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Validation of Diagnostic and Procedural Codes for Identification of Acute
Cardiovascular Events in US Veterans with Rheumatoid Arthritis

Abstract
Objective: To assess the accuracy of International Classification of Diseases, Ninth Revision, and Current
Procedural Terminology codes for identifying cardiovascular (CV) events (myocardial infarction [MI],
stroke, coronary artery bypass graft [CABG], and percutaneous coronary intervention [PCI]) in enrollees of
the Veterans Affairs Rheumatoid Arthritis (VARA) registry.

Design: We performed a validation study from VARA enrollment until 6/1/2010 to compare the accuracy of
CV events in those with and without CV-event coding in inpatient and outpatient records to evaluate for CV
events +/- 3 months of the coding. The positive predictive value (PPV) was calculated, and codes with a PPV
≥50% were included in a composite coding algorithm.

Results: We evaluated 107 individuals for 21 CV-event codes and 60 individuals without CV-event coding.
The PPV varied between 0-100%. Composite coding algorithms’ PPV ranged from 70-100%.

Conclusions: Validation of these algorithms allows for identification of acute CV events with known
accuracy. The sensitivity and PPV of coding algorithms for CABG and PCI exceed that of stroke and MI.
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Background
Cardiovascular (CV) disease is a major comorbidity in patients 

with rheumatoid arthritis (RA). RA patients experience two to 

three times the risk of CV disease compared with the non-RA pop-

ulation.1,2To accurately examine the important association of RA 

and CV disease, however, validated CV outcomes—such as myo-

cardial infarction (MI), stroke (ischemic or hemorrhagic), coronary 

artery bypass graft (CABG) surgery, and percutaneous coronary 

intervention (PCI)—must be established. 

International Classification of Diseases, Clinical Modification, Ninth 

Revision (ICD-9-CM, hereafter referred to as ICD-9); ICD-9-Proce-

dure, and Current Procedural Terminology (CPT) codes represent 

a convenient method of developing such CV outcomes. Use of vali-

dated ICD-9, ICD-9-Procedure and CPT codes in electronic medical 

records (EMR) can be convenient and requires fewer hours when 

compared to manual chart abstraction. However, there are some 

important gaps in the literature regarding validation of CV coding. 

First, previous studies report widely divergent Positive Predictive 

Values (PPVs) for each individual ICD-9 or CPT code. The PPVs 

for myocardial infarction ICD-9 codes, for example, vary from 2.5 

percent to 100 percent.3 Second, prior literature tends to only offer 

estimates for the accuracy of administrative data for prevalent CV 

disease.4,5 When CV events are defined without explicitly defining a 

window of allowable time for the event around the date the code was 

assigned, it limits the validity of the administrative data as an out-

come measure.6-8Without an associated date, such coding algorithms 

are also unsuitable for time-to-event analysis. 

Third, prior literature frequently does not give all of the details 

that might be desirable for different types of analysis. For example, 

many of the previously published manuscripts do not report the 

sensitivity or specificity of the codes used to identify incident dis-

ease 6,9-12, and PPV has not been reported in the few studies regard-

ing PCI and CABG.10,12-14Fourth, all previously published works in 

this field 4,13,15 rely exclusively upon data from hospital discharges, 

which may introduce a significant bias by neglecting to account for 

CV events documented in outpatient records. 

To address these deficiencies, we evaluated the validity of ICD-9, 

ICD-9 Procedure, and CPT codes for CV events by examining a 

cohort of patients with well-established RA who were enrolled in 

the Veterans Affairs Rheumatoid Arthritis (VARA) registry. Using 

electronic medical record (EMRs) of the VARA patients, we deter-

mined the validity of CV-event codes within a six-month window 

using inpatient, outpatient, and inpatient + outpatient records. In 

contrast to prior investigation, our study focused on acute events 

(those occurring within months of the billing code, as opposed to 

CV events occurring at any time), estimated sensitivity and spec-

ificity for the coding algorithms, evaluation of the value in using 

outpatient in addition to inpatient records, and clarification of the 

acceptable time window necessary to meet our case definition.
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Methods
Patients and Setting: Our study population consisted of subjects 

