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ABSTRACT

The outcomes of coronary artery bypass grafting (CABG) surgery
are determined by numerous factors. This study aimed to analyze
the factors contributing to short-term outcomes of patients
undergoing isolated CABG. This retrospective analysis enrolled all
adult patients undergoing isolated CABG at our center between
January 2013 and December 2016. Clinical characteristics and
postoperative events were recorded and analyzed. Overall, 242
patients (mean age, 59.7 = 9.5 years) were included. The majority
of the patients (88.4%) were men. The median left ventricular
ejection fraction (LVEF) was 50% + 15%, with 38% patients
having an LVEF lower than 40% and 9.1% having an LVEF lower
than 25%. The mean preoperative creatinine level was 1.25 +
0.73, and the estimated glomerular filtration rate was 68.55 +

23 ml/min/1.73 m?. The intensive cardiac care unit stay and total
in-hospital stay were 70 + 59 h and 8 + 4 days, respectively. The
in-hospital mortality rate was 2.1%. The most common major
adverse events were new-onset atrial fibrillation (31.8%) and
significant worsening of renal function (21.5%). Stroke occurred in
3.7% patients, for which preexisting chronic kidney disease (CKD)
and dyslipidemia were strong predictors (P < 0.05; area under
the curve [AUC], 87.7%). Advanced age and hypertension were
considered significant risk factors for developing new-onset atrial
fibrillation (P < 0.05; AUC 65%). Worsening renal function and
new-onset atrial fibrillation were the most frequent complications
that occurred during hospitalization following CABG. Preexisting
CKD and dyslipidemia were the major risk factors for developing
acute stroke post surgery.

KEYWORDS
Acute cerebrovascular events, Chronic kidney disease, Coronary
artery bypass grafting, Dyslipidemia.

INTRODUCTION

Coronary artery disease (CAD) is one of the most common
causes of death worldwide, including in Indonesia."? According to
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the National Basic Health Research in 2013, the diagnosis of CAD
covered approximately 0.5% to 1.5% of cases in our country.®
The prevalence of this degenerative disease tends to increase
along with older age, with the highest prevalence observed in

the population aged 65 to 74 years old (3.6%).* Patients with
CAD have significantly higher rates of morbidity and mortality
than the normal population across all ages. Management of
patients with CAD includes medication and invasive procedures,
including percutaneous coronary intervention (PCl) and coronary
artery bypass grafting (CABG).® Clinical consideration and
comprehensive discussion between cardiologists and cardiac
surgeons are required to determine the best approach to manage
patients with complex CAD. CABG was performed for the first
time in 1960, with the purpose of alleviating symptoms, increasing
quality of life, and improving the prognosis for CAD patients better
than a conservative approach using medication.®® Currently,
CABG is a routine surgical procedure for managing patients with
complex CAD worldwide, including in Indonesia. Our cardiac
center, Siloam Heart Institute of Siloam Hospitals Kebon Jeruk, has
performed this procedure routinely since 2013. In our institution,
there has been a significant increase in the number of CABG
cases over time. Notably, our center has become one of the top
referral hospitals for CABG in the West Region of Indonesia,
especially in the Greater Jakarta area. In the general population,
the in-hospital mortality rate for CABG is relatively low, but the
mortality rate increases sharply if complications occur.’®'" The
most serious complications are related to the clinical profiles

of patients, preexisting conditions, technical aspects of the
surgery, and perioperative management in the critical care unit
and inpatient ward.'>'® It is generally believed that the outcomes
following CABG are affected by multifactorial issues. This study
aimed to describe the clinical characteristics and analyze the
essential factors contributing to short-term outcomes of patients
undergoing isolated CABG. This report will be of value to add
databases of clinical outcomes following CABG, especially in

an Indonesian population. Thus, the results might lead to the
development of a protocol to improve both the safety and efficacy
of CABG.
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METHODS

This retrospective cross-sectional study included
all patients aged 18 years or older who underwent
isolated CABG in our cardiac center, including
on-pump and off-pump procedures, between
January 2013 and December 2016. Data regarding
the patient characteristics and pre-, peri-, and
postoperative comorbidities were obtained from
the medical records. The preoperative variables
included in this study were age, clinical risk factors
(i.e., hypertension, chronic kidney disease (CKD),
dyslipidemia, smoking status, and diabetes mellitus),
history of previous cardiovascular disease (i.e.,
previous myocardial infarction, stroke, and heart
failure), echocardiographic findings (including left
ventricular ejection fraction [LVEF]), and previous
medication. The perioperative variables recorded
in this study included drug or procedure use in the
operating theater (inotropic, vasopressor, and intra-
aortic balloon counterpulsation/intra-aortic balloon
pump) and technical data, such as aortic cross-
clamp and cardiopulmonary bypass (CPB) time.

