JGH Open JGH Open “gmecmms, @ JGHF

L — 0P ACCESS, and hepatology

| oRIGINAL ARTICLE CEIEED

Validation of ICD-10 Consensus Code Set for Cirrhosis
Detection Using Electronic Health Records in an
Asian Population

Jason Pik-Eu Chang!2 ©® | Hong-Yi Lin®© | Pooi-Ling Loi! | Jeanette Pei-Xuan Ng! | Marianne De Roza®* |
Rahul Kumar?® 2 | Hiang-Keat Tan’2{2 | Chanda Kendra Ho%>°® | Wei-Quan Teo® | Amber Hwa Hwa Chung® |
Prema Raj>®

!Department of Gastroenterology and Hepatology, Singapore General Hospital, Singapore, Singapore | 2Duke-NUS Medical School, Singapore,
Singapore | 3Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore | “Department of Gastroenterology and
Hepatology, Sengkang General Hospital, Singapore, Singapore | *Department of Gastroenterology and Hepatology, Changi General Hospital, Singapore,
Singapore | °SingHealth Duke-NUS Transplant Centre, Singapore, Singapore

Correspondence: Jason Pik-Eu Chang (jason.chang@singhealth.com.sg)
Received: 10 October 2024 | Accepted: 1 April 2025
Funding: The authors received no specific funding for this work.

Keywords: Asian | cirrhosis | electronic health records | ICD-10 | validation

ABSTRACT

Background: Systematic identification of patients with cirrhosis through electronic healthcare records (EHRSs) using ICD-10
codes is essential for epidemiological research but is prone to discrepancies. We aim to validate and improve a recent consensus
code set of nine ICD-10 codes to identify cirrhosis in a multi-ethnic Asian population.

Methods: We applied an initial broad algorithm of 25 ICD-10 codes related to cirrhosis and its complications to identify patients
potentially with cirrhosis admitted to Singapore General Hospital in 2018 and confirmed true cirrhosis cases via manual EHR
review. We evaluated the consensus code set's sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) in identifying cirrhosis cases. We examined alternative code sets to improve cirrhosis identification and validated
them in another local hospital.

Results: One thousand, seven hundred thirty-three patients potentially with cirrhosis were identified, with 937 (54.1%) con-
firmed. The median age atdiagnosis was 71 years (IQR: 64-78), with 65.6% males, 75.2%/8.8%/9.3%/6.7% Chinese/Indians/Malays/
Others, and 56.7% Child-Pugh A. The main etiologies were chronic hepatitis B (29.5%) and metabolic dysfunction-associated ste-
atotic liver disease (25.5%). The consensus code set demonstrated sensitivity/specificity/PPV/NPV of 76.1%/82.0%/83.3%/74.5%,
respectively. We identified a set of 10 ICD-10 codes (SingHealth Chronic Liver Disease Registry [SoLiDaRity]-10) with sensitiv-
ity/specificity/PPV/NPV of 76.5%/84.8%/85.6%/75.4%, respectively, demonstrating an improved specificity versus the consen-
sus code set (p=0.001). External validation in another local hospital with 578 patients potentially with cirrhosis demonstrated
improved sensitivity of the SoLiDaRity-10 code set versus the consensus code set (p=0.033) (sensitivity/specificity/PPV/NPV:
78.0%/93.6%/94.1%/76.4% vs. 76.2%/93.6%/94.0%/75.0%, respectively).

Conclusions: While the consensus code set performs well in identifying patients with cirrhosis in a multi-ethnic Asian popula-
tion, we propose the improved SoLiDaRity-10 code set.

Abbreviations: EHR, electronic health records; HCC, hepatocellular carcinoma; ICD, International Classification of Diseases; IQR, interquartile range; MASLD,
metabolic dysfunction-associated steatotic liver disease; NPV, negative predictive value; PPV, positive predictive value; SGH, Singapore General Hospital.
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1 | Introduction

Liver cirrhosis is the terminal stage of chronic liver disease. It is
the leading cause of liver-related death globally, accounting for
nearly 4% of total deaths worldwide in 2023 [1]. Furthermore,
complications from decompensated cirrhosis result in high rates
of 90-day and 1-year morbidity at 13.2% and 26.9%, respectively
[2], representing major global challenges in healthcare utilization.
Accurate identification of patients with cirrhosis can facilitate the
longitudinal study of the disease, allowing timely monitoring of
disease progression, audit of outcomes, and ultimately better care.

