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Abstract
BACKGROUND 
Ammonia is a normal constituent of body fluids and is found mainly through the 
formation of urea in the liver. Blood levels of ammonia must remain low as even 
slightly elevated concentrations (hyperammonemia) are toxic to the central 
nervous system.

AIM 
To examine the relationship between the incidence of non-hepatic hype-
rammonemia (NHH) and the prognosis of patients who were admitted to the 
intensive care unit (ICU).

METHODS 
This is a prospective, observational and single-center study. A total of 364 patients 
who were admitted to the ICU from November 2019 to February 2020 were 
initially enrolled. Changes in the levels of blood ammonia at the time of ICU 
admission and after ICU admission were continuously monitored. In addition, 
factors influencing the prognosis of NHH patients were analyzed.

RESULTS 
A total of 204 patients who met the inclusion criteria were enrolled in this study, 
including 155 NHH patients and 44 severe-NHH patients. The incidence of NHH 
and severe-NHH was 75.98% and 21.57%, respectively. Patients with severe-NHH 
exhibited longer length of ICU stay and higher Acute Physiologic Assessment and 
Chronic Health Evaluation and Sequential Organ Failure Assessment scores 
compared to those with mild-NHH and non-NHH. Glasgow Coma Scale scores of 
patients with severe-NHH were than those of non-NHH patients. In addition, the 
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mean and initial levels of ammonia in the blood might be helpful in predicting the 
prognosis of NHH.

CONCLUSION 
High blood ammonia level is frequent among NHH patients admitted to the ICU, 
which is related to the clinical characteristics of patients. Furthermore, the level of 
blood ammonia may be helpful for prognosis prediction.

Key Words: Non-hepatic hyperammonemia; Intestinal absorption; Blood ammonia level; 
Metabolism of amino acid; Severe patients; Intensive care unit

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ammonia is a normal constituent of body fluids, and the concentration of 
blood ammonia must remain low. Herein, a prospective and single-center study was 
conducted to investigate the relationship between the incidence of non-hepatic 
hyperammonemia and the prognosis of patients admitted to the intensive care unit. 
Furthermore, the level of blood ammonia may be helpful for prognosis prediction of 
critically ill patients.

Citation: Yao ZP, Li Y, Liu Y, Wang HL. Relationship between the incidence of non-hepatic 
hyperammonemia and the prognosis of patients in the intensive care unit. World J 
Gastroenterol 2020; 26(45): 7222-7231
URL: https://www.wjgnet.com/1007-9327/full/v26/i45/7222.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i45.7222

INTRODUCTION
The human body metabolizes three substances, including sugar, fat and protein. 
Ammonia in the human body is mainly produced as a byproduct of protein digestion 
and bacterial metabolism in the gut. The majority of ammonia is either reutilized for 
the biosynthesis of nitrogenous compounds (such as amino acids), or converted to 
urea by the urea cycle, with only a small amount of ammonia released into the 
blood[1-3]. As the main metabolite of amino acids, ammonia can enter the brain through 
the blood-brain barrier when blood ammonia increases. This may cause glial cell 
edema, changes in consciousness, increased intracranial pressure, and even hepatic 
encephalopathy, seriously threatening the life of patients. Generally, hyperam-
monemia occurs due to a reduction in the metabolic capacity of the liver urea cycle. 
However, it may occur in the absence of hepatic diseases, namely non-hepatic 
hyperammonemia (NHH)[4-6]. In recent years, the importance of blood ammonia and 
NHH in the treatment and prognosis of patients is often neglected in clinical practice.

The occurrence of NHH in severe patients is easily ignored. As NHH patients have 
no history of liver diseases, this disorder is easily missed. In addition, critically ill 
patients often encounter various risk factors leading to high blood ammonia levels, 
including increased ammonia production and reduced clearance[7]. Increased ammonia 
production is common in microbial infections, such as urease production, pneumonia 
and fever, and other stress-related diseases, eventually resulting in high blood 
ammonia level. Catabolic states induced by seizures, extreme exercise, trauma, steroid 
use and gastrointestinal bleeding can also increase the production of ammonia[8-10]. 
Multiple studies have demonstrated that probiotics reduce inflammation and 
oxidative stress in liver cells, thereby leading to increased hepatic clearance of 
ammonia and reduced uptake of other toxins. Urea cycle disorders are inborn errors of 
ammonia detoxification/arginine synthesis caused by mutations in one of five core 
enzymes, one activating enzyme, or one of two mitochondrial anti-porters. Acute 
kidney injury may result in a large number of complications, including metabolic 
acidosis, high potassium level, uremia, and changes in fluid balance[11-13]. Therefore, 
blood ammonia level not only reflects the status of liver function and energy supply, 
but also affects the tricarboxylic acid cycle[14]. High blood ammonia mainly affects 
severe patients with insufficient energy supply or metabolism[15-17]. Therefore, 
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monitoring blood ammonia is the first step of disease assessment in clinical practice. In 
addition, high blood ammonia is associated with the development and mortality of 
severe diseases.

