Severe non-hepatic hyperammonaemic
encephalopathy in an immunocompromised
adolescent with enterocolitis
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SUMMARY

Non-hepatic causes of hyperammonaemia are
uncommon relative to hepatic aetiologies. An adolescent
female was admitted to the hospital with a diagnosis

of very severe aplastic anaemia. During her treatment
with immunosuppressive therapy, she developed
neutropenic enterocolitis, pseudomonal bacteraemia
and hyperammonaemia. A combination of intermittent
haemodialysis and high-volume continuous veno-venous
haemodiafiltration (CVVHDF) was required to manage
the hyperammonaemia. Despite a thorough investigation,
there were no hepatic, metabolic or genetic aetiologies
identified that explained the hyperammonaemia. The
hyperammonaemia resolved only after the surgical
resection of her inflamed colon, following which she
was successfully weaned off from the renal support.

This is a novel case report of hyperammonaemia of non-
hepatic origin secondary to widespread inflammation

of the colon requiring surgical resection in an
immunocompromised patient. This case also highlights
the role of high-volume CVVHDF in augmenting
haemodialysis in the management of severe refractory
hyperammonaemia.

BACKGROUND
Hyperammonaemia is characterised by elevated
levels of ammonia in the blood. It can lead to
significant neurotoxicity, which may present as an
altered level of consciousness and, if left untreated,
can progress to coma and death.! Ammonia is an
essential molecule in human metabolism and is
used to produce glutamine.” It is primarily gener-
ated by the gastrointestinal (GI) tract, with a smaller
proportion being generated in the renal tubules. It
is metabolised in the liver into urea and excreted in
urine as urea and ammonium. An overabundance of
ammonia can occur when the production increases
or elimination is reduced. Hyperammonaemia is
most commonly attributed to liver failure, though
urea cycle disorders must be closely considered.
In the context of non-hepatic hyperammonaemia,
there are a number of other important diagnostic
considerations which have implications for the
management of these patients during their acute
presentation.’

Here, we present a case of severe non-hepatic
hyperammonaemia in a patient with very severe
aplastic anaemia.

," Meghan Pike,"* Stephanie Villeneuve, " Neeraj Verma®

CASE PRESENTATION

An adolescent female was diagnosed with very
severe aplastic anaemia following an episode
of acute hepatitis of unknown origin. Her liver
enzymes were found to be elevated (alanine trans-
aminase (ALT): 1235 p/L; aspartate transaminase
(AST): 1257 wL; alkaline phosphatase: 129 p/L;
bilirubin, total: 296 pmol/L; bilirubin, conjugated:
246 umol/L; bilirubin, unconjugated: 50 pmol/L;
gamma-glutamyltransferase ~ (GGT): 82U/L).
Although the liver biopsy done at the time of initial
presentation was suggestive of a viral aetiology,
serologies were negative for common hepatotropic
viruses (hepatitis A, B, C, Epstein-Barr virus, cyto-
megalovirus, toxoplasmosis and parvovirus). Her
liver enzymes and function subsequently normalised,
suggestive of hepatic recovery. Four weeks later,
she presented with pancytopenia (white cell count:
1.73x10°/L; red cell count: 2.87x10'*/L; hemo-
globin: 83 ¢/L; platelet count: 10x10°/L, absolute
neutrophil count: 1.25%10”/L) and marked bone
marrow hypocellularity (estimated at 10%), consis-
tent with very severe aplastic anaemia. The bone
marrow biopsy showed hypocellularity for age,
absent/markedly reduced trilineage haematopoi-
esis, morphologically negative for dysplasia and
underlying haematolymphoid neoplasm. A compre-
hensive inherited bone marrow failure workup did
not yield an alternative diagnosis or cause. Severe
aplastic anaemia following acute hepatitis is a well-
known entity and was postulated to be the trig-
gering event in this case.”*

Her medical history is significant for cochlear
implants at age three for profound congenital
sensorineural hearing loss (SNHL), migraine head-
aches, anxiety, cholestasis, gallstones, previous
tonsillectomy and adenoidectomy, and a benign
thyroid nodule. Of note, the patient’s mother has
a history of SNHL.

