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Abstract

Purpose: Global longitudinal strain (GLS) seems accu-
rate for detecting subclinical myocardial dysfunction. This
study aimed to determine the association between GLS
and postoperative intensity of inotropic support in the pa-
tients undergoing heart valve surgery with preserved left
ventricular ejection fraction. Methods: 74 patients with
preserved left ventricular ejection fraction who under-
went valve surgery during the period between March 2021
and June 2022 were included in this prospective obser-
vational study. Transthoracic echocardiography including
strain analysis with speckle tracking was performed before
surgery. Patients were stratified according to the left ventri-
cle (LV) GLS: LV-GLS≥–16% (Impaired GLS group) and
LV-GLS <–16% (Normal GLS group). The primary end-
point was postoperative vasoactive inotropic score. A high
vasoactive inotropic score (VIS) was defined as amaximum
VIS of ≥15 within 24 hours postoperatively. Postopera-
tive adverse events, baseline clinical and echocardiographic
data were also recorded. We invested the ability of preop-
erative GLS in predicting adverse postoperative outcomes,
such as prolonged mechanical ventilation and the need for
pharmacologic hemodynamic support after cardiac surgery.
Results: Seventy-four patients were included and analyzed
in this study, including thirty-three in impaired GLS group
and forty-one in normal GLS group. In-hospital mortal-
ity was 1.27% (1/74). Patients in impaired GLS group
were more likely to have prolonged mechanical ventilation
(p = 0.041). Multivariable logistic regression analysis re-
vealed that the apical four-chamber view of the left ventricle
(A4C)-GLSwas significantly associatedwith highVIS (OR
1.373, p = 0.007). A4C-GLS had a sensitivity of 62.5% and
a specificity of 89.66% for predicting high VIS (area under
the curve, 0.78). The relationships between GLS and other
secondary outcome measures were not statistically signif-
icant. The optimal cutoff of A4C-GLS for postoperative
high vasoactive inotropic score was –10.85%. Conclusion:
Preoperative LV dysfunction is an independent risk factor
for postoperative high VIS. A4C-GLS may be a reliable

tool in predicting high VIS after cardiac surgery. Those pa-
tients with impaired contractility were at high risk for ele-
vated inotropic support and prolonged mechanical ventila-
tion after cardiac surgery. These findings suggest an impor-
tant role for echocardiographicGLS in perioperative assess-
ment of cardiac function in the patients undergoing cardiac
surgery.
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Introduction

Valvular heart disease is a frequent cardiovascular dis-
ease, with a prevalence of 5.3%–7.7% in Chinese popula-
tion [1]. Heart valve surgery is an effective treatment for se-
vere valvular disease [2]. Conversely, valvular surgery may
cause myocardial damage and aberrant ventricular wall mo-
tion, leading to postoperative complications such as hemo-
dynamic instability and arrhythmias that require inotropic
drugs to maintain hemodynamic stability. Hence, peri-
operative left ventricle (LV) function evaluation is crucial
to improve prognosis and reduce complication rate of pa-
tients after valve surgery. The left ventricular wall con-
sists of three layers of myocardial fibers: endocardium, epi-
cardium, and circular myocardium. The endocardium and
epicardium of the left ventricle move along the longitudi-
nal axis of the heart. Therefore, it is important to moni-
tor the local contractility of the left ventricular longitudinal
myocardium for the patients undergoing cardiac surgery.
Bedside echocardiography is a commonly used method for
monitoring postoperative cardiac function in a critical care
unit. Compared to conventional echocardiography, two-
dimensional speckle tracking imaging (2D-STI) can quan-
tify the overall and regionalmyocardial functionmore accu-
rately, which can be used for early diagnosis of subclinical
cardiac dysfunction [3,4]. In addition, 2D-STI could also
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predict postoperative outcomes in the cardiac surgery pa-
tients [5,6]. However, those studies mainly focused on sur-
gical timing and the identification of high-risk valve disease
patients [7,8], rare studies focused on the application of left
ventricular longitudinal strain measurement in the manage-
ment of circulatory support after cardiac valve surgery. Re-
cent studies indicated that high vasoactive inotropic score
(VIS) within 24 hours after cardiac surgery could be used
to predict worse outcomes in the patients receiving cardiac
surgeries [9]. Therefore, this study aims to evaluate the re-
lationship between left ventricular longitudinal strain and
postoperative intensity of inotropic support in the patients
with preserved left ventricular ejection fraction after heart
valve surgery, for the purpose of guiding the perioperative
hemodynamic management and improving the prognosis.

