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Abstract

Purpose—Use of administrative or population-based databases for post-marketing 

pharmacoepidemiology research in patients with end-stage liver disease (ESLD) has been limited 

by the difficulty of accurately identifying such patients. Algorithms to identify patients with ESLD 

using ICD-9-CM codes have not been developed outside of the Veterans Affairs healthcare 

setting.

Methods—We queried electronic medical records at two tertiary care hospitals to identify 

patients with ICD-9-CM codes indicative of ESLD. Coding algorithms were developed to identify 

patients with confirmed ESLD, and these were tested to determine their positive predictive value 

(PPV).

Results—The presence of one inpatient or outpatient ICD-9-CM code for: a) cirrhosis, b) 

chronic liver disease, and c) a hepatic decompensation event yielded a PPV of 85.2% (167/196; 

95% CI: 79.4%–89.9%). The PPV increased to 89.3% (150/168; 95% CI: 83.6%–93.5%) when the 

algorithm required 2 or more ICD-9-CM codes for a hepatic decompensation. However, an 

algorithm requiring only one ICD-9-CM code for a) cirrhosis and b) a hepatic decompensation 

event, in the absence of a chronic liver disease code, yielded a PPV of 85.7% (30/35; 95% CI: 

69.7%–95.2%).

Conclusions—A coding algorithm that includes at least one ICD-9-CM code for cirrhosis plus 

one ICD-9-CM code for a hepatic decompensation event has a high PPV for identifying patients 

with ESLD. The inclusion of at least 2 codes indicative of chronic liver disease increased the PPV. 
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This algorithm can be used in future epidemiologic studies to examine the outcomes of a variety 

of long-term medical therapies in patients with ESLD.
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Introduction

Most medications are not studied in patients with end-stage liver disease (ESLD) prior to 

marketing. Use of administrative or population-based databases for post-marketing 

pharmacoepidemiology research in patients with ESLD has been limited by the ability to 

accurately identify such patients. While International Classification of Disease, Ninth 

Revision, Clinical Modification (ICD-9-CM) diagnostic codes have been validated for 

hepatic decompensation events, viral hepatitis, and cirrhosis in the Veterans Affairs (VA) 

administrative databases, (1, 2) algorithms to identify ESLD have not been developed and 

validated in other settings.

The ability to identify patients with ESLD would allow for a better understanding of patterns 

of medication use among these patients and permit evaluations of the safety of marketed 

therapies in this high-risk population. We therefore determined the ability of diagnostic 

codes to identify patients with ESLD in two tertiary care hospitals.

Methods

Study design and data source

We conducted a cross-sectional study among patients cared for at two hospitals in the 

University of Pennsylvania Health System (UPHS): the Hospital of the University of 

Pennsylvania and Penn Presbyterian Medical Center. The UPHS maintains the Pennsylvania 

Integrated Clinical and Administrative Research Database (PICARD), a warehouse of 

patient data that includes ICD-9-CM codes, laboratory test results, and ambulatory 

electronic health records for patients receiving care within the UPHS. The study was 

approved by the Institutional Review Board of the University of Pennsylvania.

Study Subjects and Coding Algorithm Derivation

We queried the PICARD database to identify a random sample of 300 adult patients ≥18 

years of age with ICD-9-CM codes potentially indicative of ESLD, including chronic liver 

disease, cirrhosis, hepatic decompensation, or conditions associated with ESLD (e.g., 

jaundice, coagulopathy), recorded between January 1, 1997 and December 31, 2011 (see list 

of ICD-9-CM codes in Table 1). We included diagnosis codes for bleeding and non-bleeding 

esophageal varices in the ESLD code list because patients with non-bleeding varices 

represent a cohort of patients with significant portal hypertension and an increased risk of 

liver-related morality.(3, 4) Patients may have received inpatient or outpatient care at one or 

both of the participating hospitals.
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The initial query was overly inclusive to allow for testing of multiple potential coding 

algorithms to best identify patients with ESLD, with the goal to identify an algorithm(s) with 

a positive predictive value (PPV) of at least 80%.

