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Abstact
Background: Cardiac Vascular Sentral Kuala Lumpur (CVSKL) 
is a newly built private hospital, specialising in cardiac, thoracic 
and vascular cases. Since its establishment in 2017, we have 
performed over 100 open-heart surgeries and thus it is important 
to have an analytical report of all the cases to help us improve our 
patient safety and quality of care.

Objective: We sought to review the performance of all open-heart 
surgeries performed at Cardiac Vascular Sentral Kuala Lumpur 
(CVSKL) since its opening.

Methods: Between November 2017–December 2018, we recorded 
124 patients who underwent open-heart surgery at our centre and 
the data was extracted from the National Cardiovascular and 
Thoracic Surgical Database (NCTSD). We used univariate analysis 
and multivariate logistic regression to identify the potential and 
independent predictors respectively for in-hospital mortality and 
prolonged postoperative ICU stay (> 2 days).

Results: The in-patient mortality rate was 2.4% (n = 3). All 
mortalities were high risk patients (EuroSCORE II  > 5). There was 
no mortality reported in low-to-medium risk patients (EuroSCORE 
II < 5). The most common early postoperative complication 
was new arrhythmia (28.2%) with atrial fibrillation being the 
most common type (22.6%). Renal disease was identified as 
the independent variable for in-hospital mortality (adjusted odds 
ratio, 34.3; 95% confidence interval, 1.3 to 874.9; p-value of 0.03). 
In terms of prolonged postoperative ICU stay more than 2 days, 
hypertension (adjusted odds ratio, 4.9; 95% confidence interval, 
1.5 to 15.9; p-value of 0.008) and poor left ventricular function 
(adjusted odds ratio, 5.0; 95% confidence interval, 1.4to18.5; 
p-value of 0.015) were found to be the significant independent 
predictors. Pulmonary complications and duration of postoperative 
intubation were associated with prolonged postoperative ICU stay 
more than 2 days with p-values of 0.008 and 0.010 respectively.

Conclusion: Cardiac surgery is a safe procedure in those with low-
to-medium risk (EuroSCORE II < 5). Risk stratification of patients 
is important to better identify patients who are at increased risk 
following cardiac surgery. The excellent results in the first year 
at CVSKL demonstrate that open-heart surgery can be safely 
performed and quality assured in new hospitals with the right 
team and expertise.

Key Points
What is already known about this subject?

• EuroSCORE II has been widely used as a risk stratification 
tool to identify patients who are at high risk following open-
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heart surgery.
• Previous studies have shown renal disease as a significant 

predictor for mortality following open-heart surgery.
• What does this study add?
• Cardiac surgery is a safe procedure in low-to-medium risk 

patients (EuroSCORE II < 5).
• Hypertension is found to be associated with prolonged 

postoperative ICU stay > 2days. Further clinical studies are 
required to find out about this correlation.

How might this impact on clinical practice?
• Risk stratification is important to identify patients who are 

at risk following open-heart surgery.
• Multidisciplinary approach is required in managing 

patients who at high risk especially those with pre-existing 
renal disease as it is associated with higher mortality rate 
following open-heart surgery.

Introduction
Open-heart surgery is a complex surgical procedure involving the 
heart and its surrounding structures. Since its pioneering, open-
heart surgery has become a routine procedure that is performed 
to treat various diseases involving the heart. The development of 
the cardiopulmonary bypass machine and myocardial protection 
has made open-heart surgery a safe procedure. Although the 
surgical techniques and outcomes have advanced in the recent 
decades, there are still considerable risks for in-hospital mortality 
and morbidity following open-heart surgery. Therefore, various risk 
stratification models have been established to help cardiothoracic 
surgeons predict the outcomes of patients following open-heart 
surgery. EuroSCORE II is the most widely accepted risk model 
used to estimate the risk of in-hospital mortality following cardiac 
surgery [1,2]. Since the introduction of cardiothoracic services in 
Malaysia in the 1980s, there have been no formal statistical reports 
on the number of open-heart surgeries performed in the country. 
This has led to difficulty for the local clinicians and researchers 
in analysing the performance of cardiothoracic services and 
the outcomes of open-heart surgeries. Knowing how essential 
it is to keep track of all the cardiothoracic cases, the Malaysian 
Association of Thoracic and Cardiovascular Surgery (MATCVS) 
with the collaboration from the Ministry of Health (MOH) have 
established the National Cardiovascular and Thoracic Surgical 
Database (NCTSD) in order to collect and keep records of all 
cardiothoracic procedures nationwide. Cardiac Vascular Sentral 
Kuala Lumpur (CVSKL), which is a newly built cardiac hospital in 
Kuala Lumpur, is one of the centres registered with the NCTSD. 
Since the beginning of its operation in November 2017, CVSKL 
has performed more than 120 open-heart surgeries. With this 
database, we are able to review the clinical outcomes of all the 
cardiothoracic procedures performed at our centre and improve 
our patient safety and quality of care.

