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Abstract
Study Objective: To examine the effect of statins on morbidity and mortality in patients after isolated
coronary artery bypass grafting (CABG).
Design: Observational cohort study.
Setting: Tertiary-care teaching hospital.
Measurements: Data from 2497 adult patients who underwent isolated CABG between January 2002
and June 2004 were studied. Patient characteristics and intraoperative variables were prospectively
collected. End points were major morbid events and in-hospital mortality. A propensity score was
estimated for each patient using logistic regression on the probability of statin use. Patients were also
classified into 5 quintile groups according to their propensity score. Outcome variables were
compared for propensity-matched pairs and quintile groups between those who received and did not
receive statin therapy.
Main Results: Propensity matching resulted in a similar distribution of variables among the 654
matched pairs. Similar perioperative mortality was found between matched pairs with statin therapy vs
no statin therapy, 5 (0.76%) and 8 (1.2%), (P = 0.40), respectively. Cardiac, neurologic, renal and
respiratory morbidity, occurrence of atrial fibrillation, and length of hospital stay were similar between
the matched pairs and among quintiles of propensity scores.
Conclusions: Preoperative statin intake did not reduce the frequency of major perioperative morbid
events after isolated CABG.
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Table 1 Preoperative patient characteristics for unmatched
groups

Variable Statin use
(n = 1,835)

No statin use
(n = 662)

P value

Demographics
Age (y) a 64.6 ± 10.6 65.8 ± 10.7 0.01
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1. Introduction

Statins are a group of drugs that inhibit 3-hydroxy 3-
methyl glutaryl coenzyme A reductase, which is the rate-
limiting enzyme involved in the synthesis of cholesterol
[1,2]. The multiple benefits of statin therapy independent of
reductions in plasma low-density lipoprotein cholesterol
levels are referred to as pleiotropic effects [1-4]. In a large
investigation of statin therapy vs placebo, The Heart
Protection Study Collaborative Group reported a reduction
in the rates of ischemic stroke and coronary events for
patients receiving statin therapy, even for patients without
hypercholesterolemia [5]. Other investigations have shown
reductions in adverse outcomes in patients receiving statin
therapy and undergoing noncardiac [6-8] and cardiac surgery
[9-11]. Our objective was to examine the impact of
preoperative statin use on postoperative morbidity and
mortality in patients undergoing isolated coronary artery
bypass grafting (CABG).
Body surface area
(m2) a

2.0 ± 0.2 2.0 ± 0.2 0.96

Women, n (%) 429 (23.4%) 160 (24.2 %) 0.68
Preoperative
laboratory
parameters, median
(25th, 75th)
Hematocrit (%) 40.6 (37.0,

43.4)
40.4 (37.0,

43.0)
0.29

Creatinine (mg/dL) 1.0 (0.8-1.2) 1.0 (0.8-1.2) 0.10
Preoperative
medications, n (%)
Steroids 75 (4.1%) 25 (3.8%) 0.73
Aspirin 1521 (82.9%) 465 (70.2%) b0.001
β Blockers 1360 (74.1%) 434 (65.6%) b0.001
ACE inhibitors 578 (31.5%) 193 (29.2%) 0.26
Cardiac comorbidity,
n (%)
Myocardial
infarction

1030 (56.1%) 303 (45.8%) b0.001

Congestive heart
failure

351 (19.1%) 133 (20.1%) 0.59

Abnormal left
ventricular function

1140 (62.1%) 372 (56.2%) 0.007

Hypertension 1483 (80.8%) 511 (77.2%) 0.046
Noncardiac
comorbidity, n (%)
Ethyl alcohol abuse 249 (13.6%) 102 (15.4%) 0.24
Chronic obstructive
lung disease

136 (7.4%) 64 (9.7%) 0.07

Diabetes 676 (36.8%) 229 (34.5%) 0.43
Smoking 1158 (63.1%) 423 (63.9%) 0.72
Clinical status, n (%)
Emergency 35 (1.9%) 20 (3.0%) 0.09
Cardiogenic shock 4 (0.22%) 4 (0.60%) 0.22
Preoperative
intra-aortic
balloon pump

