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Introduction

Coronary artery disease (CAD) is the leading cause of death in
theUnited States and accounted for 13%ofdeaths nationwide
in 2018.1 Ischemic cardiomyopathy, with left ventricular
dysfunction and heart failuremay develop over time, leading
to even higher morbidity and mortality. Coronary artery
bypass grafting (CABG) has been shown to be superior to

medical therapy alone or percutaneous coronary interven-
tion for the treatment of ischemic cardiomyopathy.2,3

Several studies have shown a recovery of left ventricular
ejection fraction (LVEF) postoperatively, attributed to in-
creased myocardial blood flow of the revascularized areas
after CABG.4–9 However, controversy exists about the tem-
poral evolvement of LVEF recovery postoperatively and some
of the published data have shown a benefit limited only to
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Abstract Background Controversy exists about left ventricular systolic function recovery after
coronary artery bypass grafting in patients with ischemic cardiomyopathy. The aim of
this study is to evaluate the temporal evolvement of left ventricular systolic function
after coronary artery bypass surgery in patients with ischemic cardiomyopathy.
Patients and Methods A total of 50 patients with coronary artery disease and left
ventricular ejection fraction (LVEF) �35% underwent isolated coronary artery bypass
grafting in a single center in the period 2017 to 2019. We performed a retrospective
analysis of the echocardiographic and clinical follow-up data at 3 months and 1 year
postoperatively.
Results Median LVEF preoperatively was 25% (20–33%), mean patient age was
66� 8.2 years, 33 (66%) patients were operated off-pump, and 22 (44%) procedures
were non-elective. There was no in-hospital myocardial infarction, stroke, and repeat
revascularization. Three (6%) patients underwent re-exploration for bleeding or
tamponade. In-hospital mortality was 8% and 1-year mortality was 12%. At 1 year
postoperatively, there was no repeat revascularization, no myocardial infarction, 1
(2.6%) patient had a transient ischemic attack, and 10 (20%) patients required an
implantable defibrillator. There was a statistically significant median ejection fraction
increase at 3 months (15% [5–22%], p<0.0001) and 1 year (23% [13–25%], p< 0.0001)
postoperatively, with an absolute increase�10% in 32 (74.4%) and 30 (78.9%) patients
at 3 months and 1 year, respectively.
Conclusion Patients with ischemic cardiomyopathy undergoing coronary artery
bypass surgery show continuous recovery of left ventricular systolic function in the
first postoperative year.
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the early postoperative period.10,11 Aim of this study is the
evaluation of left ventricular systolic function recovery in the
first postoperative year in patients with ischemic cardiomy-
opathy undergoing CABG.

Patients and Methods

A total of 50 patients with CAD and severe left ventricular
dysfunction, defined as an LVEF �35%, underwent isolated
CABG in a single center in the period 2017 to 2019. We
performed a retrospective analysis of the echocardiographic
and clinical follow-up data at 3 months and 1 year postoper-
atively. The study was approved and individual informed
consent was waived by the local ethics committee (BASEC
number: 2021-00625).

The procedure was performed over a median sternotomy
in 46 (92%) patients and over a left anterolateral minithor-
acotomy in 4 (8%) patients. Cardiopulmonary bypass (CPB)
was used in 17 (34%) patients, with 3 (6%) of the patients
being non-electively converted from off-pump to on-pump
CABG because of intraoperative hemodynamic instability. A
total of 15 (30%) patients were operated on-pump beating-
heart, without the use of cardioplegia and 2 (4%) patients
with the use of cardioplegia. Bretschneider solutionwas used
for myocardial protection and applied antegrade and indi-
rectly to the ascending aorta. Patients were cooled to 34°C in
case of CABG with cardioplegic arrest, whereas no cooling
was performed in case of on-pump beating-heart CABG. CPB
was established with arterial cannulation of the ascending
aorta and venous cannulation of the right atrium. The
procedure was performed without CPB (off-pump) in 33
(66%) patients.

