
Page 1/22

A nomogram to predict the risk of low cardiac
output syndrome after heart valve replacement in
cardiac valvular disease patients
Qiusha Qing 

people's hospital of deyangcity
Xin Wei 

Peoples Hospital of Deyang City
Hong Zhen 

Peoples Hospital of Deyang City
Zhi Wen 

Peoples Hospital of Deyang City
Xiaokang Sun 

Peoples Hospital of Deyang City
Junrong Yang 

Peoples Hospital of Deyang City
Peirui Chen  (  601706394@qq.com )

Peoples Hospital of Deyang City https://orcid.org/0000-0001-9284-9543

Research article

Keywords: nomogram, low cardiac output syndrome, heart valve replacement

Posted Date: January 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-143778/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-143778/v1
mailto:601706394@qq.com
https://orcid.org/0000-0001-9284-9543
https://doi.org/10.21203/rs.3.rs-143778/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/22

Abstract
Background and Aim

Low cardiac output syndrome (LCOS) is a serious postoperative complication, affecting the prognosis of
patients underwent heart valve replacement (HVR). We aim to create a nomogram to predict LCOS after
HVR in cardiac valvular disease patients.

Methods

We performed a retrospective review of 500 cardiac valvular disease patients underwent HVR from 2016
to 2020 in our department. Univariate analysis evaluated the associations between
clinical/echocardiographic parameters and LCOS. Independent t-test or Mann–Whitney U‐test: for
continuous variables. Fisher's exact test or χ2 test: for categorical variables. Variables with a P < 0.1 in the
univariate analysis were entered into least absolute shrinkage and selection operator (LASSO) regression
to select factors. Then, multivariable logistic regression was performed to develop the predictive model
and a nomogram. The discrimination ability, calibration curve analysis and decision curve analysis (DCA)
of the nomogram was evaluated in development and validation group.

Results

Of 500 patients, 92 developed postoperative LCOS (18.4%). The nomogram included the following
variables: body mass index (BMI), left ventricular ejection fraction (LVEF) and global longitudinal strain
(GLS). The nomogram showed favorable calibration and favorite performance for LCOS detection with C-
index 0.826 in the development group and 0.783 in validation group. The DCA showed that the novel
model was clinically useful.

Conclusions

We created a nomogram of predicting postoperative LCOS in cardiac valvular disease patients received
HVR. This nomogram could be an important tool of LCOS risk prediction after HVR to guide the
therapeutic strategy in cardiac valvular disease patients.

Introduction
Cardiac valvular disease is a commonly seen heart disorder, accounting for one-fourth of all in-hospital
admissions for cardiovascular disease in developed countries [1]. Although an increasing number of
patient subgroups are being considered for transcathether valve replacement, transcatheter mitral valve
replacement (TMVR) or transcathether aortic valve replacement (TAVR), surgical heart valve replacement
(HVR) remains the mainstay treatment [2]. With the maturity of cardiac surgical technique in china, the
surgery–associated mortality rate has dropped considerably in the past few years [3]. However, the rate of
major cardiovascular complications remains high [1, 4]. Low cardiac output syndrome (LCOS) is the most
serious complication, which associated with increased morbidity, and treatment-related costs [5]. Recent
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studies suggest a wide LCOS incidence of 3.9–41% [3, 6, 7]after heart valve surgery. For these patients,
LCOS is associated with a 30-day mortality rate of 12.8–38% [3, 6, 8]. So, early identi�cation and risk
assessment of LCOS in patients undergoing HVR are important to improving the treatment and prognosis
of these patients.

Nowadays, several factors have been proposed associated with LCOS after HVR, including advanced age,
malnutrition, impaired left ventricular (LV) function, global longitudinal strain (GLS), New York Heart
Association class IV, renal failure, earlier year of operation, female gender and shock before surgery [4].
Strain-imaging by speckle-tracking echocardiography is a technique to directly quantify the extent of
myocardial contractility and has better prognostic value than ejection fraction [9]. As GLS is most
reproducible and commonly used strain parameter, it has recommended to be the parameter used to
describe LV systolic function in patients with valvular heart disease and cardiomyopathies [10–13]. But it
has not been widely accepted and not related to the visual prediction model of LCOS in patients
underwent HVR.