Objectives
The aim of this study is to:

• Provide comprehensive review of all open-heart surgeries 
performed at CVSKL.

• Assess the demographic characteristics, preoperative risk 
factors and comorbidities of all patients who underwent 
open-heart surgeries at CVSKL.

• Compare the observed mortality with the expected 
mortality using the EuroSCORE II, and

• Analyse the early postoperative complications following 
open-heart surgeries.

Materials and Methods
This is a retrospective cross-sectional observational study 
conducted at Cardiac Vascular Sentral Kuala Lumpur (CVSKL). 
The data of patients who underwent open-heart surgery from 
November 2017 until December 2018 were prospectively recorded 
in the NCTSD. Below is the list of surgeries that were included:

• Coronary artery bypass graft (CABG) surgery
• Valve surgery
• Combined CABG and valve surgery
• Surgery on the thoracic aorta
• Surgery for congenital heart disease

The data were collected from our Hospital Information System 
(HIS), patient charts, verbal interview with the patients and 
information gathered from specialists which were then entered 
into the NCTSD system. The preoperative clinical status and 
operative interventions were classified using the European 
System for Cardiac Operative Risk Evaluation (EuroSCORE). 
The data included were demographic characteristics, angina 
status using Canadian Cardiovascular Society grading of angina 
pectoris (CCS), New York Heart Association (NYHA) class, history 
of Percutaneous Coronary Intervention (PCI), history of previous 
cardiac surgery, history of myocardial infarction, diabetic status, 
hypertension, hypercholesterolemia, smoking status, renal 
disease, pulmonary disease, neurological disease, preoperative 
heart rhythm, ejection fraction, left main stem disease and critical 
preoperative state. The expected mortality rate was calculated 
using the EuroSCORE II. The patients were risk stratified to 
either low-to-medium risk (EuroSCORE II less than 5) or high 
risk (EuroSCORE II of 5 and above). The critical preoperative 
state was defined as aborted sudden cardiac arrest, preoperative 
use of Intra-Aortic Balloon Pump (IABP), acute renal failure or 
preoperative inotropes. The operative data that were included 
were operative urgency status (urgent defined as surgery during 
the same admission as angiography), redo-procedures, types of 
cardiac procedure, number of procedures, cardioplegia solution, 
cumulative CPB time, cross clamp time and use of Intra-Aortic 
Balloon Pump (IABP). Early postoperative complications during 
hospital and intensive care stay were also collected. The data 
included were length of ICU stay from the day of surgery, length 
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of postoperative intubation, readmission to ICU within 24 hours of 
discharge, reintubation within 24 hours of extubation, in-hospital 
mortality, unplanned reoperation, pulmonary complications 
(defined as prolonged ventilation > 48 hours, pneumonia or 
tracheostomy), new arrhythmias, new renal failure (requiring 
dialysis), graft harvest site infection or sternal wound infection 
(requiring surgical intervention).

Statistical Analysis 
Statistical analysis was carried out using the IBM SPSS Version 
23.0. The prevalence of categorical variables was presented in 
frequency tables while the continuous variables were presented 
in terms of mean and standard deviation. All continuous variables 
were tested for degree of skewness. Variables which did not 
follow normal distribution such as length of postoperative ICU 
stay and duration of postoperative intubation were expressed with 
median value and interquartile range. A cut-off value was decided 
to delineate between normal and prolonged duration for statistical 
analysis. Predictors for in-hospital mortality and prolonged 
postoperative ICU stay > 2 days were analysed using the univariate 
analysis. All variables that were significant in the previous analysis 
were included in the multivariate logistic regression to identify the 
significant independent variables. Postoperative complications 
and prolonged postoperative ICU stay were analysed using 
either Chi-square test or Fisher’s exact test whichever is suitable. 
Significance was defined as a p-value less than 0.05.