TREATMENT

Once the diagnosis of very severe aplastic anaemia
was confirmed, the patient was started on immu-
nosuppressive therapy (IST) (corticosteroids, horse
anti-thymocyte globulin  (h-ATG), ciclosporin
and eltrombopag) given the absence of a suitably
matched sibling donor.” While receiving IST, she
developed neutropenic enterocolitis and pseudo-
monal bacteraemia. Neutropenic enterocolitis is a
common consequence of prolonged neutropenia
and IST.® She was treated with broad-spectrum
antibiotics  (piperacillin and tazobactam) for
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Figure 1

Ammonia level (umol/L) indicated by black dots. Cumulative CVVHDF over 24 hours (ml/kg/hour) is shown by red triangles. A normal

ammonia level of less than 50 ymol/L is indicated in blue/shaded area. AKI, acute kidney injury, CVVHDF, continuous veno-venous haemodiafiltration;

HD, haemodialysis; PICU, paediatric intensive care unit.

bacteraemia and prescribed bowel rest and analgesics for neutro-
penic enterocolitis. Despite appropriate antimicrobial therapy
and conservative management, she had persistent abdominal
pain requiring intravenous pain control. She subsequently dete-
riorated, acutely developing a decreased level of consciousness
requiring transfer to the paediatric intensive care unit (PICU)
for further management. This episode correlated with a high
serum ammonia level (620 umol/L). Figure 1 depicts ammonia
levels over time, with day 1 representing the day on which her
ammonia level was 620 umol/L and her admission to the PICU.
A CT head was performed on day 1, and it found that there was
no evidence of bleeding or oedema.

On transfer to the PICU, the patient was intubated for
controlled ventilation and initiated haemodialysis. After the first
treatment with haemodialysis, there was a modest improvement
in the ammonia level (620 to 247 umol/L), but it rebounded after
a few hours (figure 1). To facilitate ongoing reduction of the
ammonia levels and prevent rebound, she was put on continuous
veno-venous haemodiafiltration (CVVHDF). It is important to
note that her required dose of CVVHDF to keep the ammonia
level in the acceptable range was 90mL/kg/hour (dialysate
4000 mL/hour+pre-replacementand post-replacement fluids
4000 mL/hour), which is much higher than the dose generally
prescribed in critically ill patients (30-50 mL/kg/hour). Her
ammonia levels were maintained in the acceptable range using
a combination of daily haemodialysis and CVVHDE. Concom-
itantly, the aetiology of this patient’s hyperammonaemia was
under investigation. Given her age and medical history of
SNHL, suspicion for a late presentation of a urea cycle disorder
was high, specifically ornithine transcarbamylase (OTC) defi-
ciency. Therefore, she was empirically started on L-arginine,

sodium benzoate and sodium phenylacetate which promote the
removal of ammonium ions. Benzoate conjugates with glycine to
form hippurate and phenylacetate conjugates with glutamine to
form phenylacetylglutamine. Both hippurate and phenylacetyl-
glutamine are hydrophilic and are excreted in urine.” As there
was no improvement with this therapy, she was also given a
therapeutic trial of carglumic acid for presumptive deficiency of
N-acetyl glutamate synthase. None of these therapies impacted
her ammonia levels or requirement for renal support.

On day 4 of the PICU admission, her neurological status
improved with the patient waking on assessment at 22:35.
The ammonia level at this time was 67 pmol/L. On day 5, the
patient had purposeful movement at 11:30 and was extubated.
The ammonia level at this time was 84 umol/L. The threshold
ammonia level that we were targeting was at least below
100 pmol/L, as neurological symptoms usually start once levels
are above 100-150 umol/L.® Postextubation, her primary issue
remained refractory hyperammonaemia and ongoing abdominal
pain. She continued daily haemodialysis in combination with
high-dose CVVDHF. Several attempts were made to wean off
CVVHDF; however, a significant rise in ammonia levels occurred
with every attempt. She remained febrile and neutropenic. The
option of surgical intervention was discussed with the general
surgery team in view of persistent abdominal symptoms, but given
the high complication rate associated with surgery in a neutro-
penic patient, the decision was made to proceed with ongoing
conservative management. However, over the subsequent days,
she reported progressive abdominal symptoms. A repeat CT scan
of the abdomen showed increasing inflammatory changes in the
ascending colon and no evidence of perforation. On day 11 of
the PICU admission, she became haemodynamically unstable
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Figure 2 A schematic representation of the sources of ammonia production and its excretory pathway. Ammonia is primarily generated by the small
intestine, metabolised in the liver into urea and subsequently excreted in urine as urea and ammonium. The liver's urea cycle pathway becomes the
most vital process to eliminate ammonia. The ammonia level can become high if there is a problem in liver, urea cycle pathway or if they both are
normal but are overwhelmed by increased production. In our case, we propose a pathological additional source of ammonia in the colon via urease-
producing bacteria and increased absorption of ammonia through the necrosed bowel.

