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Abstract

BACKGROUND

Liver cirrhosis patients admitted to intensive care unit have a high mortality rate.

Al
In this study, we aimed to establish and validate a nomogram for predicting in-hospital

mortality of intensive care unit patients with liver cirrhosis.

METHODS

We extracted demographic, etiological, vital sign, laboratory test, comorbidity,
complication, treatment, and severity score data of liver cirrhosis patients from the
Medical Information Mart for Intensive Care IV (MIMIC-IV) and eICU collaborative
research database (eICU-CRD). Predictor selection and model building were based on
the MIMIC-IV dataset. The variables selected through least absolute shrinkage and
selection operator analysis were further screened through multivariate regression
analysis to obtain final predictors. The final predictors were included in the multivariate

logistic regression model, which was used to construct a nomogram. Finally, we




conducted external validation using the elCU-CRD database. The area under the
receiver operating characteristic curve (AUC), decision curve, and calibration curve

were used to assess the efficacy of the models.

RESULTS

Risk factors, including the mean respiratory rate, mean systolic blood pressure, mean
heart rate, white blood cells, international normalized ratio, total bilirubin, age, invasive
ventilation, vasopressor use, maximum stage of acute kidney injury, and sequential
organ failure dssessment score, were included in the multivariate logistic
regression. The model achieved AUCs of 0.864 and 0.808 in the MIMIC-IVand eICU-
CRD databases, respectively. The calibration curve also confirmed the predictive ability

of the model, while the decision curve confirmed its clinical value.

CONCLUSION
The nomogram has high accuracy in predicting in-hospital mortality. Improving the

included predictors may help improve the prognosis of patients.
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Core Tip: Liver cirrhosis patients admitted to the intensive care unit have a high
mortality rate. In this study, we collected clinical data from patients with liver cirrhosis
and constructed a nomogram predictive model that gained high accuracy in predicting
in-hospital mortality. The accuracy was also confirmed by external validation, which

suggests that the model can help us identify high-risk patients.




INTRODUCTION

Liver cirrhosis is the terminal stage of various chronic liver diseasesl!l. In this stage, the
liver undergoes diffuse liver fibrosis, and the normal structure is replaced by
regenerated nodulesl?. a global public health problem, the most common cause of
liver cirrhosis includes alcohol-related liver disease, nonalcoholic fatty liver disease, and
chronic viral hepatitis B and CI'l. [p Africa and Asia, the leading cause of liver cirrhosis
is chronic viral hepatitis B, while nonalcoholic fatty liver disease (NAFLD) has become
the main cause of chronic liver disease in Western countries>4l. With the control of viral
hepatitis and the increase in obesity and metabolig_syndrome, NAFLD is likely to
become the major cause of liver cirrhosisl®l. Notably, as the 11th leading cause of death
and the third most common cause of death among people aged 45-64 years, liver
cirrhosis leads to more than one million deaths annually, which accounts for half of all
liver disease deathsl®l.

Liver cirrhosis can be divided into compensated and decompensated stages depending
on the course of the disease. In the compensated phase, the patient is asymptomatic. In
contrast, in the decompensated phase, patients suffer from a variety of complications,
such as ascites, portal hypertension-related bleeding, nonobstructive jaundice, and
hepatic encephalopathy (HE)[l._Complications are the cause of repeated hospital
admissions and seriously affect the quality of life and prognosis of patientsl’l. The risk
of death in patients with compensated liver cirrhosis is 4.7 times greater than that in the
general population, while the risk increases sharply to 9.7 times greater in the
decompensated stagel”l. In the decompensated stage, patients often suffer from hepatic
and extrahepatic organ failurelll. This group of patients often requires intensive care
support. A meta-analysis highlighted the importance of receiving intensive care support
before patients deyelop excessive extrahepatic failurelfl. The Model for End-stage Liver
Disease (MELD), Model for End-stage Liver Disease and Sodium (MELDNA), Chronic
Liver Failure-Sequential Organ Failure Assessment (CLIF-SOFA), and Child-Turcotte-
Pugh (CTP) were used to assess liver disease and determine patient prognosis/®11l.

