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Abstract

Background: Hepatic encephalopathy is a severe neuropsychiatric complication of decompensated cirrhosis associated with high
short-term mortality.

Objectives: This study aimed to evaluate the predictive value of non-invasive scoring systems and develop a prognostic nomogram
to identify the risk of 3-month mortality in patients with hepatic encephalopathy.

Methods: Retrospective data from 251 patients with decompensated cirrhosis and hepatic encephalopathy were collected. Clini-
cal data and non-invasive scoring systems were compared between survivors and non-survivors using univariate and multivariate
logistic regression analyses. A prognostic model was developed and validated using bootstrap resampling procedures.

Results: Among the 251 patients, 40 (15.9%) died within three months. The non-survivor group had a higher incidence of compli-
cations and higher non-invasive scores (all P < 0.01). Multivariate analysis revealed that hepatorenal syndrome, spontaneous bac-
terial peritonitis, upper gastrointestinal bleeding, and Fibrosis-4 index were independent risk factors. A new model incorporating
the Fibrosis-4 index and complications was developed, and discrimination was assessed using a bootstrap-corrected C statistic of
0.831. The area under the receiver operating characteristic curve of the new model (0.840, 95% confidence interval: 0.789 - 0.883) was
significantly higher than that of the non-invasive scoring systems (all P < 0.05). The calibration plot and Hosmer-Lemeshow test (P
=0.771) showed good calibration accuracy. Kaplan-Meier survival analysis showed that the cumulative survival rate in the high-risk
group was significantly lower (P < 0.01).

Conclusions: The prognostic nomogram consisting of the Fibrosis-4 index and complications can effectively predict the risk of
3-month mortality in patients with hepatic encephalopathy.
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survival (4, 5). rates. Given the high short-term mortality
of DC patients with HE, risk stratification and timely liver
transplantation are critical.

1. Background

Hepatic encephalopathy (HE) is a severe neuropsy-
chiatric complication of decompensated cirrhosis (DC)

caused mainly by liver insufficiency and/or portal-systemic
shunting (1). Based on the assessment of neuropsychologi-
cal abnormalities and cognitive impairment, HE is divided
into covert HE (CHE) and overt HE, according to the modi-
fied West-Haven criteria (2). The incidence and prevalence
of HEvary depending on etiologies, severity, and the defini-
tion used (covert vs. overt) (3). Studies have reported that
the overall incidence of HE was 11.6%, with OHE accounting
for more than 34% of cases and being associated with poor

However, HE is not always reversible, and effective ther-
apeutic strategies are minimal. The pathogenesis of HE
in cirrhosis is complicated, primarily involving neurotox-
icity caused by the accumulation of ammonia and man-
ganese. Although ammonia levels can influence neuronal
cell survival and predict HE-related outcomes, exploring
without serial ammonia (6-8). measurements is challeng-
ing. Hence, there is a need for more effective prediction
models.
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To date, the relationship between the degree of liver
fibrosis and the severity of HE, as well as the short-term
outcomes of HE, has not been established. Several non-
invasive scoring systems (NSSs) for evaluating liver fibro-
sis have been reported (9). including the Fibrosis-4 index
(FIB-4), aspartate aminotransferase-to-platelet ratio index
(APRI), and gamma-glutamyl transpeptidase-to-platelet ra-
tio (GPR), which consist of hepatic enzymes and platelets
and are well-known and widely used in clinical practice. Be-
sides NSSs, whether underlying liver diseases and compli-
cations affect HE outcomes remains largely unknown.

2. Objectives

This retrospective study aimed to investigate the effect
of non-invasive scoring systems (NSSs) and complications
on the 3-month mortality prognosis in patients with de-
compensated cirrhosis (DC) and hepatic encephalopathy
(HE). In addition, a new predictive nomogram was estab-
lished and validated.

