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latelet Transfusion in Cardiac Surgery Does Not
onfer Increased Risk for Adverse Morbid
utcomes
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Background. Platelet transfusion has been reported to
onfer increased morbidity after cardiac surgery but prior
tudies were limited by confounding variables including
ed blood cell (RBC) transfusions. Our objective was to
xamine the impact of platelet transfusion on outcomes
n cardiac surgery controlling perioperative risk factors.

Methods. A total of 32,298 patients underwent on-pump
solated coronary artery bypass grafting (CABG), a n iso-
ated valve, or a combined CABG and valve procedure
etween January 1, 1993 and January 1, 2006. Regres-
ion analysis and propensity methodology was em-
loyed to assess the association between platelet trans-
usion and morbidity.

Results. Univariate comparisons demonstrated that pa-
ients who received platelet transfusions had increased

orbidity. After risk adjustment with both multivariable
egression and propensity methods, platelet transfusion
as not significantly associated with in-hospital mortal-

ty: odds ratio (OR) 0.74 confidence limits 0.58, 0.95, p �

.017 and 2.05% vs 3.06%, p � 0.017, respectively. Among
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,774 propensity matched-pairs, platelet transfusion was
ssociated with similar or reduced morbidity, platelets
ersus no platelets: cardiac 2.42% vs 1.77%, p � 0.09;
ulmonary 8.94% vs 9.88%, p � 0.23; renal 1.33% vs
.48%, p � 0.65; neurologic 2.27% vs 3.21%, p � 0.033;
erious infection 4.15% vs 5.34%, p � 0.037; and compos-
te outcome 15.0% vs 17.2%, p � 0.024. Among a propen-
ity-matched subgroup of patients never administered a
oncomitant RBC transfusion, platelet transfusion was
ot associated with increased morbidity: 4.49% vs 2.99%,
 � 0.31.
Conclusions. Platelet transfusion was not found to

ncrease morbid risk after cardiac surgery. Our results
hould not be interpreted as advocating platelet transfu-
ions in cardiac surgery; rather, platelet transfusion em-
irically in the setting of persistent microvascular bleed-

ng is not associated with increased morbid risk.

(Ann Thorac Surg 2008;86:543–53)

© 2008 by The Society of Thoracic Surgeons
ne of the most common complications after cardiac
surgery is bleeding that is often attributed to

hrombocytopathy among innumerable causes [1]. Al-
hough approximately 20% of platelet transfusions today
re administered to cardiovascular surgical patients [2],
vidence-based guidelines for platelet transfusion in car-
iac surgery are limited and point-of-care platelet func-

ion testing is typically not utilized in the clinical deci-
ion-making process whether to transfuse platelets [3, 4].

Our institution typically transfuses platelet concentrates
mpirically if microvascular bleeding persists after ade-
uate reversal of heparin after cardiopulmonary bypass

CPB). The clinical threshold is further reduced for those
atients on preoperative antiplatelet medications. Recently,
isparate findings have been reported regarding whether
latelet transfusions are associated with adverse outcomes
fter cardiac surgery [5–9]. In light of observations from our
rior investigations [10, 11] and others [5–9], our objective

ccepted for publication April 14, 2008.

ddress correspondence to Dr McGrath, Department of Cardiothoracic
as to examine the relationship between platelet transfu-
ion and morbid outcomes after cardiac surgery, controlling
or a number of patient, operative, and perioperative trans-
usion-related variables.

atients and Methods

atient Population
rom January 1, 1993 to January 1, 2006, 32,298 patients
nderwent isolated coronary artery bypass grafting

CABG), an isolated valve procedure, or a combined
ABG and valve procedure requiring cardiopulmonary
ypass at Cleveland Clinic. Perioperative variables and
lood component utilization forms were prospectively
ollected concurrent with patient care and entered into
leveland Clinic Department of Cardiothoracic Anesthe-

ia Registry by trained database management personnel.
he Cardiovascular Information Registry was accessed

or additional operative variables. Institutional review
oard approved and waived individual patient consent

or performing research analyses on these validated,

ccurate databases.
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able 1. Baseline Variables for Unmatched Patients by Platelet Transfusion

ariables Platelet Transfusion (n � 3,599) No Platelet Transfusion (n � 25,888) p Valuea

emographics:
Age (years) 69.2 (61.2, 75.2) 64.7 (55.4, 72.4) �0.001
Gender (female) 1,050 (29.2) 7,743 (29.9) 0.37
BSA (kg/M2) 1.94 (1.78, 2.09) 2.0 (1.83, 2.15) �0.001

ardiac comorbidity:
History of atrial fibrillation 325 (9.03) 1681 (6.49) �0.001
Heart failure 1,285 (1285 (35.7) 7,567 (29.2) �0.001
LV ejection fraction % (normal 60% vs

abnormal)
1,581 (44.7) 12,685 (49.7) �0.001

Myocardial infarction 1,900 (52.8) 11,185 (43.2) �0.001
Preoperative IABP 146 (4.12%) 295 (1.16) �0.001
Emergency surgery 141 (3.92) 263 (1.02) �0.001
Cardiogenic shock 20 (0.565) 51 (0.2) �0.001
Reoperation 1,375 (38.2) 5,200 (20.1) �0.001