However, patients with cirrhosis admitted to the intensive care unit (ICU) may have a




more complex situation. Therefore, in this study, we constructed a nomogram suitable
for liver cirrhosis patients admitted to the ICU, which aims to identify high-risk patients

early and administer intervention.

MATERIALS AND METHODS

Data Source

The Medical Information Mart for Intensive Care IV(MIMIC-IV) database is a publicly
available and freely accessible database. It was established in 2003 with funding from
the National Institutes of Health by the Massachusetts Institute of Technology (MIT)
Laboratory of Computational Physiology (LCP) and the Beth Israel Deaconess Medical
Center (BIDMC) of Harvard Medical School and Philips Healthcare. Clinical data from
more than 190,000 patients and 450,000 hospitalizations are detailed in the MIMIC-IV
database. The elCU collaborative research database (eICU-CRD) is a large public
database created by the Philips Group in collaboration with the MIT Laboratory of LCP.
The eICU-CRD database includes patient information from 335 ICU units in 208
hospitals across the U.S. using a stratified random sample covering more than 200,000
patients admitted to ICUs in 2014 and 2015. The above two databases record detailed
information on patient demographics, laboratory test results, medication
administration, vital signs, surgical operations, diagnosis, etc. All the data in this study
were extracted from the MIMIC-IV and eICU-CRD. We completed the Collaborative
Institutional Training Initiative Program course and obtained access to the database
(Record ID: 52439741).

Participants

The diagnosis of disease was based on the International Classification of Diseases (ICD)
code. Patients diagnosed with hepatic cirrhosis and admitted to the ICU were enrolled
in the study. The following conditions were excluded: 1) had liver cancer or other
malignant cancers, 2) were admitted to the ICU less than 24 h, 3) were aged < 18 years,

and 4) had missing outcomes or missing data for more than 20% of the patients.




Overall, 2730 and 841 patients were enrolled from the MIMIC-IV and eICU-CRD
databases, respectively (Figure 1).

Data collection

We used the Structured Query Language query tool Navicat Premium to extract the
data. The following information of patients were collected: demographic data (gender,
age), etiology, complications (hepatic encephalopathy (HE), variceal hemorrhage (VH),
acute kidney injury (AKI)), comorbidities (chronic obstructive pulmonary disease
(COPD), heart failure (HF), myocardial infarct (MI), Rena disease, Diabetes), the first
laboratory tests after admitted to ICU (bicarbonate, calcium, chloride, sodium,
potassium, blood urea nitrogen (bun), creatinine, albumin, alanine aminotransferase
(alt), aspartate aminotransferase (ast), total bilirubin, international normalized ratio
(INR), prothrombin time (pt), hemoglobin, platelets, white blood cells (wbc), red cell
distribution width (rdw)), mean vital signs in first day admitted to ICU (heart rate (hr),
respiratory rate (rr), systolic blood pressure (sbp), diastolic blood pressure (dbp)),
treatment (invasive ventilation, renal replacement therapy (RRT), vasopressor use) and
prognostic scoring system (sequential organ failure assessment (SOFA) and MELD. The
MELD score was calculated as MELD = 9.6 * In (creatinin) + 3.8 * In (total bilirubin) +
11.2 * In (INR) + 6.4 * cause (cholestatic liver disease or alcoholic cirrhosis score is 0;
other causes are 1)[12l. To avoid negative numbers in the calculation, if the value of
creatinine, total bilirubin or the INR was less than 1, then the value was taken as 1 in the
calculation. The diagnosis of AKI met the KDIGO criterial’3l. The official code for the
corresponding view is provided (https://github.com/MIT-LCP/mimic-code/). Table 1
shows the baseline data of the patients in the two databases. Table 2 compares the
baseline data between the MIMIC-IVand eICU-CRD databases.

