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IMPORTANCE Studies have shown variation in the use of red blood cell transfusion among jama.com
patients with acute coronary syndromes. There are no definitive data for the efficacy of
transfusion in improving outcomes, and concerning data exist about possible association with
harm. Current transfusion practices in patients undergoing percutaneous coronary
intervention (PCI) are not well understood.

OBJECTIVE To determine the current patterns of blood transfusion among patients
undergoing PCl and the association of transfusion with adverse cardiac outcomes across
hospitals in the United States.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of all patient visits from the
CathPClI Registry from July 2009 to March 2013 that included PCl, excluding those with
missing data on bleeding complications or who underwent in-hospital coronary artery bypass
graft surgery (N = 2 258 711 visits).

MAIN OUTCOMES AND MEASURES Transfusion rates in the overall population and by hospital
(N = 1431) were the primary outcomes. The association of transfusion with myocardial
infarction, stroke, and death after accounting for a patient's propensity for transfusion was
also measured.

RESULTS The overall rate of transfusion was 2.14% (95% Cl, 2.13%-2.16%) and quarterly
transfusion rates slightly declined from July 2009 to March 2013 (from 2.11% [95% ClI,
2.03%-2.19%] t0 2.04% [95% Cl, 1.97%-2.12%]; P < .001). Patients who were more likely to
receive transfusion were older (mean, 70.5 vs 64.6 years), were women (56.3% vs 32.5%),
and had hypertension (86.4% vs 82.0%), diabetes (44.8% vs 34.6%), advanced renal
dysfunction (8.7% vs 2.3%), prior myocardial infarction (33.0% vs 30.2%), or prior heart
failure (27.0% vs 11.8%). Overall, 96.3% of sites gave a transfusion to less than 5% of patients
and 3.7% of sites gave a transfusion to 5% of patients or more. Variation in hospital
risk-standardized rates of transfusion persisted after adjustment, and hospitals showed
variability in their transfusion thresholds. Receipt of transfusion was associated with
myocardial infarction (42 803 events; 4.5% vs 1.8%; odds ratio [OR], 2.60; 95% Cl,
2.57-2.63), stroke (5011 events; 2.0% vs 0.2%; OR, 7.72; 95% Cl, 7.47-7.98), and in-hospital
death (31 885 events; 12.5% vs 1.2%; OR, 4.63; 95% Cl, 4.57-4.69), irrespective of bleeding
complications.

CONCLUSIONS AND RELEVANCE Among patients undergoing PCl at US hospitals, there was
considerable variation in blood transfusion practices, and receipt of transfusion was
associated with increased risk of in-hospital adverse cardiac events. These observational
findings may warrant a randomized trial of transfusion strategies for patients undergoing PCl.
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Red Blood Cell Transfusion in Patients Undergoing PCI

ed blood cell transfusion among patients with coro-
nary artery disease is controversial. A growing body of
evidence suggests that transfusion in the setting of
acute coronary syndromes (ACS)'"® and in hospitalized pa-
tients with a history of coronary artery disease may be asso-
ciated with anincrease in risk of myocardial infarction (MI) and
death.® This is in addition to the other risks described with
transfusion of allogeneic blood, such as infection and circu-
latory overload. However, anemia is a well-known risk factor
for exacerbation of myo-
cardial ischemia,®-** and
increasing hemoglobin
through red blood cell
transfusion should in-
crease oxygen delivery
RSTR risk-standardized transfusion and mitigate ischemic out-
rate comes. This paradox be-
tween the pathophysi-
ological rationale for transfusion and observational studies
demonstrating worse clinical outcomes has led to uncer-
tainty surrounding transfusion practice in these patients. Cur-
rent guideline statements make cautious recommendations for
restricted transfusion strategies in hospitalized patients with
a history of coronary artery disease and make no recommen-
dation on transfusion in the setting of ACS citing an absence
of definitive evidence.™

Given the lack of evidence-based guidelines for transfu-
sion in patients with coronary artery disease, a registry-
based analysis showed that there is marked variation in the use
of red blood cell transfusion among patients with ACS.*3 Simi-
lar to patients with ACS, patients undergoing percutaneous
coronary intervention (PCI) receive potent antithrombotic
therapies and undergo arteriotomy, placing this subset of pa-
tients at particularly high risk of bleeding and transfusion. A
single-center study showed that a large proportion of pa-
tients undergoing PCIreceived transfusion for indications out-
side of published guidelines'4; however, the transfusion guide-
lines have been updated to reflect uncertainty regarding
transfusion recommendations in patients with coronary ar-
tery disease. Moreover, the practice of PCI has evolved to in-
clude “bleeding avoidance strategies.”*® Therefore, the use of
red blood cell transfusion may have undergone significant
change over time.