3. Methods

3.1. Patients and Data Collection

A total of 600 patients diagnosed with cirrhosis (DC)
and hepatic encephalopathy (HE) were retrospectively re-
cruited from the Third People’s Hospital of Changzhou be-
tween August 2010 and August 2021. The diagnosis of HE
was based on the following criteria: (1) Underlying DC, di-
agnosed through clinical, imaging, or endoscopic exam-
ination; and (2) overt HE diagnosed during the first ad-
mission. OHE was graded from I to IV using the West-
Haven criteria (Grade I: Cognitive/behavioral decay but ori-
ented in time and space; Grade II: Disoriented for time
and space, with additional symptoms such as apathy or
lethargy; Grade III: Unconscious but responsive to stimuli;
Grade IV: Coma with no response to pain). Exclusion cri-
teria included: (1) Cognitive impairment caused by neuro-
logical or mentalillnesses; (2) hepatocellular carcinoma or
other malignancies; (3) acute or acute-on-chronic liver fail-
ure; (4) insufficient data for analysis; and (5) patients lost
to follow-up (Figure 1).

Patient characteristics and clinical data were extracted
from the electronic medical record database. This in-
cluded: (1) Demographic characteristics, such as age and
gender; (2) disease-related data, such as etiology (HBV in-
fection or non-HBV), HE grades, diabetes, hypertension,

hepatorenal syndrome (HRS), spontaneous bacterial peri-
tonitis (SBP), and upper gastrointestinal bleeding (UGIB);
and (3) laboratory test results, such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), total bilirubin (TBil), albu-
min, creatinine, serum sodium, leukocyte count (WBC),
platelet count (PLT), and international normalized ratio
(INR).

The endpoint of this study was 3-month mortality af-
ter the diagnosis of HE. Outcome data were extracted from
hospital records and the civil registration system, and pa-
tients were divided into survivor and non-survivor groups
based on their 3-month outcomes.

3.2. Non-invasive Scoring Systems

Non-invasive scoring systems, such as FIB4, APRI, and
GPR, were calculated as previously described. Scoring
systems for end-stage liver diseases, including the model
for end-stage liver disease (MELD) (10), the Chronic Liver
Failure-Consortium acute decompensation score (CLIF-C
ADs)(11),and the Chinese Group on the Study of Severe Hep-
atitis B-acute on chronic liver failure score I (COSSH-ACLF
IIs) (12) were analyzed. The Hepatic Encephalopathy Scor-
ing Algorithm (HESA) (13) was also analyzed.

MELD = 3.78 x InTBil (mg/dL) +11.2 x InINR
+ 9.57 x In Creatinine (mg/dL) + 6.43

CLIFo Ads = 10 x [0.03 x Age + 0.66
X In Creatinine (mg/dL) + 1.71 X InINR + 0.88

X In W hiteblood cell (IOQ/L) —0.05 x InSodium (mmol/L)+ 8]

COSSHACLF IIs
= 1.649 x InINR +0.457 x HESA
+ 0.425 x InNeutropils (109/L)
+ 0.396 x InTBil (wmol/L) + 0.576
x In Serumurea (mmol/L) + 0.033 x Age

AST (U/L) x Age

FIB -4 =
PLT count (10°/L) x \/ALT (U/L)
Pl — AST(U/L) x 100
PLT count (10°/L)

GGT (U/L) x 100

PR —
GPR PLT count (10°/L)
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Figure 1. The work flow-chart of this study
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3.3. Statistical Analysis

Continuous data were presented as median (interquar-
tile range [IQR]) and compared using the Mann-Whitney
U test. Categorical data were expressed as frequency (per-
centage) and analyzed using the chi-square or Fisher’s ex-
acttest. Independentrisk factors for 3-month survival were
analyzed using logistic regression analysis. A prognostic
nomogram based on the results of the final regression
analysis was created using R software (version 4.2.2). The
regression coefficients in multivariate logistic regression
were proportionally transformed into a score scale, and
the sum of the scores was then translated into predicted
probabilities (14). The required sample size was measured
using the pmsampsize package in R to ensure precise pre-
dictions and minimize overfitting (15).