Materials and Methods

Patient Selection

Eighty-nine adult patients (age 18 and above) with
valvular heart disease and preoperative left ventricular ejec-
tion fraction (LVEF) >50% were initially screened for po-
tential enrollment between March 2021 and June 2022.
The inclusion criteria involved adult patients scheduled for
valve replacement or repair, including combined tricuspid
annuloplasty, left atrial appendage ligation, or coronary
artery bypass surgery. Patients were excluded from the
study if they (1) with any congenital heart diseases such
as atrial septal defect, or ventricular septal defect; (2) had
thoracic trauma or rib fracture which may lead to failure of
ultrasonic examination; (3) had poor echocardiographic im-
age quality with transthoracic echocardiography (TTE); (4)
aged more than 75 years old; (5) had any missing clinical
variables; (6) had previously undergone valve or coronary
artery bypass surgery. Finally, a total of seventy-four adult
patients with heart valve surgery and a comprehensive and
analyzable preoperative echocardiography were referred to
this study.

After surgery, inotropic drugs (dopamine, dobu-
tamine, epinephrine, milrinone, or levosimendan) were
used to maintain cardiac index ≥2.0 L/min/m2, and va-
sopressors (norepinephrine or vasopressin) were used to
maintain the mean arterial pressure (MAP)≥65 mmHg de-
cided by the clinical physicians. Laboratory data includ-
ing serum creatinine (CR), serum troponin I (TNI), serum
troponin T (TNT), creatine phosphokinase-isoenzyme-MB
(CK-MB), heart fatty acid binding protein (FABP) before
operation (T0) and the day after operation (T1) of the pa-
tients were recorded and compared. Demographic and op-
erative characteristics were also collected in this study. The
Institutional Review Board for Clinical Research of Nan-
jing First Hospital approved the protocol. This study was
conducted in accordance with the principles outlined in the

Declaration of Helsinki. Informed consent was obtained
from all patients prior to their inclusion in the present study.

Echocardiography Data Collection

Comprehensive echocardiography was performed be-
fore surgery using Vivid Q systems (GE Healthcare, IL,
USA), including conventional echocardiographic measures
of systolic and diastolic function, standard 2-Dimensional
apical four-, two-, and three-chamber views (4C, 2C, long-
axis (LAX)). The longitudinal strain was computed using
2D-speckle-tracking analysis by automated function imag-
ing (AFI). Global longitudinal strain (GLS) was only com-
puted from patients with at least 15 of 18 segments tracked
adequately. GLS >–16% was considered impaired GLS
[10]. The global strain was calculated by averaging the val-
ues measured at the segmental level in the same frame, con-
sistent with American Society of Echocardiography (ASE)
guidelines. As shown in Fig. 1.

Outcome Assessments

The primary outcome was the highest score of va-
soactive inotropic score (VIS) within 24 hours after op-
eration. The doses of the inotropic and vasoactive
drugs were recorded hourly in the first 24 hours af-
ter surgery. The VIS is a validated measure of hemo-
dynamic status based on inotropic need after cardiac
surgery and has been validated as a predictor of pro-
longed intubation, intensive care unit stay, and total hos-
pitalization in prior studies. The VIS was calculated
based on the following equation [11]: VIS = dopamine
(µg·kg−1·min−1) + dobutamine (µg·kg−1·min−1) + 100
× adrenaline (µg·kg−1·min−1) + 50 × levosimendan
(µg·kg−1·min−1) + 10 × milrinone (µg·kg−1·min−1) +
10,000 × vasopressin (units·kg−1·min−1) + 100 × nora-
drenaline (µg·kg−1·min−1). The patient was considered as
high risk if the peak VIS was 15 or higher within 24 hours
after surgery [9]. Secondary outcomes included malignant
arrhythmia, cardiac arrest, respiratory failure, low cardiac
output syndrome, delirium, and death in one week postop-
eratively.

Sample Size

The study aimed to estimate the correlation between
perioperative echocardiographic LV-GLS and postopera-
tive high vasoactive inotropic score (VIS ≥15). The sam-
ple size for the two groups was calculated by the formula
n = 2p̄q̄ (Zα + Zβ)

2
/ (p1− p2)2. The sample size for the

impaired GLS group and the normal GLS group was calcu-
lated by software PASS 15 (NCSS, Kaysville, UT, USA).
Based on the results of the preliminary studies, the propor-
tion of subjects with VIS ≥15 in the impaired GLS group
was 40%, while in the normal GLS group, the proportion
was 7%. With the two-sided α set at 0.05, the power of
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Fig. 1. Speckle-tracking strain of the left ventricle before valve operation. Numbers shown on the picture represent segmental and
global systolic strain values of different Echocardiographic View.

