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Background: The Cardiac Anesthesia Risk Evaluation (CARE)
score, a simple Canadian classification for predicting outcome
after cardiac surgery, was evaluated in 556 consecutive patients
in Paris, France. The authors compared its performance to
those of two multifactorial risk indexes (European System for
Cardiac Operative Risk Evaluation [EuroSCORE] and Tu score)
and tested its variability between groups of physicians (anes-
thesiologists, surgeons, and cardiologists).

Methods: Each patient was simultaneously assessed using the
three scores by an attending anesthesiologist in the immediate
preoperative period. In a blinded study, the CARE score cate-
gory was also determined by a cardiologist the day before sur-
gery, by a surgeon in the operating room, and by a second
anesthesiologist at arrival in intensive care unit. Calibration
and discrimination for predicting outcomes were assessed by
goodness-of-fit test and area under the receiver operating char-
acteristic curve, respectively. The level of agreement of the
CARE scoring between the three physicians was then assessed.

Results: The calibration analysis revealed no significant dif-
ference between expected and observed outcomes for the three
classifications. The areas under the receiver operating charac-
teristic curves for mortality were 0.77 with the CARE score, 0.78
with the EuroSCORE, and 0.73 with the Tu score (not signifi-
cant). The agreement rate of the CARE scoring between two
anesthesiologists, between anesthesiologists and surgeons, and
between anesthesiologists and cardiologists were 90%, 83%,
and 77%, respectively.

Conclusions: Despite its simplicity, the CARE score predicts
mortality and major morbidity as well the EuroSCORE. In addi-
tion, it remains devoid of significant variability when used by
groups of physicians of different specialties.

NUMEROUS multifactorial risk indexes have been con-
structed to predict outcome after cardiac surgery.'™'°
Despite their usefulness, their relative complexity may
explain why few physicians use these scores in clinical
practice. Recently, Dupuis et al'' have described the
Cardiac Anesthesia Risk Evaluation (CARE) score, a sim-
ple intuitive risk ranking system which is similar to the
American Society of Anesthesiologists (ASA) physical
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status classification. These authors'' reported reliable
performances of this score in predicting mortality and
major morbidity with a discrimination and a calibration
comparable with those obtained by three popular mul-
tifactorial risk indexes.!>> However, because these in-
teresting findings result only from a single institution,
more evaluations are required to confirm the apparently
good predictive accuracy of this new classification. In
addition, the predictive performance of this simple strat-
ification was not compared with the most recent multi-
factorial risk index, the European System for Cardiac
Operative Risk Evaluation (EuroSCORE).° Therefore, the
main objectives of the current study were (1) to deter-
mine the predictive performance of the CARE score for
predicting mortality and major postoperative morbidity
in cardiac surgical adult patients from a center other
than where it was initially developed; (2) to compare its
predictive performance with those of two multifactorial
risk indexes (the EuroSCORE’ and the Tu score’); and
(3) to evaluate variability of CARE scoring among cardiac
anesthesiologists, surgeons, and cardiologists.

Materials and Methods

This prospective study was conducted at the Institute
of Cardiology in the Pitié-Salpétricre Hospital, Paris,
France, from January 2002 to May 2002, and was ap-
proved by our local institutional medical ethics commit-
tee. Because data were collected while care of patients
conformed to standard procedures currently used in our
institute, authorization was granted to waive informed
consent for the study. During a 16-week period, all adult
patients undergoing cardiac surgical procedures with or
without cardiopulmonary bypass at our institute were
enrolled. We excluded patients scheduled to undergo
cardiac transplantation, implantation of ventricular assis-
tance devices, and peripheral vascular surgery. Patients
with congenital heart disease were not included in this
study.

Scoring of Patients

In the immediate preoperative period, the CARE score
risk category of each patient was determined by an
attending anesthesiologist (the definitions of each cate-
gory are summarized in table 1). Simultaneously, the Tu
score and the EuroSCORE were calculated by the same
attending anesthesiologist (the components of these two
multifactorial risk indexes are summarized in table 2).
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Table 1. Definitions of the Cardiac Anesthesia Risk Evaluation
Score

1. Patient with stable cardiac disease and no other medical
problem. A noncomplex surgery is undertaken.

2. Patient with stable cardiac disease and one or more controlled
medical problems. A honcomplex surgery is undertaken.

3. Patient with any uncontrolled medical problem* or patient in
whom a complex surgeryt is undertaken.

4. Patient with any uncontrolled medical problem and in whom a
complex surgery is undertaken.

5. Patient with chronic or advanced cardiac disease for whom
cardiac surgery is undertaken as a last hope to save or
improve life.