Postoperative outcomes were in-hospital mortality,
defined as all-cause death during an index CABG
hospitalization; total length of stay (LOS), defined
as the difference in dates between discharge and
admission; and major adverse events, including
stroke, sustained ventricular tachycardia/ventricular
fibrillation, new-onset atrial fibrillation (AF), acute
kidney injury (AKI), and shock. New-onset AF is
defined as AF occurring during the hospital stay
following CABG in patients without previously
documented AF. AKl is defined as an increased
serum creatinine level greater than 1.5-fold from its
preoperative baseline, or urine output less than 0.5
cc/kg/h for at least 6 consecutive hours.

Statistical analysis was conducted using the chi-
squared test and multivariate logistic regression
analysis. The chi-squared test was conducted to
determine the independent variables according

to major adverse events that were included in the
logistic regression model. The independent variables
in the logistic regression model were the variables
with chi-square P-value less than 0.25. The final
multivariate logistic regression model was assessed
for its calibration, using the Hosmer-Lemeshow test,
and its discrimination using the receiver operating
characteristic curve. The Hosmer-Lemeshow test
with a P-value greater than 0.05 was considered a
good calibration; an area under the curve (AUC) of
0.8 t0 0.9 was considered a strong discrimination. All
statistical analyses were conducted using the SPSS
statistical package software (IBM SPSS Statistics,
version 22, IBM Corp., Armonk, NY).

RESULTS

This study included a total of 242 patients
undergoing isolated CABG during a 3-year study
period at our cardiac center. The mean age of the
patients was 59.7 + 9.5 years, and the majority of the
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patients (88.4%) were men. The distribution of age and sex was similar between
the groups with LVEF above and below 40% (Table 1). The youngest patient
was 30 years old, whereas the oldest was 80 years old. Approximately 6% of
the patients were classified as very elderly, as they were older than 75 years
old. The mean body mass index of the patients was 24.86 + 3.44 kg/m?; 28.1%
of the patients were within the normal category, 24.0% were overweight, and
44.6% were classified as obese. Nearly half of our subjects were active smokers
or had recently quit smoking.

Table 1. Baseline characteristics and perioperative data for patients according to
different left ventricular ejection fraction groups

Characteristic EF <40 EF =40 p Value Overall
(n=94) (n=155) (n=242)
Mean age (years old) 589+09 60.1 +0.8 0.275 59.7 9.5
Male 81(88%) 133 (88.7%) 1.000 214 (88.4%)
Smoker 41(37.6%) 68 (45.3%) 1,000 109 (45%)
Hypertension 48 (562.2%) 101 (67.3%) 0,027 149 (61.6%)
Diabetes Mellitus 45 (48.9%) 65 (43.3%) 0,476 110 (45.5%)
Dyslipidemia 42 (45.7%) 69 (46%) 1 111 (45.9)
Chronic Kidney Disease 20 (21.7%) 13 (8.7%) 0.007 33 (13.6%)
Pre-operative Diuretic 18 (19.6%) 2(1.3%) 0,000 20 (8.3%)
Pre-operative Beta Blocker 52 (56.5%) 80 (53.3%) 0,726 132 (54.5%)
Pre-operative ACE-inhibitor 13 (14.1%) 12 (8%) 0,192 25 (10.3%)
Pre-operative Nitrate 56 (60.9%) 91 (60.7%) 1 147 (60.7%)
Pre-operative Anticoagulant 17(18.5%) 24 (16%) 0,747 41 (16.9%)
Pre-operative Inotropic 2(2.2%) 0 (0%) 0,279 2 (0.8%)
Pre-operative Aspirin 4 (4.3%) 1(0.7%) 0.137 5(2.1%)

Pre-operative Statin 80 (87%) 118 (78.7%) 0.147 198 (81.8%)

ACE, angiotensin-converting enzyme; EF, ejection fraction.

