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SUMMARY
Purpose—The absence of validated methods to identify hepatic decompensation in cohort
studies has prevented a full understanding of the natural history of chronic liver diseases and
impact of medications on this outcome. We determined the ability of diagnostic codes and liver-
related laboratory abnormalities to identify hepatic decompensation events within the Veterans
Aging Cohort Study (VACS).
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Methods—Medical records of patients with hepatic decompensation codes and/or laboratory
abnormalities of liver dysfunction (total bilirubin ≥5.0 gm/dL, albumin ≤2.0 gm/dL, international
normalized ratio ≥1.7) recorded one year before through six months after VACS entry were
reviewed to identify decompensation events (i.e., ascites, spontaneous bacterial peritonitis,
variceal hemorrhage, hepatic encephalopathy, hepatocellular carcinoma) at VACS enrollment.
Positive predictive values (PPVs) of diagnostic codes, laboratory abnormalities, and their
combinations for confirmed outcomes were determined.

Results—Among 137 patients with a hepatic decompensation code and 197 with a laboratory
abnormality, the diagnosis was confirmed in 57 (PPV, 42%; 95% CI, 33% – 50%) and 56 (PPV,
28%; 95% CI, 22% – 35%), respectively. The combination of any code plus laboratory
abnormality increased PPV (64%; 95% CI, 47% - 79%). One inpatient or ≥2 outpatient diagnostic
codes for ascites, spontaneous bacterial peritonitis, or variceal hemorrhage had high PPV (91%;
95% CI, 77% – 98%) for confirmed hepatic decompensation events.

Conclusion—An algorithm of 1 inpatient or ≥2 outpatient codes for ascites, peritonitis, or
variceal hemorrhage has sufficiently high PPV for hepatic decompensation to enable its use for
epidemiologic research in VACS. This algorithm may be applicable to other cohorts.
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INTRODUCTION
Hepatic decompensation represents the principal endpoint of chronic liver disease,
particularly in patients with chronic viral hepatitis infection. Despite the clinical importance
of this event, epidemiologic studies among chronic liver disease patients have largely
focused on histological evidence of advanced fibrosis and/or cirrhosis.1-7 These studies are,
however, only able to include patients who have undergone a liver biopsy, but certain
groups, such as patients coinfected with human immunodeficiency virus (HIV) and viral
hepatitis, undergo liver biopsy only rarely due to high rates of contraindications to the
procedure (e.g., active alcohol use; coagulopathy) and patient refusal.8 Moreover,
observational studies which focus exclusively on histological endpoints may be subject to
selection bias if those who undergo liver biopsy are systematically different with respect to
risk factors for advanced fibrosis.

The ability to identify hepatic decompensation within large cohorts would enable a fuller
understanding of the epidemiology and natural history of chronic liver diseases and permit
evaluation of the impact of medications on this outcome. However, there are very few data
evaluating methods to identify hepatic decompensation events within observational cohort
studies. To address this issue, we determined the ability of diagnostic codes, laboratory
abnormalities, and their combinations to identify cases of hepatic decompensation at
enrollment in the Veterans Aging Cohort Study.

METHODS
Study Design and Data Source

We conducted a cross-sectional study among patients enrolled in the Veterans Aging Cohort
Study (VACS), an ongoing, prospective cohort study begun in June 2002 that follows HIV-
infected and demographically similar HIV-uninfected US veterans receiving medical care at
eight Veterans Health Administration (VA) facilities (Atlanta, GA; Bronx, NY; Houston,
TX; Los Angeles, CA; Manhattan/Brooklyn, NY; Baltimore, MD; Washington, DC;
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Pittsburgh, PA).9 After informed consent is obtained, VACS patients complete a
standardized questionnaire, at enrollment and then annually, that collects information on
medical and psychiatric comorbidities, drug and alcohol use, quality of life, and medication
adherence. VACS also collects electronic data from the VA's Centralized Patient Record
System (CPRS),10 including demographic information, International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes, laboratory
values, progress notes, dispensed medications, microbiology results, pathology reports,
radiology reports, and hospital discharge summaries. The electronic medical record (CPRS)
is the primary source of clinical information in the VA system, and there are no paper-based
records of inpatient or outpatient care.

Study Subjects
We identified patients who had inpatient and outpatient ICD-9-CM codes (Table 1)
suggestive of hepatic decompensation recorded at VACS enrollment (i.e., one year before
through six months after entry into the cohort) to identify possible prevalent cases. We also
identified patients who had severe abnormalities in liver synthetic function suggesting
hepatic decompensation, including total bilirubin ≥5.0 gm/dL, albumin ≤2.0 gm/dL, and/or
an international normalized ratio (INR) ≥1.7 in the absence of warfarin use. All patients
enrolled in VACS through August 15, 2005 were eligible for inclusion.

Definitions of Hepatic Decompensation Events
We defined hepatic decompensation by the presence of any one of the following five major
complications of cirrhosis: ascites, spontaneous bacterial peritonitis, esophageal/gastric
variceal hemorrhage, hepatic encephalopathy, and/or hepatocellular carcinoma.11,12

Definitions for each hepatic decompensation event were based on guidelines by the
American Association for the Study of Liver Diseases and European Association for the
Study of the Liver. Events were further classified as definite or possible based on medical
record data. These definitions are listed in Table 2 and are discussed in detail in the
Appendix.

We included hepatocellular carcinoma as a decompensation event because it typically
develops in the setting of cirrhosis and indicates end-stage liver disease.13,14 However,
among chronic hepatitis B patients, this malignancy can develop without cirrhosis.15 Thus,
among hepatitis B patients, we required the presence of either another complication of
cirrhosis or a biopsy demonstrating cirrhosis to confirm hepatic decompensation.

