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ABSTRACT
Purpose The development and validation of algorithms to identify cases of idiopathic acute liver injury (ALI) are essential to facilitate
epidemiologic studies on drug-induced liver injury. The aim of this study is to determine the ability of diagnostic codes and laboratory mea-
surements to identify idiopathic ALI cases.
Methods In this cross-sectional validation study, patients were selected from the hospital-based Utrecht Patient Oriented Database between
2008 and 2010. Patients were identified using (I) algorithms based on ICD-9-CM codes indicative of idiopathic ALI combined with sets of
liver enzyme values (ALT> 2× upper limit of normal (ULN); AST> 1ULN+AP> 1ULN+ bilirubin> 1ULN; ALT> 3ULN;
ALT> 3ULN+ bilirubin> 2ULN; ALT> 10ULN) and (II) algorithms based on solely liver enzyme values (ALT> 3ULN
+bilirubin> 2ULN; ALT> 10ULN). Hospital medical records were reviewed to confirm final diagnosis. The positive predictive value
(PPV) of each algorithm was calculated.
Results A total of 707 cases of ALI were identified. After medical review 194 (27%) patients had confirmed idiopathic ALI. The PPV for
(I) algorithms with an ICD-9-CM code as well as abnormal tests ranged from 32% (13/41) to 48% (43/90) with the highest PPV found with
ALT> 2ULN. The PPV for (II) algorithms with liver test abnormalities was maximally 26% (150/571).
Conclusions The algorithm based on ICD-9-CM codes indicative of ALI combined with abnormal liver-related laboratory tests is the
most efficient algorithm for identifying idiopathic ALI cases. However, cases were missed using this algorithm, because not all ALI
cases had been assigned the relevant diagnostic codes in daily practice. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

Drug-induced liver injury (DILI) is a potentially seri-
ous adverse reaction and an important public health
problem. It is the most common cause of post-
marketing warnings and market withdrawals because
of safety reasons.1–3 DILI often becomes apparent af-
ter a drug has entered the market, and there is a need

to quantify risks throughout the whole product life
cycle. In the post-marketing setting, observational
studies are often involved when DILI is pointed out
as a potential risk in the risk management plan.
Because of differences in outcome definitions, selec-
tion bias or underreporting4, the incidence and risk of
DILI vary among epidemiological studies.5–7 There is
a need for outcome definitions of relevant endpoints
in studies assessing DILI.
A method to quantify DILI risk is to compare the in-

cidence of acute liver injury (ALI) of users of a certain
drug, to a reference population. In order to avoid
biases and distortion of relative risks by other causes,
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case–control studies are often restricted to idiopathic
ALI cases.8 In pharmacoepidemiological studies using
electronic health care record databases defining rele-
vant endpoints for idiopathic ALI can be a challenge.
Search algorithms are more and more used for this pur-
pose and can be highly effective in detecting patients.
9–11 Such algorithms can be based on diagnostic codes
which are generally recorded at hospital discharge
using the International Classification of Diseases
(ICD). Accuracy and completeness of the diagnostic
codes within databases are crucial but depend on mul-
tiple factors, such as coding quality and information in
the patient records.12 Limited information is available
on the utility of diagnostic codes to identify patients
with idiopathic ALI. Another strategy to detect these
patients is by using liver-related laboratory results on
serum alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (AP) and
bilirubin. Different cut-off levels and combinations
of these serum markers have been defined for ALI by
various international expert groups.13,14 In this study
we evaluated several algorithms based on different
laboratory definitions and also on diagnostic codes.
An algorithm that is able to accurately identify patients
with idiopathic ALI would facilitate epidemiological
studies to estimate the impact of medication use on
the risk of developing DILI.
The aim of this study is to determine the ability of al-

gorithms based on liver-related laboratory measurements
with or without combined diagnostic codes to correctly
predict idiopathic ALI cases. To address this issue, we
validated the identified cases by medical record review
and determined the positive predictive value (PPV).

