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Purpose: Several prognostic scores for cardiac surgery based on preoperative variables are
available. We propose a new one based on pre- and intraoperative and first postoperative day
variables for cardiac surgery patients admitted to a surgical intensive care unit.

Materials and Methods: Classical cohort of data consecutively collected from June 2000 to
March 2003 (1,458 patients). Forty-six risk variables were identified. The statistical study com-
prised univariate analysis followed by logistic regression with receiver operating characteristics
(ROC) curve.

Results: After logistic regression, the selected variables and respective odds ratios were: age >65
and <75 years (2.05); age >75 years (4.79); left atrial diameter >45 mm (2.58); preoperative
creatinine >2 mg/dL (4.84); and cardiopulmonary bypass time >180 min (4.93%2). The first
postoperative day variables were as follows: the worst PaO:/FiO: <100 (9.47); epinephrine or
norepinephrine dose >0.1 pg/kg/min (6.78); and mechanical ventilation time >12 h (2.24). The
area under the ROC curve was 0.84.

Conclusion: The score shows the strength of first postoperative day variables, probably related
to intraoperative conditions. It also evidences the importance of left atrial diameter as a new

A First Postoperative Day Predictive Score of Mortality

marker of preoperative risk. (Ann Thorac Cardiovasc Surg 2007; 13: 159-164)
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Introduction

Most prognostic scores available in the literature'™ are
based on preoperative variables and were validated in the
populations which were studied. Evidence exists that iso-
lated or combined tissue perfusion alterations may inter-
fere with the blood levels of some mediators (cytokines,
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free oxygen radicals) and may be related to greater post-
operative morbidity.>® Therefore, intraoperative and im-
mediate postoperative variables may interfere with the
occurrence of organic dysfunction, thus impairing surgi-
cal prognosis.

The oldest and most largely used risk score in inten-
sive care is the Acute Physiology and Chronic Health
Evaluation (APACHE),'” whichwas revised in 1985 and
named APACHE IL.'Y One study,'® analyzing prognostic
difficulties in cardiac surgery (CS), assessed the impact
of the combination of the preoperative variables of the
Parsonnet score," intraoperative variables [cardiopulmo-
nary bypass (CPB) time and cross-clamping time], and
postoperative variables (APACHE II and APACHE III)!®
on CS to predict mortality and surgical intensive care unit
length of stay. That study reported a real mortality of 2.7%
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in surgical intensive care unit (SICU) and an in-hospital
mortality of 3.8%. The mortality predicted through the
APACHE 1II was 5.31%, yielding a standardized mortal-
ity rate of 0.71 for the SICU. This could indicate the good
quality of the care provided at the intensive care unit or a
failure of the APACHE II to predict mortality related to
CS. Applying a logistic regression to that cohort to ana-
lyze CPB time, need for inotropic agents, mean blood
pressure, urea levels, and the Glasgow coma scale, the
resulting model reached the greatest area under the re-
ceiver operating characteristics (ROC) curve (0.87), which
was 0.82 in the Parsonnet model and 0.84 in the APACHE
IT model. The study by Whiteley et al.'* adds up new
physiological variables of the immediate postoperative
period to the preoperative score of Higgins,” creating a
model with an area under the ROC curve of 0.87 to pre-
dict mortality and of 0.82 to predict morbidity. Those find-
ings stress the use of intra- and postoperative variables to
predict outcome. Therefore, we created a score to predict
in-hospital mortality in CS on the first postoperative day
(FPOD) by using pre-, intraoperative, and FPOD vari-
ables.