The following patient data were collected: preoperative
and intraoperative (age, gender, arterial hypertension, dys-
lipidemia, smoking status, diabetes mellitus, number of
diseased coronary vessels, previous myocardial infarction,
previous percutaneous coronary intervention, chronic ob-
structive pulmonary disease, previous stroke, peripheral
arterial disease, chronic renal disease, use of CPB, surgery
urgency, number of coronary anastomoses, LVEF, additive
EuroSCORE), in-hospital postoperative (intubation duration,
intensive care unit stay, postoperative stay, re-exploration
for bleeding or tamponade, postoperative renal replacement
therapy, implantable cardioverter defibrillator [ICD] or car-
diac resynchronization therapy defibrillator [CRT-D] implan-
tation, myocardial infarction, stroke, and repeat
revascularization), and follow-up (LVEF at 3 months and
1 year postoperatively, ICD or CRT-D implantation, myocar-
dial infarction, stroke, and repeat revascularization at 1 year
postoperatively). The baseline data of the patients are pre-
sented in ►Table 1. LVEF was assessed preoperatively, at
3 months and 1 year postoperatively by transthoracic
echocardiography.

The statistical analyses were performed with IBM SPSS
Statistics for Windows, Version 27.0 (IBM Corp, Armonk,
New York, United States). Categorical variables are presented
as counts (percentages) and continuous variables as mean�
standard deviation by normally distributed data and median

(first and third quartile) by non-normally distributed data.
Assessment of the normality of data distribution was per-
formed using mainly Q–Q plot and histogram inspection
and secondarily with the Shapiro–Wilk test and the Kolmo-
gorov–Smirnov test. TheWilcoxon signed-rank test was used
to assess for LVEF improvement at 3 months and 1 year
postoperatively. Student’s t-test, Mann–Whitney’s U-test,
Pearson’s, and Spearman’s correlation were used to identify
factors leading to LVEF improvement postoperatively. All
tests were two-sided and the level of statistical significance
was set at 0.05.

Results

In-hospital Outcomes
The median intubation duration was 6 (4–12) hours, the
median intensive care unit stay was 2 (1–3) days, and the
median postoperative stay was 9 (8–11) days. Three (6%)
patients underwent re-exploration for bleeding or cardiac
tamponade and one (2%) patient required postoperative
renal replacement therapy. A total of four (8%) patients
died during the index hospitalization. There was no

Table 1 Baseline characteristics of the patient population
(n¼50)

Age, years 66�8.2

Female gender 7 (14)

Arterial hypertension 46 (92)

Dyslipidemia 37 (75.5)

Smoker, active or ex 37 (75.5)

Diabetes mellitus 21 (42)

Coronary artery disease 50 (100)

One-vessel 0

Two-vessel 5 (10)

Three-vessel 45 (90)

Previous myocardial infarction 30 (60)

Previous PCI 12 (24)

COPD 4 (8)

Previous stroke 10 (20)

Peripheral arterial disease 8 (16)

Chronic renal disease 20 (40.8)

OPCAB 33 (66)

Non-elective surgery 22 (44)

Number of coronary anastomoses 3 (3–4)

LVEF, % 25 (20–33)

Additive EuroSCORE, points 8.04�3.3

Abbreviations: COPD, chronic obstructive pulmonary disease; LVEF, left
ventricular ejection fraction; OPCAB, off-pump coronary artery bypass;
PCI, percutaneous coronary intervention.
Note: Continuous variables are reported as mean� standard deviation
or median (first and third quartile) and categorical variables as counts
and percentages, n (%).
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myocardial infarction, stroke, or repeat revascularization.
One patient with postoperative symptomatic ventricular
tachycardia, persistent LVEF �35%, and non–left bundle
branch block (LBBB) with QRS duration >120 milliseconds
received a CRT-D for primary prevention of sudden cardiac
death on the sixth postoperative day (epicardial left ventric-
ular electrode already implanted during CABG).

