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Objective: In an international, prospective, observational study, we contrasted
adverse vascular outcomes among four countries and then assessed practice pattern
differences that may have contributed to these outcomes.

Methods: A total of 5065 patients undergoing coronary artery bypass graft surgery
were analyzed at 70 international medical centers, and from this pool, 3180 patients
from the 4 highest enrolling countries were selected. Fatal and nonfatal postoper-
ative ischemic complications related to the heart, brain, kidney, and gastrointestinal
tract were assessed by blinded investigators.

Results: In-hospital mortality was 1.5% (9/619) in the United Kingdom, 2.0% (9/444)
in Canada, 2.7% (34/1283) in the United States, and 3.8% (32/834) in Germany (P =
.03). The rates of the composite outcome (morbidity and mortality) were 12% in the
United Kingdom, 16% in Canada, 18% in the United States, and 24% in Germany (P <
.001). After adjustment for difference in case-mix (using the European System for
Cardiac Operative Risk Evaluation) and practice, country was not an independent
predictor for mortality. However, there was an independent effect of country on
composite outcome. The practices that were associated with adverse outcomes were the
intraoperative use of aprotinin, intraoperative transfusion of fresh-frozen plasma or
platelets, lack of use of early postoperative aspirin, and use of postoperative heparin.

Conclusions: Significant between-country differences in perioperative outcome
exist and appear to be related to hematologic practices, including administration of
antifibrinolytics, fresh-frozen plasma, platelets, heparin, and aspirin. Understanding
the mechanisms for these observations and selection of practices associated with
improved outcomes may result in significant patient benefit.

oronary artery bypass graft (CABG) surgery was introduced approximately

50 years ago and is now performed in 1 million patients at a cost exceeding

$20 billion annually. As a technically complex procedure that is performed
in high-risk patients, it has been scrutinized closely, resulting in substantial stan-
dardization of surgical, anesthetic, and postoperative care.'> Consequently, one would
expect that case-mix adjusted cardiovascular mortality and morbidity would be
similar among high-volume centers, despite national differences in health care
systems and reimbursement practices.®® However, there are few, if any, compre-
hensive, international data sets that allow comparison of the effects of country-
specific, system-associated factors, such as length of stay, time from diagnosis to
surgery, and variations in the pharmacologic management of hemostasis on mor-
bidity and mortality, although these factors vary markedly depending on where
CABG surgery is performed.®!?
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Abbreviations and Acronyms
CABG = coronary artery bypass graft
EuroSCORE = European System for Cardiac
Operative Risk Evaluation

The primary aim of this analysis was to determine and
contrast the adverse vascular outcomes that occurred after
CABG surgery among 4 countries; our hypothesis was that
vascular outcomes differed among countries. Our secondary
hypothesis was that practice pattern differences existed and
accounted for between-country differences in outcome. The
target population was patients undergoing elective CABG
surgery (primary or repeat) or combined CABG-valve sur-
gery (replacement or repair) among institutions of 4 coun-
tries, the United States, Canada, the United Kingdom, and
Germany. Patients were randomly sampled by center, and a
comprehensive set of individual perioperative data were col-
lected, to allow definition of practice by center and by country.

Materials and Methods

Enrollment in the Multicenter Study of Perioperative Ischemia
Research Group EPI II Study began in November 1996, and the
in-hospital phase ended in June 2000. A total of 5436 patients
scheduled for CABG surgery were enrolled in 72 medical institu-
tions among 17 countries (4 continents). Details of the EPI II study
have been described.'* Specifically, at each institution, after insti-
tutional review board approval, 100 patients were to be enrolled
prospectively according to a systematic sampling scheme. To be
eligible for enrollment, the patient had to be scheduled to undergo
CABG using cardiopulmonary bypass, had to complete the preop-
erative interview, had to be at least 18 years old, could not be
enrolled in another study or clinical trial, and had to give written
informed consent.

Clinical Care

Clinical decisions were not controlled by the study protocol, and
all patients qualifying for enrollment within the prespecified en-
rollment period were entered. Of the 5436 patients enrolled, 371
were excluded from the analysis for the following reasons: with-
drawal from the study (32 patients), death before surgery (2
patients), cancellation or rescheduling of the surgery (97 patients),
change in procedure (132 patients), incomplete data (97 patients),
or inadvertent enrollment in another study (11 patients).

Study Data
For our comparison, we chose the 4 highest enrolling countries to
obtain the largest and most homogeneous samples of patients
undergoing elective CABG surgery. All surgery in these countries
was performed at university or university-affiliated teaching hospitals.
The distribution of the patients was as follows: United States (29
centers; n = 1283); Germany (9 centers; n = 834); United Kingdom
(7 centers; n = 619); and Canada (8 centers; n = 444).

