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Objectives: Our previous study shows that serum ammonia in sepsis patients
without hepatic failure is associated with a poor prognosis. The relationship
between serum ammonia level and the prognosis of sepsis-associated
encephalopathy (SAE) patients without hepatic failure remains unclear. We
aimed to explore the relationship between serum ammonia levels and the
prognosis of patients with SAE.

Materials and methods: This study is a retrospective cohort study. We
collected 465 patients with SAE admitted to the intensive care unit (ICU)
from Medical Information Mart for Intensive Care IV (MIMIC IV) from 2008 to
2019. Patients with SAE were divided into a survival group (369 patients) and a
non-survival group (96 patients). We used the Wilcoxon signed-rank test and
the multivariate logistic regression analysis to analyze the relationship between
serum ammonia levels and the prognosis of patients with SAE. R software was
used to analyze the dataset.

Results: The primary outcome was the relationship between serum ammonia
level and hospital mortality of SAE. The secondary outcomes were the
relationship between serum ammonia level and hospital stays, simplified acute
physiology score (SAPS Il), Charlson, Glasgow coma scale (GCS), sequential
organ failure assessment (SOFA), and lactate level of SAE. The mortality of
patients with SAE was 20.6%. The serum ammonia level was not significantly
associated with hospital mortality, longer hospital stays, higher SAPS Il and
Charlson scores, and lower GCS of patients with SAE. The serum ammonia
level was associated with higher SOFA scores and lactate levels in patients with
SAE. The SAPS Il and Charlson scores were independent risk factors for death
in patients with SAE.

Conclusion: Serum ammonia level was associated with higher SOFA scores
and lactate levels in patients with SAE. In addition, the SAPS Il and Charlson
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scores can be used to assess the prognosis of patients with SAE. Therefore, we
should closely monitor serum ammonia, SAPS I, and Charlson levels in patients

with SAE.

KEYWORDS

serum ammonia, lactate, sepsis, sepsis-associated encephalopathy (SAE), simplified

acute physiology score

1. Introduction

Sepsis-associated encephalopathy (SAE) is a common
complication in patients with sepsis. It may occur in the
acute phase of sepsis or after the patient survives and is
discharged. SAE is manifested as changes in cognitive function
and consciousness, including decreased attention, delirium,
lethargy, coma, mood changes, long-term low quality of life, and
dementia (1-3). The incidence of SAE is about 50% (4). The
mortality risk of patients with SAE is significantly higher than
that of patients with non-SAE (5). As SAE severity increases,
the mortality rate is as high as 70% (6). In addition, patients
with SAE have poor prognoses. Therefore, it is essential to seek
potentially modifiable factors that affect the prognosis of patients
with SAE.

Serum ammonia is a critical neurotoxic molecule (7). It
is associated with the poor prognosis of patients with sepsis.
Yazan Numan et al. found elevated ammonia levels can be
a novel biomarker for sepsis (8). In a multi-center study, Jie
Zhao et al. found that the area under the curve value of the
ammonia level predicting the 28-day mortality was 0.813 in
patients with sepsis (9). Our previous study also showed that
serum ammonia levels without hepatic failure were associated
with poor clinical outcomes in patients with sepsis, and the
serum ammonia without hepatic failure group had higher short-
term (hospital mortality: 59.8%; 30-day mortality: 47.7%) and
long-term mortality (90-day mortality: 61.7%; 1-year mortality:
67.7%) (10). Amra Sakusic, Moldovan Sabov, and others found
that 4.5% of patients with hyperammonemia in the ICU have
a normal liver function, and 71% have encephalopathy (11).
Alexandre Sanches Larangeira et al. found that serum ammonia
levels of > 100 pmol/L were associated with intracranial
hypertension and higher mortality (12).

The relationship between serum ammonia level and hospital
mortality of SAE is unclear. We hypothesize that serum
ammonia levels are associated with a poor prognosis of patients
with SAE and without hepatic failure.

