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Abstract

Neuroendocrine neoplasms (NENs) are rare, usually slow-growing tumors, often 
presenting with extensive liver metastases. Hyperammonemia due to insufficient hepatic 
clearance has been described in NEN cases; however, no systematic evaluation of risk 
factors and outcomes of NEN-associated hyperammonemia exists so far. This case 
report and retrospective review of NEN patients developing hyperammonemia from 
the years 2000 to 2020 at the Erasmus Medical Center in Rotterdam, the Netherlands, 
aimed to describe these patients and determine prognostic factors to improve evaluation 
and treatment. Forty-four NEN patients with documented hyperammonemia were 
identified. All patients had liver metastases with 30% (n = 13) showing signs of portal 
hypertension. Patients who developed encephalopathy had higher median ammonia 
levels, but there was no association between the severity of hyperammonemia and liver 
tumor burden or presence of liver insufficiency. Eighty-four percent (n = 37) of patients 
died during follow-up. The median (IQR) time from diagnosis of hyperammonemia 
to death was 1.7 months (0.1–22.7). Hyperbilirubinemia, hypoalbuminemia, elevated 
international normalized ratio, presence of liver insufficiency, encephalopathy and 
ascites were associated with worse outcomes. Their role as independent risk factors for 
mortality was confirmed using the Child–Pugh score as a summary factor (P  < 0.001). 
No difference was seen concerning overall survival between our hyperammonemia 
patients and a propensity score-matched control stage IV NEN cohort. In conclusion, 
hyperammonemia comprises a relevant and potentially underdiagnosed complication 
of NEN liver metastases and is associated with worse outcomes. Assessment of signs 
of encephalopathy, risk factors and the Child–Pugh score could be helpful in selecting 
patients in whom ammonia levels should be measured.

5

Key Words

ff neuroendocrine tumor

ff liver metastases

ff encephalopathy

ff shunting

ff Child–Pugh score

ff MELD-Na score

29

Endocrine-Related Cancer  
(2022) 29, 241–250

Downloaded from Bioscientifica.com at 11/02/2022 07:46:51AM
via Erasmus University Rotterdam

https://doi.org/10.1530/ERC-21-0346
https://erc.bioscientifica.com
http://orcid.org/0000-0002-3040-4685
http://orcid.org/0000-0001-7979-6969
http://orcid.org/0000-0001-8439-231X
http://orcid.org/0000-0003-1463-5165
mailto:julie.refardt@usb.ch


Printed in Great Britain
Published by Bioscientifica Ltd.https://doi.org/10.1530/ERC-21-0346

https://erc.bioscientifica.com� © 2022 Society for Endocrinology

242J Refardt et al. Hyperammonemia in 
metastatic NEN patients

29:5Endocrine-Related 
Cancer

Background

Hyperammonemia occurs when there is a defect in the 
detoxification or overproduction of ammonia. It can lead to 
encephalopathy, ranging from mild cognitive impairment 
to coma (Willson et  al. 2013, Haj & Rockey 2020). While 
the metabolism of ammonia to urea and excretion via 
the kidneys is primarily impaired in inborn errors of 
metabolism, there are also several secondary causes that can 
be grouped into four main categories (Willson et al. 2013). 
The first are factors inhibiting the conversion of ammonia 
to urea such as severe malnutrition with low carnitine or 
arginine levels, drug-induced mitochondrial dysfunction 
or urea cycle disorders. Secondly are factors that reduce the 
urea cycle capacity, as observed in liver insufficiency. The 
third cause of secondary hyperammonemia is the presence 
of shunting of the liver, such as portosystemic shunting 
as in portal hypertension or intrahepatic shunting due to 
high liver tumor load. Fourthly, hyperammonemia can 
occur due to overproduction or due to infections with 
urease-producing bacteria, for example, urinary tract or 
skin infections (Stergachis et al. 2020).