The median of LVEF measured using Simpson’s procedure from the apical four-
chamber view of echocardiography was 50% + 15%, with 38% of the patients
having reduced ejection fraction lower than 40% and 9.1% of patients having
poor left ventricular systolic dysfunction with LVEF lower than 25%. The mean
preoperative creatinine level was 1.25 + 0.73, and the estimated glomerular
filtration rate was 68.55 + 23 ml/min/1.73 m2. The common comorbidities
observed among our patients were diabetes mellitus (45.5%), hypertension
(61.6%), dyslipidemia (45.9%), previous myocardial infarction (45%), and
previous stroke (9.6%) (Fig. 1). Hypertension was statistically more frequent

in patients with LVEF of 40% or higher, whereas CKD with glomerular filtration
rate below 60 ml/min/1.73 m? was more common in the lower LVEF group
(Table 1). In spite of the more frequent use of diuretics among patients with
LVEF lower than 40%, no statistically significant difference was observed in the
preoperative medication between the groups with lower and preserved LVEF.

Figure 1: Pre-existing comorbidities
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The majority of the patients (90.9%) underwent on-pump CABG, with only one
case of minimally invasive approach CABG. Approximately 8.7% of the patients
presented with recent acute coronary syndrome and were sent for urgent CABG.
The median durations of CPB machine time and aortic cross clamping were 99
and 61 min, respectively (Table 2).

Postoperative requirement of vasoactive agents, including norepinephrine,
dobutamine, dopamine, milrinone, or a combination, was noted in more than a
half of the patients (63.2%) during the intermediate cardiac care unit (ICCU) stay.
However, the use of vasoactive agents was temporary and only for the first few
days following surgery in the majority of cases. The indications for using these
agents were based on several reasons, including episodes of hypotension and an
attempt to increase cardiac output with subsequently improved diuresis. Although
intra-aortic balloon pump insertion was rarely used (4.5% cases), it was used
preoperatively in four patients (36.36%), intraoperatively in five (45.45%), and
postoperatively in two (18.18%). Almost all of the patients (95%) were successfully
extubated within the first 24 h following surgery (Table 2). The length of ICCU stay
and total in-hospital stay were 70 = 59 h and 8 + 4 days, respectively.

The in-hospital mortality rate following CABG was 2.1%. The most common major
adverse events were new-onset AF (31.8%) and significantly worsening renall
function (21.5%). In addition, debilitating non-hemorrhagic stroke occurred in
3.7% of the patients (Fig. 2). Data regarding persistent AF following discharge
were lacking. No patients experienced worsening renal function requiring
hemodialysis during the hospital stay.

The variables in the logistic regression analysis were stroke, new-onset AF,
cardiogenic shock, and prolonged hospital LOS. Multivariate analysis revealed
several contributing factors which have a significant correlation with specific
major adverse events following CABG. Preexisting CKD and dyslipidemia have
a significant and strong correlation with the incidence of acute non-hemorrhagic
stroke (P < 0.05; AUC, 87.7%). Increasing age and history of previous
hypertension can also be considered predictors of higher new-onset AF events,
although the correlation was weak (P < 0.05; AUC, 65%). Interestingly, there was
a nonsignificant relationship between LVEF below 40% and shock following the
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Table 2. Intra- and post-operative profile

Variabel N %
CABG urgency

Elective 221 91.3

Urgent 21 8.7

Emergency 0 0
CABG technique

On Pump 220 90.9

Off Pump 21 8.7

MID-CAB 1 0.4
Post-operative extubation

<24 hours 230 95

>24 hours 12 ®
Vasoactive use

Norepinephrine 80 52

Dobutamine 2 1

Milirinone 3 2

Combination 69 45
Peri-procedural IABP

No 231 95.5

Yes 11 4.5

procedure (P > 0.05; AUC, 57.3%). Meanwhile,
preexisting diabetes mellitus significantly
predicted hospital LOS greater than 7 days
(odds ratio, 2.1), although this correlation was
also weak. Contrarily, the use of preoperative
beta-blocker and angiotensin-converting
enzyme (ACE) inhibitor combined with a
baseline LVEF of 40% or higher significantly, but
weakly, correlated with shorter in-hospital LOS
(P < 0.05; 37.9%) (Table 3).