Using data from the CathPCI Registry, we sought to de-
scribe transfusion practice patterns in a broadly representa-
tive population of patients undergoing PCI across the United
States. We also sought to evaluate how patient factors are as-
sociated with red blood cell transfusion and to determine the
association between transfusion and outcomes in the PCI popu-
lation.

ACS acute coronary syndromes
CHF congestive heart failure
MI myocardial infarction

PCI percutaneous coronary
intervention

Methods

Study Sample

The CathPCI Registry is an initiative of the American College
of Cardiology Foundation and the Society for Cardiovascular
Angiography and Interventions and is the largest ongoing reg-
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istry of PCI in the United States. Descriptions of the registry
have been published previously.'® Briefly, the registry col-
lects data on patient and hospital characteristics, clinical pre-
sentation, procedural characteristics, and in-hospital out-
comes for PCI procedures from more than 1400 sites across the
United States (approximately 85% of all cardiac catheteriza-
tion laboratories). Data are entered into National Cardiovas-
cular Data Registry (NCDR)-certified software at participat-
ing institutions and exported in a standard format to the
American College of Cardiology. The registry has a compre-
hensive data quality program, including data quality report
specifications for data capture and transmission as well as an
auditing program. An NCDR committee prospectively de-
fines the variables (available at http://www.ncdr.com).

All patients who underwent cardiac catheterization or
PCI from July 2009 to March 2013 were included in the
study sample, with the following exceptions: patient visits
in which the patient subsequently underwent in-hospital
coronary artery bypass graft surgery, patient visits in which
a PCI was not performed or that did not represent the first
PCI visit during a hospital stay, and procedures with missing
data on bleeding events, procedural complications, or dis-
charge status. The study was approved by the institutional
review board of Yale University Medical Center and was
determined to meet the definition of research not requiring
informed consent given that patient information is collected
anonymously without unique patient identifiers and only
aggregate data are reported.

Outcomes and Definitions

The primary outcome was transfusion in the overall popula-
tion. This outcome was examined with calculation of trans-
fusion rates in the overall population and by hospital (N = 1431),
as well as by the occurrence of a bleeding event. These were
also calculated quarterly from quarter 3 of 2009 to quarter 1
of 2013. Secondary outcomes included in-hospital MI, conges-
tive heart failure, cardiogenic shock, stroke, and death. The
definitions used for transfusion, bleeding events, MI, conges-
tive heart failure, cardiogenic shock, stroke, and death are taken
from the CathPCI data collection form, version 4.4, and can
be found in the eAppendix in the Supplement.

Statistical Analysis

Rates of transfusion were examined in the overall cohort, by
hospital site, and in groups of patients with or without docu-
mentation of a procedural bleeding complication. We also ex-
amined the change in rates over time by quarters from quar-
ter 3 0f 2009 to quarter 1 of 2013 using the Cochrane-Armitage
trend test. Hierarchical logistic regression modeling was used
to calculate risk-standardized, site-based rates of transfusion
(RSTR). The variables included in the model were age, sex, body
mass index, ACS presentation, PCI status, cardiogenic shock,
New York Heart Association class IV congestive heart failure
(CHF), history of CHF, peripheral vascular disease, chronic lung
disease, diabetes, dialysis, previous PCI, and glomerular fil-
tration rate. All of these variables have been previously vali-
dated in the CathPCI Registry mortality and bleeding risk
models.*®1°
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Figure 1. Study Sample Flow

5274393 PCl visits in the NCDR CathPCl population, 2009
quarter 3 to 2013 quarter 1, assessed for eligibility
(4481415 patients; 1485 hospitals; visits per
hospital: median, 2536 [IQR, 1006-4947;
range, 3-27279])

3015682 PCl visits excluded
2861419 Lack of PCl procedure
125257 Not initial PCI during hospital stay

27602 In-hospital coronary artery

bypass graft surgery
1033 Missing data on bleeding or
transfusion
371 Missing procedure complication

or discharge status

2258711 PCl visits included in analysis (1967 218 patients;
1431 hospitals; visits per hospital: median, 1162
[1QR, 476-2163; range 1-12 516])
2210281 Without red blood cell transfusion
48430 With red blood cell transfusion

IQRindicates interquartile range; NCDR, National Cardiovascular Data Registry;
PCl, percutaneous coronary intervention.