enrolled in the VARA prospective registry. The VARA registry is 

a multicentered observational cohort at 11 VA Medical centers 

that has been fully described elsewhere.16,17 In brief, all patients 

with RA at participating sites are invited to enroll and provide 

informed consent for the collection of demographic and longitu-

dinal clinical information as well as biologic samples (sera, plas-

ma, DNA). For this study, we relied on a convenience sample of 

participants from enrollment sites for which we had direct access 

to medical records: Dallas, Texas; Denver, Colo.; and Omaha, Neb.

Study Design: We performed a validation study and utilized 

administrative data from inpatient and outpatient national VA da-

tabases, based on clinical encounters from time of enrollment into 

VARA (initiated in 2003) until June 1, 2010 or until the patient’s 

most recent clinical encounter, whichever came first. We exam-

ined CV events subsequent to VARA enrollment, as the additional 

attention of study coordinators, coinvestigators, and site principle 

investigators is likely to increase the odds of detecting CV events 

above the surveillance performed by primary care providers 

during usual care. 

Baseline Characteristics: Participants in VARA have baseline 

demographic information collected upon enrollment into the 

registry. These data include the following: age at time of regis-

try enrollment; gender; age at time of death; education (years); 

race/ethnicity; tobacco use at time of enrollment; rheumatoid 

factor (RF) antibody positivity; anticyclic citrullinated protein 

(anti-CCP);presence of rheumatoid nodules; and RA disease 

duration from the time of diagnosis until enrollment in VARA. 

In addition, 28-joint disease activity score (DAS28) and health 

assessment questionnaire (HAQ) values were collected over the 

duration of enrollment in VARA. DAS28 is a clinical measure of 

active disease and HAQ is a measure of disability used in clinical 

practice and for RA research. 

Procedures: Our study cohort included two populations: those 

with CV-event coding, which included ICD-9, ICD-9-Procedure, 

and CPT coding for MI (410.x, 411.x, 412.x, 413.x, 414.x, 429.2, 

and v45.81), stroke (433.11, 433.91, 434.91, 435.x, 436.x, 437.9x, 

438.x), CABG (ICD-9-Procedure 36.1x), or PCI (ICD-9-Proce-

dure 36.06, 36.07, 0.66 or CPT 92973, 92980, 92995); and those 

without CV-event coding (see Figure 1). These codes were select-

ed based on prior work for MI,4 stroke,4 CABG,13 and PCI.13 Indi-

viduals with and without coding for MI, stroke, CABG, and PCI 

were randomly chosen based on a randomly assigned numeric 

identification code from the list of VARA participants for medical 

chart review. CV-related codes were drawn from the inpatient and 

outpatient files of the VA’s Corporate Franchise Data Center, a 

national centralized computer-processing center. Samples of 110 

and 60 individuals for CV-related and no-CV-related codes were 

chosen a priori. 

Prior work suggests that codes appearing in nonprimary positions 

(i.e., codes that were not the primary reason for hospitalization or 

outpatient visits) often represent false positives.18 For this reason, 

we limited the coding position to the first position for in-hospital 

records, hospital discharge records, and outpatient records for 

ICD-9 diagnostic codes (MI, stroke). For ICD-9-Procedure and 

CPT codes (CABG, PCI), which were not anticipated to demon-

strate high false positive rates, we accepted procedural codes in 

any position. 

The entire medical records of those individuals randomly chosen 

for medical chart review (both in the CV-event coding and in 

the no-CV-event coding populations) were abstracted using a 

structured chart abstraction instrument for MI, stroke, PCI, and 

CABG. Those with CV-event coding were specifically evaluated 

for CV events within a six-month window of the assignment of 

the code (three months on either side of the date on which the 

code was entered into the EMR). Since many analyses (such as 

time-to-event) require that the timing of events be known, our 

case definition included this specified allowable time frame to 

characterize valid events. Because these events may not be the 

patient’s initial CV event (i.e., events occurring prior to introduc-

tion of the EMR may not be captured), it is not entirely accurate 

to describe them as incident events.19 Thus, we defined the first 

event since the introduction of the EMR data as “acute” events—

in contrast to prevalent events.