The understanding of serum ammonia should not be limited to traditional liver 
diseases or hepatic encephalopathy, and NHH should also be given sufficient 
attention. In clinical practice, the first thing is to actively monitor blood ammonia and 
timely detect the increase of blood ammonia caused by various reasons. In addition, 
early intervention and treatment may play a key role in improving the prognosis of 
severe patients. Herein, a prospective and single-center study was conducted to 
investigate the relationship between the incidence of NHH and the prognosis of 
patients admitted to the intensive care unit (ICU).

MATERIALS AND METHODS
Study design
This is a prospective, observational and single-center study. A total of 364 patients 
who were admitted to the ICU from November 2019 to February 2020 were initially 
enrolled. Inclusion criteria were as follows: (1) Patients who were admitted to the ICU 
during the study; and (2) Patients who were aged > 18 years. Exclusion criteria were as 
follows: (1) Patients with acute liver failure (ALF); (2) Patients with chronic liver 
disease (CLD); (3) Patients who were re-admitted to the ICU; or (4) Patients who did 
not sign the written informed consent form. Arterial blood was collected on ICU 
admission and at 09:00 a.m. each day after ICU admission.

HNN is defined as high blood ammonia level (> 35 μmol/L) in patients without 
liver diseases. According to the changes in blood ammonia level, the severity of NHH 
is classified into two stages: 36-99 μmol/L and ≥ 100 μmol/L representing mild-NHH 
and severe-NHH, respectively[18]. Blood samples were stored at 4 °C or wrapped in ice 
packs immediately after collection. All samples were analyzed within 30 min after 
collection. The study was approved by The Ethics Committee of The Second Affiliated 
Hospital of Harbin Medicine University (Nangang, China). Informed consent was 
obtained from patients or their families before the study.

Statistical data included patients’ demographic characteristics, history of other 
diseases, patients’ current conditions, and patients’ Acute Physiologic Assessment and 
Chronic Health Evaluation II (APACHE-II) score at ICU admission[19]. Changes in 
blood ammonia levels, Glasgow Coma Scale (GCS) score, and Sequential Organ 
Failure Assessment (SOFA) score were recorded each day after ICU admission[20].

Statistical analysis
SPSS 20.0 software (IBM, Armonk, NY, United States) was used for all statistical 
analysis. Experimental data were expressed as mean ± SD. Continuous variables were 
analyzed using the Student’s t-test, and categorical variables were analyzed by the χ2 
test. Mann-Whitney U test was used to compare the differences between two groups. 
One-way analysis of variance (ANOVA) was used to compare the differences among 
different groups. The correlation of blood ammonia level with length of ICU stay, 
APACHE-II, SOFA, and GCS scores was evaluated using the t-test. Pearson’s 
correlation coefficient was used to assess the relationship between blood ammonia 
level and related indicators. Logistic regression analysis revealed that the difference 
between mean blood ammonia level and initial blood ammonia level was statistically 
significant for predicting prognosis. A receiver operating characteristic (ROC) curve 
was plotted, and the area under curve (AUC) was calculated to evaluate the statistical 
significance of high-, mean-, and initial-levels of ammonia in the blood. P < 0.05 was 
considered statistically significant.

RESULTS
From May 2019 to August 2019, 364 patients were recruited, of whom 28 patients who 
were aged < 18 years, 19 patients with CLD, 28 patients with ALF, 10 patients with 
ICU re-admission, 61 patients with incomplete blood ammonia test data, and 14 
patients who did not sign the written informed consent form were excluded (Figure 1). 
Finally, a total of 204 patients were enrolled, including 101 (49.51%) male patients and 
103 (50.49%) female patients. The median age of the enrolled patients was 51.94 ± 18.34 
years old. The mean length of ICU stay was 3.38 ± 2.96 d, and the mean APACHE-II 



Yao ZP et al. Non-hyperammonemia in the ICU

WJG https://www.wjgnet.com 7225 December 7, 2020 Volume 26 Issue 45

Figure 1 Enrollment of patients. CLD: Chronic liver disease; ALF: Acute liver failure; ICU: Intensive care unit.

score was 14.68 ± 9.29.
In this study, 155 NHH patients and 44 severe-NHH patients were enrolled. The 

incidence rate of NHH patients and severe-NHH patients was 75.98% and 21.57%, 
respectively. Patients with severe-NHH had a longer length of ICU stay and higher 
APACHE-II and SOFA scores compared to those with mild-NHH and non-NHH. 
Additionally, patients with severe-NHH had lower GCS scores than non-NHH 
patients. However, no statistically significant differences were observed in the length 
of ICU stay, APACHE-II, SOFA, and GCS scores between patients with mild-NHH 
and non-NHH (Figure 2).