E. Emergency: surgery as soon as diagnosis is made and
operating room is available.

From Dupuis et al."’

* Examples: unstable angina treated with intravenous heparin or nitroglycerin,
preoperative intraaortic balloon pump, heart failure with pulmonary or periph-
eral edema, uncontrolled hypertension, renal insufficiency, debilitating sys-
temic diseases. T Examples: reoperation, combined valve and coronary
artery surgery, multiple valve surgery, left ventricular aneurysmectomy, repair
of ventricular septal defect after myocardial infarction, coronary artery bypass
of diffuse or heavily calcified vessels.

Because the CARE score is similar to the ASA physical
status scale, a model familiar to surgeons, a CARE score
category was also determined by the surgeon in the
operating room. All CARE score stratifications were only
performed by senior physicians. The day before the
surgery, an attending cardiologist also determined the
CARE score category. The intraoperative care was left to
the discretion of both the surgeon and the anesthesiol-

Table 2. Items of the Tu Score and the EuroSCORE

Tu Score EuroSCORE
Age Age
65-74 yr 2 Per 5-yr increment above 60 yr 1
=75 yr 3
Emergency within 24 h 4 Emergency within 24 h 2
Urgent 1
LV dysfunction LV dysfunction
EF 35-50% 1 EF 30-50% 1
EF 20-34% 2 EF < 30% 3
EF < 20% 3
Surgical characteristics Surgical characteristics
Single valve 2 Other than CABG 2
Complex 3 Thoracic aortic surgery 3
Post-MI VSD repair 4
Reoperation 2 Reoperation 3
Female sex 1 Female sex
Chronic pulmonary disease 1
Systolic PAP > 60 mmHg 2
Peripheral vascular disease 2
Severe neurologic dysfunction 2
Serum creatinine > 200 um 2
Active endocarditis 3
Any critical preoperative state 3
Unstable angina on intravenous 2
nitroglycerin
Recent MI < 90 days 2

CABG = coronary artery bypass graft; EF = ejection fraction; EuroSCORE =
European System for Cardiac Operative Risk Evaluation; LV = left ventricular;
MI = myocardial infarction; PAP = pulmonary arterial pressure; VSD =
ventricular septal defect.
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Table 3. Definitions of Major Postoperative Morbidity

Cardiovascular: low cardiac output, hypotension, or both treated
with intraaortic balloon pump, with two or more intravenous
inotropes or vasopressors for more than 24 h, or with both;
malignant arrhythmia (asystole and ventricular tachycardia or
fibrillation) requiring cardiopulmonary resuscitation,
antiarrhythmia therapy, or automatic cardiodefibrillator
implantation

Respiratory: mechanical ventilation for more than 48 h,
tracheostomy, reintubation

Neurologic: focal brain injury with permanent functional deficit,
irreversible encephalopathy

Renal: acute renal failure requiring dialysis

Infectious: septic shock with positive blood cultures, deep sternal
or leg wound infection requiring intravenous antibiotics, surgical
debridement, or both

Other: any surgery or invasive procedure necessary to treat a
postoperative adverse event associated with the initial cardiac

surgery

From Dupuis et al.’"

ogist. At the arrival in the cardiac intensive care unit, a
new CARE score category was given by a second anes-
thesiologist in charge of the patient. After each assess-
ment of the CARE score by a physician, the value was
enclosed in an envelope. Consequently, each physician
was unaware of the result previously assessed. The re-
sults of the scoring by the different physicians were only
analyzed when the patient left the hospital or died. We
evaluated the variability of the CARE score between two
anesthesiologists, between anesthesiologists and sur-
geons in the immediate preoperative period, and be-
tween anesthesiologists and cardiologists in the preop-
erative period. To eliminate small differences of the
CARE score assessment with the fewest clinical implica-
tions, we evaluated the variability of the score between
different specialist groups with the score divided into
only four categories: a low-risk group (CARE 1), an in-
termediate-risk group (CARE 2 and 3), a high-risk group
(CARE 4), and a very-high-risk group (CARE 5).