and was taken for an emergent laparotomy. Intraoperatively,
she was found to have extensive inflammation of the ascending
colon from the cecum to the hepatic flexure and significant large
bowel wall oedema and no perforation. Pathology confirmed
findings consistent with neutropenic enterocolitis with patchy
necrosis and marked oedema (online supplemental figure 1).
She underwent a right hemicolectomy with end ileostomy. In
the days following surgical resection, she showed a progressive
decline in ammonia levels, allowing the dose of CVVHDF to be
weaned.

OUTCOME AND FOLLOW-UP

She made a complete neurological recovery and was discharged
from PICU once she was off of the CVVHDF. Intermittent
haemodialysis was continued for the next 2weeks for the
management of acute renal failure, not for hyperammonaemia.
While her renal function normalised, she continued in the
hospital for ongoing medical management pending neutrophil
recovery. Four and a half months post-IST, her very severe
aplastic anaemia relapsed with progressive bone marrow failure,
including severe neutropenia, and ultimately underwent a 9/10
matched related donor bone marrow transplant (BMT). She
was conditioned using treosulfan, fludarabine, cyclophospha-
mide and alemtuzumab without further episodes of hyperam-
monaemia through her transplant or post-transplant course.

DISCUSSION

Hyperammonaemia results from increased production or
decreased elimination of ammonia, or a combination of both.
Hepatic failure is the most common cause of disruption to the
ammonia elimination pathway, followed by urea cycle disorders.
Less commonly, acquired hyperammonaemia is due to urease-
producing organism infections’ '° and as a postsurgery compli-
cation following gastric bypass surgery.'! '* Another rare cause
of non-hepatic hyperammonaemia was a case of a patient with
a bowel perforation.”® Hyperammonaemia in the paediatric
population is rare, particularly in immunosuppressed paediatric
patients, though previous cases have been published; one due to
a drug reaction," one due to urea cycle disorder™ and five due
to infection.'*™'®

This case highlights the importance of a thorough history
of recent trauma, short bowel and kidney disease, pregnancy
and postpartum stress and GI bleeding, given that these have
been reported as a trigger for urea cycle disorders and resultant
hyperammonaemia."’

This patient underwent extensive whole-exome testing for a
suspected urea cycle defect, in particular OTC deficiency, and
we did not identify a genetic cause for a urea cycle defect. Blue-
print genetics whole-exome DNA sequencing with comprehen-
sive hearing loss and deafness panel plus hyperammonaemia
and urea cycle disorder panel (ID 99851), which covers 4080
regions within 249 genes, did not identify an underlying genetic
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cause for hyperammonaemia. The metabolic workup also did
not support an underlying urea cycle defect. An organic acid
profile was performed day 2 and orotic acid was not found in the
urine. Plasma glutamine level was mildly elevated at 845 pmol/L
(ref: 240-800) on day 2, and on day 10, plasma glutamine was
normal at 358 umol/L. On day 2, citrulline was low at 5uM
and remained low <5 pM on day 10. Generally, low amino acid
levels were observed on day 10 (proline, glycine, alanine, citrul-
line, valine, cystine, methionine, isoleucine, leucine, lysine and
histidine). This clinical picture is unclear but could point to an
underlying subclinical metabolic process that was exacerbated by
our patient’s clinical course.