Abbreviations: SAE, sepsis-associated encephalopathy; SAPS II, simplified
acute physiology score; SOFA, sequential organ failure assessment;
GCS, Glasgow coma scale; ICU, intensive care unit; MIMIC-1V, Medical

Information Mart for Intensive Care IV.
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2. Materials and methods
2.1. Patient

This study is a retrospective cohort study. We collected
patients older than 18 years and stayed in the intensive care
unit (ICU) for more than 24h. The diagnosis process for
patients with SAE is as follows: (1) Patients need to meet
the diagnostic criteria of Sepsis 3.0. Sepsis was diagnosed
with an acute change in the total sequential organ failure
assessment (SOFA) score of >2 and documented or suspected
infection complied with the Sepsis 3.0 criteria. The patients
with infection sites or prescriptions of antibiotics and samples
of bodily fluids for microbiological culture had suspected
infection. In line with the existing literature, the microbiological
sample must have been collected within 24h when the
antibiotic was first administered, and at the first occurrence
of microbiological sampling, the antibiotic administration
would be within 72h (13). (2) In patients with sepsis, we
collected serum ammonia and excluded patients diagnosed
with acute and chronic liver disease. (3) In patients with sepsis,
traumatic brain injury, encephalitis, intracranial infection,
ischemic stroke, and metabolic encephalopathy caused by
imbalances

severe electrolyte or

pulmonary encephalopathy caused by excessive carbon

glycemic disturbances,

dioxide partial pressure, hepatic encephalopathy, hypertensive
encephalopathy, and other liver disease or kidney disease is
affecting consciousness; mental disorders and neurological
disease; chronic alcohol or drug abuse were excluded by us.
The diagnosis of SAE is defined according to the following
three aspects: the patient’s Glasgow coma scale (GCS) score
of <15, patients diagnosed with delirium according to the
ICD code, and patients treated with haloperidol during
hospitalization (4, 14, 15).

2.2. Data collection

Data were retrieved FROM Medical Information Mart for
Intensive Care IV (MIMIC IV) from 2008 to 2019. MIMIC-
IV is a publicly available database. Applying the MIMIC
IV database requires one to become a credentialed user on
PhysioNet and the completion of a training course in human
subjects research. In addition, we need to sign the data use
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TABLE 1 Baseline characteristics and outcome of patient with SAE.

Survival group Non-survival
n =369 groupn = 96
Baseline variables
Age, median (IQR) 64(55-72) 65(54.3-72.8) 0.351
Gender [n (%)]
Female 145(39.3) 48(50.0) 0.058
Male 224(60.7) 48(50.0)
Coexisting illness [n (%)]
Charlson 5(3-8) 6(4-9) 0.040
Hypertension 50(13.6) 7(7.3) 0.096
Diabetes 112(30.4) 22(2.9) 0.152
Respiration 70(19.0) 21(21.9) 0.523
Cardiovascular 100(27.1) 30(31.3) 0.420
Renal 79(21.4) 17(17.7) 0.425
Site of infection [n (%)]
Intestinal 11(3.0) 3(3.1) 0.941
Urinary 18(4.9) 6(6.3) 0.588
Lung 15(4.1) 4(4.2) 0.964
Catheter 5(1.4) 2(2.1) 0.602
Skin and soft tissue 21(5.7) 4(4.2) 0.555
Abdomiol cavity 11(3.0) 4(4.2) 0.558
Microbiology type [n (%)]
Klebsiella 45(12.2) 6(6.3) 0.097
Acinetobacter baumannii 3(0.8) 1(1.1) 0.825
Escherichia Coli 79(21.4) 9(9.4) 0.007
Pseudomonas aeruginosa 24(6.5) 8(8.3) 0.528
Staphylococcus aureus 6(1.6) 2(2.1) 0.759
Enterococcus 148(40.1) 41(42.7) 0.644
Laboratory parameters, median (IQR)
Alanineamino transferase (IU/L) 40(20-41) 39.5(18.3 59.3) 0.694
Aspartate aminotransferase (IU/L) 48(24-53.5) 48(31-59) 0.113
Albumin(g/dL) 3.2(2.6-3.7) 1.7(0.8-3.3) 0.006
Bilirubin(mg/dL) 1.3(0.5-1.7) 3.0(2.4-3.4) 0.003
White blood cell (x 10"°/L) 11.0(7.7-15.2) 11.4(7.8- 17.8) 0.329
Neutrophils (%) 71.6(65.9-79.3) 74.6(68.9-83.0) 0.026
Lymphocyte (%) 17.2(10.6-20.2) 14.9(6.1-20.6) 0.021
Ammonia(jtmol/L) 41(31-62) 42.5(26.3-65.8) 0.317
Lactates (mmol/l) 1.7(1.2-2.4) 2.1(1.4-3.1) 0.002
Mechanical ventilation [# (%)] 186(50.4) 186(50.4) 64(66.7)
(Continued)