Subsequent results demonstrated that the highest level of ammonia in the blood was 
closely correlated with the length of ICU stay, APACHE-II score, and the highest 
SOFA score, and was negatively correlated with the lowest GCS score and the median 
age of patients. Mean-level of ammonia (M-ammonia) and initial-level of ammonia (I-
ammonia) in the blood showed no significant correlation with the median age of 
patients and the length of ICU stay (Table 1).

The patients were divided into the following two groups: good-prognosis group 
and poor-prognosis group, and their basic data and blood ammonia levels were 
assessed. The results showed that patients in the poor-prognosis group had higher 
APACHE-II scores and blood ammonia levels compared with those in the good-
prognosis group (Table 2). Logistic regression analysis revealed that M-ammonia and 
I-ammonia in the blood were statistically significant for predicting prognosis (Table 3). 
The ROC curve showed that the AUC value of M-ammonia was 0.591 (P = 0.041). With 
consideration of M-ammonia equal to 69.5 μmol/L, critical values could be achieved to 
predict good-prognosis and poor-prognosis, with a sensitivity and specificity of 30.5% 
and 86.2%, respectively. In addition, the AUC value of I-ammonia was 0.612 (P = 
0.012). With consideration of I-ammonia equal to 62.00 μmol/L, critical values could 
be attained to predict good-prognosis and poor-prognosis, with a sensitivity and 
specificity of 39% and 80%, respectively.

Similarly, we grouped patients according to central nervous system (CNS) 
disorders, circulatory system diseases, respiratory diseases, and multiple injuries. The 
results found that no statistically significant differences were observed in blood 
ammonia level among the groups. In addition, the patients were categorized into the 
drug poisoning group and non-drug poisoning group. Subsequent results revealed 
that blood ammonia level in the drug poisoning group was higher than that in the 
non-drug poisoning group (P < 0.05) (Table 4).

However, there was no statistically significant difference in the area under the ROC 
curve for H-, M- and I- between the drug poisoning group and the non-drug poisoning 
group.
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Table 1 Linear relationship between blood ammonia and various indicators

H-Ammonia M-Ammonia I-Ammonia

r P value r P value r P value

Age -0.161 0.022 0.136 0.052 0.008 0.236

Days in ICU 0.314 0.000 0.004 0.572 0.004 0.573

APACH-II 0.240 0.000 0.221 0.002 0.263 0.000

H-SOFA 0.312 0.000 - - - -

L-GCS -0.205 0.004 - - - -

M-SOFA - - 0.279 0.000 - -

M-GCS - - -0.183 0.009 - -

I-SOFA - - - - 0.278 0.000

I-GCS - - - - -0.174 0.013

P < 0.05 was considered statistically significant. M-Ammonia: Mean-level of ammonia; I-Ammonia: Initial-level of ammonia; ICU: Intensive care unit; 
APACHE-II: Acute Physiologic Assessment and Chronic Health Evaluation II; H-SOFA: The high level of Sequential Organ Failure Assessment score; L-
GCS: The low level of Glasgow Coma Scale score; M-SOFA: The mean level of Sequential Organ Failure Assessment score; M-GCS: The mean level of 
Glasgow Coma Scale score; I-SOFA: The initial level of Sequential Organ Failure Assessment score; I-GCS: The initial level of Glasgow Coma Scale score.

Table 2 Comparison of prognosis between groups

Variables, mean ± SD Good Poor t/Z P value

Age (yr) 51.58 ± 18.49 52.51 ± 18.24 -0.434 0.665

Sex (M/F) 69/76 32/27 0.742 0.389

Time in ICU (d) 3.32 ± 2.57 3.53 ± 3.81 -0.999 0.318

APACHE-II 12.36 ± 7.53 20.39 ± 10.77 -4.933 0.000

H-Ammonia, μmol/L 67.06 ± 48.24 81.69 ± 59.63 -1.776 0.076

M-Ammonia, μmol/L 47.70 ± 23.79 63.85 ± 46.35 -2.039 0.041

I-Ammonia, μmol/L 48.43 ± 30.97 65.17 ± 46.26 -2.516 0.012

Good means cure or transferred to the ward; Poor means unhealed or died. P < 0.05 was considered statistically significant. ICU: Intensive care unit; 
APACHE-II: Acute Physiologic Assessment and Chronic Health Evaluation II; H-Ammonia: High-level of ammonia; I-Ammonia: Initial-level of ammonia.

