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Background: Among cardiac surgery patients, low preoperative left ventricular ejection fraction (LVEF) is common and has been
associated with poor outcomes. The objective of this study was to assess the association between LVEF and postoperative mortality in
patients undergoing open-heart surgery in several hospitals in Indonesia.

Methods: We conducted a multicenter study with the retrospective design using data from patients undergoing open-heart surgery in 4
institutions in Indonesia. Data regarding LVEF and other potential risk factors were extracted from medical records and compiled in
one datasheet. Statistical analyses were performed to assess if low LVEF was associated with postoperative mortality and identify
other potential risk factors.

Results: A total of 4789 patients underwent cardiac surgery in participating centers during the study period. Of these, 189 subjects
(3.9%) had poor preoperative LVEF. Poor LVEF was associated with postoperative mortality (adjusted OR 2.761, 95% CI 1.763—
4.323, p < 0.001). Based on types of surgery, LVEF had a significant association with mortality only in CABG patients, while there
was no such association in valve surgery and inconclusive in congenital surgery patients. Other significant independent predictors of
in-hospital mortality included age more than 65 years old, non-elective surgery, the complexity of procedures, history of cardiac
surgery, organ failure, CARE score > 3, NYHA class > III, and poor right ventricular function.

Conclusion: Patients with low preoperative LVEF undergoing open-heart surgery had a higher risk of postoperative mortality.
Cardiac surgery can be performed with acceptable mortality rates. Accurate selection of patients, risk/benefit evaluation, and planning
of surgical and anesthesiological management are mandatory to improve outcomes.
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Introduction

Left Ventricular Ejection Fraction (LVEF) indicates the efficiency of the ventricle and is regarded as an optimal marker of
LV function. LVEF has been considered as among the strongest predictors of clinical outcomes after cardiac surgery.'~
A low EF has been suggested as a critical predictor of poor outcome and included in all currently available scoring
systems. Indeed, low EF has been associated with postoperative complications, such as Low Cardiac Output Syndrome
(LCOS), need for inotropic support, acute renal failure, respiratory failure, pneumonia, stroke, sepsis, deep sternal wound
infection, and bleeding.®”’

Left ventricular ejection fraction can be measured with different modalities. Cardiac magnetic resonance (CMR) has
been considered the gold standard for LVEF calculation.® However, most of the hospitals in Indonesia lack this
technology. On the other hand, transthoracic echocardiography (TTE) is one of the most common procedures performed
for LVEF measurement as part of the pre-operative evaluation. TTE is more affordable and provides immediate results.
However, there is a concern of TTE-derived LVEF accuracy, and it may differ from LVEF measured from other
modalities.”'°

Identifying patients who are at risk of poor outcomes are critical in the decision-making process. Several periopera-
tive variables have been suggested as potential predictors of mortality, for example, acute renal failure, diabetes mellitus,

Vascular Health and Risk Management 2022:18 131-137 131
Received: 1 December 2021 © 2022 Kurniawaty et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
TR terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 10 March 2022
Published: 24 March 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-7287-1831
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Kurniawaty et al Dove

chronic obstructive pulmonary disease. Scoring systems based on these risk factors have been applied in clinical practice
to identify patients with high mortality risk. Cardiac surgery procedures have experienced significant advancement that
leads to better surgical outcomes and lower postoperative mortality rates.'""'? The improvement in cardiac surgery may
render available scoring systems obsolete and previously established predictors of postoperative mortality not applicable.
Improvement in anesthesia, surgical techniques, and perioperative management resulted in better safety and outcome
among cardiac surgery patients. Cardiac surgery outcomes improved in the past few years, and the current scoring
systems are prone to overestimate poor outcomes.'? Khaled et al'® reported that CABG patients with low LVEF had
acceptable mortality of 5.4%. Another study by Elassy et al'* also found that LVEF < 35% was not a significant predictor
of mortality. These suggested improvements in cardiac surgery patients; thus, the role of LVEF in predicting post-
operative mortality should be re-evaluated.

We performed a multicenter study to assess the association between low LVEF and postoperative mortality among
open-heart surgery patients. We also identify potential risk factors of mortality in these patients.

Methods

We retrospectively reviewed medical records of adult patients who underwent cardiac surgery procedures at participating
institutions; Sardjito general hospital, Yogyakarta; Karyadi general hospital, Semarang; Abdul Wahab Sjahranie general
hospital, Samarinda; and Harapan Kita national heart center, Jakarta. We did not seek written consent for this retro-
spective observational study since all patients’ data were anonymized and de-identified before analysis.