Confirmation of Hepatic Decompensation
A single trained abstractor reviewed the medical records of patients identified with relevant
ICD-9-CM codes and laboratory abnormalities beginning one year before through six
months after VACS enrollment. Data were abstracted onto structured forms that collected
information from: 1) abdominal ultrasound, CT, and MRI reports (presence and quantity of
ascites; presence and dimensions of liver masses); 2) laboratory results (alpha-fetoprotein;
ammonia; peritoneal fluid cell count, differential, culture); 3) liver biopsy results (fibrosis
stage; hepatocellular carcinoma diagnosis); 4) endoscopic reports (reason for endoscopy;
presence of gastritis and/or peptic ulcers; presence of varices; signs of active variceal
bleeding; banding of varices); and 5) progress notes (chronic liver disease etiology;
diagnosis of variceal bleeding; reports of diagnostic and/or therapeutic paracentesis; reports
of hepatic encephalopathy, asterixis). Hepatic encephalopathy was identified if there was a
report of altered mentation and a definite diagnosis was recorded in a gastroenterologist's or
hepatologist's note. Reports of a non-hepatic etiology of altered mentation negated a hepatic
encephalopathy diagnosis. Asterixis was confirmed only if documented in the physical
examination of a gastroenterologist or hepatologist.
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After medical record review, data forms were independently reviewed by two arbitrators
with expertise in chronic liver diseases (V.L.R. and J.K.L.). Each determined if hepatic
decompensation was present and recorded the date each condition was first identified. They
then decided whether the event was definite, possible, or had not occurred. Hepatic
decompensation was considered to have occurred at the earliest date any diagnosis
consistent with the event was documented. Disagreement on classification or date resulted in
review by a third arbitrator (M.B.G.) to adjudicate the event.

Collection of Clinical Data
Age, sex, race, hazardous alcohol use (defined by an Alcohol Use Disorders Identification
Test-C score >4 in men or >2 in women at VACS entry and/or an ICD-9-CM code for
hazardous drinking any time prior to enrollment 16,17), HIV infection (positive HIV
antibody and/or RNA), hepatitis B (positive hepatitis B surface antigen), and hepatitis C
(positive hepatitis C antibody and/or RNA) were collected from the VACS database at
enrollment.

Data Analysis
We determined the positive predictive values (PPVs) of ICD-9-CM codes (grouped by
condition indicative of hepatic decompensation [Table 1]), laboratory abnormalities, and
their combinations for hepatic decompensation events (definite or possible). We also
evaluated the PPVs of only 1 inpatient or ≥2 outpatient codes, as has previously been used
to identify psychiatric diseases 18-20 and HIV infection.21,22 Our focus was on PPV because
if this parameter is sufficiently high, researchers will have confidence in the coding- and/or
laboratory-based algorithm to warrant its use as a tool to identify cases of hepatic
decompensation within observational cohorts.

Although our analyses focused on subjects with diagnostic codes or laboratory abnormalities
suggestive of hepatic decompensation, a random sample of 100 patients without a code or
laboratory abnormality was selected to evaluate for the absence of hepatic decompensation
outcomes. This sample provided an upper bound of the 95% confidence interval (CI) of
3.6% if no cases of hepatic decompensation were identified. Based on our finding that no
cases of hepatic decompensation were identified among this random sample, we estimated
negative predictive value, specificity, percent agreement, and kappa statistic for the
diagnostic codes, laboratory abnormalities, and their combinations.

The prevalence of hepatic decompensation among VACS subjects was determined by
dividing the number of cases confirmed at the time of enrollment by the total cohort size.
Results were stratified by HIV status, viral hepatitis status, and hazardous alcohol use.

We estimated that 75 patients would allow determination of the PPV of the diagnostic codes
and laboratory abnormalities with a maximum 95% CI of ±0.12, assuming a PPV of 80%.
All data were analyzed using Stata 11.0 (Stata Corp, College Station, TX).

Ethics Board Approval
The study protocol was approved by the Institutional Review Boards of the VA Connecticut
Healthcare System, Yale University, Philadelphia VA Medical Center, and University of
Pennsylvania.
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RESULTS
Subject Characteristics

Among 6,280 patients enrolled in VACS through August 15, 2005, 137 (2.2%) patients were
identified with a hepatic decompensation code, and 197 (3.1%) had a laboratory abnormality
indicating liver dysfunction at enrollment. Ninety-eight (1.6%) patients had an ICD-9-CM
code alone, 158 (2.5%) had a laboratory abnormality only, and 39 (0.6%) had both an
ICD-9-CM code and laboratory abnormality. Subjects identified with either a code or
laboratory abnormality were older and more commonly had a history of hazardous alcohol
use, HIV, hepatitis B, and hepatitis C than those without (Table 3). Patients coinfected with
HIV and hepatitis C (147 [50%]) comprised the largest proportion of these individuals.

Positive Predictive Values of Diagnostic Codes and Laboratory Abnormalities
The PPVs of ICD-9-CM codes, laboratory abnormalities, and their combinations for
confirmed hepatic decompensation events are listed in Table 4. Among 137 patients with a
hepatic decompensation code and 197 with a laboratory abnormality, the diagnosis was
confirmed in 57 (PPV, 42%; 95% CI, 33% – 50%) and 56 (PPV, 28%; 95% CI, 22% –
35%), respectively. PPVs of individual hepatic decompensation events were low (Table 4),
with the exception of ascites (PPV, 86%; 95% CI, 67% – 96%).

The combination of any diagnostic code plus laboratory abnormality increased PPV (64%;
95% CI, 47% - 79%). Several combinations of codes and/or laboratory abnormalities had
PPVs exceeding 80% (Table 4). Among these algorithms, the presence of 1 inpatient or ≥2
outpatient diagnostic codes for ascites, spontaneous bacterial peritonitis, or variceal
hemorrhage had high PPV for confirmed hepatic decompensation (PPV, 91%; 95% CI, 77%
– 98%) and captured the most events. Results were similar when stratified by HIV or
hepatitis C status (data not shown).

Of the 100 patients randomly selected from among those without a diagnostic code or
laboratory abnormality indicative of hepatic decompensation, no events were detected by
either arbitrator (0%; 95% CI, 0 – 3.6%).

