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IMPROVING HOSPITAL SAFETY IS A REC-
ognized health care priority in the
United States.1 There is an impor-
tant opportunity to improve the

safety of percutaneous coronary inter-
vention (PCI), a treatment performed
approximately 1 million times a year in
the United States alone.2 Periproce-
dural bleeding is the most common
noncardiac complication of PCI and is
associated with risk of early mortal-
ity3,4 as well as higher costs of care.5

Moreover, the rate of periprocedural
bleeding varies substantially across in-
stitutions and is modifiable through the
use of bleeding avoidance strategies
such as vascular closure devices, bi-
valirudin, and radial access. Underscor-
ing the importance of bleeding com-
plications and the opportunity for
improvement, the Centers for Medi-

care & Medicaid Services has identi-
fied bleeding and hematoma after car-
diovascular procedures to be quality
indicators among centers participat-
ing in its Acute Care Episode demon-
stration.6

To assist clinicians in identifying pa-
tients’ risks for periprocedural bleed-See also pp 2148 and 2188.
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Context Bleeding complications with percutaneous coronary intervention (PCI) are
associated with adverse patient outcomes. The association between the use of bleed-
ing avoidance strategies and post-PCI bleeding as a function of a patient’s preproce-
dural risk of bleeding is unknown.

Objective To describe the use of 2 bleeding avoidance strategies, vascular closure
devices and bivalirudin, and associated post-PCI bleeding rates in a nationally repre-
sentative PCI population.

Design, Setting, and Patients Analysis of data from 1 522 935 patients under-
going PCI procedures performed at 955 US hospitals participating in the National Car-
diovascular Data Registry (NCDR) CathPCI Registry from January 1, 2004, through
September 30, 2008.

Main Outcome Measure Periprocedural bleeding.

Results Bleeding occurred in 30 654 patients (2%). Manual compression, vascular clo-
sure devices, bivalirudin, or vascular closure devices plus bivalirudin were used in 35%,
24%, 23%, and 18% of patients, respectively. Bleeding events were reported in 2.8%
of patients who received manual compression, compared with 2.1%, 1.6%, and 0.9%
of patients receiving vascular closure devices, bivalirudin, and both strategies, respec-
tively (P� .001). Bleeding rates differed by preprocedural risk assessed with the NCDR
bleeding risk model (low risk, 0.72%; intermediate risk, 1.73%; high risk, 4.69%). In high-
risk patients, use of both strategies was associated with lower bleeding rates (manual com-
pression, 6.1%; vascular closure devices, 4.6%; bivalirudin, 3.8%; vascular closure de-
vices plus bivalirudin, 2.3%; P� .001). This association persisted following adjustment
using a propensity-matched and site-controlled model. Use of both strategies was used
least often in high-risk patients (14.4% vs 21.0% in low-risk patients, P� .001).

Conclusions In a large national PCI registry, vascular closure devices and bivaliru-
din were associated with significantly lower bleeding rates, particularly among pa-
tients at greatest risk for bleeding. However, these strategies were less often used among
higher-risk patients.
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ing, a risk model was previously devel-
oped and validated using the National
Cardiovascular Data Registry (NCDR)
CathPCI Registry.7 This model uses pre-
procedural variables to predict risk of
bleeding events after PCI. To date, how-
ever, whether this model is useful in
identifying patients with greater poten-
tial to benefit from bleeding avoid-
ance strategies is unknown. It is also un-
known whether clinicians treat the
highest-risk patients preferentially. Fail-
ure to treat the highest-risk patients
with bleeding avoidance strategies
would demonstrate the potential for
risk-stratifying patients at the time of
PCI to direct therapy.

To address these gaps in knowledge,
we described peri-PCI bleeding rates as-
sociated with the use of manual com-
pression, vascular closure devices, bi-
valirudin, or both strategies (vascular
closure devices plus bivalirudin) in pa-
tients across a spectrum of preproce-
dural bleeding risk; we also examined
current patterns of the use of these strat-
egies as a function of bleeding risk.

METHODS
Data Source and Definitions

The NCDR CathPCI Registry is a vol-
untary nationwide reporting system for
diagnostic cardiac catheterization and
PCI procedures jointly sponsored by the
American College of Cardiology (ACC)
and the Society for Cardiovascular An-
giography and Interventions. Descrip-
tions of the NCDR have been pub-
lished.8,9 Demographic, clinical,
procedural, and institutional data ele-
ments from diagnostic catheterization
and PCI procedures are collected at
more than 1100 participating centers.
Data are entered via either a secure
Web-based platform or software pro-
vided by ACC-certified vendors into a
secure, centralized database (CathPCI
version 3.04) stored at the ACC Heart
House in Washington, DC. Data qual-
ity assurance includes automatic sys-
tem validation and reporting of data
completeness, random on-site audit-
ing of participating centers, and edu-
cation and training for site data man-
agers.10 A comprehensive description of

NCDR data elements and definitions is
available at http://www.ncdr.com
/WebNCDR/ELEMENTS.ASPX.