For the hospital-level analysis, hospitals were divided into
low-, medium-, and high-transfusing groups based on the ter-
tiles of their RSTR. Hospitals with an RSTR at or below the 33rd
percentile were considered low transfusing (<1.78% of pa-
tients underwent transfusion), hospitals between the 33rd and
66th percentiles were considered medium transfusing (1.78%
to <2.79% of patients underwent transfusion), and hospitals
above the 66th percentile (>2.79% of patients underwent trans-
fusion) were considered high transfusing. Transfusion fre-
quencies were then plotted by postprocedure hemoglobin val-
ues for each group to determine whether hospital-level
transfusion practices were different, specifically by transfu-
sion threshold.

Hospital characteristics were also reported by division into
low-, medium-, and high-transfusing hospitals according to
their RSTR. Characteristics such as bed number, region, and
ownership are reported per number of hospitals. Procedural
characteristics such as anticoagulant use and discharge medi-
cations are reported per patient visit. The median odds ratios
for transfusion among hospitals to quantify the variation of
transfusion use among different hospitals and the between-
hospital variance were also calculated using PROC GLIMMIX
in SAS.

The patient population was divided into cohorts accord-
ing to whether they had received a transfusion, and baseline
characteristics and in-hospital outcomes were compared be-
tween these 2 groups. Differences were evaluated using the x*
test for categorical variables and using the t test for continu-
ous variables. Means and standard deviations for continuous
variables and frequency rates for categorical variables are re-
ported.

To account for potential confounding in the use of trans-
fusion, inverse probability weighting based on the propensity
modeling for transfusion was used in the logistic regression
models to determine the association between transfusion
and MI, CHF, stroke, and death. Variables included in the pro-
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pensity model for transfusion were age, sex, race, body mass
index, prior MI, prior coronary artery bypass graft/valvular
surgery, cardiogenic shock, cardiac arrest, use of intra-aortic
balloon pump, prior CHF, peripheral vascular disease, cere-
brovascular disease, tobacco use, chronic lung disease, diabe-
tes, hyperlipidemia, family history, dialysis, glomerular filtra-
tion rate, New York Heart Association class IV, location of
lesion, PCI indication, PCI status, and hospital characteristics
such as public vs private ownership, core-based statistical
area, number of beds, PCI volume, teaching facility status,
and region. Many of these variables have been previously
validated in the NCDR mortality risk model.'® To assess
model performance in our sample, we calculated the area
under the receiver operating characteristic curve (C statistic).
The model showed excellent discrimination, with a C statistic
of 0.839. Odds ratios for patient outcomes comparing use of
transfusion with no receipt of transfusion are reported with
95% confidence intervals.

To account for the possibility that bleeding events could
drive transfusion as well as outcomes, a secondary analysis
was performed to determine the association between trans-
fusion and outcomes among patients who did or did not
have reported postprocedure bleeding events. To determine
the relationship between preprocedure hemoglobin, trans-
fusion, and outcomes, the study sample was stratified by
preprocedure hemoglobin levels and the modeling was
repeated.

A 2-sided P<.05was considered significant for all tests. All
the statistical calculations were performed at the Yale Center
for Outcomes Research and Evaluation with SAS software, ver-
sion 9.2.0 (SAS Institute Inc).

. |
Results

Study Sample Characteristics

For the purpose of this study, the original sample consisted
of 5 274 393 patient visits to the cardiac catheterization
laboratory from 1485 sites. Percutaneous coronary interven-
tion occurred during 2 412 974 patient visits. After applying
the aforementioned exclusion criteria, 2 258 711 patient vis-
its remained in the study sample (Figure 1) from 1431 hospi-
tals (96% of original sites). There were 48 430 patient visits
during which a patient received a postprocedure transfu-
sion. Baseline demographic and procedural characteristics
are shown in Table 1. Patients who received transfusion
were older, more often female, and more often had comor-
bidities such as hypertension, diabetes, advanced renal dys-
function, prior MI, and prior CHF. These patients also had a
lower estimated glomerular filtration rate, more often pre-
sented with ST-segment elevation MI, and less often under-
went PCI for elective as opposed to urgent or emergency
indications.

Rates of Transfusion

The overall rate of transfusion was 2.14% (95% CI, 2.13%-
2.16%). Quarterly transfusion rates from July 2009 to March
2013 slightly declined from 2.11% (95% CI, 2.03%-2.19%) to
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Table 1. Clinical Characteristics Stratified by Transfusion Status®

Overall Inverse Probability-Weighted Cohort
Without RBCT With RBCT Without RBCT With RBCT
Patient Characteristics (n=2210281) (n =48 430) (n=2210281) (n =48 401)
Age, mean (SD), y 64.6 (12.0) 70.5 (12.1) 64.8 (12.2) 66.1 (12.0)
Body mass index, mean (SD)® 30.0 (6.4) 28.8 (7.2) 30.0 (6.5) 29.7 (49.0)