Characteristics of Subjects with Hepatic Decompensation
After endpoints arbitration, 88 (30%) of the 295 patients identified with either a diagnostic
code or laboratory abnormality were confirmed to have hepatic decompensation (84 definite;
4 possible). The overall percent agreement in events between the two arbitrators was 99%
(293/295), and the kappa score was 0.98. Ascites was identified in 67 (23%) patients,
spontaneous bacterial peritonitis in 8 (3%), variceal hemorrhage in 21 (7%; 13 definite; 8
possible), hepatic encephalopathy in 39 (13%; 38 definite; 1 possible), and hepatocellular
carcinoma in 6 (2%; 5 definite; 1 possible). The characteristics of these patients are
described in Table 5. Eighty percent were infected with hepatitis C, 70% were HIV-
infected, and 55% had a history of hazardous alcohol use.

Prevalence of Hepatic Decompensation in VACS
Among 6,280 VACS subjects, 88 cases of hepatic decompensation were confirmed
(prevalence, 1.4%; 95% CI, 1.1% – 1.7%). Figure 1 shows the prevalence of hepatic
decompensation among the 6,280 VACS patients by HIV and viral hepatitis status (Figure
1a) and additionally by hazardous alcohol use (Figure 1b).

Re et al. Page 5

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
This study examined the ability of diagnostic codes, liver-related laboratory abnormalities,
and their combinations to identify hepatic decompensation events among subjects in the
VACS. The presence of 1 inpatient or ≥2 outpatient ICD-9-CM codes for ascites,
spontaneous bacterial peritonitis, or variceal hemorrhage had a PPV exceeding 90% for
confirmed hepatic decompensation and captured the most events among the algorithms of
diagnostic codes and laboratory abnormalities evaluated. Results did not vary by HIV or
hepatitis C status. This algorithm could therefore be used for epidemiologic studies
examining hepatic decompensation within the VA healthcare system setting.

The PPV of the ICD-9-CM diagnostic codes that we selected for medical record-confirmed
hepatic decompensation was low. Our inclusion of several non-specific codes for conditions
potentially suggestive of end-stage liver disease likely contributed to this result (Table 1).
Subsequent analyses excluded these non-specific diagnoses and evaluated the accuracy of
codes grouped by specific hepatic decompensation complications (i.e., ascites, spontaneous
bacterial peritonitis, variceal hemorrhage, hepatic encephalopathy, hepatocellular
carcinoma). However, with the exception of ascites, these codes also had low PPV. These
findings may have been due to the complexities of the definitions for each of the hepatic
decompensation conditions, which could lead to inaccurate coding of these diagnoses.

Because of the observed low accuracy of individual ICD-9-CM hepatic decompensation
codes, we examined coding algorithms that required the presence of 1 inpatient or ≥2
outpatient codes, as has been used to identify psychiatric diseases 18-20 and HIV
infection.21,22 We found that 1 inpatient or ≥2 outpatient diagnoses for ascites, spontaneous
bacterial peritonitis, or variceal hemorrhage increased the PPV for confirmed events to
above 90%, though at the cost of missing some subjects that were identified by other
diagnostic codes or laboratory abnormalities.

Our use of abnormal liver-related laboratory results increased our detection of additional
hepatic decompensation events beyond the diagnostic codes alone by 54% (31 additional
events/57 events detected using ICD-9-CM codes alone). However, the PPV of the selected
abnormalities in liver-related laboratory tests for hepatic decompensation was also low. The
severe abnormalities in liver synthetic dysfunction identified cases of severe liver disease
without an accompanying hepatic decompensation event. Utilizing coding algorithms that
required both a diagnostic code and laboratory abnormality increased the PPV for true
events, but these algorithms identified only small numbers of cases and considerably less
than the 1 inpatient/≥2 outpatient code-based algorithm for ascites, peritonitis, or variceal
hemorrhage.

Few studies have evaluated the validity of administrative and electronic medical record data
to identify hepatic decompensation events within observational cohort studies. Fleming et
al.23 used the General Practice Research Database to identify patients with cirrhosis using
diagnostic codes for cirrhosis, esophageal varices, and portal hypertension and then
evaluated hepatic decompensation based on review of medical records. However, the
accuracy of the diagnostic codes was not investigated in this study.

After confirmation of hepatic decompensation, we examined the prevalence of these events
among certain subgroups in the VACS. Hepatic decompensation events were highest among
patients coinfected with hepatitis B and C viruses and with viral hepatitis and HIV
coinfection (Figure 1a). Further, a history of hazardous alcohol use increased the prevalence
of hepatic decompensation within each hepatitis- and/or HIV-infected subgroup (Figure
1b). These findings are consistent with current evidence suggesting that the course of
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chronic liver disease is accelerated in HIV/viral hepatitis-coinfected patients 24-26 and that
alcohol is an important cofactor for liver disease progression.27

This work has clinical implications for future epidemiologic research, particularly in the
setting of chronic liver diseases. A validated method to identify cases of hepatic
decompensation will enable a more thorough delineation of the natural history of a number
of chronic liver diseases. This will allow observational studies to determine more accurately
incidence rates of hepatic decompensation; identify risk factors (e.g., viral, immunologic,
genetic, medications) for this outcome to suggest mechanisms and cofactors of disease
progression; and develop clinical predictive indices to classify patients with chronic liver
diseases according to their risk of developing hepatic decompensation over a clinically
relevant time period, which could impact the prescription of treatment for the underlying
liver disease. Moreover, a more thorough identification of the risk factors for end-stage liver
disease may suggest interventions that could be undertaken in the future, after further
testing, for the primary prevention of hepatic decompensation.

Our study has several potential limitations. First, there exists the possibility that the 1
inpatient/≥2 outpatient diagnostic coding algorithm for ascites, peritonitis, and variceal
hemorrhage might misclassify hepatic decompensation events. However, we minimized the
likelihood of misclassification by: 1) using standardized definitions for complications
indicative of hepatic decompensation based on guidelines from US and European
hepatology societies, 2) requiring suspected cases to undergo chart review for confirmation,
and 3) employing two endpoints arbitrators to confirm events.

It is also possible that the 1 inpatient/≥2 outpatient code-based algorithm may miss subjects
with hepatic decompensation. Clinicians might not record an ICD-9-CM code for hepatic
decompensation, as was evident by the additional cases ascertained using laboratory
abnormalities. Cohorts with access to administrative data, laboratory results, and medical
records could use both diagnostic codes and laboratory abnormalities as a screening
mechanism to identify patients who might have developed hepatic decompensation. Medical
records of these subjects could then be reviewed in the manner performed in this study to
confirm decompensation events. Notably, no events were identified among randomly
sampled patients who neither had a diagnostic code nor laboratory abnormality suggestive of
hepatic decompensation.