oronary disease �70%:
Left main trunk 439 (12.2) 20,778 (8.02) �0.001
LAD 2,428 (67.5) 14,475 (55.9) �0.001
L circumflex 2,095 (58.2) 1,222 (47.2) �0.001
RCA 2,267 (63.0) 13,042 (50.4) �0.001
YHA functional class: �0.001
I 503 (14.0) 4,523 (17.5)
II 1,656 (46) 13,332 (51.5)
III 670 (18.6) 4,537 (17.5)
IV 770 (21.4) 3,492 (13.5)

anadian angina class: �0.001
0 256 (7.11) 5,450 (21.1)
1 1,401 (38.9) 8,086 (31.2)
2 1,439 (40.0) 9,372 (36.2)
3 434 (12.1) 2,418 (9.34)
4 69 (1.92) 557 (3.15)

omorbidity:
Hypertension 2,340 (68.4) 1,6547 (66.1) 0.008
Diabetes 811 (23.5) 5977 (23.7) 0.77
Peripheral vascular disease 1,346 (37.4) 8,697 (33.6) �0.001
Smoking 2,104 (59.4) 14,741 (57.8) 0.06
COPD 287 (8.11) 2,061 (8.08) 0.96
Stroke 377 (10.5) 1,916 (7.4) �0.001
Renal disease 314 (8.72) 1,074 (4.15) 0.77

reoperative laboratory values:
Hematocrit (%) 39.8 (35.5, 43.0) 40.8 (37.5, 43.5) �0.001

reatinine (mg/dL) 1.1 (0.9, 1.4) 1.0 (0.9, 1.2) �0.001
reoperative valve:
Pathology:

Aortic valve regurgitation 1,019 (28.3) 6,950 (26.9) 0.06
Aortic valve stenosis 746 (20.7) 4,780 (18.5) 0.001
Mitral valve regurgitation 1,628 (45.2) 13,143 (50.8) �0.001

perative factors:
Procedure: �0.001

CABG 2,030 (57.3) 13,381 (52.5)
Valve procedure 626 (17.7) 7,995 (31.3)
Combined CABG/ Valve 884 (25.0) 4,133 (16.2)
Cardiopulmonary bypass time (min) 118 (91, 148) 91 (70, 116) �0.001
Aortic clamp time (min) 83 (63, 105) 69 (53, 88) �0.001

LITA or RITA 1,553 (43.2) 11,629 (44.9) 0.045
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ndpoints
utcome variables included in-hospital mortality, car-
iac, pulmonary, renal, and neurologic morbidities, seri-
us infection, and re-exploration for bleeding. Cardiac
orbidity was defined as a low cardiac index (�1.8
· min�1 · m�2) despite adequate fluid replacement and

notropic support for greater than 4 hours or a postoper-
tive myocardial infarction with at least one of the
ollowing: preoperative or perioperative intraaortic bal-
oon pump (IABP) placement, intraoperative ventricular
ssist device (VAD) placement, or return to the operating
oom for IABP, VAD, or extracorporeal membrane oxy-
enator (ECMO) placement. Myocardial infarction was
iagnosed based on electrocardiogram and cardiac

soenzymes. Pulmonary morbidity was characterized as
echanical ventilatory support requiring intubation for

2 or greater hours postoperatively. Renal morbidity was
efined as new-onset renal failure requiring dialysis.
eurologic morbidity included new global or focal neu-

ologic deficits or death without awakening. Serious
nfection morbidity was defined as pneumonia, medias-
initis, or sepsis with the diagnosis of sepsis requiring
rganisms isolated from culture(s) in conjunction with
levated temperature and white blood cell counts. Reex-
loration for bleeding was defined as a return to the
perating room specifically for bleeding. A composite
utcome of adverse events consisted of in-hospital mor-
ality, cardiac morbidity, respiratory insufficiency, renal

orbidity, serious infection, and neurologic morbidity.
here were less than 3% missing values for the data set;
issing values were deleted from the data set prior to

nalysis.

tatistical Analysis
e examined the impact of platelet transfusion on morbid

utcomes after cardiac surgery with three approaches. Our
rst approach involved use of propensity methodology.
emographics, comorbidity, operative, and transfusion

ariables noted in Table 1 were used for development of a
ropensity score. The propensity score was obtained by
alculating the predicted probability of receiving platelet
ransfusion for each patient from a logistic model [12].
reedy 1:1 matching techniques were then used to select
atients who received a platelet transfusion with those that
id not by choosing the patients with the nearest propen-
ity score [13]. Comparisons of morbid outcomes were
ade between the propensity-matched patients with the �2

able 1. Continued

ariables Platelet Transfusio

Surgery before 2003 3,326 (92.4
lood product usage:
RBC (units) 4 (2, 8)

Comparisons with Wilcoxon’s rank sum and �2 where appropriate.

SA � body surface area; CABG � coronary artery bypass grafting;
lasma; IABP � intraaortic balloon pump; ITA � internal thoracic

raction; NYHA � New York Heart Association; RBC � red blood
r Fisher exact test where appropriate. Among the 32,298 O
atients, 2,811 received fresh frozen plasma (FFP) or cryo-
recipitate and were excluded from propensity analysis
ue to an inability to adequately propensity match these
atients. Hence, propensity methodology was applied to

he data set of 29,487 patients.
A separate multivariable logistic regression model on

n-hospital mortality was applied to the entire data set
n � 32,298 including patients who received FFP and
ryoprecipitate). Backward variable selection procedure
as used with retention criteria of p less than 0.05 for all

ariables contained in Table 1. The balancing score and
latelet transfusion status were forced into the final
egression model.