Female

White race

Hypertension
Hyperlipidemia

Diabetes

Peripheral vascular disease
Cerebrovascular disease
Chronic lung disease

GFR, mean (SD), mL/min/1.73 m?
ESRD with dialysis

Prior myocardial infarction
Prior PCI

Prior congestive heart failure
Prior CABG/valve surgery

Family history of coronary artery
disease

Current tobacco use
PCl status
Elective
Urgent
Emergent
Salvage
PCl indication
STEMI
NSTEMI/unstable angina
Staged
Other
Location of lesion

Mid left anterior descending
artery, proximal left

circumflex artery, proximal right
coronary artery

Proximal left anterior
descending artery

Left main
Other
Unknown
Coronary artery disease presentation
STEMI
NSTEMI/unstable angina
Elective

NYHA class IV congestive heart
failure

Cardiogenic shock
Cardiac arrest
Use of intra-aortic balloon pump

Preprocedure hemoglobin level,
mean (SD), g/dL

707 309 (32.5)
1944 032 (88.0)
1812 770 (82.0)
1758 531 (79.6)

765 050 (34.6)

272 079 (12.3)

269 404 (12.2)

332 160 (15.0)

76.3 (30.5)
50 433 (2.3)

666 457 (30.2)

909 311 (41.1)

259 934 (11.8)

443 168 (20.1)

549 619 (24.9)

609 145 (27.6)

977 094 (44.2)

856 917 (38.8)

368 547 (16.7)
6703 (0.3)

347 617 (15.7)
1060 254 (48.0)
137 271 (6.2)

664 361 (30.1)

825914 (37.4)

387 071 (17.5)

50692 (2.3)
946 604 (42.8)
6234 (0.3)

337 686 (15.3)

1267 282 (57.3)

604 761 (27.4)
47 976 (2.2)

35700 (1.6)
39202 (1.8)
40 061 (1.8)

13.6 (1.9)

27 275 (56.3)
40 927 (84.5)
41 864 (86.4)
36 180 (74.7)
21 693 (44.8)
11 268 (23.3)
10519 (21.7)
12139 (25.1)
56.2 (33.2)
4207 (8.7)
15 970 (33.0)
16 537 (34.2)
13090 (27.0)
10 650 (22.0)
7829 (16.2)

10 854 (22.4)

9046 (18.7)
20 884 (43.1)
17 468 (36.1)

1015 (2.1)

15 741 (32.5)
23938 (49.4)
1540 (3.2)

7196 (14.9)

18 827 (38.9)

9915 (20.5)

3277 (6.8)
16 411 (33.9)
115 (0.2)

15370 (31.7)
26 286 (54.3)
6768 (14.0)
6518 (13.5)

7394 (15.3)
4800 (9.9)
7867 (16.2)
11.0 (2.1)

707 309 (32.6)
1944 032 (87.9)
1812 770 (82.1)
1758 531 (79.4)

765 050 (34.9)

272 079 (12.6)

269 404 (12.4)

332 160 (15.3)

75.9 (31.0)
50 433 (2.4)

666 457 (30.2)

909 311 (41.0)

259 934 (12.1)

443 165 (20.1)

549 619 (24.7)

609 145 (27.4)

977 094 (43.6)

856 917 (38.8)

368 547 (17.1)
6703 (0.4)

347 617 (16.1)
1060 254 (47.9)
137 271 (6.1)

664 361 (29.8)

825914 (37.4)

387 071 (17.6)

50692 (2.4)
940 370 (42.3)
6234 (0.3)

337 686 (15.7)

1267 282 (57.2)

604 761 (27.1)
47 976 (2.5)

35700 (2.0)
39 202 (2.0)
40061 (2.2)

27 266 (39.8)
40 902 (86.5)
41 845 (82.3)
36 161 (76.2)
21 686 (36.1)
11 265 (15.1)
10517 (14.3)
12135 (18.2)
79 (25.7)
4207 (3.6)
15 962 (30.0)
16 529 (39.4)
13 089 (15.0)
10 649 (20.6)
7820 (23.5)

10 842 (28.0)

9030 (41.6)
20 876 (38.9)
17 463 (19.0)

1015 (0.4)

15 736 (18.5)
23924 (51.0)
1537 (6.0)

7189 (24.5)

18 817 (37.0)

9912 (18.4)

3276 (2.8)
16 281 (41.5)
115 (0.3)

15 365 (17.9)

26 271 (59.7)
6759 (22.4)
6517 (3.7)

7392 (3.4)
4799 (3.2)
7866 (3.6)

Original Investigation Research

Abbreviations: CABG, coronary artery
bypass graft; ESRD, end-stage renal
disease; GFR, glomerular filtration
rate; NSTEMI, non-ST-elevation
myocardial infarction; NYHA, New
York Heart Association; PCl,
percutaneous coronary intervention;
RBCT, red blood cell transfusion;
STEMI, ST-elevation myocardial
infarction.