The performance of the nomogram was assessed
through discrimination and calibration analyses. Discrim-
ination was evaluated by calculating the area under the re-
ceiver operating characteristic curve (AUROC, also known
as the C statistic). ROC curves were generated using Med-
Calc Software version 20.1.0 (Mariakerke, Belgium) to com-
pare the predictive nomogram with other scoring systems.
Calibration was evaluated using the Hosmer-Lemeshow
test and a graphical representation of the predicted ver-
sus observed probabilities of mortality. Bootstrap resam-
pling was used for internal validation in both discrimina-
tion and calibration analyses (16). Additionally, Kaplan-
Meier survival analysis was performed to determine the ac-
curacy of the new scoring system in predicting 3-month
survival.

The statistical analyses and visualizations were per-
formed using R version 4.2.2. All tests were two-tailed, and
a P-value < 0.05 was considered statistically significant.

4. Results

4.1. Baseline Characteristics

Data from 251 patients with DC and HE were analyzed,
and the baseline characteristics of these patients are pre-
sented in Table 1. Of these patients, 40 (15.9%) died within
three months. Most patients in both the survivor and non-
survivor groups were male, although patients in the non-
survivor group tended to be older (P=0.06). HBV infection
was the primary etiology in both groups, and there was no
significant difference in HE grades between the two groups
(P> 0.05). However, ALT, AST, TBil, and creatinine levels
were significantly higher, while serum sodium levels were
lower in the non-survivor group (all P < 0.05).

The non-survivor group had higher incidences of DC-
related complications, including HRS, SBP, and UGIB, than
the survivors (all P < 0.01). Additionally, MELD, CLIF-C ADs,
COSSH-ACLEF IIs, and non-invasive scoring systems, includ-
ing FIB-4, GPR, and APRI, were higher in the non-survivors
(allP< 0.01).

4.2. Risk Factors and Nomogram

Univariate analysis revealed that FIB-4, TBil, HRS, SBP,
and UGIB were associated with 3-month mortality (all P
< 0.05). Subsequently, multivariate analysis showed that
HRS, SBP, UGIB, and FIB-4 were independent risk factors for
mortality within three months of HE diagnosis. However,
APRI and GPR were insignificant risk factors (see Table 2
and Appendices1and 2).

Based on the multivariate analysis, we developed a
prognostic nomogram (FIBC) that includes FIB-4 and com-
plications to predict the 3-month mortality of HE patients
(Figure 2).

4.3. Model Performance

The discriminatory power of the prognostic nomo-
gram was evaluated using an area under the receiver op-
erating characteristic curve (AUROC) of 0.840 (95% confi-
dence interval [CI], 0.789 - 0.883) and a bootstrap-corrected
C statistic of 0.831. The AUROCs of MELD, CLIF-C ADs, COSSH-
ACLFIIs, FIB-4, APRI,and GPR were 0.675,0.637,0.662, 0.676,
0.667, and 0.692, respectively. The AUROC of FIBC was sig-
nificantly higher than those of the other indicators (all P <
0.01) (Figure 3).

The calibration plot revealed a good fit between the
predicted probabilities and the actual prevalence rates
(mean absolute error = 0.016, calculated via 1,000 boot-
strap samples), as demonstrated by the calibration curve
(Figure 4). Furthermore, the Hosmer-Lemeshow test indi-
cated good calibration (P = 0.771).

According to the optimal cutoffvalue in the ROC curve,
patients were classified into two groups: The high-risk
group (> 2.03) and the low-risk group (< 2.03). Kaplan-
Meier survival analysis demonstrated that the 3-month cu-
mulative survival rate was significantly lower in the high-
risk group than in the low-risk group (P < 0.01) (Figure 5).

5. Discussion

In this study, we aimed to evaluate the predictive accu-
racy of NSSs in predicting the prognosis of patients with

Hepat Mon. 2023; 23(1):e134771.
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Table 1. Characteristics of Survivors and Non-survivors at Admission

Variables Survivors (n=211) Non-survivors (n=40) X2z PValue
Male, No. (%) 133(63.0) 26(65.0) 0.056 0.81
Age (y) 62.0 (52.0 - 69.0) 64.5(56.3-72.8) 1.856 0.06
HBV infection, No. (%) 19 (56.4) 16 (40.0) 3.638 0.06
HE grades, No. (%) 5.725 0.22