Materials and Methods

This cohort comprised data from all 1,458 patients con-
secutively admitted and stored in databases at the SICUs
of the following two hospitals: Hospital Pr6-Cardiaco
and Instituto Nacional de Cardiologia Laranjeiras, from
June 2000 to March 2003. The following preoperative
variables were assessed: age, sex, previous acute myo-
cardial infarction (Q-wave infarction within the preced-
ing 3 months), severe left ventricular dysfunction (left
ventricular ejection fraction lower than or equal to 30%),
left atrial diameter (LAD), diabetes, creatinine, body mass
index (BMI), emergency surgery (surgery necessity in the
first 24 h of hospitalization), previous CS, previous atrial
fibrillation (intermittent or sustained), unstable angina,
pulmonary hypertension (systolic pulmonary pressure
higher than 60 mmHg), peripheral vascular disease (any
arterial lesion higher than or equal to 60% on Doppler
echography, intermittent claudication or aortic aneurysm)
and active endocarditis. The intraoperative variables as-
sessed were as follows: CPB time, intraoperative fluid
imbalance index, intraoperative blood component use,
alveoloarterial oxygen tension gradient, and arterial bi-
carbonate at the end of the procedure. The FPOD vari-
ables were as follows: PaO2/FiO: ratio, dobutamine and
norepinephrine dose, mechanical ventilation (MV) time,
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platelet count, and creatinine. Those variables were as-
sessed in regard to their impact on death at any time of
hospitalization and previously defined as in the follow-
ing prognostic scores: ACC/AHA,* EuroSCORE,? Cleve-
land,® multiple organ dysfunction score (MODS),'> and
sepsis-related organ failure assessment (SOFA).!® All nu-
merical variables were transformed into categorical as in
most prognostic scores available in the literature.

The written informed consent was not required by the
institutional review board, because the study was a data-
base analysis and the author signed a term of commit-
ment regarding the confidentiality of the patients’ identi-
ties.

The statistical analysis was performed with the
Statistica 6.0 software. A significance level of 95% and
power of 80% were adopted.

The statistical treatment comprised the chi-square test
and multiple logistic regression (LR). The first analysis
used only preoperative variables and selected those with
a greater impact on in-hospital mortality. In the second
analysis, intraoperative variables were added up and an-
other LR was performed, selecting again the variables
with the greatest impact on in-hospital mortality. Finally,
the postoperative variables were added up to the result of
the last regression, and a new LR was carried out. The
variables were selected through forward and backward
stepwise, by using the likelihood ratio. The specificity
and sensitivity of the model were measured by use of the
ROC curve.

Results

After univariate analysis, the variables were selected to
undergo multivariate analysis. This model selected eight
preoperative variables with their respective significance
levels and odds ratio (OR) (Table 1). Then, the intraop-
erative variables were added up to the eight significant
preoperative variables selected (Table 1). These variables
underwent a new LR that selected ten independent and
significant variables with impact on the outcome (Table
2). Finally, the first postoperative day variables were added
up to those ten significant and independent variables.
These variables were submitted to a new LR that selected
eight independent variables. After analyzing the OR, the
death distribution and the prevalence of the variables se-
lected in successive LRs, the score was created (Table 3).

The score showed good sensitivity and specificity with
an area under the ROC curve of 0.84 (Fig. 1). This find-
ing emphasizes the importance of the inclusion of post-
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Table 1. Result of the logistic regression with preoperative variables

Variable Beta P value OR Confidence interval
Age >65 and <75 years 0.6999 0.0153 2.0136 1.437-3.542
Age 275 1.5356 0.0000 4.6441 2.6897-8.4070
LAD >45 mm 09514 0.0003 2.5893 1.5467-4.33346
Creatinine >2 mg/dL 1.8740 0.0000 6.5144 2.6897-15.7775
BMI <20 0.5052 0.0507 1.6573 0.9985-2.7508
Emergency CS 0.9271 0.0057 2.5271 1.3095-4.8769
PVD 0.7101 0.0056 2.0342 1.2303-3.3632
Active endocarditis 1.2895 0.0229 3.6310 1.1959-11.0240

LAD, left atrial diameter; BMI, body mass index; CS, cardiac surgery; PVD, peripheral
vascular disease; OR, odds ratio.

