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Abstract
Purpose—Bleeding complications are a serious adverse effect of medications that prevent
abnormal blood clotting. To facilitate epidemiologic investigations of bleeding complications, we
developed and validated an automated database case definition for bleeding-related
hospitalizations.

Methods—The case definition utilized information from an in-progress retrospective cohort
study of warfarin-related bleeding in Tennessee Medicaid enrollees 30 years of age or older. It
identified inpatient stays during the study period of January 1990 through December 2005 with
diagnoses and/or procedures that indicated a current episode of bleeding. The definition was
validated by medical record review for a sample of 236 hospitalizations.

Results—We reviewed 186 hospitalizations that had medical records with sufficient information
for adjudication. Of these, 165 (89% [95% CI, 83%-92%]) were clinically confirmed bleeding-
related hospitalizations. An additional 19 hospitalizations (10% [7%-15%]) were adjudicated as
possibly bleeding-related. Of the 165 clinically confirmed bleeding-related hospitalizations, the
automated database and clinical definitions had concordant anatomical sites (gastrointestinal,
cerebral, genitourinary, other) for 163 (99% [96%-100%]). For those hospitalizations with
sufficient information to distinguish between upper/lower gastrointestinal bleeding, the
concordance was 89%(76%-96%) for upper gastrointestinal sites and 91%(77%-97%) for lower
gastrointestinal sites.

Conclusion—A case definition for bleeding-related hospitalizations suitable for automated
databases had a positive predictive value of between 89% and 99% and could distinguish specific
bleeding sites.

There is frequent and growing use of medications that prevent abnormal blood clotting,
including anticoagulants, antifibrinolytics, and platelet inhibitors. However, their therapeutic
benefits must be balanced against the risk of bleeding complications, which for some of
these drugs are relatively frequent. Warfarin, the most commonly used oral anticoagulant,
substantially increases the risk of major bleeding complications, including hemorrhagic
stroke and gastrointestinal hemorrhage,1 to as high as 3%-8% per year.2 Similarly, serious
bleeding is a frequent complication of platelet P2Y12 adenosine diphosphate receptor
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antagonists 3-5 such as clopidogrel. Indeed, the elevated incidence of serious bleeding for
prasugrel may deter use of this newer drug in high-risk patients.5

Thus, optimal clinical use of anti-clotting agents requires accurate information on the risk of
serious bleeding complications. The clinical trials that establish efficacy provide valuable
information. However, trial patients often have lower risk of adverse effects than do those in
actual practice. Trials often exclude the highest risk patients, include procedures that are not
part of routine clinical practice to reduce the occurrence of adverse effects, and may have
insufficient power to examine drug-drug or drug-disease interactions.6 Epidemiologic
studies of patients in actual clinical practice thus are essential to quantify the risk of bleeding
complications for commonly prescribed anti-clotting agents.

Automated databases of medical care encounters for defined populations are a potentially
valuable resource for epidemiologic studies of bleeding complications. These databases
include records of prescriptions written by clinicians, filled by patients or administered in
institutions, records that provide a reliable measure of drug exposure that would be difficult
or very expensive to obtain in other ways.7 These prescription records permit classification
of anti-clotting drug exposure on a day-to-day basis, which is important because increased
bleeding generally is an acute effect of these drugs. Similarly, the use of other medications
that may alter the risk of bleeding8 can be closely tracked.

A prerequisite for the study of bleeding complications with automated databases is a reliable
definition for bleeding endpoints. One could identify potential endpoints from the
computerized files and review medical records to determine ultimate endpoint status.9

However, this is not always possible and, even when possible, may be expensive and time-
consuming. We thus developed a case definition for serious bleeding designed for use in
automated databases. We report here its validation relative to a definition based upon review
of medical records, utilizing a sample from an in-progress cohort study of warfarin-related
bleeding in a Tennessee Medicaid population.