Finally, our results will not be generalizable to cohorts that do not record ICD-9-CM codes
or laboratory results as directly analyzable fields. Alternative methods to confirm hepatic
decompensation events will need to be developed for these cohorts.

In conclusion, 1 inpatient or ≥2 outpatient diagnostic codes for ascites, spontaneous
bacterial peritonitis, or variceal hemorrhage accurately identified hepatic decompensation
events in the VA healthcare system setting. This algorithm can be used in future studies to
examine the epidemiology of a variety of chronic liver diseases and evaluate the impact of
medications on hepatic decompensation.
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APPENDIX
Hepatic decompensation was defined by the presence of any one of the following five major
complications of cirrhosis: ascites, spontaneous bacterial peritonitis, esophageal/gastric
variceal hemorrhage, hepatic encephalopathy, and/or hepatocellular carcinoma.11,12

Definitions for each of these conditions were based on guidelines by the American
Association for the Study of Liver Diseases (AASLD) and European Association for the
Study of the Liver (EASL). Hepatic decompensation events were further defined as definite
or possible based on medical record data.

Ascites
Ascites may be identified by abdominal imaging (e.g., ultrasound, computed tomography
[CT], or magnetic resonance imaging [MRI]) or paracentesis.28 Patients with underlying
chronic liver disease who had either a report of ascites on an abdominal imaging study or
results of peritoneal fluid analysis available were classified as definite hepatic
decompensation events.

Spontaneous bacterial peritonitis
Spontaneous bacterial peritonitis is confirmed when there is a positive ascitic fluid bacterial
culture and/or an elevated ascitic fluid neutrophil count (≥250 cells/mm3).28,29 Patients who
met this criterion were classified as having definite hepatic decompensation. Patients with a
non-hepatic etiology of ascites (e.g., pancreatitis, tuberculosis) were not considered to have
had hepatic decompensation.

Esophageal/gastric variceal hemorrhage
This diagnosis is confirmed when esophagogastroduodenoscopy (EGD) shows one of the
following: active bleeding from a varix, clots overlying a varix, or varices with no other
potential source of bleeding.30,31 We classified variceal hemorrhage as a definite hepatic
decompensation event if: 1) active variceal bleeding was visible on endoscopy, or 2) non-
bleeding varices were present on endoscopy in the setting of acute upper gastrointestinal
hemorrhage with no alternative cause for bleeding. A report of variceal hemorrhage in a
progress note with no endoscopy report available was considered only a possible
decompensation event.

Hepatic encephalopathy
Hepatic encephalopathy is diagnosed when a change in mentation is present in the setting of
chronic liver disease with no other cause for the abnormal mental status.32 Chronic liver
disease patients with a documented diagnosis of hepatic encephalopathy in a progress note
of a gastroenterologist or hepatologist and without evidence for a non-hepatic etiology for
altered mental status were classified as definite hepatic decompensation events. Further,
since determination of asterixis (liver flap) and serum ammonia concentration may suggest
the diagnosis but are individually nonspecific,32,35 we classified patients who had no
documentation of hepatic encephalopathy but who had both asterixis and a serum ammonia
concentration measured within 30 days of report of asterixis as having possible hepatic
decompensation.

Hepatocellular carcinoma
Hepatocellular carcinoma typically develops in the setting of cirrhosis and signifies hepatic
decompensation.13,14 However, among chronic hepatitis B patients, this malignancy can
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develop without cirrhosis.15 Thus, among hepatitis B patients, we required the presence of
either another complication of cirrhosis or a biopsy demonstrating cirrhosis to confirm
hepatic decompensation.

Tissue biopsy provides definitive evidence of hepatocellular carcinoma. However, in the
absence of a biopsy, AASLD guidelines state that the diagnosis can be made when an
arterial-enhancing liver mass >2 cm in diameter with a delayed venous wash out, and a
serum alpha-fetoprotein >200 ng/mL are simultaneously detected.33 In addition, EASL
guidelines state that the diagnosis can be made without a confirmatory biopsy in patients
with pathologically proven cirrhosis who have a >2 cm arterial-enhancing liver mass with a
delayed venous wash out on two separate CT or MRI studies.34 Accordingly, we classified
patients who met either definition as having definite hepatic decompensation. Hepatic
masses of 1 – 2 cm in diameter in a cirrhotic liver may represent hepatocellular carcinoma,
but AASLD and EASL recommend confirmatory biopsies.33,34 Therefore, patients with
biopsy-proven cirrhosis who had a 1 – 2 cm hepatic mass on a single abdominal imaging
study were classified as having a possible event.

List of Abbreviations

AASLD American Association for the Study of Liver Diseases
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CT computed tomography

EASL European Association for the Study of the Liver

EGD esophagogastroduodenoscopy

HIV human immunodeficiency virus

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical
Modification

INR international normalized ratio

MRI magnetic resonance imaging

VACS Veterans Aging Cohort Study
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KEY POINTS

• One inpatient or ≥2 outpatient diagnostic codes for ascites, spontaneous
bacterial peritonitis, or variceal hemorrhage was highly predictive of hepatic
decompensation.

• The ability to identify validly cases of hepatic decompensation events within
cohort studies can enable a more accurate determination of the incidence rates of
hepatic decompensation associated with chronic liver diseases and evaluate the
impact of medications on this outcome.

Re et al. Page 12

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1a.
Prevalence of hepatic decompensation at enrollment among 6,280 Veterans Aging Cohort
Study subjects, by human immunodeficiency virus (HIV) status, viral hepatitis status, and
hazardous alcohol use.
Hepatic decompensation, by HIV and viral hepatitis status.
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Figure 1b.
Prevalence of hepatic decompensation at enrollment among 6,280 Veterans Aging Cohort
Study subjects, by human immunodeficiency virus (HIV) status, viral hepatitis status, and
hazardous alcohol use.
Prevalence of hepatic decompensation, by HIV status, hepatitis C virus status, and
hazardous alcohol use†.
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Table 1

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used to
identify hepatic decompensation events.

