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Low left ventricular ejection fraction (LVEF) was always considered a
high-risk factor for surgery. A growing number of patients with pre-
operative low LVEF have undergone cardiac surgery in recent years.
The transition of postoperative LVEF and its correlation with short-
term outcomes is not yet clear. We retrospectively collected the
clinical data of cardiac surgery patients with low preoperative LVEF
(≤40%). LVEF measurements were collected preoperatively and at
least twice postoperatively. The primary endpoint was the composite
endpoint of hospital mortality or length of intensive care unit (ICU)
stay ≥7 days. Univariate logistic regression was used to evaluate
the association of each indicator with the outcomes, including cal-
culation of the area under the receiver operating characteristic (ROC)
curve. A two-piecewise linear regression model was applied to exam-
ine the threshold effect of the LVEF on the composite endpoint using
a smoothing function. From 1 January to 31 December 2018, a total of
123 patients had low LVEF preoperatively, of whom 35 (28.5%) met
the composite endpoint. LVEF was 35% [interquartile range (IQR)
30%–42%] at first measurement and increased to 40% (IQR 35%–
45%) at final measurement during their hospitalization. There was
a linear relationship between composite endpoint and lowest level
of postoperative LVEF. The base e logarithm of odds ratio [Ln(OR)] of
composite endpoint decreased with increasing LVEF (OR = 0.83, 95%
confidence interval 0.76–0.91, p< 0.01). Most patients with low pre-
operative LVEF will benefit from cardiac surgery. The lowest mea-
surement of postoperative LVEF can be used to evaluate the short-
term outcome of patients after cardiac surgery.
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1. Background
Left ventricular ejection fraction (LVEF) is the most fre-

quently used indicator of cardiac function [1, 2]. Patients
with low preoperative LVEF are at high risk in cardiac

surgery, with associations with substantially elevated postop-
erative morbidity and mortality [3, 4]. With improvements
to surgical procedures and the use of various circulatory sup-
port devices and drugs, outcomes after cardiac surgery have
improved over time, leading to a decrease in surgical con-
traindications and broad adjustment in the range of preop-
erative risk assessment [5, 6]. The safety of cardiac surgery
among patients with preoperative cardiac insufficiency has
been well established by several studies [7–9].

A large number of studies have verified the correlation
between preoperative LVEF and patient prognosis, but lit-
tle attention has been paid to the transition of postoperative
LVEF. LVEF is usually monitored on an ongoing basis to
evaluate the outcome of the surgery and the patients’ recov-
ery of cardiac function, sometimes as reference for transfer
out of the intensive care unit (ICU) or discharge [10, 11]. Pa-
tients with shorter-term changes in LVEF after surgery are
of concern to clinicians, especially those who already had low
LVEF before surgery. Studies have shown that the LVEF of
some patients does not improve from surgery but decreases
in the early postoperative period, confusing clinicians about
surgical and patient outcomes [12, 13]. Further studies have
revealed that preoperative LVEFmay be affected by the struc-
tural compensation of the heart itself or other factors that
cannot fully reflect actual cardiac function [14, 15]. The prog-
nostic value of LVEF and its short-term changes among car-
diac surgery patients remains understudied in the real world.
Questions concerning low LVEF in patients need answering
to guide treatment decisions.

The aim of this study was to investigate the change in
LVEF and prognosis of patients with low preoperative LVEF
after cardiac surgery. At the same time, we explored the pre-
dictive value of postoperative LVEF for patient prognosis.
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2. Methods
2.1 Patients

This retrospective cohort study enrolled patients with
preoperative low LVEF who underwent cardiac surgery be-
tween 1 January and 31 December 2018 in Zhongshan Hos-
pital, Shanghai, China. Patients younger than 18 years of age
and pregnant patients were excluded from the study.

All patients underwent formal two-dimensional echocar-
diography less than 2weeks prior to surgery and at least twice
after surgery during hospitalization. Patients received stan-
dard anesthetic care and monitoring during the procedure
and were transferred to the intensive care unit (ICU) after
surgery. Standard care was provided by intensivists, respi-
ratory therapists and ICU nurses. Standard therapy included
fluid management, airway management, vasoactive medica-
tions, and inotropic and mechanical circulatory support ac-
cording to hemodynamic status. The decision to discharge
from the ICUwasmade by intensivists, based on the patient’s
general condition. Data were collected from the electronic
medical records during hospitalization.