Results
Demographic Distribution
There were 124 open-heart surgeries performed at CVSKL from 
November 2017 until December 2018. Majority of the patients 
aged between 60 years–69 years old with a mean age of 61.5 
(SD9.1). 83.1% of the patients were male and 16.9% of them were 
female. 87.1% of the cases were elective (Table 1).

Table 1: Demographic Characteristics.

Demographic Characteristics Percentage (%) n = 124 Mean (SD)

Gender

Male 83.1

Female 16.9

Age 61.5 (9.1)

BMI 25.9 (3.6)

Cardiac History
Preoperatively, 42.7% of the patients were in the Canadian 
Cardiovascular Society grading of angina pectoris (CCS)class 1 
and 46.0% were in the New York Heart Association (NYHA) Class 
II. 16.1% of the patients had a previous PCI, 3.2% had previous 
history of cardiac surgery in which 2 of them were CABG, 1 was 
valve surgery and 1 was thoracic endovascular aortic repair. 
17.0% of the patients had a prior history of Myocardial Infarction 
(MI) (Table 2).

Table 2: Preoperative Characteristics.

Preoperative Characteristics Percentage (%) n = 124

Admission status

Elective 87.1

Urgent 12.9

Angina status pre-surgery

CCS 0 9.7

CCS 1 42.7

CCS 2 28.2

CCS 3 7.3

CCS 4 12.1

Dyspnoea status pre-surgery

NYHA I 31.5

NYHA II 46.0

NYHA III 15.3

NYHA IV 7.2

Previous PCI

PCI < 24 hrs before surgery 0.8

PCI > 24 hrs before surgery, previous 
admission

15.3

Previous Cardiac Surgery 3.2

History of Myocardial Infarction (MI)

Acute MI (within 7 days) 2.4

Recent MI (7 days–90 days) 8.1

Previous MI (> 90 days) 6.5

Diabetes

Oral Therapy 37.9

Insulin 6.5

Cigarette smoking history

Current smoker 17.7

Ex-smoker 19.4

Never smoke 62.9

Hypertension 73.4

Hypercholesterolemia 84.7

Renal disease

Acute renal failure on dialysis, onset within 
6 weeks prior to surgery

0

Chronic renal failure dialysis, onset more 
than 6 weeks prior to surgery

3.2

Creatinine > 180 µmol/L, not on dialysis 3.2

Pulmonary disease

Asthma/COPD/Emphysema 5.6

Pulmonary TB 1.6

Long term use of steroid 0.8

Neurological disease

TIA 4.8

CVA with residual deficit 3.2

CVA with full recovery 2.4

Left ventricular function

Good (> 50%) 83.1

Moderate (31%–50%) 14.5

Poor (20%–30%) 1.6

Very poor (< 20%) 0.81
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Preoperative Characteristics Percentage (%) n = 124

Left main stem Disease (LMS)

> 50% stenosis 25.8

< 50% or normal 72.6

Not investigated 1.6

Preoperative heart rhythm

Sinus rhythm 91.9

Atrial Fibrillation 6.5

VT/VF 1.6

Critical preoperative state 4.0

Risk Factors & Co-morbidities
In terms of risk factors for coronary artery disease, 6.5% of our 
patients were insulin-dependent diabetic and 17.7% of them 
were active smokers. Majority of our patients had hypertension 
(73.4%) and 84.7% had hypercholesterolemia. We identified three 
main comorbidities which were renal disease, pulmonary disease 
and neurological disease. 3.2% of the patients had chronic renal 
failure on dialysis and creatinine more than 180 µmol/L not 
on dialysis respectively, 5.6% of the patients had obstructive 
pulmonary disease, 1.6% had pulmonary tuberculosis and 0.8% 
was on long-term steroid use for pulmonary disease. With regards 
to neurological disease, 4.8% of them had Transient Ischaemic 
Attack (TIA), 3.2% had Cerebrovascular Accident (CVA) with 
residual deficit and 2.4% had CVA with full recovery (Table 2).