Predictor selection model construction

We used least absolute shrinkage and selection operator (LASSO) regression to select
the candidate variables (Figure 2). The lasso algorithm adds a penalty function, which
continuously shrinks the coefficients, to achieve the goals of simplifying the model and

avoiding collinearity and overfitting. The selected predictors were subjected to




multivariate logistic regression. Predictors with P<0.05 and odds ratios (ORs) not
containing 1 were considered final predictors (Table 3). The final predictors were
included in the multivariate logistic regression model, which was used to construct a
nomogram.

Statistical analysis

Continuous variables are expressed as medians with interquartile ranges (IQRs) and
were tested using the Mann— Whitney U test. Categorical variables are expressed as
counts and percentages and were tested using the chi-square test. For variables missing
less than 20% of the data, we used the method of imputation to fill in the missing
values.

RESULTS

Patient Characteristics

A total of 2730 and 814 patients were included in this study from the MIMIC-IVand
elCU-CRD databases, respectively. The mortality rates in the MIMIC-IVand eICU-CRD
cohorts were 20.842% and 20.809%, respectively. Although the data comes from
different database, compared with survival group, the none-survival group have higher
incidence of HE, higher stage of AKI, lower level of bicarbonate and albumin, higher
level of bun, creatinine, total bilirubin, ast, inr, pt, wbc and rdw, higher usage of
invasive ventilation and vasopressor, higher hr, rr, lower level of blood pressure, and
higher score of SOFA, and MELD.

Variable selection and model construction

Thirty-six variables were included in the variable screening process. We used LAASO
regression to screen variables with the aim of minimizing the occurrence of covariance
and overfitting. To simplify the model as much as possible while ensuring model
fitting, we identified the variables at one standard deviation from the minimum penalty
coefficient (lambda.min). Variables selected by LASSO regression were included in

multivariate regression for secondary screening.




Variables screened by LASSO regression and multivariate regression were used,_to
construct a predictive model. The final model included 11 predictors: SOFA score (OR:
1.082, 95% CI:1.044-1.121); rr_mean (OR:1 , 95% CI: 1.026-1.085); sbp_mean
(OR:0.982, 95% CI: 0.973-0.99); hr_mean (OR:1.017, 95% CI: 1.009-1.024); wbc
(OR:1.029, 95% CI: 1.015-1.044); INR (OR:1.230, 95% CI: 1.106-1.371); bilirubin_total
(OR:1.047, 95% CI. 1.033-1.062); age (OR: 1.039, 95% CI: 1.029-1.051);
invasive_ventilation (OR:1.82, 95% CI: 1.385-2.397); vasopressor (OR:1.718, 95% CI:
1.291-2.290); and AKI_stage_max=1 (OR: 1.851, 95%ClI: 1.031-3.387),
AKI_stage_max=2 (OR: 2.031, 95%CI:  1.237-3.472), AKI _stage_max=3 (OR: 5.729,
95%CI: 3.585-9.585). The nomogram showed the scores of the predictors at different

values and risk of death according to the total score (Figure 3).

Model performance and validation

Based on the nomogram scores, we constructed ROC curves (Figure 4). The nomogram
model had AUCs of 0.864 and 0.808 in the training and test datasets, respectively. These
findings showed that the nomogram has good discrimination ability in the MIMIC-IV
and eIlCU-CRD cohorts. We also compared the nomogram with the traditional
prognostic sc&’ing system. The nomogram model outperformed the MELD score and
SOFA score in both the training and test sets. The calibration curve showed good
agreement between the predicted probability and the actual observation, which also
confirmed the predictive ability of the model (Figure 5). We plotted decision curves to
demonstrate the value of the clinical application of the model (Figure 6). The model has
net benefits at almost the full range of threshold probabilities. Compared to traditional
prognostic scoring systems, nomogram-guided clinical interventions also have greater

net benefits.

DISCUSSION
Liver cirrhosis, a global public health problem, is the 11th leading cause of death and

the third most common death among people aged 45-64 yearsltl. Patients in the




decompensated stage of liver cirrhosis develop a variety of complications, often
accompanied by hepatic and extrahepatic organ failurelll. The intensive care unit
provides treatment, including respiratory support, circulatory support, RRT and
antibiotics, needed by critically ill patients. Timely detection and early intervention for
organ failure may improve patient prognosis.