Frontiers in Public Health 03 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1016931
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao et al.

TABLE 1 (Continued)

Survival group

10.3389/fpubh.2022.1016931

Non-survival

n =369 groupn = 96

Renal replacement therapy [n (%)] 28(7.6) 13(13.5) 0.067
Score system, median (IQR)

SAPSII 37(29-46) 44(35.3-58.8) <0.001

SOFA 6(4-9) 8.5(6-12) <0.001

GCS 11(7-13) 8.5(4-13) 0.001
Use of vasopressors [1 (%)] 127(34.4) 127(34.4) 55(57.3)
Length of hospital stays, days, median (IQR) 4.1(1.9-11.3) 4.1(1.9-11.3) 7.2(2.1-13.0)

agreement (DUA). The following CITI program course was
completed: CITI 33690380. My registry form URL is https://
physionet.org/settings/credentialing/. MIMIC IV was approved
by the Institutional Review Boards of the Massachusetts Institute
of Technology and Beth Israel Deaconess Medical Center.
The requirement for individual patient consent was waived
because the project does not impact clinical care, and all
patient confidential information was anonymized. The MIMIC
IV database (version 1.0) is publicly available at https://
mimic-iv.mit.edu/. Any researcher who adheres to the data
use requirements is permitted access to these databases. The
codes are available at https://github.com/MIT-LCP/mimic-iv.
We used the data of the patients first stay in the ICU
and retrieved the patient’s relevant data through subject_id.
The patients age, gender, coexisting illness, site of infection,
microbiology type, mechanical ventilation, renal replacement
therapy, use of vasopressors, length of hospital stays, laboratory
parameters, the worst laboratory parameters in the first 24 h of
staying in the ICU, and the first 24-h Sequential Organ Failure
Assessment (SOFA) score, Simplified Acute Physiology Score II
(SAPS) score, and Glasgow Coma Scale (GCS) were extracted by
R statistical software.

2.3. Statistical analysis

We used the Shapiro-Wilk test to evaluate whether the
data were normally distributed. The continuous variables in
this study were all skewed distributions. Continuous variables
were expressed as the median (P 25, P 75) (interquartile
range, IQR). Categorical variables were expressed as counts
and proportions. We used the Wilcoxon signed-rank test
to compare the continuous variables of the two groups of
patients (Table 1), and the relationship between serum ammonia
and GCS, SAPS II, SOFA, Charlson, lactate, and length of
hospital stays (Figures 2, 3). We used the Pearson exact test to
compare the categorical variables of the two groups, including
gender, coexisting illness (hypertension, diabetes, respiration,
cardiovascular, and renal), site of infection, microbiology type,
mechanical ventilation, renal replacement therapy, and use of
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vasopressors (Table 1). A multivariate logistic regression analysis
was used to explore the risk factors of mortality in patients with
SAE as shown in Table 2. The data analysis in this study was used
by R software.