Electronic health records (EHR) are increasingly adopted world-
wide to facilitate disease identification, data storage, and ac-
curate retrieval of patient information [3]. The International
Classification of Diseases (ICD) coding system is the international
standard used for coding patient diseases, with its 10th Revision
(ICD-10) released in 2015 [4]. It is widely used to identify patients
with specific diagnoses from the EHR for administrative pur-
poses, billing, research, and patient care [5]. ICD-10 codes have
been reported to be useful in identifying cirrhosis and cirrhosis-
related complications [6], but their widespread use is limited by
variations in coding practices and coding inaccuracies. This is
due to the large number of disease codes related to liver cirrhosis
and its complications, which results in great variability when in-
dividual ICD-10 codes are used to define the presence of cirrhosis
[7, 8]. As such, well-defined combinations of related ICD-10 codes
are required to reliably identify patients with cirrhosis.

Several studies in North America and Europe have explored the
optimal ICD-10 code sets for identifying cirrhosis patients, sum-
marized by Shearer et al. [9] in a recent review. Analyzing 18 stud-
ies with 1626 records, a set of nine ICD-10 codes was selected to
identify cirrhosis. This “consensus code set” was proposed as an
international standard to unify EHR-based cirrhosis studies, fos-
tering collaboration and enabling meaningful comparisons across
populations. In external validation studies, the consensus code set
had a sensitivity of 61% in a United Kingdom (UK) cohort of 300
patients and 100% in a United States (US) cohort of 113 patients [9].
Its positive predictive value (PPV) was 83% in a UK cohort of 335
patients and 89% in a US cohort of 241 patients [9]. However, there
are no validation studies for this code set in Asian populations.
Given the variability in ICD-10 code set performance and differing
cirrhosis patterns across populations [10, 11], validating and im-
proving this algorithm is an important unmet need to improve col-
laborative research and patient care in Asian healthcare systems.

The primary aim of this study is to externally validate the perfor-
mance of Shearer et al.'s consensus code set to identify cirrhosis
patients in a diverse, multi-ethnic Asian population. The secondary
aim is to improve case-finding of cirrhosis patients using alterna-
tive code sets relevant to the multi-ethnic Asian healthcare context.

2 | Methods
2.1 | Study Design
We conducted a retrospective study on the EHR database

of patients admitted to Singapore General Hospital (SGH)
from January 1, 2018 to December 31, 2018. SGH is the

largest tertiary care hospital in Singapore and is part of the
SingHealth cluster, which forms the largest group of health-
care institutions comprising four public hospitals. An initial
algorithm of 25 ICD-10 codes covering cirrhosis and its com-
plications was applied to the EHR database to identify poten-
tial cirrhosis cases.

Subsequently, researchers manually reviewed each patient's
records to confirm cirrhosis based on one or more of the fol-
lowing definitions: histological confirmation, radiological
evidence of cirrhosis (coarse echotexture with irregular liver
margins) on imaging (ultrasound, computed tomography,
magnetic resonance imaging), evidence of portal hypertension
on imaging (splenomegaly, varices, ascites) and/or endoscopy
(esophageal and/or gastric varices), liver stiffness >13kPa
on elastography, or a clinical diagnosis of a decompensation
event (ascites, bleeding varices, hepatic encephalopathy) [12].
Relevant demographic, clinical, and laboratory data of cirrho-
sis patients were retrieved using a standardized template and
entered into a computerized database. Patients were excluded
from the analysis if they did not fulfill the diagnosis of cirrho-
sis, were < 18years old, or were not admitted in the year 2018.