In this study, we developed a nomogram model for predicting in-hospital mortality in
patients with liver cirrhosis admitted to the ICU. A tqgtal of 11 variables were included
in the prediction model after screening. The AUC of the model in the training set
(MIMIC-1V) and test set (e[CU-CRD) were 0.864 and 0.808, respectively, which
indicated that the model had good pﬁictive ability. Recently, a nomogram predictive
model was established to predict in-hospital mortality in patients with alcoholic liver
cirrhosis based on the MIMIC-IIT and eICU-CRD databasel!4. Compared to this study,
our study was not limited to patients with alcoholic cirrhosis, and we used the updated
MIMIC database (MIMIC-IV), which represents a larger sample size. Consistent with
their study, our study also concluded that the nomogram had better performance than
did the MELD score. In previous studies, the MELD score performed well and
outperformed the Child—Pugh score and the Simplified Acute Physiology Score 11115171,
However, the MELD score did not perform well in our study. Both bilirubin and the
INR, as indicators of liver function, reflect the severity of cirrhosis['8l. According to the
definition of ACLF developed by the Asian Pacific Association, patients with a serum
bilirubin concentration > 5 mg/dL and an international normalized ratio (INR) > 1.5
should be considered for liver failurell?l. As important components of the MELD score,
bilirubin concentration and the INR were also included as predictors/?’l. According to
the multivarjate logistic regression analysis, the INR and bilirubin concentration had
OR of 1.23 (95% CI: 1.106-1.371) and 1.047 (95% CI: 1.033-1.062), respectively.

The SOFA score assesses illness severity in six organ systems (nervous, respiratory,
cardiovascular, renal, liver, and coagulation)2ll. The Sepsis-3 criteria also use the SOFA
score to define sepsis(22l. In fact, patients with decompensated cirrhosis are at high risk

of bacterial infections and developing sepsis, which greatly increases the mortality rate




of liver cirrhosis patients(2*24l. The level of wbc confirmed this. According to both the
MIMIC-IV and eICU-CRD database, the death group had a greater wbc than the
nondeath group. This means t the death group had more severe infections.
According to the model, wbc is a risk factor for death, with an OR of 1.029 (95% CI
1.015-1.044). As prognostic scoring system, both the score of MELD and SOFA in non-
death group are higher. In our study, MELD and SOFA scores had close performance
and are inferior to nomogram in the MIMIC-IV and eICU-CRD database. This may be
because the 11-variable nomogram can better reflect the complexity of liver cirrhosis
patients admitted athe ICU.
In our study, age was a risk factor for patient death. This may be due to the fact that
elderly patients often have a combination of chronic diseases such as hypertension,
diabetes mellitus, heart failure, COPD, etc. For liver cirrhosis patients, older age is
associated with a longer disease course and a greater likelihood of entering the
decompensated phase of liver cirrhosis. Moreover, circulatory dynamics, immune
function and organ function gradually begin to deteriorate as individuals agel?l. This
may explain why older patients have a worse prognosis.
Unstable circulatory status is an important reason patients are admitted to the
ICU. There is an interaction between heart function and liver function[26]. Hepatic
cardiomyopathy has started to receive increased amounts of attention in recent years.
Impaired liver function and portal hypertension lead to arterial vasodilatation in
tients with cirrhosis, which causes hemodynamic disturbances, including
gperdynamic circulation; increased cardiac output and heart rate; and impaired
myocardial structure and function[27]. Patients suffering from cirrhosis have a
weakened immune system, increasing vulnerability to various infections!?®l. Severe
infection can cause septic shock. Patients with cirrhosis may also develop hypovolemic
shock due to VHIZI. Whatever the cause of the shock, the patient is in a critical
condition. Patients with shock may have a higher respiratory rate and heart rate and

lower pressure and may require vasopressors to maintain pressure. In our study, a




higher respiratory rate and heart rate, lower systolic blood pressure and the use of
Vasopressors were ris]éfactors for hospital death..

