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Abstract

BACKGROUND
Hepatorenal syndrome (HRS) is a severe complication of cirrhosis with high
mortality, which necessitates accurate clinical decision. However, studies on
prognostic factors and scoring systems to predict overall survival of HRS are not
enough. Meanwhile, a multicenter cohort study with a long span of time could be
more convincing.

AIM
To develop a novel and effective prognostic model for patients with HRS and
clarify new prognostic factors.

METHODS

We retrospectively enrolled 1667 patients from four hospitals, and 371 eligible
patients were finally analyzed to develop and validate a novel prognostic model
for patients with HRS. Characteristics were compared between survivors and
non-survivors, and potential prognostic factors were selected according to the
impact on 28-d mortality. Accuracy in predicting 28-d mortality was compared
between the novel and other scoring systems, including Model for End-Stage
Liver Disease (MELD), Chronic Liver Failure-Sequential Organ Failure
Assessment (CLIF-SOFA), and Chinese Group on the Study of Severe Hepatitis B-
Acute-on-Chronic Liver Failure (COSSH-ACLF).

RESULTS
Five prognostic factors, comprised of gender, international normalized ratio,
mean corpuscular hemoglobin concentration, neutrophil percentage, and stage,
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were integrated into a new score, GIMNS; stage is a binary variable defined by the
number of failed organs. GIMNS was positively correlated with MELD, CLIF-
SOFA, and COSSH-ACLF. Additionally, it had better accuracy [area under the
receiver operating characteristic curve (AUROC): 0.830] than MELD (AUROC:
0.759), CLIF-SOFA (AUROC: 0.767), and COSSH-ACLF (AUROC: 0.759) in the
derivation cohort (P < 0.05). It performed better than MELD and CLIF-SOFA in
the validation cohort (P < 0.050) and had a higher AUROC than COSSH-ACLF (P
=0.122).

CONCLUSION

We have developed a new scoring system, GIMNS, to predict 28-d mortality of
HRS patients. Mean corpuscular hemoglobin concentration and stage were first
proposed and found to be related to the mortality of HRS. Additionally, the
GIMNS score showed better accuracy than MELD and CLIF-SOFA, and the
AUROC was higher than that of COSSH-ACLF.

Key Words: Hepatorenal syndrome; Prognostic factor; Mean corpuscular hemoglobin
concentration; Mortality; Scoring system; Cohort study

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This multicenter retrospective cohort study investigated the prognostic factors
for patients with hepatorenal syndrome and developed a novel prognostic model,
named GIMNS. GIMNS contains five prognostic factors, comprised of gender, interna-
tional normalized ratio, mean corpuscular hemoglobin concentration, neutrophil
percentage, and stage, which had different expression levels between survivors and
non-survivors. Stage, defined according to the number of organ failures and mean
corpuscular hemoglobin concentration, was found to be an effective prognostic factor
for the first time. The area under the operating characteristic curve reached 0.830 for
28-d mortality. The GIMNS score showed better accuracy than Model for End-Stage
Liver Disease, Chronic Liver Failure-Sequential Organ Failure Assessment, and
Chinese Group on the Study of Severe Hepatitis B-Acute-on-Chronic Liver Failure.

Citation: Sheng XY, Lin FY, Wu J, Cao HC. Development and validation of a prognostic model
for patients with hepatorenal syndrome: A retrospective cohort study. World J Gastroenterol
2021; 27(20): 2615-2629

URL: https://www.wjgnet.com/1007-9327/full/v27/i20/2615.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i20.2615

INTRODUCTION

Hepatorenal syndrome (HRS) is a severe complication of cirrhosis characterized by
increased splanchnic blood flow and rapid kidney dysfunction excluding other
reasons[1]. It has high mortality within 2 wk, and the most effective treatment is liver
transplantation, either liver only or simultaneous liver-kidney transplantation.
Although pharmacological therapy, mainly vasoconstrictive (terlipressin or
norepinephrine) plus albumin, can improve kidney function, it may make no
difference to the percentage of patients who die or develop serious complications or
the percentage of complications of any severity[2]. A retrospective study demonstrated
that with present medical tools, there is still significantly high mortality in HRS
despite guideline-based treatment[3]. According to another, single center study,
occurrence of HRS is associated with a significantly worse outcome after living donor
liver transplantation[4]. The focus of current HRS research is mainly on diagnosis and
treatment, and there has been only a small number of studies on the prognosis of HRS.
Thus, it is critical to develop a predictive tool to predict the mortality of HRS and to
manage liver graft allocation on waiting lists.