Outcomes

The two main outcomes of our study were the in-
hospital mortality and major postoperative morbidity.
In-bospital mortality was defined as a death occurring
during the hospital stay. Major morbidity was defined
using criteria previously reported by Dupuis et al''
(table 3).

Statistical Analysis

The performance of the CARE score for predicting
in-hospital mortality and major morbidity in our popula-
tion was assessed by determining the calibration and
discrimination of the score. The calibration was assessed
using the Pearson chi-square goodness-offit test,'?
which compared the predicted outcomes (in-hospital
mortality and severe morbidity) with those observed in
the population studied. Expected outcome values for
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Table 4. Characteristics of Patients (n = 556)

Age, No. (%)

< 65 yr 241 (43)
65-74 yr 171 (31)
=75yr 144 (26)
BMI, mean = SD, kg/m? 26.0 = 4.3
Female sex, No. (%) 145 (26)
Reoperation, No. (%) 62 (11)
Congestive heart failure, NYHA class 3 or 4, No. (%) 215 (39)
Cerebrovascular disease, No. (%) 52 (9)
Peripheral vascular disease, No. (%) 88 (16)
Systemic hypertension, No. (%) 280 (50)
Pulmonary hypertension, No. (%) 50 (9)
Unstable angina, No. (%) 39 (7)
COPD on medications, No. (%) 37 (7)
Diabetes mellitus, No. (%) 175 (25)
Plasma creatinine > 125 um, No. (%) 106 (19)
Left main stern stenosis = 50%, No. (%) 61 (11)
Left ventricular ejection fraction, No. (%)
= 50% 401 (72)
30-49% 95 (17)
< 30% 16 (3)
Unknown 44 (8)
Operative priority, No. (%)
Elective 493 (89)
Immediate surgery 17 (3)
Emergency (within 24 h) 46 (8)
Surgical procedures, No. (%)
CABG 240 (43)
Single valve 168 (30)
Combined valve and coronary artery surgery 57 (10)
Multiple valve surgery 34 (6)
Ascending aortic surgery 24 (5)
Acute aortic dissection 6 (1)
Others 27 (5)
Previous MI, No. (%)
Never 430 (77)
> 6 weeks ago 78 (14)
Within 6 weeks 48 (9)

Data are expressed as mean * SD or number (percentage of patients).

BMI = body mass index; COPD = chronic obstructive pulmonary disease;
CABG = coronary artery bypass graft; Ml = myocardial infarction; NYHA =
New York Heart Association.

three classifications were calculated from the reference
group of the studies of Nashef et al.® and Dupuis et al.'’
Because the EuroSCORE was defined only as a multifac-
torial risk index for predicting mortality, the calibration
of this score was only assessed using this outcome. The
discrimination of the three classifications was assessed
by building the receiver operating characteristic (ROC)
curve.'® The ROC curves were obtained using the whole
range of scores of each classification. The areas under
the ROC curves and their 95% confidence intervals (CIs)
were calculated and compared by using a nonparametric
test from a method previously described by Hanley et
al.'* The ROC curve obtained with the CARE score
rating by the attending anesthesiologists was used as the
reference for comparisons with all the other curves.
The interrater variability of the CARE scoring was as-
sessed by calculating the agreement rate between
groups of physicians. In addition, the k measure of agree-
ment between the scoring by the attending anesthesiol-
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Table 5. Pearson Chi-square Goodness-of-fit Test for
Predicting Mortality and Major Morbidity with the CARE Score

Mortality* Major Morbidityt
CARE score
Risk Category No. Observed Expected Observed Expected
1 54 0 0.3 3 2.9
2 194 4 21 27 20.0
3 226 11 5.0 59 42.8
3E 3 0 0.1 1 1.0
4 59 10 5.2 30 28.8
4E 5 0 0.8 5 3.3
5 7 2 2.3 6 6.4
5E 8 5 3.7 7 71

Expected values were calculated from the reference group of Dupuis et al.®
x> =15.1; P = 0.057. 1 x® = 9.5; P = 0.302.
CARE = Cardiac Anesthesia Risk Evaluation; E = emergency.

ogist and the other groups of physicians (e.g., surgeons
and cardiologists) was calculated. Data are expressed as
mean * SD or percentages and their 95% CIs. All P
values are two-tailed, and a P value of less than 0.05 was
considered significant.