Open cardiac surgery patients between 20162020 at the aforementioned hospitals were identified and had their
medical records reviewed. Patients who had an aortic dissection, as well as heart transplant patients, were excluded from
the study. Data were collected by trained chart reviewers using specialized forms. We extracted the following variables
from medical records: demographic and preoperative variables including age, sex, previous cardiac surgery, dyslipide-
mia, hypertension, chronic obstructive lung disease (COPD), organ failure, angina, prior myocardial infarction (MI),
active endocarditis, CARE score, pulmonary hypertension, NYHA class, right ventricular function, underweight,
diabetes, renal failure, preoperative arrhythmias; surgical factors including the priority of surgery (elective, urgent), oft-
pump technique, the weight of procedures. We used the Canadian Cardiovascular Society (CCS) and New York Heart
Association (NYHA) classification systems to identify angina and CHF status of patients, respectively. Preoperative
echocardiography was performed in all patients.

LVEF was derived from transthoracic echocardiography (TTE) results. All patients in the study had standard TTE as
part of pre-operative evaluation. LVEF was calculated using Simpson’s formula and LVEF < 30% was considered as poor
in accordance with EuroSCORE 1I classification. Outcome for the current study was postoperative mortality, defined as
any death event that occurred within 30 days after procedure or until discharge, whichever is sooner.

Data were stored in a database and analyzed using SPSS ver 26 (IBM Corp., Armonk, NY). Categorical variables are
presented as numbers (percent), whereas numerical variables are presented as mean + standard deviation (SD) or as
median (interquartile range). We performed univariate analysis using independent Student’s #-test or Mann Whitney
U-test when appropriate for numerical data; or y* test for categorical data. Variables with P < 0.25 in univariate analysis
were considered for inclusion in the multivariate analysis. Logistic regression was performed to identify independent
predictors of mortality. We considered variables with p-values of < 0.05 as significant with 95% confidence intervals.

Ethical Clearance

The study received ethical clearance from the Medical and Health Research Ethics Committee of Universitas Gadjah
Mada (ref no KE/FK/1277/EC/2019), as well as approval from participating centers. Informed consent waiver was
approved by the ethics committee due to its retrospective design based on patient records. We performed the study in
accordance with the Declaration of Helsinki.

132 https: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Kurniawaty et al

Results

Baseline Characteristics

Out of 4789 patients who underwent cardiac surgery in participating centers during the study period, 189 subjects
(3.9%) had poor preoperative LVEF, defined as LVEF < 30%, with a mean LVEF of 58.33+13.43 and range 14-90%.
The mean age of our patients was 50.35+13.49 years. A large proportion of our subjects was male (3014 patients,
62.9%). Most of the subjects had a CARE score of 2 (3533 patients, 73.8%). Half of the subjects had NYHA class 11
(2401 patients, 50.1%). CABG procedure was the most common procedure performed in the study, in which 2042
subjects (42.6%) had CABG-only procedures. Demographic characteristics of the subject population are presented in
Table 1.

From all cardiac surgery patients in the study, 298 subjects died during the postoperative period, translated into
a postoperative mortality rate of 6.2%. Bivariate analysis using the chi-square test found that poor LVEF was associated
with mortality. Only 3.7% (167 subjects) of those who survived had poor LVEF, compared to 9% (27 subjects) in
subjects who dead (unadjusted OR 2.538, 95% CI 1.648-3.908, p < 0.001). Other preoperative variables associated with
postoperative mortality were: age > 65 years, non-elective surgery, more complex procedures, CPB, previous cardiac
surgery, organ failure, infective endocarditis, higher CARE score, pulmonary hypertension, NYHA class > III, and right
ventricular function (Table 2).

We performed a subgroup analysis to assess the association between LVEF and mortality according to the type of
surgery. We analyzed subjects who only had one procedure, either CABG, valve, or congenital surgery. Results suggested
that LVEF < 30% had a significant association with mortality only in CABG patients. In these patients, LVEF < 30% was
associated with a threefold higher risk for mortality (OR 3.165, 95% CI 1.765-5.666, p <0.001). However, we did not
find similar results for valve surgery patients. As for patients in the congenital surgery group, we could not draw
a definitive conclusion since only one patient in this group had poor LVEF (Table 3).

