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Abstract
The aim of this study was to evaluate the association of non-hepatic hyperammonemia (NHH) with the prognosis of critically ill patients
with NHH.
According to the serum ammonia level, the patients with NHH (n=498) were retrieved by us. The risk factors of the mortality with

NHH patients were investigated by conducting univariate and multivariate logistic regression analyses. A nomogram to predict the
risk of hospital mortality was constructed. Receiver operating characteristic curve (ROC) analysis was conducted to compare
nomogram (ammonia into a prognostic model, P1) with the simplified acute physiology II (SAPSII) and quick sequential organ failure
assessment (qSOFA).
Five independent factors for the mortality in patients with NHH were identified, including age, platelets, bun, hemoglobin, and

ammonia. Models P1 using ammonia showed good prediction power. The AUROC of P1 (AUROC, 0.755 [95% CI, 0.713–0.796])
was higher than that of qSOFA (AUROC, 0.500 [95% CI, 0.449–0.551]), and SAPS II (AUROC, 0.703[95% CI, 0.658–0.748]).
Ammonia was an independent prognostic predictor of mortality for NHH patients. We developed a nomogram that can predict

hospital mortality with patients. Nomogram had superior discriminative power to qSOFA and SAPS II, indicating that the nomogram
may have clinical utility.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, BUN = blood urea nitrogen, Cr = creatinine,
DBP= diastolic blood pressure, HR =Heart rate (HR), ICU = intensive care unit, INR = international normalized ratio, LOS = length of
hospital stay, NHH = non-hepatic hyperammonemia, PT = prothrombin time, PTT = partial thromboplastin time, qSOFA = quick
sequential organ failure assessment, RR = respiratory rate, SAPSII = patients’ simplified acute physiology score, SBP = systolic
blood pressure, T = temperature, WBC = white blood cell count.
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1. Introduction

Blood ammonia, a substance derived from the catabolism of
various amino acids in human tissues, is produced by the
ammonia absorbed in the intestine entering the bloodstream. The
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liver represents the primary detoxifying organ for ammonia,
which is a neurotoxin. It is possible for elevated blood ammonia
to cause hepatic encephalopathy.[1] However, hyperammonemia
encephalopathy can progress from confusion to coma with
cerebral edema, and brain stem herniation. For the patients in the
intensive care unit, hyperammonemia is associated with high
mortality.[2] Elevated blood ammonia without a history of liver
disease is defined as non-hepatic hyperammonemia (non-hepatic
hyperammonemia, NHH). NHH occurs in up to 73% of
critically ill patients. Related to multiple-organ damage, NHH
prolongs the ICU stay and results in higher mortality.[3]

At present, the study on non-hepatic hyperammonemia
remains limited, and most of them focus on the risk factors
for patients with non-hepatic hyperammonemia, which is
attributed to multiple myeloma,[4] valproate,[5] sepsis, and
kidney disease and gastrointestinal bleeding.[6,7] Despite the
high occurrence, and mortality among the patients with non-
hepatic hyperammonemia, a prognostic tool is still not applied to
predict the mortality of non-hepatic hyperammonemia.
The aim of this study was to evaluate the association of non-

hepatic hyperammonemia with the prognosis of critically ill
patients, identify the risk factors for the premature death of non-
hepatic hyperammonemia patients and reduce mortality in the
patients with non-hepatic hyperammonemia.

2. Materials and methods

2.1. General information

A retrospective study was performed at the ICU of Chifeng
Municipal Hospital from March 2012 to February 2018. Data
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retrieved through the hospital’s electronic case system. Inclusion
criteria:
1.
 Aged between 18 and 89;

2.
 Admission for over 24h;

3.
Figure 1. Flow chart of study Data Search.
The blood ammonia level of over 35umol/L was treated as
hyperammonemia. Exclusion criteria: Excluded patients with
liver disease.

2.2. Data retrieval method

The worst laboratory test and the mean value of vital signs
during the first 24h of ICU admission were collected. Such as
age, gender, heart rate (HR), systolic pressure (SBP), diastolic
pressure (DBP), and respiratory rate (RR), the maximum level of
blood ammonia during hospitalization and the biochemical
examinations (alanine aminotransferase (ALT), aspartate
aminotransferase (AST), albumin (ALB), total bilirubin (Tbil),
PTT, INR, PT, WBC, hemoglobin (HGB), platelets (PLT),
BUN, creatinine (Cr), glucose (Glu), and ammonia), SPO2 of
patients within 24h of admission, and SAPS II score, qSOFA
score of patients, length of stay hospital (LOS), and hospital
mortality.
Table 1

Characteristics of Study Population.

