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Abstract

Hyperammonemic encephalopathy is a rare complication of fluoropyrimidine and platinum-based
chemotherapy that can occur independently of hepatic dysfunction. While gastrointestinal bleeding is a
well-established precipitant of hyperammonemia in cirrhosis, its role in patients treated with chemotherapy
without liver disease has rarely been reported. An 87-year-old male with stage IIIA rectal adenocarcinoma,
treated with capecitabine and oxaliplatin, presented with two episodes of acute altered mental status. The
first, associated with mild melena and modest hemoglobin decline, resulted in moderate encephalopathy
that resolved spontaneously. One week later, he presented with profound unresponsiveness requiring
intubation. This episode was related to recurrent melena with a significant hemoglobin drop. Endoscopy
revealed a Mallory-Weiss tear. Liver function tests and hepatic imaging were unremarkable. EEG showed
diffuse slowing with triphasic waves, and ammonia was elevated at 128 umol/L. Treatment with lactulose
and rifaximin led to neurologic recovery and return to baseline. This case suggests a potential association
between gastrointestinal bleeding and hyperammonemic encephalopathy in a non-cirrhotic patient
receiving chemotherapy. Clinicians should consider hyperammonemia in the evaluation of acute altered
mental status during or after these chemotherapy regimens, especially in patients with other possible
predisposing factors such as gastrointestinal bleeding.
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Introduction

Hyperammonemic encephalopathy is a well-recognized neuropsychiatric complication of acute and chronic
liver disease, most commonly cirrhosis, where impaired hepatic clearance leads to ammonia accumulation
and cerebral dysfunction [1]. Ammonia is produced by gut bacteria and protein metabolism, and in cirrhosis,
its buildup results in a spectrum of symptoms from mild altered mental status to coma [2]. Gastrointestinal
bleeding is an established precipitating factor in cirrhotic patients, as increased protein load from blood
breakdown further elevates ammonia levels [3].

In the absence of underlying liver disease, hyperammonemic encephalopathy is a rare but increasingly
recognized complication of fluoropyrimidine and platinum-based chemotherapy, with an incidence of
approximately 0.7% for fluoropyrimidines and even fewer cases for platinum agents [4,5]. The pathogenesis
involves inhibition of the urea cycle and mitochondrial dysfunction, leading to ammonia and neurotoxic
metabolite accumulation, and may occur independently of hepatic dysfunction [4,6,7]. Most cases present
with mild to moderate symptoms and resolve rapidly after discontinuation of chemotherapy and supportive
care [5,8]. Known risk factors include advanced age, sarcopenia, renal impairment, dehydration, and
infection [5,9].

Although gastrointestinal bleeding is a well-recognized precipitant of hyperammonemic encephalopathy in
cirrhosis, its contribution in patients undergoing chemotherapy without underlying liver dysfunction
remains unclear [3]. In cirrhotic patients, intraluminal blood provides a large protein substrate for ammonia-
producing gut bacteria, and portal systemic shunting bypasses hepatic detoxification, resulting in a rapid
rise in systemic ammonia levels [3]. In non-cirrhotic patients receiving chemotherapy, a similar increase in
gut-derived ammonia from intraluminal blood may overwhelm a urea cycle already compromised by
chemotherapy-induced metabolic inhibition, thereby precipitating hyperammonemia even in the absence
of liver disease. To our knowledge, this potential synergistic mechanism has not been previously explored in
the literature. This case reports severe hyperammonemic encephalopathy presenting with profound
neurologic deterioration, requiring intubation and intensive care, in a patient receiving chemotherapy
without liver dysfunction. We hypothesize that gastrointestinal bleeding served as a precipitating factor by
providing an additional ammonia load that exceeded the detoxification capacity of the urea cycle, already
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impaired by chemotherapy, and we present this case to highlight this potential and clinically important
association.

Case Presentation

An 87-year-old male recently diagnosed with stage IIIA rectal adenocarcinoma experienced two episodes of
acute altered mental status during the course of chemotherapy. Several months before these events, he had
completed chemoradiation therapy with capecitabine and subsequently transitioned to combination
chemotherapy with capecitabine and oxaliplatin. He received four cycles in total, with the last cycle
approximately four weeks before the neurologic deterioration. At baseline, he was fully independent in
activities of daily living and was consistently alert and oriented.