Ten cases of hyperammonemia in neuroendocrine 
neoplasm (NEN) patients have been described in the 
literature to date (Turken et  al. 2009, Broadbridge et  al. 
2010, Erinjeri et  al. 2010, Vandamme et  al. 2012, Shea 
et  al. 2013, Pande et  al. 2017, Monardo et  al. 2020). NENs 
are a diverse group of rare malignant tumors arising 
from neuroendocrine cells and are mainly localized in 
the intestine, pancreas and lung (Hofland et  al. 2020). 
NENs are graded based on histological differentiation 
into well-differentiated neuroendocrine tumors or poorly 
differentiated neuroendocrine carcinomas (Perren et  al. 
2017). Around one-fourth of NENs produce amine or 
peptide hormones and are called functional tumors 
(Zandee et al. 2017). Due to their usually slow growth, NENs 
are often diagnosed at a metastatic stage and are prone to 
develop liver metastases (Riihimäki et al. 2016, Dasari et al. 
2017). However, liver failure in NEN patients is rare, even in 
cases with extensive metastatic liver disease (Willson et al. 
2013). Treatment of metastatic NENs depends on their 
presentation and includes surgery, liver-directed therapy, 
(radiolabeled) somatostatin analogs, targeted treatment 
and chemotherapy (Pavel et  al. 2016). The majority of 
the previously reported cases of hyperammonemia in 
NEN patients suffered from high liver tumor burden, 
with different triggering factors leading to elevated  
ammonia levels.

Based on an index case of a NEN patient with 
hyperammonemia presenting in our clinic, awareness 

of this NEN-related complication was increased. 
Subsequently, all NEN cases treated at our center of 
excellence during the last 20 years were reviewed. As no 
cohort of NEN patients developing hyperammonemia has 
been described to date, our aim was to describe clinical 
characteristics and outcome as well as to define prognostic 
factors in order to ameliorate evaluation and management 
of these patients.

Methods

Collection of clinical data

Clinical data of this case report and retrospective case 
review were obtained from the years 2000 to 2020 from 
the database of the ENETS Center of Excellence for 
Neuroendocrine Tumors Erasmus MC Rotterdam, the 
Netherlands. The Local Institutional Review Board of 
the Erasmus MC approved the database and a waiver of 
patient informed consent for the retrospective analysis 
was issued.

While an extensive work-up was performed in 
the index patient, data were assessed retrospectively 
for other patients. Patients were selected if they had 
hyperammonemia defined as an ammonia level above 
the upper reference limit of 45 µmol/L. Patient, tumor, 
laboratory and radiological characteristics were recorded at 
the time point of hyperammonemia occurrence according 
to careful review of patient files as well as evaluation of 
the liver images by a radiologist. Tumor grade and stage 
were documented according to the 2010 WHO grading 
and ENETS guidelines (Klöppel et  al. 2017, Nagtegaal 
et  al. 2020). Treatments were recorded over the entire  
follow-up period.

Liver insufficiency was defined as the simultaneous 
presence of bilirubin and international normalized ratio 
(INR) levels above the normal range and albumin levels 
below the normal range. Signs of portal hypertension were 
defined as having thrombopenia and/or splenomegaly, 
presence of collaterals or thrombotic occlusions of the portal 
or liver veins or ascites without peritoneal carcinomatosis 
(Simonetto et  al. 2019). The Child–Pugh and model for 
end-stage liver disease-sodium (MELD-Na) prognostic 
scores were calculated according to the published scoring 
systems (Kim & Lee 2013, Peng et  al. 2016). The Child–
Pugh score includes the factors ascites, bilirubin, albumin, 
INR of prothrombin time and encephalopathy, while the 
MELD-Na score includes the factors creatinine, bilirubin, 
INR and sodium. Due to missing values, the Child–Pugh 
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and MELD-Na scores could not be calculated in n  = 12 and 
n  = 11 patients, respectively.

For survival comparison, our previously presented 
cohort of metastatic (=stage IV) grade 1 or 2 NEN patients 
(Refardt et al. 2020) was used. The data of this cohort were 
obtained from 2000 to 2019 and are derived from two 
prospective observational studies of NEN patients from the 
ENETS Center of Excellence for Neuroendocrine Tumors 
Erasmus MC Rotterdam, the Netherlands, and the Swiss 
national register of neuroendocrine tumors SwissNET. 
Of the total 325 patients, 7 patients were also in the 
hyperammonemia cohort and hence excluded. To make 
the data more comparable, only patients with reported 
liver metastases were included, leaving a total number of 
247 patients.