1-β was 0.9, the sample size for each group was at least
33 cases. Taking into account a 20% loss to follow-up, the
final requirement was for at least 42 cases in each group,
giving a total sample size of 84 cases.

Statistical Analysis

The Shapiro-Wilk method was used to test the nor-
mality of variables. Continuous variables with a normal
distribution were expressed as mean ± standard deviation
(SD). Variables with a non-normal distribution were ex-
pressed as median (Q1, Q3). Independent t-test or Mann-
Whitney U test were used to detect the differences between
the two groups. Differences between categoric groups were
assessed using the Chi-square test or Fisher exact test. The
associations between variables and high VIS (VIS ≥15)
were evaluated using multivariable logistic regression. Re-
ceiver operating characteristic (ROC) curves were operated
and the area under the curve (AUC) was determined to as-
sess the ability of the independent variables to predict the
outcome. Two-sided p < 0.05 was considered statistically
significant. SPSS 26.0 software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis.

Results

89 patients diagnosed with valvular heart disease and
preoperative LVEF >50% who received surgical valve re-
placement or repair during the study period between March
2021 and June 2022 were enrolled in this study. A total of
15 patients were excluded from this study: 12 patients had
inadequate echocardiographic images and 3 patients had no
complete data available because they decided to withdraw
from the study due to economic reasons. Therefore, 74 pa-
tients were included in the final analysis. Patients were di-
vided into two groups according to preoperative GLS: im-
paired GLS group (LV-GLS ≥–16%, n = 33) and normal
GLS group (LV-GLS <–16%, n = 41). One patient died
within seven days of valve surgery because of malignant
arrhythmia.

Comparison of Baseline Characteristics

Comparisons of the baseline characteristics of the pa-
tients in the two groups were displayed in Table 1. No sig-
nificant differences were detected in terms of preoperative
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Table 1. Baseline characteristics of the patients in the two groups.
Normal GLS group Impaired GLS group

p value
(n = 41) (n = 33)