A prospective study has demonstrated that age, serum bilirubin, and no reversal of
creatinine after volume expansion independently predict mortality[5]. Another study
has claimed that factors associated with poor prognosis are baseline bilirubin, no
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reversibility of type-1 HRS, lack of resolution of the infection, and sepsis after
diagnosis of type-1 HRS[6]. Acute-on-chronic liver failure (ACLF) grade is defined by
the number of organ failures. A retrospective analysis from centers in Europe found
that ACLF grade is the largest determinant of response and could affect the survival of
HRS[7]. Among the predictors, the Model for End-stage Liver Disease (MELD) score
has been widely applied for evaluating the severity of advanced liver diseases and
liver graft allocation[8]. However, it has a limitation of failure to predict mortality after
liver transplantation[9]. Therefore, a new effective model is urgently needed.

In this study, we aimed to construct a new prognostic model to predict mortality of
HRS through a multicenter cohort study and retrospectively enrolled HRS patients
from 2011 to 2019.

MATERIALS AND METHODS

Patient studies

Study population and data collection: In this retrospective cohort study we enrolled
patients from four hospitals: First affiliated Hospital of Zhejiang University, Shulan
Hospital, People’s Hospital of Zhejiang Province, and People’s Hospital of Shengzhou
City. We studied a cohort with decompensated cirrhosis with acute renal injury from
January 2011 to October 2019. Patients from the First Affiliated Hospital of Zhejiang
University formed the derivation cohort and patients from the other three hospitals
were the validation cohort. Demographic data (age and gender), history (vital signs
and treatment), and laboratory parameters were available from medical records or the
hospital database. The 28-d mortality was obtained from medical records or by
directly contacting the patients or their families. All assays for serum biochemical
parameters were routinely performed at the Central Clinical Laboratory of the four
hospitals with the same type of testing equipment. The study was approved by the
Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang
University (No. 2019-1449-1), and complied with the ethical guidelines of the
Declaration of Helsinki. The researchers only analyzed anonymous data, so informed
consent was waived.

Inclusion and exclusion criteria: HRS was diagnosed based on criteria proposed by
the International Club of Ascites in 2015. Acute kidney injury (AKI) was identified
according to the standard Kidney Disease: Improving Global Outcomes criteria. The
exclusion criteria were: (1) absence of ascites; (2) hepatocellular carcinoma; (3) other
types of tumors; (4) chronic renal diseases; (5) liver transplantation; (6) age < 18 years;
(7) thyroid diseases; (8) severe immunosuppression; (9) hospital stay <1 wk; and (10)

incomplete information. Finally, we excluded patients who were lost to follow-up
(Figure 1).

Scoring models: The MELD score was calculated by the following formula: MELD =
3.78 In [Total bilirubin (mg/dL)] + 11.2 In (INR) + In [serum creatinine (mg/dL)] + 6.43
(INR is international normalized ratio). The Chronic Liver Failure-Sequential Organ
Failure Assessment (CLIF-SOFA) score summed the severity grades of organ failures.
Liver failure was defined as bilirubin > 12 mg/dL, coagulation failure as INR > 2.5,
brain failure as hepatic encephalopathy grade > 3 (West Haven criteria), respiratory
failure as a pulse oximetric saturation/fraction of inspired oxygen ratio < 214 or
arterial partial pressure of oxygen/fraction of inspired oxygen ratio < 200 or the need
for mechanical ventilation, and circulatory failure as the need for vasopressor therapy
to achieve an adequate mean arterial pressure (MAP)[10]. The Chinese Group on the
Study of Severe Hepatitis B-ACLF (COSSH-ACLF) was calculated as 0.741 INR + 0.523
hepatitis B virus (HBV)-SOFA + 0.026 age + 0.003 Total bilirubin. Stage was defined
according to the number of organ failures, except renal failure. Stage 0 contained
patients with zero or one organ failure, while stage 1 contained patients with more
than two organ failures.

Statistical analysis: Clinicopathological features were summarized using medians and
interquartile ranges or frequencies with percentages for normally distributed factors
while using means with standard deviation for skewed distributed factors. Continuous
variables were compared using t test or Mann-Whitney U test, and categorical
variables were compared using the y? test or Fisher’s exact test. Patients were followed
up from the day of diagnosis with HRS-AKI and ended at death or last follow-up at
day 28. Univariate and multivariate Cox regression analyses were performed to
establish the association between prognostic factors and overall survival of HRS. The
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Decompensated cirrhosis with
acute renal injury (n = 1667)

A J

538 cases included

(1) Without ascites (7 = 23);

(2) Hepatocellular carcinoma (17 = 762);
(3) Other types of tumors (7 = 37);

(4) Chronic renal diseases (17 = 236);
(5) Liver or transplantation (7 = 11);
(6) Age < 18 (n = 19);

(7) Thyroid diseases (7 = 32);

(8) Severe immunosuppression (7 = 9)

(1) Not meet HRS criteria (7 = 128);

A

Eligible HRS patients
(n = 383)

Y

HRS patients for analysis
(n =371)

(2) Hospital day < 1 wk (7 = 6);
(3) Incomplete data (7 = 21)

>|  Lost to follow-up (7 = 12)

Figure 1 Workflow. The eligible cohort selection process after applying the inclusion and exclusion criteria from four hospitals. HRS: Hepatorenal syndrome.
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Kaplan-Meier method was used to evaluate the survival probability of HRS, and a
log-rank test was used to assess differences between groups. Hazard ratios were
estimated using the Cox regression model. Statistical analyses were performed with R
version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria). All tests were
two-sided, and P < 0.05 was considered statistically significant. The statistical methods
of this study were reviewed by a member of the Biostatistics Service from the First
Affiliated Hospital, College of Medicine, Zhejiang University.

