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Percutaneous Coronary Intervention in Patients With a
History of Gastrointestinal Bleeding (From the Blue
Cross Blue Shield of Michigan Cardiovascular
Consortium)
Chelsea Meloche, MDa, Milan Seth, MSb, Ryan D. Madder, MDc, Jacob E. Kurlander, MDd,
Jessica Yaser, MSe, Joseph Chattahi, MDf, John Collins, MDg, Natesh Lingam, MDh, Dilip Arora, MDi,
Hitinder S. Gurm, MDb, and Devraj Sukul, MD, MScb,*
Potent antithrombotic agents are routinely prescribed after percutaneous coronary intervention (PCI) to reduce ischemic complications. However, in patients who are at an
increased bleeding risk, this may pose significant risks. We sought to evaluate the association between a history of gastrointestinal bleeding (GIB) and outcomes after PCI. We
linked clinical registry data from PCIs performed at 48 Michigan hospitals between 1/
2013 and 3/2018 to Medicare claims. We used 1:5 propensity score matching to adjust for
patient characteristics. In-hospital outcomes included bleeding, transfusion, stroke or
death. Post-discharge outcomes included 90-day all-cause readmission and long-term mortality. Of 30,206 patients, 1.1% had a history of GIB. Patients with a history of GIB were
more likely to be older, female, and have more cardiovascular comorbidities. After matching, those with a history of GIB (n = 312) had increased post-procedural transfusions
(15.7% vs 8.4%; p < 0.001), bleeding (11.9% vs 5.2%; p < 0.001), and major bleeding
(2.8% vs 0.6%; p = 0.004). Ninety-day readmission rates were similar among those with
and without a history of GIB (34.3% vs 31.3%; p = 0.318). There was no significant difference in post-discharge survival (1 year: 78% vs 80%; p = 0.217; 5 years: 54% vs 51%;
p = 0.189). In conclusion, after adjusting for baseline characteristics, patients with a history of GIB had increased risk of post-PCI in-hospital bleeding complications. However, a
history of GIB was not significantly associated with 90-day readmission or long-term survival. Published by Elsevier Inc. (Am J Cardiol 2021;155:9−15)