Table 2. Result of the logistic regression with pre- and intraoperative variables

Variables Beta P value OR Confidence interval
Age >65 and <75 years 0.6717 0.0186 1.9576 1.1187-3.4258
Age 275 1.5483 0.0000 4.7036 2.5869-8.5522
LAD >45 mm 0.8628 0.0011 2.3698 1.4142-3.9709
Creatinine >2 mg/dL 1.8643 0.0000 6.4515 2.6897-5.7775
Emergency CS 0.8076 0.0194 2.2426 1.1392-4.4146
PVD 0.6178 0.0169 1.8549 1.1175-3.0789
Active endocarditis 1.1831 0.0463 3.2646 1.0196-10.4528
CPB time 2120 <180 min 0.5647 0.0391 1.7588 1.0286-9.71837
CPB time >180 min 1.2764 0.0127 4.9326 1.9970-12.137
Alveoloarterial oxygen 0.6907 0.0087  1.19951 1.1912-3.3417

tension gradient >250

LAD, left atrial diameter; CS, cardiac surgery; PVD, peripheral vascular disease; CPB, car-
diopulmonary bypass; OR, odds ratio.

Table 3. Prediction of in-hospital death on the FPOD

Variable Beta P value OR Confidence interval Points
Age >65 and <75 years 0.7198 0.0132 2.0541 1.1621-3.6307 +1
Age 275 years 1.5678 0.0000 4.7960 2.6024-8.8387 +2
LAD >45 mm 0.9511 0.0004 2.5885 1.5331-4.3706 +1
Creatinine >2 mg/dL 1.5778 0.0011 4.8443 1.8792-12.4878 +2
CPB time 2180 min 1.5959 0.0005 4.9326 1.9970-12.1837 +2
Pa0-/FiO: <100 2.2489 0.0001 9.4775 3.1818-28.2309 +3
Epinephrine or norepinephrine o7 5000 67848 3.9916-11.5326 +3
20.1 pg/kg/min
MYV time >12 h 0.8066 0.0019 2.2402 1.3479-3.7233 +1

FPOD, first postoperative day; LAD, left atrial diameter; CPB, cardiopulmonary bypass; MV, mechani-

cal ventilation; OR, odds ratio.

operative variables in the prognostic assessment of CS.
After analyzing the mortality distribution by use of

cross-tabulation, our score was divided into the follow-

ing prediction ranges of in-hospital death risk:

 Low risk: score from O to 2, with a predicted mortality

of 3.5%;

* Medium risk: score from 3 to 5, with a predicted mor-
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tality of 7.5%;

* High risk: score =6, with a predicted mortality >15%.
With the aim of the sensitivity and specificity of other

prognostic models of in-hospital death in our cohort, we

built ROC curves using the postoperative Cleveland score

(Fig. 2) and the SOFA score of the FPOD (Fig. 3).
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Fig. 1. Receiver operating characteristics (ROC) curve of
our score with an area under the curve of 0.84.

Discussion

Improvement in the quality of care provided to patients
seems to be the major objective of risk stratification, jus-
tifying the existence of several assessment systems.!>17)

The medicine, angioplasty, or surgery study II,' which
compared coronary artery bypass grafting, percutaneous
transluminal coronary angioplasty and clinical treatment
in Brazil, reported an in-hospital mortality of 2.5% at the
Instituto do Coragdo in Sdo Paulo, which is high when
compared to that predicted by international risk scores
(Euroscore and American Heart <1%). When adjusted to
our risk patterns (our score=2), a mortality of up to 3.5%
could be expected. These data emphasize the need for
creating a score that may reflect the reality of a develop-
ing country.

In the literature, there are some references to LAD
measurement on echocardiography as a risk marker in
CS. Ogendo!” studied the 30-day mortality in 563 pa-
tients undergoing open heart surgery at the Kenyatta
National Hospital. Only cross-clamping time longer than
60 min and LAD >5 cm were independent risk markers
after LR. Vural®® analyzed the results of ventriculectomy
and mitral valve replacement aiming to treat idiopathic
dilated cardiomyopathy. The independent predictors of
mortality were as follows: end-diastolic pressure >25
mmHg, LAD >55 mm, systolic pulmonary artery pres-
sure >40 mmHg, congestive hepatomegaly, and New York
Heart Association class IV. Reed et al.?V studied 176 pa-
tients undergoing mitral valve replacement due to insuf-
ficiency and selected clinical, laboratory, echocardio-
graphic and hemodynamic variables to predict cardiovas-
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Fig. 2. Receiver operating characteristics
(ROC) curve of the postoperative Cleveland
score (area under the curve of 0.769).
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Fig. 3. Receiver operating characteristics (ROC) curve of the
sepsis-related organ failure assessment (SOFA) score of the first
postoperative day (area under the curve of 0.74).

cular death. The following variables were significant: pre-
operative bubbling rales, LAD, and the left ventricle short-
ening rate on echocardiography (P<0.0001).