Male, n (%) 15 (36.6) 24 (72.7) 0.263
Age (y) 63.76 ± 10.27 63.41 ± 11.62 0.895 
Weight (kg) 62.12 ± 10.56 63.78 ± 11.75 0.530 
Height (cm) 163.18 ± 8.14 165.07 ± 8.63 0.340 
BMI 23.28 ± 3.12 23.25 ± 2.98 0.965 
APACHEII score 12.7 ± 2.77 12.72 ± 3.24 0.981 
EURO score 6 (4, 6) 6 (5, 6) 0.969
Medical history, n (%)
Hypertension n (%) 12 (29.3) 11 (33.3) 0.330
Diabetes mellitus n (%) 3 (7.32) 2 (6.06) 0.773
COPD n (%) 0 (0) 2 (6.06) 0.572
Pulmonary hypertension n (%) 15 (36.6) 17 (51.5) 0.730
Coronary heart disease n (%) 10 (24.4) 11 (33.3) 0.742
Acute myocardial infarction n (%) 1 (2.44) 1 (3.03) 0.876
Aortic cross-clamp time (min) 100.13 ± 36.71 90.61 ± 33.18 0.249
Duration of surgery (min) 264.55 ± 71.69 260.98 ± 61.82 0.819
Cardiopulmonary bypass time (min) 130.84 ± 42.27 121.01 ± 39.28 0.307
Surgical procedure, n (%)
MVR, n (%) 8 (19.5) 11 (33.3) 0.800
AVR, n (%) 12 (29.3) 14 (42.4) 0.843
DVR, n (%) 11 (26.8) 12 (36.4) 0.707
MVP, n (%) 2 (4.88) 4 (12.1) 0.880
Combined CABG, n (%) 5 (12.2) 7 (21.2) 0.824
Vasoactive or inotropic drugs, n (%)
Dobutamine, n (%) 20 (48.8) 21 (63.6) 0.419
Dopamine, n (%) 8 (19.5) 3 (9.09) 0.088
Adrenaline, n (%) 5 (12.2) 2 (6.06) 0.271
Noradrenaline, n (%) 12 (29.3) 14 (42.4) 0.843
Milrinone, n (%) 0 (0) 5 (15.2) 0.107
VIS (T0) 3.34 ± 4.73 3.13 ± 5.44 0.856 
Peak VIS 4.82 ± 4.42 7.84 ± 7.3 0.044 
VIS (T1) 2.56 ± 2.68 3.19 ± 3.02 0.352 
Length of ICU stay (h) 20.6 (18.98, 23.59) 20.78 (17.89, 23.56) 0.625
MV time (h) 7.96 (5.50, 11.30) 9.58 (8.08, 12.24) 0.041
Length of hospital stay (d) 17 (15, 21) 15 (14, 18) 0.186
Acute renal injury, n (%) 5 (12.2) 7 (21.2) 0.296
Adverse event, n (%) 3 (7.32) 3 (9.09) 0.782
CR T0 (umol/L) 73.57 ± 19.66 75.21 ± 17.48 0.710
CR T1 (umol/L) 76.07 ± 22.56 76.03 ± 16.01 0.993
TNI T0 (ng/mL) 0.12 ± 0.06 0.11 ± 0.05 0.695
TNI T1 (ng/mL) 1.86 (1.03, 3.73) 1.50 (0.76, 4.25) 0.804
FABP T0 (pg/mL) 2.65 ± 0.54 2.79 ± 1.60 0.649
FABP T1 (pg/mL) 21.52 (13.11, 27.33) 18.19 (9.50, 26.78) 0.543
CK-MB T1 (U/L) 48.87 ± 37.06 40.79 ± 22.67 0.293
TNT T1 (ng/L) 580.15 ± 569.57 531.42 ± 491.48 0.724
Peak Lac (mmol/L) 3.60 ± 2.00 2.99 ± 1.88 0.178
GLS, Left ventricular longitudinal strain; APACHE II score, Acute Physiology and
Chronic Health Evaluation II score; EURO score, European system for cardiac operative
risk evaluation; COPD, Chronic obstructive pulmonary disease; VIS, Vasoactive inotropic
score; MVR, Mitral valve replacement; AVR, Aortic valve replacement; DVR, Mitral
valve and aortic valve replacement; MVP, Mitral valve plasty; CABG, coronary artery
bypass surgery; CR, Serum creatinine; TNI, Troponin I; FABP, heart fatty acid binding
protein; CK-MB, creatine phosphokinase-isoenzyme-MB; TNT, Troponin T; BMI, body
mass index; MV, mechanical ventilation.
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data including gender, age, body mass index (BMI),
Acute Physiology and Chronic Health Evaluation II score
(APACHE II score), European system for cardiac oper-
ative risk evaluation (EURO score), and medical history
between the two groups. In terms of intraoperative vari-
ables, there were no significant differences in the dura-
tion of surgery, aortic cross-clamping time, and cardiopul-
monary bypass time between the two groups. There were
also no significant differences in surgical procedures and
numbers of vasoactive or inotropic drugs. Dobutamine and
norepinephrine were the most commonly used vasoactive
drugs after valve surgery. Compared with the impaired
GLS group, there were no statistically significant differ-
ences in preoperative creatinine, serum troponin I, and fatty
acid binding protein (p> 0.05). In addition, no statistically
significant differences were also detected in these biochem-
ical indexes between the two groups on the first day after
operation (p > 0.05).

Peak VIS in the impaired GLS group was significantly
higher than those of the normal GLS group (7.84 ± 7.3
vs. 4.82 ± 4.42, p = 0.044), although VIS at the inten-
sive care unit (ICU) admission (T0) and VIS at 24 hours
after ICU admission (T1) were not statistically different
between the two groups. No significant differences were
shown in terms of ICU stay, hospital stay, in-hospital ad-
verse events and incidence of acute renal injury between
the two groups. However, mechanical ventilation time was
significantly longer in the patients of the impaired GLS
group (9.58 [8.08, 12.24] vs. 7.96 [5.50, 11.30], p = 0.041).
There were three cases of postoperative adverse complica-
tions in the normal GLS group, including one patient com-
plicated with III◦ atrioventricular block (AVB) that required
permanent pacemaker treatment, one patient complicated
with low cardiac output syndrome, and one patient com-
plicated with respiratory failure required re-intubation. In
the impaired GLS group, there were also three cases of ad-
verse complications after surgery, including two patients
developed low cardiac output syndrome and one patient suf-
fered cardiac arrest. However, there were no significant dif-
ferences in postoperative adverse events between the two
groups (p > 0.05).