Follow-up Outcomes
The 3-month and 1-year follow-up data of the patients are
presented in ►Table 2. There was a statistically significant
median LVEF increase from baseline to 3 months (15% [5–
22%], p<0.0001) and 1 year (23% [13–25%], p<0.0001)
postoperatively as well as from 3 months to 1 year (4% [0–
10%], p<0.0001) postoperatively. An LVEF increase �10%
was shown in 32 (74.4%) patients at 3 months and 30 (78.9%)
patients at 1 year postoperatively. There was no myocardial
infarction and no repeat revascularization at 1 year postop-
eratively. A total of six (12%) patients died in the first
postoperative year. Overall, six (12%) patients received a
CRT-D, one patient during the index hospitalization and
five at follow-up. Indications for CRT-D implantation at
follow-up were primary prevention of sudden cardiac death
by persistent symptomatic LVEF �35% and LBBB with a QRS
duration >130 milliseconds or non-LBBB with a QRS dura-
tion >120 milliseconds (four patients with LBBB and one
patient with non-LBBB). Four (8%) patients received an ICD
for primary prevention of sudden cardiac death by persistent
LVEF�35%. The mean implantation time point for all devices
was 0.44�0.33 years postoperatively. One (2%) patient had a
questionable case of transient ischemic attack, presenting
with hemiparesis and hypoesthesia of the left upper extrem-
ity, 2 days after the ipsilateral implantation of a CRT-D, with
normal findings in cranial computed tomography and almost
complete regression of the symptoms over the next 5 days
and before hospital discharge.

The results of the analysis for factors affecting LVEF
improvement at 3 months and 1 year postoperatively are
presented in ►Tables 3 and 4. None of the assessed factors
was found to be statistically significantly associated with

LVEF improvement at 3 months postoperatively. Preopera-
tive LVEF (p¼0.033), previous percutaneous coronary inter-
vention (p¼0.027), normal kidney function (p¼0.020), and
off-pump surgery (p¼0.036) were found to be statistically
significantly negatively associated with LVEF improvement
at 1 year postoperatively.

Discussion

Our data show that patients with ischemic cardiomyopathy
undergoing CABG exhibit a significant LVEF increase both in
the first 3 months as well as the first year after revasculari-
zation. LVEF recovery was markedly higher in the first 3
postoperative months but continued further on during the
first postoperative year. Previous studies have also shown an
LVEF recovery in patients with ischemic cardiomyopathy
after CABG, though the temporal trend of LVEF recovery
was analyzed by only a few authors with contradicting
results. Roberts et al. have shown a transient depression of
LVEF in the first 2 postoperative hours, followed by recovery
to preoperative levels at 24hours and significant improve-
ment at 7 days but no further change in LVEF from 7 days to
8 months postoperatively.11 Similarly, Lorusso et al. have
shown a significant LVEF improvement prior to hospital
discharge after CABG, with gradual offset at 3 and 12months
postoperatively.10 Other research groups were able to find a
significant LVEF improvement at 1, 6, and 12 months

Table 2 Follow-up data of the patient population (n¼50)

LVEF at 3 mo postoperatively, % 40 (33–48)

LVEF increase �10% at 3 mo postoperatively 32 (74.4)

LVEF at 1 y postoperatively, % 45 (40–51)

LVEF increase �10% at 1 y postoperatively 30 (78.9)

ICD or CRT-D implantation at 1 y postoperatively 10 (20)

Myocardial infarction at 1 y postoperatively 0

Stroke at 1 y postoperatively 1 (2)

Repeat revascularization at 1 y postoperatively 0

Mortality at 1 y postoperatively 6 (12)

Abbreviations: CRT-D, cardiac resynchronization therapy defibrillator;
ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection
fraction.
Note: Continuous variables are reported as median (first and third
quartile) and categorical variables as counts and percentages, n (%).