All data elements and definitions
were prospectively defined by a com-
mittee of the ACC. Race/ethnicity data
were reported by patients or family and
recorded in the medical record. Trained
chart abstractors recorded race/
ethnicity on the standard NCDR Cath-
PCI case report form. The options were
white, black, Hispanic, Asian, Native
American, and other. Glomerular fil-
tration rate was calculated using ad-
mission serum creatinine values and the
abbreviated Modification of Diet in Re-
nal Disease formula.11

This study was approved by the Saint
Luke’s Health System institutional re-
view board and was determined to meet
the definition of research not requir-
ing informed consent.

Study Patients and Exclusions

Only patients who underwent PCI via
the femoral artery approach were in-
cluded in this analysis. Exclusion cri-
teria consisted of patients with more
than 1 PCI procedure during a hospi-
talization (since bleeding events could
not reliably be attributed to a specific
procedure), incomplete data for calcu-
lation of expected bleeding rates, PCI
through access of a nonfemoral artery
(ie, radial, brachial), cardiogenic shock,
missing device data, death in the cath-
eterization laboratory, or unknown data
on bleeding events.

Bleeding Avoidance Strategies
and Risk Stratification

Candidate bleeding avoidance strate-
gies consisted of vascular closure de-
vices (Angio-Seal [St Jude Medical, St
Paul, Minnesota], Perclose A-T [Ab-
bott Vascular, Abbott Park, Illinois], or
other) without bivalirudin; bivaliru-
din (Angiomax [The Medicines Com-
pany, Parsippany, New Jersey]) with-
out vascular closure devices; or both
strategies (vascular closure devices plus
bivalirudin). Patients receiving manual
compression did not receive vascular
closure devices or bivalirudin and thus
served as the reference group.

Bleeding rates were determined for
all patients and within 3 clinically im-
portant subgroups, based on patients’
pre-PCI bleeding risk scores derived
using the NCDR CathPCI bleeding risk
model.7 Risk scores were generated for
each patient in this study based on the
inverse logarithmic sum of the � coef-
ficients for each of the following pre-
PCI variables: ST-segment elevation
myocardial infarction (MI), non–ST-
segment elevation MI, female sex, pre-
vious congestive heart failure, no pre-
vious PCI, New York Heart Association/
Canadian Cardiovascular Society Class
IV heart failure, peripheral vascular dis-
ease, age, and estimated glomerular fil-
tration rate.

Study Outcomes

In-hospital bleeding complications fol-
lowing PCI were ascertained and vol-
untarily reported by centers. The pri-
mary outcome for this study was
periprocedural bleeding, which, as de-
fined by the NCDR CathPCI data defi-
nition, required a blood transfusion or
a prolonged hospital stay for manage-
ment or was associated with a de-
crease (�3 g/dL) in hemoglobin level.

Statistical Analysis

Demographic data were described
across treatment groups as mean (SD)
for continuous variables and number
(%) for categorical variables. Patients
with attempted use of vascular clo-
sure devices were included with the vas-
cular closure devices group. Based on
individual risk scores calculated using
the NCDR CathPCI bleeding risk
model,7 patients were categorized into
3 groups of risk for post-PCI bleeding
events occurring during hospitaliza-
tion: low (�1%), intermediate (1%-
3%), and high (�3%).

To minimize confounding, a pro-
pensity score match analysis was imple-
mented. Scores for each bleeding avoid-
ance strategy (manual compression,
vascular closure devices, bivalirudin, or
vascular closure devices plus bivaliru-
din) were derived using a multino-
mial regression model.12-16 Variables
used to derive these propensity scores
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were demographics (age, sex, race/
ethnicity); clinical characteristics (body
mass index, New York Heart Associa-
tion heart failure classification); coro-
nary artery disease risk factors (diabe-
tes, hypertension, dyslipidemia,
smoking, family history of coronary ar-
tery disease); coronary artery disease
history (PCI, coronary artery bypass
graft surgery, MI); other cardiovascu-
lar disease history (congestive heart fail-
ure, cerebrovascular disease, periph-
eral vascular disease, valve surgery,
cardiac transplantation); other dis-
ease history (chronic obstructive pul-
monary disease, renal failure); and pre-
senting syndrome (no symptoms,
atypical chest pain, stable angina, un-
stable angina, ST-segment elevation MI,
and non–ST-segment elevation MI).