For each enrolled patient, more than 7500 fields of data were
collected, including demographic, historical, clinical, laboratory,

electrocardiographic, special testing, resource use, and adverse
outcome data. Independent investigators coded all medications
received throughout hospitalization from admission to discharge or
until death. All data fields for each patient were examined centrally
for completeness and accuracy, with all changes documented be-
fore formal in-hospital database closure on October 15, 2001.

Measurement of Outcomes

All outcomes were prespecified by protocol and diagnosed by
independent and blinded investigators. Fatal and nonfatal out-
comes were classified as cardiac (myocardial infarction, heart
failure), cerebral (stroke, encephalopathy), renal (dysfunction, fail-
ure), gastrointestinal (ischemia, infarction), or other adverse event
complications.'* The diagnosis of myocardial infarction required'”
the development of new Q waves (as defined by Minnesota Code
1-1-1 up to 1-2-7), new persistent ST-segment or T-wave changes
(Minnesota Code 9-2, 4-1, 4-2, 5-1, or 5-2) associated with an
elevation of creatine kinase-myocardial band isoenzyme values, or
autopsy evidence of acute myocardial infarction. The diagnosis of
heart failure required the use of a ventricular assist device, the use
of continuous inotropic support for at least 24 hours, or autopsy
verification of heart failure. Cerebral outcomes were classified'® as
clinically diagnosed stroke or encephalopathy, or computed to-
mography, magnetic resonance imaging, or autopsy evidence of a
focal or global lesion. Renal dysfunction was defined'” as a serum
creatinine level of 2.00 mg/dL or greater accompanied by a 0.7
mg/dL or greater increase over baseline; renal failure was defined
as dysfunction requiring dialysis or autopsy verification of renal
failure. Gastrointestinal ischemia'® was defined as abdominal pain
likely associated with bowel ischemia; gastrointestinal infarction
was defined by bowel resection or evidence of intestinal infarction
on autopsy. In addition, we defined a composite outcome consist-
ing of mortality and/or any of the morbidities: myocardial infarc-
tion, congestive heart failure, stroke, encephalopathy, renal dys-
function, renal failure, and gastrointestinal ischemia/infarction.

Statistical Analysis
The prevalence of clinical characteristics and the incidence of
individual adverse events comprising the composite outcome
(death, myocardial infarction, congestive heart failure, stroke, en-
cephalopathy, renal dysfunction, renal failure, or gastrointestinal
ischemia/infarction) among the 4 countries were compared using
the chi-square test. Continuous variables (eg, time to surgery and
length of hospital stay) were compared using nonparametric tests.
The European System for Cardiac Operative Risk Evaluation
(EuroSCORE)'® (one of the most common risk stratification sys-
tems for cardiac surgical patients) and other potential risk factors
for adverse outcomes were investigated first using univariate lo-
gistic regression analysis. All risk factors statistically significant at
P less than .20 in univariate analysis were then entered into a
multivariate logistic regression model. Stepwise logistic regression
was performed, with variables retained that were significant at a
2-tailed nominal P value of less than .05. To investigate the
differences among countries, adjusting for their differences in risk
profile, separate risk models were developed for mortality, mor-
bidity, early morbidity (within 48 hours postsurgery), and late
morbidity (after 48 hours postsurgery). All statistical analyses
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TABLE 1. Baseline demographic and medical characteristics of the 3180 study patients
United Kingdom Canada United States Germany
Characteristic (n = 619) (n = 444) (n = 1283) (n = 834) P value
Demographic and clinical variables
Age (y)
Mean = SD 62 = 9.0 64 = 9.9 64 =99 64 + 9.0
Median 63.9% 66.1 65.2 64.3 <.001
Patients aged > 70 y, n (%) 141 (22.8)* 147 (33.1) 415 (32.4) 262 (31.4) <.001
Weight (kg)
Mean = SD 81.4 + 135 82.0 + 15 849 + 17.7 79.9 + 120
Median 80.1 80.55 83.0 795 <.001
Body mass index > 30 kg/m? n (%) 165 (26.8) 151 (34.0) 569 (44.5)* 179 (21.6) <.001
Female sex, n (%) 104 (16.8) 88(19.8) 239 (18.6) 170 (20.4) .350
African American or American Indian 1(0.2) 11 (2.5)* 183 (14.3)* 0(0.0) <.001
or Hispanic ethnic group, n (%)
Medical history
Diabetes, n (%) 104 (16.8)* 138 (31.2) 478 (37.3) 228 (27.4) <.001
History of smoking,t n (%) 494 (80.1)* 310 (69.8) 922 (72.1) 594 (71.3) <.001
Current smoking, n (%) 49 (7.9) 51(11.5) 201 (15.7)* 89 (10.7) <.001
Unstable angina, n (%) 265 (43.9) 259 (60.5)* 787 (68.1)* 364 (49.8) <.001
MI, n (%) 357 (58.0) 270 (60.8) 625 (49.2)* 428 (51.9) <.001
CHF, n (%) 270 (43.7) 71 (16.0)* 348 (27.4) 286 (34.7) <.001
PTCA, n (%) 44 (7.1)* 91 (20.5) 263 (20.6) 147 (17.7) <.001
CABG, n (%) 23 (3.7) 31(7.0) 122 (9.5)* 34(4.1) <.001
Preoperative diagnostic test results
Ejection fraction < 44%, n (%) 107 (20.5) 77 (19.9) 304 (27.6)* 123 (15.9) <.001
Coronary disease location
Left main, n (%) 162 (26.6)* 166 (37.8) 555 (44.5) 300 (36.3) <.001
Left anterior descending, n (%) 593 (96.3) 426 (96.2) 1229 (97.3) 800 (96.0) .362
Circumflex, n (%) 559 (90.9) 386 (87.1) 1130 (90.3) 757 (90.8) 151
Right, n (%) 570 (92.5) 398 (90.5) 1158 (92.1) 756 (90.8) 446
Medications at admission, n (%)
ACE inhibitors 161 (26.0)* 162 (36.5) 494 (38.5) 448 (53.7) <.001
Beta-blockers 412 (66.6) 337 (75.9)* 793 (61.8) 550 (65.9) <.001
Calcium channel blockers 352 (56.9)* 186 (41.9)* 326 (25.4) 205 (24.6) <.001
Platelet inhibitors 211 (34.1)* 296 (66.7) 892 (69.5) 278 (33.3)* <.001