Available 
cohort 
n=862 

Any CV event 
code*, n=229 

107 individuals 
sampled 

Abstracted # 

CV code, CV 
event 

CV code, no 
CV event 

No CV event 
code*, n=633 

60 individuals 
sampled 

Abstracted # 

No CV code, 
CV event 

No CV code, 
no CV code 

Figure 1. Study subject sampling methodology

th
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The case definition of a CV event required documentation by a 

clinician of a MI, stroke, PCI, or CABG in progress notes, discharge 

summaries, or procedure notes. For MI and strokes, we accepted 

events described as “likely,” but did not accept those characterized as 

“possible.” For those in the no-CV-event population, the patient’s en-

tire medical record was reviewed for the presence of a CV event, from 

the time of enrollment into VARA until June 1, 2010.

The PPV was then determined for each individual diagnostic or 

procedural code. To assess a more sensitive approach, a composite 

coding algorithm was then created consisting of the sum of the in-

dividual codes with a PPV ≥50 percent for each clinical condition. 

The negative predictive value (NPV), sensitivity, and specificity 

of each of the individual codes and composite codes were also 

calculated. In order to account for the bias that may have resulted 

from our sampling method (choosing from those who had CV 

coding and those who did not), we utilized the method described 

by Weiner et al.20 to calculate sensitivity and specificity.

Statistical Analysis: Students’ t-test and chi-square were used 

to determine differences in baseline variables, as appropriate. A 

p-value of ≤ 0.05 was considered significant. All analyses were 

performed using STATA 11.2 (College Station, Texas). 

Human Subjects Review: Data were obtained from the U.S. 

Department of Veterans Affairs. However the funding sources 

had no role in the study design; in the collection, analysis and 

interpretation of data; or in the writing of the report. The views 

expressed in this article are those of the authors and do not nec-

essarily reflect the position or policy of the U.S. Department of 

Veterans Affairs. This work was approved by the Internal Review 

Board of the University of Colorado and the Veterans Affairs 

Medical Center in Denver, Colorado. Additionally, this project 

was approved by the Scientific and Ethics Approval Committee 

for the VARA registry. 

Results
Of 862 individuals available for analysis, 229 (27 percent) were 

coded for a CV-related event in the first position for ICD-9 or in 

any position for ICD-9-procedure or CPT; 633 (73 percent) had 

no CV-related event coding (see Figure 1). Of the CV-event coded 

cohort, the medical records of 107 of the intended 110 individuals 

were abstracted for acute CV-related coding; of those without 

CV-event coding, the medical records of 60 individuals were ab-

stracted for CV-related events (for further details of those without 

CV-event codes, see Supplemental Table 1). 

There were significant differences in age, gender, reported race/

ethnicity, and RA disease duration between those coded for a 

CV-related event and those not coded for a CV-related event (see 

Table 1). RA patients with a coded CV event were older, more 

often male, more likely to report Caucasian race, and had a longer 

RA disease duration then those without a coded CV event. Addi-

tionally, we examined the baseline differences between individuals 

at the three sites (Dallas, Texas; Denver, Colo.; and Omaha, Neb.). 

Significant differences were found in mean education, race/eth-

nicity, mean disease duration, and RF positivity (see Supplemental 

Table 2). We also examined how representative our sample was 

of the entire cohort. There were significant differences in age at 

enrollment (abstracted individuals 64.76 years versus 62.78 years 

in those not abstracted, p-value 0.041) and in RF positivity (92 

percent versus 86 percent positive, p-value 0.041). See Supple-

mental Table 3 for full details. 