Percutaneous coronary intervention (PCI) is one of the
most common cardiovascular procedures performed in the
United States with over 480,000 performed annually.1 Dual
antiplatelet therapy with aspirin and a P2Y12 inhibitor is
recommended after PCI to prevent ischemic complications.2,3 Although Dual antiplatelet therapy is used to
a
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prevent ischemic complications after PCI, these medications also increase the risk of bleeding complications.4,5
The gastrointestinal tract is one of the most common sources of bleeding after PCI with reported event rates ranging
from 1% to 2.3% .6−9 Moreover, prior research has demonstrated that post-PCI gastrointestinal bleeding (GIB) is
independently associated with major adverse cardiovascular
events and death.10−13 However, whether a patient’s history
of GIB prior to PCI impacts post-PCI complications
remains unclear. Previous research has demonstrated that
baseline gastrointestinal comorbidities increase the risk of
post-procedural GIB.7 In this context, we sought to evaluate
the association between a patient’s history of GIB and postPCI in-hospital and post-discharge outcomes.
Methods
We performed a retrospective analysis using data collected by the Blue Cross Blue Shield of Michigan Cardiovascular Consortium (BMC2), a quality improvement
consortium that maintains a registry of all patients undergoing PCI at 48 nonfederal hospitals in Michigan.14,15 Briefly,
BMC2 collects data from all nonfederal hospitals in Michigan using the National Cardiovascular Data Registry CathPCI data collection form. The registry is further enhanced
by the inclusion of novel variables and rigorous auditing
practices.
www.ajconline.org
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To evaluate the association between a history of GIB on
post-discharge outcomes, we linked BMC2 clinical PCI
registry data to Medicare fee-for-service 90-day episodes of
care created and maintained by the Michigan Value Collaborative (MVC). MVC is a statewide collaborative focusing
on improving the value of health care in the state of Michigan by maintaining and analyzing a claims-based registry
of 90-day episodes of care. The MVC dataset and our linkage process have been described previously.16,17 Briefly,
we included MVC episodes for acute myocardial infarction
and PCI − the two MVC episode types where PCI may
have occurred. Next, the BMC2 clinical registry data were
linked to MVC Medicare fee-for-service episodes of care
using iterative deterministic matching on hospital national
provider identifier, patient date of birth, patient gender, and
dates of admission/discharge.
We evaluated consecutive patients who underwent PCI
between January 1, 2013 to March 31, 2018. Per our registry definition, we defined GIB as “any occurrence of melena
or hematemesis in the last 30 days or any history of GIB
including peptic ulcer disease that may influence clinical
management during this hospitalization.” The University of
Michigan Institutional Review Board approved the study
and determined that it met the definition of research not
requiring informed consent.
In-hospital outcomes included stroke, transfusion, bleeding, major bleeding, and death from any cause. Stroke was
defined as a loss of neurological function caused by an
ischemic or hemorrhagic event with residual symptoms
lasting at least 24 hours after onset or leading to death.
Transfusion was defined as transfusion of whole or packed
red blood cells from the start of the procedure to the time of
discharge. Per the National Cardiovascular Data Registry
definition, bleeding was defined as any event that was suspected or confirmed within 72 hours of PCI that was associated with any of the following: (1) drop in serum
hemoglobin of ≥3 g/dL, (2) transfusion of whole or packed
red blood cells, or (3) procedural intervention/surgery at the
bleeding site to stop/reverse or correct the bleeding.18
Major bleeding was defined as a drop in baseline hemoglobin of >5 g/dL. Among patients with post-procedural bleeding, when data was available, we evaluated the site of
bleeding which included the vascular access site, retroperitoneal, gastrointestinal, genitourinary, and other.
Post-discharge outcomes included long-term mortality
and 90-day all-cause readmission. All-cause readmission
was defined as admission to an acute care hospital for any
reason within 90-days after discharge from the incident hospitalization or index PCI procedure. Readmission for GIB
was defined using ICD9/ICD10 diagnosis codes in any position on the readmission claim (Supplemental Table 1). Postdischarge mortality was obtained from the Medicare beneficiary file, which includes the date of death for deceased
beneficiaries.
Baseline characteristics were compared between
patients with and without a history of GIB using Pearson
x2 or Fisher exact test for categorical variables and Student t tests for continuous variables. We used propensity
matching to account for baseline differences between
patients with and without a history of GIB. Propensity
scores were estimated using logistic regression models

adjusting for baseline demographic and clinical variables
(Supplemental Table 2).
Patients with a history of GIB were matched in a 1:5
fashion to similar patients without a history of GIB with
scores within a caliber of 0.25 standard deviations of the
propensity score using a greedy algorithm.19 We required
matching within 4 standard deviations of baseline pre-procedure hemoglobin. We also required exact matching on
PCI indication (i.e. immediate PCI for ST-segment elevation myocardial infarction [STEMI], PCI for STEMI in stable patients after successful full-dose thrombolysis, PCI for
STEMI in stable patients >12 hours after symptom onset,
PCI for STEMI in unstable patients >12 hours after symptom onset, rescue PCI for STEMI after failed thrombolysis,
PCI for high-risk non-ST-segment elevation myocardial
infarction or unstable angina, and staged PCI).20
Logistic regression and Cox proportional hazards models
adjusting for all variables used in matching as predictors
were used to evaluate the outcomes of 90-day readmission
and long-term mortality, respectively18 (Supplemental
Table 2). In the presence of crossing Kaplan−Meier survival curves potentially indicating a violation of the proportional hazard assumption, Kaplan Meier survival function
estimates and their standard errors were utilized to display
and assess differences in cumulative mortality between the
2 groups of patients at 1 and 2 years post discharge. A p
value <0.05 was considered to be statistically significant.
All analyses were performed using R, version 3.2.1.21