Matching was performed simulta-
neously on all strategy propensity scores
within the bleeding risk groups using
nearest-neighbor matching without re-
placement, with a caliper width of
0.5%.12 Absolute standardized differ-
ences were computed to evaluate
matching effectiveness and displayed
graphically17-19; values less than 10%
and closer to zero demonstrate a more
balanced cohort.17 Hierarchical mod-
eling was then performed on the
matched cohort to account for hospi-
tal characteristics. From this model,
odds ratios were obtained to estimate

the number of patients needed to treat
to prevent 1 bleeding event for each
strategy compared with manual
compression.20-22

Statistical significance was defined as
P� .05. All statistical analyses were per-
formed by the Saint Luke’s Mid America
Heart Institute Department of Biosta-
tistics using SAS version 9.2 (SAS In-
stitute, Cary, North Carolina).

RESULTS
Population Characteristics

From January 1, 2004, to September 30,
2008, 1 759 408 patients underwent
PCI. After exclusions (FIGURE), there
were 1 522 935 eligible patients at 955
centers. Patient demographics, clini-
cal characteristics, risk factors, dis-
ease history, admission presentation,
and selected hospital characteristics for
the entire population and for sub-
groups according to bleeding avoid-
ance strategy are shown in TABLE 1 and
TABLE 2.

Overall, bleeding occurred in 30 429
patients (2%). Bleeding rates by can-
didate strategy for the overall study
population are shown in TABLE 3 and
eFigure 1 (available at http://www.jama
.com). Manual compression was used
in 35% of patients, vascular closure de-
vices in 24%, bivalirudin in 23%, and
vascular closure devices plus bivaliru-
din in 18%. Bleeding events were re-

ported in 2.8% of patients who re-
ceived manual compression, compared
with 2.1% receiving vascular closure de-
vices, 1.6% receiving bivalirudin, and
0.9% receiving both strategies
(P� .001) (Table 3 and eFigure 1).

According to the NCDR CathPCI
bleeding risk model, bleeding risk was
classified as low (�1%) in 475 152 pa-
tients (31%), intermediate (1%-3%) in
746 727 (49%), and high (�3%) in
301 056 (20%). Observed rates of bleed-
ing in these categories were 0.72%,
1.73%, and 4.69%, respectively. Bleed-
ing rates associated with candidate strat-
egies stratified by preprocedural risk
category are shown in Table 3 and
eFigure 1. In the low-risk group,
manual compression was associated
with a bleeding rate of 0.9%, vascular
closure devices with a rate of 0.9%, bi-
valirudin with a rate of 0.6%, and vas-
cular closure devices plus bivalirudin
with a rate of 0.4% (P� .001). As pre-
procedural risk of bleeding increased,
differences in actual bleeding rates be-
tween strategies became more pro-
nounced. In the intermediate-risk
group, manual compression was asso-
ciated with a bleeding rate of 2.3%, vas-
cular closure devices with a rate of 1.9%,
bivalirudin with a rate of 1.4%, and vas-
cular closure devices plus bivalirudin
with a rate of 0.8% (P� .001); in the
high-risk group, the corresponding

Figure. Selection of Study Population by Bleeding Avoidance Strategies

529 247 Received manual compression
146 557 Low risk

121 327 High risk
261 363 Intermediate risk

363 583 Received vascular closure devices
115 510 Low risk

69 873 High risk
178 200 Intermediate risk

1 522 935 Patients included in final study population

1 759 408 Patient records retrieved from CathPCI Registry

353 769 Received bivalirudin
113 118 Low risk

66 520 High risk
174 131 Intermediate risk

276 336 Received vascular closure devices
plus bivalirudin

99 967 Low risk

43 336 High risk
133 033 Intermediate risk

236 473 Excluded
91 874 More than 1 in-hospital PCI procedure

35 951 PCI of radial or nonfemoral artery
34 842 Cardiogenic shock

3384 Missing device data
1111 Death in catheterization laboratory

64 Bleeding event unknown

69 247 Data incomplete for calculation of expected
bleeding rate

Records retrieved from National Cardiovascular Data Registry CathPCI version 3.04. PCI indicates percutaneous coronary intervention.
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rates were 6.1%, 4.6%, 3.8%, and 2.3%,
respectively (P� .001).

Propensity-Matched
and Site-Adjusted Analysis

In the overall group, 508 455 of 529 247
eligible patients receiving manual com-
pression (96%) were propensity
matched using multinomial regres-

sion modeling to patients who re-
ceived bleeding avoidance strategies.
Corresponding values were 144 594 of
146 557 (99%) in the low-risk group,
252 898 of 261 363 (97%) in the inter-
mediate-risk group, and 110 963 of
121 327 (91%) in the high-risk group.
The effectiveness of propensity match-
ing in the total cohort is demonstrated

in eFigure 2, which is a standardized
difference plot for variables used in the
propensity model. After matching, the
absolute standardized difference be-
tween patients who received bleeding
avoidance strategies and controls for
each covariable was 0% to 1%.