Comparison of Echocardiography Parameters

Table 2 represented the echocardiography parameters
of the two groups. The preoperative velocity time inte-
gral (VTI) value in the patients of normal GLS group was
17.7 ± 4.32 cm, similar to those of impaired GLS group
(p = 0.641). The preoperative LV-GLS value of the nor-
mal GLS group was –19% (–20.53%, –17.68%), while the
preoperative LV-GLS value of the impaired GLS group was
–13.1% (–14.63%, –10.73%). Compared with the normal
GLS group, the impaired GLS group had a lower absolute
value of LAX-GLS (–13.16 ± 3.81 vs. –20.18 ± 3.22,
p = 0.000), apical four-chamber view of the left ventri-

cle (A4C)-GLS (–12.60% [–15.2, –9.58] vs. –19.2% [–
21.88, –17.68], p = 0.000) and A2C-GLS (–12.12 ± 3.40
vs. –18.14 ± 3.34, p = 0.000) at preoperation. Compared
with the patients in impaired GLS group, there were no sig-
nificant differences in values of left ventricular end dias-
tolic diameter (LVDd), left ventricular end systolic diameter
(LVDs), stroke volume (SV), left ventricular ejection fraci-
ton (LVEF), and LAD in those of normal GLS group (p >

0.05). The LAX-GLS, A4C-GLS, A2C-GLS, and LV-GLS
of the patients in normal GLS group all decreased markedly
after surgery when compared with those before surgery (p
< 0.05).

Fig. 2. Receiver operating characteristic curve analysis. Per-
formance of the apical four-chamber view left ventricular longitu-
dinal strain (A4C-GLS) in discriminating the risk of high vasoac-
tive inotropic score (VIS).

Factors Correlating with VIS after Cardiac Valve Surgery

We further investigated the factors correlated with
high VIS after cardiac valve surgery by Bivariate logis-
tic regression analysis (Table 3 and Fig. 2). Univariate
logistic regression analysis found that preoperative LV-
GLS(T0), A2C-GLS(T0), A4C-GLS(T0), LAX-GLS(T0),
CK-MB(T1), and FABP(T1) were correlated with postop-
erative high VIS value (p < 0.05). Further multivariate re-
gression analysis including the above indexes showed that
A4C-GLS (OR = 1.373, p = 0.007) was independently as-
sociated with high VIS after surgery. The ROC curve was
plotted for the preoperative A4C-GLS with high indepen-
dent VIS values, and the area under the curve (AUC) was
calculated. The optimal threshold value of A4C-GLS be-
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Table 2. Echocardiography parameters in the two groups.
Normal GLS group Impaired GLS group

p value
(GLS <–16%, n = 41) (GLS ≥–16%, n = 33)

T0 (preoperation)
VTI (cm) 17.70 ± 4.32 17.22 ± 4.14 0.641 
LV-GLS (%) –19.00 (–20.53, –17.68) –13.10 (–14.63, –10.73) 0.000
LAX-GLS (%) –20.18 ± 3.22 –13.16 ± 3.81 0.000
A4C-GLS (%) –19.20 (–21.88, –17.68) –12.60 (–15.2, –9.58) 0.000
A2C-GLS (%) –18.14 ± 3.34 –12.12 ± 3.40 0.000
LVEF (%) 63.00 (59.50, 65.00) 62.00 (59.00, 64.00) 0.246
SV (mL) 103.00 (82.50, 114.50) 82.50 (68.75, 110.00) 0.096
LA (mm) 52.22 ± 12.76 51.83 ± 12.38 0.910 
LVDs (mm) 37.68 ± 5.38 36.63 ± 6.49 0.531 
LVDd (mm) 57.74 ± 7.34 54.39 ± 8.61 0.129 

T1 (postoperation)
VTI (cm) 16.71 ± 4.79 16.82 ± 4.42 0.936
LV-GLS (%) –10.65 ± 3.57* –11.50 ± 3.68 0.419
LAX-GLS (%) –10.84 ± 3.99* –11.92 ± 4.14 0.357
A4C-GLS (%) –9.95 ± 3.97* –10.56 ± 4.27 0.604
A2C-GLS (%) –11.15 ± 4.83* –11.93 ± 4.44 0.546

LV-GLS, left ventricular longitudinal strain; LAX-GLS, the apical three-chamber view
left ventricular longitudinal strain; A4C-GLS, the apical four-chamber view left ven-
tricular longitudinal strain; A2C-GLS, the apical two-chamber view left ventricular
longitudinal strain; VTI, Velocity time integral; LVEF, left ventricular ejection frac-
tion; SV, stroke volume; LA, left atrium diameter; LVDs, left ventricular end systolic
diameter; LVDd, left ventricular end diastolic diameter. * p < 0.05 versus pre-op.

fore surgery was –10.85% (Sensitivity: 62.5%; Specificity:
89.66%), and the area under the ROC curve was 0.78.