2.2 Data collection

Preoperative characteristics, including patient demo-
graphics and comorbidities were collected retrospectively.
The latest measurement of preoperative LVEF (LVEF_Pre),
first measurement of postoperative LVEF (LVEF_First),
lowest level of postoperative LVEF (LVEF_Low), and last
measurement of postoperative LVEF (LVEF_Last) were
recorded. Laboratory measurements including creatinine,
cardiac troponin T (cTnT), and N-terminal pro-brain na-
triuretic peptide (NT-proBNP) and were measured pre-
operatively and within 24 h after the surgery. In addition, we
collected information about patients’ procedures, supportive
therapies (such as intra-aortic balloon pump, renal replace-
ment therapy and inhaled nitric oxide), and clinical outcomes
during hospitalization. All data were obtained from the pa-
tients’ electronic medical record system.

The LVEF and tricuspid annular plane systolic excursion
(TAPSE) values were measured using echocardiography, and
the LVEF was evaluated using Simpson’s biplane method.
Comorbid conditions were evaluated using the Charlson Co-
morbidity Index. EuroSCORE was used to calculate the pre-
dicted operative mortality for patients undergoing cardiac
surgery. APACHE II was used to evaluate the severity of the
patient’s condition after patients were transferred to ICU fol-
lowing surgery. These scores were evaluated by the inten-
sivists.

2.3 Definition

Preoperative low LVEF was defined as the latest mea-
surement of preoperative echocardiography showing LVEF
of≤40% and was calculated using Simpson’s biplane method
[16]. The primary endpoint was the composite endpoint of
hospital mortality or length of ICU stay≥7 days.

2.4 Statistical analysis

Discrete variables were expressed as numbers and per-
centages and compared using the Fisher’s exact test. Ac-
cording to the normality of the data, continuous variables
were expressed as mean± standard deviation or median (in-
terquartile range) and compared using the student’s t test or
Wilcoxon rank-sum test. Logistic regression models were
used to investigate the relationship between indicators and
composite endpoints in univariable analyses. The area under
the receiver operating characteristic curve (AUROC), with
95% confidence interval (CI), was used to compare the pre-
diction of composite endpoints by each indicator.

A two-piecewise linear regression model was applied to
examine the threshold effect of the LVEF on the composite
endpoint using a smoothing function. The threshold level
(i.e., turning point) was determined by trial and error, includ-
ing by selection of turning points along a pre-defined interval
and then choosing the turning point that gave the maximum
model likelihood. A log likelihood ratio test was conducted
to compare the one-line linear regression model with a two-
piecewise linear model. Statistical tests were two-tailed, and
a value of p< 0.05 indicated statistical significance. Statistical
analyses were performed using R, version 3.6.2 (R Founda-
tion for Statistical Computing, Vienna, Austria).

3. Results
3.1 Patient characteristics

A total of 4402 patients received cardiac surgery in 2018
and were admitted to the ICU in Zhongshan Hospital, of
whom 123 patients had low LVEF preoperatively. The me-
dian age of the patients was 59 (IQR 53–68) years and 97
patients (78.9%) were male. Patients who underwent aor-
tic valvuloplasty or valve replacement surgery (47.2%) com-
prised the highest percentage, followed by coronary artery
bypass surgery (40.7%) and mitral valvuloplasty or valve re-
placement (32.5%). The median duration of mechanical ven-
tilationwas 2 (IQR1–3) days, 20 patients (13%) received post-
operative intra-aortic balloon pump (IABP) support, 10 pa-
tients (4.1%) received renal replacement therapy (RRT), 18
patients (8.9%) received noninvasive ventilation (NIV) after
extubation, and 12 patients (8.9%) required tracheotomy (Ta-
ble 1).