TABLE 4 shows in-hospital bleeding
events, odds ratios, the estimated num-

Table 1. Patient and Clinical Characteristics by Treatment Typea

Characteristic

No. (%)

Total
(N = 1 522 935)

Manual
Compression
(n = 529 247)

Vascular Closure
Devices

(n = 363 583)
Bivalirudin

(n = 353 769)

Vascular Closure
Devices � Bivalirudin

(n = 276 336)

Demographics
Age, mean (SD), y 64.3 (12.1) 63.87 (12.33) 63.34 (12.26) 65.43 (11.86) 64.77 (11.80)

Men 1 011 992 (66.5) 350 424 (66.21) 250 753 (68.97) 225 235 (63.67) 185 580 (67.16)

White 1 289 673 (84.8) 449 617 (85.05) 301 908 (83.18) 303 317 (85.82) 234 831 (85.11)

Clinical characteristics
Height, mean (SD), cm 171.30 (10.84) 171.22 (10.89) 171.73 (10.77) 170.81 (10.90) 171.50 (10.73)

Weight, mean (SD), kg 87.71 (20.45) 87.25 (20.42) 88.22 (20.28) 87.29 (20.71) 88.47 (20.40)

Body mass index, mean (SD)b 29.8 (6.3) 29.7 (6.3) 29.8 (6.2) 29.8 (6.4) 30.0 (6.3)

Obesityc 643 500 (42.25) 219 470 (41.47) 153 233 (42.15) 150 813 (42.63) 119 984 (43.42)

Current CHF 136 489 (8.96) 48 658 (9.19) 30 799 (8.47) 33 173 (9.38) 23 859 (8.63)

NYHA class
I 480 785 (31.57) 160 016 (30.24) 125 209 (34.44) 107 678 (30.44) 87 882 (31.81)

II 355 937 (23.37) 107 093 (20.24) 79 475 (21.86) 90 682 (25.64) 78 687 (28.48)

III 415 651 (27.30) 146 439 (27.67) 87 352 (24.03) 107 952 (30.52) 73 908 (26.75)

IV 270 376 (17.76) 115 629 (21.85) 71 508 (19.67) 47 412 (13.40) 35 827 (12.97)

Coronary artery disease risk factors
Diabetes 509 455 (33.45) 173 024 (32.69) 113 130 (31.12) 129 335 (36.56) 93 966 (34.00)

Hypertension 1 190 098 (78.15) 405 122 (76.55) 272 906 (75.06) 290 085 (82.00) 221 985 (80.33)

Dyslipidemia 1 167 108 (76.64) 392 248 (74.12) 269 478 (74.12) 283 174 (80.05) 222 208 (80.42)

Smoking
Never 600 315 (38.87) 196 423 (37.12) 143 554 (39.49) 138 026 (39.02) 114 318 (41.37)

Past 543 091 (35.17) 178 466 (33.72) 121 980 (33.55) 132 027 (37.32) 102 545 (37.11)

Current 400 845 (25.96) 154 297 (29.16) 97 995 (26.96) 83 681 (23.66) 59 439 (21.51)

Estimated GFR, mean (SD) 73.77 (29.62) 73.60 (29.88) 75.02 (30.48) 72.46 (29.06) 74.09 (28.61)

Family history of coronary artery diseased 392 815 (25.80) 135 320 (25.57) 100 704 (27.70) 86 660 (24.50) 70 131 (25.38)

Coronary artery disease history
PCI 576 207 (37.84) 182 518 (34.49) 125 649 (34.56) 151 835 (42.92) 116 205 (42.05)

CABG 291 773 (19.16) 98 038 (18.52) 59 980 (16.50) 79 189 (22.39) 54 566 (19.75)

Myocardial infarction 427 655 (28.08) 144 381 (27.28) 96 191 (26.46) 106 403 (30.08) 80 690 (29.20)

Other cardiovascular disease history
CHF 136 483 (8.96) 54 661 (10.33) 32 255 (8.87) 43 082 (12.18) 28 751 (10.40)

Cerebrovascular disease 174 811 (11.48) 60 260 (11.39) 34 638 (9.53) 48 214 (13.63) 31 699 (11.47)

Peripheral vascular disease 181 787 (11.74) 65 568 (12.39) 33 064 (9.09) 50 678 (14.33) 29 477 (10.67)

Previous valve surgery 17 267 (1.13) 5929 (1.12) 3672 (1.01) 4505 (1.27) 3161 (1.14)

Previous cardiac transplant 3463 (0.23) 1257 (0.24) 732 (0.20) 899 (0.25) 575 (0.21)

Other disease history
Chronic lung disease 248 918 (16.35) 86 586 (16.36) 52 995 (14.58) 65 139 (18.41) 44 198 (15.99)