Primary Outcomes

The main outcome of this study was clinically confirmed ESLD (also referred to as 

decompensated liver disease). ESLD was defined by the presence of a definitive diagnosis 

of cirrhosis and a definitive diagnosis of a hepatic decompensation event (ascites, 

hepatorenal syndrome [HRS], spontaneous bacterial peritonitis [SBP], hepatic 

encephalopathy [HE), or gastric/esophageal variceal bleeding) in the medical record.

Cirrhosis was confirmed if a patient had a: a) liver biopsy demonstrating cirrhosis, b) 

radiographic imaging study (abdominal ultrasound, CT scan, or MRI) reporting cirrhosis, or 

c) physician’s note documenting cirrhosis based on one of the two prior criteria.(5)

Definitions for hepatic decompensation events were based on guidelines published by the 

American Association for the Study of Liver Diseases (AASLD).(6) Confirmation of an 

event required physical exam (ascites, encephalopathy), imaging (ascites), or endoscopic 

(variceal bleeding) findings confirming a decompensation event, or documentation of an 

event by a treating physician within the medical record. Patients were required to have had a 

decompensation event within 365 days of receiving an ICD-9-CM code for that event.

Medical records were reviewed by a hepatologist (D.G.) to confirm outcomes. Chart review 

also determined if patients would be potential liver transplant candidates based on AASLD 

criteria.(7)

Data Analysis

We determined the PPVs of three ICD-9-CM-based coding algorithms to identify clinically 

confirmed ESLD (Table 1). Our focus was on PPV because if this parameter is sufficiently 

high, we and other researchers will have confidence that the algorithm identified ESLD with 

minimal misclassification. Algorithm 1 required a diagnosis of a hepatic decompensation 

event plus a chronic liver disease diagnosis. Algorithm 2 required a diagnosis of a hepatic 

decompensation event plus a cirrhosis diagnosis. Algorithm 3 required a diagnosis of a 

hepatic decompensation event, chronic liver disease, and cirrhosis. The rationale for these 

algorithms was based on observations that some patients with ESLD may only be coded for 

a chronic liver disease and not cirrhosis, or vice versa. The large sample size of algorithm 3 

permitted determination of a variety of PPVs using different cut-off points for the minimum 

number of hepatic decompensation codes. Finally, to estimate the likelihood of missing 

ESLD events with the specified algorithms, we evaluated for the presence of ESLD in a 

sample of patients who did not meet the algorithms but who had non-specific diagnoses that 

typically accompany ESLD (e.g. coagulopathy, jaundice, hyponatremia, and portal 

hypertension).

All data were analyzed using State 12.0 (Stata Corp, College Station, TX, USA).
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Results

Of the 266 patients with at least one ICD-9-CM code for a hepatic decompensation event, 

244 (91.8%) had medical records available for review. Table 1 reports the PPVs of the 

coding algorithms.

Algorithm 1 yielded a PPV of only 7.7% (1/13), as only 1 patient had cirrhosis. Algorithm 2 

had a PPV of 85.7% (30/35; 95% CI: 69.7%–95.2%). Algorithm 3 yielded a PPV of 85.2% 

(167/196; 95% CI: 79.4%–89.9%). For this algorithm, as the minimum number of required 

ICD-9-CM codes for a hepatic decompensation event increased, the PPV to identify patients 

with ESLD increased—from 85.2% for only 1 ICD-9-CM code to 95.7% (88/92) when at 

least 8 were required. However, increasing the minimum number of ICD-9-CM codes 

resulted in detecting 79 (47.3%) fewer cases of ESLD.

In addition to the high PPV to identify patients with ESLD, 80.0% and 83.2% of patients 

identified with algorithms 2 and 3, respectively, met criteria for listing for liver 

transplantation.

Finally, among 34 patients with an ICD-9-CM code for coagulopathy, jaundice, 

hyponatremia, and/or portal hypertension, in the absence of an ICD-9-CM code for a 

discrete hepatic decompensation event, only 3/34 (8.8%) were confirmed to have had ESLD.