Methods
Sources of Data

The automated database case definition is based upon information from an in-progress
retrospective cohort study of the effect of antimicrobials on the risk of warfarin-related
bleeding. The study utilizes computerized files from the Tennessee Medicaid program,10

including an enrollment file as well as files recording prescriptions filled at a pharmacy,
hospital admissions, outpatient visits, and long-term care residence. The Medicaid files have
been augmented by linkage with computerized death certificates11 and, since 1998, with the
State Hospital Discharge File, an “all payers” database of hospital discharges and emergency
department visits, which provides information occasionally missing from Medicaid files.
These files permitted identification of study populations, tracking of current use of study
medications, classification of subjects according to baseline risk factors for bleeding, and
ascertainment of potential bleeding complications.7,10

Persons eligible for the underlying cohort included current users of warfarin 30 years of age
or older during the study period of 1 January 1990 through 31 December 2005. The eligible
population was further restricted to those with at least 1 year of prior Medicaid enrollment,
and, in that year, at least one outpatient visit. From this group, we identified the study
cohort, which consisted of warfarin users with episodes of antimicrobial use and comparable
warfarin users without antimicrobial use. Cohort followup included the interval following
the filling of the antibiotic prescription during which there plausibly was an interaction
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between the antibiotic and warfarin or a comparable interval for the no-antibiotic-use
controls.

Automated Database Definition for Bleeding-Related Hospitalization
The definition identified inpatient stays with diagnoses and/or procedures that indicated the
hospitalization was related to a current episode of bleeding. We focused on hospitalizations
because these are unambiguous and generally represent serious events. The types of serious
bleeding events considered included gastrointestinal bleeding, hemorrhagic strokes and
other intracranial bleeds, genitourinary bleeding, and bleeding at other sites.

The algorithm identified bleeding-related hospitalizations from the primary discharge
diagnosis. The specific diagnosis codes were based upon those presented by Arnason and
colleagues,12 modified according to our experience and an extensive review of the
computerized records for the hospitalization and related medical care (see Appendix). The
diagnosis codes were also the basis for determining the probable site of the bleeding,
classified as gastrointestinal, cerebral, genitourinary, or other. Hospitalizations for which the
bleed was deemed likely to be due to major trauma were excluded. The complete algorithm
is presented in the Appendix.

The algorithm did not consider hospitalizations in which only a secondary diagnosis
indicated bleeding. Although serious bleeding may have occurred during these
hospitalizations, our experience indicates the bleeding was more likely to have begun in the
hospital.

Clinical Validation Study
To assess the quality of the automated database case definition, a sample of computer-
identified cases of bleeding-related hospitalizations was selected from the study cohort. The
sample included all of the cases from two large metropolitan areas in Tennessee: Davidson
and adjacent counties (Cheatham, Robertson, Sumner, Wilson, Rutherford, Williamson) and
Knoxville and adjacent counties (Anderson, Jefferson, Sevier, Blount, Loudon, Roane).

For each of the hospitalizations in the sample, trained nurse-abstractors reviewed the
hospital chart (when available) and completed a structured abstract form. These forms were
adjudicated by two of the study investigators (AC, CMS) to determine if the case met the
clinical definition for a bleeding-related hospitalization; cases where there was ambiguity
(all were gastrointestinal sites) were also reviewed by a gastroenterologist (WES). The
investigators were blinded to the discharge diagnoses at the time of the adjudication.

Clinically confirmed bleeding-related hospitalizations were those with objective evidence in
the hospital record indicating that bleeding, unrelated to major trauma, had occurred. This
category included both definite and probable bleeding. Definite bleeding required one or
more of three criteria to be met (see Appendix):

1. Direct visualization of blood by a physician or health care provider that was
documented in the chart

2. An investigation or imaging procedure that demonstrated bleeding

3. An investigation or imaging procedure that identified a potential bleeding source in
conjunction with a history of bleeding.

Patients with probable bleeding did not meet the criteria for definite bleeding, but had a
history and clinical evidence in the medical record (see Appendix) indicating bleeding was
likely to have occurred.
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Possible bleeding-related hospitalizations were those for which the clinical history was
consistent with bleeding, even though objective evidence was not present (Appendix).

Clinically confirmed bleeding-related hospitalizations were further classified according to
severity as either major or minor, based upon the criteria used in several anticoagulant
clinical trials. In brief, major bleeds were those that were fatal, involved a critical site
(intracranial, retroperitoneal, intraspinal, intraocular, pericardial or intraarticular), led to a
reduction in hemoglobin of at least 2 g/dl, or required transfusion of two or more units of
blood or packed red cells. 13-19

Statistical Analysis
All statistical analysis was performed with SAS 9.2. The proportions of bleeding-related
hospitalizations for which the automated database definition was concordant with clinical
adjudication were calculated, with 95% confidence intervals derived using the method of
Wilson.