Diagnosis ICD-9-CM Code and Description

Ascites 789.5 Ascites
572.3 Portal hypertension

Spontaneous bacterial peritonitis 567.23 Spontaneous bacterial peritonitis
567.0 Peritonitis in infectious diseases classified elsewhere
567.2 Other suppurative peritonitis
567.8Other peritonitis
567.9Unspecified peritonitis

Variceal hemorrhage 456.0Esophageal varices with bleeding
456.1Esophageal varices without mention of bleeding
456.2Esophageal varices in diseases classified elsewhere
456.20Esophageal varices in diseases classified elsewhere with bleeding
456.21Esophageal varices in diseases classified elsewhere without bleeding

Hepatic encephalopathy 572.2 Hepatic encephalopathy
070.0 Viral hepatitis A with hepatic coma
070.2x Viral hepatitis B with hepatic coma
070.22Viral hepatitis B with hepatic coma – chronic, without mention of hepatitis delta
070.23Viral hepatitis B with hepatic coma – chronic, with hepatitis delta
070.4 Other specified viral hepatitis with hepatic coma
070.41 Acute or unspecified hepatitis C with hepatic coma
070.44 Chronic hepatitis C with hepatic coma
070.49 Other specified viral hepatitis with hepatic coma
070.6 Unspecified viral hepatitis with hepatic coma

Hepatocellular carcinoma 155.0 Hepatocellular carcinoma

Other Conditions Potentially Suggestive of Hepatic
Decompensation

570 Acute and subacute necrosis of liver
571.2 Alcoholic cirrhosis of liver
571.5Cirrhosis of liver no alcohol
571.6Biliary cirrhosis
571.8Other chronic nonalcoholic liver disease
571.9Unspecified chronic liver disease without mention of alcohol
572.4 Hepatorenal syndrome
572.8 Other sequelae of chronic liver disease
782.4 Jaundice
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Table 2

Criteria for defining definite and possible hepatic decompensation events.

DEFINITE EVENT: A definitive hepatic decompensation event occurred if at least one of the following criteria was met:

Clinical Finding Diagnosis

Any ascites documented in a radiographic report from an abdominal ultrasound, CT, and/or MRI in a
patient with chronic liver disease28

Ascites

Abdominal paracentesis (indicated by presence of results of peritoneal fluid analysis) performed in a
patient with underlying liver disease28

Ascites

Ascitic fluid absolute polymorphonuclear leukocyte count ≥250 cells/mL28,29 Spontaneous bacterial peritonitis

Bacterial growth from ascitic fluid bacterial culture28,29 Spontaneous bacterial peritonitis

Active or recent variceal bleeding reported on esophagogastroduodenoscopy report30,31 Variceal hemorrhage

Non-bleeding varices on esophagogastroduodenoscopy in setting of acute gastrointestinal bleeding, without
evidence of alternate cause for bleeding identified30,31

Variceal hemorrhage

Mental confusion consistent with hepatic encephalopathy documented in a gastroenterologist's or
hepatologist's progress note, in a patient with known chronic liver disease in absence of non-hepatic
causes32

Hepatic encephalopathy

Diagnosis of hepatocellular carcinoma documented on tissue biopsy report33,34 Hepatocellular carcinoma

Arterial-enhancing liver mass >2 cm in diameter with a delayed venous wash out seen on two imaging
studies (e.g., abdominal CT or MR) in a patient with biopsy-proven cirrhosis33 Hepatocellular carcinoma*

Arterial-enhancing liver mass >2 cm in diameter with a delayed venous wash out seen on a single
abdominal CT or MRI with a serum alpha-fetoprotein >200 ng/mL34 Hepatocellular carcinoma*

POSSIBLE EVENT: A possible hepatic decompensation event occurred if at least one of the following criteria was met:

Clinical Finding Diagnosis

Variceal hemorrhage documented in a progress note; no endoscopy report results available Variceal hemorrhage

Asterixis (liver flap) documented on physical examination by a gastroenterologist or hepatologist (with no
concomittant documentation of hepatic encephalopathy) with a test for serum ammonia ordered within 30 days of
date asterixis was reported32,35

Hepatic encephalopathy

Liver mass 1-2 cm in diameter seen on a single abdominal imaging study (e.g., ultrasound, CT, or MRI) in a
patient with biopsy-proven cirrhosis33,34 Hepatocellular carcinoma*

*
Among hepatitis B virus-infected patients, the presence of either another complication of cirrhosis or a biopsy demonstrating cirrhosis was

required to be classified as having hepatic decompensation.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Re et al. Page 17

Ta
bl

e 
3

C
ha

ra
ct

er
is

tic
s o

f s
ub

je
ct

s a
t e

nr
ol

lm
en

t i
n 

th
e 

V
et

er
an

s A
gi

ng
 C

oh
or

t S
tu

dy
. T

he
 ta

bl
e 

pr
es

en
ts

 c
ha

ra
ct

er
is

tic
s o

f: 
1)

 a
ll 

su
bj

ec
ts

 in
 th

e 
co

ho
rt 

at
en

ro
llm

en
t; 

2)
 a

 ra
nd

om
 sa

m
pl

e 
of

 1
00

 su
bj

ec
ts

 w
ith

ou
t a

 d
ia

gn
os

tic
 c

od
e 

or
 la

bo
ra

to
ry

 a
bn

or
m

al
iti

es
 su

gg
es

tiv
e 

of
 h

ep
at

ic
 d

ec
om

pe
ns

at
io

n 
an

d 
w

ho
se

m
ed

ic
al

 re
co

rd
s w

er
e 

re
vi

ew
ed

 to
 c

on
fir

m
 th

e 
ab

se
nc

e 
of

 th
is

 o
ut

co
m

e;
 3

) a
ll 

su
bj

ec
ts

 w
ith

ou
t a

 d
ia

gn
os

tic
 c

od
e 

or
 la

bo
ra

to
ry

 a
bn

or
m

al
iti

es
 in

di
ca

tiv
e 

of
he

pa
tic

 d
ec

om
pe

ns
at

io
n;

 a
nd

 4
) s

ub
je

ct
s i

de
nt

ifi
ed

 w
ith

 e
ith

er
 d

ia
gn

os
tic

 c
od

es
 o

r l
ab

or
at

or
y 

ab
no

rm
al

iti
es

 su
gg

es
tiv

e 
of

 h
ep

at
ic

 d
ec

om
pe

ns
at

io
n.