3. Results

3.1. Baseline characteristics

Among 69,619 ICU patients, 19,658 patients met the
diagnosis of sepsis 3.0. Serum ammonia was found in 1,377
of 19,658 patients with sepsis. After inclusion and exclusion
criteria, 465 patients were diagnosed with SAE, divided into a
survival group and a non-survival group according to hospital
mortality. The survival group was 369 patients, and the non-
survival group was 96 patients (Figure 1). Table 1 analyzes
the baseline data and results of the survival group and non-
survival group of patients with SAE. Comparing the survival
group, the patients of the non-survival group had a higher
Charlson score (p = 0.040), neutrophils [(p = 0.026), lactates
(p = 0.002), SAPS II (p < 0.001), and SOFA (p < 0.001),
lower GCS score (p < 0.001), longer length of hospital stays
(p = 0.065), and more non-survival patients with SAE used
mechanical ventilation (P = 0.004), renal replacement therapy
(p = 0.067), and vasopressors (p < 0.001). There was no
significant difference in serum ammonia levels between the
two groups.

3.2. Multivariate regression analysis of
hospital mortality in patients with SAE

Multivariate regression analysis in patients with SAE found
that serum ammonia levels were not related to the prognosis of
patients with SAE, and SAPS II had a better predictive value for
the mortality of patients with SAE (p = 0.008). However, the
higher the Charlson SAE patients, the worse the prognosis (p =
0.042) (Table 2).
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1377 sepsis patients were tested for
serum ammonia MIMIC IV
database

984 patients for further selection

720 patients for the final analysis

465 people were diagnosed with
sepsis-associated encephalopathy

!

Non-survival

Survival group:369 group:96

FIGURE 1

/Excluded the following patients(n=3®

QCOZZSOmmHg(rF%

Hepatitis (n=185)

Alcoholic cirrhosis (n=98)

Biliary cirrhosis (n=10)

Cirrhosis of liver (n=21)

Hepatic encephalopathy (n=41)
Liver cancer (n=0)

Liver failure or hepatic failure(n=0)

K Other liver disease (n=38)

Excluded the following patients(n=264) \

Intracerebral hemorrhage, cerebral embolism and

ischemic stroke(n=42)
Traumatic brain injury(n=7)

Meningitis and encephalitis(n=18)

Epilepsy(n=36)

Other cerebrovascular disease(n=11)

Mental disorders and and neurological disease(n=37)
Chronic alcohol and drug abuse abuse(n=20)
Metabolic encephalopathy(n=8)
Hyperglycemia(> 180 mg/dl)(n=57)
Hypoglycemia (< 54 mg/dl)(n=19)

/

Flowchart of patient selection. MIMIC-IV, Medical Information Mart for Intensive Care IV.

3.3. The relationship between serum
ammonia and disease severity scores of
patients with SAE

According to the patient’s GCS scores, the patients were
divided into two groups: group 1: GCS score of patients >9
scores, group 2: GCS score of patients <8 scores. The Wilcoxon

Frontiersin Public Health

test was used to clarify the relationship between serum ammonia
level and the GCS score. The study results in Figure 2 show that
there is no difference in serum ammonia levels and GCS (p =
0.41) (Figure 2A).

We divided the patients into two groups according to
the SAPS II score of the patients: group 1: SAPS II score of
patients >40 scores and group 2: SAPS II score of patients <39
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FIGURE 2
Relationship between serum ammonia and SOFA scores of patients with SAE, SAPS II, GCS, and Charlson scores. SOFA, sequential organ failure
assessment; SAPS Il, simplified acute physiology score; GCS, Glasgow coma scale (RStudio, Version 1.3.1056, USA). (A) Group 1: GCS score of
patients >9 scores, group 2: GCS score of patients <8 scores; (B) group 1: SAPS Il score of patients >40 scores, group 2: SAPS Il score of
patients <39 scores; (C) group 1: SOFA score of patients: >8 scores, group 2: SOFA score of patients <7 scores; (D) group 1: Charlson score of
patients >8 scores, group 2: Charlson score of patients <7 scores.

scores. Figure 2B shows that there is no significant correlation
between the serum ammonia level and SAPS II score (p = 0.22)
(Figure 2B).

