extubated; however, her
mental status continued to decline, prompting further
investigation into her underlying diagnosis. Her
infectious workup was unremarkable. Wilson’s dis-

ease was ruled out with normal urine copper levels.
The patient underwent genetic testing to assess for
urea cycle disorder; however, the results were all
negative. It was noted that her zinc level was
decreased at 21.1 mcg/dl (reference range 60-120
mcg/dl) and she had multiple amino acid deficiencies,
which were thought to likely be related to her prior
RYGB and altered gastrointestinal anatomy.

The patient’s seizures progressed to sustained
myoclonus and opsoclonus. The head MRI was
repeated and was remarkable for osmotic demyeli-
nation involving the central pons, splenium of the
corpus callosum, bilateral corpus striatum and
within bilateral insular cortices (Figure 1(b)).
These were all new findings compared to prior
head imaging during the same admission. It was
presumed that the osmotic demyelination was sec-
ondary to hyperammonemia. At this point, the
patient’s prognosis was extremely poor. She even-
tually transitioned to hospice and passed away
approximately 10 days after being discharged from
the hospital.

Figure 1. (a) MRI on 21 August 2020, with stable bilateral frontal, parietal and right occipital encephalomalacia. Mild atrophy
and chronic small vessel ischemic disease. (b) MRl on 16 September 2020 with trident-,shaped T2 hyperintense signal within the
central pons consistent with osmotic demyelination. T2 hyperintense signal is seen within the splenium of the corpus callosum,
bilateral corpus striatum and within bilateral insular cortices which are most likely secondary to hyperammonemia but can also

be seen in extrapontine myelinolysis.
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3. Case discussion

3.1. Roux-en-Y gastric bypass and
hyperammonemia

With the increasing rate of obesity in the USA, bar-
iatric surgery continues to be offered as a weight loss
treatment. However, over time, there have been mul-
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3.2. Hyperammonemia effects on the central
nervous system

Ammonia is a nitrogen-containing compound,
mainly produced in the small bowel by glutaminase,
which converts glutamine into ammonia and gluta-
mate. Ammonia is then metabolized by the liver,
converted to urea — a nontoxic substance - and
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Figure 3. Glutamate and ammonia metabolism [7].

tiple case reports on the correlation between RYGB
and hyperammonemia in the absence of cirrhosis or
liver disease [1-4]. The onset of hyperammonemic
encephalopathy after RYGB has been shown to pre-
sent at various intervals, ranging from months to
years [1]. In this case, the patient had a RYGB
approximately 20 years prior to presentation. RYGB
hyperammonemia has been observed more so in
women, and in some cases, women with X-linked
heterozygous ornithine transcarbamylase deficiency
who had previously been asymptomatic [1].
Multiple nutritional deficiencies have been associated
with this syndrome as well including hypoalbumine-
mia, multiple amino acid deficiencies, hypoglycemia
and low zinc levels, many of which were seen in this
patient [2]. Nutritional deficiencies are thought to
play a role in the urea cycle, interfering with the
elimination of ammonia. In addition, RYGB alters
the anatomy of the gastrointestinal system, which
can cause intestinal overgrowth, leading to the pro-
duction of ammonia from urease-producing bacteria
(Figure 2) [1,2].

excreted through the kidneys [4,7]. Any disruption
in this process can lead to excess ammonia, which is
a potent neurotoxin as it can penetrate the blood-
brain barrier by diffusion [3]. This can manifest as
changes in behavior, slurred speech, lethargy, coma
and ultimately death [4].

The metabolism of ammonia is essentially linked
to that of glutamate. Glutaminase initially cleaves
glutamine in the gut into ammonia and glutamate.
In the central nervous system, however, glutamine
synthetase is responsible for catalyzing ammonia
and glutamate into glutamine (Figure 3) [7].
Although the mechanism is not entirely understood,
multiple studies have demonstrated the occurrence of
astrocyte swelling and subsequent cerebral edema
when exposed to ammonia [7,8]. The “Trojan Horse’
hypothesis proposed by Albrecht et al. [9] suggests
that cerebral edema is in fact a consequence of both
ammonia and glutamine. Ammonia is thought to
induce glutamine production within the astrocyte by
glutamine synthetase. However, excess glutamine as
a result of excess ammonia is thought to be

Urease
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Figure 2. Ammonia production as a result of urease [1,2].
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transported to the mitochondria where it is metabo-
lized back to ammonia and glutamate by phosphate-
activated glutaminase [7-9]. The accumulation of
ammonia can lead to oxidative stress and thus swel-
ling of astrocytes [7,9].