A nomogram is a graphic score based on a statistical predictive model for determining the probability of
clinical outcomes in an individual patient [14]. To date, nomograms for predicting the risk of LCOS in
cardiac valvular disease patients treated by HVR have not been reported. In this study, we aimed to
develop a nomogram for predicting the risk of LCOS for patient after HVR.

Materials And Methods
Patient selection

We retrospectively included 318 patients who underwent heart valve replacement (HVR) with
cardiopulmonary bypass (CPB) in our institution from January 2016 to December 2018 in the
development group, including 60 patients with LCOS and 258 patients without LCOS. A total of 182
patients underwent HVR from January 2019 to October 2020 were enrolled in the validation group,
including 32 patients with LCOS and 150 patients without LCOS. The clinical data were collected from the
data system of our hospital, the ultrasound images were collected from the department of
ultrasonography of People's Hospital of DeyangCity.

The inclusion criteria were (1) cardiac valvular lesion was con�rmed by preoperative echocardiography;
(2) complete clinical, laboratory and imaging data available. The exclusion criteria were (1) patients aged
< 18 years; (2) previous cardiac surgery history; (3) emergency operation; (4) with serious coronary heart
disease or acute decompensated heart failure (ADHF); (5) more than moderately depressed left
ventricular ejection fraction (LVEF) (<40%). The study was approved by ethics committee of People's
Hospital of DeyangCity, and informed consent was obtained from all individuals.

Outcomes
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LCOS was our primary outcome which de�ned as: A systolic blood pressure <90 mm Hg for at least 30
minutes after correcting hypovolemia or requirement of inotropic medications (dopamine, dobutamine,
milnirone or norepinephrine) or an intra-aortic balloon pump (IABP) for at least 12 h to maintain systolic
blood pressure > 90 mm Hg and the cardiac output >2.2 L/min/m2. And presence of at least one of the
following, pulmonary capillary wedge pressure (PCWP) >18 mmHg, difference between peripheral skin
temperature and core body temperature >5℃, central venous oxygen saturation<60%, urinary output less
than 0.5 ml/kg/h. 30 day mortality, ICU and hospital stay were our secondary outcome.

Risk factors

We collected and analyzed the following factors of the subjects: general information (gender, age, body
mass index (BMI), New York Heart Association (HYHA ) class, diabetes, hypertension, congestive heart
failure (CHF), atrial �brillation (AF), serum creatinine(SCR), and blood urea nitrogen (BUN) );
echocardiographic parameters (heart valve lesion type, LVEF, left ventricular end diastolic diameter
(LVEDD), left ventricular end systolic diameter (LVESD), interventricular septum thickness (IVST), left
ventricular posterior wall thickness(LVPWT), left atrial diameter(LAD), GLS ); intraoperative and
postoperative parameters (types of prosthetic valve, cardiopulmonary bypass time (CPBT), aortic cross-
clamp time (ACCT), blood loss, transfusion, post-surgical AF, infection, and post-surgical acute renal
failure).

Preoperative transthoracic echocardiogram (TTE) was performed by using a Philips EPIQ 7C (Philips
Medical Systems, Andover, MA) with a S5-1 probe (frequency ratio 1.0 ~ 5.0 MHz). The LVEDD, LVESD,
LAD, IVST and LVPWT were measured by two-dimensional ultrasound on the long axis of the left
ventricle. The left ventricular ejection fraction (LVEF) was measured by Simpson’s biplane method. Two-
dimensional dynamic image of two-chamber, three-chamber and apical four chamber view were collected
with a frame rate ranging from 60~80 frames/s. The original data was stored in mobile hard disk with
DICOM format for off-line analysis. The images were processed and analyzed by QLab 10.0 software
(Phillips Medical Systems), and the region of interest was automatically mapped by the system. Manual
adjustments of the region of interest were made whenever necessary to optimize myocardial tracking.
Then automated cardiac motion quanti�cation (aCMQ) technology was applied to calculate GLS of the
left ventricular systolic period.

