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Abstract

Purpose—To validate, using physician review of abstracted medical chart data as a gold
standard, a claims-based algorithm developed to identify gastrointestinal (GI) perforation cases
among rheumatoid arthritis (RA) patients.

Methods—~Patients with established RA, aged 18 years or older with hospital admissions
between January 2004 and September 2009, were selected from a large US hospital-based
database. An algorithm with ICD-9-CM diagnosis codes for Gl perforation and combinations of
Gl-related diagnosis codes and CPT-4 procedure codes for relevant Gl surgeries was used to
identify potential GI perforation cases. Two senior experienced specialist physicians
independently reviewed abstracted chart data and classified cases as “confirmed” or
“unconfirmed” Gl perforations. Positive predictive values (PPVSs) to identify “confirmed” Gl
perforation were calculated and stratified by upper versus lower GI tract.

Results—Overall, 86 of 92 Gl perforation cases were confirmed, yielding an overall PPV of
94% (95% CI: 86-98%). PPV was 100% (95% CI: 100-100%) for upper Gl perforation
(esophagus, stomach) and 91% (95% CI: 90-97%) for lower Gl perforation (small intestine,
PPV=100%; large intestine, PPVV= 94%; unspecified lower Gl, PPV=89%).

Conclusions—This algorithm, consisting of a combination of ICD-9-CM diagnosis and CPT-4
codes, could be used in future safety studies to evaluate Gl perforation risk factors in RA patients.

Keywords
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INTRODUCTION

Gastrointestinal (GI) perforation is defined as a hole that passes through the wall of the
esophagus, stomach, or small or large intestine. Following perforation, if contents of the Gl
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tract remain confined to the surrounding tissues, the process may be self-limited, and the
condition may escape detection without clinical consequence. However, Gl perforations
may result in release of enteric contents into the chest or peritoneal cavities. If left untreated,
life-threatening peritonitis or septicemia may develop. The in-hospital mortality rate of
patients hospitalized with GI perforation ranges from 9-30%, depending on the cause and
location of the perforation, time to treatment, and presence of underlying comorbidities.2
Although not all GI perforations can be avoided, it is important to proactively treat
conditions which are known risk factors for Gl perforation such as ulcers, appendicitis,
diverticulitis, cancer, and inflammatory bowel disease (IBD).! Perforation of the Gl tract can
also result from barotrauma (Boerhaave’s), ingestion of foreign bodies or caustic substances,
neoplastic or infectious fistulizing disease, and can be a rare complication of endoscopic
procedures.

The incidence and prevalence of non-iatrogenic Gl perforations is not well established.
Although the incidence of non-steroidal anti-inflammatory drug (NSAID)-associated upper
Gl tract complications is well described in the literature,3 few studies have evaluated the
incidence of lower Gl tract complications. Furthermore, published work to date commonly
evaluates multiple types of GI complications (e.g., bleeding, perforation, ulcers) together,
making it difficult to establish the incidence of GI perforation alone.?

A systematic review of epidemiologic studies published between 1980 and 2000 (n=4)
showed the pooled incidence rate estimate of upper Gl perforations was 0.10 (95% CI: 0.04—
0.23) per 1,000 person-years among all non-NSAID users in the general population.8
Rheumatoid arthritis (RA) patients may have a higher risk of Gl perforation than the general
population, however. A review of 13 clinical trials evaluating NSAIDs (h=11), disease-
modifying antirheumatic drugs (n=1), and immunosuppressive drugs (n=1), performed in
RA patients reported a cumulative incidence of Gl perforations ranging from 0.0% to 7.1%
during study follow-up.’”~1° More direct and comparable evidence suggesting that RA
patients may have a higher incidence of Gl perforations than other patient populations was
found from a U.S. study that observed that the rate of GI perforations was several times
higher than in patients with psoriatic arthritis.29 GI perforations observed in RA patients
may be attributable to concomitant medication use (e.g. glucocorticoids) and/or IBD, a
known risk factor for Gl perforation. Both RA and IBD share possible common pathological
mechanisms, and having one condition may be associated with a heightened risk of
developing the other.21-27

Given their size and easy accessibility, electronic administrative databases are a valuable
data source for research to better understand the epidemiology of rare health events, such as
Gl perforations in RA patients. It is crucial, however, to assess the validity of using
diagnosis codes contained within these healthcare databases to identify cases prior to
utilizing them for epidemiological studies. While prior validation studies have examined the
concordance between administrative claims databases and medical charts for upper Gl
perforations, strictures, ulcers, and obstructions,28-31 additional studies are needed to better
characterize lower Gl perforations. Therefore, the primary objective of this study was to
validate an algorithm, to confirm a perforation in patients hospitalized for non-iatrogenic
upper or lower Gl perforations.