Renal failure 83 029 (5.45) 30 004 (5.67) 18 028 (4.96) 21 369 (6.04) 13 628 (4.93)
Abbreviations: CABG, coronary artery bypass graft surgery; CHF, congestive heart failure; GFR, glomerular filtration rate; NYHA, New York Heart Association; PCI, percutaneous coronary

intervention.
aP� .001 for all comparisons within bleeding avoidance strategy groups.
bCalculated as weight in kilograms divided by height in meters squared.
cBody mass index of 30 or greater.
d In relative(s) younger than 55 years.
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ber needed to treat to prevent 1 bleed-
ing event, and the estimated reduc-
tion in bleeding events per 1000
patients treated with each strategy rela-
tive to manual compression in the
matched, site-adjusted cohort. Data are
displayed for the overall population and
by preprocedural bleeding risk group.

Independent of preprocedural risk, the
use of vascular closure devices, bivali-
rudin, and vascular closure devices plus
bivalirudin were associated with fewer
bleeding events per 1000 patients
treated (6.7 [95% confidence interval
{CI}, 5.7-7.7], 8.5 [95% CI, 7.6-9.3],
and 14.2 [95% CI, 13.5-14.8] events,

respectively). In patients receiving both
strategies, the high-risk group had fewer
bleeding events per 1000 patients
treated compared with the intermedi-
ate- and low-risk groups (30.5 [95% CI,
27.9-32.8] vs 12.5 [95% CI, 11.6-
13.3] and 5.3 [95% CI, 4.5-6.0] events,
respectively).

Table 2. Admission Presentation and Hospital Characteristics by Treatment Typea

Characteristic

No. (%)

Total
(n = 1 522 935)

Manual
Compression
(n = 529 247)

Vascular Closure
Devices

(n = 363 583)
Bivalirudin

(n = 353 769)

Vascular Closure
Devices � Bivalirudin

(n = 276 336)

Admission presentation
No symptoms 196 190 (12.88) 55 961 (10.57) 42 224 (11.61) 54 346 (15.36) 43 659 (15.80)

Atypical chest pain 113 339 (7.44) 32 570 (6.15) 27 031 (7.44) 27 758 (7.85) 25 980 (9.40)

Stable angina 260 582 (17.11) 73 109 (13.81) 57 179 (15.73) 69 093 (19.53) 61 201 (22.15)

Unstable angina 527 624 (34.65) 168 813 (31.90) 113 413 (31.19) 142 473 (40.27) 102 925 (37.25)

NSTEMI 238 305 (15.65) 98 866 (18.68) 64 921 (17.86) 43 239 (12.22) 31 279 (11.32)

STEMI 186 810 (12.27) 99 900 (18.88) 58 796 (16.17) 16 843 (4.76) 11 271 (4.08)

PCI type
Elective 758 110 (49.79) 220 576 (41.68) 157 348 (43.28) 212 562 (60.09) 167 624 (60.67)

Urgent 553 524 (36.35) 196 634 (37.16) 140 023 (38.52) 121 995 (34.49) 94 872 (34.34)

Emergency 209 465 (13.76) 110 990 (20.97) 65 758 (18.09) 19 011 (5.37) 13 706 (4.96)

Salvage 1662 (0.11) 968 (0.18) 422 (0.12) 172 (0.05) 100 (0.04)

Hospital characteristics
Region

West 244 853 (16.11) 71 085 (13.47) 73 065 (20.15) 41 801 (11.83) 58 902 (21.36)

Northeast 177 930 (11.71) 56 353 (10.68) 60 120 (16.58) 28 392 (8.04) 33 065 (11.99)

Midwest 505 125 (33.24) 198 609 (37.63) 119 220 (32.88) 104 043 (29.45) 83 253 (30.19)

South 591 568 (38.93) 201 679 (38.22) 110 237 (30.40) 179 071 (50.68) 100 581 (36.47)

Community type
Rural 177 441 (15.92) 59 727 (15.44) 54 008 (21.02) 31 542 (11.48) 32 164 (16.38)

Urban 937 476 (84.08) 327 222 (84.56) 202 931 (78.98) 243 165 (88.52) 164 158 (83.62)

Profit type
Government 23 838 (1.57) 7895 (1.49) 4948 (1.36) 5988 (1.69) 5007 (1.81)

Private/community 1 356 756 (89.09) 465 238 (87.91) 319 915 (87.99) 318 550 (90.04) 253 053 (91.57)

University 142 341 (9.35) 56 114 (10.60) 38 720 (10.65) 29 231 (8.26) 18 276 (6.61)

Annual PCI volume, mean (SD) 1095.81 (735.18) 1058.04 (704.88) 981.16 (732.27) 1303.62 (782.65) 1052.94 (678.44)
Abbreviations: NSTEMI, non–ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
aP� .001 for all comparisons within bleeding avoidance strategy groups.