ACE, Angiotensin-converting enzyme; CABG, coronary artery bypass graft; CHF, congestive heart failure; MI, myocardial infarction; PTCA, percutaneous
transluminal coronary angiography; SD, standard deviation. *Country with statistically different prevalence (P < .01 with Bonferroni adjustment) in
characteristic, by pairwise comparisons. ¥Smoking is regular smoking of cigarettes, cigars, or pipe.

were performed with SAS Version 8.12 software (SAS Institute,
Cary, NC).

The Ischemia Research and Education Foundation provided all
funding for execution of the study, collection of the data, and
analysis and publication of the findings.

Results

Patients typically had chronic and acute manifestations of
vascular disease (Table 1). U.S. patients had the highest
prevalence of body mass index greater than 30 kg/m?,
diabetes, unstable angina, prior CABG, left main coronary
artery disease, ejection fraction less than 44%, and non-
caucasian ethnicity. U.K. patients had a higher prevalence
of heart failure and acute smoking cessation but were the
youngest and least likely to have diabetes, unstable angina,

left main coronary artery disease, and previous coronary
intervention. Angiotensin-converting enzyme inhibitors
were used most commonly in Germany and the United
States, calcium channel blockers were used most commonly
in the United Kingdom and Canada, and antiplatelet medi-
cations were used most commonly in the United States and
Canada. On the basis of the EuroSCORE, the United King-
dom had the highest proportion of patients in the low-risk
group, whereas the United States cohort had the highest
proportion in the high-risk group (Figure 1). The differences
among countries in the overall distribution of the Euro-
SCORE were significant (P < .001). In addition, the process
of care factors (Table 2) varied considerably among
countries.
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Figure 1. Comparison of EuroSCORE among 4 study countries. The
distribution of the EuroSCORE (in low, medium, and high-risk
groups) among 4 countries: United Kingdom, Canada, United
States, and Germany. Data given in percentages. EuroSCORE,
European System for Cardiac Operative Risk Evaluation.

Between-country Differences in Outcome

For mortality, unadjusted rates differed among countries
(Table 3), but these differences did not survive multivariate
logistic regression. For morbidity, we found significant dif-
ferences among countries in cardiac, cerebral, and renal
morbidity—but not gastrointestinal morbidity—as well as
in overall composite outcome (Table 4). Multivariate logis-
tic regression further demonstrated that the between-country
differences in individual organ morbidities and composite
morbidity remained significant.