Results
A total of 30,206 patients who underwent PCI at 48 nonfederal hospitals in Michigan between January 2013 to
March 2018 were linked between the BMC2 clinical registry and the MVC claims-based registry. Of the 30,206
patients who underwent PCI, 342 (1.1%) patients had a history of GIB (Figure 1). Baseline characteristics of the study
population are presented in Table 1.
In the unmatched cohort, a history of GIB was significantly associated with increased rates of in-hospital death
(5% vs 1.4%; p < 0.001), stroke (1.2% vs 0.3%; p = 0.033),
transfusion (17.3% vs 2.1%; p < 0.001), bleeding (12.6%
vs 3.2%; p < 0.001) and major bleeding (2.6. vs 0.9%;
p = 0.007) compared with patients without a history of GIB
(Supplemental Figure 1).
After propensity score matching, there were 312 patients
with a history of GIB matched to 1,560 patients without a
history of GIB. The absolute standardized differences were
<10% on all matched variables, indicating acceptable
covariate balance between the two groups (Supplemental
Figure 2). Compared with patients without a history of
GIB, those with had a significantly higher rate of post-PCI
bleeding (11.9% vs 5.2%; p < 0.0001), major bleeding
(2.8% vs 0.6%; p = 0.0037), and transfusion (15.7% vs
8.4%; p = 0.0002) (Figure 2A). Among the patients with
post-PCI bleeding the most common sites of bleeding in
those with and without a history of GIB were gastrointestinal bleeding and bleeding at the access site (Figure 2B). A
history of GIB was not significantly associated with the risk
of in-hospital stroke or mortality.
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Figure 1. Study flow diagram. BMC2, Blue Cross Blue Shield of Michigan Cardiovascular Consortium; FFS, Fee-for-service; GIB, Gastrointestinal bleed;
MVC, Michigan Value Collaborative; PCI, Percutaneous coronary intervention.

In the matched cohort, patients with a history of GIB
were less frequently prescribed aspirin at time of discharge
compared with patients without a history of GIB. Additionally, patients with a history of GIB were more frequently
prescribed clopidogrel and less frequently prescribed more
potent P2Y12 inhibitors like ticagrelor and prasugrel (Supplemental Table 3).
Prior to matching, patients with a history of GIB were
more likely to be readmitted within 90 days of discharge
(33.3% vs 18.9%; p < 0.001). However, after matching
there was no significant difference in 90-day readmission
rates (34.3% vs 31.3%; p = 0.318) (Figure 3). Prior to

matching, the rate of 90-day readmission for a diagnosis of
GIB was 3.22% among those with a history of GIB compared with 0.77% among those without a history of GIB (p
< 0.001). After matching, there was no significant difference in the rate of 90-day readmission for GIB among those
with and without a history of GIB (3.21% vs 1.8%, respectively; p = 0.122).
Prior to matching, patients with a history of GIB had a
significantly lower rate of survival with a Kaplan-Meier
survival rate of 52% at 5 years compared with 71% in those
without a history of GIB (Figure 4A), demonstrating the
overall poor prognosis of patients with a history of GIB.
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Table 1
Baseline characteristics in the unmatched cohort and matched cohort.
Unmatched
Variables
Age (mean § standard deviation)
Women
Body mass index (kg/m2)
Black
Current/recent smoker within 1 year
Dyslipidemia
Diabetes mellitus
Hypertension
Currently on dialysis
Pre-procedure hemoglobin (mean § standard deviation)
Prior myocardial infarction
Prior percutaneous coronary intervention
Prior coronary artery bypass graft
Prior heart failure
Prior valve surgery/procedure
Cerebrovascular disease
Peripheral arterial disease
Cardiomyopathy or left ventricle systolic
dysfunction
Primary access site:
Radial access
Femoral access
Intra-aortic balloon pump
Stable angina pectoris
Unstable angina pectoris
Non-ST-segment elevation myocardial
infarction
ST-segment elevation myocardial infarction

Matched

History of GIB
(n = 342)

No history GIB
(n = 29864)

p value

History of GIB
(n = 312)