Table 3. Bleeding Rates by Pre–Percutaneous Coronary Intervention Risk of Bleeding and Use of Bleeding Avoidance Strategiesa

Risk Categoryb

No. (%)

Manual
Compression
(n = 529 247)

Vascular Closure
Devices

(n = 363 583)
Bivalirudin

(n = 353 769)

Vascular Closure
Devices � Bivalirudin

(n = 276 336)

Overall 14 742 (2.8) 7642 (2.1) 5547 (1.6) 2498 (0.9)

Low (�1%)c 1349 (0.9) 1063 (0.9) 637 (0.6) 368 (0.4)

Intermediate (1%-3%)d 5996 (2.3) 3377 (1.9) 2413 (1.4) 1121 (0.8)

High (�3%)e 7397 (6.1) 3202 (4.6) 2497 (3.8) 1009 (2.3)
aP� .001 for all comparisons within bleeding avoidance strategy groups.
bSee “Methods” for details of risk categories.
cData available for 475 152 patients.
dData available for 746 727 patients.
eData available for 301 056 patients.
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Use of Strategies by Strata
of Bleeding Risk
The frequency of use of bleeding avoid-
ance strategies according to estimated
pre-PCI risk of bleeding is shown in
TABLE 5. Manual compression was used
most often in the highest-risk patients
and least often in the intermediate- and
lowest-risk cohorts (40.3% vs 35.0%
and 30.8%, respectively; P � .001),
while the use of vascular closure de-
vices plus bivalirudin was highest in
low-risk patients (21.0%) and lower in
intermediate-risk (17.8%) and high-
risk (14.4%) patients (P� .001).

COMMENT

Using data from more than 1.5 mil-
lion patients in the NCDR CathPCI
Registry, we compared bleeding rates
among patients undergoing PCI and re-
ceiving strategies to mitigate bleeding
across a spectrum of preprocedural risk

for bleeding. Among high-risk pa-
tients, the use of vascular closure de-
vices plus bivalirudin was associated
with an absolute 3.8% lower bleeding
rate, which translates into an esti-
mated number needed to treat of 33 to
prevent 1 bleeding event as compared
with manual compression. Lower rates
of bleeding associated with this treat-

ment strategy were proportionately less
in intermediate- and low-risk pa-
tients. Despite the association be-
tween the use of vascular closure de-
vices plus bivalirudin and lower
bleeding rates among the highest-risk
patients, these patients were the least
likely to receive both strategies and
most likely to receive manual compres-

Table 4. Estimated Reductions in Bleeding Events Relative to Manual Compression Following Site-Adjusted Propensity Matching

Risk Categorya
Treatment,

No.b

In-hospital
Bleeding Events,

No. (%)c,d
OR

(95% CI)
NNT

(95% CI)d

Reduction in
Bleeding Events

per 1000 Patients
Treated (95% CI)

All patients
Manual compression 508 455 13 597 (2.7) 1 [Reference]

Vascular closure devices 205 606 5050 (2.5) 0.77 (0.73-0.80) 148 (130-175) 6.7 (5.7-7.7)

Bivalirudin 172 471 3224 (1.9) 0.67 (0.63-0.70) 118 (107-132) 8.5 (7.6-9.3)

Vascular closure devices � bivalirudin 130 378 1361 (1.0) 0.38 (0.35-0.42) 70 (68-74) 14.2 (13.5-14.8)

Total 1 016 910 23 232 (2.3)

Low (�1%)
Manual compression 144 594 1320 (0.9) 1 [Reference]

Vascular closure devices 54 217 532 (1.0) 1.07 (0.93-1.22) NS NS

Bivalirudin 48 378 296 (0.6) 0.65 (0.56-0.77) 315 (247-470) 3.2 (2.1-4.0)

Vascular closure devices � bivalirudin 41 999 166 (0.4) 0.42 (0.34-0.51) 188 (167-222) 5.3 (4.5-6.0)

Total 289 188 2314 (0.8)

Intermediate (1%-3%)
Manual compression 252 898 5722 (2.3) 1 [Reference]

Vascular closure devices 103 095 2077 (2.0) 0.76 (0.71-0.81) 169 (141-217) 5.9 (4.6-7.1)

Bivalirudin 85 800 1311 (1.5) 0.69 (0.63-0.74) 153 (131-187) 6.5 (5.3-7.6)

Vascular closure devices � bivalirudin 64 003 573 (0.9) 0.39 (0.35-0.44) 80 (75-86) 12.5 (11.6-13.3)

Total 505 796 9683 (1.9)

High (�3%)
Manual compression 110 963 6555 (5.9) 1 [Reference]