Statistics

Descriptive statistics were used to characterize demographic 
and clinical data, expressed as median with interquartile 
range (IQR) or frequencies with percentage (%). Binary 
variables were analyzed using logistic regression models 
and continuous variables were analyzed with linear 
regression models. A Cox proportional hazard model was 
used to calculate mortality hazard ratios (HR) and 95% 
CIs, with time to event counting from the first onset of 
hyperammonemia until death or loss of follow-up. The 
proportionality of hazards was evaluated using the Cox 
regression analysis with time-dependent covariates. The 
assumption of proportionality of hazards was tested and 
was not broken in any of the Cox regression models.

For the control cohort, propensity score (PS) 
matching was used. PS matching is used to optimize the 
post-weighting balance of covariates between groups 
(Austin 2009, 2013). Using the PS methodology, all 
hyperammonemia patients and all control patients with 
liver metastases were assigned a weight between 0 and 1 
according to the covariates age, sex, hormonal syndrome, 
site of origin and additional metastases. Grading was not 
used as a covariate, since this variable is not known in 23% 
of the hyperammonemia cohort. PSs were then used to 
match hyperammonemia patients to control patients with 
liver metastases in a 1:1 ratio using the nearest neighbor 
matching method. Successful matching was indicated by 
the absence of statistical significance between the variables.

Overall survival rates, that is survival from the date 
of diagnosis to the last date of follow-up or death, were 
calculated with the Kaplan–Meier method. The log-rank 
test was used to compare overall survival differences 
between groups.

Statistical analyses were performed using SPSS version 
26.0 (IBM Corp.) and R 3.3.3 open-source. P values <0.05 
were considered statistically significant.

Results

Index case

A 65-year-old patient with a metastatic pancreatic NEN 
presented with progressive liver metastases 2 years after 
diagnosis in our center. Peptide receptor radionuclide 
therapy (PRRT) using 177Lu-DOTATATE was initiated. In 
the meantime, however, the patient became disoriented 
in time and place, nauseous and developed a fine hand 
tremor. Interestingly, symptoms transiently improved 
within 1 day of the administration of PRRT. Diagnostic 
work-up revealed hyperammonemia of 138 µmol/L 
without signs of liver dysfunction. MRI showed liver 
tumor burden mainly concentrated in the left hepatic 
lobe without signs of intra- or extrahepatic portosystemic 
shunts. Diagnostic angiography showed signs of portal 
hypertension with a recanalized umbilical vein, high portal 
venous pressure and retrograde flow in the left portal vein 
but no evidence for shunting. After initial improvement 
under treatment with lactulose and rifaximin, the patient 
again developed progressive encephalopathic symptoms. 
Despite negative imaging, intrahepatic shunting was 
suspected and selective intra-arterial radiotherapy (SIRT) 
injecting 90Yttrium-labeled microspheres to the left hepatic 
artery was performed to reduce the liver tumor burden. 
Two weeks after the SIRT, the patient already reported 
a significant improvement in quality of life. Ammonia 
levels taken 3 weeks after the procedure decreased to 70 
µmol/L. The procedure was repeated 2.5 years after the first 
intervention due to a relapse in symptoms and recurrent 
hyperammonemia of 144 µmol/L, in the absence of 
radiological signs of progressive disease. Again, SIRT was 
successful and hyperammonemia remained controlled 
with lactulose and rifaximin. One year after the second 
intervention, the patient’s symptoms recurred and plasma 
ammonia levels rose to 139 µmol/L. Arginine treatment 
was started after which the ammonia levels decreased  
to 80 µmol/L.