Approximately two weeks before the latter hospitalization, he developed sudden aphasia and was found to
be unresponsive. On arrival, he was nonverbal, not following commands, and intermittently withdrawing to
tactile stimuli. Laboratory evaluation revealed a white blood cell (WBC) count of 4,100/uL, hemoglobin of
10.7 g/dL, and normal electrolyte levels. Stroke workup, including computed tomography (CT) of the head
and magnetic resonance imaging (MRI) of the brain, demonstrated no intracranial hemorrhage or acute
ischemia. Although cerebrospinal fluid (CSF) analysis and meningitis/encephalitis polymerase chain
reaction (PCR) testing were negative, empiric therapy for possible meningoencephalitis was initiated with
broad-spectrum antibiotics and antiviral therapy. During this first admission, he developed one episode of
melena, accompanied by hemoglobin decline to 7.9 g/dL, though he remained hemodynamically stable.
Upper endoscopy was performed, but it did not identify a source of bleeding. Hemoglobin remained stable
after the endoscopy, and transfusion was not required. Over several days, his mental status steadily
improved. He became oriented, appropriately interactive, and able to converse normally. He was discharged
to a rehabilitation facility with full return to his cognitive baseline.

One week after the discharge to the rehabilitation facility, he developed a second, more severe episode of
altered mental status. He initially reported feeling unwell but rapidly became nonverbal and unable to
follow commands. Emergency medical services found him responsive only to tactile stimuli. On admission,
he was tachycardic, and initial laboratory evaluation revealed a WBC count of 6,400/uL, hemoglobin of 6.0
g/dL, platelet count of 345,000/uL, blood urea nitrogen (BUN) of 23 mg/dL, creatinine of 0.99 mg/dL,
aspartate aminotransferase (AST) of 30 U/L, alanine aminotransferase (ALT) of 14 U/L, alkaline phosphatase
(ALP) of 52 U/L, total bilirubin of 0.8 mg/dL, lactate of 7.2 mmol/L, prothrombin time-international
normalized ratio (PT-INR) of 1.9, and vitamin B12 of 638 pg/mL, with normal electrolyte levels. CT of the
head again showed no acute pathology. CT abdomen demonstrated an unremarkable liver and bile ducts
without ascites (Figure 1).

FIGURE 1: Computed tomography (CT) of the abdomen obtained during
the second admission.

The CT scan demonstrated a normal liver without ascites.
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Given his severely altered mental status and aspiration risk, he was intubated for airway protection and
admitted to the intensive care unit. Because of tachycardia and markedly elevated lactate, he was started on
broad-spectrum antibiotics for suspected sepsis. Levetiracetam was also initiated for possible seizure;
however, electroencephalography (EEG) demonstrated diffuse slowing with triphasic waves, without
epileptiform discharges. His hospital course was complicated by recurrent episodes of melena, with
hemoglobin eventually dropping to 4.3 g/dL. He received a total of five units of packed red blood cells. Upper
endoscopy revealed a Mallory-Weiss tear requiring endoscopic clipping. Further evaluation during these
episodes of melena demonstrated a markedly elevated ammonia level of 128 pmol/L, prompting initiation of
lactulose and rifaximin. Over the following days, his ammonia levels decreased with progressive
improvement in his mental status. He was successfully extubated on hospital day 5. No seizure-like activity
was observed during the admission, and levetiracetam was discontinued on day 6. Blood cultures came back
negative, and antibiotics were completed on day 7. He continued to improve and ultimately returned to his
baseline level of alertness and orientation. He was discharged to the rehabilitation facility on day 15 (Figure
2.

Patient was Patient presented Hb dropped to 4.3
. Hb dropped to 8.5 with more severe with melena and
u:::?gﬁ?:\:s;n and EGD found no altered mental EGD showed a
with Hb 10.7 source of bleeding status on the second Mallory-Weiss tear
. visit and Hb was 6 requiring clipping
Patient had an Mental status Further evaluathn Patient became
X returned to revealed ammonia
episode of . alert and
melena with basc?lme and 28flimolTand oriented, and
Hb 9.7 patient was lactulose and was dischareed
: discharged rifaximin were started &
X-17 days X-13 days X-10 days X-7 days X X+1 day X+2 days  X+15 days

FIGURE 2: Timeline of the two hospitalizations.

Image credit: Authors.