Finally, similar propensity methodology was used to
urther examine morbid outcomes by platelet transfusion
tatus only for the subset of patients who did not receive
BC transfusion.

esults

nmatched Patient Population
mong 29,487 patients, 3,599 (12%) received a platelet

ransfusion and 25,888 (88%) did not. Distribution of
aseline demographics, comorbidity, operative variables,
nd transfusion status for the unmatched cohort of pa-
ients is presented by platelet transfusion status in Table 1.

� 3,599) No Platelet Transfusion (n � 25,888) p Valuea

20,374 (78.7) �0.001

0 (0 ,2) �0.001

OPD � chronic obstructive pulmonary disease; FFP � fresh frozen
; LAD � left anterior descending; LVEF � left ventricular ejection
; RCA � right coronary artery.

able 2. Morbid Outcomes for Unmatched Patients by
latelet Transfusion

utcome

Platelet
Transfusion
(n � 3,599)

No Platelet
Transfusion
(n � 25,888) p Value

omposite outcomea 656 (18.2) 1,778 (6.87) �0.001
ospital death 121 (3.36) 207 (0.8) �0.001
orbidity: �0.001
Cardiac 121 (3.42) 172 (0.67) �0.001
Pulmonary 408 (11.5) 726 (2.85) �0.001
Renal 75 (2.12) 108 (0.42) �0.001
Neurologic 103 (2.91) 334 (1.31) �0.001
Serious infection 184 (5.2) 358 (1.4) �0.001
Return to OR for

bleeding
256 (7.11) 335 (1.29) �0.001

Includes a composite outcome of adverse events consisted of in-hospital
ortality, cardiac morbidity, pulmonary morbidity, renal morbidity, se-

ious infection, and neurologic morbidity.
n (n

)

C

R � operating room.
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able 3. Baseline Variables for Propensity-Matched Patients by Platelet Transfusion

ariables Platelet Transfusion (n � 2,774) No Platelet Transfusion (n � 2,774) p Value

emographics:
Age (years) 68.8 (61.1, 75.1) 68.9 (61.4, 75.0) 0.92
Gender (female) 824 (29.7) 833 (30) 0.79
BSA (kg/M2) 1.95 (1.79, 2.10) 1.95 (1.80, 2.10) 0.38

ardiac comorbidity:
History of atrial fibrillation 243 (8.76) 287 (9.26) 0.51
Heart failure 983 (35.4) 975 (35.1) 0.82
LVEF % (normal vs abnormal) 1,251 (45.1) 1,274 (45.9) 0.54
Myocardial infarction 1,466 (52.8) 1,445 (52.1) 0.57
Preoperative IABP 97 (3.5) 91 (3.28) 0.66
Emergency surgery 86 (3.1) 73 (2.63) 0.30
Cardiogenic shock 16 (0.58) 17 (0.61) 0.86
Reoperation 970 (35.0) 962 (34.7) 0.82

oronary disease �70%:
Left main trunk 330 (11.9) 324 (11.7) 0.80
LAD 1,864 (67.2) 1,914 (69.0) 0.15
L circumflex 1,627 (58.7) 1,644 (59.3) 0.64
RCA 1,727 (62.3) 1,736 (62.6) 0.80
YHA functional class: 0.92
I 370 (13.3) 368 (13.3)
II 1,309 (47.2) 1,321 (47.6)
III 519 (18.7) 529 (19.1)
IV 576 (20.8) 556 (20.0)

anadian angina class: 0.80
0 234 (8.44) 242 (8.72)
1 1,001 (36.1) 961 (34.6)
2 1,142 (41.2) 1,161 (41.9)
3 337 (12.1) 354 (12.8)
4 60 (2.16) 56 (2.02)

omorbidity:
Hypertension 1,904 (68.6) 1,913 (69.0) 0.79
Diabetes 672 (24.2) 673 (24.3) 0.98
Peripheral vascular disease 1,061 (38.2) 1,099 (39.6) 0.30
Smoking 1,651 (59.5) 1,632 (58.8) 0.60
COPD 220 (7.93) 219 (7.89) 0.96
Stroke 291 (10.5) 298 (10.7) 0.76
Renal disease 236 (8.51) 236 (8.51) �0.99

reoperative laboratory values:
Hematocrit (%) 39.8 (35.4, 43.0) 39.6 (35.6, 42.6) 0.29
Creatinine (mg/dL) 1.1 (0.9, 1.3) 1.1 (0.9, 1.4) 0.68

reoperative valve pathology:
Aortic valve regurgitation 781 (28.2) 786 (28.3) 0.88
Aortic valve stenosis 591 (21.3) 621 (22.4) 0.33
Mitral valve regurgitation 1266 (45.6) 1237 (44.6) 0.43
perative Factors:
Procedure: 0.82

CABG 1,593 (57.4) 1,615 (58.2)
Valve procedure 499 (18.0) 495 (17.8)
Combined CABG/ Valve 682 (24.6) 664 (23.9)
Cardiopulmonary bypass time
(min)

115 (89, 144.5) 114 (89, 140) 0.18

Aortic clamp time (min) 82 (62, 103) 81 (62, 101) 0.29
LITA or RITA 1,254 (45.2) 1,277 (46) 0.54