Acute renal failure is a common complication in patients with cirrhosis and is
associated with a poorer prognosis and chronic kidney disease[1,30,31]. For patients
with liver cirrhosis, prerenal injury, acute tubular necrosis and hepatorenal syndrome
are the main causes of AKI[32]. AKI has been reported to occur in 10-15% of
hospitalized patients and more than 50% of ICU patients[33]. In this study, AKI
occurred in 70% of the cohort from the MIMIC-IV database and 49% of the cohort from
the elCU-CRD database. AKI was a significant predictor of hospital mortality in this
study. Notably, the mortality group had a greater percentage of patients with stage 11
AKI in both the MIMIC-IV and the eICU-CRD cohorts. The OR for stage III AKI was as
high as 5.729 (95% CI: 3.585-9.585), which was much greater than that for stage I and
stage II AKI. Previous studies have also confirmed that a higher AKI stage indicates a
worse prognosis[34,35]. Therefore, we should pay attention not only to the occurrence
of AKI but also to the stage of AKI. Prevention of AKI development and progression
may improve the prognosis of patients with liver cirrhosis.

The need for airway protection due to hepatic coma and respiratory failure resulting
from lung infection, pleural effusion, hepatopulmonary syndrome, etc., are the main
reasons why liver cirrhosis patients are admitted to the ICU for respiratory
support[36,37]. Mechanical ventilation has been demonstrated to be associated with
poorer prognosis in several studies[38,39]. Mechanical ventilation (OR=1.82, 95%
CI=1.385-2.397) was also a risk factor for in-hospital mortality in our study, which is
consistent with the findings of previous studies. The length of mechanical ventilation
also affects the prognosis of patients. Levesque, Eric ¢t al found that the length of
ventilation was an independent risk factor for one-year survival (OR: 1.1 (95% CI: 1.0-
1.2))[39]. For patients who are not intubated, aggressive intervention is needed to avoid
tracheal intubation. For patients with mechanical ventilation, actively treat the cause of

tracheal intubation is needed in order to extubate as early as possible.




Decompensated cirrhosis can affect multiple systems and lead to multiple-organ failure.
The prognosis of patients with cirrhosis worsens as the number of organ failures
increases[40]. Therefore, cirrhosis is not just a liver disease but also a systemic disease.
The complexity of cirrhosis is particularly pronounced in patients admitted to the ICU.
Therefore, integrated and comprehensive management is needed for these patients.

There are several limitations of our study. First, several important variables were not
included in this study because of the large number of missing data. Second, although
external validation was performed for this study, both the training and test sets were

from the USA. Therefore, data from other regions are needed to validate the model.

CONCLUSION

We developed and validated a nomogram model for predicting in-hospital mortality in
liver cirrhosis patients admitted to the ICU. The nomogram has high accuracy in
predicting hospital mortality. This helps us to identify patients at high risk timely and

give intervention actively.

ARTICLE HIGHLIGHTS

Research background
Liver cirrhosis patients in decompensated stage often suffer from hepatic and

extrahepatic organ failure and part of them requires intensive care support.

Research motivation

Liver cirrhosis patients admitted to intensive care unit have a high mortality rate.

Research objectives

To identify patients at high risk timely and give intervention actively.

Research methods




We extracted clinical data of liver cirrhosis patients from the Medical Information Mart
for Intensive Care IVand eICU collaborative research database. Predictors after selection
were used to construct a nomogram prediction model. The efficacy of the model was

tested by external validation.

Research results
The model gained an AUC of 0.864 and 0.808 in the MIMIC-IVand eICU-CRD database
respectively. The calibration curve also confirmed the predictive ability of the model,

while the decision curve confirmed the clinical use value.

Research conclusions

The nomogram model has high accuracy in predicting in-hospital mortality.

Research perspectives
The model helps us identify patients at high risk timely and give intervention actively,

which may help improve the prognosis of the patient.
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