Figure 2: In-hospital major adverse events VT/VF, ventricular tachycardia/ventricular fibrillation
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Table 3. Factors predicting major adverse events and LOS following CABG

MACE Predictors Odds ratio P-value 95% Confidence interval Correlation

Stroke 6.318 0.016 1.42-28.12 Significant and strong correlation
CKD 6.313 0.049 1.00-39.65 (AUC, 87.7%)
Dyslipidemia 2.342 0.004 1.32-4.16

New-onset AF  Age 2 0.025 1.09-3.7 Significant but weak correlation
Hypertension 0.528 0.022 0.31-0.91 (AUC, 65%)

Shock Lower LVEF 2.142 0.008 1.22-3.76 Nonsignificant correlation (AUC,
DM 0.496 0.013 0.29-0.86 57.3%)

LOS >7 days Preoperative beta blocker 0.39 0.038 0.16-0.95 Significant but very weak
Preoperative ACE-i 0.49 0.016 0.27-0.88 correlation (AUC, 37.9%)
LVEF 240%

ACE-I, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; AUC, area under a curve; CKD, chronic kidney disease; DM, diabetes mellitus; LOS, length
of stay; LVEF, left ventricular ejection fraction; MACE, major adverse cardiac events.

DISCUSSION

The patients in this study were younger than populations in
Western reports (mean age, 65 y),'® were predominantly male,
were well nourished, and had modest LV systolic dysfunction and
moderately impaired renal function. Almost all of our procedures
were elective isolated CABG with the on-pump technique and
median sternotomy approach. The in-hospital mortality rate
reported at our center was 2.1%, which is comparable with the
mortality rate following isolated CABG reported by the Society of
Thoracic Surgeons (STS) Adult Cardiac Database 2017, which
was 2.2% at centers with a similar level of volume cases."” In
addition, another report from several centers in Italy revealed
that the 30-day mortality rate following CABG was approximately
2.61%."® The in-hospital and 30-day mortality rates following
CABG can be predicted using some validated risk models, such
as EuroSCORE Il (2012) calculation and the STS 2008 Cardiac
Surgery Risk Model. The indicator variables used in these risk
models include age, previous myocardial infarction, peripheral
artery disease, renal insufficiency, heart failure, hemodynamic
state, LVEF, complexity and urgency of the procedure, and some
contributing comorbidities.™® 20

At our center, new-onset AF and worsening renal function
were the most common complications following CABG. The
incidence of new-onset AF in this study was within the range
of 20% to 50% reported in the literature,?' but the incidence
of AKl in this study (21.5%) was much higher than that in
Western reports (2%—3%).2" 22 However, this complication was
temporary, and hemodialysis was not indicated in all of the
patients. Hemodialysis in the post-CABG period was as high
as 27.2% in other reports.?® The significant number of patients
experiencing AKI in this study can be explained by our use

of looser criteria for worsening renal function according to

the Acute Kidney Injury Network, which is generally used in
medical-nonsurgical situations. AKl is defined as an increased
creatinine level 1.5 times from baseline or urine output less
than 0.5 cc/kg/h for at least 6 consecutive hours.?* Several

1
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reports using the Acute Kidney Injury Network criteria for
defining worsening renal function following CABG showed
varying incidence of AKI between 8% and 20%.2° However,

the renal insufficiency that occurred in this population was
temporary without progressive worsening and did not require
hemodialysis until discharge. The mechanism of AKI following
CABG is related to renal tubular injury caused by multifactorial
conditions associated with preoperative profiles, intraoperative
events, and early postoperative management, including the use
of pharmacological agents.?>?¢ Preoperative factors included
lack of renal reserve and preexisting renal insufficiency, which
is commonly observed in patients with advanced age, diabetes
mellitus, heart failure, and renovascular disease. Intraoperative
factors related to the use of CPB include duration and specific
details of perfusion technique and other complications during
surgery, such as bleeding, hemodilution, and prolonged
hypotension. Postoperative conditions, including the use of
nephrotoxin agents, volume depletion or overload, hemodynamic
instability, and systemic inflammation, also contribute to the
incidence of AKI.%

In general, the risk of stroke related to CABG is higher than that
of PCI.?” The incidence of non-hemorrhagic stroke following
CABG was 1.3% in the STS CABG Adult Cardiac Surgery
Database (2012).'® This number tends to decrease over time,
and it was reported to be as low as 0.8% in the Veterans

Affairs Medical Centers.?® This complication can be caused

by macroembolization, microembolization, and cerebral
hypoperfusion during the procedure.?® Known risk factors
include advanced age, female sex, previous stroke, severe
chronic pulmonary disease, diabetes mellitus, hypertension,
and emergency surgery.?"3° The strongest predictors for stroke
events in this study were preexisting CKD and dyslipidemia,
each of which could increase the risk of stroke by more than six
times compared with those without these factors. The majority
of stroke cases in this study had minor disability and temporary
symptoms, and there were no cases with significant reduced
level of consciousness at discharge.