@ Data are expressed as No. (%) of
visits that included percutaneous
coronary intervention, unless
otherwise indicated.

®Body mass index is calculated as

weight in kilograms divided by
height in meters squared.

2.04% (95% CI, 1.97%-2.12%) of visits (P<.001 for trend). Un-
adjusted transfusion rates by hospital varied between 0 and
13% (eFigure 1 in the Supplement). The majority of hospitals

(96.3%) gave a transfusion to less than 5% of their patients, with
25.5% of hospitals providing transfusion for less than 1% of pa-
tients. However, 3.7% of hospitals in the population gave more
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than 5% of patients a transfusion. After adjustment, there was
still a broad variation in patterns of transfusion across hospi-
tals. As shown in Figure 2, the risk-standardized rates of trans-
fusion across hospitals ranged from 0.3% to 9.3%, with a me-
dian of 2.5%.

When stratified by occurrence of a bleeding event, more
patients who experienced a bleeding event received transfu-
sion at all postprocedure hemoglobin values compared with
patients who did not experience a bleeding event (eFigure 2
in the Supplement). Among patients who did not have a bleed-
ing event, the rates of transfusion increased at postprocedure
hemoglobin values of 8 g/dL or lower.

Figure 2. Distribution of Hospital Risk-Standardized Rates of Transfusion

300+

250+ 7‘>\

200+ ¥

1504

No. of Hospitals

1004

50+

0 | ——

0 10 20 30 40 50 60 70 80 9.0 100
Risk-Standardized Rate of PCl Visits

With Red Blood Cell Transfusion, %

Variations in frequency of receipt of transfusion by hospital (N=1431) after
adjustment for patient risk factors such as age, sex, body mass index, acute
coronary syndromes presentation, percutaneous coronary intervention (PCI)
status, cardiogenic shock, New York Heart Association class IV congestive heart
failure (CHF), history of CHF, peripheral vascular disease, chronic lung disease,
diabetes, dialysis, previous PCl, coronary lesion =50%, and glomerular
filtration rate.

Red Blood Cell Transfusion in Patients Undergoing PCI

Hospital Characteristics by Transfusion Rate
When hospitals were divided into low- (<1.78%), medium-
(1.78% to <2.79%), and high- (=2.79%) transfusing hospitals by
tertiles of RSTR, transfusion was more frequent at all postpro-
cedure hemoglobin values (<7 g/dL to >12 g/dL) at high-
transfusing hospitals compared with medium- and low-
transfusing hospitals (Figure 3). High-transfusing hospitals
seemed to have a transfusion threshold between 9 g/dL and
10 g/dL, whereas low-transfusing hospitals seemed to have a
transfusion threshold between 8 g/dL and 9 g/dL.
High-transfusing hospitals were larger with respect to
number of beds and had higher PCI volume compared with
the other hospitals (eTable 1 in the Supplement). They also
were less likely to be privately owned and less likely to be in
rural areas but more likely to be teaching hospitals. High-
transfusing hospitals were more likely to be in the New
England and Pacific regions, although there was significant
variation by region. These hospitals were also less likely to
use bivalirudin during procedures and more likely to use
GplIb-Ila medications but had similar use of radial access
site between groups. High-transfusing hospitals prescribed
evidenced-based medications on discharge at a similar high
frequency compared with lower-transfusing hospitals. The
median odds ratio for the likelihood of transfusion by hospi-
tal was 1.85 (95% CI, 1.79-1.90) and the between-hospital
variation was 0.42 (95% CI, 0.38-0.46), indicating that hospi-
tal was responsible for a significant amount of the variation
seen in transfusion rates.

Patient Outcomes

With regard to patient outcomes by transfusion status, pa-
tients who underwent transfusion were more likely to have in-
hospital MI, stroke, CHF, cardiogenic shock, or death (eTable
2 in the Supplement). After adjustment, receipt of transfu-
sion remained associated with an increased risk for in-
hospital MI, stroke, or death individually, and also the com-
posite outcome (Table 2). The analysis was repeated after

Figure 3. Use of Red Blood Cell Transfusion by Postprocedure Hemoglobin Level at High-, Medium-, and

Low-Transfusing Hospitals
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. Hospitals in the highest tertile of RSTR (n=477)
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Frequency of red blood cell transfu-
sion by postprocedure hemoglobin
level when the study sample of hospi-