We performed a logistic regression as multivariate analysis to identify variables that are independently associated
with postoperative mortality. Poor LVEF had a significant and independent association with postoperative mortality.
Patients with poor LVEF have almost three times higher risk for postoperative mortality (adjusted OR 2.761, 95% CI

Table | Demographic Data

Variables N %
Sex
Male 3014 62.9%
Female 1775 37.1%
Age 50.35+13.49*
BMI 23.87+4.64*
Complexity of
procedures
Isolated CABG 2042 42.6%
| procedur non-CABG 1368 28.6%
2 procedures 1142 23.8%
3 procedures 237 4.9%
NYHA
| 761 15.9%
Il 2401 50.1%
1l 1491 31.1%
I\ 136 2.8%
LVEF 58.33+13.43*
Note: *Presented as mean * SD.
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Dove:


https://www.dovepress.com
https://www.dovepress.com

Kurniawaty et al

Dove

Table 2 Bivariate Analysis

Variable Survived (N = 4491) Dead (N = 298) P
Age > 65 years 567 (12.5%) 73 (24.3%) <0.001
Sex 0.816
Male 2861 (63%) 187 (62.3%)
Female 1680 (37%) 113 (37.7%)
Non-elective surgery 195 (4.3%) 40 (13.4) <0.001
Complexity of procedures <0.001
Isolated CABG 1982 (43.6%) 96 (32%)
| procedur non-CABG 1297 (28.6%) 84 (28%)
2 procedures 1048 (23.1%) 98 (32.7%)
3 procedures 215 (4.7%) 22 (7.3%)
CPB 4146 (91.3%) 290 (96.7%) 0.001
Previous cardiac surgery 72 (1.6%) 17 (5.7%) <0.001
Dyslipidemia 927 (20.4%) 64 (21.3%) 0.701
Hypertension 1853 (40.8%) 111 (37%) 0.195
Chronic Obstructive Pulmonary Disease 81 (1.8%) 7 (2.3%) 0.490
Organ failure 537 (11.8%) 53 (17.7%) 0.003
Angina 1279 (28.2%) 72 (24%) 0.120
Myocard Infarction 649 (14.3%) 47 (15.7%) 0.510
Active endocarditis 100 (2.2%) 14 (4.7%) 0.006
CARE score < 0.001
I 374 (8.5%) 18 (6.3%)
I 3261 (74.1%) 195 (68.4%)
n 753 (17.1%) 67 (23.5%)
v 12 (0.3%) 5 (1.8%)
Pulmonary Hypertension 1231 (27.1%) 98 (32.7%) 0.036
NYHA 0.010
NYHA -1 3025 (66.6%) 178 (59.3%)
NYHA llI-lV 1517 (33.4%) 122 (40.7%)
Poor Right Ventricle Function 431 (9.5%) 49 (16.3% <0.001
Poor LVEF 169 (3.7%) 27 (9%) <0.001
Underweight 542 (11.9%) 47 (15.7%) 0.055
Table 3 Association Between Poor LVEF and Outcome Based on Type of Surgery
Outcome LVEF OR 95% ClI P value
> 30% < 30%
CABG surgery (n = 2078) Survived 1875 (94.7%) 104 (5.3%) 3.162 | 1.765-5.666 < 0.001
Dead 84 (84.8%) 15 (15.2%)
Valve surgery (n = 1004) Survived 912 (97.3%) 25 (2.7%) 1.710 | 0.503-5.816 0.426
Dead 64 (95.5%) 3 (4.5%)
Congenital surgery (n = 311) Survived 300 (100%) 0 (0%) 0.032 | 0.018-0.059 < 0.001
Dead 10 (90.9%) I (9.1%)

1.763-4.323, p < 0.001). Other significant independent predictors of in-hospital mortality included age more than 65
years old, non-elective surgery, the complexity of procedures, history of cardiac surgery, organ failure, CARE score > 3,

NYHA class > III, and poor right ventricular function. Results of multivariate analysis is presented in Table 4.
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Table 4 Multivariate Analysis

Variable Adjusted OR 95% CI P
Age > 65 years 3.255 2.372-4.467 <0.001
Non-elective surgery 2.762 1.8564.111 <0.001
Complexity of procedures 1.652 1.413-3.060 <0.001
CPB 2.079 1.286—4.924 0.007
Previous cardiac surgery 3.069 1.707-5.519 <0.001
Hypertension 0.968 0.724-1.294 0.824
Organ failure 1.634 1.171-2.282 0.004
Angina 1.021 0.730-1.429 0.904
Infective endocarditis 1.537 0.829-2.848 0.172
Pulmonary Hypertension 1.087 0.807-1.463 0.584
CARE = 3 1.436 1.079-1.910 0.01
NYHA = I 1.083 0.842-1.394 0.534
Poor RV function 1.644 1.167-2.315 0.004
Poor LVEF 2761 1.763—4.323 <0.001
Underweight 1.247 0.879-1.769 0.215
Discussion