3.2 Transition of low ejection fraction status

For 123 patients with preoperative low LVEF, the lat-
est measurement of preoperative LVEF was 37% (IQR 33%–
39%). In the first echocardiography after surgery, a total of 88
patients (71.5%) had low LVEF, and themean LVEFwas 35%
(IQR 30%–42%). The lowest level of postoperative LVEF in
these patients was 34% (IQR 28%–41%), with low LVEF in 92
cases (74.8%). At the final measurement during hospitaliza-
tion, LVEF increased to 40% (IQR 35%–45%), and the num-
ber of lowLVEF cases dropped to 68 (55.3%) (Table 1, Fig. 1).
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Table 1. Clinical characteristics.
All patients
(n = 123)

Composite outcome negative
(n = 88)

Composite outcome positive
(n = 35)

p value

Age (years), median (range) 59 (53–68) 60 (52–68) 59 (55–70) 0.269
Sex (male), n (%) 97 (78.9) 73 (83.0) 24 (68.6) 0.090
Hypertension, n (%) 42 (34.1) 30 (34.1) 12 (34.4) 1.000
Charlson Comorbidity Index, median (range) 2 (1–3) 2 (1–3) 3 (2–4) 0.009
APACHE II score, median (range) 8 (5–11) 8 (5–10) 11 (7–14) 0.002
EuroSCORE, median (range) 4 (3–7) 4 (3–6) 5 (3–7) 0.339
NYHA class, n (%) 0.429

I 1 (0.8) 0 (0.0) 1 (2.9)
II 17 (13.8) 13 (14.8) 4 (11.4)
III 88 (71.5) 64 (72.7) 24 (68.6)
IV 17 (13.8) 11 (12.5) 6 (17.1)

Preoperative examinations
Creatinine (µmol/L), median (range) 90 (79–108) 89 (78–100) 94 (81–121) 0.040
cTnT (ng/mL), median (range) 0.03 (0.02–0.05) 0.02 (0.02–0.04) 0.05 (0.02–0.15) <0.001
NT-proBNP (pg/mL) median (range) 1865 (1006–4052) 1562 (1007–3415) 3114 (1113–5267) 0.030
TAPSE<16 mm, n (%) 15 (12.2) 8 (9.1) 7 (20.0) 0.126

Procedures, n (%)
Aortic valvuloplasty or valve replacement 58 (47.2) 48 (54.5) 10 (28.6) 0.010
Mitral valvuloplasty or valve replacement 40 (32.5) 31 (35.2) 9 (25.7) 0.395
Tricuspid valvuloplasty or valve replacement 28 (22.8) 20 (22.7) 8 (22.9) 1.000
Coronary artery bypass surgery 50 (40.7) 29 (33.0) 21 (60.0) 0.008
Others 8 (6.5) 3 (3.4) 5 (14.3) 0.041
Off-pump surgery 31 (25.2) 18 (20.5) 13 (37.1) 0.054

Postoperative examinations
Creatinine (µmol/L), median (range) 116 (92–156) 106 (90–130) 156 (120–212) <0.001
cTnT (ng/mL), median (range) 0.50 (0.31–0.95) 0.46 (0.26–0.80) 0.68 (0.39–1.73) 0.004
NT-proBNP (pg/mL), median (range) 4915 (2899–9201) 3640 (2572–5752) 12925 (8962–28641) <0.001
TAPSE<16 mm, n (%) 43 (35.0) 28 (31.8) 15 (42.9) 0.296

LVEF (%), median (range)
LVEF_Pre 37 (33–39) 37 (34–39) 35 (30–37) 0.003
LVEF_First 35 (30–42) 37 (32–44) 30 (25–35) <0.001
LVEF_Low 34 (28–41) 36 (31–42) 27 (23–33) <0.001
LVEF_Last 40 (35–45) 40 (35–45) 40 (33–43) 0.222

Low LVEF, n (%)
LVEF_First 88 (71.5) 57 (64.8) 31 (88.6) 0.008
LVEF_Low 92 (74.8) 61 (69.3) 31 (88.6) 0.026
LVEF_Last 68 (55.3) 47 (53.4) 21 (60.0) 0.507

Inotropic or vasopressor drugs
Epinephrine, n (%) 18 (14.6) 10 (11.4) 8 (22.9) 0.104
Norepinephrine, n (%) 67 (54.5) 47 (53.4) 20 (57.1) 0.708
Milrinone, n (%) 49 (39.8) 36 (40.9) 13 (37.1) 0.700
Dobutamine, n (%) 50 (40.7) 32 (36.4) 18 (51.4) 0.125
Levosimendan, n (%) 12 (9.8) 8 (9.1) 4 (11.4) 0.954