The etiologies of cirrhosis were determined using one or a
combination of clinical history, laboratory results, and his-
tology. Alcohol-associated liver disease was diagnosed if al-
cohol intake exceeded 21 units per week for men or 14 units
for women. Metabolic dysfunction-associated steatotic liver
disease (MASLD) was diagnosed with hepatic steatosis (radio-
logically or histologically) in the absence of significant alcohol
use or other liver diseases, together with features of metabolic
syndrome. Chronic hepatitis C and hepatitis B infections were
determined from the presence of anti-hepatitis C antibody with
positive hepatitis C viral RNA, and positive hepatitis B surface
antigen for > 6 months, respectively. Primary biliary cirrhosis
was diagnosed by anti-mitochondrial antibodies or histology.
Autoimmune hepatitis was diagnosed based on the detection
of liver auto-antibodies and compatible histology. Primary
sclerosing cholangitis was diagnosed based on cholestatic liver
biochemistry, with characteristic cholangiography and his-
tological findings. Other rarer causes (e.g., Wilson's disease,
hemochromatosis, cardiac cirrhosis, etc.) [13] were identified
by their respective diagnostic criteria and classified under
“Others”. The etiology was determined to be cryptogenic if
no identifiable causes could be determined. For multiple eti-
ologies of cirrhosis, the predominant etiology was determined
by the treating physician. The severity of encephalopathy was
graded according to the West Haven Criteria. Ascites were de-
termined clinically and from imaging.

The performance of the consensus code set was evaluated by
computing the sensitivity, specificity, PPV, and negative predic-
tive value (NPV) to identify true cirrhosis among patients with
potential diagnosis of cirrhosis. We also assessed individual ICD-
10 codes and explored combinations that could enhance accuracy
in identifying cirrhosis. This led to the development of a 10-code
set, called the “SingHealth Chronic Liver Disease Registry-10
(SoLiDaRity-10) code set”, and it was compared with Shearer's con-
sensus code set. We then externally validated the SoLiDaRity-10
set in a separate cohort from Sengkang General Hospital (SKH),
another general hospital in the SingHealth cluster.
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2.2 | Statistical Analysis

We used software R version 4.3.3 for data analysis [14, 15].
Continuous variables were presented as medians with inter-
quartile ranges (IQR), and categorical data as counts and per-
centages. Sensitivity is the proportion of true cirrhosis cases
identified among all patients with true cirrhosis. Specificity is
the proportion of true non-cirrhosis cases identified among all
patients without cirrhosis. PPV is the proportion of true cirrhosis
cases among those identified to have cirrhosis. NPV is the pro-
portion of non-cirrhosis cases among those identified to have no
cirrhosis. Results are presented with 95% confidence intervals.

TABLE 1 | Initial broad 25-code ICD-10 code set which identified
1733 patients potentially with liver cirrhosis in Singapore General
Hospital.

We compared the diagnostic performance of the consensus
code set and the SoLiDaRity-10 code set using McNemar's test,
which is appropriate for paired binary data. The test evaluated
differences in classification outcomes between the two algo-
rithms, with statistical significance set at p=0.05.

2.3 | Ethics
Approval was obtained from the hospital's centralized institu-

tional review board (IRB number 2022/2239).

TABLE 2 | Baseline characteristics of the study cohort (n=937) with
true liver cirrhosis at Singapore General Hospital.

Median age, years (IQR) 71.0 (64.0-78.0)

ICD-10 code Description
C22.0 Liver cell carcinoma
E83.1 Disorders of iron metabolism
185.0 Esophageal varices with bleeding
185.9 Esophageal varices without bleeding
186.4 Gastric varices
198.2 Esophageal varices in diseases
classified elsewhere without bleeding
198.3 Esophageal varices in diseases
classified elsewhere with bleeding
K65.0 Generalized peritonitis
K65.9 Peritonitis, unspecified
K70.3 Alcoholic cirrhosis of liver
K71.7 Toxic liver disease with fibrosis
and cirrhosis of liver
K72.1 Chronic hepatic failure
K72.9 Hepatic failure, unspecified
K74.0 Hepatic fibrosis
K74.1 Hepatic sclerosis
K74.2 Hepatic fibrosis with hepatic sclerosis
K74.3 Primary biliary cirrhosis
K74.5 Biliary cirrhosis, unspecified
K74.6 Other unspecified cirrhosis of liver
K76.1 Chronic passive congestion of liver
K76.6 Portal hypertension
K76.7 Hepatorenal syndrome
P78.8 Other specified perinatal
digestive system disorders
R17.0 Unspecified jaundice
R18.0 Ascites