METHODS

Identification of Gl Perforation Cases

Patients were selected from the Premier Perspective™ database, a database which contains
service-level hospital reimbursement records for 600 U.S. hospitals, if they had one or more
inpatient medical service claims with an associated diagnosis of RA (ICD-9-CM: 714.xx)
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between January 2004 and September 2009. GI perforation cases were further identified
based on the presence of one or more Gl perforation ICD-9-CM diagnosis codes, or the
combination of a Gl-related ICD-9-CM code with a CPT4 code for relevant Gl surgery on
billing claims for the hospitalization with RA diagnosis (Appendix). Both the diagnosis of
RA and Gl perforation could appear in any primary or non-primary position on the hospital
claim. If patients had more than one hospitalization for GI perforation, only the first
hospitalization was eligible for abstraction.

All patients included in the study were 18 years of age or older on the date of the Gl
perforation hospitalization. Since we were not interested in identifying and validating Gl
perforations related to “mechanical” etiologies, patients were excluded if they had an ICD-9-
CM code for “accidental puncture or laceration during a procedure” (998.2x), “foreign body
in digestive system” (938.xx), or “foreign body accidentally left during a procedure”
(998.4x) in the primary position. Furthermore, patients with an ICD-9-CM code for
neoplasm (140.xx-239.xx) in any position on the hospital claim were excluded due to the
possibility that cancer patients might have additional risk factors for perforation that could
obscure the association between RA-related risk factors and perforation.

Review of Hospital Medical Charts

A convenience sample was selected and medical records were requested from the hospitals
with 5 or more potential Gl perforation cases identified in the database. In an effort to
oversample lower GI perforation cases, the distribution of upper versus lower Gl
perforations in the selected sample reflected an approximately 1:3 ratio.

Institutional Review Board approval was received from each hospital to conduct the medical
chart review, and all data collected were HIPAA compliant. For each case, clinical
information needed to validate the GI perforation was abstracted from the medical chart
during the hospitalization. Data obtained from the medical chart review were used to
validate GI perforation cases.

Three trained clinical research associates reviewed the medical charts for the
hospitalizations and completed a standardized chart abstraction form that was developed
specifically for this study. Information abstracted from each medical chart included the
source of Gl perforation documentation (endoscopy notes, radiology notes, surgery notes,
autopsy notes, other), the type of Gl perforation diagnosis (“confirmed/final,” “rule out,”
“not sure”) from the treating physician, the location of the perforation (e.g., esophagus,
stomach, duodenum), and the type of perforation (confined, free, unknown). In addition,
details of in-hospital pharmacologic treatment (e.g., antibiotics), diagnostic and treatment
procedures (e.g., abdominal/GI CT scan, laparoscopic/abdominal surgery), and
hospitalization information (e.g., admission date, principal discharge diagnosis) were
collected. Relevant patient medical histories (e.g., Gl-related conditions, NSAID/steroid use,
endoscopy procedures) were also abstracted when available.

Classification of Gl Perforation Cases

Two senior internal medicine physicians with additional subspecialty training and board
certification in gastroenterology (DJ) and rheumatology (JC) independently reviewed the
abstracted chart data. Prior to viewing the abstracted data, both physicians agreed on a case
definition for classifying a potential GI perforation case as a “confirmed” or “unconfirmed.”
Criteria for a “confirmed” case included 1) evidence of a final treating physician diagnosis
of “perforation” for a Gl site, and 2) evidence from supporting diagnostic and/or treatment
procedures. Without such evidence, a suspected Gl perforation case was deemed
“unconfirmed” by the physicians. Classification disagreements were discussed by the two
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reviewers and resolved through a consensus process; 100% concurrence was established.
Both reviewers were blinded to the hospital claims profile of the suspected perforation
cases.