Preoperative Cardiac Status and Cardiac Investigations
In terms of cardiac function, 83.1% of our patients had normal 
ejection fraction (> 50%), 14.5% had moderate EF of 31%–50%, 
1.6% with poor EF (20%–30%) and 0.8% had very poor EF (< 20%). 
25.8% had left main stem disease or stenosis more than 50%. 
With regards to preoperative heart rhythm, majority of our patients 
had normal sinus rhythm (91.9%), 6.5% had atrial fibrillation and 
1.6% had either any episode of ventricular fibrillation or ventricular 
tachycardia. 4.0% of our patients were in the critical preoperative 
state (Table 2).

Operative Procedures
12.9% of the cases required urgent operation. 1.7% was redo-
CABG surgeries. Isolated CABG accounted about 76.6% of the 
total cases, followed by valve alone (13.7%) and combined CABG 
& valve (6.5%). 0.8% was a case of CABG with ventricular septal 
defect (VSD) closure and 2.4% were surgeries on the thoracic 
aorta. Blood cardioplegia solution was used in 69.4% of the 
patients. The mean cumulative CPB time was 142.3 minutes (SD 
48.6) and the mean cross clamp time was 94.2 minutes (SD 36.9). 
4.0% of the patients required preoperative IABP use and 1.6% 
required postoperative IABP use. The indications were prophylactic 
measure, unstable angina or haemodynamic instability (Table 3).

Risk of Mortality using EuroSCORE II & In-hospital Mortality
The overall in-patient mortality rate was 2.4% (n = 3). All mortalities 
were high risk patients (EuroSCORE II ≥ 5). There was no mortality 
reported in low-to-medium risk patients (EuroSCORE II < 5) (Table 
4).

Table 3: Operative Characteristics.

Operative Procedures Percentage (%), n = 124 Mean (SD)

Operative urgency

Elective 87.1

Urgent 12.9

Redo-CABG Surgery 1.72

Cardiac Procedure

CABG & other 0.8

CABG & Valve 6.5

Isolated CABG 76.6

Other 2.4

Valve alone 13.7

Aorta or peripheral vascular 2.4

Cardioplegic Solution

Blood 69.4

Crystalloid 30.6

Lowest Body Temperature 
during CPB

Mild (Cooling to 32°C) 23.4

Moderate (Cooling to 28°C) 66.9

Profound (< 28°C) 9.7

Cumulative Bypass Time 
(minutes)

142.3 
(48.6)

Cross-Clamp Time (minutes) 94.2 (36.9)

IABP Use

Preop 4.0

Postop 1.6

No IABP 94.4

Table 4: EuroSCORE II and Mortality.

Postoperative N Mortality (n)

EuroSCORE II

EuroSCORE II less than 5 117 0

EuroSCORE II of 5 and above 7 3

Postoperative Care & Complications
There were 3 mortalities reported within one year period and all 
of them were due to cardiogenic shock secondary to ventricular 
failure. The median length of postoperative ICU stay was 2.0 
days. ICU readmission within 24 hours of discharge was less than 
1.6%.The median duration of postoperative intubation was 2.75 
hours. 2.4% of the cases required reintubation within 24 hours of 
extubation. 64.5% of the patients were extubated within 6 hours, 
32.2% between 6 hours–24 hours and 3.3% had a prolonged 
postoperative intubation > 24 hours. 35.5% were prolonged 
intubation > 6 hours. 4.8% of the cases underwent reoperation due 
to bleeding, 0.8% developed renal failure needing dialysis, 6.5% 
had pulmonary complications and 3.2% were complicated with 
either graft harvest site or sternal wound infection. Arrhythmias 
were reported to be 28.2% of the total cases, with atrial fibrillation 
being the most common type at 22.6% (Table 5). 

Predictors for in-hospital mortality
In the univariate analysis, NYHA IV, renal disease and acute and 
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recent myocardial infarction were found to be potential predictors 
for early postoperative mortality. However, only renal disease was 
identified to be the independent predictor for in-hospital mortality 
(AOR, 34.3; 95% CI, 1.2 to 794.7; p-value of 0.04) in the multivariate 
logistic regression (Table 6).