Statistical analysis

For normally distributed continuous variables, a Student’s t-test was performed, and for non-normally
distributed continuous variables non-parametric Mann–Whitney U test was used. For the categorical
variables, the Chi-squared test and Fisher’s exact test was used. Two-sided p-values < 0.05 was
considered as statistical signi�cance. As the low incidence of primary outcome in our study, the least
absolute shrinkage and selection operator (LASSO) [15] method was used to select the best predictive
characteristics of risk factors from HVR patients with LCOS. Variables showing P<0.1 in the univariate
analysis were included in the LASSO regression model. Nonzero features were selected in the LASSO
regression model. Then, the selected predictive factors were used to formulate a nomogram to estimate
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the risk of LCOS in HVR patients by the multivariate logistic regression analysis. The predictive accuracy
of the constructed nomogram was estimated using index of probability of concordance (C-index) and a
visualized receiver operator characteristic (ROC) curve. The relative corrected C-index was calculated by
boot validation (1000 boot resamples). Calibration was plotted to explore the predictive accuracy of the
nomogram by bootstrapping with 1000 resamples. To evaluate the added clinical utility of nomogram in
predicting LCOS for HVR patients, decision curve analysis (DCA) was performed by quantifying the net
bene�ts for a range of threshold probabilities in the combined development and validation dataset. All
statistical analyses were performed and graphs were constructed using IBM SPSS Statistics (Version
23.0; IBM Corp., New York, USA) and R software (Version 4.0.3; R Foundation for Statistical Computing,
Vienna, Austria).

Results
All patients’ clinical and echocardiographic characteristics

We recruited 562 patients from January 2016 to October 2020 at our center, 73 patients were excluded: 7
cardiac surgery history, 11 ADHF, 10 serious coronary heart disease, 20 LVEF<40%, and 25
echocardiographic views cannot be used to measure GLS. Finally, 318 patients in the development group
and 182 patients in the validation group were included (Fig. 1). In development group, 62 patients had
LCOS (18.8%). There were signi�cant differences in age, BMI, HYHA class, CHF, LVEF, and GLS between
the LCOS and no- LCOS patients (P<0.05). In the veri�cation group, 32 patients had LCOS (17.6%). There
were signi�cant differences in age, BMI, HYHA class, CHF, valve replacement, CBPT, ACCT, LVEF, and GLS
between the LCOS and no- LCOS patients (P<0.05). Detailed information on the univariate analysis of
clinical and echocardiographic characteristics of the patients is shown in Table 1 and Table 2. 30 day
mortality occurred more frequently and the mean hospital stay time and ICU stay time were longer among
patients who developed LCOS (P<0.05) (Table 3).

Table 1 Univariate analysis of clinical characteristics in patients with and without LCOS
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Variable

 

Development group

 (n = 318)

P
value

 

Validation group

 (n =182 )

P
value

 
Non-
LCOS

(n = 258)

 

LCOS

(n = 60)

 

Non-LCOS

(n =150 )

 

LCOS

(n = 32)

 

Age, years, n (%)     <0.001

 

    0.002

  <60 113(43.8) 15(25.0)   69(46.0) 4(12.5)  

60-70 76(29.5) 36(60.0)   43(28.7) 14(43.8)  

>70 69(26.7) 9(15.0)   38(25.3) 14(43.8)  

Gender, n (%)     0.978     0.674

  Male 107(41.5) 25(41.7)   55(36.7) 13(40.6)  

Female 151(58.5) 35(58.3)   95(63.3) 19(59.4)  

BMI, n (%)     0.007     0.019

18.5 -27.9    199(77.1) 46(76.7)   109(72.7) 19(59.4)  

≧28 49(19.0) 6(10.0)   36(24.0) 8(25.0)  

< 18.5 10(3.9) 8(13.3)   5(3.3) 5(15.6)  

HYHA class, n (%)     0.022     0.003

  84(32.6) 13(21.7)   46(30.7) 3(9.4)  