Supportive therapies
IABP, n (%) 16 (13.0) 4 (4.5) 12 (34.3) <0.001
RRT, n (%) 5 (4.1) 2 (2.3) 3 (8.6) 0.139
iNO, n (%) 3 (2.4) 1 (1.1) 2 (5.7) 0.195
Length of mechanical ventilation (day), median (range) 2 (1–3) 1 (1–2) 5 (2–8) <0.001
Noninvasive ventilation, n (%) 11 (8.9) 4 (4.5) 7 (20.0) 0.012
Tracheotomy, n (%) 11 (8.9) 0 (0.0) 11 (31.4) <0.001
Length of ICU stay (day), median (range) 4 (2–7) 3 (2–5) 11 (8–14) <0.001
Length of hospital stay (day), median (range) 17 (13–24) 15 (11–18) 28 (20–43) <0.001

Composite outcome: hospital mortality or ICU stay more than 7 days.
NYHA, New York Heart Association; cTnT, cardiac troponin T; NT-proBNP, N-terminal pro-brain natriuretic peptide; TAPSE, tricuspid
annular plane systolic excursion; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; RRT, renal replacement therapy;
iNO, inhaled nitric oxide; ICU, intensive care unit.
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Fig. 1. Transition of LVEF during the perioperative period. The colored lines represent LVEF measurements at four time points in individual patients.
Box-and-whisker plots are used to depict median, interquartile interval, minimum and maximum.

3.3 Clinical outcomes and related factors
Of 123 patients, four patients died, giving a mortality rate

of 3.3%. The overall length of ICU stay was 4 days (IQR 2–
7 days) and length of hospital stay was 17 days (IQR 13–24
days). A total of 35 patients (28.5%) met the composite end-
point of death or ICU ≥7 days. Pre- and postoperative level
of creatinine, cTnT, NT-proBNP, Charlson comorbidity in-
dex and APACHE II score were significantly higher in pa-
tients who met the composite endpoint. Patients who met
the composite endpoint also had lower pre- and postopera-
tive LVEF, longer mechanical ventilation, longer ICU stay,
and more frequently had IABP (Table 1).

Univariate logistic regression analysis showed that higher
preoperative cTnT (per 0.1 ng/mL, OR = 3.52, 95% CI 1.75–
8.51), APACHE II score (OR = 2.01, 95% CI 1.35–3.16), post-
operative cTnT (per 0.1 ng/mL, OR = 1.78, 95% CI 1.24–
2.84), and postoperative NT-proBNP (per 10000 pg/mL, OR
= 2.78, 95% CI 1.76–4.93) were risk factors for the composite
endpoint of death or ICU ≥7 days. Lower measurement of
first and lowest postoperative LVEF were also risk factors.
To avoid overfitting, only three parameters were used for
multivariate analysis. The results are presented in Appendix
Table 3 to demonstrate the correlation between LVEF and
composite outcome. The ROC curve analysis is summarized
by the area under the curve (AUC) at 95% CI and p-values in
Fig. 2. NT-proBNP had the highest AUC value among the
analyzed variables.

3.4 Association between left ventricular ejection fraction and
composite outcome

Two smooth curves were fitted, and the relationship be-
tween LVEF_Pre and LVEF_Low with composite endpoint
was assessed. Adjusted smoothed plot shows a non-linear re-
lationship between composite endpoint and LVEF_Pre (p for
likelihood ratio test (LRT)<0.05). The relationship between
Ln(OR) of composite endpoint andLVEF_Prewas not signif-
icant up to the turning point (LVEF = 34%; p > 0.05). After
the turning point, the Ln(OR) of the composite endpoint de-
creased with increasing LVEF (OR = 0.58, 95% CI 0.42–0.80,
p = 0.001). However, there was a linear relationship between
the composite endpoint and LVEF_Low (p for LRT = 0.12).
The Ln(OR) of the composite endpoint decreased with in-
creasing LVEF (OR = 0.83, 95% CI 0.76–0.91, p< 0.01) (Ta-
ble 2, Fig. 3).

4. Discussion
Patients with preoperative low LVEF had increased mor-

tality and postoperative morbidity after cardiac surgery. In
our study, the overall mortality rate was 3.3% and a total of 35
patients (28.5%)met the composite endpoint, whichwas sim-
ilar to reports in the literature. In one cohort study, 781 pa-
tients underwent cardiac surgery with a preoperative LVEF
≤40%, with a perioperative mortality rate of 5.6% [3]. An-
other study included a total of 588 cardiac patients with a pre-
operative LVEF ≤25%, and the overall operative mortality
was 7.8% [7]. A study among off-pump coronary artery by-
pass patients found that 30-day mortality was 2.9% in 137 pa-
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Fig. 2. Odds ratio and area under the curve of indicators for composite outcome. Each line segment indicates the corresponding Odds ratio and 95%
confidence interval for each risk factor.