The mean difference between an actual event and the CV-related 

code being assessed was 9.5 days (SD 20.2 days). 

The PPV and its 95 percent confidence interval, NPV, sensitivity 

and specificity of each individual code for both inpatient and outpa-

tient records are presented in Table 2, while those of the inpatient 

records only are in Table 3 and those of the outpatient records only 

are in Table 4. In general, there was a wide range of the PPV of 

the individual codes ranged (from 0–100%). After this initial PPV 

of the individual codes were determined, those with a PPV ≥50 

percent were included in the composite coding algorithms. A sum-

mary of the composite codes for the total cohort, inpatient records 

only, and outpatient records only, may be found in Table 5. 

Supplemental Table 1. 

Condition TN n=60 %
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Table 1. 

Variable  n= %, mean SD n= %, mean SD n= %, mean SD p-value

Age, years 862 63.17 11.22 229 66.10 9.65 633 62.11 11.56 <0.0001

Gender, male 829 89.75  210 95.89  534 87.54  0.001

Race/Ethnicity Caucasian 656 79.04  190 86.76  466 76.27  0.005

 African American 112 13.49  23 10.50  89 14.57   

 Hispanic 42 5.06  2 0.91  40 6.55   

 Native American 13 1.57  4 1.83  9 1.47   

 Asian American 2 0.24    2 0.33   

 Other 5 0.60    5 0.82   

Never    

     

     

 

 

Average disease duration, years 729 17.43 12.48 184 19.67  545 16.68 12.29 0.005
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Variable  n=
%, 

mean SD n=562
%, 

mean SD n=115
%, 

mean SD n=185
%, 

mean SD p-value

    

Education, 
years 765 12.69 2.53 507 12.46 2.52 115 13.33 2.64 143 12.98 2.37 <0.0001

Race/ 
Ethnicity Caucasian 656 79.04  418 77.55  84 73.04  154 87.50  <0.0001

 
African  
American 112 13.49  93 17.25  7 6.09  12 6.82   

 Hispanic 42 5.06  20 3.71  17 14.78  5 2.84   

 
Native  
American 13 1.57  4 0.74  5 4.35  4 2.27   

 
Asian  
American 2 0.24  2 0.37  0 0.00  0 0.00   

 Other 5 0.60  2 0.37  2 1.74  1 0.57   

Never     

      

      

Average disease duration, years 729 17.43 12.48 523 17.41 12.43 114 20.66 12.87 92 13.57 11.20 <0.0001

RF positive 723 87.42  482 89.59  95 83.33  146 83.43  0.037

 
    

    

Supplemental Table 2. 
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Variable  n= %, mean SD n= %, mean SD n= %, mean SD p-value

Age, years 862 63.17 11.22 167 64.76 10.11 695 62.78 62.78 0.041

   

   

     

     

 
Native  

    

 
 

    

 Other     

Never    

     

     

RF positive 723 87.42  144 92.31  579 86.29  0.041

   

   

Supplemental Table 3. 
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Event Code TP (n) FP (n) TN (n) FN (n) PPV 95% CI NPV Prev Sens Spec

MI ICD-9CM           

 

 

 

 

 

 

 

MI Composite (410.x) 13 2 59 1 0.87 0.51 0.88 0.98 0.23 0.94 0.96

Stroke ICD-9CM           

 

 

 

 

 

 

 

Stroke Composite (433.11, 434.91, 435.x, 438.x) 21 7 60 0 0.75 0.66 1.00 1.00 0.05 1.00 0.99

CABG ICD-9 procedure           

 

CABG Composite (36.1x) 10 0 60 0 1.00 0.69 1.00 1.00 0.01 1.00 1.00

PCI            

 

 

 

 

 

 

 

PCI Composite (all codes for PCI) 24 0 59 1 1.00 0.85 1.00 0.98 0.02 0.53 1.00

Any CV code (composite of all composite codes) 68 9 58 2 0.88 0.79 0.95 0.97 0.27 0.91 0.96

composite codes for both inpatient and outpatient settings 
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codes for inpatient setting