In our patient, there was a significant decrease in ammonia
levels following resection of the bowel, much like a previ-
ously reported case when ammonia levels normalised after
the hemicolectomy of a perforated bowel."> However, our
case was in a paediatric patient, and there was no bowel
wall perforation. We propose that the cause of the hyper-
ammonaemia was secondary to enterocolitis and necrotic
bowel. Hyperammonaemia secondary to enterocolitis has
been reported in humans and is hypothesised to be caused
by urease-producing bacteria in the gut.?’ To the best of our
knowledge, this is the first case report of hyperammonaemia
secondary to enterocolitis in a paediatric patient with an
underlying diagnosis of severe aplastic anaemia. In our
patient, ammonia levels were more than three times higher
than those previously published (1055 ug/dL (620 mmol/L)
compared with 324 pug/dL (190 mmol/L)).*" We hypothe-
sise this could be secondary to profound neutropenia and
dampened immune response. The proposed three-step
mechanism for this phenomenon is: first, because of the
immunodeficiency, the colon was colonised by an organism
that damaged the patient’s mucosal lining. The damaged and
eventually necrotic mucosa became permeable to urea which
passed from the extracellular fluid into the colon. Second,
this provided abundant substrate for an increased popula-
tion of urease-producing bacteria in the diseased intestine
leading to excessive production of ammonia from the break-
down of proteins and urea.”’ Third, the abundant absorp-
tion of ammonia from the bowel lumen into the circulation
was facilitated through an inflamed and necrosed mucosa®
(figure 2). Despite pursuing a haematopoietic stem cell trans-
plant, she did not experience further hyperammonaemia,
which supports our hypothesis that the aetiology was due to
increased production within the inflamed GI tract. Further-
more, extensive genetic testing judiciously excluded non-GI
causes of hyperammonaemia. This careful approach facili-
tated our patient to move forward with subsequent BMT.

The high blood flow rate in intermittent haemodialysis
rapidly clears the ammonia making it a preferred modality.?
However, like our case, post haemodialysis rebound has been
reported in the literature.”* To overcome the issue of rebound,
CVVHDF has been used in combination with haemodialysis.*’
In CVVHDE, ammonia clearance is closely related to the ultra-
filtration rate.”® High-volume ultrafiltration has been success-
fully used in the management of hyperammonaemia in a few
case reports.”” *® Our case affirms the utility of high-volume
CVVHDF in conjunction with intermittent haemodialysis in
managing acute hyperammonaemia.

Clinicians should consider GI pathology as a cause of high
ammonia levels, especially in patients who have refractory
disease in the absence of an underlying hepatic or metabolic
aetiology. This should be further considered in immuno-
compromised patients, who have heightened complications

Patient’s perspective

When [ first became unwell, | felt my life flip like a switch. |

went from being a healthy normal kid to fighting for my life
within weeks. I've faced obstacles and challenges that | never
thought even existed. | learned things that | felt | was too young
to know. | have become a stronger person and more aware of
myself and my health. | went from being diagnosed with SAA

to being in induced comas and dealing with ammonia levels

so high that we didn't know how I would make it out. As | lay

in the hospital bed listening to doctors and nurses try to figure
out what was wrong, | convinced myself to keep fighting daily.
Being sick has taken a mental and physical toll on me, but |
never let it take over; | fought. I've been through test on test,
medications on medications, and I've even heard the worst news
you could imagine. | now live with a colostomy bag which |
hated more than anything, but I've realized it saved my life when
| went septic, so I'll forever be thankful for it. | learned to walk
again; | spent months on months in the hospital with kidney
problems, ammonia levels, comas, bone marrow treatment and
much more. Nine months after my initial hospitalization, | had

a bone marrow transplant with my dad as my donor, and I've
been doing amazing since. What matters most is I'm here today.
I've become so strong. I've learned so much. | am someone
completely different, and that's a blessing because | have learned
so much about life and to never take it for granted. I'll forever be
thankful for the IWK and all my amazing doctors and nurses.

Learning points

» Ammonia levels should be considered in patients with acute
enterocolitis who present with altered level of consciousness.

» In the absence of an underlying metabolic disorder, one
should consider gastrointestinal pathology as the cause of
high ammonia levels.

» High-dose (as high as 90 mL/kg/hour) continuous veno-
venous haemodiafiltration can be used to maintain ammonia
levels in an acceptable range.

with neutropenic enterocolitis. This case contributes to the
limited body of data on hyperammonaemia with an unknown
underlying genetic or metabolic cause, emphasising the
importance of a broad differential diagnosis. This case
also highlights the utility of high-volume (90 mL/kg/hour)
CVVHDF in ammonia clearance.

X Adrienne Elizabeth Borrie @adrienne_borrie
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