No history of GIB
(n = 1560)

p value

73.6 § 9.75
160 (47%)
29.5 § 7.6
47 (14%)
70 (21%)
282 (83%)
158 (46%)
319 (93%)
35 (10%)
11.29 § 2.25

71.9 § 9.54
11944 (40%)
30.6 § 7.4
2988 (10%)
6075 (20%)
24721 (83%)
12388 (42%)
26633 (89%)
680 (2.3%)
13.24 § 1.87

0.001
0.013
<0.001
0.028
0.989
0.910
0.089
0.019
<0.001
<0.001

73.38 § 9.84
149 (48%)
29.7 § 6.9
45 (14%)
64 (21%)
258 (83%)
144 (46%)
293 (94%)
28 (9%)
11.34 § 2.27

73.8 § 10.01
804 (52%)
29.6 § 6.6
251 (16%)
274 (18%)
1295 (83%)
795 (51%)
1470 (94%)
185 (12%)
11.42 § 2.18

0.489
0.247
0.695
0.515
0.248
0.956
0.137
0.930
0.172
0.535

145 (42%)
145 (43%)
71 (21%)
127 (37%)
11 (3%)
91 (27%)
88 (26%)
64 (19%)

9076 (30%)
12361 (41%)
5647 (19%)
5501 (18%)
664 (2.2%)
5614 (19%)
5379 (18%)
3147 (11%)

<0.001
0.718
0.425
<0.001
0.294
<0.001
<0.001
<0.001

126 (40%)
132 (42%)
66 (21%)
113 (36%)
10 (3.2%)
83 (27%)
80 (26%)
55 (18%)

643 (41%)
696 (45%)
351 (23%)
607 (39%)
51 (3.3%)
426 (27%)
388 (25%)
274 (18%)

0.834
0.486
0.655
0.407
1.000
0.853
0.830
1.000

97 (28%)
243 (71%)
12 (3.5%)
14 (4.1%)
118 (35%)
131 (38%)

10426 (35%)
19340 (65%)
365 (1.2%)
2970 (9.9%)
13400 (45%)
7263 (24%)

<0.001
<0.001
<0.001
<0.001

95 (30%)
215 (69%)
7 (2.2%)
13 (4.2%)
112 (36%)
128 (41%)

426 (27%)
1124 (72%)
41 (2.6%)
77 (4.9%)
536 (34%)
646 (41%)

0.844
0.982
0.982
0.982

61 (18%)

4416 (15%)

<0.001

43 (14%)

211 (14%)

0.982

0.044

0.572

Figure 2. In-hospital outcomes in the matched cohort. A. Bar graph of primary in-hospital outcomes of patients with (light gray) and without (dark gray) a
history of GIB after matching. Outcome rates and P values are noted above and below each bar respectively. GIB, gastrointestinal bleed; Hx, history. B. Bar
graph of sources of in-hospital post-PCI bleeding among patients with (light gray) and without (dark gray) a history of GIB after matching. Outcome rates
noted above each bar. GIB, gastrointestinal bleed; Hx, history.
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Figure 3. Readmission rates among patients with and without a history of
gastrointestinal bleeding. Adjusted odds ratio in the matched cohort after
adjusting for all variables in the propensity score was 1.19 with a 95% confidence interval of 0.89−1.59.

After matching, patients with a history of GIB appeared to
have decreased survival early after PCI; however, the differences in survival were not statistically significant at
1 year (78% vs 80%; p = 0.217), 3 years (63% vs 64%;
p = 0.409) or 5 years (54% vs 51%; p = 0.189) (Figure 4B).