Event Code TP (n) FP (n) TN (n) FN (n) PPV 95% CI NPV Prev Sens Spec

MI ICD-9CM

 

 

 

 

 

 

 

MI Composite (410.x) 7 0 59 1 1.00 0.51 0.88 0.98 0.12 0.89 1.00

Stroke ICD-9CM

 

 

 

 

 

 

 

Stroke Composite (434.91, 435.x, 436.x, 438.x) 13 0 60 0 1.00 0.66 1.00 1.00 0.05 1.00 1.00

CABG ICD-9 procedure

 

CABG composite (36.1x) 10 0 60 0 1.00 0.69 1.00 1.00 0.04 1.00 1.00

PCI  

 

 

 

 

 

 

 

Composite (all codes for PCI) 20 0 59 1 1.00 0.85 1.00 0.98 0.05 0.76 1.00

Any CV code (composite of all composite codes) 50 0 58 2 1.00 0.93 1.00 0.97 0.18 0.87 1.00

8
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composite codes for outpatient setting

Event Code TP (n) FP (n) TN (n) FN (n) PPV 95% CI NPV Prev Sens Spec

MI ICD-9CM            

 

 

 

 

 

 

 

MI composite (410.x) 6 2 59 1 0.75 0.51 0.88 0.98 0.23 0.93 0.93

Stroke ICD-9CM            

 

 

 

 

 

 

 

Stroke composite (433.11, 438.x) 6 5 60 0 0.55 0.66 1.00 1.00 0.05 1.00 0.98

CABG ICD-9 procedure            

 

CABG composite (36.1x) 0 0 60 0 0.00 0.00 0.00 1.00 0.00 0.00 1.00

PCI             

ICD-9 procedure 0 0 59 1 0.00 0.00 1.00 0.98 0.00 0.00 1.00

 

 

 

CPT  4 0 59 1 0.00 0.29 1.00 0.98 0.00 0.00 1.00

 

 

 

PCI composite (all codes for PCI) 4 0 59 1 1.00 0.85 1.00 0.98 0.00 0.22 1.00

Any CV code (composite of all composite codes) 16 7 58 2 0.70 0.47 0.87 0.97 0.26 0.88 0.90

9
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Table 5: Summary of total cohort, inpatient, and outpatient composite codings for myocardial infarction, stroke, 
coronary artery bypass graft, percutaneous coronary intervention, and any cardiovascular event

Event Code TP (n) FP (n) TN (n) FN (n) PPV 95% CI NPV Prev Sens Spec

Total Cohort            

Inpatient         

Outpatient         

In comparing the composite codes between inpatient + outpatient 

records, inpatient only, and outpatient only, the inpatient only 

records had the highest PPV and specificity. However, the inpa-

tient records in general had a lower sensitivity than that of either 

inpatient + outpatient or outpatient alone records. For example, 

the MI composite coding algorithm (410.x) had a PPV of 0.87 for 

the inpatient + outpatient, 1.0 for the inpatient alone, and 0.75 

for outpatient alone, while the sensitivity was 0.94, 0.89, and 0.93, 

respectively. With regards to the “any CV code composite,” which 

consists of the MI composite, stroke composite, CABG composite, 

and PCI composite, the inpatient + outpatient had a PPV of 0.88, 

NPV of 0.97, sensitivity of 0.91 and specificity of 0.96. The values 

for the inpatient and outpatient records, respectively, were the 

following: PPV 1.0 and 0.70, NPV 0.97 and 0.97, sensitivity 0.87 

and 0.88, and specificity 1.0 and 0.90.

In general, the procedure codes (ICD-9 procedure and CPT) 

exceeded the ICD-9 diagnostic codes for PPV.