Surgery before 2003 2,514 (90.6) 2,499 (90.1) 0.50
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atients who received platelets were significantly differ-
nt from those who did not receive platelets. Unmatched
atients who received platelets were older, had smaller
ody surface area measurements, had more comorbidity,
ore frequently underwent reoperations and emergen-

ies, and had a more unstable presentation. In addition,
hey received more red blood cells (RBC) and had longer
ortic cross-clamp and cardiopulmonary bypass times
Table 1). Outcomes among unmatched patients who
eceived a platelet transfusion demonstrated signifi-
antly higher morbidity for all postoperative morbid
vents (Table 2).

ropensity-Matched Population
ropensity modeling yielded 2,774 propensity-matched
airs by platelet transfusion status. Matched pairs had a
imilar distribution of demographic variables, comorbid-
ty, clinical presentation, operative factors, and RBC
ransfusions (Table 3). Figure 1 displays the distribution
f RBC units transfused by platelet transfusion status,
hich is similar between the propensity-matched

roups. The remaining 825 patients who received platelet
ransfusions were not amenable to propensity modeling
rimarily due to inability to balance RBC transfusion unit
tatus. The Appendix lists baseline variables among
hose matched and unmatched patients who received
latelet transfusions.

able 3. Continued

ariables Platelet Transfusio

lood product usage:
RBC (units) 4 (2, 6)

SA � body surface area; CABG � coronary artery bypass grafting;
lasma; IABP � intraaortic balloon pump; ITA � internal thoracic

raction; NYHA � New York Heart Association; RBC � red blood
Patients receiving platelets returned more often to the
perating room for reexploration for bleeding (7% vs
.5%, p � 0.001). Despite this, many risk-adjusted morbid
utcomes remained significantly less for patients who
eceived platelets. Among propensity-matched pairs,
latelet transfusion was associated with reduced in-
ospital mortality, fewer neurologic events, reduced
ostoperative serious infectious complications, less com-
osite adverse outcome events, and equivocal occurrence

or cardiac, pulmonary, and renal morbidity (Table 4).

ultivariable Logistic Regression on Mortality for
ntire Patient Population
atients who received platelets had reduced in-hospital
ortality (odds ratio [OR] 0.74, confidence limits [CL]

.58 and 0.95, p � 0.017). Of note, patients who received
ransfusion of RBC had increased mortality (OR 1.64, CL
.54 and 1.75, p � 0.001) as did transfusion of FFP (OR
.29, CL 2.16 and 5.01, p � 0.001) and use of cryoprecip-
tate (OR 2.47, CL 1.79 and 3.41, p � 0.001) (Table 5).

omposite Morbid Outcome for Propensity-Matched
atients by Platelet Transfusion Who Did Not Receive
RBC Transfusion
mong patients who never received a RBC transfusion,

52 patients (3.2%) received a platelet transfusion and
3,890 (96.8%) did not. Propensity methods resulted in

2,774) No Platelet Transfusion (n � 2,774) p Value

4 (2, 7) 0.74

OPD � chronic obstructive pulmonary disease; FFP � fresh frozen
; LAD � left anterior descending; LVEF � left ventricular ejection
; RCA � right coronary artery.

Fig 1. Distribution of red blood cell (RBC)
unit transfusion by platelet transfusion status
for the propensity-matched patient groups.
(� � no platelet; s � platelet.)
n (n �

C



3
l
t
r
o
[

C

W
e
p
n
o
t
q
h
i
m
l

h
s
i
C
s
p
r
t
e
c
T
R
a
s
i
i

i
c
y
b

t
(
4
j
a
c
c
F
t

m
v

T
b

O

C
H
M

R

B
a
r
a

m
r

O
T
M

V

T

D

L

C

C

O

P

B

C
d

548 McGRATH ET AL Ann Thorac Surg
PLATELET TRANSFUSION AND MORBIDITY 2008;86:543–53

A
D

U
LT

C
A

R
D

IA
C

87 matched-pairs who were similarly matched on base-
ine and operative variables (Table 6). Comparison be-
ween the 387 propensity-matched pairs of patients who
eceived and did not receive platelet transfusions dem-
nstrated a similar composite outcome (15 [4.99%] vs 10
2.99%], p � 0.31).

omment

e report that administration of platelets in the periop-
rative period was not associated with increased risk for
ostoperative mortality, infectious complications, and
eurologic events, and did not confer increased risk for
ther morbid outcomes even though these patients re-
urned to the operating room for bleeding more fre-
uently. While the unadjusted relationship reported
igher risk for every morbid outcome in patients receiv-

ng platelets, after matching and, in particular, adjust-
ent for RBC transfusion status, platelet transfusion no

onger conferred higher risk.
Our prior investigations [10, 11] and that of others [14]

ave suggested that perioperative RBC transfusion is the
ingle risk factor most reliably associated with increased
ncidence of postoperative morbid events after isolated
ABG. While platelet transfusion status alone in our

tudy appears to identify a group of cardiac surgical
atients at very high risk for morbid events (see Table 2),
esults of this current investigation suggest that platelet
ransfusions are associated with similar or lower postop-
rative morbidity or mortality when RBC and other
onfounding variables are appropriately adjusted (see
able 2 versus Table 4). Our ability to adjust for units of
BC transfused as well as other preoperative, comorbid,
nd operative variables in our propensity-matched pairs
erves as one of the strengths of this study evaluating the
mpact of platelet transfusions on morbidity and mortal-

able 4. Morbid Outcomes for Propensity-Matched Patients
y Platelet Transfusion

utcome

Platelet
Transfusion
(n � 2,774)