Retrospective analysis of hyperammonemia cases

Patient characteristics
Our analysis revealed 75 NEN patients with available 
ammonia levels, of which 44 NEN patients had documented 
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hyperammonemia during their disease course (Table 1). 
The median (IQR) ammonia level in this NEN cohort was 83 
µmol/L (59–141). Patients were predominantly male (64%) 
and presented with well-differentiated (93%) NENs of the 
pancreas (36%), small intestines (31%) and other origins 
(33%). All patients had stage IV metastatic disease with liver 
metastases. Additional metastatic sites were identified in 
68% of patients. The main treatment modalities before the 
onset of hyperammonemia involved somatostatin analogs 
(71%) or PRRT (59%) and surgical interventions (41%). 
Eighty-four percent of the patients died, with a median 
(IQR) follow-up time of 55 months (31–105) since NEN 
diagnosis and a median (IQR) follow-up time of 1.7 months 
(0.1–22.7) since the diagnosis of hyperammonemia.

The main reasons for ammonia measurement were 
encephalopathy in 31%, general deterioration in 30% and 
post-interventional evaluation or evaluation due to acute 
triggers (e.g. sepsis) in 16%, respectively. The suspected 
underlying cause for hyperammonemia was tumor 
progression in the majority of patients (57%), followed 
by post-interventional complications in 18%, for details  
see Table 1.

Risk factors associated with hyperammonemia
In our cohort of hepatic-metastasized NEN patients, 
abnormal liver transaminases were present in 71%, with 
39% fulfilling the criteria of liver insufficiency at the time 
of hyperammonemia diagnosis (Table 2). Eighty-two 
percent of patients had an impaired kidney function and 
cardiac failure was observed in 7% of patients.

In the majority (68%) of the patients, both liver lobes 
were affected by metastases with a liver tumor burden 
greater than 50% in 46% of all patients. On imaging, 
ascites (both malignant and non-malignant) was present 
in 68% of the patients. Other signs of portal hypertension 
were seen in 29% of the patients.

The maximum levels of plasma ammonia did not 
correlate with liver transaminases (R2 < 0.001) There was 
also no difference in hyperammonemia severity according 
to liver tumor load (P = 0.15) or between patients with and 
without liver insufficiency or signs of portal hypertension 
(P = 0.29 and P = 0.16, respectively) (Fig. 1).

In patients with extensive liver disease, tumor 
progression was identified as the main cause for 
hyperammonemia, while in patients with a low tumor 
liver burden, acute triggers such as interventions or surgery 
were the main cause (Supplementary Table 1, see section on 
supplementary materials given at the end of this article). 
There was no difference in survival time between the two 
groups from the moment of hyperammonemia.

The median (IQR) plasma ammonia levels in patients 
developing encephalopathy were higher at 107 µmol/L 
(76–157) compared to 65 µmol/L (53–90) in patients 
without encephalopathy (Fig. 1).

Impaired kidney function was observed in the 
majority of the hyperammonemia patients (Table 1);  
however, no correlation was observed between maximum 
levels of plasma ammonia and creatinine levels  
(R2 = 0.025, P = 0.31).

Risk factors associated with mortality
To identify variables associated with mortality in NEN 
patients with hyperammonemia, a univariable regression 
analysis was performed on known risk factors associated 
with liver failure or hyperammonemia (Fig. 2). The 
maximum level of plasma ammonia was not associated 
with increased mortality in our cohort. In contrast, 
hyperbilirubinemia (bilirubin levels HR (95% CI) = 1.013 
(1.003–1.024), P = 0.01), hypoalbuminemia (albumin 
levels HR (95% CI) = 0.95 (0.91–0.99), P = 0.007) and 
elevated INR (INR levels HR (95% CI) = 1.92 (1.26–2.94), 
P = 0.003) were markers for worse outcome. The presence 
of liver insufficiency (HR = 3.53, 95% CI = 1.69–7.38), 
P = 0.01), encephalopathy (HR = 2.4, 95% CI = 1.2–4.5,  
P = 0014) and ascites (HR = 2.66, 95% CI = 1.21–5.83,  
P = 0.015) were also associated with increased  
mortality risk.