Characteristics

Age, years 60.13 (50.26–70.40)
Male sex 287 (57.63%)
Ammonia (umol/L) 53 (42.75–73)
ALT (IU/L) 21 (14–30)
AST (IU/L) 32 (21–63)
Tbil (mg/dL) 0.7 (0.4–1.92)
ALB (g/L) 3.0 (2.5–3.6)
Cr (mg/dL) 1.2 (0.8–2.2)
2.3. Statistical analysis

The single-sample Kolmogorov–Smirnov test was conducted to
determine data distribution. The characteristics of patients
were described using the median (interquartile range [IQR]),
or frequency and percentage, as appropriate. In order for
prediction of the mortality of non-hepatic hyperammonemia,
univariate, and multivariable competing risk regression, on the
basis of the results from the final regression analysis, a
nomogram for hospital mortality probability was constructed.
The performance of the nomogram was assessed by discrimi-
nation. The discriminative ability of the model was determined
by the area under the receiver operating characteristic curve. A
non-parametric test (Mann–Whitney U test or Kruskal–Wallis
test) was used for comparisons between the non-hyperammo-
nemia groups and the relationship between serum ammonia and
age. P< .05 was treated as statistically significant. All statistical
analyses were conducted using SPSS 25 software and R
software.
Glu (mg/dL) 145 (115–185)
HGB (g/dL) 9.8 (8.6–11.2)
PLT (�109 /L) 175 (110–251.25)
APTT (s) 36.35 (29.1–45.75)
INR 1.3 (1.1–1.5)
PT (s) 15.5 (13.6–17.91)
BUN (mg/dL) 24 (15–44)
WBC (�109/L) 11.4 (7.88–16.4)
HR 106.48 (92–121)
SBP (mmHg) 91 (81–102)
DBP (mmHg) 43.17 (34–52)
RR 27 (23–32)
SPO2 (mmHg) 93 (90–96)
qSOFA 2 (1–2)
SAPSII 37 (29–47)
LOS 13 (6–23)
Hospital mortality (%) 249 (50.0%)

ALB= albumin, ALT= alanine aminotransferase, AST= aspartate aminotransferase, Cr= creatinine,
DBP=diastolic pressure, Glu=glucose, HGB=hemoglobin, HR=heart rate, LOS= length of hospital
stay, PLT=platelets, qSOFA=quick sequential organ failure assessment score, RR= respiratory rate,
SAPSII= simplified acute physiology II score, SBP= systolic pressure, Tbil= total bilirubin.
3. Results

3.1. Baseline characteristics and outcomes

A total of 2123 patients with blood ammonia level tested
were retrieved in the Department of Critical Care Medicine,
Chifeng Municipal Hospital, China, and totally of 1217 patients
with liver disease were excluded. Twenty-three patients were
excluded due to age limit, 385 patients were excluded for
ammonia in no excess of 35umol/L, and 498 patients were
analyzed. The missing values are lower than 10%, and the mean
value interpolation method was applied to process the missing
values (Fig. 1).
In total, 498 patients meeting the inclusion above criteria were

identified. The patients with hospital admission were character-
ized, as shown in Table 1. The average age on admission is 60.13
(50.26-70.40) years, and 57.63% of the cohort are male. 50% of
the patients died in hospitalization.
2

3.2. Ammonia was an independent prognostic predictor in
patients

In univariate competing risk models, the indicators of mortality
of the patients with non-hepatic hyperammonemia were
identified, as shown in Table 2, which reveals that age, AST,
Tbil, ALB, Cr, HGB, PLT, APTT, INR, PT, BUN, ammonia were
associated with the mortality of the patients with non-hepatic
hyperammonemia (P< .05 or P< .01). The significant results of
the above-mentioned univariate analysis (P< .05) were inputted



Table 2

Univariate and multivariate analysis of risk factors to hospital mortality.

Univariate analysis Multivariate analysis

95.0% CI 95.0% CI

P OR Lower Upper P OR Lower Upper

Age, years <.001 1.036 1.023 1.050 <.001 1.036 1.021 1.052
Gender .276 0.821 0.575 1.172
Ammonia .003 1.007 1.003 1.012 .031 1.006 1.001 1.011
ALT (IU/L) .749 1.003 0.985 1.022
AST (IU/L) .019 1.002 1.000 1.003
Tbil (mg/dL) .001 1.088 1.035 1.144
ALB (g/L) <.001 0.579 0.453 0.741
Glu (mg/dL) .704 1.000 0.999 1.002
HGB (g/dL) <.001 0.761 0.689 0.840 .019 0.873 0.780 0.978
PLT (�109 /L) <.001 0.997 0.995 0.998 .002 0.977 0.966 0.999
APTT (s) .002 1.011 1.004 1.019
INR <.001 2.121 1.401 3.211
PT (s) .004 1.047 1.015 1.080
Cr (mg/dL) .001 1.183 1.069 1.309
BUN (mg/dL) <.001 1.026 1.018 1.035 .001 1.018 1.007 1.029
WBC (�109/L) .318 1.008 0.992 1.025
SPO2 (mmHg) .967 0.011 0.942 0.992