Vascular closure devices 48 294 2441 (5.1) 0.79 (0.75-0.82) 81 (66-109) 12.3 (9.2-15.3)

Bivalirudin 38 293 1617 (4.2) 0.67 (0.62-0.73) 56 (49-66) 17.9 (15.1-20.6)

Vascular closure devices � bivalirudin 24 376 622 (2.6) 0.42 (0.38-0.47) 33 (31-36) 30.5 (27.9-32.8)

Total 221 926 11 235 (5.1)
Abbreviations: CI, confidence interval; OR, odds ratio; NNT, number needed to treat; NS, not significant.
aSee “Methods” for details of risk categories.
bPatients in treatment group matched 1:1 to controls (manual compression); total sample population is 2 times the number treated.
cPropensity-matched cohort; data not adjusted for site.
dNumber of patients needed to treat to prevent 1 bleeding event (compared with manual compression).

Table 5. Use of Bleeding Avoidance Strategies by Estimated Pre–Percutaneous Coronary
Intervention Risk of Bleedinga

Strategy

Risk Category, No. (%)b

Low
(n = 475 152)

Intermediate
(n = 746 727)

High
(n = 301 056)

Manual compression 146 557 (30.8) 261 363 (35.0) 121 327 (40.3)

Vascular closure devices 115 510 (24.3) 178 200 (23.9) 69 873 (23.2)

Bivalirudin 113 118 (23.8) 174 131 (23.3) 66 520 (22.1)

Vascular closure
devices � bivalirudin

99 967 (21.0) 133 033 (17.8) 43 336 (14.4)

aP� .001 for all comparisons within bleeding avoidance strategy groups.
bSee “Methods” for details of risk categories.
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sion. This apparent risk-treatment para-
dox highlights an opportunity for rou-
tine preprocedural risk stratification as
a means to identify patients ideally
suited for individualized bleeding avoid-
ance strategies with the goal of increas-
ing the safety of PCI.

Targeting bleeding complications as
a quality-improvement goal holds great
potential for improving the safety and
cost-effectiveness of PCI. Among the
more than 1 million PCIs performed an-
nually in US hospitals, bleeding is a
morbid and costly complication, oc-
curring in 2% to 6% of patients,23-27 with
wide variability across institutions. Ma-
jor bleeding events result in an aver-
age 4- to 6-day increase in length of
stay28,29 and, on average, increase hos-
pital costs by $6000 to $8000.5 In ad-
dition to its association with nonfatal
MI28,30 and stroke,30 periprocedural
bleeding is also strongly associated with
early3,4 and late3 mortality. Bleeding also
exposes many patients to the added risk
of blood transfusions.23 According the
Healthcare Cost and Utilization Project,
50% of patients experiencing bleeding
following PCI receive a blood transfu-
sion, which is associated with greater
median length of stay (2 vs 6 days) and
greater mean hospital charges ($48 000
vs $85 000).31

The current study found that higher-
risk patients—those with the greatest
potential to benefit from bleeding avoid-
ance strategies—were the least likely to
be treated with such strategies in con-
temporary clinical practice. Con-
versely, the lowest-risk patients were
the most likely to receive bleeding
avoidance strategies, supporting the
presence of a risk-treatment para-
dox.32-35 This phenomenon has been
demonstrated in a variety of medical
treatment scenarios, including lower
rates of angiotensin-converting en-
zyme inhibitor or �-blocker use in pa-
tients with severe heart failure,32 lower
use of angiography after acute MI,36-38

and lower use of statins in higher-risk
patients with angiographically con-
firmed coronary disease.39

Several factors may contribute to the
higher use of bleeding avoidance strat-

egies in lower-risk patients found in this
study. First, assessing the risk for bleed-
ing in clinical practice is neither inher-
ently intuitive nor commonly used. Sec-
ond, physicians have more experience
using bivalirudin in lower-risk pa-
tients, since it was first studied in pa-
tients undergoing elective PCI and only
recently in higher-risk patients (ie,
those with ST-segment elevation MI).40

Lastly, the prior published data for
bleeding mitigation with vascular clo-
sure devices has been limited.41-43

The results of this study suggest the
need for additional research to better un-
derstand why higher-risk patients are
least likely to receive bleeding avoid-
ance strategies but also suggest the need
to test interventions to overcome the
risk-treatment paradox, such as en-
abling physicians to purposefully di-
rect bleeding avoidance strategies to pa-
tients by providing preprocedural
estimates of post-PCI bleeding. Trans-
lation of the findings in this study into
clinical practice to optimally guide the
use of such strategies will be challeng-
ing. Incorporating risk models into ev-
eryday care, which requires capturing
risk factors, estimating individual risk,
and presenting information in a clear and
understandable manner at the point of
care for physicians, is currently not fea-
sible for many clinical environments.
However, with the current national in-
vestment in health information technol-
ogy, increasing literature on clinical de-
cision support, increasing focus by
regulatory and other agencies on the
documentation of patient risk to guide
care, and the development of quality-
of-care tools by entities such as the ACC
and the Society for Cardiovascular An-
giography and Interventions, the health
care environment is increasingly ca-
pable of supporting the implementa-
tion of point-of-care interventions to
help guide effective and safe care.