Males 615 (65.6)
Ethnicity Chinese 705 (75.2)
Indian 82 (8.8)
Malay 87(9.3)
Others 63 (6.7)
Cirrhosis Compensated 608/818 (74.3)
Decompensated 210/818 (25.7)
Etiologies of Chronic 276 (29.5)
cirrhosis hepatitis B
Metabolic 239 (25.5)
dysfunction-
associated
steatotic liver
disease
Cryptogenic 160 (17.1)
Alcohol 109 (11.6)
Chronic 68 (7.3)
hepatitis C
Primary biliary 28 (3.0)
cirrhosis
Autoimmune 15(1.6)
hepatitis
Primary 2(0.2)
sclerosing
cholangitis
Others 40 (4.3)
Ascites 222 (23.7)
Hepatocellular 215(24.9)
carcinoma
Child-pugh class CPclass A 523/922(56.7)
CPclass B 316/922 (34.3)
CPclass C 83/922 (9.0)

Note: Data in table presented as number (percentage) unless otherwise specified.

Abbreviations: CP, child-pugh; IQR, interquartile range.
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3 | Results

3.1 | Study Cohort

The initial broad algorithm of 25 ICD-10 codes (Table 1) iden-
tified 1733 patients with a potential diagnosis of liver cirrhosis
who were admitted between January 1 and December 31, 2018
to SGH. Following the manual review of the EHRs, 937 (54.1%)
cirrhosis cases were confirmed.

3.2 | Baseline Characteristics

The median age of the patients was 71.0years (IQR: 64.0-78.0).
There were 65.6% males. Ethnic distribution was 75.2% Chinese,
9.3% Malay, 8.8% Indian, and 6.7% others. At admission, 25.7%
had decompensated cirrhosis. The main etiologies of cirrhosis
were chronic hepatitis B infection (29.5%) and MASLD (25.5%).
Significant complications present at diagnosis were ascites
(23.7%) and hepatocellular carcinoma (24.9%). The distribution
of the Child-Pugh score was 56.7% Class A, 34.3% Class B, and
9.0% Class C. (Table 2).

3.3 | External Validation of Consensus Code Set

The performance of Shearer's consensus code set for identifying
patients with cirrhosis is presented in Table 3. Table 3 lists the

TABLE 3 |

nine individual ICD-10 codes used to identify cirrhosis cases.
Patients with at least one of these nine ICD-10 codes were classi-
fied as having cirrhosis, while those without any of these codes
were classified as not having cirrhosis.

These provided a sensitivity of 76.1% (95% CI: 73.2%-78.8%),
specificity of 82.0% (95% CI: 79.2%-84.6%), PPV of 83.3% (95%
CI: 80.6%-85.7%), and NPV of 74.4% (95% CI: 71.4%-77.3%)
(Table 3).

3.4 | Design and Performance of the SoLiDaRity-10
Code Set

From the analysis of all the 25 ICD-10 codes, we observed
that replacing “K72.9 Hepatic failure, unspecified” and “K76.7
Hepatorenal syndrome” from the consensus code set with “K74.3
Primary biliary cirrhosis” and “K74.5 Biliary cirrhosis, unspecified”
improved the identification of patients with cirrhosis. In addition,
we tested the performance of a variety of combinations of ICD-10
codes including “R18.0 Ascites” and “C22.0 Liver cell carcinoma” as
well as “I86.4 Gastric varices” and “C22.0 Liver cell carcinoma”. In
summary, we identified a set of 10 ICD-10 codes (nine individual
and one combination) that provided the most optimal performance
in identifying cirrhosis patients in our study cohort (Table 4). We
termed this the “SoLiDaRity-10 code set”, which includes the re-
placement of two individual codes from the original consensus

Performance of Shearer et al.'s consensus code set to identify cirrhosis patients in Singapore General Hospital (n =1733).