Statistical Analysis

RESULTS

Patient demographics (age, sex, race, and type of perforation) were analyzed for all patients
identified as having a Gl perforation based on the coding algorithm in the database. Student
t-tests and chi-square tests were used to assess differences between patients included in the
chart review and those identified by the coding algorithm as having a Gl perforation in the
database but not selected for the chart review validation sample. For patients included in the
chart review, information collected on the abstraction form regarding diagnostic and
treatment procedures was reported descriptively.

The validity of the coding algorithm (Appendix) was described as the positive predictive
value (PPV), defined as the proportion of patients with a positive test who actually have the
condition.3! Several studies have utilized PPV to validate administrative records against
medical chart records in gastroenterological diseases.2629 In this study, PPV was calculated
as the proportion of confirmed GI perforation cases based on the chart review (gold
standard) among those identified in the administrative claims database as having a Gl
perforation as follows:

#patients with “confirmed” GI perforation based on the chart review

PPV=
#patients with GI perforation based on the coding algorithm

PPV was stratified by Gl type and site (e.g., upper Gl, lower GlI, esophagus, stomach, small
intestine, large intestine, unspecified lower Gl). The 95% confidence intervals (Cls) of the
PPVs were estimated based on a binomial distribution. All analyses were conducted using
SAS version 9.2 (SAS Institute, Inc., Cary, North Carolina), and findings with p-values
<0.05 were considered statistically significant.

Based on the study’s inclusion and exclusion criteria, a total of 704 potential Gl perforation
cases were identified in the database. Among the 32 hospitals with the largest numbers of Gl
perforation cases, 228 cases were identified as eligible to be included in the medical chart
review. Of these 228, data was abstracted for the 92 potential GI perforation cases that were
located at the 14 participating hospitals (Figure 1). These cases occurred in hospitals located
across four geographic regions in the United States (Northeast, Midwest, West, and South).
In this final validation sample of 92 cases, 30% of cases had upper Gl perforations and 70%
had lower GI perforations.

Table 1 presents the characteristics of all 704 Gl perforation cases identified from the
database among RA patients. Overall, the mean age of Gl perforation cases was 67 years,
73.7% of cases were female, and more than three-quarters of cases were white. The overall
distribution of upper, lower, and both GI perforations were 33.5%, 65.3%, and 1.1%,
respectively.

The age (mean 66.9 years in both groups, range 24-89 vs. 18-89, p=0.973) and sex
distribution (68.5% vs. 74.5% female, p=0.22) were similar between patients included and
not included in the validation analysis. The race distribution of cases included in the
validation analysis was significantly different than of those not included (p=0.027), with the
proportion of white patients being higher in the validated cases (82.6%) than non-validated
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cases (74.5%). The ratio between upper and lower GI perforation cases (approximately 3:7)
was similar in both groups (p=0.331).

Table 2 shows the individual codes or coding combinations that were used to identify Gl
perforation cases in the database. Eight of the 10 coding combinations evaluated produced
PPVs of 100%. One of 17 cases (5.9%) identified by a combination ICD-9-CM diagnosis
and CPT-4 procedure code in the large intestine and 5 of 47 (10.6%) of cases identified as
by the “unspecified lower GI” ICD-9-CM diagnosis code (569.83) were not confirmed Gl
perforations.

Table 3 displays the calculated PPVs of Gl perforations, by site. The overall calculated PPV
was 93.5% (95% Cl: 86.3%—-97.6%). Among the 27 cases identified with an upper Gl
perforation (5 esophagus, 22 stomach), the PPV was 100%. The PPV for lower Gl
perforation cases was 90.8% (95% CI: 90.0%-96.5%). The PPVs for small intestine, large
intestine, and unspecified lower GI were 100%, 94.1% (95% CI: 71.3%-100%), and 89.4%
(95% ClI: 76.9%—-96.5%), respectively. The PPV of the perforation algorithm for cases
occurring in higher volume hospitals (> 6 cases in our sample) was similar (96%) to the PPV
(90%) in lower volume hospitals (<= 6 perforation cases in our sample).