Since our cohort size and event rate did not allow us to 
combine all identified factors in a multivariable regression 
analysis, we decided to test classic prognostic scores for 
end-stage liver diseases: Child–Pugh and MELD-Na. While 
the Child–Pugh score includes all defined factors, the 
MELD-Na score includes only bilirubin and INR. Both 
scores were associated with an increased mortality risk in 
NEN patients with hyperammonemia with a HR (95% CI) 
of 1.50 (1.21–1.87, P  < 0.001) for the Child–Pugh score and 
1.14 (1.06–1.22, P  < 0.001) for the MELD-Na score. Median 
(IQR) survival time from the onset of hyperammonemia 
was 51 months (31–105) for Child–Pugh class A (=5–6 
points), compared to 0.8 month (0.3–19) for class B (=7–9 
points) and 0.1 month (0.1–1.7) for class C (=10–15 points), 
P = 0.004 (Fig. 2).

To evaluate the impact of hyperammonemia on overall 
survival, we compared our patients with 44 PS-matched 
stage IV NEN patients. PS matching led to two well-
balanced groups (Supplementary Table 2), which showed 
no difference in overall survival (P = 0.65, Supplementary 
Fig. 1). Accordingly, no evaluation concerning the possible 
identification of risk factors could be performed.
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Table 1 Characteristics of the patients with hyperammonemia. Values are shown as frequencies (%) or median (IQR).

Patient characteristics Value

(A) Characteristics of the 44 NEN patients with hyperammonemia
Sex, male, n (%) 28 (64)
Age, years, median (IQR) 65 (54–70)
BMI, kg/m2, median (IQR) 21.8 (18.5–25.6)
NEN origin, n (%)
 Gastro-duodenal 3 (6.7)
 Midgut 14 (31)
 Hindgut 0
 Pancreas 16 (35,6)
 Lung 3 (6.7)
 Unknown 8 (17.8)
Grade, n (%)
 NET grade 1 11 (25)
 NET grade 2 20 (45.5)
 NET grade 3 1 (2)
 NEC 2 (4.5)
 Unknown 10 (23)
Metastases, n (%)
 Liver 44 (100)
 Non-mesenteric lymph nodes 17 (39)
 Mesenteric lymph nodes 15 (34)
 Lung 5 (11)
 Bone 6 (14)
Hormonal syndrome, n (%) 19 (43)
Laboratory, median (IQR)
 Ammonia, µmol/L 83 (59–141)
 Chromogranin A, ng/L 3724 (293–56468)
Treatment during follow-up period
 Somatostatin analogs, n (%) 32 (73)
  Before HA 18 (56)
  After HA 1 (3)
  Before and after 13 (41)
 PRRT, n (%) 30 (68)
  Before HA 22 (73)
  After HA 4 (13.5)
  Before and after 4 (13.5)
 Chemotherapy, n (%) 9 (21)
  Before HA 4 (44.5)
  After HA 4 (44.5)
  Before and after 1 (11)
 Targeted treatment, n (%) 8 (18)
  Before HA 3 (38)
  After HA 3 (38)
  Before and after 2 (25)
 Surgery, n (%) 19 (43)
  Before HA 17 (90)
  After HA 1 (5)
  Before and after 1 (5)
 Liver embolization, n (%) 11 (25)
  Before HA 8 (73)
  After HA 3 (27)
  Before and after 0
Follow up time, months, median (IQR) 55 (31–105)
Time from diagnosis of HA to death or loss of follow-up, months, median (IQR) 1.7 (0.1–22.7)
Patients died, n (%) 37 (84)

(Continued)
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Treatment of hyperammonemia in our cohort
The majority (59%) of our patients did not receive specific 
treatment for hyperammonemia. Of the 18 treated patients, 
83% received lactulose orally, in 7 cases in combination 
with rifaximin. Additional supportive medication with 
l-arginine and dexamethasone was given in three cases. 
Two patients, among them our index case, received SIRT 
with 90Yttrium-labeled microspheres. One patient was 
treated with PRRT with 177Lu-DOTATATE to lower the 
liver burden, and in one patient, portal hypertension was 
successfully treated with portal vein stenting.

Of the patients who received only lactulose and/or 
rifaximin, the majority (61%) died within 3 months of 
hyperammonemia-onset (median (IQR) plasma ammonia 
level, 151 (86–162) µmol/L). All patients with interventional 
treatment had a survival of at least 11 month from 
hyperammonemia-onset (median (IQR) plasma ammonia 
level, 69 (60–138) µmol/L).