C
ha

ra
ct

er
is

tic
A

ll 
Su

bj
ec

ts
 (n

=6
,2

80
)

R
an

do
m

 S
am

pl
e 

of
 S

cr
ee

n–
 (n

=1
00

)
Sc

re
en

– 
(n

=5
,9

85
)

Sc
re

en
+ 

(n
=2

95
)

P-
V

al
ue

*

M
ed

ia
n 

ag
e 

at
 e

nr
ol

lm
en

t (
yr

s, 
IQ

R
)

50
 (4

4 
– 

55
)

48
 (4

1 
– 

55
)

50
 (4

4 
– 

55
)

51
 (4

7 
– 

56
)

0.
00

1

M
al

e 
se

x 
(n

o.
, %

)
5,

95
3 

(9
5%

)
10

0 
(1

00
%

)
5,

66
5 

(9
5%

)
28

8 
(9

8%
)

0.
03

R
ac

e 
(n

o.
, %

)
0.

8

   
   

  A
fr

ic
an

-A
m

er
ic

an
4,

03
5 

(6
4%

)
59

 (5
9%

)
3,

84
5 

(6
4%

)
19

0 
(6

4%
)

   
   

  W
hi

te
1,

39
9 

(2
2%

)
35

 (3
5%

)
1,

33
8 

(2
2%

)
61

 (2
1%

)

H
az

ar
do

us
 a

lc
oh

ol
 u

se
 (n

o.
, %

)†
2,

35
0 

(3
7%

)
37

 (3
7%

)
2,

21
9 

(3
7%

)
13

1 
(4

4%
)

0.
01

H
IV

 in
fe

ct
io

n 
(n

o.
, %

)
3,

15
2 

(5
0%

)
51

 (5
1%

)
2,

94
0 

(4
9%

)
21

2 
(7

2%
)

<0
.0

01

H
ep

at
iti

s B
 v

ir
us

 in
fe

ct
io

n 
(n

o.
, %

)
37

2 
(6

%
)

13
 (1

3%
)

31
8 

(5
%

)
54

 (1
8%

)
<0

.0
01

H
ep

at
iti

s C
 v

ir
us

 in
fe

ct
io

n 
(n

o.
, %

)
2,

33
1 

(3
7%

)
24

 (2
4%

)
2,

13
6 

(3
6%

)
19

5 
(6

6%
)

<0
.0

01

H
IV

, v
ir

al
 h

ep
at

iti
s s

ta
tu

s (
no

., 
%

)
<0

.0
01

   
   

  U
ni

nf
ec

te
d

2,
29

4 
(3

7%
)

32
 (3

2%
)

2,
26

1 
(3

8%
)

33
 (1

1%
)

   
   

  H
IV

 o
nl

y
1,

47
5 

(2
3%

)
33

 (3
3%

)
1,

42
5 

(2
4%

)
50

 (1
7%

)

   
   

  H
ep

at
iti

s B
 o

nl
y

30
 (0

.5
%

)
3 

(3
%

)
28

 (0
.5

%
)

2 
(1

%
)

   
   

  H
ep

at
iti

s C
 o

nl
y

76
9 

(1
2%

)
12

 (1
2%

)
72

6 
(1

2%
)

43
 (1

4%
)

   
   

  H
ep

at
iti

s B
 +

 h
ep

at
iti

s C
35

 (0
.5

%
)

2 
(2

%
)

30
 (0

.5
%

)
5 

(2
%

)

   
   

  H
IV

 +
 h

ep
at

iti
s B

15
0 

(2
%

)
8 

(8
%

)
13

5 
(2

%
)

15
 (5

%
)

   
   

  H
IV

 +
 h

ep
at

iti
s C

1,
37

0 
(2

2%
)

10
 (1

0%
)

1,
25

5 
(2

1%
)

11
5 

(3
9%

)

   
   

  H
IV

 +
 h

ep
at

iti
s B

 +
 h

ep
at

iti
s C

15
7 

(3
%

)
0 

(0
%

)
12

5 
(2

%
)

32
 (1

1%
)

IQ
R

=i
nt

er
qu

ar
til

e 
ra

ng
e;

 H
IV

=h
um

an
 im

m
un

od
ef

ic
ie

nc
y 

vi
ru

s

† H
az

ar
do

us
 a

lc
oh

ol
 u

se
 d

ef
in

ed
 b

y:
 1

) A
lc

oh
ol

 U
se

 D
is

or
de

rs
 Id

en
tif

ic
at

io
n 

Te
st

-C
 sc

or
e 

>4
 in

 m
en

 o
r >

2 
in

 w
om

en
 a

t e
nr

ol
lm

en
t a

nd
/o

r a
n 

In
te

rn
at

io
na

l C
la

ss
ifi

ca
tio

n 
of

 D
is

ea
se

s, 
N

in
th

 R
ev

is
io

n,
C

lin
ic

al
 M

od
ifi

ca
tio

n 
co

de
 fo

r h
az

ar
do

us
 d

rin
ki

ng
 re

co
rd

ed
 a

t a
ny

 ti
m

e 
pr

io
r t

o 
en

ro
llm

en
t

* P-
va

lu
e 

fo
r c

om
pa

ris
on

 o
f c

ha
ra

ct
er

is
tic

s b
et

w
ee

n 
pa

tie
nt

s w
ho

 sc
re

en
ed

 p
os

iti
ve

 v
er

su
s n

eg
at

iv
e 

fo
r p

os
si

bl
e 

he
pa

tic
 d

ec
om

pe
ns

at
io

n

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Re et al. Page 18

Ta
bl

e 
4

Pe
rf

or
m

an
ce

 c
ha

ra
ct

er
is

tic
s o

f I
nt

er
na

tio
na

l C
la

ss
ifi

ca
tio

n 
of

 D
is

ea
se

s, 
N

in
th

 R
ev

is
io

n,
 C

lin
ic

al
 M

od
ifi

ca
tio

n 
(I

C
D

-9
-C

M
) c

od
es

, l
ab

or
at

or
y 

ab
no

rm
al

iti
es

, a
nd

 th
ei

r c
om

bi
na

tio
ns

 fo
r d

et
er

m
in

in
g 

he
pa

tic
de

co
m

pe
ns

at
io

n 
ev

en
ts

.