Multivariate Analysis of Composite Outcome (Within
and After 48 Hours After Surgery)

None of the individual admission/preoperative risk factors
explained the inter-country differences in the risk of the
composite outcome. Among intraoperative factors, admin-
istration of platelets (odds ratio = 1.6, 95% confidence
interval: 1.0-2.3, P = .03) and fresh-frozen plasma (odds
ratio = 1.5, confidence interval: 1.0-2.2, P = .03) were
independently associated with the risk of the composite
outcome, but neither of these eliminated the independent
effect of country on composite outcome (Table 4). None of
the process of care factors (Table 2) were independently
associated with the composite outcome.

Early Outcomes (Within 48 Hours)

There were 338 patients with adverse events within 48
hours after surgery. After adjustment for significant con-
founders (admission, preoperative, and intraoperative fac-

tors, including the EuroSCORE), country no longer had an
independent effect on the risk of the composite outcome
within 48 hours. Reversible risk factors for early composite
outcome were the use of aprotinin and transfusion of fresh-
frozen plasma (Table 5, Figure 2).

Aprotinin use was most prevalent in Germany (69%),
compared with 23% in the United Kingdom, 20% in the
United States, and only 6% in Canada. The risk of the
composite outcome (within 48 hours of surgery) was 13.5%
in those treated with aprotinin versus 9.3% (P < .001) for
those who did not receive aprotinin. The administration of
fresh-frozen plasma during surgery was most prevalent in
Germany (11%), followed by the United States (8%), the
United Kingdom (2%), and Canada (1%). Use of fresh-
frozen plasma was associated with more than a doubling of
the risk of the composite outcome in this period (24.9% vs
9.6%, P < .001). None of the process of care factors was
independently associated with the early composite outcome.
Platelets were used during surgery most frequently in the
United States (12%), followed by Germany (4%), the
United Kingdom (1.5%), and Canada (0.75%), but the ad-
ministration of platelets during surgery was not associated
with the risk of early adverse outcomes.

Late Outcomes (After 48 Hours)

Patients with early composite outcomes were excluded in
analyses of the factors associated with the risk of late compos-
ite outcome. Early postoperative use (within 48 hours) of
aspirin was associated with a reduced risk of late outcomes,
whereas use of intravenous heparin increased the risk (Table
6). The use of aspirin was most prevalent in Canada (83%),
followed by the United Kingdom (70%), the United States (67%),
and Germany (42%) (Figure 3). The administration of heparin
was most prevalent in Germany (75%), followed by Canada
(40%), the United Kingdom (17%), and the United States (15%).

Resource Use

Time on the waiting list for surgery differed significantly
among countries, with the United Kingdom showing the
longest time on the wait list (207 days), followed by Canada
(37 days), Germany (21 days), and the United States (6
days) (Table 2). These findings were consistent across
EuroSCORE risk groups. For all countries, higher risk
groups (vs lower risk groups) were associated with shorter
wait time. However, time on the wait list did not account for
EuroSCORE differences.

There were significant inter-country differences in all
intraoperative and postoperative time-related factors (Table 2).
The United Kingdom had the shortest median bypass and
crossclamp times (71 minutes and 38 minutes, respec-
tively) in contrast with the United States (104 minutes
and 69 minutes, respectively) and Germany (98 minutes
and 58 minutes, respectively). After correction for the
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TABLE 2. Resource use and timelines

United Kingdom Canada United States Germany
Resource use (n = 619) (n = 444) (n = 1283) (n = 834) P value
Timelines (median)

Time on wait list (d) overall 206.5 37.0 6.0 21.0 <.001
EuroSCORE 0-3 (low risk) 221 37 7 23 <.001
EuroSCORE 4-7 (medium risk) 196 46 6 19 <.001
EuroSCORE = 8 (high risk) 74 36 3 18 <.001

Time preoperatively (h) 225 23.9 25.8 95.6 <.001

Time of anesthesia (min) 219.0 226.0 314.0 293.0 <.001

Time in OR (min) 170.0 170.0 246.0 213.0 <.001

Time on CPB (min) 71.0 725 104.0 98.0 <.001

Time of crossclamp (min) 38.0 44.0 69.0 58.0 <.001

Time ICU stay (h) 21.3 26.5 325 39.8 <.001

Time ICU discharge to hospital discharge (d) 5.0 40 4.0 8.0 <.001

Intraoperative blood products transfusion

Transfusion of platelets in OR, n (%) 9 (1.5)* 3(0.7)* 151 (11.8) 33(4.0) <.001

Number of units, mean (SD); median 1.1 (0.6); 1 6.3(1.5);6 6.9 (5.9); 6 46(2.4);5

Transfusion of RBC in OR, n (%) 119 (19.2) 71 (16.0) 515 (40.2)* 397 (47.6)* <.001