Table 3 Univariate analysis for factors affecting LVEF
improvement at 3 months postoperatively

Variables p-Value

Age 0.507

Female gender 0.987

Arterial hypertension 0.098

Dyslipidemia 0.489

Smoker, active or ex 0.135

Diabetes mellitus 0.677

Three-vessel coronary disease 0.283

Previous myocardial infarction 0.911

Previous PCI 0.378

COPD 0.981

Previous stroke 0.223

Peripheral arterial disease 0.692

Chronic renal disease 0.736

OPCAB 0.436

Non-elective surgery 0.737

Number of coronary anastomoses 0.718

LVEF 0.314

Additive EuroSCORE 0.386

Abbreviations: COPD, chronic obstructive pulmonary disease; LVEF, left
ventricular ejection fraction; OPCAB, off-pump coronary artery bypass;
PCI, percutaneous coronary intervention.
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postoperatively,7,9,12,13while someotherswere able tofind a
significant LVEF improvement postoperatively, though no
exact follow-up time point was specified.4–6

Themyocardial bloodflowof revascularizedareas increases
significantly after CABG, driving the recovery of regional and
global left ventricular function and leading to the observed
postoperative LVEF improvement.14 However, left ventricular
function cannot recover in cases of irreversible myocardial
damage, thus recovery of contractile function can only be
achieved by revascularization of viable ischemicmyocardium.
Using preoperative dynamic positron emission tomography
(PET) and transmural myocardial biopsy, some authors were
able toshow thathigher levelsofmyocardial bloodflow,higher
myocardial glucose uptake, less tissue fibrosis, and specific
alterations of cardiomyocytes (loss of myofilaments and accu-
mulation of glycogen) were associated with reversible left
ventricular dysfunction.7,9,15,16 Other authors were able to
identify patients with viable ischemic myocardium and pre-
dict myocardial recovery by using dobutamine echocardiogra-
phy, magnetic resonance tomography with late gadolinium
enhancement, and single photon emission computed tomog-
raphy (SPECT).17–20 No data about preoperative myocardial
viability were available in our study; therefore, no relevant
analysis could be performed.

Even though the assessment of preoperative myocardial
viability with the abovementioned imaging methods helps
the prediction of left ventricular function recovery after
CABG, not all patients with evidenced viability exhibit the
expected LVEF recovery. Mandegar et al. have shown that
patients with higher left ventricular end-systolic volume
and fewer viable myocardial segments in preoperative
dobutamine echocardiography had a lower likelihood of
postoperative LVEF recovery.21 Consequently, patients with
poor left ventricular systolic function, severe left ventricu-
lar dilation, and low proportion of viable myocardium are
not expected to show significant LVEF recovery after CABG.
No data about preoperative left ventricular dilation were
available in our study; therefore, no relevant analysis could
be performed.

Despite the overall significant LVEF improvement at
3 months and 1 year postoperatively, every fifth patient
received an ICD or CRT-D postoperatively, with an indication
for implantation based on the recommendations of interna-
tional society guidelines.22 This is a considerable proportion
of patients and most probably reflects a subgroup with a
large amount of nonviable myocardium and/or severe left
ventricular dilation, who did not profit from the surgical
revascularization.

This study has limitations associated with the retro-
spective data analysis and the inherent patient selection
bias of these analyses. Additionally, no preoperative data
about myocardial viability and left ventricular dilation
were available, factors associated with reversibility of
myocardial dysfunction after CABG, which might have
been able to explain the absence of LVEF recovery in
some patients.

Conclusion

In conclusion, the strengths of this study must be empha-
sized. Using echocardiographic follow-up data at 3 months
and 1 year postoperatively, we were able to perform an
analysis of the postoperative LVEF evolvement in patients
with ischemic cardiomyopathy. Only a few previous studies
have assessed the temporal evolvement of LVEF after CABG,
with contradicting results. Our study shows a significant
increase of LVEFat 3months and 1 year after CABG, providing
more data about a continuous LVEF recovery over the first
postoperative year.