Shearer et al.'s consensus code set

ICD-10 code Description

185.0 Esophageal varices with bleeding

185.9 Esophageal varices without bleeding

198.2 Esophageal varices in diseases classified elsewhere without bleeding
198.3 Esophageal varices in diseases classified elsewhere with bleeding
K70.3 Alcoholic cirrhosis of the liver

K72.9 Hepatic failure, unspecified

K74.6 Other and unspecified cirrhosis of the liver

K76.6 Portal hypertension

K76.7 Hepatorenal syndrome

Performance of consensus code set in identifying patients with and without cirrhosis in analysis cohort

Patients’ cirrhosis status

Cirrhosis No cirrhosis Marginal number detected by algorithm

Cirrhosis detected by algorithm 713 143 856
No cirrhosis detected by algorithm 224 653 877
Marginal number of patients in each status 937 796 Overall total: 1733

Performance 95% CI (%)
Sensitivity 713/937 76.1% 73.2-78.8
Specificity 653/796 82.0% 79.2-84.6
Positive predictive value (PPV) 713/856 83.3% 80.6-85.7
Negative predictive value (NPV) 653/877 74.4% 71.4-77.3

Abbreviation: CI, confidence interval.
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code set (K74.3 and K74.5 replacing K72.9 and K76.7) and the in-
troduction of a new combination code (R18.0 and C22.0).

The SoLiDaRity-10 code set identified 838 patients with cirrho-
sis, of which 717 were patients with true cirrhosis among 937
patients with cirrhosis. Furthermore, the SoLiDaRity-10 code
set identified 895 patients without cirrhosis, of which 675 pa-
tients were truly without cirrhosis among 796 patients without
cirrhosis (Table 4). These provided a sensitivity of 76.5% (95%
CI: 73.7%-79.2%), specificity of 84.8% (95% CI: 82.1%-87.2%),
PPV of 85.6% (95% CI: 83.0%-87.9%), and NPV of 75.4% (95% CI:
72.5%-78.2%).

3.5 | Comparison of Performance Between
the Consensus Code Set and SoLiDaRity-10 Code Set

McNemar's test was used to compare the performance of the
consensus code set with the SoLiDaRity-10 code set in identify-
ing patients with or without cirrhosis from the analysis cohort
(Table 5). Notably, the specificity of the SoLiDaRity-10 code set
was significantly higher than that of the consensus code set

(84.8% vs. 82.0%, p=0.001). The sensitivity, PPV, and NPV of the
SoLiDaRity-10 code set were numerically higher than those of
the consensus code set, but the differences were not statistically
significant (Figure 1).

3.6 | External Validation of SoLiDaRity-10 Code Set

To address the inherent limitation of developing and validat-
ing the SoLiDaRity-10 code set from data collected from a sin-
gle institution, we conducted a separate validation study using
the same methodology on 578 patients potentially with cirrho-
sis from the Department of Gastroenterology and Hepatology
of SKH, another tertiary hospital within the SingHealth clus-
ter (Table S2). Based on the analysis of the SKH dataset, the
SoLiDaRity-10 code set provided a sensitivity of 78.0%, specific-
ity of 93.6%, PPV of 94.1%, and NPV of 76.4%. In comparison, the
consensus code set provided a sensitivity of 76.2%, specificity of
93.6%, PPV of 94.0%, and NPV of 75.0% to identify the 328 pa-
tients with true cirrhosis in this SKH cohort. The SoLiDaRity-10
code set had improved sensitivity compared to the consensus
code set (p=0.033 by McNemar's test).

TABLE 4 | Performance of SoLiDaRity-10 code set to identify cirrhosis patients in Singapore General Hospital (n =1733).

Solidary-10 code set

ICD-10 code Description

185.0 Esophageal varices with bleeding

185.9 Esophageal varices without bleeding

198.2 Esophageal varices in diseases classified elsewhere without bleeding
198.3 Esophageal varices in diseases classified elsewhere with bleeding
K70.3 Alcoholic cirrhosis of the liver

K74.3 Primary biliary cirrhosis?

K74.5 Biliary cirrhosis, unspecified®

K74.6 Other and unspecified cirrhosis of liver

K76.6 Portal hypertension

R18.0 & C22.0 Ascites & Liver cell carcinomaP®

Performance of the SoLiDaRityl0-code set in identifying patients with and without cirrhosis in the analysis cohort

Patients’ cirrhosis status

Cirrhosis No cirrhosis Marginal number detected by algorithm

Cirrhosis detected by algorithm 717 121 838
No cirrhosis detected by algorithm 220 675 895
Marginal number of patients in each status 937 796 Overall total: 1733

Performance 95% CI (%)
Sensitivity 717/937 76.5% 73.7-79.2
Specificity 675/796 84.8% 82.1-87.2
Positive predictive value (Ppv) 717/838 85.6% 83.0-87.9
Negative predictive value (NPV) 675/895 75.4% 72.5-78.2

Abbreviation: CI, confidence interval.
2ICD-10 codes that were replaced.
YICD-10 code newly introduced in SoLiDaRity-10.
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TABLE 5 | Paired observed frequencies of cirrhosis detection by the consensus code set and SoLiDaRity-10's code set in Singapore General

Hospital.