RESULTS

Clinical characteristics

We retrospectively enrolled 1667 patients from four large general hospitals in Zhejiang
province between January 2011 and October 2019. After inclusion and exclusion
criteria, we had 383 eligible patients. Twelve patients were lost to follow-up due to a
lack of contact information or survival information. Finally, we had 371 HRS patients
for analysis: 248 in the derivation cohort and 123 in the validation cohort.

There were no significant differences in characteristics including demographic and
clinical information between the derivation and validation cohorts (P > 0.05) (Table 1).
Until the end of follow-up, 278 (74.9%) patients died, comprising 188 in the derivation
cohort and 90 in the validation cohort. Male patients made up 76.8% (285) of the
cohort, with 76.6% (190) and 77.2% (95) male in the derivation and validation cohorts,
respectively. MAP, INR, alanine aminotransferase, serum bilirubin, number of failed
organs, and the MELD, CLIF-SOFA, and COSSH-ACLF scores differed significantly
between non-survivors and survivors in both cohorts (all P < 0.05). Age, gender, cause
of cirrhosis, neutrophil percentage, hemoglobin, mean corpuscular hemoglobin (MCH)
and MCH concentration (MCHC) differed between non-survivors and survivors only
in the derivation cohort. Cirrhosis caused by HBV or HBV plus other reasons
accounted for most of the patients (63.7% in the derivation cohort and 52.0% in the
validation cohort). MAP was significantly higher in survivors than in non-survivors.
Non-survivors had higher levels of INR and alanine aminotransferase compared with
survivors. The MELD, CLIF-SOFA, and COSSH-ACLF scores were significantly higher
in non-survivors in both cohorts (P < 0.05). Regarding treatment, all the eligible
patients accepted rehydration treatment with albumin. In total, 21.3% (79) of patients
received terlipressin plus albumin, and treatment was the same among the four
hospitals (P > 0.05).
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Variables Derivation cohort (n = 248) Validation cohort (n = 123)
. . 1
:l:r;;s)urvwor (n Survivor (1=60) Pvalue S;:;swvlvor (n Survivor (n=33) Pvalue P value
Age (y) 59.11 +12.61 55.43 +12.04 0.048 56.94 +12.17 57.21 +11.81 0.913 0.379
Gender (male/female) 138/50 52/8 0.031 69/21 26/7 0.995 0.795
Causes of cirrhosis 0.046 0.741 0.096
HBV/HBV plus others 124 (66.0) 34 (56.7) 45 (50.0) 19 (57.6)
Alcoholic 27 (14.4) 17 (28.3) 21 (23.3) 7 (21.2)
Others 37 (19.7) 9 (15.0) 24 (26.7) 7 (21.2)
MAP (mmHg) 95.16 £ 16.42 100.31 + 18.44 0.041 93.1£15.01 100.58 + 18.33 0.023 0.483
INR 1.90 (1.70-2.60) 1.60 (1.30-1.90) <0.001 1.96 (1.54-2.40) 1.50 (1.31-1.90) <0.001 0.305
Neutrophil 75.68 £11.99 71.21 £13.03 0.015 76.03 £10.98 72.95 £10.97 0.170 0.647
RBC (x 10°/L) 3.15+0.85 3.04 +0.85 0.404 3.16 +1.05 2.99 +0.78 0.388 0.950
Hemoglobin (g/L) 103.13 £ 25.48 95.14 + 26.89 0.044 102.55 +29.63 95.41 + 25.60 0.229 0.840
MCV (fl) 94.20 £9.16 92.21 +8.07 0.146 95.28 +11.72 94.00 +9.71 0.580 0.267
MCH (pg) 33.19£3.78 31.45+3.21 0.002 33.17 £3.93 32.21 £3.66 0.233 0.756
MCHC (g/L) 351.81 £18.15 341.77 +19.35 <0.001 349.14 +19.13 342.83 +18.25 0.104 0.355
Platelet (x 10°/L) 66.5 (42.0-97.5) 69.0 (45.5-98.0) 0.419 64.0 (36.0-103.0)  75.0 (46.0-118.0)  0.250 0.737
Albumin (g/L) 29.12 £ 5.48 28.77 £5.37 0.668 29.22 £ 541 30.99 £ 5.61 0.115 0.274
A/G 1.00 (0.78-1.40) 0.92 (0.73-1.30) 0.267 1.13 £ 0.56 1.19+0.51 0.620 0.400
ALT 60.00 (31.00- 32.50 (18.25-66.00)  0.001 59.00 (26.50- 36.00 (16.00-104.00) 0.035 0.673
137.00) 135.00)
Serum bilirubin 15.00 (5.32-27.50)  3.92 (1.10-12.80) <0.001 18.30 (6.75-25.30) 230 (1.17-23.30)  0.003 0.779
Cholinesterase (U/L)  1963.00 (1399.00-  2264.00 (1410.50-  0.197 1937.50 (1585.75-  2376.00 (1716.00-  0.152 0.198
2559.00) 3081.50) 2637.20) 3903.00)
Creatinine (mg/dL) 1.60 (0.92-2.70) 1.84 (1.14-2.80) 0.206 1.43 (0.85-2.20) 210 (1.10-2.90) 0.046 0.291
Sodium (mmol/L) 133.74 + 6.79 135.66 + 6.34 0.053 132.88 +5.89 136.02 + 4.90 0.009 0.499
Potassium (mmol/L)  4.35+1.01 418+0.74 0.217 416080 431065 0.352 0.288
Number of failed 1 (0.75-2.00) 0 (0-1.00) <0.001 1 (0-2.00) 0 (0-1.00) <0.001 0433
organs
One organ failed 65 (34.6) 19 (31.7) 0.797 28 (31.1) 11 (33.3) 0.987 0.764
Two organs failed 50 (26.6) 1(1.7) <0.001 26 (28.9) 3(9.1) 0.040 0.596
> Three organs failed 26 (13.8) 1(1.7) 0.017 12 (13.3) 1(3.0) 0.188 0.990
MELD 29.50 £9.06 22.97 +8.00 <0.001 28.04 + 8.74 23.46 +9.47 0.013 0.276
CLIF-SOFA 10.79 £3.29 8.18 £3.08 <0.001 10.86 £3.75 8.09 £ 3.37 <0.001 0.912
COSSH-ACLF 7.57 £1.84 6.05+1.27 <0.001 7.57 +1.86 6.14 +1.49 <0.001 0.958
Treatment 0.261 0.842 0.125
Terlipressin plus 41 (21.8) 18 (30.0) 15 (16.7) 5(15.2)
albumin
Albumin only 147 (78.2) 42 (70.0) 75 (83.3) 28 (84.8)