  137(53.1) 30(50.0)   87(58.0) 19(59.3)  

  III 37(14.3) 17(28.3)   17(11.3) 10(31.3)  

Diabetes, n (%)     0.136     0.618

  NO 222(86.0) 47(78.3)   126(84.0) 28(87.5)  

  YES 36(14.0) 13(21.7)   24(16.0) 4(12.5)  

Hypertension, n (%)     0.772     0.250

  NO 180(69.8) 43(71.7)   109(72.7) 20(62.5)  

  YES 78(31.2) 17(28.3)   41(27.3) 12(37.5)  

AF, n (%)     0.091     0.097

  NO 231(89.5) 49(81.7)   130(86.7) 24(75.0)  
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  YES 27(10.5) 11(18.3)   20(13.3) 8(25.0)  

CHF, n (%)     0.028     0.066

  NO 223(86.4) 45(75.0)   128(85.3) 23(71.9)  

  YES 35(13.6) 15(25.0)   22(14.7) 9(28.1)  

SCR, mmol/L (IQR)

 

77.08

(65.63-
83.82)

78.85

(71.72-
88.18)

 

0.089 76.55( 64.90-
82.84)

75.01

(66.06-
86.28)

0.776

BUN, mmol/L

(IQR)

 

6.72

(4.89-
8.50)

7.02

(5.88-
8.60)

0.066 6.34

(4.9-8.0)

6.18

(5.28-
7.89)

0.919

Intraoperative and
Postoperative

           

Valve type, n (%)     0.462     0.351

Bioprosthetic

Valve

86(33.3) 23(38.3)   57(38.0) 15(46.9)  

Mechanical

Valve

172(66.7) 37(61.7)   93(62.0) 17(53.1)  

Valve replacement, n
(%)

    0.144     0.02

  AV 100(38.8) 30(50.0)   90(60.0) 11(34.4)  

  MV 131(50.8) 22(36.7)   35(23.3) 11(34.4)  

  AV+MV 27(10.5) 8(13.3)   24(16.7) 10(31.2)  

Bloodloss, ml, n (%)     0.927     0.303

  < 600 212(82.2) 49(81.7)   116(77.3) 22(68.8)  

  ≧ 600 46(17.8) 11(18.3)   34(22.7) 10(31.2)  

Transfusion, n (%)     0.705*     0.692*

  NO 9(3.5) 3(5.0)   10(6.7) 1(3.3)  

  YES 249(96.5) 57(95.0)   140(93.3) 31(96.7)  

CBPT, min, n (%)     0.682     0.029

≦ 78 90(34.9) 20(33.3)   67(44.7) 7(21.9)  
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  79- 91 80(31.0) 22(36.7)   40(26.7) 9(28.1)  

  ≧ 92 88(34.1) 18(30.0)   43(28.7) 16(50.0)  

ACCT, min, n (%)     0.323     0.017

  ≦ 47 90 (34.9) 20(33.3)   70(46.7) 8(25.0)  

  48 - 60 79(30.6) 24(40.0)   38(25.3) 7(21.9)  

  ≧ 61 89(34.5) 16(26.7)   42(28.0) 17(53.1)  

Postoperation AF, n (%)     0.589     0.106

  NO 214(82.9) 48(80.0)   126(84.0) 23(71.9)  

  YES 44(17.1) 12(20.0)   24(16.0) 9(28.1)  

Postoperation delirium,
n (%)

    1.000*     0.148*

  NO 242(93.8) 56(93.3)   145(96.7) 29(90.6)  

  YES 16(6.2) 4(6.7)   5(3.3) 3(9.4)  

Infection, n (%)     0.312     0.364

  NO 220(85.3) 38(63.3)   131(87.3) 26(81.3)  

  YES 38(14.7) 22(36.7)   19(12.7) 6(18.7)  

Renal failure, n (%)     0.099     1.000*

  NO 249(96.5) 55(91.7)   142(94.7) 31(96.9)  

  YES 9(3.5) 5(8.3)   8(5.3) 1(3.1)  