44 (2.4%) 12 (1.8%) 0.38

a Values are mean ± SD.
2. Materials and methods

2.1. Patient population

The patient population consisted of 2,497 adult patients
who underwent isolated CABG with cardiopulmonary
bypass (CPB) at the Cleveland Clinic between January
2002 and June 2004. All data were collected prospectively
and entered into the Cardiothoracic Anesthesia Registry by
individuals trained in database management. Data included
demographic variables, comorbid conditions, smoking and
alcohol use, clinical presentation, left ventricular function,
and laboratory values. Use of preoperative medications such
as aspirin, angiotensin-converting enzyme (ACE) inhibitors,
β blockers, and statins was recorded; dosage, duration of
usage, and specific brand were not recorded for the
individual patient. Surgical factors included total bypass
time, aortic cross-clamp time, use of red cells, the nature of
conduits and grafts, and perioperative inotropic use.
Reoperation was noted so that a patient was represented
only once in the database. Patients with history of atrial
arrhythmias (atrial flutter, fibrillation, and supraventricular
tachycardia) as well as combined CABG and valve surgery
were excluded from the analysis. Cleveland Clinic Institu-
tional Review board approval was obtained for review of the
computerized database of all cardiac surgery patients at the
Cleveland Clinic Foundation.

2.2. Outcome variables

Outcome parameters included postoperative mortality,
cardiac, neurologic and renal morbidities, serious infections,
prolonged ventilatory support, and atrial fibrillation. Post-
operative mortality was defined as an in-hospital death.
Cardiac morbidity consisted of low cardiac output syndrome
(defined as a low cardiac index [b1.8 L/min per meter
squared] despite adequate fluid replacement and requirement
for high-dose inotropic agents for N4 hrs), postoperative
myocardial infarction (MI), or need for postoperative
mechanical support with an intra-aortic balloon pump, right
or left ventricular assist device, or extracorporeal membrane
oxygenation. Neurologic morbidity included focal or global
neurologic deficits or death without awakening. Serious
infection morbidity consisted of sepsis syndrome, septic
shock, or mediastinitis. In addition, the diagnosis of sepsis



Table 2 Intraoperative and surgical variables for unmatched
groups

Statin group
(n = 1835)

No statin group
(n = 662)

P value

Conduit
Left internal
mammary artery
graft

1505 (82%) 560 (84.6%) 0.13

Right internal
mammary artery
graft

451 (24.6%) 133 (20.1%) 0.02

Inferior epigastric 0 (0%) 2 (0.30%) 0.07
Gastroepiploic 8 (0.44%) 2 (0.30%) 0.99
Saphenous vein 1626 (88.6%) 596 (90%) 0.32
Radial artery 432 (23.5%) 143 (21.6%) 0.31

Cardiopulmonary bypass
Cross clamp time
(min) a

67 (44, 84) 63 (30, 81) 0.005

CPB time (min) a 85 (60, 106) 77 (46, 100) b0.001
Use of red blood
cells

354 (19.3%) 149 (22.5%) 0.08

Perioperative inotropes
Dobutamine OR 6 (0.33%) 5 (0.76%) 0.17
Dobutamine DOS 3 (0.16%) 2 (0.30%) 0.61
Dobutamine POD1 5 (0.27%) 4 (0.60%) 0.26
Epinephrine OR 273 (14.9%) 102 (15.4%) 0.74
Epinephrine DOS 264 (14.4%) 95 (14.4%) 0.98
Epinephrine POD1 222 (12.1%) 76 (11.5%) 0.67

Renal dose dopamine
Dopamine OR 10 (0.54%) 8 (1.2%) 0.11
Dopamine DOS 14 (0.76%) 12 (1.8%) 0.02
Dopamine POD1 54 (2.9%) 27 (4.1%) 0.16

OR = operating room; DOS = day of surgery; POD1 = postoperative day 1.
a Values are expressed as medians (25th,75th); all other values,

n (%).