EGD, esophagogastroduodenoscopy; Hb, hemoglobin (g/dL)

Discussion

Hyperammonemic encephalopathy is a rare but clinically significant complication of chemotherapy,
particularly with fluoropyrimidines and platinum-based agents. Although the overall incidence is low, it is
crucial to include hyperammonemia in the differential diagnosis for patients presenting with acute altered
mental status during or after chemotherapy, regardless of hepatic function [10-12]. This condition is likely
underdiagnosed due to low clinical suspicion and under-testing, especially with oral agents such as
capecitabine [10,12].

Chemotherapy-induced hyperammonemic encephalopathy is most commonly associated with
fluoropyrimidines such as capecitabine and 5-FU, and, less frequently, platinum agents such as oxaliplatin
[4,10]. The pathogenesis involves inhibition of the Krebs cycle by fluoroacetate, a metabolite of capecitabine
and 5-FU, resulting in decreased ATP production and impaired urea cycle function [4,6,7,10]. Oxaliplatin and
other agents may further disrupt mitochondrial metabolism, contributing to increased ammonia
accumulation [4]. In susceptible individuals, including those with occult urea cycle defects or acquired
mitochondrial dysfunction, ammonia clearance is further compromised, leading to neurotoxicity [13-15].

Hyperammonemic encephalopathy associated with chemotherapy typically presents as acute altered mental
status, ranging from mild confusion and lethargy to more severe manifestations such as seizures and coma.
While most reported cases are mild to moderate in severity, this case was exceptionally severe, manifesting
as profound neurologic deterioration necessitating intubation and intensive care. The onset of symptoms
varies, ranging from days to months after chemotherapy [5,8]. Laboratory findings usually reveal markedly
elevated plasma ammonia levels, frequently in the absence of hepatic dysfunction [9]. Imaging is generally
unremarkable, and EEG may show diffuse slowing or triphasic waves, consistent with metabolic
encephalopathy [1].

Emerging evidence suggests that combination chemotherapy with capecitabine and oxaliplatin may further
increase the risk of hyperammonemia, likely due to additive or synergistic inhibition of ammonia
metabolism. Literature reviews suggest that this combination can multiply the risk of hyperammonemic
encephalopathy, even in the absence of predisposing factors or impaired liver function [4].
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Multiple risk factors have been identified that predispose patients without underlying liver dysfunction to
hyperammonemic encephalopathy associated with chemotherapy. Renal dysfunction is a major contributor,
as reduced glomerular filtration impairs ammonia clearance and increases susceptibility, especially during
regimens like FOLFOX [9,16]. Dehydration and infection are also frequently implicated, with both conditions
promoting azotemia and catabolic stress, further elevating ammonia levels [5,9]. Constipation can slow
ammonia excretion, while sarcopenia and muscle loss reduce peripheral ammonia detoxification capacity
[5]. Genetic predispositions, including occult urea cycle defects and acquired deficiencies in enzymes such as
carbamoyl phosphate synthetase, have been described in patients who develop severe or refractory
hyperammonemia during chemotherapy [13]. High tumor burden, total parenteral nutrition, and exposure to
other drugs such as valproic acid are additional risk factors, particularly in critically ill or malnourished
patients [17]. In cirrhotic patients, the relationship between gastrointestinal bleeding and hyperammonemia
is well-established and multifactorial. When blood enters the gastrointestinal tract, hemoglobin is broken
down by colonic bacteria and mucosal enzymes, releasing substantial quantities of ammonia that are
absorbed into the portal circulation. In cirrhosis, this ammonia burden is amplified by impaired hepatic
clearance and portosystemic shunting that diverts ammonia-rich portal blood away from the liver [1,3,18].

This case represents a potentially novel finding that gastrointestinal bleeding may precipitate
hyperammonemic encephalopathy in patients receiving chemotherapy without underlying liver dysfunction.
The pathophysiologic mechanism likely involves synergistic interaction between chemotherapy-induced
impairment of ammonia metabolism and the increased nitrogen load from blood breakdown [3,4,6,7]. In the
setting of this chemotherapy-induced metabolic derangement, the additional ammonia burden from
gastrointestinal bleeding can overwhelm compensatory mechanisms and precipitate acute encephalopathy.
The temporal relationship observed in this case is particularly striking. During the first admission,
intermittent melena with mildly decreased hemoglobin was associated with only mild mental status
changes. In contrast, the second admission was characterized by recurrent melena with significantly
worsening anemia, indicating substantial gastrointestinal bleeding that precipitated more severe
hyperammonemia and profound encephalopathy. While hyperammonemia is a recognized rare complication
of fluoropyrimidine and platinum-based chemotherapy, established risk factors include renal impairment,
dehydration, infection, and sarcopenia [4,5,8,9]. The addition of gastrointestinal bleeding as a precipitating
factor in non-cirrhotic chemotherapy patients has not been clearly documented in the medical literature and
warrants further investigation. Clinicians should maintain high suspicion for hyperammonemia in patients
receiving fluoropyrimidine-platinum combinations who develop gastrointestinal bleeding, even in the
absence of liver dysfunction. Prompt measurement of plasma ammonia levels should be considered in any
patient with unexplained neurological symptoms during chemotherapy, as early recognition and
intervention are critical to prevent irreversible neurological damage and death [5,8].