Predictors for prolonged postoperative ICU stay
The potential predictors for prolonged ICU stay were NYHA IV, 
hypertension, poor LV function, longer CPB time and cross clamp 
time. Meanwhile, crystalloid cardioplegia solution was found to 
have less effect on the length of postoperative ICU stay compared 
to blood cardioplegia in the univariate analysis. However, using 
the multivariate logistic regression, the independent predictors 

were only hypertension (AOR, 4.9; 95% CI, 1.5 to 15.9; p-value of 
0.008) and poor LV function (AOR, 5.0; 95% CI, 1.4 to 18.5; p-value 
of 0.015) (Table 7).

Association between early postoperative complications and 
prolonged postoperative ICU stay
Pulmonary complications and duration of postoperative 
intubation were associated with prolonged postoperative ICU stay 
> 2 days with p-values of 0.008 and 0.000 respectively. Majority of 
patients who stayed in ICU > 2 days were those who had duration 
of postoperative intubation between 6 hours–24 hours and more 
than 24 hours (Table 8).

Table 5: Early Postoperative Complications.

Complications Percentage from Total Number of Surgeries, % (n) Median (Q1, Q3)

Death 2.4

Unplanned Reoperation 4.8

New renal failure needing dialysis 0.8

Pulmonary complications 6.5

Graft Harvest Site Infection/Sternal Wound Infection 3.2

New Arrhythmia 28.2

Atrial Fibrillation 22.6

Bradyarrhythmia 4.0

SVT 0.8

VT/VF 0.8

Duration of postoperative intubation (hours) 2.75 (1.67, 20.00)

< 6 hours 64.5

6 hours–24 hours 32.2

≥ 24 hours 3.3

Reintubation within 24 hours of extubation 2.4

Length of postoperative ICU stay (days) 2.00 (2.00, 6.00)

ICU Readmission within 24 hours of ICU discharge 1.6

Table 6: Association between preoperative characteristics and in-hospital mortality.

In-hospital Mortality

Preoperative Characteristics Crude OR (95% CI) p-value AOR (95% CI) p-value

Age 1.055 (0.917–1.215) 0.455

Male 0.093 (0.008–1.079) 0.323

Admission Status (Urgent) 3.533 (0.302–41.382) 0.342

CCS 4 3.821 (0.325–44.919) 0.323

NYHA IV 32.571 (2.624–404.357) 0.014 12.063 (0.562–282.503) 0.110

Diabetes 2.481 (0.219–28.104) 0.589

Hypertension 0.719 (0.063–8.203) 1.000

Hypercholesterolemia IE IE

Smoker 0.844 (0.074–9.579) 1.000

Renal Disease 28.250 (2.307–345.973) 0.017 34.338 (1.348–874.906) 0.032

Pulmonary Disease 6.222 (0.513–75.398) 0.225

Neurological Disease IE IE

Acute & Recent MI 20.600 (1.714–247.641) 0.017 9.644 (0.380–244.902) 0.170

Previous PCI IE IE

Previous Cardiac Surgery IE IE

IABP use IE IE



Clinical Surgery Journal

Page 6Infact Publications LLC

ISSN: 2767-0023

In-hospital Mortality

Preoperative Characteristics Crude OR (95% CI) p-value AOR (95% CI) p-value

LMS > 50% diameter stenosis 1.452 (0.127–16.570) 1.000

Poor LV Function 10.737 (0.927–124.410) 0.074

Cardiac Procedure

CABG alone Ref 0.141

Valve alone IE

CABG + Valve 6.643 (0.534 – 82.592)

Other IE

CABG + Other IE

Cardioplegia Solution (Crystalloid) IE IE

Cumulative bypass time (minutes) 1.013 (0.998–1.028) 0.096

Cross clamp time (minutes) 1.006 (0.979–1.033) 0.687

EuroSCORE II ≥ 5.00 IE IE

OR – Odds ratio, CI – Confidence Interval, AOR – Adjusted odds ratio, IE – Insufficient events to compute the odds ratio, Ref – Refence.

Table 7: Association between preoperative characteristics and prolonged ICU stay > 2 days.