<7 8-<9 9-<10 10-<11 11-<12 212 tals is divided into high-, medium-,
Postprocedure Hemoglobin Level, g/dL and low-transfusing hospitals. Rates
of transfusion are higher at high-

No. of PCl visits N s i e obi
Lowest RSTR tertile (<1.78%) 1942 6214 17264 34227 57477 344220 ranstusing sites across ail hemoglobin
Middle RSTR tertile (1.78% to <2.79%) 3564 11641 27181 49770 81493 473707 levels. PClindicates percutaneous
Highest RSTR tertile (22.79%) 5789 18323 39774 68236 107020 552822 coronary intervention; RSTR, risk-

standardized transfusion rate.
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Table 2. Association of Transfusion and Outcomes: Adjusted Odds Ratios From Inverse Probability-Weighted Analysis®

Overall Population

Patients With Bleeding

Patients Without Bleeding

Without RBCT,
With RBCT, No. (%) With RBCT, Without With RBCT,  Without RBCT,
No. (%) [95% CI] No. (%) RBCT, No. (%) No. (%) No. (%)
[95% CI] (n=2 OR [95% CI] [95% CI] OR [95% ClI] [95% CI] OR
Visit Outcomes (n =48 430) 210 281) (95%Cl) (n=17 185)  (n=18 650) (95%Cl)  (n=31245) (n=2191631) (95% CI)
Myocardial 8418 (17.4) 67 907 (3.07) 3.62 3152(18.3) 1772(9.50) 1.16 5266 (16.9) 66 135(3.02) 3.66
infarction, [17.0-17.7]  [3.05-3.10] (3.59-3.66) [17.8-18.9] [9.08-9.92] (1.11-1.22) [16.4-17.3] [2.99-3.04] (3.63-3.69)
stroke, or
in-hospital death
Myocardial 2202 (4.54) 40601 (1.84) 2.60 950 (5.53) 722 (3.87) 1.35 1252 (4.01) 39879(1.82) 2.38
infarction [4.36-4.73]  [1.82-1.85] (2.57-2.63) [5.19-5.87] [3.59-4.15] (1.24-1.46) [3.79-4.22] [1.80-1.84] (2.35-2.41)
Stroke 988 (2.04) 4023 (0.18) 7.72 337(1.96) 173 (0.93) 1.54 651 (2.08) 3850(0.18) 8.49
[1.91-2.17] [0.176-0.188] (7.47-7.98) [1.75-2.17] [0.79-1.07] (1.34-1.77) [1.93-2.24] [0.17-0.18] (8.21-8.78)
In-hospital death 6052 (12.5) 25833(1.17) 4.63 2207 (12.8) 1007 (5.40) 1.07 3845 (12.3) 24826(1.13) 4.96
[12.2-12.8] [1.15-1.18] (4.57-4.69) 12.3-13.3] [5.08-5.72] (1.01-1.13) [11.9-12.7] [1.12-1.15] (4.89-5.03)

Abbreviations: OR, odds ratio; PCl, percutaneous coronary intervention; RBCT,
red blood cell transfusion.

2 The inverse probability-weighted model included the following variables: age,
sex, race, body mass index, prior myocardial infarction, prior coronary artery
bypass graft/valvular surgery, cardiogenic shock, cardiac arrest, use of
intra-aortic balloon pump, prior congestive heart failure (CHF), peripheral

vascular disease, cerebrovascular disease, tobacco use, chronic lung disease,
diabetes, hyperlipidemia, family history, dialysis, glomerular filtration rate,
New York Heart Association class IV CHF, location of lesion, percutaneous
coronary intervention (PCl) indication, PCl status, and hospital characteristics
such as public vs private ownership, core-based statistical area, number of
beds, PCl volume, teaching facility status, and region.

Table 3. Association of Transfusion and Outcomes by Preprocedure Hemoglobin Level: Adjusted Odds Ratios

From Inverse Probability-Weighted Analysis®

Myocardial .
Infarction, Stroke, Preprocedure Hemoglobin Level, g/dL

or In-Hospital Death <10 >10to <13 >13to <15 >15 Abbreviations: OR, odds ratio; PCl,
Overall Population percutaneous coronary intervention;
With RBCT, No. (%) 2384 (13.3) 3588 (18.1) 1508 (23.0) 504 (25.9) RBCT, red blood cell transfusion.
[95% CI] of PCl visits [12.8-13.8] [17.5-18.6] [22.0-24.1] [24.0-27.9] 2 Theinverse probability-weighted
Without RBCT, No. 4425 (5.7) 22 329 (3.38) 24377 (2.71) 12 519 (2.81) modelincluded the following vari-
(%) [95% CI] of PCI [5.5-5.9] [3.34-3.42] [2.68-2.74] [2.76-2.86] ables: age, sex, race, body massin-

visits
OR (95% CI)