Table 3 Patient characteristics in the propensity-matched
groups

Variable Statin use
(n = 654)

No statin use
(n = 654)

P value

Demographics
Age (y) a 66.1 ± 10.5 65.7 ± 10.7 0.52
Body surface area
(m2) a

2.0 ± 0.2 2.0 ± 0.2 0.55

Women, n (%) 145 (22.2%) 158 (24.2%) 0.39
Preoperative
laboratory
parameters,
median (25th,
75th)
Hematocrit (%) 40.2 (36.8, 43.1) 40.4 (37, 43) 0.65
Creatinine (mg/dL) 1.0 (.8-1.2) 1.0 (.8-1.2) 0.55
Preoperative
medications, n (%)
Steroids 23 (3.5%) 24 (3.7%) 0.88
Aspirin 474 (72.5%) 465 (71.1%) 0.58
β Blockers 433 (66.2%) 433 (66.2%) 0.99
ACE inhibitors 205 (31.4%) 192 (29.4%) 0.43
Cardiac comorbidity,
n (%)
Myocardial
infarction

301 (46%) 300 (45.9%) 0.96

Congestive heart
failure

134 (20.5%) 131 (20%) 0.84

Abnormal left
ventricular
function

363 (55.5%) 366 (56%) 0.87

Hypertension 508 (77.7%) 507 (77.5%) 0.95
Noncardiac
comorbidity, n (%)
Ethyl alcohol abuse 108 (16.5%) 101 (15.4%) 0.60
Chronic obstructive
lung disease

64 (9.8%) 64 (9.8%) 0.99

Diabetes mellitus 244 (37.3%) 225 (34.4%) 0.43
Clinical status, n (%)
Cardiogenic shock 1 (0.15%) 1 (0.15%) 0.99
Preoperative
intra-aortic
balloon pump

11 (1.7%) 9 (1.4%) 0.65

Emergency 17(2.6%) 15 (2.3%) 0.72
a Values are mean ± SD.
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included organisms isolated from the cultures along with
elevated temperature and white blood cell counts. Prolonged
postoperative ventilatory support was defined as mechanical
ventilatory support for 72 hours or more postoperatively.
Renal morbidity consisted of new onset renal failure requiring
dialysis. The occurrence of new onset postoperative atrial
fibrillation was evaluated for the entire hospital length of stay
with the Cardiovascular Information Registry. All bypass
procedures were performed using standard CPB. Intermittent
antegrade and retrograde cold blood cardioplegia were used
for myocardial protection. Temperature was allowed to drift
to 33-34°C during CPB.

2.3. Statistical analysis

Patient characteristics and surgical factors were analyzed
univariably by χ2 or Fisher's exact tests for categorical
variables, and Wilcoxon rank-sum or Student's t tests for
continuous variables. Multivariate logistic regression was
used to predict the probability of statin use from all variables
presented in Tables 1 and 2. A parsimonious explanatory
model was used to determine variables significantly
associated with statin use. Propensity scores [12] were then
obtained, in logit units, by calculating the predicted value for
each observation from a logistic model on statin use that
included all variables in Tables 1 and 2. Patients taking
preoperative statins were matched on nearest propensity
score with those not taking preoperative statin therapy, with
greedy matching techniques [13]. In addition to 1:1 matching
on propensity scores, patients were grouped into one of 5



Table 4 Surgical and intraoperative variables in matched
groups

Statin group
(n = 654)

No statin group
(n = 654)

P value

Conduits
Left internal
mammary artery

562 (85.9%) 556 (85.0%) 0.64

Right internal
mammary artery

140 (21.4%) 133 (20.3%) 0.63

Inferior epigastric 0 (0%) 2 (0.31%) 0.50
Gastroepiploic 2 (0.31%) 2 (0.31%) 0.99
Saphenous vein 575 (87.9%) 588 (89.9%) 0.25
Radial artery 133 (20.3%) 143 (21.9%) 0.50

Cardiopulmonary bypass
Cross clamp time
(min) a

63 (36, 82) 63 (30, 81) 0.75

CPB time (min) a 81 (53, 101) 77 (46, 100) 0.55
Use of red blood cells 144 (22%) 142 (21.7%) 0.89

Perioperative inotropic agents
Dobutamine OR 3 (0.46%) 4 (0.61%) 0.99
Dobutamine DOS 2 (0.31%) 2 (0.31%) 0.99
Dobutamine POD1 3 (0.46%) 3 (0.46%) 0.99
Epinephrine OR 93 (14.2%) 99 (15.1%) 0.64
Epinephrine DOS 97 (14.8%) 90 (13.8%) 0.58
Epinephrine POD1 78 (11.9%) 71 (10.9%) 0.54