METHODS

Study design and data source

A cross-sectional study was conducted among in- and
outpatients of the University Medical Center Utrecht
(UMC Utrecht). Data for this study were obtained
from the Utrecht Patient Oriented Database (UPOD).
UPOD comprises information on patient demo-
graphics, hospital discharge diagnoses, medical proce-
dures, medication orders and laboratory tests for all
patients treated at the UMC Utrecht. The UMC
Utrecht is a 1042-bed academic medical center located
in the center of the Netherlands. Approximately
165000 patients are treated annually during more than
28000 clinical hospitalizations, 15000 day-care treat-
ments and 333000 outpatient visits. The UPOD data-
base is described in detail elsewhere.15 Medical
Review Board approval for this research project was
obtained at the UMC Utrecht.

Study population

Patients aged 18years or older, hospitalized or referred
to the UMC Utrecht between 1 January 2008 and 31
December 2010 were screened for idiopathic acute
liver injury in UPOD.
To identify patients with ALI two algorithms were

used. Algorithm I identified cases based on diagnostic
codes combined with laboratory results related to liver
injury. In algorithm II, identification of potential cases
of ALI was solely based on abnormal liver-related lab-
oratory measurements.

Algorithm I

Patients with a primary or secondary International
Classification of Diseases, 9th revision, Clinical Modi-
fication (ICD-9-CM) code indicative of idiopathic
acute liver injury were identified. These included hos-
pital discharge codes for liver disease or codes refer-
ring to procedures or symptoms of liver injury (codes
listed in Table 1). Further, selected patients had to
meet one of the following criteria of abnormal liver-
related laboratory tests within 3months before or after

Table 1. Selected ICD-9-CM codes and frequency of patients identified
by algorithm I and number of confirmed cases after medical review

ICD-
9-CM
code Code description

No. of
identified
ALI cases

No. of
confirmed
ALI cases

n = 98 n = 46

Diagnostic codes
277.4 Jaundice, idiopathic — —
570.0 Acute hepatic failure 2 0
572.2 Hepatic coma 9 0
572.4 Hepatorenal syndrome 3 1 (33%)
572.8 Liver failure, not otherwise

specified
— —

573.3 Hepatitis, toxic
(noninfectious) hepatitis

5 4 (80%)

573.8 Jaundice, hepatocellular — —
573.9 Unspecified disorder of liver 73 41 (56%)
782.4 Jaundice, unspecified 4 0
789.1 Hepatomegaly 1 0
789.59 Other ascites — —
790.4 Nonspecific elevation of

levels of transaminase or
lactic acid dehydrogenase
[LDH]

— —

790.5 Other nonspecific abnormal
serum enzyme levels

1 0

791.4 Biliuria — —
794.8 Abnormal results of liver

function, abnormal liver scan
— —

Procedure codes
50.1 Diagnostic procedures on

liver
— —

50.5 Liver transplant — —
50.91 Percutaneous aspiration of

liver
— —
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the date of assigned ICD-9-CM code: (a) an increase
of more than 2 times the upper limit of the normal
range (ULN) in the serum concentration of ALT
(ALT>2ULN) or (b) a combined increase in AST, AP
and total bilirubin provided one of them is twice the up-
per limit of the respective normal range (AST>1ULN
+AP>1ULN+bilirubin>1ULN) or (c) an increase
of ALT>3ULN or (d) an increase of ALT>10ULN
or (e) ALT>3ULN and bilirubin>2ULN and
absence of AP elevation, also referred as Hy’s law
criteria.16

The thresholds for ALI in algorithm Ia and Ib were
based on the CIOMS (Council for International Orga-
nizations of Medical Sciences) laboratory criteria.13

To determine the ability of algorithms with slightly
and notably higher threshold levels of ALT to cor-
rectly identify ALI cases we also included cutoff levels
of ALT>3ULN and ALT>10ULN.

Algorithm II

Patients with the following abnormal laboratory mea-
surements were identified: (a) an increase of
ALT>10ULN or (b) ALT>3ULN and bilirubin -
2ULN and absence of AP elevation (Hy’s law). Selec-
tion took place regardless the presence of diagnostic
codes.
In both algorithms patients were excluded if they

also had a recorded diagnostic code indicating a
known other cause of liver injury (viral hepatitis, liver
cancer, gallbladder disease, pancreatic disease and
chronic liver disease (ICD-9-CM 070, 155, 197.7,
571.4, 571.8, 571.9, 574, 575, 576 and 577)) within
1year before or 2months after the acute liver injury
code was assigned (algorithm I) or date of the abnor-
mal liver-related laboratory test (algorithm II).
The medical records of all patients that were identi-