P non-survivor vs survivor.

1P derivation cohort vs validation cohort. A/G: Albumin/globulin; ALT: Alanine aminotransferase; CLIF-SOFA: Chronic Liver Failure-Sequential Organ
Failure Assessment; COSSH-ACLF: Chinese Group on the Study of Severe Hepatitis B-Acute-on-Chronic Liver Failure; HBV: Hepatitis B virus; INR:
International normalized ratio; MAP: Mean arterial pressure; MCH: Mean cell hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCV:

WJG | https://www.wjgnet.com 2619 May 28,2021 | Volume?27 | Issue20 |

Jaishideng®



Sheng XY et al. Prognostic model for HRS

Mean cell volume; MELD: Model for End-Stage Liver Disease; RBC: Red blood cells.
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Univariate and multivariate Cox regression

In the derivation cohort, gender, MAP, INR, neutrophil percentage, hemoglobin,
MCH, MCHC, albumin/ globulin, serum bilirubin, sodium, stage (defined above), and
the MELD, CLIF-SOFA, and COSSH-ACLF scores were significantly associated with
overall survival by univariate Cox regression (Table 2). We incorporated the above
variables into multivariate Cox regression and finally five prognostic factors, including
gender, INR, neutrophil percentage, MCHC and stage, were independently associated
with overall survival.

The hazard ratio of stage was 2.724 (95% confidence interval, 1.877-3.952), and the
hazard ratios of gender, INR, neutrophil percentage, and MCHC were 0.532, 1.408,
1.031, and 1.014, respectively. The risk of death in female patients was approximately
1.5 times that of male patients. Patients with > two organ failures had up to 2.7 times
greater mortality risk compared with those with < one organ failure. Creatinine was
not associated with overall survival of HRS patients, although AKI stage was defined
by creatinine level.

GIMNS score development
According to the multivariate logistic regression based on 28-d mortality, the GIMNS
score was developed. The formula is:

GIMNS = -1.412 gender + 0.053 neutrophil percentage + 0.014 MCHC + 2.073 In
(INR) + 1.231 stage - 9.217.