Prolonged ICU Stay > 2 days

Preoperative Characteristics Crude OR (95% CI) p-value AOR (95% CI) p-value

Age 1.059 (0.921–1.216) 0.422

Male 0.581 (0.217–1.554) 0.276

Admission Status (Urgent) 1.741 (0.588–5.162) 0.313

CCS 4 1.074 (0.348–3.312) 0.901

NYHA IV 9.545 (1.112–81.973) 0.019 6.597 (0.580–75.072) 0.128

Diabetes 1.099 (0.531–2.275) 0.799

Hypertension 3.339 (1.310–8.509) 0.012 4.911 (1.516–15.909) 0.008

Hypercholesterolemia 0.963 (0.357–2.597) 1.000

Smoker 1.418 (0.672–2.991) 0.445

Renal Disease 2.519 (0.573–11.065) 0.273

Pulmonary Disease 1.148 (0.292–4.506) 1.000

Neurological Disease 0.599 (0.174–2.066) 0.555

Acute & Recent MI 2.149 (0.641–7.208) 0.231

Previous PCI 1.525 (0.582–3.995) 0.459

Previous Cardiac Surgery IE IE

IABP use IE IE

LMS > 50% diameter stenosis 1.757 (0.771–4.002) 0.177

Poor LV Function 7.719 (2.214–23.274) 0.001 5.020 (1.362–18.497) 0.015

Cardiac Procedure

CABG alone Ref Ref Ref

Valve alone 0.864 (0.294–2.540) 0.790 1.287 (0.334–4.961) 0.714

CABG + valve 9.500 (1.098–82.189) 0.041 8.457 (0.810–88.305) 0.074

Other 3.167 (0.27 –36.2013) 0.354 2.547 (0.212–30.547) 30.547

CABG + other IE IE

Cardioplegia Solution (Crystalloid) 0.318 (0.134–0.753) 0.008 0.457 (0.173–1.202) 0.113

Cumulative bypass time (minutes) 1.013 (0.998–1.028) 0.096

Cross clamp time (minutes) 1.006 (0.979–1.033) 0.687

EuroSCORE II ≥ 5.00 IE IE

OR – Odds ratio, CI – Confidence Interval, AOR – Adjusted odds ratio, IE – Insufficient events to compute the odds ratio.
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Table 8: Association between early postoperative complications and prolonged ICU stay > 2 days.

Early Postoperative Complications Total number of cases, % (n) Duration of Postoperative ICU Stay, % (n) p-value

> 2 days ≤ 2 days

Unplanned Reoperation* 4.8 (6) 3.3 (4) 1.7 (2) 0.229

Renal Failure needing dialysis 0.8 (1) 0.8 (1) 0.0 (0) 0.413

Pulmonary Complications 6.5 (8) 5.8 (7) 0.8 (1) 0.008

Arrhythmia 28.2 (35) 15.7 (19) 13.2 (16) 0.071

ICU Readmission within 24 hours of discharge 1.6 (2) 0.0 (0) 1.7 (2) 0.511

Reintubation within 24 hours of extubation 2.4 (3) 0.8 (1) 1.7 (2) 1.000

Duration of postoperative 
intubation

< 6 hours 64.5 (78) 17.4 (21) 47.1 (57)
0.0006 hours–24 hours 32.2 (39) 21.5 (26) 10.7 (13)

> 24 hours 3.3 (4) 2.5 (3) 0.8 (1)

POAF 22.6 (28) 12.4 (15) 10.7 (13) 0.189
*Unplanned reoperation during the same admission.

Discussion
Early postoperative complications
Atrial Fibrillation (AF) is one of the common complications 
following open-heart surgery. The incidence of AF varies in previous 
studies, ranging from 10% to 65% [3,4]. In a prospective study by 
Mariscalco et al. [5] among patients who underwent isolated CABG, 
the incidence of postoperative AF in their population was 31%. 
Multiple risk factors such as increasing age, previous episodes of 
AF, valvular disease and previous cardiac surgery were associated 
with postoperative atrial fibrillation following cardiac surgery [6–
8]. Pulmonary complications are the second most common early 
postoperative complication after cardiac surgery in our study 
(6.5%). These complications included pneumonia and prolonged 
ventilation > 2 days. In a study by Ailawadi et al. [9] the incidence 
of pneumonia after cardiac surgery was 2.4%. The risk factors 
for pneumonia in their study were COPD, smoking and older 
patients. FAA Al-Qubati et al. [10] demonstrated that the incidence 
of pulmonary complications after open-heart surgery was 15.08% 
with left phrenic nerve palsy being the most common type (3.35%) 
followed by Adult Respiratory Distress Syndrome (ARDS) (2.87%). 
However, the definition of pulmonary complications varies across 
studies and hence the inconsistency of incidence reported 
between all studies.