According to the SOFA score of the patients, we divided the
patients into two groups: group 1: SOFA score of patients >8
scores and group 2: SOFA score of patients <7 scores. Figure 2C
shows that serum ammonia levels may be related to higher SOFA
scores (p = 0.013).

According to the Charlson score, the patients were divided
into two groups: group 1: Charlson score of patients >8 scores
and group 2: Charlson score of patients <7 scores. Figure 2D
shows that serum ammonia level did not correlate with the
Charlson score (p = 0.22).
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3.4. The relationship between serum
ammonia values, lactate values of
patients with SAE, and length of hospital
stays

According to the lactate level, the patients were divided into
two groups: group 1: lactates level of patients >2 mmol/L and
group 2: lactates level of patients <1.9 mmol/L. Figure 3A shows
that serum ammonia levels may be related to lactate levels (P
= 0.044).

According to the length of hospital stays, the patients were
divided into two groups: group 1: length of hospital stays of
patients >10 days and group 2: length of hospital stays of
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FIGURE 3

Relationship between serum ammonia and length of hospital stays, lactates of patients with SAE (RStudio, Version 1.3.1056, USA). (A) The
relationship between serum ammonia levels and lactate levels. (B) The relationship between serum ammonia levels and length of hospital stays.

TABLE 2 Multivariate logstic regression analysis of hospital mortality in SAE patients.

Multivariate analysis

Wald chi-square value P (O]

Sex [n (%)] 4.999 0.025 1.784 1.074 2.963
Charlson 4.144 0.042 1.086 1.003 1.175
Microbiology type [n (%)]

Klebslella 1.744 0.187 0.521 0.198 1.371

Escherichia coli 6.151 0.013 0.365 0.165 0.809
Laboratory parameters, median (IQR)

Albumin(g/dL) 1.402 0.236 0.805 0.563 1.152

Bilirubin(mg/dL) 5.077 0.024 1.142 1.017 1.282

Neutrophils (%) 0.190 0.663 0.995 0.975 1.016

Lymphocyte (%) 0.124 0.725 0.996 0.974 1.019

Ammonia(pmol/L) 1.053 0.305 0.998 0.993 1.002

Lactates (mmol/l) 0.315 0.575 1.037 0.913 1.178
Mechanical ventilation 1 (%)] 00.107 00.744 1.108 0.599 2.048
Renal replacement therapy [n (%)] 0.096 0.757 0.878 0.387 1.994
Use of vasopressors [1 (%)] 0.894 0.344 1.341 0.730 2.462
Score system

SAPS II 7.082 0.008 1.026 1.007 1.046

SOFA 3.481 0.062 1.080 0.996 1.172

GCS 3.578 0.059 0.938 0.878 1.002
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patients <9.9 days. There was no significant difference in serum
ammonia levels between the two groups (Figure 3B).

4. Discussion

Our cohort study shows that the non-survival group has
higher Charlson, SAPS II, SOFA scores, and lactate levels;
Charlson and SAPS II scores were independent risk factors
for death in patients with SAE. Serum ammonia level was not
associated with hospital mortality, longer hospital stays, higher
SAPS 1II and Charlson scores, and lower GCS scores of patients
with SAE without hepatic failure. However, it was associated
with higher SOFA scores and lactate levels.