Note
This article has been presented in part at the virtual 50th
Annual Meeting of the German Society for Thoracic and
Cardiovascular Surgery on February 27, 2021.

Funding
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Conflict of Interest
None declared.

Table 4 Univariate analysis for factors affecting LVEF
improvement at 1 year postoperatively

Variables p-Value

Age 0.304

Female gender 0.763

Arterial hypertension 0.606

Dyslipidemia 0.642

Smoker, active or ex 0.110

Diabetes mellitus 0.976

Three-vessel coronary disease 0.385

Previous myocardial infarction 0.154

Previous PCI 0.027

COPD 0.272

Previous stroke 0.180

Peripheral arterial disease 0.680

Chronic renal disease 0.020

OPCAB 0.036

Non-elective surgery 0.803

Number of coronary anastomoses 0.356

LVEF 0.033

Additive EuroSCORE 0.816

Abbreviations: COPD, chronic obstructive pulmonary disease; LVEF, left
ventricular ejection fraction; OPCAB, off-pump coronary artery bypass;
PCI, percutaneous coronary intervention.

Thoracic and Cardiovascular Surgeon Vol. 70 No. 7/2022 © 2021. Thieme. All rights reserved.

Ejection Fraction Recovery after Coronary Artery Bypass Grafting for Ischemic Cardiomyopathy Ntinopoulos et al. 547

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



References
1 Virani SS, Alonso A, Aparicio HJ, et al; American Heart Association

Council on Epidemiology and Prevention Statistics Committee
and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2021 update: a report from the American Heart Asso-
ciation. Circulation 2021;143(08):e254–e743

2 Petrie MC, Jhund PS, She L, et al; STICH Trial Investigators. Ten-
year outcomes after coronary artery bypass grafting according to
age in patients with heart failure and left ventricular systolic
dysfunction: an analysis of the extended follow-up of the STICH
Trial (Surgical Treatment for Ischemic Heart Failure). Circulation
2016;134(18):1314–1324

3 Sun LY, Gaudino M, Chen RJ, Bader Eddeen A, Ruel M. Long-term
outcomes in patients with severely reduced left ventricular
ejection fraction undergoing percutaneous coronary intervention
vs coronary artery bypass grafting. JAMA Cardiol 2020;5(06):
631–641

4 Jose R, Shetty A, Krishna N, et al. Early and mid-term outcomes of
patients undergoing coronary artery bypass grafting in ischemic
cardiomyopathy. J Am Heart Assoc 2019;8(10):e010225

5 Lozonschi L, Kohmoto T, Osaki S, et al. Coronary bypass in left
ventricular dysfunction and differential cardiac recovery. Asian
Cardiovasc Thorac Ann 2017;25(09):586–593

6 Fukui T, Shibata T, Sasaki Y, et al. Long-term survival and
functional recovery after isolated coronary artery bypass grafting
in patients with severe left ventricular dysfunction. Gen Thorac
Cardiovasc Surg 2007;55(10):403–408

7 Depré C, Vanoverschelde JL, Gerber B, BorgersM, Melin JA, Dion R.
Correlation of functional recovery with myocardial blood flow,
glucose uptake, andmorphologic features in patients with chron-
ic left ventricular ischemic dysfunction undergoing coronary
artery bypass grafting. J Thorac Cardiovasc Surg 1997;113(02):
371–378

8 Soliman Hamad MA, Peels K, Van Straten A, Van Zundert A,
Schönberger J. Coronary artery bypass surgery in patients with
impaired left ventricular function. Predictors of hospital out-
come. Acta Anaesthesiol Belg 2007;58(01):37–44