Renal dose dopamine
Dopamine OR 4 (0.61%) 4 (0.61%) 0.99
Dopamine DOS 9 (1.4%) 8 (1.2%) 0.81
Dopamine POD1 27 (4.1%) 23 (3.5%) 0.56

a Values are expressed as medians (25th,75th); all other values,
n (%).
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quintile groups according to their propensity scores. In
theory, variables of interest will be balanced within each
quintile. Outcome variables were then compared between
those taking and not taking statin therapy within each
quintile. Outcome variables were compared for the matched
groups using χ2, Fisher's exact tests, and Wilcoxon rank
sum, or Student's t tests where appropriate. P b 0.05 was
considered statistically significant. All results were com-
puted using SAS 8.2 software (SAS Institute, Cary, NC).
Table 5 Outcome in matched groups

Statin group
(n = 654)

No statin
group (n = 65

Mortality 5 (0.76%) 8 (1.2%)
Cardiac morbidity 10 (1.5%) 9 (1.4%)
Atrial fibrillation 184 (28.1%) 182 (27.8%)
Renal morbidity 8 (1.2%) 8 (1.2%)
Neurologic morbidity 4 (0.61%) 9 (1.4%)
Serious infections 11 (1.7%) 16 (2.5%)
Respiratory morbidity 23 (3.5%) 31 (4.7%)

Values are n (%).
3. Results

Among the 2,497 patients who underwent isolated
CABG during the study period, 1,835 patients received
preoperative statin therapy and 662 patients did not.
Demographic variables, comorbidities, intraoperative vari-
ables, and surgical factors for unmatched groups are
outlined in Tables 1 and 2. Those receiving statin therapy
were younger, more commonly receiving aspirin and
β -blocker therapy, and had a greater prevalence of
hypertension, prior MI, and reduced left ventricular
ejection fraction. Aortic cross-clamp and CPB durations
were also longer for the statin therapy group than for the
group that did not receive statin therapy.

Propensity modeling resulted in 654 propensity-
matched pairs. Propensity matching resulted in a similar
distribution of preoperative characteristics and intraopera-
tive and surgical variables among the matched pairs
enabling a fair comparison of outcomes (Tables 3 and 4).
In-hospital mortality and cardiac, renal, neurologic,
respiratory, and infectious morbidities were similar
among the propensity-matched pairs. Preoperative statin
treatment did not reduce the incidence of new onset
postoperative atrial fibrillation for the length of hospital
stay (Table 5). Length of stay was similar for both groups
of patients (median [interquantile range], 6.0 [5.0, 8.0]
days for both groups, P = 0.37).

There was a similar distribution of demographics,
comorbidity, and operative factors among the 5 quintiles
for those who received and did not receive preoperative
statin therapy. However, there were differences in the
prevalence of diabetes in two of the 5 quintiles (data not
shown). Results of the quintile analysis were similar to the
1:1 matching in that there were similar morbid outcomes
among the quintiles of patients with and without
preoperative statin therapy (Table 6).
4. Discussion

Preoperative use of statins did not reduce the incidence of
perioperative morbid events in this study of cardiac surgical
4)
P value Odds

ratio
95% Confidence
intervals

0.40 0.62 (0.20-1.91)
0.82 1.11 (0.45-2.76)
0.95 1.02 (0.80-1.29)
0.99 1.00 (0.37-2.68)
0.16 0.44 (0.14-1.44)
0.33 0.68 (0.31-1.48)
0.27 0.73 (0.42-1.27)



Table 6 Comparison of statin therapy vs no statin therapy on categorical outcome variables in each propensity score quintiles (Q1, Q2, Q3, Q4, Q5)

Variables Q1 Q2 Q3 Q4 Q5

Statin
(n = 431)

No statin
(n = 68)

Statin
(n = 403)

No statin
(n = 96)

Statin
(n = 368)

No statin
(n = 132)

Statin
(n = 349)

No statin
(n = 150)

Statin
(n = 284)

No statin
(n=216)