No. of units, mean (SD); median 1.6 (0.8); 1 1.8(1.3);2 25(1.7); 2 2.8(2.3); 2

Transfusion fresh-frozen plasma in OR, n (%) 15 (2.4)* 6(1.4)* 108 (8.4) 88 (10.6) <.001

No. of units, mean (SD); median 1.9(0.3); 2 3.0(1.1);3 3.3(3.0);2 3.3(1.6);3

Blood loss within 24 h postsurgery (mL), mean (SD); median 765 (598); 630 697 (524); 600* 782 (621); 640 823 (677); 680  <.001
Aprotinin used in OR, n (%) 143 (23.1) 25 (5.7)* 250 (19.5) 578 (69.3)1 <.001
Return to OR, n (%) 30 (4.9) 23(5.2) 69 (5.4) 68 (8.2) .021
Medication within 48 h postsurgery, n (%)
Aspirin 435 (70.3) 369 (83.1) 863 (67.3) 346 (41.5)* <.001
Heparin 106 (17.1) 179 (40.3) 198 (15.4) 622 (74.6)* <.001

CPB, Cardiopulmonary bypass; /CU, intensive care unit; EuroSCORE, European System for Cardiac Operative Risk Evaluation; OR, operating room; RBC, red
blood cell; SD, standard deviation. All data are given as median. Time preoperatively (h) denotes hours from admission to hospital to operating room
admission. *Country with statistically different prevalence (P < .01 with Bonferroni adjustment) in characteristic, by pairwise comparisons. TCountry with
statistically different prevalence in characteristic (* vs T are also statistically different).

number of bypass grafts, these times remained longer in
the United States and Germany than in the United King-
dom or Canada.

Discussion
We compared serious adverse vascular outcomes among 4
countries and attempted to associate the practice patterns of
each of those countries with those outcomes. Among the
United States, German, United Kingdom, and Canadian
centers, we found significant differences in outcomes and
processes of care, most notably approaches to hemostasis.
Practices that were associated with adverse outcomes in-
cluded the intraoperative use of aprotinin and transfusion of
fresh-frozen plasma or platelets, and the use of heparin or
lack of administration of aspirin during the early postoper-
ative period. Understanding the mechanisms for these ob-
servations and the selection of practices associated with
improved outcomes may result in significant patient benefit.
Transfusion practices for red blood cells and blood prod-
ucts have been reported to vary widely between institutions
and countries,*** ranging from 0% to 97% for fresh-frozen

plasma. Prophylactic plasma administration has not been
shown to reduce red cell transfusion,>>2° and recent studies
have reported an independent risk of stroke and death after
platelet or plasma transfusions.?>** The association be-
tween blood product transfusion, aprotinin use, or aspirin
administration and adverse outcome in our study suggests
that the complex interaction of factors affecting blood
coagulation and hemostasis may play an important role in
clinical outcome.

We found that the use of aprotinin and fresh-frozen
plasma was more prevalent among German centers, despite
relatively little difference in blood loss compared with the
other 3 countries studied. It is possible that frozen plasma
administration, in combination with aprotinin, may have
conferred additional risk. Although the large majority of
randomized studies comparing aprotinin with placebo or
other antifibrinolytic agents have not suggested additional
risk with aprotinin, 6 recent investigations reported that the
use of aprotinin is associated with increased adverse out-
comes.?'*® Therefore, our findings raise questions regard-
ing the optimal hematologic management of patients who
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TABLE 3. Between-country differences in outcome

United Kingdom Canada United States Germany

Outcome variable, n (%) (n = 619) (n = 444) (n = 1283) (n = 834) P value
In-hospital mortality (overall) 9(1.5)F 9(2.0) 34 (2.7) 32(3.8) .034

EuroSCORE 0-3 (low risk) 2/363 (0.6) 0/219 3/547 (0.6) 4/400 (1.0) 539

EuroSCORE 4-7 (medium risk) 3/232 (1.3) 5/182 (2.8) 11/514 (2.1) 12/332 (3.6) 328

EuroSCORE = 8 (high risk) 4/24 (16.7) 4/43 (9.3) 20/222 (9.0) 16/102 (15.7) .245
Nonfatal morbidity 68 (11.0)% 60 (13.5) 196 (15.3) 167 (20.0) <.001
Morbidity and/or mortality* 77 (12.4)% 69 (15.5) 231 (18.0) 199 (23.9) <.001
Postoperative cardiac morbidity