No Platelet
Transfusion
(n � 2,774) p Value

omposite outcomea 416 (15.0) 478 (17.2) 0.024
ospital death 57 (2.05) 85 (3.06) 0.017
orbidity:
Cardiac 67 (2.42) 49 (1.77) 0.09
Pulmonary 248 (8.94) 274 (9.88) 0.23
Renal 37 (1.33) 41 (1.48) 0.65
Neurologic 63 (2.27) 89 (3.21) 0.033
Serious infection 115 (4.15) 148 (5.34) 0.037

eturn to OR for bleeding 195 (7.03) 69 (2.49) �0.001

aseline univariate comparisons were made between those who received
platelet transfusion and those who did not with the use of Wilcoxon

ank sum and �2 tests where appropriate.
Includes a composite outcome of adverse events consisted of in-hospital
ortality, cardiac morbidity, pulmonary morbidity, renal morbidity, se-

ious infection, and neurologic morbidity.

R � operating room.
ty in cardiac surgery.
p
A

Five prior retrospective investigations evaluated the
mpact of platelet transfusions on various adverse out-
omes in cardiac surgery. The results of these studies
ielded conflicting results concerning the association
etween platelet transfusions and morbid events.
Vamvakas and Carven [5] examined the association be-

ween volumes of various allogeneic blood transfusion
ABT) products and prolonged postoperative ventilation in
16 low-risk patients undergoing CABG. After risk ad-
ustment, the authors concluded that while the volume of
dministered RBC supernatant correlated with an in-
reased likelihood of prolonged postoperative mechani-
al ventilation, the volume of platelet, plasma (including
FP and cryoprecipitate), or total blood product superna-
ant did not.

Spiess and colleagues [6] published a retrospective
ulticenter examination of platelet transfusions and ad-

erse outcomes in 1,720 CABG patients. These patients

able 5. Multivariable Logistic Regression on Hospital
ortality for Entire Patient Population (n � 32,298)

ariable
Odds Ratio and

95% CI p Value

ransfusion:
Platelets (yes/no) 0.74 (0.58,0.95) 0.017
RBC (units) 1.64 (1.54, 1.75) �0.001
FFP (yes/no) 3.29 (2.16, 5.01) �0.001
Cryo (yes/no) 2.47 (1.79, 3.41) �0.001
emographics:
Age (years) 1.02 (1.01, 1.03) �0.001

aboratory Values:
Hematocrit (%) 1.03 (1.009, 1.05) 0.005

ardiac morbidity:
NYHA functional class: 0.002

1 vs 4 0.85 (0.62, 1.16)
2 vs 4 0.66 (0.51, 0.85)
3 vs 4 0.99 (0.77, 1.28)
Heart failure 1.42 (1.15, 1.76) 0.001
Emergency surgery 1.92 (1.30, 2.81) �0.001
Left main trunk � 70% 1.45 (1.12, 1.87) 0.005
Cardiogenic shock 1.88 (1.11, 3.19) 0.020

omorbidity:
COPD 1.69 (1.31, 2.17) �0.001
Renal disease 1.61 (1.26, 2.07) �0.001
Diabetes 1.36 (1.11, 1.67) 0.003
perative variables:
ITA use 0.78 (0.63, 0.95) 0.016
Cardiopulmonary bypass time

(log transformation)
2.72 (1.84, 4.02) �0.001

Aortic clamp time (log
transformation)

0.51 (0.36, 0.71) �0.001

reoperative valve pathology:
Mitral valve regurgitation 1.31 (1.06, 1.64) 0.014

alancing score 0.30 (0.11, 0.83) 0.020

I � confidence interval; COPD � chronic obstructive pulmonary
isease; CPB � cardiopulmonary bypass time; FFP � fresh frozen

lasma; ITA � internal thoracic artery; NYHA � New York Heart
ssociation; RBC � red blood cells.
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able 6. Baseline Variables for Propensity-Matched Patients Who Did Not Receive a Red Cell Transfusion by Platelet Transfusion

ariables Platelet Transfusion (n � 334) No Platelet Transfusion (n � 334) p Value

emographics:
Age (years) 63.1 (55.3, 71.3) 63.4 (55.8, 70.7) 0.81
Gender (female) 23 (6.89) 25 (7.49) 0.77
BSA (kg/M2) 2.09 (1.95, 2.23) 2.09 (1.98, 2.22) 0.82

ardiac comorbidity:
History of atrial fibrillation 23 (6.89) 22 (6.59) 0.88
Heart failure 79 (23.7) 77 (23.1) 0.86
LVEF (normal vs abnormal) 145 (43.4) 150 (44.9) 0.70
Myocardial infarction 170 (50.9) 159 (47.6) 0.40
Preoperative IABP 5 (1.5) 3 (0.90) 0.48
Emergency surgery 5 (1.5) 6 (1.8) 0.76
Reoperation 92 (27.5) 79 (23.7) 0.25