Covert HE 50(23.7) 7(17.5)

Grade I 67(31.8) 18 (45.0)

Gradell 48(22.7) 5(12.5)

Grade III 28(133) 4(10.0)

Grade IV 18(8.5) 6(15.0)
Diabetes, No. (%) 36 (17.1) 10(25.0) 1.416 0.23
Hypertension, No. (%) 67(31.8) 13(32.5) 0.009 0.93
UGIB, No. (%) 31(14.7) 18 (45.0) 19.660 < 0.01
SBP, No. (%) 32(15.2) 20(50.0) 24.841 < 0.01
HRS, No. (%) 23(10.9) 15(37.5) 18.518 < 0.01
Laboratory tests

ALT, U[L 27.6 (18.0 - 47.9) 34.0 (25.4 - 48.0) 2.265 0.02

AST,U[L 38.0(26.0 - 62.0) 54.5(33.0 -83.8) 2.682 < 0.01

GGT, UL 37.0 (21.0 - 76.0) 76.0 (31.4 - 212.0) 3.036 < 0.01

TBil, 2mol/L 35.8(20.9-56.4) 53.5(27.6-93.1) 2.482 0.01

Albumin, gL 30.2(26.0-34.7) 31.9 (27.5-36.6) 1.217 0.22

Creatinine, gmol/L 76.3(64.0-93.0) 84.6(71.6-101.2) 2.448 0.01

Sodium, mmol/L 140.2 (136.5 - 142.3) 137.9 (133.7-140.8) 2.267 0.02

WBC, X10°|L 4.8(33-7.2) 53(3.4-7.6) 0.765 0.44

PLT, X10°[L 94.0 (55.0-159.0) 75.0 (50.5-108.5) 1.746 0.08

INR 14 (12-1.6) 14 (1.2-1.8) 1.209 0.23
MELD 13(7.1-15.3) 15.5 (10.6-19.9) 3.508 < 0.01
CLIF-C ADs 113.1(109.7-118.8) 116.4 (112.1-125.6) 2.693 < 0.01
COSSH_ACLFIIs 6.9 (6.2-7.9) 7.4(6.9-8.8) 3304 < 0.01
FIB-4 5.8(3.0-8.8) 9.2(5.7-13.2) 3.539 < 0.01
APRI 0.5(0.3-0.8) 0.9(0.5-1.2) 3347 < 0.01
GPR 0.4(0.2-1.0°) 1.0(0.5-2.5) 3.841 < 0.01

Abbreviations: HBV, hepatitis B virus; UGIB, upper gastrointestinal bleeding; SBP, spontaneous bacterial peritonitis; HRS, hepatorenal syndrome; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; TBil, total bilirubin; WBC, white blood cell; PLT, platelet; INR, international normal-
ized ratio; MELD, model for end-stage liver disease; CLIF-C Ads, Chronic Liver Failure-Consortium acute decompensation score; COSSH-ACLF IIs, Chinese Group on the
Study of Severe Hepatitis B-acute on chronic liver failure score II; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index; GPR, gamma-glutamyl
transpeptidase-to-platelet ratio.

Hepat Mon. 2023; 23(1):e134771.



GuanYetal.

Table 2. Univariate and Multivariate Logistic Regression Analyses for 3-Month Survival

Univariate Analysis Multivariate Analysis

OR (95% CI) PValue OR (95% CI) PValue
TBil 1.013 (1.005 -1.022) < 0.01 0.07
Creatinine 1.004 (1.000-1.009) 0.05 0.87
Serum sodium 0.985(0.959 -1.012) 0.28
UGIB 4.904 (2.264-10.622) < 0.01 4.264 (1.810 -10.047) < 0.01
SBP 5.594 (2709 - 11.550) <o0.01 5.378 (2.365-12.230) < 0.01
HRS 4.904 (2.264-10.622) < 0.01 4.846 (1.985-11.830) < 0.01
FIB4 1.065 (1.021- 1.112) < 0.01 1.089 (1.039 - 1.141) < 0.01

Abbreviations: TBil, total bilirubin; UGIB, upper gastrointestinal bleeding; SBP, spontaneous bacterial peritonitis; HRS, hepatorenal syndrome; FIB-4, Fibrosis-4 index;
OR, odds ratio; CI, confidence interval.