Conclusions

Severe hyperammonemic encephalopathy is a rare but potentially life-threatening complication of
fluoropyrimidines and platinum-based chemotherapy. This case highlights the importance of considering
hyperammonemia in the evaluation of acute altered mental status during or after these chemotherapy
regimens, especially in patients with other possible predisposing factors such as gastrointestinal bleeding.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Taiga Komatsu
Acquisition, analysis, or interpretation of data: Taiga Komatsu, Veevek Anand Agrawal
Drafting of the manuscript: Taiga Komatsu

Critical review of the manuscript for important intellectual content: Taiga Komatsu, Veevek Anand
Agrawal

Supervision: Veevek Anand Agrawal

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have

2026 Komatsu et al. Cureus 18(5): e109421. DOI 10.7759/cureus.109421 40f5


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wijdicks EF: Hepatic encephalopathy. N Engl ] Med. 2016, 375:1660-70. 10.1056/NEJMral600561
Héussinger D, Dhiman RK, Felipo V, et al.: Hepatic encephalopathy. Nat Rev Dis Primers. 2022, 8:43.
10.1038/s41572-022-00366-6

Olde Damink SW, Dejong CH, Jalan R: Review article: hyperammonaemic and catabolic consequences of
upper gastrointestinal bleeding in cirrhosis. Aliment Pharmacol Ther. 2009, 29:801-10. 10.1111/j.1365-
2036.2009.03938.x

Di Federico A, Nuvola G, Sisi M, Lenzi B, Nobili E, Campana D: Hyperammonemic encephalopathy during
XELOX regimen. Is it capecitabine or oxaliplatin responsible?. Anticancer Drugs. 2020, 31:1103-5.
10.1097/CAD.0000000000000987

Mitani S, Kadowaki S, Komori A, et al.: Acute hyperammonemic encephalopathy after fluoropyrimidine-
based chemotherapy: a case series and review of the literature. Medicine (Baltimore). 2017, 96:€6874.
10.1097/MD.0000000000006874

Thomas SA, Tomeh N, Theard S: Fluorouracil-induced hyperammonemia in a patient with colorectal cancer .

Anticancer Res. 2015, 35:6761-3.

Nishikawa Y, Funakoshi T, Horimatsu T, et al.: Accumulation of alpha-fluoro-beta-alanine and fluoro mono
acetate in a patient with 5-fluorouracil-associated hyperammonemia. Cancer Chemother Pharmacol. 2017,
79:629-33. 10.1007/s00280-017-3249-1

Boiléve A, Thomas L, Lillo-Le Louét A, et al.: 5-Fluorouracil-induced hyperammonaemic encephalopathy: a
French national survey. Eur ] Cancer. 2020, 129:32-40. 10.1016/j.ejca.2020.01.019

Liaw CC, Wang HM, Wang CH, et al.: Risk of transient hyperammonemic encephalopathy in cancer patients
who received continuous infusion of 5-fluorouracil with the complication of dehydration and infection.
Anticancer Drugs. 1999, 10:275-81. 10.1097/00001813-199903000-00004

Okamoto K, Nozawa H, Hongo K, et al.: Risk factors of mFOLFOX6-induced hyperammonemia in patients
with colorectal cancer: an observational study. Int J Clin Oncol. 2021, 26:1477-84. 10.1007/s10147-02.1-
01932-w

Fukuda M, Nabeta M, Muta T, et al.: Disturbance of consciousness due to hyperammonemia and lactic
acidosis during mFOLFOX6 regimen: case report. Medicine (Baltimore). 2020, 99:e21743.
10.1097/MD.0000000000021743

Kurokawa T, Kanemoto Y, Azuma Y, limura Y, Kuroda S, Yazawa K, Tsurita G: Hyperammonemia-induced
impaired consciousness following mFOLFOX6 therapy in a patient with recurrent rectal cancer. Int J Clin
Pharmacol Ther. 2021, 59:463-6. 10.5414/CP203747

Chu G, Salzman J: Hyperammonemia after capecitabine associated with occult impairment of the urea cycle .