1.56 (1.51-1.62)

3.62 (3.57-3.68)

5.86 (5.78-5.95)

8.12 (7.96-8.29)

Patients With Bleeding

dex, prior myocardial infarction, prior
coronary artery bypass graft/valvular
surgery, cardiogenic shock, cardiac
arrest, use of intra-aortic balloon

With RBCT, No. (%) 581 (17.0) 1459 (17.6) 728 (20.0) 249 (22.9) pump, prior congestive heart failure
[95% Cl] of PCl visits 15.8-18.3) [16.8-18.4] [18.7-21.3] [20.4-25.4) (CHF), peripheral vascular disease,
Without RBCT, No. 82 (15.4) 580 (11.9) 655 (8.79) 393(7.82) cerebrovascular disease, tobacco use,
(%) [95% Cl] of PCI [12.3-18.5] [11.0-12.8] [8.15-9.44] [7.08-8.57] chronic lung disease, diabetes, hyper-

visits
OR (95% CI)

0.74 (0.66-0.83)

1.01 (0.93-1.08)

1.51 (1.38-1.65)

2.24 (1.99-2.53)

Patients Without Bleeding

lipidemia, family history, dialysis, glo-
merular filtration rate, New York
Heart Association class IV CHF, loca-
tion of lesion, percutaneous coronary

With RBCT, No. (%) 1803 (12.5) 2129 (18.4) 780 (26.9) 255 (29.8) . : utaneo

[95% CI] of PCl visits [11.9-13.0] [178.7-19.1] [25.2-28.5] [26.7-32.9] intervention (PCI) indication, PCI sta-

Without RBCT, No 4343 (5.62) 21749 (3.32) 23722 (2.66) 12 126 (2.75) tus, and hospital characteristics such
I u 0 b 5 5 . . . . . _

(%) [95% CI] of PCI [5.46-5.79] [3.27-3.36] [2.63-2.69] [2.70-2.80] aspublicvs private ownership, core

visits

OR (95% ClI) 1.54 (1.48-1.60) 3.83 (3.77-3.89)

8.84 (8.71-8.98)

based statistical area, number of
beds, PCl volume, teaching facility

10.06 (9.84-10.29) .
status, and region.

stratifying patients by whether they experienced a bleeding
event. Regardless of the occurrence of bleeding, transfusion
was associated with increased risk of in-hospital MI, stroke,
or death (Table 2). In an analysis of the relationship between
hemoglobin (preprocedure) and clinical outcomes, transfu-
sion was consistently associated with an increased risk of in-
hospital M1, stroke, or death regardless of hemoglobin value,
except in patients with bleeding and preprocedure hemoglo-
bin values less than 10 g/dL (Table 3). In this group of pa-
tients, transfusion was associated with a significantly de-
creased risk of the composite outcome. The risk in all other
groups increased with higher hemoglobin levels.

jama.com

.|
Discussion

There was marked variation in transfusion practice patterns
across the United States among patients undergoing PCI. Within
this variation there appeared to be patients who underwent
transfusion in the absence of clinical bleeding events and pa-
tients who underwent transfusion with nearly normal post-
procedure hemoglobin values. These patient-level data, as well
as our finding that transfusions were more common across all
hemoglobin values at some hospitals, suggest that thresh-
olds for transfusion may have been driven more by local prac-
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tice patterns than by clinical necessity. We also found that trans-
fusion was associated with an increased risk of in-hospital
adverse outcomes. In the context of prior observational stud-
ies that have shown a similar association'®3 or small random-
ized trials that have shown no benefit of liberal transfusion,?°>?
the present analysis suggests that further research is needed
to clearly delineate the appropriate use of transfusion in pa-
tients undergoing PCI.

Our data showed that the majority of transfusions among
patients without bleeding occurred at hemoglobin values of
8 g/dL or lower. In contrast, patients with bleeding events re-
ceived transfusion across the spectrum of hemoglobin val-
ues. Although this may have indicated brisk blood loss in some
patients despite higher postprocedure hemoglobin values, the
overall rate of bleeding was low in our study sample. Thus, this
aggressive transfusion practice may in fact have reflected the
biases of the physicians caring for these patients. The varia-
tion seen in transfusion practice patterns throughout this study
was consistent with the limited data that have been previ-
ously reported.*323