M 42 (6.8) 14 (3.2)t 86 (6.7) 93(11.2) <.001

CHF 21 (3.4)1 43 (9.7) 96 (7.5) 88 (10.6) <.001
Postoperative cerebral morbidity

Encephalopathy 1(0.2)t 5(1.1) 16 (1.2) 24 (2.9) <.001

Stroke 11(1.8) 10 (2.3) 25 (2.0) 17 (2.0) .956
Postoperative renal morbidity

Renal failure 4(0.6) 4(0.9) 21 (1.6) 39 (4.7)t <.001

Renal dysfunction 12 (1.9)t 10 (2.3)t 49 (3.8) 36 (4.3) .034
Postoperative gastrointestinal morbidity

Gl ischemia/infarction 4(0.6) 0(0.0) 3(0.2) 4(0.5) .257

CHF, Congestive heart failure; EuroSCORE, European System for Cardiac Operative Risk Evaluation; G/, gastrointestinal; M/, myocardial infarction.
*Composite outcome. TCountry with statistically different incidence (P < .01 with Bonferroni adjustment) in outcome, by pairwise comparisons.
iStatistically different incidence (P < .01 with Bonferroni adjustment) in outcome only comparing United Kingdom and Germany. After adjustment for
confounders, country no longer had an independent effect on the risk of the composite outcome within 48 hours.

undergo CABG in general and the coincident use of apro-
tinin with frozen plasma, platelets, or other prothrombotic
agents.

Geographic variability has been reported to exist for cost,
length of stay, volume, and access to and adverse events
after CABG surgery,>~"=% although no previous studies

have prospectively evaluated the processes of care and
outcomes in the range of countries examined in this inves-
tigation. Peterson and colleagues® found that the hospital at
which CABG surgery was performed was the strongest
predictor of prolonged stay, although there was also limited
correlation between mortality and other outcomes.

TABLE 4. Multivariate analysis for composite outcome: Admission, preoperative, and intraoperative risk factors

Incidence of composite outcome in subgroup Adjusted OR

Variable No./total (%) (95% Cl) Pvalue
By country
Germany vs United Kingdom 199/834 (23.9) 1.92(1.42-2.60) <.001
United States vs United Kingdom 231/1283 (18.0) 1.09 (0.81-1.46) .585
Canada vs United Kingdom 69/444 (15.5) 1.21(0.84-1.74) .306
United Kingdom (reference group) 77/619 (12.4) 1.00
By patient
EuroSCORE risk group
Low risk (0-3) 193/1529 (12.6) 1.55(1.34-1.79)  <.001
Medium risk (4-7) 241/1260 (19.1)
High risk (=8) 142/391 (36.3)
Warfarin/Coumadin use within 1 wk before revascularization 60/198 (30.3) 1.73 (1.23-2.43) .002
Heart failure at admission 175/633 (27.7) 1.60 (1.28-2.01)  <.001
Renal disease history 145/511 (28.4) 1.30 (1.00-1.69) .047
Creatinine > 1.3 mg/dL on admission 131/454 (28.9) 1.54 (1.17-2.02) .002
By practice
Transfusion of fresh-frozen plasma, intraoperative 79/217 (36.4) 1.52 (1.03-2.25) 034
Transfusion of platelets, intraoperative 66/196 (33.7) 1.56 (1.03-2.37) .035

Cl, Confidence interval; OR, odds ratio; EuroSCORE, European System for Cardiac Operative Risk Evaluation. (Country included as categoric variable, United

Kingdom = reference group.)
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TABLE 5. Multivariate analysis for composite outcome within 48 hours postsurgery: Admission, preoperative, and

intraoperative risk factors

Incidence of early composite outcome in subgroup,

Variable No./total (%) OR (95% CI) P value
By patient
EuroSCORE risk group
Low risk (0-3) 114/1529 (7.5) 1.566 (1.32-1.84) <.001
Medium risk (4-7) 132/1260 (10.5)
High risk (=8) 92/391 (23.5)
Prior hospitalization for CHF 58/254 (22.8) 1.72 (1.22-2.42) .002
Creatinine > 1.3 mg/dL on admission 81/454 (17.8) 1.53 (1.15-2.05) .004
By practice
Preoperative ACE inhibitors 173/1210 (14.3) 1.38 (1.09-1.76) .008
Preoperative hypoglycemics 95/628 (15.1) 1.37 (1.04-1.79) .023
Aprotinin use intraoperatively 135/996 (13.6) 1.36 (1.07-1.73) 013
Transfusion of fresh-frozen plasma intraoperatively 54/217 (24.9) 2.03 (1.43-2.90) <.001

ACE, Angiotensin-converting enzyme; CHF, congestive heart failure; C/, confidence interval, OR, odds ratio; EuroSCORE, European System for Cardiac

Operative Risk Evaluation.