BMI body mass index; NYHA New York Heart Association; AF atrial �brillation; CHF congestive heart
failure; SCR serum creatinine; BUN blood urea nitrogen; AV aortic valve; MV mitral valve; CBPT
cardiopulmonary bypass time; ACCT aortic cross-clamp time

*Fisher’s exact test

Table 2 Univariate analysis of echocardiographic parameters in patients with and without LCOS



Page 9/22

Variable

 

Development group

 (n = 318)

P value

 

Validation group

 (n =182 )

P value

 

Non-LCOS

(n = 258)

 

LCOS

(n = 60)

 

Non-LCOS

(n =150 )

 

LCOS

(n = 32)

 

LVEDD, mm 51.77 ±
6.06

52.80 ±
5.36

 

0.227 51.55 ±
6.43

52.66 ±
7.05

0.388

LVESD, mm 33.8 ± 4.81 34.08± 5.08 0.691 34.43 ±
5.53

34.63± 5.79 0.855

IVST,  mm (IQR)

 

9 (8-9) 9 (9-10) 0.154 9 (8-10) 9(8-10) 0.128

LVPWT, mm
(IQR)

9 (8-9) 9 (8-9) 0.280 9 (7-10) 9(8-10) 0.188

LAD, mm (IQR) 39 (35-42) 40 (36-43) 0.384 39 (36-42) 41 (33-45) 0.268

LVEF, %, n (%)      0.002     <0.001

  <50 26 (10.1) 14 (23.3)   11(7.3) 9(28.1)  

  50-60 100 (38.8) 35 (58.3)   67 (44.7) 19(59.4)  

  >60 132 (51.2) 11 (18.3)   72 (48) 4 (12.5)  

GLS, n (%)     <0.001     0.012

  ≦ -21 99(38.4) 1(1.7)   48(32) 2(6.3)  

  -20 - -17 101(39.1) 31(51.7)   62(41.3) 16(50.0)  

  ≧ -16 58(22.5) 28(46.7)   40(26.7) 14(43.8)  

LVEF left ventricular ejection fraction; GLS global longitudinal strain; LVEDD left ventricular end diastolic
diameter; LVESD left ventricular end systolic diameter; IVST interventricular septum thickness; LVPWT left
ventricular posterior wall thickness; LAD left atrial diameter

Table 3 Outcomes of patients with and without LCOS
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Variable

 

 Cohort (n = 500) P value

 Non-LCOS 

(n = 408)

 

LCOS 

(n = 92)

 

30 day mortality, n (%) 5(1.2) 14(15.2) <0.001

 

Hospital stay, days (IQR) 24(22-28) 29(26-33.75) <0.001

 

ICU stay length, days (IQR) 2(2-4) 4(3-5.75) <0.001

 

Factor selection and Nomogram development

Ten clinical and echocardiographic data with P<0.1 in the univariate analysis were included in LASSO
regression analyses. Eventually, three potential predictors, BMI, LVFE, and GLS, on the basis of 318
patients in the development group were identi�ed as predictors (Fig. 2). The results of the multivariate
logistic regression analysis including these three predictors are given in Table 4. We then establish an
individualized nomogram prediction model of LCOS based on these three selected variables (Fig. 3).The
nomogram is used by scoring the points corresponding to each variable. The sum of scores for all
variables is recorded as the total score, and the predicted risk corresponding to the total score is the
probability of LCOS after HVR.

Table 4 Multivariate logistic regression analysis of prediction factors for LCOS

Variable

 

 β OR (odds ratio) 95% CI P value

 

BMI        

18.5-27.9  Reference      

≧28 -0.085 0.918 0.348-2.421 0.863

< 18.5 1.526 4.601 1.514-13.982 0.007

LVEF 0.939 2.558 1.620-4.04 < 0.001

GLS 1.299 3.307 2.062-5.304 < 0.001

BMI body mass index; LVEF left ventricular ejection fraction; GLS global longitudinal strain
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Discriminative ability and performances of LCOS risk nomogram

The C-index was calculated to evaluate the discriminative ability of the model, and the resulting value
was 0.826 (95% CI, 0.779-0.873) in the development group and 0.783 (95% CI, 0.705-0.861) in the
validation group. Bootstrap was used to verify the over-�tting of the estimation model. The C-index was
0.812 and 0.766 after calibration for development and validation group, respectively. The ROC curves
were plotted to evaluate the discrimination ability and were shown in Fig 4. These results suggest the
nomogram prediction model has an excellent discrimination. Furthermore, we conducted a calibration
plot for our prediction model, and a favorable agreement was shown between the actual and estimated
probability of LCOS in the development group and validation group (Fig. 5).