Table 2. Threshold effect analysis for the relationship between left ventricular ejection fraction and composite endpoint.

Models
LVEF_Pre LVEF_ Low

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Model I
One line slope 0.85 (0.76–0.94) <0.01 0.83 (0.76–0.91) <0.01

Model II
Turning point (K) 34 22
<K slope 1 1.01 (0.85–1.21) 0.88 1.93 (0.75–4.96) 0.17
>K slope 2 0.58 (0.42–0.80) <0.01 0.80 (0.72–0.89) <0.01

LRT 0.007 0.119

Model I: linear analysis; Model II: non-linear analysis. p value < 0.05 means Model I is significantly
different from Model II, which indicates a non-linear relationship.
Adjusted: adjusted for sex, age, APACHE II, EuroSCORE.
LRT, likelihood ratio test; LVEF, left ventricular ejection fraction; CI, confidence interval; OR, odds
ratio.

Fig. 3. Relationship between left ventricle ejection fraction (LVEF) and log odds ratio Ln(OR) of the composite endpoint after controlling for
potential confounding variables (adjusted for sex, age, APACHE II, EuroSCORE).

tients with ejection fraction (EF)≤35% [8]. Differing defini-
tions of low LVEF, condition of patients and operativemeth-
ods can be considered as leading to discrepancies in patient
mortality among studies.

Owing to the relatively small sample size and few
events, only univariate analyses were conducted. Some fac-
tors, including pre- and postoperative cTnT, NT-proBNP,
APACHE II, and LVEF differed significantly between the
groups. These factors might be correlated with poor progno-
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Table 3. Odds ratio and 95% confidence interval of different variables.
LVEF_Pre LVEF_Low

OR (95% CI) p value OR (95% CI) p value

Crude 0.897 (0.825–0.975) 0.011 0.886 (0.836–0.940) <0.001
Included one covariate in a separate logistic regression model
+ Age 0.899 (0.826–0.977) 0.012 0.883 (0.832–0.937) <0.001
+ Sex 0.883 (0.809–0.964) 0.005 0.882 (0.831–0.937) <0.001
+ Charlson Comorbidity Index 0.898 (0.824–0.978) 0.014 0.878 (0.828–0.931) <0.001
+ APACHE II score 0.899 (0.823–0.982) 0.018 0.893 (0.841–0.948) <0.001
+ Preoperative Creatinine 0.897 (0.825–0.975) 0.011 0.881 (0.829–0.935) <0.001
+ Preoperative cTnT 0.898 (0.823–0.981) 0.017 0.883 (0.829–0.942) <0.001
+ Preoperative NT-proBNP 0.900 (0.826–0.980) 0.015 0.888 (0.838–0.941) <0.001
+ Coronary artery bypass surgery 0.905 (0.831–0.987) 0.024 0.876 (0.825–0.941) <0.001
+ Postoperative Creatinine 0.895 (0.821–0.975) 0.011 0.881 (0.829–0.936) <0.001
+ Postoperative cTnT 0.889 (0.816–0.970) 0.008 0.893 (0.842–0.947) <0.001
+ Postoperative NT-proBNP 0.891 (0.814–0.976) 0.013 0.896 (0.840–0.956) 0.001
+ IABP 0.910 (0.832–0.995) 0.038 0.885 (0.831–0.943) <0.001
Included two covariates in a separate logistic regression model
+ IABP+ Coronary artery bypass surgery 0.912 (0.833–0.998) 0.045 0.878 (0.823–0.937) <0.001
+ Age + APACHE II score 0.899 (0.823–0.982) 0.018 0.891 (0.838–0.946) <0.001
+ Charlson Comorbidity Index + APACHE II score 0.901 (0.824–0.984) 0.021 0.884 (0.832–0.939) <0.001
+ APACHE II score+ Preoperative cTnT 0.895 (0.815–0.983) 0.020 0.887 (0.830–0.948) <0.001
+ APACHE II score+ Preoperative NT-proBNP 0.900 (0.823–0.985) 0.021 0.894 (0.842–0.949) <0.001

sis. On further analysis of the data, postoperative indicators
had larger OR values and larger areas under the ROC curve,
which seemed to suggest that postoperative indicators were
more closely related to patient outcomes than preoperative
indicators [17, 18].