Discussion

Hyperammonemia is an underrecognized complication 
of liver metastases in NEN patients. The presence of 
hyperammonemia is accompanied by a high short-term 
mortality rate and several risk factors for worse outcomes 
could be defined. The commonly used Child–Pugh score 
proved to be a useful tool for assessing mortality risk in 
these patients.

Hyperammonemia in NEN patients can occur due 
to several causes. Because NENs are usually slow-growing 
tumors, progressive hepatic tumor infiltration can lead 
to intrahepatic shunting. Decreased liver capacity due to 
tumor infiltration contributes to the reduced clearance 

of ammonia. This was likely the main cause in 46% of 
our patients presenting with a liver tumor burden above 
50% and has also been described in previous case reports 
(Broadbridge et  al. 2010). Hepatic failure due to tumor 
infiltration however is rare in NEN patients (Willson et al. 
2013). This was also reflected by our cohort where the 
majority of patients had an intact liver function and only 
four patients showed signs of liver failure. The second main 
cause for hyperammonemia in our cohort was portosystemic 
shunting, caused by obstructions of the portal venous 
system or microvascular portosystemic shunting within 
the liver metastases. Portosystemic shunting as a cause of 
encephalopathy in NEN patients has been described in 
other case reports (Erinjeri et  al. 2010, Vandamme et  al. 
2012) and was most likely also one of the main causes in 
13% of our patients. Additional causes include decreased 
ammonia excretion due to impaired kidney function or 
acute stressors such as surgical or other interventions, 
infections or medication-associated toxicities (Shea et  al. 
2013, Willson et al. 2013, Gupta et al. 2016). In 27% of our 
patients, the occurrence of hyperammonemia was indeed 
associated with an acute trigger factor. Interestingly, this 
was the main cause in our patients with a tumor liver load 
below 10%.

Lastly, an alternative mechanism involving the 
production of hormones or neurotransmitters has been 
proposed (Monardo et al. 2020). The fact that no difference 
was seen in hyperammonemia severity according to 
liver tumor load, liver insufficiency or signs of portal 
hypertension indicates different mechanisms. In addition, 
the number of patients with functional active NENs 
(43%) was higher in this cohort than the control cohort 
(32%) (Refardt et  al. 2020) and functional active NENs 

Patient characteristics Value

(B) Triggers leading up to ammonia measurement
Reason for measurement
 Encephalopathy, n (%) 14 (31)
 Post-interventional/surgical complications, n (%) 7 (16)
 General deteriation, n (%) 13 (30)
 Acute trigger (e.g. sepsis), n (%) 7 (16)
 Liver tumor bulk, n (%) 3 (7)
Main clinical problem at time of measurement
 Tumor progression, n (%) 25 (57)
 Tumor lysis syndrome, n (%) 3 (7)
 Intervention/operation, n (%) 8 (18)
 Cardiac failure, n (%) 1 (2)
 Infection, n (%) 4 (9)
 Elective evaluation, n (%) 3 (7)

HA, hyperammonemia; IQR, interquartile range; NEN, neuroendocrine neoplasm; NEC, neuroendocrine carcinoma; PRRT, peptide receptor  
radionuclide therapy.

Table 1 Continued.
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that could interfere with the complex detoxification 
process of ammonia seems plausible and should be further 
investigated.

Given the likely underreporting of hyperammonemia 
in NEN patients, the main challenge will be to identify the 
patients in whom ammonia levels should be measured. 
An important clinical indicator is the development of 
encephalopathy, which was documented in 31% of our 
patients. Encephalopathy can be missed in patients 
presenting with mild symptoms (Rose et  al. 2020) like 
mild behavior changes but still alert. This is likely 

underreported in the presented cohort. Awareness of the 
treating physician prompting ammonia measurement 
in metastatic NEN patients presenting with behavior 
changes, disorientation, memory problems or hand tremor 
is critical. These symptoms are debilitating and severely 
reduce the quality of life of the patient and/or patient’s 
family. Furthermore, although patients who developed 
encephalopathy had higher levels of ammonia, lower 
levels were not exclusive of the development of symptoms. 
Similar findings have been described in other studies (Ong 
et al. 2003, Haj & Rockey 2020). Interestingly, the severity 

Table 2 Risk factors associated with hyperammonemia in neuroendocrine neoplasm patients. Values are shown as frequencies 
(%) or median (IQR).