This variation may be related to several factors, including
previously held beliefs about the benefit of transfusion and re-
cently published data indicating the lack of benefit and po-
tential hazard associated with transfusion.'® However, among
these studies there is little randomized clinical trial evidence
for transfusion practice and none for the broad population of
patients undergoing PCI. This creates a lack of consensus that
isreflected in the American Association of Blood Banks’ guide-
lines published in 2012,"> which do not make any recommen-
dations for transfusion strategies in patients with ACS. The
guidelines do present cautious recommendations for transfu-
sion in patients hospitalized with coronary artery disease.
These include a restrictive strategy, limiting transfusion to
those with either symptomatic anemia or a hemoglobin level
of 8 mg/dL or lower. The uncertainty in the guidelines may be
reflected by the slight decline of transfusion rates over time
seen in our population, perhaps due to observational data that
raise questions about the benefit of transfusion in these pa-
tients. The current data highlight the need for further evi-
dence, in the form of randomized clinical trials, to assess the
role of transfusion as therapy in these patients.

Although we found one group in whom transfusion may
be associated with improved outcomes, namely, patients who
have post-PCIbleeding and a hemoglobin value lower than 10
g/dL, our study cannot determine which transfusion “trig-
ger,” as defined by a hemoglobin value, is appropriate for pa-
tients undergoing PCI. Clinical trials in the critical care
population®*?42> have consistently shown that there is no ben-
efit in maintaining higher hemoglobin levels in patients who
are critically il12%; however, whether data from these trials are
applicable to patients with ischemic heart disease is contro-
versial. Moreover, these studies excluded patients who were
actively bleeding. Data on patients with ischemic heart dis-
ease are available only from 2 small clinical trials that com-
pared transfusion thresholds of 8 g/dL and 10 g/dL in patients
presenting with ACS or stable angina.?* The CRIT Pilot trial
showed a higher rate of death, MI, or heart failure in patients
assigned to maintaining a hemoglobin level of 10 g/dL. Con-
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versely, in the MINT trial, patients assigned to maintaining a
hemoglobin level of 10 g/dL or higher had a significantly lower
rate of 30-day mortality and numerically lower rates of MI and
unscheduled revascularization.?” The FOCUS trial, which was
conducted in patients with a history of coronary artery dis-
ease recovering from hip arthroplasty, showed no difference
in clinical outcomes between a hemoglobin level of 8 g/dL vs
10 g/dL, but the trial did not meet its prespecified sample size
and thus may have been underpowered to detect a difference
in outcomes.*°

In contrast, data from observational studies demonstrate
an association between more aggressive transfusion in pa-
tients with either MI or ACS and adverse outcomes.® While
observational data examining transfusion and outcome are
subject to significant bias, physiological reasons may help ex-
plain why transfusion may reduce oxygen delivery and thus
increase ischemic risk. The so-called “storage lesion” that oc-
cursin stored red blood cells may impair oxygen delivery. More-
over, stored red blood cells are depleted of nitric oxide, which
may be important for interaction with vascular endothelium
and transfer of oxygen to ischemic tissues.?® Transfusion of
blood products may also have a prothrombotic effect through
the release of platelet activation agents, a phenomenon that
would be particularly harmful in post-PCI patients.® In the con-
text of this equipoise, an adequately powered randomized clini-
cal trial is needed to guide transfusion practice in patients with
ischemic heart disease and those undergoing PCI.

Limitations

This study has several limitations. First, the data are observa-
tional and thus have measured confounding as shown through
our bivariable, multivariable, and propensity-modeling analy-
ses, as well as unmeasured confounding that cannot be miti-
gated. Second, even though the CathPCI Registry captures data
from the majority of United States cardiac catheterization labo-
ratories, it does not include all hospitals and thus may not fully
represent practice in the United States. Third, we analyzed
transfusion patterns at the hospital and patient levels but did
not evaluate individual practitioner level variation. It is likely
that physicians other than the interventional cardiologist who
performed the procedure care for many patients undergoing
PCIin the United States, and these physicians may have made
postprocedure transfusion decisions. The CathPCI Registry
does not contain information on these other practitioners.
Fourth, even though hemoglobin level, transfusion, and events
were all defined as postprocedure, the absolute temporal re-
lationship between these elements cannot be determined.
Thus, the data demonstrate an association between transfu-
sion and adverse in-hospital outcomes, but causality cannot
be inferred based on these data.

. |
Conclusions

Considerable variation in blood transfusion practice exists
among patients undergoing PCI in the United States, and this
variation persists after adjustment for patient differences.
Moreover, transfusion thresholds vary widely across hospi-
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tals. In this study, transfusion was independently associated
with in-hospital adverse cardiac events, and this association
remained significant in patients with and without bleeding
events and at nearly all hemoglobin levels. These data high-
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