Renal disease and in-hospital mortality
In our study, renal disease was found to be an independent 
predictor for in-hospital mortality. Multiple previous studies have 
shown the association between preoperative renal dysfunction 
and mortality after cardiac surgery. In a study by Thakar et al. [11] 
among those patients who died, the median preoperative GFR 
was 57.0 mL/min/1.73m2 while those who survived, the median 
preoperative GFR was 72.0 mL/min/1.73m2 (p-value < 0.001). A 
Society of Thoracic Surgeons (STS) national cardiac database 
study by Cooper WA et al. [12] demonstrated that the risk of 
mortality in patients with moderate renal disease (GFR 30-59 mL/
min/1.73m2) was 55% higher compared to those with normal 
renal function whereas the risk was 3.8 times higher among 
those on dialysis. Apart from that, chronic kidney disease itself 

is a known risk factor for developing Coronary Artery Disease 
(CAD) and the outcomes of CAD in these patients are poorer 
compared to those with normal renal function [13]. Some of the 
possible mechanisms include endothelial dysfunction, metabolic 
syndrome, haemodynamic instability and arteriosclerosis.

Hypertension and prolonged ICU stay
There were not many previous studies that showed the association 
between hypertension and prolonged ICU stay. This finding will 
need further exploration in future studies.

Poor LV function and prolonged ICU stay
In our study, we found that patients with poor left ventricular 
function had prolonged postoperative ICU stay. Similar findings 
were seen in a study by Shah R et al. [14] which showed that that 
patients who stayed more than 4 days in ICU postoperatively had 
lower ejection fraction compared to those who stayed less than 4 
days (ICU < 4 days, 49.42 ± 11.80 vs. ICU > 4 days, 46.09 ± 13.14 
p-value, 0.001) although their cut-off duration of prolonged stay 
was longer. Atoui R et al. [15] in their study also found that patients 
with ejection fraction < 40 % had a 1.83 times higher risk of 
prolonged ICU stay > 2 days (RR, 1.83; 95% CI 1.03 to 3.25, p-value 
of 0.04) following cardiac surgery. A systematic review of 29 
papers by Almashrafi et al. [16] recognised low ejection fraction as 
one of the independent variables for prolonged ICU stay. However, 
Eltheni R et al. [17] did not find any significant association between 
poor left ventricular dysfunction and prolonged ICU stay after 
cardiac surgery. Another retrospective study by Mirinazhad et al. 
[18] showed that there was no significant difference between the 
duration of postoperative ICU stay and preoperative left ventricular 
function [18]. The discrepancy of outcomes between previous 
studies and our study could be due to the different cut-off values 
used to distinguish between normal and prolonged postoperative 
ICU stay. Most patients with poor LV function would probably need 
longer duration in ICU because they take longer time to wean off 
from inotropic support and recover from anaesthesia.

Pulmonary complications and prolonged ICU stay
The incidence of pulmonary complications in our study (6.9%) is 
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similar to that reported by Naveed A et al. [19] (6.2%). However, 
apart from pneumonia, prolonged ventilation > 48 hours and 
pneumonia, their study also included atelectasis and adult 
respiratory syndrome as pulmonary complications which our 
study did not. Hence, the percentage of pulmonary complications 
in our population might be underrepresented. Unfortunately, there 
were not many studies that showed any significant association 
between pulmonary complications and prolonged ICU stay.

Conclusion
Cardiac surgery is a safe procedure in those with low-to-medium 
risk (EuroSCORE II < 5). Risk stratification of patients is important 
to better identify patients who are at increased risk following 
cardiac surgery. The excellent results in the first year at CVSKL 
demonstrate that open-heart surgery can be safely performed and 
quality assured in new hospitals with the right team and expertise. 
Renal disease remains an important independent predictor for in-
hospital mortality following open-heart surgery.
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