Table 4 describes characteristics of the 86 confirmed GI perforation cases. The majority of
confirmed GI perforation cases (65.1%) had lower Gl perforations, 28 cases had upper Gl
perforations (32.6%), and 2 had a Gl perforation of an undetermined location (2.3%). As
perforation cases reported within each location were not mutually exclusive, some cases
reported having perforations at adjacent locations, such as both the stomach and duodenum.
The majority of cases had a free perforation (n=73, 84.9%), while 12 cases had a confined
perforation (14.0%); in one case the type of perforation could not be determined from the
medical chart (1.1%). Although all patients selected from the administrative claims database
had an RA diagnosis, only 96.5% (n=83) patients had this documented in the medical chart
during the hospitalization.

Table 4 also presents treatment, medical procedures, hospital discharge information, and
patient history of confirmed GI perforation cases. Nearly all patients with confirmed Gl
perforations received antibiotics (n=84, 97.9%). Seventy-eight cases received diagnostic
imaging (90.7%), with the most commonly used type of imaging being a CT scan (n=73).
Seventy-seven cases (89.5%) underwent either laparoscopic surgery (n=20, 23.3%) or
abdominal surgery (n=63, 73.3%) to repair the perforation. The mean length of
hospitalization was 16 days (range=1-93, SD=12.9). Discharge locations for patients
included: 53% to home (n=46), 25.5% to another institution (n=22), and 19.8% died in the
hospital (n=22). Among patients with confirmed GI perforations, 3 cases had an endoscopy
procedure within one week prior to hospitalization (3.5%). Among patients who had
medication histories reported in the medical chart (n=57), 77% had used an NSAID or
steroid, and 15 patients (26%) had used both NSAIDs and steroids in the year prior to
hospitalization.

DISCUSSION

To our knowledge, this study was the first to systematically validate administrative claims
data against medical chart data for the identification of GI perforation events among
hospitalized RA patients. The objective of this study was to determine whether the coding
algorithm we developed to identify GI perforation cases within the inpatient claims database
accurately captured the presence of Gl perforations. This was accomplished by calculating
the PPV of the coding algorithm. Results of this study showed an overall PPV of 93.5% for
the coding algorithm, with PPVs for individual perforation types ranging from 89.4% to
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100%. The high PPV suggests the proposed coding algorithm can be used identify patients
with Gl perforations in administrative claims with a high level of accuracy.

Our PPVs for GI perforations—ranging from 89.4%-100%—-compares favorably to PPVs in
other validation studies for Gl-related complications reported in the literature which range
from 27% to 97% and vary depending on the type, severity, and location of complications
evaluated. 28-31 For example, a U.S.-based study using a database of commercially-insured
patients reported PPVs of 56.5% for upper Gl bleeding and 87.8% for severe upper Gl
bleeding.3! A study using the Saskatchewan database in Canada showed PPVs ranging from
70-90% for upper Gl bleeding and perforation,3? and a study using a regional database in
Italy reported PPVs for peptic ulcer ranging from 59-97%, with more site-specific codes
increasing the PPV/s.29

Definitions of “confirmed” or “unconfirmed” GI perforations were used in the review
process, rather than “positive” and “negative” cases, because this characterization is more
useful from an epidemiologic perspective. The PPVs we calculated may be viewed as
conservative estimates because all cases with insufficient information to confirm or refute
the diagnosis of a Gl perforation were classified as “unconfirmed.”

Three cases that were identified in the administrative database as having an RA diagnosis
and a Gl perforation lacked evidence of RA in their charts—while this may have been due to
a neglected or miscoded diagnosis for RA, it is more likely that it was due to not having
outpatient claims data for these patients. We do not expect our results for Gl perforation
cases among the RA sub-population to be biased or differ from results for GI perforation
cases in the population without RA, as it seems unlikely that an RA diagnosis would
influence how a Gl perforation case is documented. Therefore, we suggest that performance
of the algorithm is likely to be similar for patients with other forms of inflammatory arthritis
(e.g. psoriatic arthritis). However, as a potential limitation, performance of the algorithm for
patients with other rheumatic diseases that can have GI manifestations (e.g. systemic lupus
erythematosus), or for patients with cancer, may be different.