Mortality at 28 d in stratified HRS patients showed that patients with GIMNS > 2
were all dead, while those with GIMNS < 0 had the lowest mortality (30.34%)
(Table 3). The mortality rates of patients with score 1-2 and 0-1 were 73.81% and
57.14%, respectively. Figure 2A showed the importance of each prognostic factor based
on the logistic regression, and stage was the most important factor. Cumulative
percentage also demonstrated this.

Characteristics in the GIMNS score

The GIMNS score contains five variables: gender, INR, MCHC, neutrophil percentage,
and stage. The mosaic plot acquired from the derivation cohort could intuitively sense
the distribution of the patients’ survival statuses among different variables and
establish the relationship between the variables (Figure 2B). From the mosaic plot,
HBV-related cirrhosis accounted for the majority of the patients. For patients with
HBV-related cirrhosis, male patients accounted for most, and 97.7% of the alcoholic
HRS patients were male. As for patients with HRS of other causes, the proportion of
female patients was larger than that of male patients. Although for every part of the
whole mosaic plot, the number of patients with stage 1 disease was smaller than those
with stage 0, the mortality was higher.

For the prognostic factors in the GIMNS score, we converted continuous variables
into categorical variables by upper and lower quartiles (Figure 3A-C). INR was
negatively correlated with survival probability. The survival probability of the upper
quartile of INR was < 20%, which was lower compared with that of the others (P <
0.001). Similarly, patients with the lower quartile of neutrophil percentage had better
overall survival compared with the others. Stratified MCHC also had different
prognoses (P = 0.003).

Stage based on the number of organ failures (stage 0: 0-1, stage 1: > 2) was the most
important independent risk factor affecting overall survival of patients with HRS. The
survival probability of stage 1 patients was < 10% while that of stage 0 patients was >
30%, which emphasized the essential role in predicting the prognosis of HRS
(Figure 3D). Although female patients accounted for a small part of the whole cohort,
they had a worse prognosis (P < 0.01) (Figure 3E).

GIMNS score and other scores

The GIMNS score was significantly higher in non-survivors in the derivation and
validation cohorts (Figure 4A). The GIMNS score was divided into three parts
according to the upper and lower quartiles. According to the Kaplan-Meier curves,
mortality increased with GIMNS score (P < 0.001) (Figure 4B). The GIMNS score had a
superior discrimination of risk of mortality of HRS patients. The GIMNS score was
positively correlated with the MELD, CLIF-SOFA, and COSSH-ACLF scores
(Figure 5A-C).
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Univariate Cox regression

Multivariate Cox regression

Variables
HR (95%Cl) P value HR (95%Cl) P value
Age 1.007 (0.995-1.019) 0.244
Gender 0.586 (0.425-0.807) 0.001 0.532 (0.384-0.737) <0.001
Causes of cirrhosis 0.946 (0.785-1.140) 0.557
MAP 0.990 (0.981-0.999) 0.024
INR 1.842 (1.599-2.122) <0.001 1.408 (1.173-1.691) <0.001
Neutrophil 1.028 (1.015-1.041) <0.001 1.031 (1.018-1.044) <0.001
RBC 1.137 (0.959-1.348) 0.139
Hemoglobin 1.007 (1.002-1.012) 0.012
MCV 1.004 (0.988-1.021) 0.599
MCH 1.066 (1.022-1.111) 0.003
MCHC 1.019 (1.010-1.027) <0.001 1.014 (1.005-1.022) 0.002
Platelet 0.997 (0.994-1.000) 0.090
Albumin 1.000 (0.973-1.028) 0.999
A/G 1.257 (1.093-1.445) 0.001
ALT 1.000 (1.000-1.001) 0.094
Serum bilirubin 1.002 (1.001-1.003) <0.001
Cholinesterase 1.000 (0.999-1.000) 0.160
Creatinine 1.000 (0.999-1.001) 0.704
Sodium 0.960 (0.939-0.982) <0.001
Potassium 1.215 (1.032-1.430) 0.019
Stage 3.805 (2.800-5.170) <0.001 2.724 (1.877-3.952) <0.001
MELD 1.077 (1.058-1.096) <0.001
CLIF-SOFA 1.221 (1.166-1.278) <0.001
COSSH-ACLF 1.467 (1.361-1.581) <0.001

A/G: Albumin/globulin; ALT: Alanine aminotransferase; CI: Confidence interval; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment;
COSSH-ACLEF: Chinese Group on the study of severe hepatitis B-acute-on-chronic liver failure; HR: Hazard ratio; INR: International normalized ratio;
MAP: Mean arterial pressure; MCH: Mean cell hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; MCV: Mean cell volume; MELD: Model

for end-stage liver disease; RBC: Red blood cells.

Table 3 Mortality at 28 d in patients with hepatorenal syndrome stratified according to the GIMNS score

GIMNS score 28-d mortality in HRS patients (%)
22 100.0

1-2 73.8

0-1 57.1

<0 30.3

HRS: Hepatorenal syndrome.