oronary disease �70%:
Left main 31 (9.28) 37 (11.1) 0.44
Left anterior descending 232 (69.5) 228 (68.3) 0.74
Left circumflex 204 (61.1) 205 (61.4) 0.94
RCA 197 (59.0) 207 (62.0) 0.43
YHA functional class: 0.28
I 46 (13.8) 50 (15.0)
II 181 (54.2) 179 (53.6)
III 44 (13.2) 30 (8.98)
IV 63 (18.9) 75 (22.5)

anadian angina class: 0.35
0 26 (7.78) 18 (5.39)
1 109 (32.6) 132 (39.5)
2 166 (49.7) 156 (46.7)
3 28 (8.38) 23 (6.89)
4 5 (1.5) 5 (1.5)

omorbidity:
Hypertension 223 (66.8) 226 (67.7) 0.81
Diabetes 66 (19.8) 74 (22.2) 0.45
Peripheral vascular disease 95 (28.4) 108 (32.3) 0.27
Smoking 224 (67.1) 222 (66.5) 0.87
COPD 14 (4.19) 14 (4.19) �0.99
Stroke 19 (5.69) 13 (3.89) 0.28
Renal disease 13 (3.89) 11 (3.29) 0.68

reoperative laboratory values:
Hematocrit (%) 42.7 (40.1, 45.0) 42.6 (40.0, 44.9) 0.80
Creatinine (mg/dL) 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) 0.79

reoperative valve pathology:
Aortic valve regurgitation 83 (24.9) 78 (23.4) 0.65
Aortic valve stenosis 54 (16.2) 46 (13.8) 0.39
Mitral valve regurgitation 114 (34.1) 110 (32.9) 0.74
perative Factors:
Procedure

CABG 225 (67.4) 235 (70.4) 0.40
Valve procedure 57 (17.1) 54 (16.2) 0.76
Combined CABG/ Valve 52 (15.6) 45 (13.4) 0.51
Cardiopulmonary bypass time 111 (87.5, 133) 107 (87, 133) 0.67
Aortic clamp time (min) 80.0 (64.5, 99.0) 80.0 (65.0, 98.5) 0.89
LITA or RITA use 170 (50.9) 173 (51.8) 0.82
Surgery before 2003 289 (86.5) 284 (85.0) 0.58

SA � body surface area; CABG � coronary artery bypass grafting; COPD � chronic obstructive pulmonary disease; FFP � fresh frozen

lasma; IABP � intraaortic balloon pump; ITA � internal thoracic artery; LAD � left anterior descending; LVEF � left ventricular ejection

raction; NYHA � New York Heart Association; RBC � red blood cells; RCA � right coronary artery.
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ere part of randomized, double-blinded, placebo-
ontrolled studies in the phase III trial for licensure of
protinin. Among these patients, 284 (14%) of the 1,720
atients received a platelet transfusion, 88% of patients

ransfused with platelets also received RBC transfusions,
nd patients receiving three or more RBC transfusions
lso received more platelet transfusions. Various CABG-
elated adverse events relative to platelet transfusion
ere analyzed with the finding that platelet transfusion
as associated with increased operative time and bleed-

ng, more RBC transfusions, more surgical reoperations
or bleeding, prolonged hospital duration, and an in-
reased likelihood of postoperative infection, stroke, and
eath. Limitations of the authors’ reported findings in-
luded their inability to adjust for confounding relative to
reoperative variables (eg, patients receiving platelet

ransfusions had significantly more prior MIs and worse
ystolic dysfunction), concomitant RBC transfusions, and
protinin administration, which the authors acknowl-
dged by noting platelet transfusion may rather serve as
surrogate marker for more critically ill patients and

ubsequent adverse outcomes.
In 2005, Sreeram and colleagues [7] examined the rate

f infectious complications in 2,657 adult primary CABG
atients who received perioperative non-leukoreduced
BCs, FFP, and platelets. The authors concluded that
hile infectious complications were not increased by
on-leukoreduced platelet or FFP transfusions, non-

eukoreduced RBC transfusions conferred an increased
isk of infectious morbidity.

In 2006, Karkouti and colleagues [8] assessed whether
eukoreduced platelet transfusions were associated with

orbid events (low cardiac output syndrome, MI, stroke,
enal failure, and sepsis) or mortality in their review of
1,459 patients undergoing a range of cardiac surgical
rocedures from 1999 to 2004. Despite measured adverse
vents being higher in the patients who received more
latelet transfusions, there was no evident association
etween leukoreduced platelet transfusions and in-
reased morbidity or mortality after risk adjustment.

Finally, in 2007, Vamvakas [9] reported observational
utcome data on the impact of non-leukoreduced platelet
ransfusions relative to postoperative infections on their
reviously published cohort of 416 low-risk patients under-
oing CABG noted above. In contrast to Spiess and col-

eagues’ study, which suggested non-leukoreduced platelet
ransfusions were associated with an increased likelihood
f postoperative infection, Vamvakas’ findings did not im-
ly a relationship between non-leukoreduced platelet

ransfusions and increased postoperative infections.
Our results suggest that platelet transfusion in cardiac

urgery does not confer increased risk for morbidity or
ortality congruent with four of these prior investiga-

ions [5, 7–9] and in contrast to the results of Spiess and
olleagues [6]. Although our study is similar to previous
nvestigations examining the role of platelet transfusions
nd adverse events in cardiac surgery, there are multiple
ey differences to highlight. First, in contrast to four of
hese prior studies, which limited their cohort to CABG