Presentation of a nomogram and clinical use

The decision curve analysis for the LCOS nomogram is presented in Fig. 6. We did DCA on our prediction
model to assess the net bene�t that patients could receive. As the decision curve indicates, this
nomogram achieved the most clinical utility to predict LCOS when the threshold probability for a patient
is within a range from 0.03 to 0.66.

Discussion
The present study is the �rst time to establish a nomogram for LCOS based on the perioperative risk
factors after HVR including BMI, LVEF and GLS. The AUCs for the development and validation groups
both exceeded 0.75, indicating the prediction model has statistically signi�cant discriminatory powers.
According to the risk factors of LCOS shown in the nomogram model, might be bene�cial for predicting
outcomes of cardiac function and developing regimens to prevent LCOS.

According to our nomogram (Fig. 2), we can identify the point corresponding to the value of each
predictor, and then sum these points together. The total point is associated with a probability that the
patient will develop LCOS. For example, a patient underwent MVR with a BMI of 20, LVFE 55%, and GLS − 
15. Totaling the points for this patient was 137.5 points in risk of LCOS of nomogram. This results in
estimated LCOS rates of 41 % according to the nomogram.

As the most common and the most serious complication after cardiovascular surgery, LCOS affects the
prognosis of the patients and increases the rate of death seriously [4]. In our study, the mortality rate
(15.2% vs. 1.2%, p < 0.001), ICU stay (4 (3-5.75) vs.2 (2–4), p < 0.001) and the hospital stay (29 (26-33.75)
vs. 24 (22–28), p < 0.001) were signi�cantly higher in LCOS patients compared to those without LCOS.
The widely accepted characteristics of LCOS included decreased heart pump function and the
accompanying tissue hypoperfusion and hypoxia. However, there is no stringent diagnostic criterion of a
low cardiac output state. In our study, we used a generally accepted clinical de�nition of low cardiac
output syndrome, including a systolic blood pressure of less than 90 mmHg for at least 30 minutes or
postoperative need for IABP and/or prolonged requirement for inotropic support. Low cardiac output
syndrome occurs in about 18.4% of patients in our study. This incidence of LCOS is greater than the
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prevalence of previous reports on isolated mitral and aortic valve surgery (3.9 and 7%, respectively) [3, 6]
but lower than the more recent reports (21.5% and 41%, respectively) [7, 8]. The differences in the
prevalence of LCOS in our population can be explained by the different type of cardiac disease,
demographic characteristics and de�nition selected.

As World Health Organization BMI classi�cation was not very suitable for Asian, we adopted a China
classi�cation and divided patients into the following 3 groups: low weight ≦ 18.5, normal-over weight
18.5–27.9 and obese ≧ 28 [16]. BMI < 18.5 is one option requires de�ning malnutrition [17]. Malnutrition
is associated with a 2-fold increase in the probability of postoperative inotropic support and
independently predicts adverse clinical outcomes [14]. Furthermore, low-weight may also be a
manifestation of other associated comorbidities, such as cachexia, frailty or severe chronic diseases [18].
In our study, consistent with previous research [19], we found that the risk for LCOS was higher in low
weight population. The low-weight patients were older, weaker, more severe impairment of left ventricular
ejection, and more complex surgery. We consider these could be the main reason why the LCOS incidence
was higher in low-weight patients than that in normal weight. The relationship between obesity and
adverse outcomes include LCOS after cardiac surgery were con�icting among previous reports. For
instance, some studies concluded that obesity was signi�cantly associated with increased risk of LCOS
and other postoperative morbidities [20–22]. Whereas others reported that obesity was a protective factor
for postoperative complications [23–25]. Furthermore, multiple studies have suggested a U-shaped
relationship between BMI and mortality[26]. However, in the present study, there was no signi�cant
correlation between obesity and LCOS risk after HVR.