JBaishideng®

Accuracy of the GIMNS score

The area under the receiver operating characteristic curve (AUROC) of the GIMNS
score for 28-d mortality was 0.830, with a sensitivity of 0.735 and specificity of 0.787 at
a cut-off value of 0.36 (Table 4). The mortality rate of the upper quartile GIMNS score
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Table 4 Accuracy of different scoring systems in derivation and validation cohorts

Pvalue
Models Cut-off Sensitivity (%) Specificity (%) Youden AUROC (95%Cl) P value compared with
GIMNS
Derivation cohort (n = 248)
GIMNS 04 735 78.7 0.522 0.830 (0.778-0.882) < 0.001 -
MELD 248 61.4 76.6 0.380 0.759 (0.670-0.821) < 0.001 0.029
CLIF-SOFA 9.0 72.7 68.1 0.408 0.767 (0.706-0.827) < 0.001 0.045
COSSH-ACLF 7.5 56.8 84.0 0.408 0.759 (0.696-0.821) < 0.001 0.026
Validation cohort (n = 123)
GIMNS 0.7 57.8 79.6 0.374 0.732 (0.642-0.821) < 0.001 -
MELD 26.6 65.6 63.0 0.286 0.623 (0.520-0.726) < 0.050 0.013
CLIF-SOFA 11.0 29.7 94.4 0.241 0.661 (0.563-0.758) < 0.010 0.049
COSSH-ACLF 7.9 51.6 815 0.331 0.674 (0.577-0.770) < 0.001 0.122

AUROC: Area under the receiver operating characteristic curve; CLIF-SOFA: Chronic liver failure-sequential organ failure assessment; COSSH-ACLF:

Chinese Group on the study of severe hepatitis B-acute-on-chronic liver failure; MELD: Model for end-stage liver disease; CI: Confidence interval.

Jaishideng®
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group was significantly higher than that of the lower quartile GIMNS score group. In
the derivation cohort, the GIMNS score had significantly higher predictive power for
the outcome of HRS patients than did the MELD, CLIF-SOFA, and COSSH-ACLF
scores (P < 0.05) (Figure 5D). The AUROCs of GIMNS and other scoring systems are
compared in Table 4.

Validation of performance of GIMNS score

The clinical and laboratory characteristics of the derivation and validation cohorts are
shown in Table 1, which verified that there was no difference in the distribution of the
characteristics between the cohorts. The mortality rate of the upper quartile GIMNS
score group was significantly higher than that of the lower quartile GIMNS score
group (P < 0.001). The AUROC of the GIMNS score model for 28-d mortality was
0.732, which was significantly better than that of the MELD (P = 0.038) and CLIF-SOFA
(P = 0.049) scores and tended to be better than that of the COSSH-ACLF score (P =
0.122) (Figure 5E). The AUROCs of GIMNS and the other scoring systems were
compared in Table 4.

DISCUSSION

In this study, we developed a novel model for prediction of prognosis of HRS called
GIMNS, which had better accuracy than the traditional scoring systems MELD and
CLIF-SOFA and a larger AUROC than COSSH-ACLF. GIMNS contains five prognostic
factors: gender, INR, MCHC, neutrophil percentage, and stage.

INR is normally used in scoring systems to evaluate the severity of advanced liver
diseases. In our study, different quartiles of INR indeed resulted in significantly
different survival rates. Patients with higher INR have problems with blood
coagulation and have a worse outcome. There was an obvious survival benefit in male
patients, although the proportion of female patients was smaller, accounting for only
23.2% of the whole cohort. This suggests that female HRS patients should be given
more attention than usual[11].

MCHC has traditionally been a subordinate process to diagnose the type of anemia
combined with MCH and mean corpuscular volume. However, the association
between MCHC and outcome of HRS, especially the role of MCHC in predicting
survival, has been ignored. We found that when adjusted by other confounding factors
in multivariate Cox analysis, the mortality risk of patients in the lower quartile of
MCHC was nearly twice that of patients in the upper quartile (data not shown).
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causes of cirrhosis, gender, and stage. HBV: Hepatitis B virus; INR: International normalized ratio; MCHC: Mean corpuscular hemoglobin concentration.
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It has been shown that advanced cirrhosis is linked to increased serum levels of
proinflammatory cytokines, which are common triggers of HRS[12,13]. These
cytokines somehow cause kidney dysfunction. Neutrophil percentage reflects inflam-
matory state. Also, different neutrophil percentages divided by upper and lower
quartiles resulted in different outcomes, meaning that patients with lower neutrophil
percentage achieved a survival benefit.