atients only, our investigation involves the largest di- m
erse cohort undergoing CABG and valve procedures to
ate. Second, a greater number and diverse set of poten-

ial confounders were appropriately adjusted for in our
nalysis. The number of RBC units transfused was not
nly appropriately balanced between the propensity-
atched pairs by platelet transfusion status but also

djusted for in the multivariable modeling.
Potential confounders of FFP and cryoprecipitate

ransfusions demonstrated significant risk for mortality
n our multivariable regression model; these variables
ere eliminated from the propensity matching due to an

nability to match patients on FFP and cryoprecipitate
tatus. Given recent findings suggesting aprotinin use is
ssociated with increased risk of renal dysfunction, MI or
eart failure, stroke or encephalopathy, and long-term
ortality after CABG surgery [15–17], our investigation is

ot confounded by the use of aprotinin compared with
revious platelet transfusion outcomes studies [6, 8]
ecause aprotinin was administered in less than one
ercent of the entire population under investigation.
hird, more morbid outcomes in the setting of platelet

ransfusion status were examined in our investigation.
Lack of an increased serious infection morbidity based

n platelet transfusion status is an intriguing finding in
ur study. Negating the known potential infectious risks
f platelets due to bacterial contamination, platelets play
n integral role not only in hemostasis but also a prom-
nent if not decisive role in wound healing. For example,
pon activation, platelets secrete a myriad of proteins

eg, platelet-derived growth factor, transforming growth
actor-�) that cause a complex interplay of intracellular
nd extracellular events to occur including cellular che-
otaxis, proliferation and differentiation, tissue debris

limination, angiogenesis, and collagen synthesis [18–
1]. All of these cellular events in turn promote adequate
ound healing long after fibrinolysis has occurred. In a

eview highlighting the uses of platelet-rich plasma,
pplication of platelet-rich plasma or platelet releasate to
ral, maxillofacial, plastic, and orthopedic surgery pa-
ients has been demonstrated to enhance significantly
ard- and soft-tissue healing, and potentially even de-
rease postoperative infection rates [22]. Prior studies [23,
4] assessing use of platelet-rich plasma or gel in cardiac
urgery focused not on infectious outcomes but rather on
he impact of reducing bleeding and blood transfusions
ith conflicting results. While we clearly are not able to
emonstrate a direct salutary effect of platelet transfu-
ions in reducing postoperative infection in this nonran-
omized study, platelet transfusions do not appear to

ncrease the overall risk of postoperative infection.
In contrast to RBC transfusions being the single most

mportant risk factor associated with morbidity after
solated CABG [10, 11, 14], results of our study suggest
latelet transfusions in cardiac surgery do not appear to
epresent a risk factor for adverse outcomes although the
ossibility of platelet transfusions serving as a surrogate
arker for more critically ill patients cannot be excluded.
hether platelet transfusions confer equivocal adverse

utcomes versus an actual benefit relative to reducing

orbid outcomes remains indeterminate. It also remains
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nclear whether leukoreduction of platelets versus RBCs
ay also modify the transfusion risks of these respective
BT products: conflicting data in the cardiac surgical
opulation regarding the effects of leukoreduction has
een reported [25–27] and the purported benefits of

eukoreduction decreasing infections, organ dysfunction,
r mortality have yet to be proven clinically [28]. Our
enter instituted universal leukoreduction in 2002.

Due to the ethical concerns of randomizing platelet
ransfusions to cardiac surgical patients at risk for, or
xperiencing, active bleeding, this cohort investigation
erved as the next best approach to examine potential
elationships between platelet transfusion and adverse
linical outcomes in cardiac surgery. However, inherent
o nonrandomized studies, the inability to capture every
ntraoperative and postoperative process-of-care events
nd the potential for unobserved or unknown confound-
rs may have influenced our reported findings. Many
vents and outcomes, however, are captured and ad-
usted for with “surrogate” variables. For example, in-
reasing CPB times may reflect more challenging sur-
ery; massive RBC transfusion may be associated with
roblems with sternal reentry or dissection. Platelet

ransfusion is not typically administered in response to
omplications per se but rather to microvascular bleed-
ng after heparin reversal. Without an ability to random-
ze patients to platelet transfusion, we have attempted to
ontrol for variables known to be associated with adverse
utcomes in the cardiac surgery population. Although
nidentified variables may have changed over the 13-
ear period of this patient population under investiga-
ion, date of surgery was adjusted for in both propensity-

atched pairs and multivariable regression model.
Another limitation intrinsic to all cohort investigations

oncerns that association or correlation does not prove
ausality. Conversely, lack of association between plate-
et transfusions and the outcomes we examined does not
rove platelet transfusions are risk free.
We also did not have sufficient detailed information

egarding preoperative platelet counts, preoperative an-
iplatelet medication administration and specific sources,
ypes, and volume of platelets administered to each
ndividual patient (eg, single versus pooled donors,
trictly leukoreduced, non-leukoreduced, or a combina-
ion thereof). Whether there exists a dose-dependent
henomenon effect of platelet transfusion volume or
onor exposures relative to beneficial versus adverse
utcomes remains unknown.
In general, patients with thrombocytopenia and those