In this cursory statistical study, we found a trend that
LVEF decreased after surgery and then gradually increased.
Few studies have focused on the short-term changes in ven-
tricular performance and LVEF before and after cardiac
surgery. Sugimura et al. [19] reviewed the perioperative and
1-year follow-up data of 436 patients with primary mitral
regurgitation to analyze patients’ postoperative evolution of
LVEF and its factors. The result showed that overall mean
LVEF slightly decreased at 1-year follow-up (mean change
of LVEF: –2.63% ± 9.00%). Newman et al. [20] measured
scintigraphic LVEF 16 weeks after coronary bypass surgery.
No change in resting ejection indices were detected and end-
diastolic volume increased slightly only in those patients with
postoperative symptoms. In a study of patients undergoing
coronary artery bypass surgery, Mintz et al. [21] found a de-
crease in LVEF at 1 week when compared with preoperative
measurements. Ejection indices returned to preoperative lev-
els by 2 months and remained stable over the year follow-up.
In our study, we found that LVEF did change with surgical
intervention, and this change was more often a transient de-
terioration, which was also consistent with laboratory indi-
cators. With postoperative treatment, the LVEF of most pa-
tients could be improved. Such changes are acceptable and
prove that the majority of patients with low LVEF can bene-
fit from cardiac surgery.

With further exploration of the relationship between
LVEF and prognosis, we found that an increased log odds ra-
tio (OR) of composite endpoint was linearly related to the de-
creased postoperative LVEF, but not significantly linearly
related to preoperative LVEF. Multiple studies have ex-
plored the association between LVEF and prognosis in car-
diac surgery patients and have found that preoperative LVEF
was an independent predictor affecting long-term progno-
sis. In a study by Furer et al. [22], patients who un-
derwent transcatheter aortic valve replacement with preop-
erative LVEF <50% were included for analysis. The re-
sults showed that preoperative LVEF was associated with in-
creased 2-year risk of both cardiovascular mortality and all-
cause mortality. Dahl et al. [23] conducted a retrospective
analysis of the data of patients with severe aortic stenosis and
found that preoperative LVEF was a powerful predictor of
outcome in patients with severe aortic stenosis undergoing
aortic valve replacement. However, these two studies did
not include postoperative LVEF in the analysis, nor did they
analyze the linear correlation between LVEF and prognosis.
There were also some differences in the characteristics of the
subjects compared with those in our study.

We believe that postoperative LVEF can better predict the
short-term outcomes of patients undergoing cardiac surgery.
On the one hand, there is still controversy over whether
LVEF reflects true cardiac function. For example, in pa-
tients with mitral regurgitation, preoperative LVEF mea-
sured by routine echocardiography may underestimate my-
ocardial systolic dysfunction due to structural changes [24].
On the other hand, cardiac surgery is an important factor af-
fecting the prognosis of patients. Postoperative LVEF not
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only reflects the preoperative cardiac function of patients, but
also reflects the effect of cardiac surgery on patients. From
further analysis of postoperative LVEF in this study, we rec-
ommend that short-term prognosis of patients with preop-
erative low LVEF should be evaluated according to postop-
erative LVEF.

5. Limitations
There were some limitations that should be addressed in

this study. First, this was a retrospective cohort study with
a small sample size. The number of patients with low LVEF
before cardiac surgery was limited, even though they were
enrolled from a large clinical cohort of over 4000 patients.
Further investigation of a larger population is required, to
increase statistical power and make the current results more
convincing. Second, we only focused on patients’ short-
term outcomes during their hospitalization. As the long-
term follow-up of these patients had not yet started, data on
changes to long-term LVEF and prognosis are missing. A
larger sample size and more long-term follow-up data would
have made our conclusions more comprehensive and mean-
ingful. Third, only Chinese people were included in this
study. Whether this conclusion is also applicable to patients
of other races needs further verification.

6. Conclusions
The mortality rate of patients with low preoperative

LVEF was very low at a large-volume cardiovascular cen-
ter. Most patients experience a short decline in LVEF af-
ter surgery and then an increase during hospitalization. The
lowest postoperative LVEF was associated with short-term
prognosis of patients after cardiac surgery.
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