IC
D

-9
-C

M
 C

od
es

 o
r 

L
ab

or
at

or
y 

A
bn

or
m

al
iti

es
N

o.
 w

ith
 P

ar
am

et
er

N
o.

 w
ith

 H
ep

at
ic

D
ec

om
pe

ns
at

io
n

Po
si

tiv
e 

Pr
ed

ic
tiv

e 
V

al
ue

E
st

im
at

ed
N

eg
at

iv
e

Pr
ed

ic
tiv

e
V

al
ue

*

E
st

im
at

ed
 S

en
si

tiv
ity

*
E

st
im

at
ed

 S
pe

ci
fic

ity
*

Pe
rc

en
t A

gr
ee

m
en

t
K

ap
pa

 S
ta

tis
tic
Ψ

IC
D

-9
-C

M
 C

od
e†

A
sc

ite
s

28
24

86
%

99
%

27
%

99
%

99
%

0.
41

Sp
on

ta
ne

ou
s b

ac
te

ria
l p

er
ito

ni
tis

6
4

67
%

99
%

5%
99

%
99

%
0.

08

V
ar

ic
ea

l h
em

or
rh

ag
e

15
8

53
%

99
%

9%
99

%
99

%
0.

15

H
ep

at
ic

 e
nc

ep
ha

lo
pa

th
y

9
1

11
%

99
%

1%
99

%
99

%
0.

02

H
ep

at
oc

el
lu

la
r c

ar
ci

no
m

a
6

2
33

%
99

%
2%

99
%

99
%

0.
04

O
th

er
 c

on
di

tio
ns

 p
ot

en
tia

lly
 su

gg
es

tiv
e 

of
 h

ep
at

ic
 d

ec
om

pe
ns

at
io

n‡
10

9
48

44
%

99
%

55
%

99
%

99
%

0.
48

A
ny

 IC
D

-9
 c

od
e

13
7

57
42

%
99

%
65

%
99

%
98

%
0.

50

L
ab

or
at

or
y 

A
bn

or
m

al
iti

es

To
ta

l b
ili

ru
bi

n 
≥

5.
0 

m
g/

dL
44

20
45

%
99

%
23

%
99

%
99

%
0.

30

A
lb

um
in

 ≤
2.

0 
gm

/d
L

14
4

46
32

%
99

%
52

%
98

%
98

%
0.

39

In
te

rn
at

io
na

l n
or

m
al

iz
ed

 ra
tio

 ≥
1.

7
59

26
44

%
99

%
30

%
99

%
99

%
0.

35

A
ny

 la
bo

ra
to

ry
 a

bn
or

m
al

ity
19

7
56

28
%

99
%

64
%

98
%

97
%

0.
38

C
om

bi
na

tio
ns

 o
f I

C
D

-9
-C

M
 C

od
es

 a
nd

/o
r 

L
ab

or
at

or
y

A
bn

or
m

al
iti

es

A
ny

 IC
D

-9
 c

od
e 

or
 la

bo
ra

to
ry

 a
bn

or
m

al
ity

29
5

88
30

%
10

0%
10

0%
97

%
97

%
0.

45

A
ny

 IC
D

-9
 c

od
e 

+ 
la

bo
ra

to
ry

 a
bn

or
m

al
ity

39
25

64
%

99
%

28
%

99
%

99
%

0.
39

A
ny

 IC
D

-9
 c

od
e 

fo
r a

sc
ite

s +
 la

bo
ra

to
ry

 a
bn

or
m

al
ity

15
14

93
%

99
%

16
%

99
%

99
%

0.
27

A
ny

 1
 in

pa
tie

nt
 o

r 2
 o

ut
pa

tie
nt

 IC
D

-9
 c

od
es

 fo
r a

sc
ite

s +
 la

bo
ra

to
ry

ab
no

rm
al

ity
14

14
10

0%
99

%
16

%
10

0%
99

%
0.

27

A
ny

 IC
D

-9
 c

od
e 

fo
r a

sc
ite

s o
r s

po
nt

an
eo

us
 b

ac
te

ria
l p

er
ito

ni
tis

33
27

82
%

99
%

31
%

99
%

99
%

0.
44

A
ny

 1
 in

pa
tie

nt
 o

r 2
 o

ut
pa

tie
nt

 IC
D

-9
 c

od
es

 fo
r a

sc
ite

s o
r s

po
nt

an
eo

us
ba

ct
er

ia
l p

er
ito

ni
tis

29
26

90
%

99
%

30
%

99
%

99
%

0.
44

A
ny

 IC
D

-9
 c

od
e 

fo
r a

sc
ite

s o
r s

po
nt

an
eo

us
 b

ac
te

ria
l p

er
ito

ni
tis

 +
la

bo
ra

to
ry

 a
bn

or
m

al
ity

17
16

94
%

99
%

18
%

99
%

99
%

0.
30

A
ny

 1
 in

pa
tie

nt
 o

r 2
 o

ut
pa

tie
nt

 IC
D

-9
 c

od
es

 fo
r a

sc
ite

s o
r s

po
nt

an
eo

us
ba

ct
er

ia
l p

er
ito

ni
tis

 +
 la

bo
ra

to
ry

 a
bn

or
m

al
ity

16
16

10
0%

99
%

18
%

10
0%

99
%

0.
30

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Re et al. Page 19

IC
D

-9
-C

M
 C

od
es

 o
r 

L
ab

or
at

or
y 

A
bn

or
m

al
iti

es
N

o.
 w

ith
 P

ar
am

et
er

N
o.