Cancer Med. 2019, 8:1996-2004. 10.1002/cam4.2036

Felipo V, Butterworth RF: Mitochondrial dysfunction in acute hyperammonemia . Neurochem Int. 2002,
40:487-91. 10.1016/50197-0186(01)00119-x

Ribas GS, Lopes FF, Deon M, Vargas CR: Hyperammonemia in inherited metabolic diseases. Cell Mol
Neurobiol. 2022, 42:2593-610. 10.1007/s10571-021-01156-6

Oura M, Oguro F, Agatsuma N, Imamaki H, Nishikawa Y: Fluoropyrimidine usage in cases with
hyperammonemia: real-world data study using the Japanese Adverse Drug Event Report (JADER) database.
Cancer Chemother Pharmacol. 2023, 92:7-14. 10.1007/s00280-023-04542-7

Sakusic A, Sabov M, McCambridge AJ, et al.: Features of adult hyperammonemia not due to liver failure in
the ICU. Crit Care Med. 2018, 46:€897-903. 10.1097/CCM.0000000000003278

Noiret L, Baigent S, Jalan R: Arterial ammonia levels in cirrhosis are determined by systemic and hepatic
hemodynamics, and by organ function: a quantitative modelling study. Liver Int. 2014, 34:e45-55.
10.1111/1iv.12361

2026 Komatsu et al. Cureus 18(5): €109421. DOI 10.7759/cureus.109421

50f5


https://dx.doi.org/10.1056/NEJMra1600561
https://dx.doi.org/10.1056/NEJMra1600561
https://dx.doi.org/10.1038/s41572-022-00366-6
https://dx.doi.org/10.1038/s41572-022-00366-6
https://dx.doi.org/10.1111/j.1365-2036.2009.03938.x
https://dx.doi.org/10.1111/j.1365-2036.2009.03938.x
https://dx.doi.org/10.1097/CAD.0000000000000987
https://dx.doi.org/10.1097/CAD.0000000000000987
https://dx.doi.org/10.1097/MD.0000000000006874
https://dx.doi.org/10.1097/MD.0000000000006874
https://ar.iiarjournals.org/content/35/12/6761.long
https://dx.doi.org/10.1007/s00280-017-3249-1
https://dx.doi.org/10.1007/s00280-017-3249-1
https://dx.doi.org/10.1016/j.ejca.2020.01.019
https://dx.doi.org/10.1016/j.ejca.2020.01.019
https://dx.doi.org/10.1097/00001813-199903000-00004
https://dx.doi.org/10.1097/00001813-199903000-00004
https://dx.doi.org/10.1007/s10147-021-01932-w
https://dx.doi.org/10.1007/s10147-021-01932-w
https://dx.doi.org/10.1097/MD.0000000000021743
https://dx.doi.org/10.1097/MD.0000000000021743
https://dx.doi.org/10.5414/CP203747
https://dx.doi.org/10.5414/CP203747
https://dx.doi.org/10.1002/cam4.2036
https://dx.doi.org/10.1002/cam4.2036
https://dx.doi.org/10.1016/s0197-0186(01)00119-x
https://dx.doi.org/10.1016/s0197-0186(01)00119-x
https://dx.doi.org/10.1007/s10571-021-01156-6
https://dx.doi.org/10.1007/s10571-021-01156-6
https://dx.doi.org/10.1007/s00280-023-04542-7
https://dx.doi.org/10.1007/s00280-023-04542-7
https://dx.doi.org/10.1097/CCM.0000000000003278
https://dx.doi.org/10.1097/CCM.0000000000003278
https://dx.doi.org/10.1111/liv.12361
https://dx.doi.org/10.1111/liv.12361

	Severe Hyperammonemic Encephalopathy Associated With Gastrointestinal Bleeding During Capecitabine and Oxaliplatin Chemotherapy in a Patient With Rectal Adenocarcinoma
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Computed tomography (CT) of the abdomen obtained during the second admission.
	FIGURE 2: Timeline of the two hospitalizations.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