ALB= albumin hemoglobin, ALT= alanine aminotransferase, AST=aspartate aminotransferase, Cr=creatinine, Glu=glucose, HGB=hemoglobin, PLT=platelets, Tbil= total bilirubin.
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into a multivariate logistic regression analysis model for
correction, which led to the finding that, ammonia (OR=
1.036; 95% CI: 1.021–1.052; P< .001), bun (OR=1.018; 95%
CI: 1.007–1.029; P= .001), HGB (OR=0.873; 95% CI: 0.780–
0.978; P= .019), PLT (OR=0.977; 95% CI: 0.966–0.999;
P= .002), and age (OR=1.036; 95% CI:1.021–1.052; P< .001)
were independent factors associated with the mortality of the
patients with non-hepatic hyperammonemia (Table 2).
3.3. Development of the prognostic scoring model

Based on the five independent prognostic factors selected by
logstic’s proportional hazard regression analysis, we established
a scoringmodel (PI), a nomogramwas constructed. To calculate a
risk score, we assigned each of the five prognostic variables a
number of points that were proportional to its regression
coefficient. The value of each of these variables was given a score
on the point scale axis. A total score could be easily calculated by
adding every single score, and by projecting the total score to the
lower total point scale, we were able to estimate the probability of
hospital mortality in patients with NHH in critically ill patients
(Fig. 2).
Figure 2. ROC for the factors with significant difference in the multi-logistic
Regression.

3

3.4. Discrimination of the nomogram

To further confirm the reliability of the nomogram (modle PI), the
ROC curve was plotted and the area under the curve (AUC) was
calculated. In addition, sensitivity and specificity were deter-
mined according to Youden’s index, as shown in Figure 3.
According to the results, the AUC values, specificity, and
sensitivity of the above qSOFA, SAPS II, ammonia, PI affecting
the prognosis of patients with non-hepatic hyperammonemia
were as follows: ammonia (AUC: 0.564 sensitivity: 49.0%,
specificity:62.2%), Qsofa (AUC:0.500, sensitivity:54.2%, speci-
ficity:25.3%), SAPS II (AUC:0.703, sensitivity:86.3%, specificity:
43.8%), P1 (AUC: 0.755, sensitivity:57.8%, specificity: 81.0%)
(Table 3).
Figure 3. A nomogram predicting the risk of hospital mortality in critically ill
patients without liver disease. The value of each of variable was given a score
on the point scale axis. A total score could be easily calculated by adding each
single score. We were able to estimate the probability of hospital mortality in
critically ill patients without liver disease.

http://www.md-journal.com


Table 3

ROC for the factors with significant difference in the multi-logistic Regression [(n)%].

AUC P 95%CI Sensitivity Specificity

Ammonia 0.564 .013 0.514–0.614 0.490 0.622
qSOFA 0.5.00 1.000 0.449–0.551 0.542 0.253
SAPSII 0.703 <.001 0.658–0.748 0.863 0.438
P1 0.755 <.001 0.713–0.796 0.578 0.810

P1=model incorporating ammonia, hemoglobin, platelet, bun, age. qSOFA=quick sequential organ failure assessment, SAPSII= simplified acute physiology II score.
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3.5. The relationship between serum ammonia and age

Patients were divided into the age ≥60 group (n=251), age <60
group (n=247), As shown in Figure 4, patients with higher age
were associated with higher serum ammonia levels. Serum
ammonia levels in age ≥60 group was significantly higher than in
age <60 group (P< .001) (Fig. 4).

4. Discussion

In this study, our focus is to evaluate the association of non-
hepatic hyperammonemia with the prognosis of critically ill
patients. The key findings of our study are as follows:
1.
 non-hepatic hyperammonemia patients showed higher mor-
tality.
2.
 Ammonia was independent factor associated with mortality
among the patients with non-hepatic hyperammonemia.
3.
 Ammonia into a prognostic model PI exhibited a better
predictive ability of mortality among the patients with non-
hepatic than qSOFA and SAPS II.