Results
The study sample included a total of 236 hospitalizations the automated database definition
identified as bleeding-related (Table 1). Of these, there were 186 (78.8%) for which medical
records were reviewed and found to include sufficient information for adjudication. The
most common reason for inability to adjudicate was that we were unable to obtain the
medical record from the hospital (16.5% of charts, Table 1).

Of the 186 hospitalizations adjudicated, there were 165 (88.7% [95% CI, 83.4%-92.5%])
clinically confirmed bleeding-related hospitalizations, of which 133 were definite (71.5%
[64.6%-77.5%]) or and 32 were probable (17.2% [12.5%-23.3%]) (Table 2). An additional
19 hospitalizations (10.2% [6.6%-15.4%]) were adjudicated as possibly bleeding-related,
with a clinical history consistent with bleeding, but no objective evidence noted in the
hospital record. Two of the hospitalizations were for patients with a prior history of
bleeding, but there was no evidence of bleeding related to the current admission (Appendix).
For the 35 cerebral bleeding-related hospitalizations identified by the automated database
definition, 33 (94.3% [82.4%-98.4%]) were classified as probable or definite according to
the clinical validation criteria (Table 2).

Table 3 shows the concordance between the automated database-defined site of the bleeding
and that ascertained in the clinical validation study for the 165 clinically confirmed
bleeding-related hospitalizations. Only two hospitalizations had the site misclassified: one
hospitalization that according to the automated database definition was related to
gastrointestinal bleeding was found by clinical validation to have an “other” site and one
that the automated database definition assigned to the “other” category was adjudicated as
gastrointestinal.

We assessed the capacity of the automated database definition to distinguish between
specific gastrointestinal sites (Table 4). There were 44 hospitalizations with a database-
identified upper gastrointestinal site that had clinically confirmed bleeding, of which 38 had
sufficient information in the medical record to assign a specific gastrointestinal site. Of
these, 34 (89.5% [75.9%-95.8%]) had an adjudicated upper gastrointestinal site. There were
39 with a database-identified lower gastrointestinal site with clinically confirmed bleeding,
of which 34 had a specific adjudicated gastrointestinal site; of these, 31 (91.2%
[77.0%-96.9%]) were adjudicated to have lower gastrointestinal bleeding.
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Of the 165 clinically confirmed bleeding-related hospitalizations, 137 (83.0% [76.6%-
88.0%]) were judged to have major bleeding (Table 5). For those with a cerebral site of
bleeding, 97% (84.7%-99.5%) were classified as having major bleeding.

We assessed the positive predictive value for the individual ICD-9-CM diagnosis codes
present for hospitalizations in the study sample (Table 6). For those codes for which there
were at least 5 hospitalizations adjudicated, the positive predictive values ranged from 80%
to 100%. However, for many of the diagnosis codes, the number of adjudicated cases was
small.

Discussion
We developed and validated a case definition for bleeding-related hospitalizations designed
for use in automated databases. Our motivation was to improve the efficiency and quality of
epidemiologic studies of bleeding complications of anti-clotting medications by reducing the
time and expense required for medical record review. Of 186 hospitalizations with a primary
database discharge diagnosis indicating bleeding that were adjudicated, only 2 (1%) were
inconsistent with bleeding occurring during the current hospitalization. Both of these were
patients with a past history of bleeding, but no evidence of bleeding related to the current
admission. There were an additional 19 hospitalizations (10%) for which the hospital record
was consistent with a bleeding-related admission, but which lacked the objective evidence
we required to consider the bleeding as clinically confirmed. The lack of data often was
related to the decision not to perform invasive diagnostic procedures (endoscopy,
colonoscopy) on frail patients in a precarious state of health. Thus, our estimate of the
positive predictive value of the automated database case definition is between 89%
(clinically confirmed bleeding) and 99% (clinically confirmed or possible bleeding).
Furthermore, there was excellent agreement with regard to broad anatomical site, with only
two instances of misclassification.