Comparison of specificity: detection by two algorithms among patients without cirrhosis (796 patients)

SoLiDaRity-10
Cirrhosis Cirrhosis not
detected detected Total Specificity P 0.001
Consensus Cirrhosis 111 32 143 SoLiDaRity-10  675/796 =84.8%
code set detected
Cirrhosis 10 643 653 Consensus 653/796=82.0%
not detected code set
Total 121 675 796
Comparison of sensitivity: detection by two algorithms among patients with cirrhosis (937 patients)
SoLiDaRity-10
Cirrhosis Cirrhosis not
detected detected Total Sensitivity 4 0.553
Consensus Cirrhosis 702 11 713 SoLiDaRity-10  717/937=76.5%
code set detected
Cirrhosis 15 209 224 Consensus 713/937=76.1%
not detected code set
Total 717 220 937

Note: McNemar's test was used to compare the specificity and sensitivity of the code sets.

4 | Discussion

This is the first study to externally validate Shearer's consen-
sus code set for identifying cirrhosis patients in a diverse multi-
ethnic Asian population, which includes Chinese, Malays,
Indians, Eurasians, and other ethnicities. Previous external val-
idation studies reported PPVs ranging from 83% in a UK cohort
to 89% in a US cohort [9]. Our study demonstrates that the con-
sensus code set performs equally well in an Asian population,
with a PPV of 83.3%. Despite variations in ethnicity and cirrho-
sis etiology, the consensus code set remains a reliable tool for
identifying cirrhosis patients, supporting its use in international
collaborative studies using EHRs.

Additionally, we found that modifying certain codes and add-
ing a combination code for ascites and hepatocellular carcinoma
(HCC) enhanced the performance of the consensus code set. This
combination of 10 codes, the SoLiDaRity-10 code set, improved
sensitivity from 76.1% to 76.5%, specificity from 82.0% to 84.8%,
PPV from 83.3% to 85.6%, and NPV from 74.4% to 75.4%, com-
pared to the consensus code set. Notably, the SoLiDaRity-10 code
set showed significantly higher specificity, reducing the like-
lihood of incorrectly including non-cirrhosis patients in EHR-
based databases. The improved PPV indicates better accuracy
in identifying true cirrhosis cases, which could enhance case-
finding for cirrhosis databases. This refined code set could help
recruit more Asian cirrhosis patients for studies, improve patient
audits, and ultimately lead to better patient care outcomes.

There are several reasons for the improved performance of the
SoLiDaRity-10 code set to identify patients with cirrhosis in
an Asian cohort. First, we found cases of cirrhosis linked to

the codes “K74.3 primary biliary cirrhosis” (11 cirrhosis cases
when used in combination, 3 when used alone) and “K74.5
biliary cirrhosis, unspecified” (4 cirrhosis cases when used
in combination, 1 when used alone) that were missed by the
consensus code set (Table S1). Interestingly, in the review by
Shearer et al. [9], these codes were not observed in the review
of US and UK cohorts, which led to their exclusion from the
consensus code set. This exclusion represents a potential lim-
itation, as it could fail to identify patients coded with “K74.3
primary biliary cirrhosis” and “K74.5 biliary cirrhosis, unspec-
ified,” especially in populations with a higher prevalence of
primary biliary cirrhosis [16].