fied with algorithm I and II were manually reviewed to
validate cases. A stepwise approach was used in clas-
sifying cases. ALI cases were assessed as non-
idiopathic when a cause could be identified (including
hepatic cancer/metastases, alcohol related, pancreatic-
obiliary causes, chronic liver disease, viral hepatitis,
hemodynamic causes, pregnancy related and other).
The diagnostic codes recorded for these cases were
evaluated to identify possible other causes of liver
injury. The remaining cases were classified as
idiopathic. After medical review these cases were
further divided into three categories (idiopathic, not
ascertainable because of incomplete medical evalua-
tion and associated with drug exposure). When all
alternative causes were tested negative or the liver
injury was believed idiopathic by the physician the

case was classified as idiopathic. The cause was con-
sidered not ascertainable if medical evaluation for
alternative causes was not complete (e.g. no virology
investigations or no imaging to detect biliary obstruc-
tion was performed) and the cause could therefore
not be determined. Classification as ‘associated with
drug exposure’ was based on evaluation of the follow-
ing items according to international consensus 17:
information on the time to onset, the course of the
reaction, risk factors, re-exposure to the drugs and pre-
vious report in the literature of cases of hepatotoxicity
associated with the drug and the summary of product
information (SPC).

Statistical analyses

The PPV of each algorithm for ALI was calculated as
the number of idiopathic ALI cases confirmed by med-
ical review divided by the total number of ALI cases
identified by the algorithm. To provide insight in the
uncertainty of the estimates the 95% confidence inter-
vals (CI) of the PPV were calculated.

RESULTS

Algorithm I

Between 2008 and 2010, there were 60855 patients
(inpatients as well as outpatients) with one or more re-
corded hospital discharge diagnoses identified in the
UPOD database. Of these, there were 145 patients
with a diagnostic code indicative of acute liver injury.
Eleven of the 145 potential cases were excluded be-
cause an alternative cause of ALI was also recorded
in the database. Among the 134 remaining potential
idiopathic cases identified using Algorithm I, 99 pa-
tients met one or more of the defined laboratory abnor-
malities related to liver injury. The medical record of 1
patient was not available. Most patients (92%) had el-
evated ALT values, of which 43% had very high ALT
values (>10ULN, algorithm Id).
None of the identified patients had more than one

ICD-9-CM code suggestive of ALI. The diagnostic
code for unspecified disorder of liver (573.9) was most
commonly assigned and accounted for three quarters
of the assigned diagnostic codes (Table 1). Figure 1
shows a flow chart illustrating the derivation of pa-
tients with ICD-9-CM codes in combination with
liver-related laboratory measurements.

Algorithm II

During the study period, a liver-related laboratory test
was performed for 61841 patients. Among the 798 pa-
tients with laboratory results indicating liver injury
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according to algorithm II, 148 patients were excluded
because an ICD-9-CM code indicating an alternative
cause of liver injury had been assigned (Figure 1).
Of 18 patients medical records were not available.
Most of the 632 remaining patients fulfilled the criteria
of ALT>10ULN (90%, algorithm IIa) and a small
proportion had laboratory measurements according to
Hy’s law criteria (22%, algorithm IIb). An overlap of
77 patients existed between algorithm IIa and IIb.
Using algorithms I and II combined, a total of 707

potential cases were identified. Between the algo-
rithms there was an overlap of 42 patients, of which
15 individuals were true idiopathic ALI cases. The
electronic medical records were available for 688 pa-
tients (97%). After medical record review, idiopathic
ALI was confirmed in 28% of these patients (194/
688). Algorithm I provided 46 true idiopathic ALI
cases of the 98 identified potential cases (47%),
whereas the number of true cases in algorithm II was
163 out of the 632 potential cases (26%). Table 2
shows the causes of liver injury and corresponding
number of patients and percentages per algorithm
and subcategory. In bold are the overall numbers spec-
ified of idiopathic causes with the PPV and 95% CI. In
both algorithms were more non-idiopathic causes
identified for ALI than idiopathic. Hemodynamic
causes accounted for the highest proportion of the
non-idiopathic causes in both algorithms. In addition,
in algorithm I alcohol related causes of ALI could be
seen in the categories with AST and elevated bilirubin.
In algorithm II also pancreaticobiliary causes and viral