Discussion
Using the administrative records of RA patients enrolled in the 

VARA registry, we evaluated the accuracy of ICD-9, ICD-9-Pro-

cedure, and CPT codes for identifying acute CV events within 

a six-month window in inpatient, outpatient and inpatient + 

outpatient records. When the composite coding for any CV-relat-

ed event is utilized for both inpatient and outpatient records, the 

PPV is 0.88 with an NPV of 0.97.There were significant baseline 

differences between the event and no-event groups in age, gender, 

reported race/ethnicity, and average RA disease duration. This 

is not unexpected, as classic risk factors include age and gen-

der,1 and longer RA disease duration has been associated with 

increased risk of CV events.2 As expected, the  CV composite 

codes for the combined inpatient and outpatient records had a 

PPV between that of the inpatient and outpatient only records, as 

did sensitivity and specificity. Qualitative review of the medical 

records revealed that the relatively low sensitivity for the compos-

ite CV code for inpatient records is likely due to the number of 

MI events not being captured by ICD-9 codes in the VA medical 

records; frequently, this is because patients were evaluated and 

10
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treated at outside facilities, and follow-up occurred outside of the 

six-month window. This “dual care” issue (care received under 

two or more health care systems) is likely more problematic for 

emergent conditions, such as MI. We attempted to evaluate this 

potential limitation by performing an outpatient and outpatient + 

inpatient records analysis, where a patient would likely report an 

event to that patient’s primary care provider. 

Stroke composite coding for outpatient records had a PPV of 

0.55, but a sensitivity of 1.0. We hypothesize that the relatively low 

PPV is due to frequent assignment of “stroke” as either a working 

diagnosis during emergent events (such as the emergency room 

visit, which does not create an inpatient record unless the patient 

is actually admitted) or for follow up for neurologic sequelae of a 

stroke. For example, a patient presenting to the emergency room 

with altered mental status may be initially coded as stroke, but 

subsequent evaluations, including outpatient evaluations, may 

render a different diagnosis. 

Composite coding for any CV event achieved acceptable levels for 

PPV for inpatient + outpatient (0.88), inpatient (1.0), and outpa-

tient settings (0.70). While certain circumstances may require the 

identification of specific types of events (MI, stroke, CABG, PCI) 

as an outcome event, there are many situations that warrant the 

use of composite coding (which would produce a higher event 

rate and allow researchers greater power in detecting differences 

in CV events between therapeutic approaches, for example). How-

ever, the specific types of records (inpatient + outpatient, inpatient 

only or outpatient only) should be determined by the researchers’ 

needs with regards to sensitivity and specificity. 

A number of investigators have evaluated the accuracy of ad-

ministrative coding for CV conditions, including the following: 

MI;3,9,18,21-24 stroke and transient ischemic attack;6-8,11,25-28 CABG 

surgery;10,12-14 and various procedures within the spectrum of 

PCI, including percutaneous transluminal coronary angioplasty 

(PTCA) and cardiac catheterization.10,12-14

Due to the wide range of differences in populations and method-

ologies used, these studies demonstrate an extraordinarily wide 

range of reported PPV for each individual ICD-9 or CPT code. 

For example, the PPV for myocardial infarction ICD-9 codes 

range from 2.5 to 100 percent,3 and there is a similarly broad 

range for incident stroke (<1 to 94 percent).8,11 Furthermore, very 

little has been published regarding the sensitivity and specificity 

of these coding algorithms for the identification of CV disease; 

and, of the studies that have reported the sensitivity and specifici-

ty, there is also a wide range. 

While some of these studies examine incident events6-8 most of 

these do not specify a specific window of allowable time for the 

event, making these results less useful for time-to-event analyses. 

Also of importance, all previously mentioned articles rely exclu-

sively upon data from hospital discharges, which may introduce 

a significant bias by neglecting to account for CV events docu-

mented in outpatient records. This may be particularly relevant to 

comprehensive health care systems or accountable care organi-

zations, where a substantial proportion of patients live in rural 

locations. These patients may be managed acutely at a facility that 

is not within the health care system, and thereby avert detection 

in administrative data generated solely by the inpatient record. It 

is therefore vitally important in this setting to capture these events 

in the outpatient record, which may contain evidence of subacute 

care for the selected conditions delivered by the patients’ primary 

care physicians or other outpatient staff. 