LVEF is the percentage of blood volume ejected during each cardiac cycle.'” It reflects the efficiency of the ventricle in
emptying itself.! LVEF has been considered a better measurement of LV function than stroke volume. The study
confirmed that poor LVEF remains a challenge in cardiac surgery, even after significant improvements in the field of
cardiac surgery. While we found poor LVEF in only 3.9% of the subjects in our study, it had a significant association with
mortality. However, looking deeper into specific types of surgery, LVEF only showed a significant association with
mortality in patients who only had CABG surgery. We did not find a significant association between LVEF and mortality
in valve surgery patients, and we could not draw a definitive conclusion of the association in congenital surgery patients.
There are only a few studies investigating the effect of LVEF in valve replacement surgery. Previous studies found
a significant association between lower LVEF and mortality in valve surgery patients.'®"'® However, only 28 (2.8%) of
valve surgery patients in the current study had poor LVEF. This relatively small number of valve surgery patients with
poor LVEF may affect the results. However, our results emphasized the possibility of the different impacts of LVEF
between different types of surgery and should be further studied, especially in valve surgery patients.

Low EF is an independent risk factor for postoperative mortality. Christakis et al'® reported a mortality rate of 9.8%

in patients with EF < 20%, and another study by Carr et al*°

found a mortality rate of 11% in patients with EF between
10-20%. Di Carli et al reported a 30-day postoperative mortality rate of 9.3% in patients with EF < 40%.%' However,
a more recent report suggested a lower postoperative mortality rate. A review of 55,515 patients form a New York State
Database who underwent CABG procedures between 1997 and 1999 reported a mortality rate of 4.6% in patients with EF
< 20%.? In another study, immediate mortality in patients with EF < 35% was 10.5%.?2 A study that included patients
with valve disease reported a mortality rate of 5.6% in patients with LVEF < 40%.” The decrease in mortality over time
represents a significant improvement in the surgical outcome of patients with low EF. We could not determine if there is
a similar trend in our study since we did not have mortality data from an older database as a baseline.

Other risk factors of postoperative mortality in our study were age > 65 years, non-elective surgery, the complexity of
procedures, history of cardiac surgery, organ failure, CARE score > 3, NYHA class > III, and poor right ventricular
function. Mahesh et al*® reported a postoperative mortality rate of 2.9%. Predictors of mortality in their study were age > 70
years, female [OR =1.97 (95% CI: 1.3-3.1); P=0.003], hypertension [OR = 1.6 (95% CI: 1-2.6); P=0.046], LVEF <50%,
neurological dysfunction [OR = 3.7 (95% CI: 1.7-7.9); P = 0.001], previous cardiac surgery [OR = 3.1 (95% CI: 1.7-5.6);
P <0.001], emergency procedure [OR = 2.9 (95% CI: 1.2-6.8); P =0.017], and 3 surgical procedures [OR = 4.4 (95% CI:
1.6-12.2); P=0.005]. Age was an important determinant of postoperative mortality in their study. Using age 50—59 years as
reference, OR of mortality for age group of 70—79 years was 5 (95% CI: 1.7-15, P = 0.004), and for age group >80 years
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was 10.9 (95% CI: 3.4-34, P < 0.001). Advanced left ventricular dysfunction was a predictor of poor outcome, with
moderate, poor, and very poor left ventricular function having 2, 5, and 10 times higher risk, respectively, than those with
normal LV function.

The study showed the importance of preoperative LVEF measurement in cardiac surgery patients. LVEF is considered
a better measurement than stroke volume as a marker of LV function. However, it may not appropriately reflect the status
of the circulation in certain situations.” LVEF has several limitations, most importantly it has been associated with data
variability and poor reproducibility. EF results varied among different imaging techniques. LVEF is also dependent on
heart rate, thus atrial fibrillation and rapid ventricular response may lead to artificially low LVEF.**

The study has several limitations that should be considered. First, due to its retrospective design, we could not control
how LVEF was measured. Different techniques and operators’ skills may influence the result and classification of LVEF.
Second, we could not exclude the effect of other potential variables that were not included in the analysis.

Conclusion

Moderate to severe left ventricular dysfunctions are common in the general cardiac surgery population. Patients with
a poor LVEF undergoing cardiac surgery have a high risk of postoperative complications and mortality, but surgery can
proceed with a relatively lower mortality rate. A significant association between poor LVEF and mortality was found in
CABG patients, while valve surgery and congenital surgery still need further studies. Preoperative evaluation and
accurate risk stratification are essential in cardiac surgery and careful perioperative management is mandatory.
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