hepatitis were frequently identified as alternative
causes. The most assigned hospital diagnostic codes
for the identified non-idiopathic ALI cases appeared
ICD code 427, 799, E878 and 428 (respectively, car-
diac dysrhythmias, other ill-defined conditions, surgi-
cal operation and procedure, and heart failure). Of
the idiopathic causes, a large proportion of ALI cases
was associated with drug use in algorithm I and to a
lesser extent also in algorithm II. In fact, drug associ-
ated liver injury was the most identified cause in all
categories in algorithm I.
The PPVs for idiopathic ALI of the laboratory mea-

surements ALT>10ULN and ALT>3ULN+bilir-
ubin>2ULN (Hy’s law) of algorithm II were 26%
(150/571) and 22% (30/138) respectively. Abnormal
liver-related laboratory tests in combination with an
ICD-9-CM code increased PPV and ranged from
32% (13/41) for a combined increase in AST, AP
and bilirubin (algorithm Ib) to 48% (43/90) for
ALT>2ULN.

DISCUSSION

This study evaluated the ability of algorithms based on
hospital discharge diagnoses and laboratory measure-
ments to identify idiopathic ALI cases in a hospital-
based electronic health care record database. The algo-
rithms based solely on abnormal liver-related labora-
tory tests, algorithm IIa and IIb together, provided
the largest absolute number of true idiopathic ALI
cases (n=163). However, 74% of the initially

Figure 1. Flow chart of algorithm I and II: number of patients identified with liver injury diagnostic codes and liver-related laboratory abnormalities and
number of true cases, with positive predictive values (PPV) (95% confidence interval)
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identified cases in these algorithms had alternative
causes and were false positive. For the algorithms
using a combination of ICD-9-CM codes and labora-
tory measurements (algorithm I) the ability to correctly
identify idiopathic ALI cases was improved. Although
the latter algorithms are therefore the most efficient
search strategy, positive predictive values remained
low in all subcategories of the algorithm (below
50%). This means that if such algorithms are used in
observational studies for case identification without
further validation a possible association might be
distorted.
Furthermore, our results showed that although the

search strategies based on ICD-9-CM codes combined
with laboratory measurements had highest PPV
scores, these algorithms were not very sensitive. The
majority of true idiopathic ALI cases provided by
liver-related laboratory abnormalities only (algorithm
II), were not captured by algorithm I (91%). This indi-
cates that many ALI cases were not coded as such in
the health care record database. This has serious impli-
cations for epidemiological research, as the inability to
identify most ALI cases may lead to underestimations
of for instance absolute incidence numbers in cohort
studies. In addition, for use in case finding this

algorithm is also not very efficient as the absolute
numbers of cases were low.
Our study showed that even modest elevated ALT

values (an increase of more than 2ULN) can represent
idiopathic ALI cases. This threshold is one of the two
laboratory criteria for liver injury according to the
CIOMS. Of the 18 cases with serum ALT>2ULN
which were not present in the higher ALT categories
of algorithm I, there were 10 true idiopathic cases.
This ALT level combined with diagnostic codes is
able to detect less severe ALI and is equally capable
in predicting true idiopathic cases as higher levels of
ALT. This demonstrates that it is difficult to differenti-
ate between etiologies based on ALT values. A com-
bined increase in AST, AP and bilirubin, with one of
these more than two times ULN (the second criterion
defined by CIOMS), had the lowest predictability of
algorithm I.
Imprecise coding of non-idiopathic ALI appeared to

be the reason for the generally low PPVs in both algo-
rithms. This may reflect the sometimes extended pro-
cess of determining the cause of the liver injury what
makes that initially a nonspecific liver injury code
was chosen for the elevated laboratory results. It may
also have been because of inexact coding by the

Table 2. Frequencies and percentages of causes of acute liver injury per algorithm and category

Cause ALI
Algorithm I (ICD-9-CM codes + liver-related enzyme values)

Algorithm II (liver-related enzyme
values only)