Results

During a 16-week period, 556 consecutive patients
were included prospectively in our study. The charac-
teristics of these patients are presented in table 4. The
overall in-hospital mortality and major morbidity rates
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Fig. 1. Receiver operating characteristic (ROC) curves of the
three scores for predicting in-hospital mortality (n = 556). The
area under the ROC curve was 0.78 (95% CI, 0.71-0.85) for
the European System for Cardiac Operative Risk Evaluation
(EuroSCORE), 0.77 (95% CI, 0.69—-0.85) for the Cardiac Anesthe-
sia Risk Evaluation (CARE) score, and 0.73 (95% CI, 0.63—0.83)
for the Tu score. NS = not significant.
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Fig. 2. Receiver operating characteristic (ROC) curves of the
three scores for predicting major postoperative morbidity (n =
556). The area under the ROC curve was 0.73 (95% CI, 0.69—
0.77) for the European System for Cardiac Operative Risk Eval-
uation (EuroSCORE), 0.71 (95% CI, 0.65—0.77) for the Cardiac
Anesthesia Risk Evaluation (CARE) score, and 0.69 (95% CI,
0.63—0.75) for the Tu score. NS = not significant.

were 5.8% (95% CI, 3.9-7.7%) and 24.5% (95% CI, 20.9 -
28.1%), respectively.

Predictive Performances of the CARE Score

The calibration analysis for mortality and severe mor-
bidity in our population is summarized in table 5. No
significant difference was found between expected and
observed outcomes. The areas under the ROC curves
with the CARE score for predicting mortality (fig. 1) and
major morbidity (fig. 2) were 0.77 (95% CI, 0.69-0.85)
and 0.71 (95% CI, 0.65-0.77).

Table 6. Pearson Chi-square Goodness-of-fit Test for
Predicting of Mortality and Major Morbidity with the Tu Score

Mortality* Major Morbidityt
Tu Score Risk
Category No. Observed Expected Observed Expected

0 55 1 0.2 4 3.6

1 42 0 0.3 7 3.6

2 79 3 0.8 15 9.1

3 83 3 1.3 15 12.5

4 74 2 1.8 11 14.5

5 72 3 2.7 21 17.9

6 70 6 4.0 22 21.8

7 47 5 41 20 18.0

=8 34 9 4.3 22 15.6

Expected values were calculated from the reference group of Dupuis et al."’
*X? =16.6; P = 0.055. 1 = 11.7; P = 0.231.
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Table 7. Pearson Chi-square Goodness-of-fit Test for
Predicting Mortality with the EuroSCORE

Mortality*
EuroSCORE Risk
Category No. Observed Expected
0-2 (low risk) 130 0 1.0
3-5 (medium risk) 201 6 6.0
> 6 (high risk) 216 26 24.0

Expected values were calculated from the reference group of Nashef et al.®
2 = 1.2;0.758.
EuroSCORE = European System for Cardiac Operative Risk Evaluation.

Comparison of Predictive Performances of the
CARE Score with Two Multifactorial Risk Indexes
(EuroSCORE and Tu Score)

In the population studied, the calibration analysis
showed no significant difference between the expected
and observed outcomes for both multifactorial risk in-
dexes (tables 6 and 7). The area under the ROC curve for
mortality (fig. 1) was 0.78 (95% CI, 0.71-0.85) for the
EuroSCORE, 0.77 (95% CI, 0.69-0.85) for the CARE
score, and 0.73 (95% CI, 0.63-0.83) for the Tu score (not
significant [NS]). Similarly, the areas under the ROC
curves for morbidity were also comparable among the
three classifications (fig. 2). For all classifications, the
discrimination was significantly lower for major morbid-
ity than for mortality.