Mortality 1 (0.23%) 0 (0.0%) 5 (1.2%) 1 (1.04%) 2 (0.54) 0 (0.0%) 4 (1.2%) 3 (2.0%) 3 (1.06%) 5 (2.3%)
Cardiac morbidity 6 (1.4%) 0 (0.0%) 6 (1.5%) 2 (2.1%) 4 (1.09%) 2 (1.5%) 6 (1.7%) 2 (1.3%) 4 (1.4%) 0 5 (2.3%)
Atrial fibrillation 96 (22.3%) 20 (29.4%) 170 (26.6%) 24 (25.0%) 78 (21.2%) 37 (28.0%) 97 (27.8%) 41 (27.3%) 75 (26.4%) 62 (28.7%)
Respiratory morbidity 21 (4.9%) 3 (4.4%) 20 (5.0%) 5 (5.2%) 14 (3.8%) 2 (91.5%) 9 (2.6%) 9 (6.0%) 10 (3.5%) 15 (6.9%)
Renal morbidity 5 (1.2%) 1 (1.5%) 3 (0.74%) 2 (2.1%) 3 (0.82%) 0 (0.0%) 4 (1.2%) 1 (0.67%) 6 (2.1%) 6 (2.8%)
Neurological morbidity 5 (1.2%) 0 (0.0%) 5 (1.2%) 2 (2.1%) 1 (0.27%) 1 (0.76%) 4 (1.2%) 3 (2.0%) 4 (1.4%) 3 (1.4%)
Infectious morbidity 5 (1.2%) 0 (0.0%) 12 (3.0%) 3 (3.1%) 5 (1.4%) 1 (0.76%) 5 (1.4%) 5 (3.3%) 6 (2.1%) 10 (4.6%)
Overall morbidity 29 (6.7%) 3 (4.4%) 22 (5.5%) 7 (7.3%) 15 (4.1%) 4 (3.0%) 16 (4.6%) 11 (7.3%) 14 (4.9%) 20 (9.3%)

Values are n (%). All P values N 0.05.
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patients undergoing isolated CABG. Patients who received
statins preoperatively were sicker than those not receiving
statins. Propensity matching allowed comparison of
perioperative outcomes in well-matched patient groups.
Prior investigations in the cardiac surgical population have
shown inconsistent results regarding the impact of
preoperative statin therapy on postoperative outcomes.
Variability may result from sample size, type of surgery
included in the study population (isolated on-pump
CABG, off-pump and on-pump CABG, valve surgery,
combined valve and CABG surgery, and other complex
cardiac surgery), criteria used to define the major organ
system morbidity as well as varying follow-up intervals
among the investigations (immediate postoperative, early
30-60 days postoperative, or long-term follow-up period
for years).

Our results are similar to those of Ali and Buth [14],
who recently reported that preoperative statin use was not
associated with reductions in in-hospital mortality or other
morbid events after CABG, valve, or combined CABG/
valve surgery. They examined 5,469 patients, of whom
3,555 were taking statin therapy and 1,914 were not.
Propensity matching resulted in similar adverse outcomes
among the two groups for in-hospital mortality, intra/
postoperative intraaortic balloon pump, stroke, periopera-
tive MI, prolonged postoperative ventilatory support, and
composite outcome.

However, a number of investigations reported a reduction
in adverse outcomes associated with preoperative statin use.
Dotani et al [10], in a retrospective chart review of 323
CABG patients, reported that preoperative statin use was
associated with fewer adverse cardiovascular outcomes
compared with patients not receiving statin therapy at
60 days and one year postoperatively. Similarly, in a
retrospective cohort of primary on-pump CABG patients,
Pan et al [11] reported a reduction in mortality for patients
receiving preoperative statin therapy. Their multivariate
logistic regression analysis showed that use of statin therapy
was significantly associated with a reduction in the risk for
30-day all-cause mortality (3.75% vs 1.80%, P b 0.05).
However, a similar risk for postoperative MI, cardiac
arrhythmias, stroke, and renal dysfunction was reported for
those receiving and not receiving statin therapy. Further-
more, stain therapy was not found to be independently
predictive of reduced mortality in the propensity-matched
pairs. However, when a composite outcome of all-cause
mortality and stroke was formed, patients receiving statin
therapy had a reduction in the composite end point (7.1% vs
4.6%, P b .05).

Clark et al [15], in a large observational study of 3,829
patients, showed that preoperative statin therapy decreased
30-day mortality and composite morbidity after cardiac
surgery. Collard et al [16] in a prospective, multicentric, and
observational study, also reported a reduction in early all-
cause mortality and cardiac death in cardiac surgical patients
who received preoperative statin therapy. Interestingly, the
incidence of early nonfatal MI was higher in patients who
received preoperative statins.