Discussion

Left ventricular strain is regarded as an important pa-
rameter involved in the assesment of heart function, how-
ever, the study for the changes of strain during perioper-
ative period in patients undergoing cardiac valve surgery
is less, especially less reports about the clinical application
of strain in the postoperative hemodynamic treatment. The
main findings of the present study can be summarized as
follows: (i) In the patients with valve disease undergoing
valve surgery and preserved LVEF (≥50%), LV longitu-
dinal strain could detect potential subclinical myocardial
damage than LVEF; (ii) A4C-GLS is independently associ-
ated with postoperative elevated inotropic support in these
patients; (iii) Patients with preserved LVEF (≥50%) but im-
paired LV-GLS (≥–16%) have prolonged mechanical ven-
tilation compared with patients with normal LV-GLS (<–
16%) after cardiac surgery.

The 2-Dimensional speckle tracking imaging (STI)
is increasingly applied for clinical practice in patients be-
fore and after cardiac surgery in order to evaluated the im-

paired myocardial function and the influences of cardiac
surgery. Ternacle et al. [12] showed that impaired GLS
was associated with elevated plasma brain natriuretic pep-
tide level, heart failure symptoms and early postoperative
death in patients with preserved LVEF who referred for car-
diac surgery. LV strain was sensitive to changes in intrinsic
myocardial contractility than LVEF and thus served as an
useful marker in the occurrence of low cardiac output syn-
drome during the perioperative period of cardiac surgery
[13]. Zhang and colleagues [14] reported that LV-GLS
was independently associated with prolonged hospitaliza-
tion and the requirement for inotropic support in the patients
undergoing aortic valve replacement surgery. These stud-
ies indicate that LV-GLS was an independent predictor for
LV dysfunction in patients undergoing cardiac surgery.

Adverse cardiac remodeling is the major determinant
of the prognosis of the patients with valvular heart disease,
and indices such as chamber dilation or left ventricular ejec-
tion fraction are unable to reflect the changes of myocar-
dial structure directly and accurately. Thus, management
of valvular heart disease should shift from valve-centered to
myocardium-centered [15]. The cardiac structure gradually
changes which is manifested by the increase of the diame-
ter of the atrium or ventricle and the adaptive thickening or
thinner of the ventricular wall regardless of the type of valve
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Table 3. Univariate and multivariate logistic regression analysis of the risk factors for postoperative high VIS.
Univariate

p value
Multivariate

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

LAX-GLS(T0) 1.19 (1.014, 1.397) 0.033
A2C-GLS(T0) 1.313 (1.053, 1.638) 0.016
A4C-GLS(T0) 1.245 (1.055, 1.468) 0.009 1.373 (1.092, 1.725) 0.007
LV-GLS(T0) 1.337 (1.083, 1.65) 0.007
VTI(T0) 1.035 (0.873, 1.226) 0.693
LVEF (%) 0.856 (0.72, 1.017) 0.077
LA (mm) 0.996 (0.929, 1.068) 0.908
LVDd (mm) 1.033 (0.93, 1.146) 0.546
LVDs (mm) 0.99 (0.842, 1.164) 0.901
SV (mL) 0.995 (0.963, 1.029) 0.768
Apache II score 0.883 (0.678, 1.151) 0.359
CPB time (min) 1.014 (0.997, 1.032) 0.117
ACC time (min) 1.016 (0.996, 1.037) 0.121
Duration of surgery (min) 1.007 (0.997, 1.018) 0.190
CK-MB(T1) 1.023 (1.001, 1.045) 0.038
FABP(T1) 1.082 (1.002, 1.169) 0.045
Peak Lac 1.311 (0.934, 1.839) 0.118
TNI(T1) 1.073 (0.877, 1.314) 0.494
TNT(T1) 0.999 (0.997, 1.002) 0.533
VTI(T1) 0.969 (0.808, 1.161) 0.730
LV-GLS(T1) 1.036 (0.828, 1.295) 0.758
LAX-GLS(T1) 1.002 (0.821, 1.224) 0.983
A4C-GLS(T1) 1.123 (0.911, 1.386) 0.278
A2C-GLS(T1) 0.974 (0.810, 1.169) 0.774
CPB, Cardiopulmonary bypass; ACC, Aortic cross-clamp; Peak Lac, Peak Lactic acid.

disease. As a consequence, the chronic increase in left ven-
tricular stress will lead to myocardial dysfunction, while the
left ventricular ejection fraction still maintains normal [16].
Previous studies showed that LV longitudinal strain was
more reflective for earlymyocardial dysfunction than LVEF
[17]. The study by Mascle et al. [18] showed that the LV-
GLS threshold of –18%may be related to the occurrence of
left ventricular dysfunction after mitral valve surgery. The
European Association of Cardiovascular Imaging (EACVI)
and the American Society of Echocardiography (ASE) also
recommended the use of LV-GLS measurement to assess
heart function in clinical practice [19]. Our study showed
that the median preoperative LV-GLS value was –19% (–
20.53%, –17.68%) in the normal GLS group, and –13.1%
(–14.63%, –10.73%) in the impaired GLS group (p< 0.05).