Discussion
The main finding of this study is that a history of GIB
prior to PCI was associated with a higher rate of post-PCI
in-hospital bleeding complications including the need for
transfusion. Although identified in only 1.1% of >30,000
patients undergoing PCI during this study, a history of

13

GIB was associated with significantly higher risk of inhospital post-PCI bleeding events. Patients with a history
of GIB also had a high rate of 90-day readmission and
mortality; however, after adjusting for baseline demographic and clinical characteristics, readmission and mortality rates did not significantly differ from patients
without a history of GIB. This suggests that a history of
GIB may be a proxy for overall clinical complexity and
severity of illness. Our findings further underscore the
importance of ensuring that all patients with a history
of GIB on antithrombotic medications receive GIB prophylaxis with a proton pump inhibitor or histamine H2
receptor antagonist.22
The absolute incidence of in-hospital post-PCI GIB in
our study was low (0.43%), similar to findings from prior
studies.7,9,11 Although GIB after PCI is infrequent, prior
studies indicated its clinical relevance with increased 30day and long-term mortality.11 Not only is GIB a common
noncardiac cause of rehospitalization but prior work has
found that any form of post-PCI bleeding readmissions
were significantly associated with higher rates of death.12
Our study differs in that we sought to evaluate patients with
a history of GIB who may be at higher risk for post-PCI
bleeding complications. Consistent with prior work,7 our
study revealed that a history of GIB is associated with an
increased risk of post-PCI in-hospital bleeding.
Our findings demonstrate that patients with a history of
GIB have high rates of 90-day readmission and mortality at
baseline; however, these differences were not statistically
different compared with similar matched patients without a
history of GIB. One possible explanation for the increased
risk of post-PCI bleeding among patients with a history of
GIB may be related to the fact that the intra-procedural and
acute post-procedural period is usually the state in which
the most potent antithrombotic agents are used, including
intravenous anticoagulants, intravenous antiplatelet agents
and loading doses of P2Y12 inhibitors. Compared with clopidogrel, ticagrelor and prasugrel are known to be more

Figure 4. Kaplan-Meier curve of long-term mortality among patients discharged alive before (graph A) and after (graph B) matching. A. Before matching:
Survival rate at 1 year with and without a history of GIB was 75% and 92% respectively, p < 0.0001. Survival rate at 3 years with and without a history of
GIB was 61% and 81% respectively, p < 0.0001. Survival rate at 5 years with and without a history of GIB was 52% and 71% respectively, p < 0.0001. GIB
indicates a gastrointestinal bleed. B. After matching: Survival rate at 1 year with and without a history of GIB was 78% and 80% respectively, p = 0.217. Survival rate at 3 years with and without a history of GIB was 63% and 64% respectively, p = 0.409. Survival rate at 5 years with and without a history of GIB
was 54% and 51% respectively, p = 0.189. GIB indicates a gastrointestinal bleed.
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potent antiplatelet agents. However, 1 in 9 patients in our
cohort with a history of GIB were prescribed ticagrelor or
prasugrel at discharge, identifying a subset of patients that
may benefit from less potent P2Y12 inhibitor therapy (Supplemental Table 3).
These findings should be interpreted in the context of the
following limitations. First, given the observational nature
of the study, we were unable to account for all potential
confounders including some variables that may be associated with a patient’s risk of bleeding. We attempted to
adjust for baseline differences with propensity score matching (Supplemental Figure 2). Second, the exposure variable
of GIB was defined in the clinical PCI registry, as outlined
in the methods section, but we could not define the magnitude or specific timing of this GIB. Although GIB occurring
in the last 30 days might carry a higher risk of post-PCI
bleeding than more remote episodes, additional studies will
be required to assess this risk. Third, we were unable to
assess out-of-hospital complications that did not lead to a
readmission. Lastly, this study was limited to the BMC2
PCI clinical registry with a long history of focused quality
improvement.23 Thus, these findings may not be generalizable to other hospitals without a similar collaborative quality improvement environment.
In conclusion, a history of GIB was associated with a
higher incidence of post-PCI bleeding complications
including the need for transfusion. Overall, patients with a
history of GIB had a higher rate of 90-day readmission and
long-term mortality compared with patients without a history of GIB; however, after matching these differences
were not statistically significant. Based on these findings,
healthcare professionals caring for patients with a history of
GIB in the peri-PCI period should counsel patients on their
increased risks of adverse outcomes and ensure that steps
are taken to reduce the incidence of post-PCI bleeding,
including the use of proton pump inhibitors or histamine H2
receptor antagonists and avoidance of NSAIDs.22
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