In addition, we report a similar occurrence for post-
operative atrial fibrillation among those with and without
preoperative statin therapy. Argalious et al recently reported
an association between “renal dose” dopamine and new
onset postoperative atrial fibrillation after cardiac surgery
[17]. Our preliminary work with this data set, which did not
include perioperative inotropic agents or “renal dose”
dopamine, showed a reduction in atrial arrhythmias with
statin use [18]. There are investigations that have reported
on the association between statin use and reduced incidence
of atrial fibrillation. Young-Xu et al [19] examined the
association between statin use and atrial fibrillation in
patients with chronic coronary artery disease. Statin therapy
was associated with a significant reduction in the risk of
developing atrial fibrillation (adjusted odds ratio, 0.37; 95%
confidence limits, 0.18-0.76) [19]. Similarly, Siu et al [20]
reported that statin therapy was associated with a significant
reduction in the risk of arrhythmia occurrence after
successful cardioversion for atrial fibrillation in 62 patients
with lone persistent atrial fibrillation.

A recent study of red cell transfusion and postoperative
atrial fibrillation reported no association between statin use
and atrial fibrillation in isolated on- and off-pump CABG.
However, with the inclusion of isolated valve procedures and
combined valve and CABG, preoperative statin use was
associated with reduction in atrial fibrillation postopera-
tively. [21] It might be hypothesized that valve procedures
are associated with more tissue injury/inflammation whereby
statin use may have more of an impact on outcomes. Anti-
inflammatory and antioxidant mechanisms have been
implicated in some of the observed beneficial effects of
statin therapy [22].

This investigation was an observational cohort study, and
unmeasured factors could have influenced our findings. For
example, the type, duration, and dosage of statin therapy
were unknown variables. Some laboratory investigations
have reported an association between dose and duration of
statin therapy and outcome. Birnbaum et al [23] showed a
reduction in cardiac infarct size after three days of oral
pretreatment only with higher dose of oral statins
(75 mg/kg) in laboratory rats. Mensah et al [24] confirmed
a short-term myocardial protective effect of 20 mg/kg statin
therapy in rats. In addition, they reported the protection
effect dissipated with one or two weeks of prolonged
treatment [24]. In a prospective clinical investigation,
Christensen [25] showed a reduction in MI after four
weeks' pretreatment with 20 mg/d simvastatin in cardiac
surgical patients. Another critical factor is timing for
restarting of statin therapy after surgery. Recent studies
have shown that acute withdrawal may cancel out the
protective effects of statins and increase the event rate.
Heeschen et al [26] reported an increase in cardiac risk for
patients with acute coronary syndromes who had statin
therapy withdrawn after hospital admission as compared
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with those patients receiving statin therapy (2.93; 95% CI,
1.6-6.27; P = 0.005). The study of Collard et al [16]
provided additional evidence for increased long-term
adverse effects after withdrawal of statin therapy in cardiac
surgical patients. In our institution, patients' oral medica-
tions are typically restarted on the first or second post-
operative day.

Although some of the postoperative morbid events such
as neurological morbidity were more common in patients
not receiving statin therapy, they did not reach a level of
statistical significance. Increased sample size and study
power may have produced significant results. A meta-
analysis (with sample size N12,000) by Hindler et al [27]
was able to show the beneficial effects of statins on
postoperative mortality in cardiac surgery. No difference in
postoperative stroke was seen and the incidence of post-
operative MI increased in patients receiving statins. This
meta-analysis included one prospective trial of 77 patients,
whereas the rest of the clinical trials were retrospective and
observational studies.

We matched the groups for the preoperative medications
such as β blockers, ACE inhibitors, aspirin, and steroids.
However, other drugs taken by the patient may have
independent adverse effects on the heart (such as COX-2
inhibitors) or they can interact with statins to decrease their
effectiveness [28,29]. Tavackoli et al [29] showed in a rat
model that the myocardial protective effect of simvastatin
was completely abolished by glyburide. These drug
interactions could have contributed to potential bias though
it is unclear whether they exist in humans.

We report that preoperative statin use did not reduce
perioperative mortality or morbid events in this study of
1,308 well-matched patients after isolated CABG. Further
prospective study is needed to examine the impact of
specific preoperative statin dosage, duration, and reinstitu-
tion postoperative statin therapy on morbid outcomes after
cardiac surgery.
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