9 Vanoverschelde JL, Depré C, Gerber BL, et al. Time course of
functional recovery after coronary artery bypass graft surgery
in patientswith chronic left ventricular ischemic dysfunction. Am
J Cardiol 2000;85(12):1432–1439

10 Lorusso R, La Canna G, Ceconi C, et al. Long-term results of
coronary artery bypass grafting procedure in the presence of
left ventricular dysfunction and hibernating myocardium. Eur J
Cardiothorac Surg 2001;20(05):937–948

11 Roberts AJ, Spies SM, Meyers SN, et al. Early and long-term
improvement in left ventricular performance following coronary
bypass surgery. Surgery 1980;88(04):467–475

12 Haxhibeqiri-Karabdic I, Hasanovic A, Kabil E, Straus S. Improve-
ment of ejection fraction after coronary artery bypass grafting
surgery in patients with impaired left ventricular function. Med
Arh 2014;68(05):332–334

13 Yee NP, Siu AM, Davis J, Kao J. Recovery of left ventricular function
after percutaneous coronary intervention compared to coronary
artery bypass grafting in patients with multi-vessel coronary
disease and left ventricular dysfunction. Hawaii J Med Public
Health 2016;75(09):273–277

14 Shikata F, Imagawa H, Kawachi K, et al. Regional myocardial blood
flowmeasured by stress multidetector computed tomography as
a predictor of recovery of left ventricular function after coronary
artery bypass grafting. Am Heart J 2010;160(03):528–534

15 Pasquet A, Lauer MS, Williams MJ, Secknus MA, Lytle B, Marwick
TH. Prediction of global left ventricular function after bypass
surgery in patients with severe left ventricular dysfunction.
Impact of pre-operative myocardial function, perfusion, and
metabolism. Eur Heart J 2000;21(02):125–136

16 Flameng WJ, Shivalkar B, Spiessens B, et al. PET scan predicts
recovery of left ventricular function after coronary artery bypass
operation. Ann Thorac Surg 1997;64(06):1694–1701

17 Hausmann H, Meyer R, Siniawski H, et al. Factors exercising an
influence on recovery of hibernating myocardium after coronary
artery bypass grafting. Eur J Cardiothorac Surg 2004;26(01):
89–95

18 Hwang HY, Yeom SY, Park E-A, Lee W, Jang M-J, Kim K-B. Serial
cardiac magnetic resonance imaging after surgical coronary
revascularization for left ventricular dysfunction. J Thorac Car-
diovasc Surg 2020;159(05):1798–1805

19 Paeng JC, Lee DS, Kang WJ, et al. Time course of functional
recovery after coronary artery bypass grafting surgery according
to the preoperative reversibility of perfusion impairment on
myocardial SPECT. Eur J Nucl Med Mol Imaging 2005;32(01):
70–74

20 deFilippi CR, Willett DL, Irani WN, Eichhorn EJ, Velasco CE,
Grayburn PA. Comparison of myocardial contrast echocardiogra-
phy and low-dose dobutamine stress echocardiography in pre-
dicting recovery of left ventricular function after coronary
revascularization in chronic ischemic heart disease. Circulation
1995;92(10):2863–2868

21 Mandegar MH, Yousefnia MA, Roshanali F, Rayatzadeh H, Alaed-
dini F. Interaction between two predictors of functional outcome
after revascularization in ischemic cardiomyopathy: left ventric-
ular volume and amount of viable myocardium. J Thorac Cardi-
ovasc Surg 2008;136(04):930–936

22 Normand C, Linde C, Singh J, Dickstein K. Indications for cardiac
resynchronization therapy: a comparison of the major interna-
tional guidelines. JACC Heart Fail 2018;6(04):308–316

Thoracic and Cardiovascular Surgeon Vol. 70 No. 7/2022 © 2021. Thieme. All rights reserved.

Ejection Fraction Recovery after Coronary Artery Bypass Grafting for Ischemic Cardiomyopathy Ntinopoulos et al.548

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