Table 3 The logistic regression analysis of ammonia

95%CI for Exp (B)
B S.E. Wald P value Exp (B)

Lower Upper

H-Ammonia -0.0051 0.0028 3.2123 0.0731 0.9949 0.9894 1.0005

M-Ammonia -0.0144 0.0049 8.6664 0.0032 0.9857 0.9762 0.9952

I-Ammonia -0.0116 0.0041 7.8614 0.0051 0.9885 0.9805 0.9965

P < 0.05 was considered statistically significant. Exp: Expedition; H-Ammonia: High-level of ammonia; M-Ammonia: Mean-level of ammonia; I-Ammonia: 
Initial-level of ammonia.

DISCUSSION
In the present study, we investigated blood ammonia level in patients with NHH who 
were admitted to the ICU for the first time. The results showed that patients with 
severe-NHH had a longer length of ICU stay and a lower level of consciousness. The 
mean and initial levels of ammonia in the blood might be helpful in predicting 
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Table 4 Comparison between drug poisoning and non-drug poisoning

Variables, mean ± SD Drug poisoning n (20) Non-drug poisoning n (184) P value

H-Ammonia, μmol/L 86.70 ± 46.54 69.61 ± 52.47 0.032

M-Ammonia, μmol/L 68.11 ± 36.88 50.66 ± 31.85 0.016

I-Ammonia, μmol/L 73.10 ± 46.37 51.12 ± 35.01 0.024

P < 0.05 was considered statistically significant. H-Ammonia: High-level of ammonia; M-Ammonia: Mean-level of ammonia; I-Ammonia: Initial-level of 
ammonia.

Figure 2 Comparison of clinical characteristics of normal (non-hepatic hyperammonemia) patients with mild and severe hepatic 
hyperammonemia patients. A: The length of stay at intensive care unit; B: The Acute Physiologic Assessment and Chronic Health Evaluation II score; C: The 
high level of Sequential Organ Failure Assessment score; D: The low level of Glasgow Coma Scale score. bP < 0.01, eP < 0.001. APACHE-II: Acute Physiologic 
Assessment and Chronic Health Evaluation II; H-SOFA: The high level of Sequential Organ Failure Assessment score; L-GCS: The low level of Glasgow Coma Scale 
score.

prognosis. In addition, patients in the drug poisoning group had higher blood 
ammonia levels compared with those in the non-drug poisoning group.

Currently, it is well-known that hyperammonemia often occurs in patients with 
liver diseases. However, there is limited research on whether blood ammonia level 
increases in patients without liver diseases. A previous study reported that elevated 
blood ammonia level is common in critically ill patients (nearly 70%)[21]. When liver 
capacity is surpassed due to increased ammonia production and/or reduced ammonia 
degradation, kidneys, muscles and the CNS increase their participation in ammonia 
detoxification. In this study, our results confirmed this previously overlooked clinical 
phenomenon. This indicated that the majority of patients had excessive accumulation 
of ammonia in the blood, thereby resulting in hyperammonemia in the ICU.

Subsequently, we divided NHH patients into mild and severe disease, and found no 
statistically significant difference between mild-NHH and non-NHH patients. 
However, patients with severe-NHH had a longer length of ICU stay and a lower level 
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of consciousness. These results suggested that patients with blood ammonia level > 
100 μmol/L might be accompanied by severe diseases and physical conditions. A large 
number of studies have demonstrated that increased blood ammonia level is 
considered the most important factor in the pathogenesis of hepatic encephalopathy. 
The present study demonstrated that the higher the blood ammonia level, the worse 
the consciousness of patients. This may be due to the high blood ammonia level 
caused by cerebral edema and poor consciousness. In addition, poor consciousness 
may be related to the patient’s poor body condition. Thus, we suggest that further 
attention should be paid to patients with severe-NHH who are at high risk of 
infection. However, further experiments are required to explore the pathogenic 
mechanism.