We also observed that in our study cohort the ICD-10 code
“K76.7 Hepatorenal syndrome” identified very few cirrhosis
cases (15 out of 1733 potential cirrhosis patients when part of
a combination code) and no cases when used alone. (Table S1).
Diagnosing hepatorenal syndrome in advanced liver disease
is challenging, and it is often confounded by other causes of
acute kidney injury, such as sepsis, dehydration, or medica-
tions which are common in patients with advanced liver dis-
ease and acute liver failure [17]. The poor performance of this
code in identifying cirrhosis may reflect the underestimation
of hepatorenal syndrome as a distinct diagnosis in our local
hospital practice. However, all cirrhosis patients with hepa-
torenal syndrome were accurately captured under the “K74.6
Other unspecified cirrhosis of liver” code, demonstrating the
SoLiDaRity-10 code set's overall accuracy in identifying cir-
rhosis patients in this population.

In addition, we observed that most of the patients who were di-
agnosed with “K72.9 Hepatic failure, unspecified” had acute liver
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FIGURE1 | Comparisons of the diagnostic performance of the consensus code set with the SoLiDaRity-10 code set in Singapore General Hospital.

failure but did not have liver cirrhosis (of 22 patients coded with
K72.9, only 5 patients had cirrhosis) (Table S1). Most cases of
liver failure in our cohort were due to acute-on-chronic hepatitis
B flares in patients without evidence of underlying liver cirrho-
sis. Others were due to drug-induced liver injuries or autoim-
mune hepatitis, again without underlying liver cirrhosis. Hence
the inclusion of the code for “K72.9 Hepatic failure, unspecified”
in Shearer et al.'s consensus code set might lead to reduced

specificity for the identification of cirrhosis as some of these pa-
tients may not have underlying liver cirrhosis.

Previous studies have established that the use of “R18.0 Ascites”
as a standalone code is not useful for identifying cirrhosis, as as-
cites can result from conditions like cardiac or renal failure, or
intra-abdominal malignancy [18, 19]. However, we observed that
several patients who were diagnosed with ascites in combination
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with HCC (“C22.0 Liver cell carcinoma”) had underlying cirrho-
sis that would not have been otherwise identified as these patients
were not diagnosed with cirrhosis during their initial presenta-
tion (79 patients with cirrhosis, out of 1733 patients potentially
with cirrhosis) (Table S1). In the Asian population where chronic
hepatitis B is endemic [20], many patients may unknowingly
have chronic hepatitis B-related liver cirrhosis and only present to
healthcare services when they experience decompensation symp-
toms, such as ascites [21]. Given the higher prevalence of HCC in
the Asia-Pacific region as compared to the West [22], a significant
proportion of patients present with HCC as their initial diagnosis.
Hence, patients who present for the first time with ascites and are
diagnosed on imaging to have HCC are often coded for ascites
(R18.0) and HCC (C22.0) but not for liver cirrhosis, although most
of these patients have underlying cirrhosis. In this setting, the use
of the combination code of “R18.0 Ascites” and “C22.0 Liver cell
carcinoma” improves the sensitivity and specificity of identifying
patients with cirrhosis in our Asian population.

To address the limitation of single-center validation, we con-
firmed the reproducibility of our findings by performing a
secondary validation using the same methodology on an in-
dependent cohort from a separate hospital, demonstrating
the excellent performance of both the consensus code set and
the SoLiDaRity-10 code set while confirming the improved
performance of the latter. Nonetheless, the performance of
the SoLiDaRity-10 code set requires validation in other ex-
ternal cohorts to confirm its reliability. Another limitation
stems from focusing solely on ICD-10 codes from inpatient
admissions, whereas other studies also included outpatient
codes [23, 24]. Identifying cirrhosis patients from inpatient
admissions proved more challenging due to the generation of
multiple disease codes, which can create confusion regarding
the primary diagnosis [24, 25]. This highlights the importance
of a well-defined ICD-10 code set for accurately identifying
cirrhosis patients, particularly in inpatient settings. For this
reason, we believe that our findings are of merit to guide ac-
curate case findings of patients with cirrhosis specifically in
an inpatient setting.

4.1 | Conclusion

In conclusion, our study provides external validation of Shearer's
consensus code set in a multi-ethnic Asian population and pro-
vides support for its use in international collaborative studies for
accurate identification of cirrhosis patients from EHR systems
based on ICD-10 codes. We propose that the SoLiDaRity-10 code
set provides improved performance for case-finding of cirrhosis
patients in the Asian population where rates of chronic hepatitis
B and HCC are higher. Further multi-center studies comparing
the performance of these two code sets would help to validate
these findings in a broader Asian cohort.
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