 w
ith

 H
ep

at
ic

D
ec

om
pe

ns
at

io
n

Po
si

tiv
e 

Pr
ed

ic
tiv

e 
V

al
ue

E
st

im
at

ed
N

eg
at

iv
e

Pr
ed

ic
tiv

e
V

al
ue

*

E
st

im
at

ed
 S

en
si

tiv
ity

*
E

st
im

at
ed

 S
pe

ci
fic

ity
*

Pe
rc

en
t A

gr
ee

m
en

t
K

ap
pa

 S
ta

tis
tic
Ψ

A
ny

 IC
D

-9
 c

od
e 

fo
r a

sc
ite

s, 
sp

on
ta

ne
ou

s b
ac

te
ria

l p
er

ito
ni

tis
, o

r
va

ric
ea

l h
em

or
rh

ag
e

42
30

71
%

99
%

34
%

99
%

99
%

0.
45

A
ny

 1
 in

pa
tie

nt
 o

r 2
 o

ut
pa

tie
nt

 IC
D

-9
 c

od
es

 fo
r a

sc
ite

s, 
sp

on
ta

ne
ou

s
ba

ct
er

ia
l p

er
ito

ni
tis

, o
r v

ar
ic

ea
l h

em
or

rh
ag

e
32

29
91

%
99

%
33

%
99

%
99

%
0.

48

A
ny

 IC
D

-9
 c

od
e 

fo
r a

sc
ite

s, 
sp

on
ta

ne
ou

s b
ac

te
ria

l p
er

ito
ni

tis
, o

r
va

ric
ea

l h
em

or
rh

ag
e 

+ 
la

bo
ra

to
ry

 a
bn

or
m

al
ity

20
18

90
%

99
%

20
%

99
%

99
%

0.
33

A
ny

 1
 in

pa
tie

nt
 o

r 2
 o

ut
pa

tie
nt

 IC
D

-9
 c

od
es

 fo
r a

sc
ite

s, 
sp

on
ta

ne
ou

s
ba

ct
er

ia
l p

er
ito

ni
tis

, o
r v

ar
ic

ea
l h

em
or

rh
ag

e 
+ 

la
bo

ra
to

ry
 a

bn
or

m
al

ity
18

18
10

0%
99

%
20

%
10

0%
99

%
0.

33

* N
eg

at
iv

e 
pr

ed
ic

tiv
e 

va
lu

e 
an

d 
sp

ec
ifi

ci
ty

 w
er

e 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
as

su
m

pt
io

n 
th

at
 a

ll 
ca

se
s o

f h
ep

at
ic

 d
ec

om
pe

ns
at

io
n 

in
 c

oh
or

t w
er

e 
id

en
tif

ie
d 

an
d 

co
nf

irm
ed

.

† IC
D

-9
-C

M
 c

od
es

 fo
r c

on
di

tio
ns

 in
di

ca
tiv

e 
of

 h
ep

at
ic

 d
ec

om
pe

ns
at

io
n 

ar
e 

lis
te

d 
in

 T
ab

le
 2

a.

‡ Th
es

e 
co

nd
iti

on
s i

nc
lu

de
d:

 a
cu

te
 a

nd
 su

ba
cu

te
 n

ec
ro

si
s o

f t
he

 li
ve

r; 
al

co
ho

lic
 c

irr
ho

si
s o

f t
he

 li
ve

r; 
ci

rr
ho

si
s o

f t
he

 li
ve

r w
ith

 n
o 

al
co

ho
l; 

bi
lia

ry
 c

irr
ho

si
s;

 o
th

er
 c

hr
on

ic
 n

on
-a

lc
oh

ol
ic

 li
ve

r d
is

ea
se

s;
 u

ns
pe

ci
fie

d 
ch

ro
ni

c 
liv

er
 d

is
ea

se
 w

ith
ou

t m
en

tio
n 

of
 a

lc
oh

ol
; h

ep
at

or
en

al
sy

nd
ro

m
e;

 o
th

er
 se

qu
el

ae
 o

f c
hr

on
ic

 li
ve

r d
is

ea
se

; a
nd

 ja
un

di
ce

.

Ψ
K

ap
pa

 st
at

is
tic

 m
ea

su
re

d 
ag

re
em

en
t b

et
w

ee
n 

IC
D

-9
-C

M
 c

od
es

 a
nd

/o
r l

ab
or

at
or

y 
ab

no
rm

al
iti

es
 a

nd
 c

on
fir

m
ed

 h
ep

at
ic

 d
ec

om
pe

ns
at

io
n 

ev
en

ts
, t

ak
in

g 
in

to
 a

cc
ou

nt
 c

ha
nc

e 
ag

re
em

en
t.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Re et al. Page 20

Table 5

Characteristics of Veterans Aging Cohort Study patients with confirmed hepatic decompensation at enrollment
(n=88), overall and by human immunodeficiency virus status.

Characteristic All Subjects (n=88) HIV– (n=26) HIV+ (n=62) P-Value

Median age at enrollment (yrs, IQR) 51 (46 – 56) 54 (49 – 59) 50 (46-56) 0.05

Male sex (no., %) 86 (98%) 26 (100%) 60 (97%) >0.5

Race (no., %) 0.1

        African-American 49 (56%) 11 (42%) 38 (61%)

        White 22 (25%) 10 (38%) 12 (19%)

Hazardous alcohol use (no., %)† 48 (55%) 17 (65%) 31 (50%) 0.2

Hepatitis B virus infection (no., %) 18 (20%) 3 (12%) 15 (24%) 0.3*

Hepatitis C virus infection (no., %) 70 (80%) 16 (62%) 54 (87%) 0.007

Prior liver biopsy (no., %) 19 (22%) 4 (15%) 15 (24%) 0.4*

IQR=interquartile range; HIV=human immunodeficiency virus

*
P-values for differences between subjects with and without HIV determined by Fisher's exact test

†
Hazardous alcohol use defined by: 1) Alcohol Use Disorders Identification Test-C score >4 in men or >2 in women at enrollment and/or an

International Classification of Diseases, Ninth Revision, Clinical Modification code for hazardous drinking recorded at any time prior to enrollment
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