ALT> 2ULN

AST> 1ULN+
AP> 1ULN+
BIL> 1ULN ALT> 3ULN ALT> 10ULN

ALT> 3ULN+
BIL> 2ULN+
AP ≤ 1ULN ALT> 10ULN

ALT> 3ULN+
BIL> 2ULN+
AP ≤ 1ULN

n = 90 n = 41 n = 72 n = 36 n = 12 n = 571 n = 138

Idiopathic and drug-
associated
n (%) 43 (48%) 13 (32%) 33 (46%) 15 (42%) 5 (42%) 150 (26%) 30 (22%)
(95% CI) (37–58) (17–46) (34–57) (26–58) (14–70) (23–30) (15–29)
Idiopathic 2 (2%) 0 (0%) 1 (1%) 0 (0%) 0 (0%) 5 (1%) 0 (0%)
Not ascertainable
because of incomplete
medical evaluation

14 (16%) 3 (7%) 11 (15%) 4 (11%) 0 (0%) 63 (11%) 13 (9%)

Drug-associated 27 (30%) 10 (24%) 21 (30%) 11 (31%) 5 (42%) 82 (14%) 17 (12%)
Non-idiopathic 47 (52%) 28 (68%) 39 (54%) 21 (58%) 7 (58%) 421 (74%) 108 (78%)
Liver cancer or
metastases

2 (2%) 1 (2%) 2 (3%) 1 (3%) 0 (0%) 18 (3%) 5 (4%)

Alcohol related 3 (3%) 5 (12%) 3 (4%) 1 (3%) 3 (25%) 3 (1%) 7 (5%)
Pancreaticobiliairy
causes

6 (7%) 4 (10%) 5 (7%) 3 (8%) 0 (0%) 70 (12%) 9 (7%)

Chronic liver disease 5 (6%) 3 (7%) 2 (3%) 0 (0%) 1 (8%) 13 (2%) 7 (5%)
Viral hepatitis 5 (6%) 2 (5%) 4 (6%) 3 (8%) 0 (0%) 43 (8%) 13 (9%)
Hemodynamic causes 12 (13%) 7 (17%) 12 (17%) 7 (19%) 2 (17%) 156 (27%) 40 (29%)
Pregnancy related 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 21 (4%) 1 (1%)
Graft versus Host
disease

1 (1%) 0 (0%) 1 (1%) 1 (3%) 0 (0%) 22 (4%) 6 (4%)

Other 13 (14%) 6 (15%) 10 (14%) 5 (14%) 1 (8%) 75 (13%) 20 (15%)

ALI = acute liver injury; ICD-9-CM= International Classification of Diseases, 9th revision, Clinical Modification; 95% CI = 95% confidence interval;
ALT = alanine aminotransferase; AST = aspartate aminotransferase; AP = alkaline phosphatase; BIL = bilirubin; ULN= upper limit of normal.
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coding staff or to inaccurate information written by the
physician. A proportion of the cases had liver disor-
ders because of a cause that was not captured in the di-
agnostic codes for exclusion, such as hemodynamic
causes like cardiomyopathy or shock. It may be worth-
while to include ICD codes reflecting these conditions
(e.g. 427.5 cardiac arrest or E878 codes for surgical
operation and procedures) in hospital-based data for
exclusion purposes. A reason for the fact that the liver
injury was not coded at all could be that some condi-
tions are considered less important than others in pa-
tients with multiple comorbidities or seen as part of
the whole clinical spectrum of the patient and therefore
were not recorded.
Few studies have evaluated the validity of ICD codes

to identify idiopathic ALI cases. Lo Re et al. selected
several ICD-9-CM codes indicative of severe acute liver
injury and acute liver failure and found a PPV of 25%
(26/105).18 Combinations of diagnostic codes resulted
in higher PPV for these outcomes. Diagnostic codes
570 together with 572.8 had a PPV of 100% and code
570 in combination with 572.2 a PPV of 67%. How-
ever, the number of identified cases was small (7 and
3, respectively). Moreover, this finding may also reflect
considerable heterogeneity in coding conventions as in
our study only single diagnostic codes indicative of idi-
opathic ALI were assigned. The diagnostic code 572.8
(other sequelae of chronic liver diseases) was not identi-
fied in our database, and none of the cases with diagnos-
tic code 572.2 was a true idiopathic ALI case. In our
study the code 573.3 had the highest PPV (80%), al-
though only 5 cases were identified. In another study a
PPV of 2% (119/7395) was found, in which ICD-9-
CM codes were used to identify cases of drug-induced
liver injury because of four selected drugs.19 In this lat-
ter study patients with a recorded diagnostic code sug-
gesting other causes for the liver injury were not
excluded before validation, which might in part explain
the very low PPV compared to our results.
Also laboratory abnormalities associated with liver