Laboratory parameters at time point hyperammonemia Value

Liver function, n (%)
 Liver transaminase levels, normal 13 (29)
  >normal, <10× elevated 20 (46)
  >10×/<100× elevated 7 (16)
  >100× elevated 4 (9)
 Bilirubin, (normal 0–16 µmol/L), median (IQR) 20 (10–33)
  Hyperbilirubinemia, n (%) 23 (52)
 Albumin, (normal 35–50g/L), median (IQR) 27 (23–36)
  Hypalbuminemia, n (%) 31 (71)
Kidney function
 Creatinine, (normal 55–90 µmol/L), median (IQR) 116 (78–154)
  GFR, median (IQR) 53 (37–81)
  GFR 60–90mL/min, n (%) 7 (16)
  GFR 30–59mL/min, n (%) 22 (50)
  GFR <30 mL/min, n (%) 7 (16)
Coagulation factors
 Thrombocytes, (normal 150–370 109/L), median (IQR) 184 (95–288)
  Thrombopenia, n (%) 16 (36)
 Prothrombin time, (normal 10.9–13.3), median (IQR) 16.5 (14.6–23.4)
 INR, (normal <1.1), median (IQR) 1.4 (1.3–1.8)
Assessment liver function
 Liver insufficiency (high bilirubin, low albumin, elevated INR), n (%) 17 (39)
 Signs of encephalopathy, n (%) 14 (31)
 Child–Pugh score, median (IQR) 8 (7–10)
 MELD-Na score, median (IQR) 17 (11–23)
Radiology, n (%)
 Tumor burden liver
  0–10% 10 (22,7)
  11–25% 2 (4,5)
  26–50% 7 (15,9)
  >50% 20 (45,5)
  Missing 5 (11,4)
 Bilobar metastatic involvement liver 32 (73)
 Hepatomegaly 24 (55)
 Portal/superior mesenteric vein thrombosis 7 (16)
 Splenomegaly 5 (12)
 Collateral vessels 6 (14)
 Ascites (malignant and non-malignant) 30 (68)
  Ascites due to portal hypertension 9 (30)
 Signs of portal hypertension (thrombopenia, splenomegaly, large portal vein/collaterals, thrombotic 

occlusions)
13 (29)

GFR, glomerular filtration rate; INR, international normalized ratio of prothrombin time; IQR, interquartile range; MELD-Na, model for end-stage liver 
disease-sodium.
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of hyperammonemia failed to identify patients at risk 
for a reduced outcome, which underlines the need for 
additional prognostic factors.

In our cohort, the parameters hyperbilirubinemia, 
hypoalbuminemia, elevated INR as well as the presence 
of ascites and hepatic encephalopathy were associated 
with increased risk of mortality. Since these factors might 
be challenging to combine for the individual patient, 
we chose to evaluate the use of the known risk scores for 
liver insufficiency Child–Pugh and MELD-Na. While a 
higher rating was associated with an increased mortality 
risk in both scores, the Child–Pugh score included all 
defined risk factors and showed a higher association with 

worse outcome. The Child–Pugh score was developed 
as a predictive tool for mortality in cirrhotic patients 
and categorizes patients into good liver function (A), 
moderately impaired liver function (B) and advanced liver 
dysfunction (C) (Peng et  al. 2016). The clear association 
between Child–Pugh score and survival in our NEN 
patients with liver metastases shows that this score can be 
employed for prognostication.

Although overall survival rate of hyperammonemia 
patients did not differ from PS-matched stage IV control 
NEN patients, the median survival time after diagnosis of 
hyperammonemia was only 1.7 months. This underlines 
that these patients require prompt recognition and 
initiation of specialized treatment for hyperammonemia 
and underlying causes. Hyperammonemia is also 
accompanied by reduced survival rates in patients with 

Figure 1
Plasma ammonia levels in neuroendocrine neoplasm patients stratified 
according to different risk factors. (A) Liver transaminases and liver tumor 
load; (B) Liver insufficiency, signs of portal hypertension and hepatic 
encephalopathy. Data are shown as median with individual data points. 
The P -values depict the difference within the groups and bold writing 
indicates significance. UL, upper limit of normal.