We also assessed the potential of the automated database case definition to differentiate
between upper and lower gastrointestinal bleeding. This is important because the upper
gastrointestinal tract is a common location for bleeding caused by anti-clotting drugs and for
this reason proton-pump inhibitors often are recommended as co-therapy.20 Evaluation of
the effectiveness of such co-therapy would require identifying bleeding at upper
gastrointestinal sites. Determination of the site of gastrointestinal bleeding can be
challenging in clinical practice. Patients with bleeding from upper or lower GI sites can
present with identical symptoms of blood loss accompanied by the passage of altered blood
per rectum. Endoscopic or radiological investigations may not find the bleeding sources or
by the time they are performed bleeding may not be present. Thus, given these challenges it
was important to evaluate the performance of an automated database algorithm that sought
to define the source of bleeding. We found that for database-identified cases of upper
gastrointestinal bleeding for which the medical record review could identify a site, 89%
were adjudicated to have an upper gastrointestinal site.

Our findings are generally similar to those of Arnason and colleagues,12 who reviewed a
sample of 361 discharges from a Canadian tertiary care hospital with a discharge diagnosis
indicating warfarin-related bleeding and found a positive predictive value of 91%. The
similarity of findings from different settings suggests that automated database case
definitions for warfarin-related bleeding may have utility in multiple settings.

There were several study limitations. The automated database definition requires a primary
hospital discharge diagnosis indicating bleeding and thus will fail to detect some bleeding
events. Cases would thus be missed if the bleeding was coded as a secondary diagnosis (e.g.,
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myocardial infarction as the primary diagnosis with bleeding gastric ulcer as a secondary
diagnosis). Our review of database profiles suggests that this scenario is most likely to occur
for bleeding that begins in the inpatient setting (e.g., stress ulcer related to ICU stay), but we
lack confirmatory data.

Because we did not review all hospitalizations in the study population we could not
calculate sensitivity, which would quantify the extent to which bleeding events were
undetected. The finding of Arnason et al that their list of codes had a sensitivity of 93%,12

the more extensive set of codes employed in our study, and the straightforward clinical
presentation of more serious bleeding complications provide indirect evidence that the
sensitivity of our algorithm is adequate.

We were unable to adjudicate 21% of the records in the sample. The primary reason was that
the hospitals could not locate the chart, most often because the admission occurred several
years in the past and the records had not been retained.

The automated database case-definition did not consider deaths with an underlying cause
coded as bleeding-related if these occurred in the absence of a hospital admission. In our
experience, these are much less frequent than hospitalizations and subject to considerable
misclassification.21

The study sample contained a limited number of individual ICD-9-CM codes with adequate
sample size for stable estimates of the positive predictive value. Additional validation
studies with larger sample sizes for individual diagnosis codes would be useful.

The sample of hospitalizations considered may limit generalizability. The study cohort
consisted of current users of warfarin who resided in a specific geographic region. Further
study of bleeding in patients taking other anti-clotting drugs and of different populations
would be useful. The sample consisted entirely of Tennessee Medicaid enrollees. However,
performance of automated database case definitions has been broadly similar in Medicaid
and non-Medicaid populations for other diseases, including gastroduodenal ulcers,22

stroke,23 and myocardial infarction.24 The limited sample size precluded detailed analysis
for specific diagnostic codes. Further work in other populations with larger sample sizes
would be useful.

In conclusion, we developed and validated an automated database case definition for
bleeding-related hospitalizations suitable for automated databases. The definition had a
positive predictive value of between 89% and 99% and could distinguish specific bleeding
sites, which should make it a useful tool for pharmacoepidemiologists.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Clinical validation study: medical record adjudication process.

N hospitalizations %

All computer-identified bleeding-related hospitalizations 236 100.0

Hospital refused 7 3.0

Chart not located 39 16.5

Chart reviewed, insufficient information for adjudication 4 1.7

Chart adjudicated 186 78.8
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Table 4

Computer-identified gastrointestinal bleeding-related hospitalizations that were clinically confirmed:
concordance between computer-assigned and clinically adjudicated specific gastrointestinal bleeding sites.