injury have been used in studies to identify cases of
DILI. These studies show results in line with ours in
that low predictive values were found. Xu et al. identi-
fied 129 hospitalized patients with ALT>10ULN and
DILI accounted for 19% of cases.20 In a prospective
study hospitalized patients were selected based on
ALT>2ULN and AP>1.5ULN if associated with
an increase of ALT or gamma glutamyl transpeptidase
or bilirubin, 13 cases of DILI were validated of the 147
identified cases (9%).21 In another study among 128
patients with ALT>3ULN 7 cases were validated
with DILI (5%).22 In a study identifying ALI cases
in primary care databases in Spain and the United

Kingdom using the same restrictive algorithm includ-
ing both diagnostic codes and laboratory measure-
ments, PPVs of, respectively, 24% (43/179) and 63%
(64/101) were found.23

These results highlight the difficulty of identifying
idiopathic ALI cases in electronic health care record
databases and the need for additional ways to capture
cases. It might be valuable to set up a registry which
includes prospectively idiopathic ALI cases. An example
of such a registry, albeit for a different clinical outcome,
is the Amsterdam Resuscitation Studies, in which data
from cases of cardiac arrest in the Netherlands are
collected and stored in the ARREST database.24 This
database was specifically designed to investigate the
determinants and outcomes of cardiac arrest and proved
to be suitable for epidemiological research on drug-
induced sudden cardiac arrest.25

The strength of this study is that two different algo-
rithms of case identification were evaluated. This way
we were able to compare two strategies as it provided
data on predictability and relative sensitivity. Further-
more, we used several thresholds of liver related labo-
ratory levels to estimate the ability of identifying cases.
A limitation of this study is that it was conducted in

one hospital, and therefore the results might not be gen-
eralizable to other hospitals. Variable regimens in
assigning diagnostic codes might generate other results.
Different health care systems and health-seeking behav-
ior can also be of influence.6 For the present study we
used ALT, AST, AP and bilirubin values to capture liver
function. It may be worthwhile to study the added value
of incorporating gamma glutamyl transpeptidase
(gamma GT) in lab-based algorithms in future valida-
tion studies. Another limitation is that the sensitivity of
the algorithms could not be estimated, because we did
not evaluate idiopathic ALI among the patients that were
not identified by the algorithms. Therefore, we did not
know the number of true cases. However, comparing
the two algorithms, the sensitivity of algorithm I was
low as only a small proportion of the true cases identi-
fied by algorithm II was detected (9%). Algorithm II de-
tected 33% of the true cases identified by algorithm I.
In conclusion, algorithms to identify idiopathic ALI

based on liver-related laboratory measurements, even
in combination with hospital discharge diagnoses, are
not very suitable for selecting cases in electronic health
care record databases. Manual review of medical re-
cords is deemed necessary to validate cases. Algorithm
based on ICD-9-CM codes indicative of ALI combined
with abnormal liver-related laboratory tests are the most
efficient. However, cases were missed using this algo-
rithm, because not all ALI cases have been assigned
the relevant diagnostic codes in daily practice.
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This study highlights the challenges encountered
when electronic health care record databases are used
for research on ALI associated with drugs. Other ways
of case finding may be warranted. Surveillance regis-
tries that include cases of idiopathic ALI could be of
value for future research on DILI.
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KEY POINTS

• Search algorithms to identify idiopathic ALI
cases applied in a Dutch hospital-based health
care database appear not to be accurate.

• Algorithms based on abnormal laboratory mea-
surements indicating liver injury show low
PVVs (22% and 26%), mainly because of in-
clusion of false positive cases with alternative
causes of ALI.

• A search strategy combining laboratory measure-
ments and diagnostic ICD-9-CM codes indica-
tive of liver injury improves the ability of
detecting true cases with maximum PPV of
48%. However, ALI patients are often not
assigned a corresponding diagnostic code and
are therefore missed by this algorithm.

• For case finding purposes, algorithms based on
liver-related laboratory measurements might be
considered as this search strategy yields the
largest number of true cases after medical
review.
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