The waiting list time may impact outcome in that a
country with a longer list time (eg, the United Kingdom)
may effectively exclude sicker patients. On the other hand,
longer wait times also have been shown to result in clinical
deterioration, which could then predispose to worse out-
comes in those patients waiting longer.*® However, we
found no substantial differences among the countries
regarding acute or chronic disease severity at the time of
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surgery, suggesting that if wait time did play a role, its
effects may have been mitigated.

This study has some limitations. The patient selection
procedures may not be representative of the countries stud-
ied, although the average volume of cardiac cases in centers
that participated in EPI-II exceeded 1200 patients per year.
We chose the EuroSCORE for risk adjustment because it is
an established index using data from European patients.
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Figure 2. Factors explaining country differences in early composite outcome within 48 hours postsurgery.
Incidence of composite outcome within 48 hours postsurgery by use of aprotinin (A and B) and fresh-frozen plasma
transfusion (C and D). Use of risk factors within each study country: United Kingdom, Canada, United States, and
Germany. Data given in percentages. FFP, Fresh-frozen plasma; OR, operating room.
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TABLE 6. Multivariate analysis for composite outcome 48 hours postsurgery: Admission, preoperative, intraoperative, and

postoperative (within 48 hours) risk factors

Incidence of late composite outcome in subgroup,

Variable No./total (%) OR (95% ClI) P value
By patient
EuroSCORE risk group
Low risk (0-3) 79/1415 (5.6) 1.54 (1.25-1.88) <.001
Medium risk (4-7) 109/1128 (9.7)
High risk (=8) 50/299 (16.7)
Heart failure on admission 69/527 (13.1) 1.60 (1.16-2.21) .004
By practice
Aspirin use within 48 h postsurgery 114/1853 (6.2) 0.56 (0.42-0.73) <.001
Heparin use within 48 h postsurgery 102/975 (10.5) 1.51 (1.14-2.00) .004
Transfusion of fresh-frozen plasma intraoperatively 71/467 (16.4) 1.95 (1.42-2.67) <.001

or within 24 h postsurgery

Cl, Confidence interval; OR, odds ratio; EuroSCORE, European System for Cardiac Operative Risk Evaluation.

Although some studies have suggested that the EuroSCORE
can accurately predict short and long-term outcomes in
North American patients, it is possible that it is less accurate
in our non-European cohort. There may have been changes
in the frequency of CABG surgery or the use of alternative
techniques since completion of study enrollment, but the
lack of major changes in the management of patients un-
dergoing CABG with cardiopulmonary bypass makes our
data current and applicable to this population. Finally, despite
prospective data collection, it is possible that unmeasured
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confounders may exist that could have affected either the risk
adjustment or the strength of the outcome associations.

Conclusions

We found significant between-country differences in ad-
verse vascular outcomes, as well as processes of care, in
patients who underwent CABG surgery. In particular, the
use of blood products, antifibrinolytics, and antithrombotic
agents differed significantly and appeared to be significantly
associated with the differences in outcome. Clearly, causal-
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Figure 3. Factors explaining country differences in late composite outcome 48 hours postsurgery. Incidence of
composite outcome 48 hours postsurgery by early use (within 48 hours postsurgery) of aspirin (A and B) and heparin
(C and D). Use of risk factors within each study country: United Kingdom, Canada, United States, and Germany. Data

given in percentages.
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ity cannot be invoked; however, among those countries that
more commonly used early aspirin therapy and avoided
blood product transfusion and use of aprotinin, outcomes
were improved. Therefore, we surmise that hematologic
practice plays a critical role in determining the frequency of
adverse outcomes after CABG surgery.

Our appreciation to Brenda Xavier, business manager for the

Multicenter Study of Perioperative Ischemia Research Group, and
Diane Beatty, administrative assistant at The Ischemia Research
and Education Foundation, for their efforts in bringing this article
through the various editorial stages.
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Appendix

The Ischemia Research and Education Foundation is an indepen-
dent nonprofit foundation, formed in 1987, that develops clinical
investigators through observational studies and clinical trials ad-
dressing ischemic injury of the heart, brain, kidney, and gastroin-
testinal tract. The Ischemia Research and Education Foundation
provided all funding for execution of the study, collection of the
data, and analysis and publication of the findings. The Multicenter
Study of Perioperative Ischemia Research Group, formed in 1988,
is an association of 160 international medical centers located in 23
countries, organized through, and supported by grants from the
Ischemia Research and Education Foundation.