Discussion

This study examined the ability of ICD-9-CM diagnostic codes to identify patients with 

ESLD. The presence of one inpatient or outpatient ICD-9-CM code for cirrhosis and one 

inpatient or outpatient ICD-9-CM code for a hepatic decompensation event (ascites, SBP, 

HRS, HE, or variceal bleeding), with or without an additional ICD-9-CM code for a chronic 

liver disease, had a PPV of 85% in identifying patients with confirmed ESLD. The PPV 

increased to greater than 90% when the algorithm required 3 or more ICD-9-CM codes for a 

diagnosis of a hepatic decompensation event, but this requirement decreased the number of 

cases identified.

Administrative claims data is an important data source for large-scale epidemiologic studies. 

However, the potential for misclassification exists by relying only on billing codes without 

proper validation. Within the field of hepatology, there have been few validations of ICD-9-

CM codes, and they have focused on coding within the VA system. Given the different 

billing structure of the VA healthcare system, such validations are not generalizable to the 

non-VA setting. This validation is the first to identify patients with ELSD based on ICD-9-

CM codes in the non-VA setting.

This work is important for future epidemiologic research. Many medications (e.g. antibiotics 

for SBP prophylaxis, beta-blockers for prevention of variceal hemorrhage, and statins in 

patients with concomitant dyslipidemias) are prescribed in this group of patients without 

large-scale, long-term follow-up data detailing the potential risks and side effects of this 

high-risk population of patients. Given the potential adverse hepatic consequences in these 

patients (8–12) for whom the pharmacokinetics and pharmacodynamics are not fully 
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understood, coinciding with the rising prevalence of ESLD, detailing the potential side 

effects of long-term medication therapy in this group is critical. However, prior work has 

been hampered by the inability to accurately identify this cohort of patients. We have now 

demonstrated that such studies are possible.

Our study has limitations. First, since the Hospital of the University of Pennsylvania is a 

tertiary care center and offers liver transplantation with a referral base from across 

Pennsylvania, Delaware, and New Jersey, it is expected that there would be a large cohort of 

patients with ESLD cared for at this site, which could introduce spectrum bias. However, 

only approximately 50% of the patients meeting transplant criteria were actually listed for 

transplantation. Second, it is possible that the coding algorithm we evaluated might miss 

ESLD events. However, given that fewer than 1% of patients have ESLD,(2) the negative 

predictive value of this algorithm is expected to be extremely high when utilized in a 

population-based database. In addition, we evaluated ESLD events in a limited sample of 

patients who did not meet the algorithm but who had non-specific diagnoses that typically 

accompany ESLD (e.g. coagulopathy, jaundice, and hyponatremia) and identified very few 

events.

In conclusion, a coding algorithm that includes at least one ICD-9-CM code for cirrhosis 

plus one ICD-9-CM code for a hepatic decompensation event, with or without concomitant 

codes indicative of chronic liver disease, had a high PPV for identifying patients with 

ESLD. This algorithm can be used in future epidemiologic studies to examine the outcomes 

of a variety of long-term medical therapies in patients with ESLD.
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Take-home messages

1. Post-marketing pharmacoepidemiology research in patients with ESLD has been 

limited by the difficulty of accurately identifying such patients.

2. ICD-9-CM codes for coagulopathy, hyponatremia, and jaundice do not 

accurately identify patients with end-stage liver disease

3. An ICD-9-CM code for cirrhosis, in the absence of a code for a chronic liver 

disease, has a high positive predictive value for identifying cirrhotic patients in 

an administrative database

4. A coding algorithm combining ICD-9-CM codes for cirrhosis and hepatic 

decompensation events, with or without ICD-9-CM codes for a chronic liver 

disease, can identify patients with end-stage liver disease

5. Future pharmacoepidemiology research on patients with end-stage liver disease 

can be conducted using this coding algorithm
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