It should be noted that there are more
supporting data on the efficacy of bi-
valirudin than on that of vascular clo-
sure devices with regard to bleeding
avoidance. In randomized trials includ-
ing patients with broad indications for
PCI (elective or acute coronary syn-

dromes), bivalirudin has been demon-
strated to reduce major bleeding fol-
lowing PCI to an extent comparable
with the findings in this observational
study.24,44-46 Randomized controlled
trials demonstrating reductions in
bleeding associated with the use of vas-
cular closure devices were designed to
assess ambulation time rather than
bleeding. A meta-analysis of 30 clini-
cal studies, including 4000 patients,
showed a trend for reduced vascular
complications associated with the An-
gio-Seal device (odds ratio, 0.46; 95%
CI, 0.20-1.04; P=.06).42 A recent analy-
sis from the Acute Catheterization and
Urgent Intervention Triage Strategy
(ACUITY) trial also suggests that a sig-
nificant reduction in major bleeding is
associated not only with the use of bi-
valirudin but also with vascular clo-
sure devices in patients undergoing PCI
in the setting of unstable angina or non–
ST-segment elevation MI.43 Similar to
our study, the greatest reduction in
bleeding was seen in patients receiv-
ing both a vascular closure device and
bivalirudin.

Given the findings of our observa-
tional study and that previous data
linking vascular closure devices to
bleeding are both limited and from non-
randomized studies, an adequately
powered randomized trial of vascular
closure devices evaluating post-PCI
bleeding end points is needed. It is also
important to note that data on vascu-
lar closure devices and bivalirudin were
published during a period overlap-
ping with data collection in the pres-
ent study, and bivalirudin was not in-
cluded in PCI guidelines47 until 2006.
Thus, there may be important tempo-
ral trends for rates of strategies not in-
vestigated in this study.

Several aspects of this work should
be considered when interpreting our re-
sults and in translating these findings
to clinical practice. First, this was not
a randomized trial; thus, a causal rela-
tionship between bleeding avoidance
and evaluated strategies cannot be con-
cluded. Second, potential unmea-
sured confounding is a limitation of all
observational studies. We sought to
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minimize confounding through the use
of a center-adjusted, multinomial pro-
pensity-matched analysis, which suc-
cessfully balanced the observable pa-
tient and treatment characteristics;
nevertheless, some unmeasured con-
founding may have been present. The
NCDR CathPCI Registry also does not
currently collect data on complica-
tions related to vascular closure de-
vices. However, the reported fre-
quency of such complications is low.48

Third, activated clotting time is not
available in the NCDR CathPCI Regis-
try, which limited our ability to assess
the relationship between heparin dos-
ing, level of anticoagulation, and bleed-
ing, which could have further in-
formed the observed variability in
bleeding among the cohort receiving
manual compression.

Fourth, some patients are not suited
to receive bleeding avoidance strate-
gies. For example, bivalirudin is not rec-
ommended in the setting of therapeu-
tic anticoagulation with prior agents,
including unfractionated or low-
molecular-weight heparin with or with-
out a glycoprotein IIb/IIIa agent. Bivali-
rudin isalsonotcurrently recommended
in patients undergoing PCI for a chronic
total occlusion.49 Furthermore, mitiga-
tion of bleeding risk may be neutral-
ized with the concomitant use of glyco-
protein IIb/IIIa inhibitors and in the
setting of renal failure. Vascular clo-
sure devices are also not recommended
for use given several anatomical limita-
tions, such as puncture at the site of an
anatomical arterial bifurcation, pres-
ence of severe calcification, or presence
of severe obstructive peripheral artery
disease; the reasons for not using a vas-
cular closure device for a given patient
are not collected in the CathPCI Regis-
try. To the extent that some of these
examples cluster more frequently in
patients at intermediate or high risk for
bleeding, there will be a reduction in
potential to offset the apparent risk-
treatmentparadoxobservedinthisstudy.

CONCLUSIONS
In a large, national PCI registry, the use
of vascular closure devices and bivali-

rudin was associated with signifi-
cantly lower rates of periprocedural
bleeding. However, there was an ap-
parent risk-treatment paradox, whereby
patients at greatest risk of bleeding were
least likely to receive a bleeding avoid-
ance strategy. These findings empha-
size the opportunity to improve the
safety of PCI and to further explore cost
efficacy by directing such strategies to
those patients most likely to benefit
from them.
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