Our cohort study showed that the hospital mortality of non-
surviving patients with SAE (20.6%) is lower than the results
of Romain Sonneville et al. (50.3%) (4). It may be attributed
to differences in the study population. The populations of our
cohort study with acute and chronic liver disease were excluded.
Although our study results show that the hospital mortality of
patients with SAE is lower than in other studies, it is still at a high
level. Non-survival patients with SAE had higher Charlson and
SOFA scores, indicating that the more diseases in patients with
SAE, the more severe organ dysfunction and the more prone to
die. Non-survival patients with SAE had higher lactate levels,
indicating that patients with SAE and poor perfusion were more
prone to die. Zhigiang Liu et al. found that the mortality rate of
patients with sepsis in the higher lactate group was significantly
higher than that of patients with sepsis in the lower lactate group
(16). Our study results are consistent with their study. Yunlong
Liu et al. (17) found that the sensitivity of lactate level of the 28-
day mortality prediction of patients with sepsis was 0.826 (17). It
shows that the worse the tissue perfusion, the more likely to die
in patients with sepsis (18).

Multivariate regression analysis results show that SAPS II
and Charlson scores were independent risk factors for death in
patients with SAE. The relationship between SAPS II score and
hospital mortality was developed using data from 137 intensive
care units in 12 countries across Europe/North America (19).
Amina Godinjak et al. found that SAPS IT and Acute Physiology
and Chronic Health Evaluation II scoring systems have the
same good prognostic assessment capabilities for patients with
sepsis (20). Our study shows that SAPS II had an excellent
ability to assess the prognosis of patients with SAE. The
Charlson scores showed a high ability to identify patients’
survival (0.91) in a large healthcare database of more than 6
million hospitalized patients (21). The results of our cohort
study confirm previous studies.

Our cohort study further demonstrated that higher SOFA
scores and lactate levels might be related to serum ammonia
levels in patients with SAE. In patients with liver failure, the
patient’s brain lactate levels increased significantly (22). The
study by Chavarria et al. (23) found that the brain tissue

Frontiersin Public Health

08

10.3389/fpubh.2022.1016931

and cerebrospinal fluid of rats with acute liver failure have
higher levels of lactates (23). After treating brain astrocytes
with NH4CI for 24 h, the intracellular lactate level increased
(22). Hyperammonemia increases the production of lactic acid
in astrocytes by inhibiting the tricarboxylic acid cycle (24).
Lactate causes astrocyte edema by regulating the pH value and
the expression of aquaporin 4 in the brain (25). Ammonia
could cause lactate levels to rise. Our study found that there
is a correlation between serum ammonia and lactate levels
in patients with SAE and without hepatic failure. Is there
a relationship between serum ammonia in patients without
hepatic failure and lactate levels in the cerebrospinal fluid of
patients with SAE? Whether serum ammonia increases lactate
levels needs to be confirmed by prospective studies in patients
with SAE. Bodin Khwannimit et al. found that the area under
the receiver operating characteristic curve of SOFA scores for
predicting mortality in adults with sepsis and patients with septic
shock was 0.880 (26). Jiayi Chen et al. (27) found that SOFA
score was an independent risk factor for 28-day mortality in
patients with SAE (27). Our study found that the SOFA scores
of non-surviving patients with SAE are significantly higher than
that of surviving patients with SAE (Table 1). Therefore, the
SOFA scores may be an indicator for evaluating the prognosis
of patients with SAE (Figure 2C). In addition, our further
study found that serum ammonia levels are related to higher
SOFA scores in patients with SAE. Therefore, we should closely
monitor the changes in SOFA scores in patients with SAE.

There are several limitations in the study. First, the definition
of SAE is based on the relevant retrospective analysis of the
literature. Lack of imaging data may cause SAE’s cohort to
expand. Second, our study shows that the serum ammonia level
is related to the SOFA score and lactates of patients with SAE.
It is a retrospective study. We cannot prove its causality. Last,
the condition of critically ill patients is critical and complex, and
many confounding factors cannot be ruled out.

5. Conclusion

Non-survival patients with SAE had higher SOFA scores
and lactate levels. Serum ammonia level is associated with
higher SOFA scores and lactate levels in patients with SAE
without hepatic failure. SAPS IT and Charlson scores are valuable
evaluation indicators for the poor prognosis of patients with
SAE. Therefore, we should monitor the serum ammonia level,
SOFA scores, SAPS II scores, and Charlson scores of patients
with SAE and intervene in time.
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