At present, the normal values of left ventricular strain
used in different studies are different due to the type
and severity of valve disease and operation types [20,21].
Stassen et al. [7] reported that LVEF ≥50% and |LV-GLS|
<16% (HR, 2.467; 95% CI, 1.802–3.378; p < 0 .001) was
an independent predictor of all-cause mortality in patients
with moderate aortic stenosis, while LVEF≥50% and |LV-
GLS| >16% was not associated with mortality. And in the
other investigation, LV-GLS greater than –16% emerged
as a significant and independent predictor of poor outcome

in patients undergoing cardiac surgery [12]. Based on the
forementioned analysis and according to the normal range
of healthy adults, patients were divided into two groups ac-
cording to whether LV-GLS was greater than –16%. In our
study, the median preoperative LV-GLS value of all the pa-
tients with preserved left ventricular ejection fraction was
–15.45%, which was lower than the LV-GLS strain value
ranging from –15.9% to –22.1% (–19.7%, 95% CI, –20.4%
to –18.9%) in healthy adults [10]. The result means that al-
though EF remains normal, the patient’s myocardium has
been damaged.

The 28-day mortality of patients undergoing valve
surgery in our center was 1.27% (1/74), which was similar
to previous research result [22]. There were insignificant
difference in the rates of complication occurrence and mor-
tality between both the groups. However, compared with
the normal GLS group, the time of mechanical ventilation
of the impaired GLS group was prolonged. Many mech-
anisms involved in the ventilatory weaning process owing
to cardiopulmonary interaction affect heart function, such
as activation of the adrenergic system, increased oxygen
consumption, and increased left ventricular preload as a re-
sult of decreased intrathoracic pressure [23]. Therefore,
long-term mechanical ventilation is frequently associated
with left ventricular dysfunction. One large-sample retro-
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spective study of postoperative heart surgery populations
has shown that left ventricular dysfunction was a powerful
predictive factor for prolonged mechanical ventilation after
heart surgery [24].

Our study investigated the relationship between pre-
operative LV-GLS and postoperative inotropic dose in the
patients received heart valve surgery with preserved left
ventricular ejection fraction. VIS is a score representing
the amount of vasoactive and inotropic support which has
been shown to predict mortality and morbidity in pediatric
cardiac surgery. In a cohort of infants who had congeni-
tal heart surgery, a prior research study discovered an as-
sociation between postoperative VIS over 20 and hospital
mortality and prolonged mechanical ventilation [25]. Nev-
ertheless, the cut-off VIS value of 5.5 at the end of the pro-
cedure was found to be linked to poor clinical outcomes in
a group of adolescents undergoing cardiac surgery [26]. A
single-center retrospective cohort study demonstrated that
peak VIS in the first 24 hours after cardiac surgery was as-
sociated with adverse outcomes in adult heart surgery [27].
The study by Koponen et al. [9] revealed that a peak VIS
range of 5 to 15 was correlated with ICU time (OR = 0.82)
in the first 24 hours following cardiac surgery. Our finding
that high VIS scores were not associated with postoperative
adverse events was inconsistent with the above previous re-
search, which could be affected by several reasons such as
small sample size and the varying disease severity of sur-
gical patients. Additionally, there might be confounding
variables that were not taken into account, potentially im-
pacting the relationship between hemodynamics and post-
operative adverse events. Furthermore, the method and cri-
teria used to assess VIS scores may need further scrutiny
and validation through additional studies. The incidence of
adverse events in the impaired GLS group reached 9.09%,
which was higher than that of the normal GLS group, al-
though the difference was not statistically significant. Fur-
ther, our study confrmed the prognostic signifcance of pre-
operative A4C-GLS before surgery for elevated inotropic
support after heart valve surgery in the cardiac patients with
preserved LVEF (≥50%), which might help to optimize
hemodynamic management therapy in critically ill cardiac
patients. Patients undergoing valve surgery may still re-
quire significant amounts of vasoactive medication therapy
even if their left ventricular ejection fraction was normal
before surgery.