The following institutions and persons coordinated the Mul-
ticenter Study of Perioperative Ischemia EPI-II study. Study
Chairman—D. Mangano; Senior Editor—J. Levin, L. Saidman;
Study Design and Analysis Center: Ischemia Research and Edu-
cation Foundation—P. Barash, C. Dietzel, A. Herskowitz, Y.
Miao, I. C. Tudor; Editorial/Administrative Group—D. Beatty, 1.
Lei, B. Xavier.

The following institutions and persons participated in the Mul-
ticenter Study of Perioperative Ischemia EPI-II Study. Centers and
investigators: United States—University of Chicago, Weiss Me-
morial Hospital—S. Aronson; Beth Israel Hospital—M. Comunale;
Massachusetts General—M. D’ Ambra; University of Rochester—M.
Eaton; Baystate Medical Center—R. Engelman; Baylor College
of Medicine—J. Fitch; Duke Medical Center—K. Grichnik;
UTHSCSA-Audie Murphy VA, UTHSCSA-University Hospital—
C. B. Hantler; St Luke’s Roosevelt Hospital—Z. Hillel; New York
University Medical Center—M. Kanchuger, J. Ostrowski; Stan-
ford University Medical Center—C. M. Mangano; Yale University
School of Medicine—IJ. Mathew, M. Fontes, P. Barash; University
of Wisconsin—M. McSweeney, R. Wolman; University of Arkan-

sas for Medical Sciences—C. A. Napolitano; Discovery Alliance,
Inc.—L. A. Nesbitt; VA Medical Center, Milwaukee—N. Nijha-
wan; Texas Heart Institute, Mercy Medical Center—N. Nussmeier;
University of Texas Medical School, Houston—E. G. Pivalizza; Uni-
versity of Arizona—S. Polson; Emory University Hospital—J. Ram-
say; Kaiser Foundation Hospital—G. Roach; Thomas Jefferson Univer-
sity Hospital, MCP Hahnemann University Hospital—N. Schwann;
VAMC Houston—S. Shenaq; Maimonides Medical Center—K.
Shevde; Mt Sinai Medical Center—L. Shore-Lesserson, D. Bron-
heim; University of Michigan—J. Wahr; University of Washington—
B. Spiess; VA Medical Center, SF—A. Wallace; Austria—University
of Graz—H. Metzler; Canada—University of British Columbia—D.
Ansley, J. P. O’Connor; The Toronto Hospital—D. Cheng; Laval
Hospital, Quebec—D. Cote; Health Sciences Centre-University of
Manitoba—P. Duke; University of Ottawa Heart Institute—J. Y.
Dupuis, M. Hynes; University of Alberta Hospital—B. Finegan;
Montreal Heart Institute—R. Martineau, P. Couture; St Michael’s
Hospital, University of Toronto—D. Mazer; Colombia—Fundacion
Clinico Shaio—]J. C. Villalba, M. E. Colmenares; France—CHRU Le
Bocage—C. Girard; Hospital Pasteur—C. Isetta; Germany—
Universitit Wurzburg—C. A. Greim, N. Roewer; Universitit Bonn—
A. Hoeft; University of Halle—R. Loeb, J. Radke; Westfalische
Wilhelms-UniversitdtMunster—T.Mollhotf; UniversititHeidelberg—
J. Motsch, E. Martin; Ludwig-Maximillians Universitit—E. Ott;
Ludwig-Maximillians Universitit—P. Ueberfuhr (Department of
Cardiac Surgery); Universitit Krankenhaus Eppendorf—IJ. Scholz, P.
Tonner; Georg-August Universitit Gottingen—H. Sonntag; Hungary—
Orszagos Kardiologiai Intezet—A. Szekely; India—Escorts Heart
Institute—R. Juneja; Apollo Hospital—G. Mani; Israel—Hadassah
University Hospital—B. Drenger, Y. Gozal, E. Elami; Italy—San Raf-
facle Hospital, Universita de Milano—C. Tommasino; Mexico—
Instituto Nacional de Cardiologia—P. Luna; The Netherlands—
University Hospital Maastricht—P. Roekaerts, S. DeLange; Poland—
Institute of Cardiology—R. Pfitzner; Romania—Institute of
Cardiology—D. Filipescu; Thailand—Siriraj Hospital—U. Pra-
kanrattana; United Kingdom—Glenfield Hospital—D. J. R.
Duthie; St. Thomas® Hospital—R.O. Feneck; The Cardiothoracic
Centre, Liverpool—M. A. Fox; South Cleveland Hospital—J. D.
Park; Southhampton General Hospital—D. Smith; Manchester Royal
Infirmary—A. Vohra; Papworth Hospital—R. D. Latimer, A. Vuyl-
steke.
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