From Table 1, it can be seen that the mortality of patients with
non-hepatic hyperammonemia was 50%, which is high and
consistent with the previous study.[2] In univariate competing risk
models, the analytical results demonstrated that ammonia, AST,
Tbil, ALB, PLT, APTT, INR, and PT were associated with death
in the patients with non-hepatic hyperammonemia. However, as
revealed by the multivariate logistic regression analysis model,
the above-mentioned indicators were not independent risk factor
in the death of patients with non-hepatic hyperammonemia
except for platelets and ammonia, it was indicated that they were
not the primary risk factors for death in the patients with non-
Figure 4. Relationship between serum ammonia and age, P< .001.
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hepatic hyperammonemia. Platelets were independent of death
among the patients with non-hepatic hyperammonemia, which is
possibly attributed to severe infections, blood diseases, and other
diseases.[8,9]

In univariate and multivariate competing risk models, there
were a correlation Cr BUN and the death of patients with non-
hepatic hyperammonemia. It is because renal function deteri-
orates, the excretion capacity of blood ammonia declines, and
the urea level increases in the human body,[10] patients with
poor kidney function and elevated BUN levels are more likely to
cause non-hepatic hyperammonemia and more likely to die.
Based on the results of univariate and multivariate analysis, it
was considered that BUN was associated with poor renal
function. In addition, it may be related to factors such as fasting,
excessive protein intake, and other factors.[11] Unfortunately,
this study failed to retrieve relevant information. HGB was
identified as an independent risk factor for the death of patients
with non-hepatic hyperammonemia. HGB reduction attributed
to severe infection with patients and increased hemoglobin
consumption was taken into consideration.[12] The infected
patients were susceptible to non-hepatic hyperammonemia as
confirmed by Yazan et al.[6] In addition, HGB reduction is
speculated to be associated with gastrointestinal bleeding in
patients. Gastrointestinal bleeding is one of the important
factors leading to elevated blood ammonia levels.[13] A large
amount of blood is broken down in the intestine to produce a
large amount of ammonia; it is absorbed into the blood in the
intestine. Therefore, patients with more serious infections and
gastrointestinal bleeding have lower HGB levels, higher blood
ammonia levels, worse conditions, and higher mortality rates.
One of the most important research findings shows that
ammonia was an independent risk factor for patient death.
Besides, age was an independent prognostic factor for NHH
patients. Through our further analysis, we found that the older
the patient, the higher the serum ammonia level. Therefore, we
need to strengthen the monitoring of serum ammonia levels in
elderly patients. In this study, we created a simple intuitive
graph of a statistical predictive model P1 based on the above five
independent risk factors that quantified the risk of critically ill
patients with NHH, and thereby may support clinicians when
making treatment recommendations for patients. Ammonia into
a prognostic model P1predict mortality in the patients with non-
hepatic hyperammonemia better than SAPSII and qSOFA, the
SAPS II score could provide valuable information on prognosis
to patients than others, it was demonstrated by Hee et al in the
study on the clinical implications of the initial SAPS II in veno-
arterial extracorporeal oxygenation,[14] and the results of the
study by chen Yufeng et al showed that the OR value and 95%
CI of APACHE II in patients with non-hepatic hyperammone-
mia in the intensive care unit were 0.542 (0.369, 0.797).[15]

However, we have found that the predictive power of model P1
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for patients with non-hepatic hyperammonemia was signifi-
cantly higher than SAPS II, and P1 showed the highest specificity
of 81.0% in predicting mortality in patients with non-hepatic
hyperammonemia in our research results.
Several limitations in the present study must be acknowledged.

First, our study is retrospective in nature and bears the inherent
limitations of such study design. For instance, the result shows a
linkage between non-hepatic hyperammonemia and mortality,
but the causal relationship of them cannot be determined based
on the present study. Since there is no strong evidence indicating
that the correction of lowering blood ammonia levels will
improve clinical outcomes in critically ill patients, hyper-
ammonemia may be a reflection of the severity of illness rather
than the cause of death. It could be further verification by a
prospective study cohort. Second, this is a single center study and
the result may not be generalizable to other institutions. Third, as
we included all critically ill patients for analysis, heterogeneity of
the study population may arise.
5. Conclusion

In summary, ammonia was an independent prognostic predictor
of mortality for patients in the intensive care unit. We have
developed a novel nomogram for predicting the prognosis of
critically ill patients with NHH. The nomogram is easy to use, is
highly accurate. This nomogram might help clinicians to early
assess of patient prognosis and give active and effective treatment
measures to reduce patient mortality.
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