Although efficient, selection of hospitals with the most cases for chart review may affect the
PPVs that we observed results. High volume hospitals may be larger, have a higher
prevalence of cases, and/or are more prone to code Gl perforations. In order to assess the
impact of case prevalence on PPV, we stratified cases by hospital volume (>6 cases vs. <6
cases). There was no significant difference in the PPVs for each code in the high vs. low
volume hospitals.

Another limitation is that we were unable to validate all of the coding combinations included
in the coding algorithm used to identify GI perforation cases (Table 2). Seven of the 11
coding combinations were not assessed for PPV because cases identified by those particular
combinations were treated at non-participating hospitals. Five additional codes were not
validated because no patients were identified in the administrative database by those coding
combinations. In particular, the perforation definition that combined GI conditions (e.g.,
diverticulosis, diverticulitis) and GI procedures (e.g., suture or resection) were not
commonly observed in this study. This might be related to the nature of our data source, as
these procedures are commonly billed by surgeons outside of the hospital-based data source
used for our analysis. For that reason, these less specific diagnosis and GI procedure codes
should be used with caution as they were not represented within our validation sample.

Nearly half of all potential GI perforation cases both included and excluded from the
validation sample were identified from the database with the ICD-9-CM code for
“perforation of intestine” (ICD-9-CM 569.83). As an obvious limitation to this ICD-9-CM
code, cases identified with this code could not be uniquely assigned to perforations of the
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small or the large intestine. Thus, while the validity is high to identify a confirmed
perforation (PPV=89.4%), the specific site of perforation in the intestine could not be readily
determined from the claims data.

Finally, this study evaluated the ability of the coding algorithm to correctly identify Gl
perforation events among patients with RA as described by the PPV. We were not able to
characterize the sensitivity of the algorithm, or the negative predictive value (NPV);
determining sensitivity (required for accurate estimates of incidence) and the NPV are more
difficult (because they require an independent mechanism for case finding) and this was not
within the scope of our study.

CONCLUSION

This validation study found that the proposed Gl perforation algorithm had an overall PPV
of 93.5% for identifying confirmed cases, with PPVs for individual types of Gl perforations
ranging from 89.4%-100%. The true PPV of the proposed algorithm may be even higher
given this study’s conservative approach to classifying confirmed Gl perforation cases.
Further studies are needed to elucidate Gl perforation rates and risk factors among RA
patients. This validation study demonstrated that GI perforation-related diagnosis codes and
the proposed algorithm may be used in future observational studies to assess the association
between risk factors and Gl perforation in this patient population.
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Figure 1. Identification of GI Perforation Cases for Analysis and Selection of VValidation Sample
*Upper to lower GI perforations ratio monitored to ensure proportions in validation sample
were similar to proportions in full analysis group.
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Characteristics of RA Patients Included and Not Included in the Chart Review

Table 1

Page 12

Total Identified Cases Based

Included in Chart Review

Not Included in Chart

on Claims Database Validation Review Validation P-value?
Number of cases 704 92 612
Proportion of patients (%) 100 13.1 86.9
Age: mean (SD) 66.9 (14.0) 66.9 (12.8) 66.9 (14.2) 0.973
Range 18-89 24-89 18-89
Gender (%) 0.220
Female 73.7 68.5 74.5
Male 26.3 315 255
Race (%) 0.027
White 75.6 82.6 745
Black 7.1 11 8.0
Hispanic 2.4 5.4 2.0
American Indian 0.6 11 0.5
Asian/Pacific Islander 1.0 0.0 11
Other 13.4 9.8 13.9
Type of Gl Perforation (%) 0.331
Upper 335 294 34.2
Lower 65.3 70.6 64.5
Both 11 0.0 13

SD=standard deviation

a . . . .
P-value reported compares included and not included in the chart review groups.