In our study, apical four-chamber (A4C), apical two-
chamber (A2C) and apical long-axis (LAX) strain curve
throughout the cardiac cycle was derived and peak longi-
tudinal strain value was calculated from the average of the
18 segments, but only the preoperative apical four-chamber
(A4C) strain which reflect myocardial movement of the
septum and lateral wall was independently related to high
postoperative VIS value. The study by Salaun et al. [28]
demonstrated that apical four-chamber longitudinal strain
was independently associated with the mortality rate of the

patients with aortic valve stenosis. An observational cohort
study performed by Nam et al. [29] showed that the pre-
operative apical four-chamber longitudinal strain was also
significantly related to all-cause mortality rate of 1773 pa-
tients who undergoing valve surgery. Apical two-chamber
(A2C) and apical long-axis (LAX) strain did not indepen-
dently predict high postoperative VIS value, possibly be-
cause of preserving subvalvular structure in mitral and aor-
tic valve replacement surgery, which was beneficial for the
functional recovery of the posterior and inferior walls of the
left ventricle [30,31].

Perioperative hemodynamic optimization manage-
ment for cardiac surgery and risk stratification in patients
with severe valve disease is still challenging and therefore
research has focused on identifying new and reliable prog-
nostic parameters. The present study confirmed the prog-
nostic value of LV-GLS in patients with preserved LVEF
(≥50%) undergoing valve surgery and showed that patients
with normal LV-GLS have a significantly better outcome.
However, there has been little research on VIS in adult heart
surgery, particularly regarding the connection between VIS
and left ventricular function. Thus our study numerically
evaluated the correlation between the inotropic support dur-
ing adult cardiac surgery with left ventricular myocardial
strain. Early assessment of left ventricular strain varia-
tions might therefore indicate the possibility of postoper-
ative hemodynamic instability in patients and the potential
requirement for high inotropic medication therapy. A pos-
sible clinical benefit of LV strain is its capacity to detect
hemodynamic instability and injured myocardium early in
the postoperative period. The apical four-chamber view can
be easily and effectively acquired in contemporary clini-
cal practice. Therefore, it can be utilized as an option for
LV longitudinal strain when the quality of the apical two-
chamber (A2C) and apical long-axis (LAX) view is sub-
par. In the perioperative care of cardiac surgery, monitor-
ing strain of a single apical four-chamber view allows us to
rapidly identify changes in heart function and distinguish
the shock’s underlying cause. It is capable of formulating
the subsequent therapeutic measures, particularly the mod-
ification of the kind and dosage of inotropic medications.

Additionally, we collected and analyzed a comprehen-
sive set of variables between the two groups to assess any
potential differences. While it is true that we did not ob-
serve significant differences in baseline characteristics and
intra-operative variables between the groups, it is important
to note that this does not necessarily indicate the absence of
heterogeneitywithin the sample. The lack of significant dif-
ferences could be attributed to several factors, including the
sample size, the specific characteristics of the study popula-
tion, or the precision of our measurements. Future research
needs larger sample sizes or alternative study designs to fur-
ther explore potential heterogeneity.

The main limitation of this study is inherent to the
nature of a retrospective chart review. This type of study
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can only provide us with correlations and not causation.
Considering the initial finding that LV-GLS encompasses
the 6 segments of the whole LV and the calculation pro-
cedures for circumferential and radial strains are not con-
tained in our machine software package, therefore, the
study solely investigated the relationship between LV-GLS
and the prognosis in patients referred for cardiac valve
surgery. The study population was not homogenous and
underwent a range of cardiac surgeries, including simple
valvular surgery and combined surgery. No subgroup anal-
ysis was done for the study due to insufficient sample size.
The sample size was small due to the occurrence of covid-
19 during the study period led to decline in patient admis-
sions. The generalizability of our findingsmay be limited to
a certain extent due to the small sample size. It is important
to conduct replication studies and further investigations in
diverse populations to confirm the validity and applicabil-
ity of our results. Future studies to guide the most efficient
strategy for addressing hemodynamic management should
be conducted in collaboration with LV-GLS.

Conclusion

Our study showed that preoperative A4C-GLSmay be
associated with postoperative peak VIS in the patients re-
ceived heart valve surgery with preserved left ventricular
ejection fraction. The preoperative A4C-GLS might be a
predictive factor for the postoperative inotropic exposures.
The echocardiographic myocardial strain analysis measures
of LV contractility may have potential clinical utility in the
patients receiving heart valve surgery to assist with myocar-
dial protection and perioperative inotropic treatment strat-
egy.
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