eceiving antiplatelet medications have a “lowered
hreshold” for platelet transfusion in the setting of mi-
rovascular bleeding in the post-CPB period. Platelet
ransfusion is not based on specific measure of platelet
unction testing in our institution. A low platelet count
ith normal function is rarely a problem but rather
n-going microvascular bleeding is the primary reason
or platelet transfusion in our institution. Nevertheless,
ven if platelet transfusions were administered more
ften to patients with thrombocytopenia or thrombocy-

opathies secondary to antiplatelet medications in our
tudy, there was no evident significant increased adverse
utcome with platelet transfusion despite those patients
ransfused with platelets undergoing an increased fre-
uency of surgical reexploration for bleeding.
After risk adjustment, platelet transfusions did not

onfer any additional morbidity or mortality in this large
ardiac surgical cohort. Our results should not be inter-
reted as advocating platelet transfusions in cardiac
urgery; rather, platelet transfusions are not associated
ith morbidity in cardiac surgical patients when trans-

used empirically in the setting of persistent abnormal
icrovascular bleeding after heparin reversal. Whether

here are potential benefits of platelet transfusion re-
ains unknown and requires cautious and systematic

xploration. Moreover, given that platelet transfusions
re expensive and continue to be utilized often empiri-
ally in significant quantities in the cardiac surgical
etting where a number of coagulation disorders can
ontribute to persistent postoperative bleeding, future
tudies should also entail standardizing perioperative
oint-of-care platelet function testing in order to estab-

ish more objective evidence-based platelet transfusion
uidelines in the setting of abnormal microvascular
leeding and to direct more efficient platelet concentrate
tilization in the cardiac surgical population.

ll financial support was obtained within the Department of
ardiothoracic Anesthesia. There was no external source of

unding for this project.
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ppendix

aseline Variables for Unmatched and Propensity-Matched Patients Who Received Platelet Transfusions

ariables
Matched Platelet

Transfusion (n � 2,774)
Not Matched Platelet
Transfusion (n � 825) p Value

emographics:
Age (years) 68.8 (61.1, 75.1) 70.1 (62.2, 75.3) 0.07
Gender (female) 824 (29.7) 226 (27.4) 0.20
BSA (kg/M2) 1.95 (1.79, 2.10) 1.92 (1.78, 2.07) 0.029

ardiac comorbidity:
History of atrial fibrillation 243 (8.76) 82 (9.94) 0.30
Heart failure 983 (35.4) 302 (36.6) 0.54
LV ejection fraction (normal vs abnormal) 1251 (45.1) 330 (43.1) 0.32
Myocardial infarction 1446 (52.8) 434 (52.6) 0.90
Preoperative IABP 97 (3.5) 49 (6.4) �0.001
Emergency surgery 86 (3.1) 55 (6.67) �0.001
Reoperation 970 (35.0) 405 (49.1) �0.001

oronary disease �70%:
Left main 330 (11.9) 109 (13.2) 0.31
Left anterior descending 1964 (67.2) 564 (68.4) 0.53
Left circumflex 1627 (58.7) 468 (56.7) 0.33
RCA 1727 (62.3) 540 (65.5) 0.09
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ppendix Continued

ariables
Matched Platelet

Transfusion (n � 2,774)
Not Matched Platelet
Transfusion (n � 825) p Value

YHA functional class: 0.024
I 370 (13.3) 133 (16.1)
II 1309 (47.2) 347 (42.1)
III 519 (18.7) 151 (18.3)
IV 576 (20.8) 194 (23.5)

anadian angina class: �0.001
0 234 (8.44) 22 (2.67)
1 1,001 (36.1) 400 (48.5)
2 1,142 (41.2) 297 (36.0)
3 337 (12.1) 97 (11.8)
4 576 (20.8) 194 (23.5)

omorbidity:
Hypertension 1,904 (68.6) 436 (67.4) 0.54
Diabetes 672 (24.2) 139 (20.5) 0.039
Peripheral vascular disease 1,061 (38.2) 285 (34.5) 0.054
Smoking 1,651 (59.5) 766 (59.1) 0.85
COPD 220 (7.93) 67 (8.75) 0.46
Stroke 291 (10.5) 86 (10.4) 0.96
Renal disease 236 (8.51) 78 (9.45) 0.40

reoperative laboratory values:
Hematocrit (%) 39.8 (35.4, 43.0) 39.8 (35.8, 43.0) 0.71
Creatinine (mg/dL) 1.1 (0.9, 1.3) 1.2 (1.0, 1.4) �0.001

reoperative valve pathology:
Aortic valve regurgitation 781 (28.2) 238 (28.8) 0.70
Aortic valve stenosis 591 (21.3) 155 (18.8) 0.12
Mitral valve regurgitation 1266 (45.6) 362 (43.9) 0.37
perative Factors:
Procedure

CABG 1593 (57.4) 437 (57) 0.85
Valve procedure 499 (18) 127 (16.6) 0.37
Combined CABG/ Valve 682 (24.6) 202 (26.4) 0.32
Cardiopulmonary bypass time 115 (89, 144.5) 126 (98.3, 161) �0.001
Aortic clamp time (min) 82 (62, 103) 85 (64, 109) 0.003
LITA or RITA use 1254 (45.2) 299 (36.2) �0.001

Surgery before 2003 2514 (90.6) 812 (98.4) �0.001
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