FIB4
40 50 4
UGIB
3
=
No Yes gan
5
HRS g
° 2
_ )
No Yes
1
SBP
No Yes Y
Score
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
0.03 0.04 0.07 0.12 0.19 0.29 0.41 0.55 0.68 0.78 0.86 0.91

Risk of3-month mortality

Figure 2. Nomogram consisting of FIB-4 and complications, including UGIB, SBP, and HRS, well predicting the 3-month mortality in patients with HE. The coefficients of FIB-
4, UGIB, HRS, and SBP in multivariate logistic regression were 0.085, 1.450, 1.578, and 1.682, transformed into a score scale proportionally. The aggregate score was provided
by summing up unique scores to assess the predicted risk. HE, hepatic encephalopathy; HRS, hepatorenal syndrome; SBP, spontaneous bacterial peritonitis; UGIB, upper
gastrointestinal bleeding; FIB-4, Fibrosis-4 index.
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Figure 3. ROC curves for 3-month mortality of HE (A) FIBC in training group; (B) FIBC in validation group via bootstrap resampling; (C) Comparison of FIBC, FIB-4, APRI, and
GPR; (D) Comparison of FIBC, MELD, CLIF-C ADs, and COSSH-ACLF IIs. ROC, Receiver operating characteristic curves; FIBC, a nomogram consisting of FIB-4 and complications;
MELD, model for end-stage liver disease; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase-to-platelet ratio index; GPR, gammaglutamyl transpeptidase-to-platelet ratio;
CLIF_C Ads, Chronic Liver Failure-Consortium acute decompensation score; COSSH_ACLF IIs, Chinese Group on the Study of Severe Hepatitis B-acute on chronic liver failure

score II. (P < 0.001)

HE. Additionally, we developed and validated a new model,
FIBC, which incorporates FIB-4 and complications.

Previous studies have validated the correlation be-
tween NSSs and cirrhosis in liver diseases with different eti-
ologies. Studies have shown that FIB-4 and APRI are reli-
able NSSs for substantial fibrosis in patients with chronic
hepatitis B, chronic hepatitis C,and nonalcoholic fatty liver

Hepat Mon. 2023; 23(1):e134771.

disease but not in individuals with drug-induced liver in-
jury and autoimmune liver disease (17-19) FIB-4 has been
demonstrated to predict the formation of DC and adverse
clinical outcomes of advanced fibrosis more accurately
than other NSSs (20, 21) In this study, age was not included
in the multivariate analysis since it was already used as
an indicator in the FIB-4 formula. In contrast, age was in-
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cluded in the multivariate analyses using GPR or APRI, but
neither GPR nor APRI was found to be an independent risk
factor for 3-month mortality of HE (Appendices 1 and 2).
These findings suggest that FIB-4 may be superior to GPR
and APRI in predicting HE outcomes.

In patients with DC, mortality rates are high due to
more than two complications (22). This study identified
UGIB, SBP, and HRS as independent risk factors for HE-
related mortality. UGIB has been shown to increase ammo-
nia production and absorption in the intestines, while HRS
is a severe complication of end-stage liver disease (11). Con-
sistent with previous studies, HRS and UGIB were found to
be independentrisk factors for 3-month mortality in HE pa-
tients (23). In the present study, approximately half of the
patients who died had SBP, the most common infection in
patients with DC. Therefore, in addition to HRS and UGIB,
SBP should be given greater attention in clinical practice
for patients with DC and HE.

This study had several limitations. First, it was a single-
center study with a relatively small sample size. Second,
external validation and data on long-term mortality are
necessary. Third, a few patients had normal ammonia lev-
els, and the underlying mechanism of HE in such cases re-
mains unclear.

5.1. Conclusions

In summary, the nomogram comprising FIB-4 and
complications such as UGIB, SBP, and HRS effectively pre-
dicts the 3-month mortality in patients with HE.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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