For the first time, we incorporated the number of organ failures into the prognostic
scoring system and divided the entire cohort into two, stage 0 with zero or one organ
failure, except renal failure, and stage 1 with > two organ failures. From the
multivariate Cox analysis, we found that the 28-d mortality was significantly higher in
stage 1 HRS, and the risk of stage 1 was almost three times that of stage 0 HRS. Organ
failures have been used in the CLIF-SOFA score to evaluate the severity of advanced
liver diseases[14]. Studies on the relationship between organ failure and prognosis of
HRS are rare. It is essential to take this into consideration when developing a
prognostic tool, either predicting the mortality or managing the liver transplantation
waiting list.

The GIMNS score considered five prognostic factors and had better accuracy than
the MELD and CLIF-SOFA scores in the derivation and validation cohorts. It also had
a trend toward greater accuracy than the COSSH-ACLF had. The MELD score has
been widely used in advanced liver diseases and plays an important role in liver graft
allocation policy[15]. The MELD score is associated with 3-mo survival and can alter
overall graft and outcome of HRS after transplantation. There is no doubt that the
MELD score has been the first choice when evaluating prognosis of HRS and
managing waiting lists for liver transplantation. However, with deeper understanding
of HRS, more prognostic factors associated with HRS have been included, and a new
score for predicting the mortality of HRS should be developed.
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Preceding studies have found that gender is not associated with AKI, including
HRS. However, we found that female patients were in more danger compared with
male patients. Previous research has shown that predictors of AKI improvement are
absence of alcoholic hepatitis, baseline creatinine, and male gender[11]. Male patients
performed better in AKI, including HRS. In the derivation cohort, 72.2% of male
patients and 86.8% of female patients died. The mortality risk in female patients was
almost twice that in male patients. Thus, female patients have been ignored for a long
time and more attention should be paid to this group.

INR has long been used as an indicator to evaluate advanced liver diseases, and it is
widely used in different scoring systems, such as MELD, CLIF-SOFA, and COSSH-
ACLF. INR can reflect coagulation function, and according to the Kaplan-Meier
curves, patients with higher INR can have poor outcome. If the INR level is > 2.50,
mortality is 95.0%, while if it is < 1.84, mortality can decrease to 64.0%. MCHC can also
predict 28-d mortality of HRS partly because of kidney and liver dysfunction.
Although the underlying pathological mechanism of MCHC remains unclear, it is
associated with outcome of HRS and thus can act as a prognostic factor. Erythrocyte
indices contain MCHC, MCH, and mean corpuscular volume. MCH and mean
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corpuscular volume have no relationship with the prognosis of HRS. A previous
retrospective study proposed that MCHC is independently associated with occurrence
of HRS[16]. However, study on the association between MCHC and prognosis of HRS
has not continued.

The GIMNS score is the first system to incorporate organ failure. It has been utilized
in the ACLF score to stratify patients. It is classed as ACLF-1, ACLF-2, and ACLF-3
according to the number of organ failures, and this grade is significantly associated
with outcome of ACLF. As HRS is a severe complication of end-stage cirrhosis, we
previously proposed that stratification by the number of organ failures, like ACLF
grade, could be useful for predicting prognosis of HRS. Finally, stage was found to be
an important prognostic factor.

There have been some studies on factors associated with outcome of HRS, mainly
mortality or reversal of HRS. One retrospective study has shown a death risk
prediction score model included four independent risk factors: liver cancer, neutrophil
> 70%, alanine aminotransferase > 40 U/L, and creatinine > 127 mmol/L[17]. It
confirmed the essential role of neutrophil percentage in predicting mortality of HRS,
although liver cancer should be excluded as it could be a competitive factor for
mortality. We compared the creatinine levels between non-survivors and survivors in
the derivation and validation cohorts, and there was no significant difference.
Consistently, creatinine level was not associated with 28-d mortality. Another study
showed that serum creatinine and urinary sodium at the time of diagnosis were
associated with survival in univariate Cox analysis, but when adjusted by other
confounding factors, serum creatinine had no relationship with outcome of HRS[18].
All the above results confirm that, although creatinine level defines the severity of
AKI, it cannot help to predict the prognosis of HRS.

A retrospective study from a tertiary center created a new score that was an
extension of the MELD score, including changes in serum bilirubin, creatinine, and
albumin level during admission, to predict prognosis of type-1 HRS[19]. Although the
concept of HRS-1 has been abandoned, it still helps to construct better prediction
models. The MELD score has been widely used to evaluate advanced liver diseases,
especially for liver graft allocation policy. However, it fails to predict outcomes of HRS
after transplantation and could be a little outdated considering more prognostic factors
have been found[20]. The new score derived from MELD proves this point.