Variability of the CARE Score among

Anesthesiologists, Surgeons, and Cardiologists

All patients (n = 556) were scored at arrival in the
cardiac intensive care unit by a second anesthesiologist
who was unaware of the CARE score category given in
the preoperative period. The level of agreement of the
CARE score between two different anesthesiologists was
90% (95% CI, 87.5-92.5%), and the k value was 0.739
(SE = 0.033; P < 0.0001). The goodness-of-fit test when
the patient was scored by a second anesthesiologist
showed a significant difference between expected and
observed rates of mortality (chi-square = 20.4; P =
0.009) and but not for morbidity (chi-square = 13.3; P =
0.102). The CARE score, determined by the second an-
esthesiologist at the arrival of patient in the intensive
care unit, had an area under the ROC curve of 0.78 (95%
CI, 0.70-0.86) for mortality and 0.72 (95% CI, 0.66-
0.78) for morbidity. These values were not significantly
different from those obtained by the anesthesiologist in
the preoperative period.

The preoperative determination of the CARE score
category by surgeons was available in 463 patients. The
level of agreement of the CARE score between anesthe-
siologists and surgeons in preoperative period was 83%
(95% CI, 79.7-86.4%), and the k value was 0.613 (SE =
0.038; P < 0.0001). The goodness-of-fit test when the
patient was stratified by surgeons showed no difference
between expected and observed rates of mortality (chi-
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square = 10.7; P = 0.219) and morbidity (chi-square =
3.2; P = 0.921). The CARE score determined by sur-
geons had areas under the ROC curves of 0.86 (95% CI,
0.78-0.94) for predicting mortality and 0.75 (95% CI,
0.69 - 0.81) for predicting major morbidity. A total of 463
patients were scored both by the surgeon and the at-
tending anesthesiologist. In these patients, the areas un-
der the ROC curves were not significantly different for
predicting mortality (0.86 [95% CI, 0.78-0.94] vs. 0.84 [95%
CI, 0.76-0.92]; NS) or predicting major morbidity (0.75 [95%
CI, 0.69-0.81] vs. 0.73 [95% CI, 0.66-0.79]; NS).

A total of 367 patients were also scored by a cardiol-
ogist using the CARE score. The overall rate of agree-
ment was 77% (95% CI, 72.7-81.3%), and the k value
was 0.453 (SE = 0.049; P < 0.0001). The goodness-of-fit
test when the patient was scored by a cardiologist
showed a significant difference between expected and
observed rate of mortality (chi-square = 23.3; P = 0.003)
but not for morbidity (chi-square = 13.7; P = 0.09). The
CARE score determined by the cardiologist had areas
under the ROC curves of 0.77 (95% CI, 0.63-0.91) for
predicting mortality and 0.70 (95% CI, 0.64-0.76) for
predicting major morbidity. A total of 367 patients were
scored both by the cardiologist and the attending anes-
thesiologist. In these patients, the areas under the ROC
curves were not significantly different for predicting
mortality (0.77 [95% CI, 0.63-0.91] vs. 0.79 [95% CI,
0.69-0.89]; NS) or predicting major morbidity (0.70
[95% CI, 0.64-0.76] vs. 0.69 [95% CI, 0.63-0.75]; NS).

Discussion

The main findings of the current study are that (1) the
CARE score, a simple scoring system recently initially
described in a group of Canadian patients, is equally
applicable in a cardiac surgical population from another
center; (2) its performance is similar to those obtained
with two popular multifactorial risk indexes, including
the EuroSCORE; and (3) the stratification by the CARE
score is devoid of significant variability when used by
different group of physicians, including surgeons and
cardiologists.

Up to the current time, the risk-adjusted prediction of
outcome after cardiac surgery has been preferentially
assessed by multifactorial risk indexes.'”'*'> These
scores are obtained from multiple regression logistic
analysis, which allows for identification of risk factors of
morbidity, mortality, or both. Because these scores are
not easily calculated at the bedside, few clinicians use
them routinely. Recently, Canadian authors have re-
ported reliable performance of the CARE score for pre-
dicting duration of stay in the hospital, morbidity, and
mortality after cardiac surgery.'' In contrast to multifac-
torial risk indexes, the CARE score is an intuitive risk
ranking similar to the ASA physical status classification.
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The score system was constructed on both clinical judg-
ment and three classic risk factors, comorbidity, surgical
complexity, and operative priority. Although simple, the
CARE score has a predictive performance similar to three
popular multifactorial risk indexes. Because the CARE
score has only been evaluated in a single institute, fur-
ther investigations were required to confirm the reliabil-
ity of this new simple classification at other centers.
Therefore, we assessed both the calibration and the
discrimination of the CARE score at our institute. We
confirmed that CARE score remains a reliable outcome
predictor in a cardiac surgical population from a center
other than where it was initially developed. We found no
significant difference between expected and observed
outcomes when the CARE score was evaluated preoper-
atively by an anesthesiologist. In our population, the
CARE score provided an acceptable discrimination for
predicting mortality and major postoperative morbidity.
It is worth noting, as recently reported by Heijmans et
al. ,16 that an area under the ROC curve between 0.7 and
0.9 means that the classification has acceptable discrim-
ination. In addition, the performance of the scores ob-
tained in our population is consistent with those re-
ported by Canadian authors. As previously reported by
Dupuis et al.,'" we found that the CARE score was better
for predicting mortality than for predicting morbidity.
To our knowledge, the current study is the first study to
validate the predictive performance of the CARE score in
a cardiac surgical population with different preoperative
characteristics.