Figure 2
Risk factors associated with hyperammonemia in NEN patients. (A) Forest 
plot showing the effect of the pre-defined risk factors on mortality risk 
according to univariable regression analysis. The black squares reflect the 
hazard ratio, while the whiskers indicate the lower and upper limits of the 
95% CI. HE, encephalopathy; HT, hypertension; INR, international 
normalized ratio of prothrombin time. (B) Survival time from onset of 
hyperammonemia to death in relation to Child–Pugh scores. Data are 
shown as median with individual data points. The P -value depicts the 
difference within the groups and bold writing indicates significance. 
Control, NEN control population, HA, hyperammonemia population; NEN, 
neuroendocrine neoplasm.
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acute and chronic liver failure and irrespective of complete 
liver failure (Sakusic et al. 2018, Shalimar et al. 2020).

A careful evaluation of possible causes and specific 
treatment options is crucial following the demonstration of 
hyperammonemia. Treatment for hyperammonemia given 
to the patients in the presented cohort was limited, with 
the majority receiving no treatment. This is most likely due 
to the low awareness of the impact of hyperammonemia. 
Evaluation should include nutritional status assessment as 
well as carnitine and arginine measurement, since both are 
important intermediates in ammonia detoxification via 
the urea cycle (Hanai et  al. 2020). Late-onset or acquired 
urea cycle disorders may also become apparent in patients 
with chronic malnutrition, rapid weight loss or other 
factors causing metabolic stress (Stepien et  al. 2019). For 
patients in whom the cause of hyperammonemia is not 
easily reversible, treatment focuses on lowering ammonia 
levels. This can be achieved in most cases by reducing 
ammonia production and absorption from the intestines, 
as with the antibiotic rifaximin. Lactulose can also reduce 
absorption by converting ammonia to ammonium, 
which is then excreted in the stool (Bass et  al. 2010, 
Hudson & Schuchmann 2019). Other treatment options 
are l-arginine, a non-essential amino acid that reduces 
ammonia levels by increasing urea production (Harper & 
Najarian 1956, Fahey et  al. 1957). In the presented case, 
the administration of l-arginine resulted in a transient 
amelioration of symptoms, since l-arginine is given 
together with PRRT for nephroprotection.

In case of hyperammonemia due to shunting, 
reduction of liver tumor mass could be the preferred 
strategy, for example with SIRT as in our case or with 
interventions such as transarterial embolization (TAE) or 
transarterial chemo-embolization (TACE) (Turken et  al. 
2009, Erinjeri et al. 2010, Vandamme et al. 2012, Pande et al. 
2017). According to the available limited data, TAE might 
be preferred in severely symptomatic patients aiming at 
rapid reduction of ammonia levels (Vandamme et al. 2012). 
While these procedures might prolong survival in patients 
with otherwise high mortality rates, they could also trigger 
hyperammonemia due to acute deterioration of liver 
function. Therefore, their use should be carefully evaluated 
in a multidisciplinary setting.

The main limitation of our study is its retrospective 
design and likely selection bias. All but three patients 
were diagnosed with hyperammonemia due to patient 
deterioration or the appearance of an acute trigger factor. 
Patients with mild symptoms could have been missed, 
especially in view of the low awareness of hyperammonemia 
in NEN patients. This is also reflected in the low number of 

NEN patients with available ammonia levels. In addition, 
due to the limited number of actively treated patients, 
no statement can be made about the effect of ammonia-
lowering treatments on the outcome. Despite these 
limitations, this study is the first to systematically evaluate 
risk and possible prognostic factors in NEN patients with 
hyperammonemia.

In conclusion, our study revealed that NEN patients 
developing hyperammonemia have a worse outcome 
independent of the severity of hyperammonemia. 
Ammonia levels should be measured when neurocognitive 
symptoms or risk factors are present. Child–Pugh scoring 
could be helpful for risk stratification in these patients.
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