The LAD impact on in-hospital mortality found in our
score may reflect high levels of atrial natriuretic peptide
in patients with previous diastolic dysfunction. In those
with valvular insufficiency, it seems to be a better marker
in the absence of systolic dysfunction. Although it has
been neither largely used nor prospectively validated, it
seems to be very promising to continue studying LAD.

After LR, our score showed significance for CPB time
>180 min (P=0.0127), as reported by Turner et al.'?

The FPOD variables were the initial focus of our study.

Ann Thorac Cardiovasc Surg Vol. 13, No. 3 (2007)



Although it is clear that adverse postoperative evolution
is related to preoperative risk factors and intraoperative
and postoperative clinical/surgical management, this in-
teraction needs to be quantified.

Kuhn et al.?? studied the APACHE II of the FPOD of
patients undergoing CS, except for transplantation, and
reported the following: mortality increased almost 50%
for an APACHE II of 28; a high risk of systemic inflam-
matory response with an APACHE II of 24; patients with
an APACHE II <19 had shorter mechanical ventilation
and CPB times, were younger, and their New York Heart
Association classification was lower. The simplest SOFA
and MODS scores, which use few variables of simple
definition, measure organic dysfunction and may be used
in intensive care unit admission and evolution. Vincent et
al.?® believes that the scores of organic dysfunction are
better for follow-up assessment. When the FPOD SOFA
score was applied to our cohort, the area under the ROC
curve was 0.783 (Fig. 2), lower than that obtained with
our score (0.84), but greater than that obtained with the
postoperative Cleveland score (0.769) (Fig. 3). Those find-
ings are similar to those of Turner et al.*¥ and Whiteley et
al.,'¥ who created a prediction model with variables of
the APACHE I1.

The PaO: to FiO: ratio is widely used to measure pul-
monary dysfunction in several prognostic models, such
as SOFA, MODS, simplified acute physiology score 11,
logistic organ dysfunction system,?® being, therefore, al-
ready validated. The use of amines as a risk marker in a
prognostic model for CS was reported by Edward et al.?
The use of amine level as a cardiovascular dysfunction
marker has been spread by Vincent et al.>» with the SOFA
score aiming at facilitating cardiovascular dysfunction
measurement. Gongalves et al.?” studied the possibility
of deleterious effects with the use of NE in critically-ill
surgical patients and observed that a high MODS score
was an independent marker of the use of NE for death,
and that the group using NE had a higher MODS score
even without considering cardiovascular dysfunction
(P<0.001). After multivariate analysis, the MODS
(P<0.0001) and APACHE III (P<0.01) scores were inde-
pendent markers of mortality. Mechanical ventilation time
was also studied by Leal-Noval et al.,”® who showed the
impact of early extubation on the reduction of in-hospital
pneumonia. Some studies?®*” showed the impact of MV
time on the postoperative period of CS and the increase
in infection and lethality.

Ann Thorac Cardiovasc Surg Vol. 13, No. 3 (2007)
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Limitations

The major limitation of our study was the lack of pro-
spective validation of the model; however, we believe in
its predictive power because we do not have another risk
score validated within our milieu, and our score has a
greater area under the ROC curve (0.84) than that of the
postoperative Cleveland score (0.769).

Conclusions

Advanced age and renal dysfunction are independent risk
markers in CS. The prognostic model presented showed
the importance of LAD >45 mm as an independent marker
of in-hospital death in CS patients. Prolonged CPB time
(=180 min) proved to be a marker of worse prognosis
among us. The FPOD variables, such as the worst PO/
FiO2 <100, epinephrine or norepinephrine 0.1 pg/kg/
min, and MV time >12 h, have a great impact on mortal-
ity.

The model created, although not prospectively vali-
dated, has easily-defined and widely-used variables in CS
and intensive care, and may be easily used.
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