Additionally, significant differences were observed in the APACHE-II score, mean 
blood ammonia level and initial blood ammonia level between the poor-prognosis and 
good-prognosis groups. Logistic regression analysis showed that high levels of mean 
blood ammonia and initial blood ammonia, but not high levels of ammonia, could 
reflect the poor prognosis of patients. Initial blood ammonia level reflects the 
untreated level of the disease. The duration of ammonia clearance is very short (about 
7.7 h). Thus, the mean blood ammonia level reflects the continued level of the disease 
after treatment, which may have a greater impact on the prognosis of severely ill 
patients. Hyperammonia is only a transient metabolic abnormality, which, if treated in 
a timely manner, is reversible. It may be that hyperammonia is not statistically 
significant for disease prognosis. Therefore, real-time and continuous monitoring of 
blood ammonia level is highly essential for critically ill patients. Current studies have 
indicated that there are numerous factors influencing patients’ prognosis. However, 
whether increased blood ammonia level can be used as an independent prognostic 
indicator still requires large-scale experiments.

We further assessed the relationship between blood ammonia level with CNS 
disorders, circulatory system diseases, respiratory diseases and multiple injuries. 
However, no significant correlation was noted, which is consistent with the results of 
previous studies[21-31]. Our results also revealed that high-, mean-, and initial-level of 
ammonia in the blood increased markedly in the drug poisoning group compared 
with those in the non-drug poisoning group. However, there was no significant 
difference between the two groups due to the small number of patients in the 
poisoning group.

The limitation of our study is that it is a single-center study with a small sample 
size. Hence, further multi-center, large-scale, clinical studies should be conducted on 
NHH patients with elevated blood ammonia level admitted to the ICU.

At present, only guidelines released by the Middle East countries indicate that 
patients with blood ammonia level > 50 μmol/L require dietary treatment, and those 
with blood ammonia level > 100 μmol/L require medication. The current study 
revealed that patients with blood ammonia level > 100 μmol/L had more severe 
clinical symptoms and required urgent treatment. However, it is still unknown 
whether hyperammonia caused by severe non-hepatic diseases requires conventional 
ammonia-lowering treatments. In addition, the majority of ammonia-lowering drugs 
are only appropriate for patients with liver diseases. Hence, further research is needed 
to indicate whether these drugs can be applied in NHH patients with elevated blood 
ammonia levels. Besides, blood purification therapy may be an appropriate option for 
patients with increased blood ammonia level. Further studies are needed to confirm 
this hypothesis in the future.

CONCLUSION
High blood ammonia level is frequent among NHH patients admitted to the ICU, 
which is related to the clinical characteristics of patients. Furthermore, the level of 
blood ammonia may be helpful for prognosis prediction.

ARTICLE HIGHLIGHTS
Research background
Ammonia is a normal constituent of body fluids, and the concentration of blood 
ammonia must remain low.
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Research motivation
Ammonia is a normal constituent of body fluids and is treated mainly through the 
formation of urea in the liver. Blood levels of ammonia must remain low as even 
slightly elevated concentrations (hyperammonemia) are toxic to the central nervous 
system.

Research objectives
The aim of this study was to determine the relationship between the incidence of non-
hepatic hyperammonemia (NHH) and the prognosis of patients who were admitted to 
the intensive care unit (ICU).

Research methods
This is a prospective, observational and single-center study. A total of 204 patients 
who were admitted to ICU from November 2019 to February 2020 were finally 
enrolled. Changes in the levels of blood ammonia at the time of ICU admission and 
after ICU admission were continuously monitored. In addition, factors influencing the 
prognosis of NHH patients were analyzed.

Research results
A total of 204 patients who met the inclusion criteria were enrolled in this study, 
including 155 NHH patients and 44 severe-NHH patients. The incidence of NHH and 
severe-NHH was 75.98% and 21.57%, respectively. Patients with severe-NHH 
exhibited a longer length of ICU stay and higher Acute Physiologic Assessment and 
Chronic Health Evaluation and Sequential Organ Failure Assessment scores compared 
to those with mild-NHH and non-NHH. Glasgow Coma Scale scores of patients with 
severe-NHH were lower than those of non-NHH patients. In addition, the mean and 
initial levels of ammonia in the blood might be helpful in predicting the prognosis of 
NHH.

Research conclusions
High blood ammonia level is frequent among NHH patients admitted to the ICU, 
which is related to the clinical characteristics of patients. Furthermore, the level of 
blood ammonia may be helpful for prognosis prediction.

Research perspectives
It is necessary to explore the relationship between the incidence of NHH and the 
prognosis of patients in the ICU. Early intervention and treatment may be the key to 
improving the prognosis of critically ill patients, a hypothesis that needs to be 
confirmed by further studies in the future.
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