Note: patients were identified from Premier inpatient database based on algorithm identified in Table 1, and lower Gl perforation cases were

oversampled.
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Treatments and Medical History of Patients with Confirmed Gl Perforations

Table 4

Cases with Confirmed GI Perforation

N %
Number of patients 86
Any use of antibiotics (%) 84 (97.7%)
Any diagnostic procedures performed* (%) 78 (90.7%)
Abdominal/GI CT scan 73 (84.9%)
Abdominal/Gl CT ultrasonography 8 (9.3%)
Abdominal/GI CT MRI 0 (0.0%)
Abdominal/GI CT X-ray 39 (45.3%)
Any treatment procedures performed* (%) 77 (89.5%)
Laparoscopic surgery 20 (23.3%)
Abdominal surgery 63 (73.3%)
Length of stay: mean (SD) 15.9 (12.9)
Discharge status (%)
Subject discharged home 46 (53.5%)
Subject discharged to another institution 22 (25.6%)
Subject expired 17 (19.8%)
Other 1 (1.1%)
Patient history
Gl endoscopy within 1 week
Yes 3 (3.5%)
No 73 (84.9%)
Unknown 9 (10.5%)
Missing 1 (1.2%)
Any NSAIDs use in the last 12 months
Yes 27 (31.4%)
No 34 (39.5%)
Unknown 25 (29.1%)
Any steroid use in the last 12 months
Yes 51 (59.3%)
No 26 (30.2%)
Unknown 9 (10.5%)
Medication history based on NSAIDs and steroid use
No NSAIDs or steroid use 13 (15.1%)
Only NSAIDs but no steroid use 9 (10.5%)
Only steroid but not NSAIDs use 20 (23.3%)
Both NSAIDs and steroid use 15 (17.4%)
Either NSAIDs or steroid use was unknown 29 (33.7%)
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APPENDIX

ICD-9-CM and CPT-4 Codes Used to Identify Gl Perforations

Gl Site  Code Source and Number

Code Type and Description

Esophagus
ICD-9-CM Diagnosis Code
530.4 Perforation of esophagus
Stomach
ICD-9-CM Diagnosis Code
531.1 Acute gastric ulcer with perforation
531.2 Acute gastric ulcer with hemorrhage and perforation
531.5 Chronic or unspecified gastric ulcer with perforation
531.6 Chronic or unspecified gastric ulcer with hemorrhage and perforation
532.1 Acute duodenal ulcer with perforation
532.2 Acute duodenal ulcer with hemorrhage and perforation
532.5 Chronic or unspecified duodenal ulcer with perforation
532.6 Chronic or unspecified duodenal ulcer with hemorrhage and perforation
533.1 Peptic ulcer, site unspecified: acute with perforation
533.2 Peptic ulcer, site unspecified: acute with hemorrhage and perforation
533.5 Peptic ulcer, chronic or unspecified with perforation
533.6 Peptic ulcer, chronic or unspecified with hemorrhage and perforation

Small intestine

ICD-9-CM Diagnosis Code

534.1 Acute gastrojejunal ulcer with perforation

534.2 Acute gastrojejunal ulcer with hemorrhage and perforation
534.5 Chronic or unspecified gastrojejunal ulcer with perforation
534.6 Chronic or unspecified gastrojejunal ulcer with hemorrhage and perforation
557 Acute ischemic colitis

557.1 Chronic ischemic colitis

557.9 Unspecific ischemic colitis

562 Diverticulosis/diverticulitis of small intestine

CPT-4 Procedure Code

44602 Suture of small intestine

44603 Suture of small intestine

44120 Resection of small intestine

44121 Resection of small intestine

44125 Resection of small intestine

44130 Resection of small intestine
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Gl Site  Code Source and Number  Code Type and Description

44202
44203

Resection of small intestine

Resection of small intestine

Large Intestine

ICD-9-CM Diagnosis Code

540 Appendicitis, acute with perforation and generalized peritonitis
557 Acute ischemic colitis

557.1 Chronic ischemic colitis

557.9 Unspecific ischemic colitis

562.1 Diverticulosis/diverticulitis of large intestine
CPT-4 Procedure Code

44604 Suture of large intestine

44605 Suture of large intestine

44140 Partial colectomy with anastomosis

44145 Partial colectomy with anastomosis

44204 Partial colectomy with anastomosis

44205 Partial colectomy with anastomosis

Unspecified lower Gl

ICD-9-CM Diagnosis Code

569.83

Perforation of intestine
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