Depending upon the focus of the research, prevalent, incident, or 

acute coding algorithms may be the most appropriate for an indi-

vidual researcher’s use. We assessed the PPV, NPV, sensitivity, and 

specificity of acute CV event coding within a specified window of 

time in inpatient, outpatient, and inpatient + outpatient settings 

to evaluate our particular codings for time-to-event and other 

analyses where timing is an essential element. 

Administrative data are used for a variety of activities outside of 

their original billing-related purpose, including assessing quality 

of care, monitoring health care utilization, and performing health 

services research (HSR).14 While these are all important appli-

cations, the value of administrative data for these uses depends 

upon the validity of the codes for the particular application. A 

number of factors may influence the validity of administrative 

data including the particular disease state under examination, 

whether prevalent versus incident disease is being assessed, 

whether the data are restricted to inpatient sources or whether 

outpatient data are incorporated, and the health care system in 

which the data are gathered (a self-contained health care system 

versus fee-for-service insurance).

As is the case with all studies, our investigation includes a number 

of strengths and limitations. Notably, our study was conduct-

ed within the VA using a well-defined RA population, which 

will allow application to other patient groups with RA. The VA 

Computerized Patient Record System (CPRS) is an integrated 

systemwide EMR that allows comprehensive capture of health 

care events for patients receiving care within the VA system. 

However, these results may not be generalizable to other health 

care settings, and these coding algorithms will need to be validat-

ed in other systems. Supporting the generalization or our results, 

however, is work demonstrating similar clinical characteristics for 

RA patients from our study cohort compared to more traditional 

female-predominant community-based cohorts.29

Limitations include the fact that our study was performed in a 

cohort of subjects with RA. While clinicians or coders may exhibit 

a bias in assigning CV codes to RA patients when compared to 

non-RA populations, we believe that such a scenario is unlikely. 

As our subjects are registry participants, they may be systemati-

cally different from patients who do not participate in registries. 

Additionally, we did not independently survey patients directly 

to determine whether they had experienced a CV event. Such an 

approach might have identified more CV events (and thus, dimin-

ished the observed sensitivity further); however, patient surveys 
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might have also resulted in substantially more misclassification 

of events (e.g., classification of angina as MI or of TIAs as stroke), 

when compared with clinician documentation, and resulted in a 

lower specificity. Additionally, we chose to assess only the primary 

coding positions for both inpatient and outpatient records. We 

did not perform a sample size calculation, but rather chose our 

numbers to abstract a priori. These statistical choices may be 

improved upon when this study is repeated in other health care 

systems. Also, it is important to note that because the VA health 

care system pays for veterans’ care that is delivered outside the VA 

system, policies are in place to reduce cost by aggressively seeking 

out veterans hospitalized outside the VA and transferring them to 

VA facilities. This likely improves the capture of non-VA delivered 

care and, thus, is anticipated to improve the sensitivity of our 

approach.

Conclusion 
In conclusion, we report the PPV, NPV, sensitivity, and specificity 

of CV-event coding algorithms in a well-defined RA population 

of U.S. veterans. Our work has evaluated the proposed composite 

algorithms for identifying acute CV events in inpatient, outpatient, 

and inpatient + outpatient settings. The ability to detect incident 

CV events using reliable codes may further researchers’ efforts in 

health services research, guideline implementation, and health care 

utilization. These data will enable researchers to make a decision 

about whether the coding algorithms fit their requirements for use 

in their research. By providing PPV, NPV, sensitivity, and specificity 

for different patient settings, our study provides investigators with 

reliable composite coding for MI, stroke, PCI, and CABG in inpa-

tient, outpatient, and inpatient + outpatient settings. Future avenues 

of research include reproduction of our study in other health care 

settings, reproduction of our study in other patient populations, 

and evaluation of “hybrid” models for identification of CV events, 

including laboratory values and medications. 
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