Prognostic models for the short-term prognosis of HRS are not enough. Some
commonly used prognostic models for end-stage liver disease, such as MELD, MELD-
Na, COSSH-ACLF, and CLIF-SOFA, are developed for all end-stage liver diseases
including severe hepatitis and cirrhosis. The novel model, GIMNS, takes HRS as the
target disease. Moreover, our HRS patients were enrolled according to the latest
diagnostic criteria of the International Club of Ascites in 2015, and the sample size is
larger than other studies, which can increase the credibility of the results. We operated
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external validation in three other hospitals to prevent overfitting. Finally, GIMNS
performed better in both the derivation and validation cohorts. As its prognostic
efficacy is better than MELD, COSSH-ACLF, and CLIF-SOFA, it has the value of
clinical application.

Our new GIMNS score was based on all previous studies and showed better
accuracy than MELD and the other commonly used scoring systems. Also, it is
inexpensive and convenient to use, and MCHC and stage are given more attention.
Our study had some limitations. First, this was a retrospective study, and therefore
had a lower level of evidence compared with randomized controlled trials. We tried to
balance the bias through external validation in three hospitals throughout Zhejiang
Province, while developing the GIMNS score in one hospital. This could increase the
credibility of our study. Second, it was hard to distinguish between HRS and other
complications of AKI with cirrhosis, especially acute tubular necrosis. Thus, our cohort
may have contained acute tubular necrosis patients, which could have interfered with
our model development. Pathological sections are needed to separate HRS from acute
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tubular necrosis. Finally, this study did not include urine output in the AKI diagnosis,
which may have missed some eligible patients.

In summary, we developed a new scoring system, GIMNS, to predict 28-d mortality
of HRS patients. The GIMNS score contains five elements: Gender, INR, MCHC,
neutrophil percentage, and stage. Some of these elements have been widely used and
others are recent additions. The GIMNS score has better accuracy than MELD and
CLIF-SOFA, and the AUROC is larger than that of COSSH-ACLF. Prospective studies
are needed for confirmation.

CONCLUSION

We developed a new scoring system, GIMNS, to predict 28-d mortality of HRS
patients. Two of the five prognostic indicators, MCHC and stage, were proposed and
found to be related to the mortality of HRS for the first time. Additionally, the GIMNS
score showed better accuracy than MELD and CLIF-SOFA, and the AUROC was
higher than that of COSSH-ACLF.

ARTICLE HIGHLIGHTS

Research background

Hepatorenal syndrome (HRS) is a severe complication of cirrhosis with high mortality.
It has a unique in vivo pathological environment compared with other end-stage liver
diseases. Meanwhile, prognostic factors associated with prognosis of HRS are not rich
enough, and current prognostic scoring systems for end-stage liver diseases need to be
updated to fit the application in HRS.

Research motivation

As the diagnostic criteria for HRS were confusing before 2015, a multicenter
retrospective study, strictly following the criteria proposed by the International Club
of Ascites in 2015, was designed to systematically evaluate the evolution of HRS over
the past decade at our institution and to figure out what affects the prognosis of HRS.

Research objectives

Our goal was to develop a novel scoring system to predict 28-d mortality of HRS and
evaluate the accuracy, sensitivity, and specificity compared with other scoring
systems, including Model for End-stage Liver Disease, Chronic Liver Failure-
Sequential Organ Failure Assessment, and Chinese Group on the Study of Severe
Hepatitis B-Acute-on-Chronic Liver Failure.

Research methods

Demographic/clinical variables and medical records of HRS patients from January
2011 to October 2019 were collected from four tertiary medical centers, and strict
eligibility criteria were applied. The final analysis included 371 patients with HRS.
Univariate and multivariate Cox regression analyses were performed for prediction
modeling of HRS.

Research results

We found that five indicators can be used as prognostic factors for HRS, including
gender, international normalized ratio, mean corpuscular hemoglobin concentration,
neutrophil percentage, and stage (defined as a binary variable by the number of failed
organs). They formed a new score, GIMNS, based on the weight coefficient. As the
GIMNS increases, the risk of mortality gets higher. The sensitivity and specificity of
GIMNS were much higher than those of Model for End-stage Liver Disease, Chronic
Liver Failure-Sequential Organ Failure Assessment, and Chinese Group on the Study
of Severe Hepatitis B-Acute-on-Chronic Liver Failure in both the derivation and
validation cohorts.

Research conclusions

We innovatively defined a new variable, stage (based on the number of failed organs),
to predict the prognosis of HRS. Importantly, we developed a new scoring system,
GIMNS, which was specifically for patients with HRS and performed better than
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Model for End-stage Liver Disease, Chronic Liver Failure-Sequential Organ Failure
Assessment, and Chinese Group on the Study of Severe Hepatitis B-Acute-on-Chronic
Liver Failure in accuracy, sensitivity, and specificity. As the five prognostic factors in
GIMNS are easily available, clinical application of GIMNS could be more convenient.

Research perspectives
The GIMNS scoring system should be validated in future prospective studies to get a
more complete assessment.
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