The correlation between cerebral edema and
hyperammonemia has been fairly well established;
however, no significant correlation has yet been
made between osmotic demyelination syndrome and
hyperammonemia. There have been but a minor
number of case reports associating such, mostly in
the pediatric population. Most often, osmotic demye-
lination is associated with rapid correction of hypo-
natremia. Hyponatremia in itself can cause cerebral
edema, but with rapid correction, this causes extra-
cellular tonicity, which leads to osmotic fluid shifts
that deplete cells essentially causing dehydration [10].
Oligodendrocytes, the primary cell in the myelination
of the nervous system, are susceptible to this type of
damage, and this consequently leads to destruction of
myelin [10]. In this patient, her sodium level was
normal throughout admission; however, ultimately
ended up with osmotic demyelination.

The question we ask ourselves now is can hyper-
ammonemia cause osmotic demyelination syndrome?
A case report by Langer et al. [5] described a pediatric
patient with carbamoyl phosphate synthetase defi-
ciency who developed osmotic demyelination and
transient cortical blindness after rapid correction of
hyperammonemia. The hypothesized underlying
mechanism was due to disruption of the blood-brain
barrier and re-equilibration of osmolytes, in particular
glutamine. Similarly, another case had been reported
earlier by Mattson et al. [6] of a child with ornithine
carbamoyl transferase deficiency who presented with
hyperammonemic encephalopathy with a maximum
ammonia level of 376 mmcol/L. Her ammonia was
corrected with hydration and protein restriction; how-
ever, 5 days after correction of her hyperammonemia,
she developed seizures and fell into a coma. MRI brain
imaging ultimately revealed characteristic findings of
central pontine myelinolysis.

While several studies suggest a possible correlation
between ammonia and osmotic demyelination, we
also have to question whether the rate of ammonia
clearance plays a role. Dialysis is by far the quickest
method for reducing serum ammonia levels. The
clearance of ammonia in dialysis is dependent on
the blood flow, dialysate flow rate and dialyzer mem-
brane surface area. Ammonia is a small molecule
(molecular mass 17 g/mol) and is not protein-
bound, making it easy to remove by dialysis [11].
The patient described in our case underwent hemo-
dialysis on days 7 through 9, with a decrease in her
ammonia level from 290 mmol/L to 125 mmol/L in
48 hours. Currently, there are no guidelines as to
what serum ammonia level is appropriate to initiate

dialysis [11]. It has been proposed that when ammo-
nia is three times the upper limit of normal, or when
there are clinical symptoms of hyperammonemia,
such as encephalopathy, hemodialysis can be consid-
ered [11]. Unlike the clear correlation between rapid
correction of hyponatremia and demyelination, it
remains unclear if the rate of change in ammonia
level can be correlated to demyelination.

In regard to the treatment of hyperammonemia,
lactulose, rifaximin and hemodialysis are common
modalities used to lower ammonia levels, as were used
in our patient. However, alternate forms of treatment
are available. A recent study by Alimirah et al. [12]
demonstrated the use of novel therapies for hyperam-
monemia in the setting of hepatic encephalopathy.
These included L-ornithine phenylacetate and glycerol
phenylbutyrate, both of which are ammonia-scavenging
agents used to improve cognition by decreasing ammo-
nia levels. L-ornithine acts as a substrate for glutamine
synthetase, while phenylacetate acts to
ornithine-related glutamine as phenylacetylglutamine
in the kidneys [13]. Glycerol phenylbutyrate is con-
verted into phenylacetate that conjugates with glutamine
to form phenylacetylglutamine, which provides as an
alternative form of nitrogen waste excretion [5]. For
patients specifically with urea cycle disorders, nitrogen
scavengers such as sodium benzoate and arginine are
administered for excretion of ammonia [11].

excrete

4. Conclusion

Hyperammonemia can be confidently labeled as
a neurotoxic risk. It has been proven to be associated
with cerebral edema and seizures, and without treat-
ment, it can be fatal. It seems that hyperammonemia
may also be correlated with osmotic demyelination
syndrome; however, further studies and evidence
must be available to ascertain the association.
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