Computer-assigned bleeding site

Upper
gastrointestinal

Lower
gastrointestinal

Gastrointestinal,
not specified

All
gastrointestinal

sites

N (%)

All clinically confirmed
bleeding

44 (100.0) 39 (100.0) 20 (100.0) 103 (100.0)

Specific gastrointestinal site
identified in medical record

38 (86.4) 34 (87.2) 7 (35.0) 79 (76.7)

 Upper gastrointestinal 34 (89.5) 3 (8.8) 2 (28.6) 39 (37.9)

 Lower gastrointestinal 4 (10.5) 31 (91.2) 5 (71.4) 40 (38.8)

Specific gastrointestinal site
not identified in medical
record

6 (13.6) 5 (12.8) 12 (60.0) 23 (22.3)

Not gastrointestinal site
according to medical record

0 (0.0) 0 (0.0) 1 (5.0) 1 (1.0)
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Table 5

Clinically confirmed bleeding-related hospitalizations: severity of bleeding according to site.

Major bleeding Minor bleeding All

N (%)

All clinically confirmed
bleeding-related
hospitalizations

137 (83.0) 28 (17.0) 165 (100.0)

 Gastrointestinal 88 (85.4) 15 (14.6) 103 (100.0)

 Cerebral 32 (97.0) 1 (3.0) 33 (100.0)

 Genitourinary 5 (62.5) 3 (37.5) 8 (100.0)

 Other 12 (57.1) 9 (42.9) 21 (100.0)
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Table 6

Positive predictive values for individual ICD-9-CM diagnosis codes

Diagnosis code Hospitalizations
Reviewed

Definite/probable
bleed, %

280.0: Anemia due to blood loss 3 66.7%

285.1: Acute posthemorrhagic anemia 3 100.0%

285.9: Anemia, unspecified 2 50.0%

430: Subarachnoid hemorrhage 6 100.0%

431: Intracerebral hemorrhage 19 89.5%

432.1: Subdural hemorrhage 10 100.0%

455.0: Hemorrhoids 1 100.0%

455.2: Internal hemorrhoids with other complication 2 50.0%

455.8: Unspecified hemorrhoids with other complication 2 50.0%

459.0: Hemorrhage, unspecified 8 100.0%

530.1: Esophagitis 1 100.0%

530.7: Mallory-Weiss tear 2 100.0%

531.0x: Acute gastric ulcer with hemorrhage 2 100.0%

531.4x: Chronic or unspecified gastric ulcer with hemorrhage 5 100.0%

532.0x: Acute duodenal ulcer with hemorrhage 1 100.0%

532.4x: Chronic or unspecified duodenal ulcer with hemorrhage 5 100.0%

533.0x: Acute peptic ulcer, site unspecified, hemorrhage 1 100.0%

535.01: Acute gastritis with hemorrhage 2 100.0%

535.11: Atrophic gastritis with hemorrhage 1 0.0%

535.41: Other specified gastritis with hemorrhage 6 100.0%

535.51: Unspecified gastritis and gastroduodenitis with hemorrhage 3 100.0%

535.61: Duodenitis with hemorrhage 1 100.0%

537.83: Angiodysplasia of stomach and duodenum with hemorrhage 4 100.0%

562.10: Diverticula of colon without mention of hemorrhage 1 100.0%

562.13: Diverticulosis of colon with hemorrhage 12 91.7%

562.13: Diverticulitis of colon with hemorrhage 3 66.7%

568.81: Hemoperitoneum 1 100.0%

569.3: Hemorrhage of rectum and anus 7 71.4%

569.85: Angiodysplasia of intestine with hemorrhage 5 100.0%

578.0: Hematemesis 3 33.3%

578.1: Blood in stool 11 81.8%

578.9: Hemorrhage of gastrointestinal tract, unspecified 34 88.2%

599.7: Hematuria 4 75.0%

623.8: Other specified noninflammatory disorders of vagina 1 100.0%

626.2: Excessive/frequent menstruation 2 100.0%

719.1x: Hemarthrosis 1 100.0%

784.7: Epistaxis 5 100.0%

796.3: Hemoptysis 5 80.0%

790.92: Abnormal coagulation profile 1 100.0%
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