In the population studied, the overall mortality rate
was higher than that observed by Dupuis et al'' Two
principal reasons could explain this divergence. First,
our study included a larger proportion of patients with
advanced age: 26% of our patients were aged 75 yr or
older, whereas Dupuis et al'' included only 16.5% of
this age group. Several studies'’™'® reported that elderly
patients undergoing cardiac surgery have a higher in-
hospital mortality rate. However, the overall mortality
rate found in the current study is consistent with those
reported in previous European studies.”?® Second, 22%
of the patients studied (only 14.5% reported by Dupuis et
al'") underwent complex or combined surgical proce-
dures, which are universally known to be a important risk
factor of mortality in cardiac surgery.">® On other hand,
the overall morbidity rate obtained in the current study was
comparable with that observed by Dupuis et al.'!

The EuroSCORE has been reported by numerous au-
thors?' 2% as a robust multifactorial index. Initially de-
scribed in European population,” this score has been
more recently validated in North American patients.?®
To date, no previous study has compared the predictive
performances of this score with those of the CARE score.
In our population, both scores had an acceptable cali-
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bration. In addition, the area under the ROC curve for
predicting mortality and morbidity were comparable be-
tween these two scores. It should be noted that the
performances of these two scores were always better
than that obtained from the Tu score. These findings are
consistent with those previously reported by several
authors. 2!

Despite its relative subjectivity, a good concordance
was found between CARE scoring by different groups of
physicians. The level of agreement of the CARE score
between anesthesiologists was 90%, with a k value of
0.739. These results are consistent with those previously
reported by Dupuis et al.'' We also evaluated the con-
cordance of the CARE score between anesthesiologists
and surgeons. The agreement rate of the CARE scoring
was 83%, with a k value of 0.613. The lowest agreement
rate (77%) was obtained between anesthesiologists and
cardiologists. However, the k value of 0.453 (SE = 0.049;
P < 0.0001) suggested that this variability is not significant.

The following points must to be considered in the
assessment of the clinical relevance of our study. First,
we included only 556 patients, and consequently, few
patients with high risk were enrolled. However, the aim
of our study was only to evaluate the predictive perfor-
mances of a score that has been previously validated in
a Canadian population. Second, we evaluated the perfor-
mances of the EuroSCORE for predicting in-hospital mor-
tality. Nevertheless, the EuroSCORE was initially de-
scribed for predicting 30-day mortality. Third, we
evaluated the variability between physicians by arbi-
trarily choosing the immediate preoperative scoring by
the anesthesiologist as the reference point. Fourth, we
did not evaluate the performances of the CARE score for
predicting the duration of stay in hospital as previously
reported by Dupuis et al.'' However, these authors have
already emphasized the modest performance of this
score for predicting this outcome. Fifth, we did not
assess the variability associated with the use of the
multifactorial risk index. However, it has been previ-
ously shown that the use of risk scoring systems may
be associated with errors in data entering and
computing.?®

In conclusion, our study confirms that the CARE score
remains a simple but efficient tool for predicting mortal-
ity and major morbidity after cardiac surgery at a center
other than that where it was initially developed. Its
predictive performance is similar to multifactorial risk
indexes, including the EuroSCORE. In addition, the
CARE score remains devoid of significant variability
when used by different groups of physicians, including
surgeons and cardiologists.
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