| AHJ 2020;29:8-13 | ASEAN Heart Journal
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AF is known to be the most common disturbing arrhythmia to
occur following cardiac surgery. The incidence of new-onset

AF following CABG ranges from 18% to 50%, depending on

the means of examination.®'- % AF usually occurs within the first
5 days following surgery, with a peak incidence on the second
postoperative day.?! The predisposition factors of new-onset

AF following CABG include elderly age, male sex, peripheral
artery disease, chronic lung disease, concomitant valvular
heart disease (especially mitral valves), significant left atrial
enlargement, and previous cardiac surgery.® In this study,
patients with advanced age or history of hypertension had at
least twice the risk for developing new-onset AF, although this
correlation was statistically weak. Advanced age is associated
with degenerative changes, such as fibrosis and dilatation, which
affect the atrial electrophysiological characteristics.** Meanwhile,
long-standing hypertension is correlated with left ventricular
hypertrophy, increased left ventricular filling pressure, and left
atrial remodeling.® Contrarily, the preoperative administration of
some medications, including beta-blockers, ACE inhibitors, and
statins, did not exhibit significant correlation with, or prevent, AF
in this study.

One of the major drivers of hospital resource consumption
following CABG care is hospital LOS. To improve healthcare
efficiency, numerous institutions have implemented early
discharge protocol. Therefore, LOS can indicate the quality of
care of the center.?" Total in-hospital LOS at our center was still
inefficient (average, 8 d), although the ICCU was considerably
shorter (<3 d). In the Veterans Affairs Medical Centers, the
in-hospital LOS was reported as a mean of 8 to 9 days, and

the ICCU LOS was reported as a mean of 2 to 3 days.?® This
resulted in an analysis of the factors contributing to prolonged
LOS following CABG. Successful early extubation within the first
24 h in the majority of our patients may contribute to short ICCU
LOS. We also found that diabetes mellitus indicated a significant
correlation with the total LOS of more than 7 days. Patients

with diabetes mellitus undergoing CABG had a two times

higher incidence of prolonged LOS. Contrarily, preoperative
beta-blocker and ACE inhibitor agents correlated with shorter
in-hospital LOS following the procedure, although this correlation
was statistically weak. Furthermore, patients with LVEF greater
than 40% also revealed the benefit of shorter hospitalization.
Conversely, as stated in some literature, patients with lower LVEF
undergoing cardiac surgery are at a higher risk for postoperative
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complications and mortality following cardiac surgery.2" 3®
However, in this study, we found that only lower ejection fraction
exhibited a nonsignificant correlation with the incidence of shock
after the surgery.

This study has several limitations. First, this evaluation came
from a single-center experience and thus might not represent the
characteristics and outcomes of CABG in the general population
in Jakarta, or even in Indonesia. Second, the data were obtained
by retrospectively reviewing conventional medical records. This
impractical process limited the obtainment of some additional
data or confirmation of previous findings. However, our center
applied the standard of care in managing patients following
cardiac surgery so that important data and evaluation were
almost complete and standardized. Third, our experience was
still limited in performing off-pump CABG and minimally invasive
direct CABG. These methods were only indicated in the need of
single CABG (commonly to the left anterior descending artery)
in patients considered to have a high risk of stroke or renal
insufficiency. Finally, follow-up after discharge was not available
in this registry. Therefore, we do not know for certain the longer-
term outcomes of these patients. Some patients still seek follow-
up and medical care at our center regularly, and we can follow
their conditions. However, the majority of patients came from
different cities or even other islands. These patients usually visit
other centers in remote areas after we referred them back.

CONCLUSION

This study analyzed the short-term clinical outcomes following
isolated CABG in patients who were considerably younger

than those in Western reports, who were predominantly men,
who were well nourished, and who had modest left ventricular
systolic dysfunction and moderately impaired renal function. The
in-hospital mortality rate was comparable to other global reports.
Nevertheless, the most common complications encountered
were temporary worsening of renal function and new-onset

AF. The incidence of AKI was remarkably higher than that

which is widely reported, although none of our cases required
hemodialysis. Preexisting CKD and dyslipidemia were identified
as the major risk factors for developing acute non-hemorrhagic
stroke following surgery.
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