Left ventricular ejection fraction (LVEF) based on visual analysis of two-dimensional (2D) images or
Simpson biplane method is the most widely used parameters to assess the left ventricular systolic
function [27]. A decreased LVEF is an independent risk factor for both LCOS and mortality after cardiac
surgery, and have been included in risk models such as EUROSCORE [28]. Impaired left ventricular
function (LVEF < 50%) as an independent signi�cant risk factor for LCOS has been described in some
studies [29, 30]. Consistent with previous research, impaired LVEF was an independent risk factor for
LCOS after HVR in our study. However, in�uence of LVEF is less signi�cant in patients underwent heart
valve surgery compared with the CABG [31, 32]. As ejection fraction is highly dependent on loading
conditions, heart valve disease such as MR or AR can mask underlying LV dysfunction. Although the
measurement of the LV function is normal and without obvious clinical symptoms, LV function is
impaired [6, 7, 33]. In addition, this method heavily dependent on image quality and operator experience,
and with signi�cant inter-observer variability [34, 35].

Myocardial deformation imaging (Strain imaging) is an echocardiographic technique to directly quantify
the extent of myocardial contractility. The most widely used parameter to detect LV systolic function is
GLS [27]. Advantages of using GLS to assess LV systolic function compared to LVEF include better
reproducibility, ability to identify more subtle alterations in the contractility of the left ventricle, non-
reliance on geometric assumptions, and lack of in�uence by tethering effects [35]. Recent studies suggest
that the GLS measured during preoperative transthoracic echocardiogram (TTE) was shown to predict
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early postoperative mortality and the need for a postoperative inotropic support in patients with LVEF > 
50% undergoing HVR [36]. Although the incremental value of GLS over other established risk factors for
postoperative LCOS is limited in a study which included all kinds of on-pump cardiac surgery [37], it has
been considered as the most signi�cant parameter for LCOS risk in patients with AS without severely
depressed LVEF [7]. Consistent with previous studies, the results in our study indicated that GLS was an
independent risk factor for LCOS after HVR. If the GLS ≧ -16, the total score of the monogram is more
than 100, suggesting that GLS value can increase the LCOS risk of patients by 50% (100/200). In this
study, we only included patients without severely depressed LVEF (LVEF < 40%), this result re�ected
indirectly a higher degree of LV subclinical dysfunction in our patients.

The study has several limitations. First, this is a retrospective cohort with limited cases, which cannot
avoid selection bias; thus, prospective study with a larger sample size is needed to further con�rm our
conclusion. Second, our study is from a single center; although we validated the model by patient
samples from different periods, it will be better to validate the model with data from another institution.
Finally, we concerned only on patients undergoing valve replacement surgery without severely depressed
LVEF and the data on other kinds of on-pump cardiac surgery are lacking; that makes the nomogram
validated in this study may not be suitable for all patients. In spite of these drawbacks, this study �rstly
builds a nomogram of predicting LCOS in HVR patients.

Conclusion
In this study, we developed and validated an individualized nomogram prediction model for LCOS in
patients undergoing HVR. Although we can accurately predict the risk of LCOS by this prediction model,
there remains much work to do to re�ne the nomogram and to evaluate its clinical practicality.

Abbreviations
LCOS Low cardiac output syndrome; HVR heart valve replacement; LASSO least absolute shrinkage and
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Figure 1

The �ow chart
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Figure 2

Predictor selection by the LASSO. A optimal penalization coe�cient lambda (λ) selection by LASSO used
fourfold cross-validation and the minimum criterion. B LASSO coe�cient pro�les of the 10 variables
plotted against the log (lambda) sequence. The minimum criterion and the 1 standard error of the
minimum criteria are used to draw the dotted vertical line at the optimum value.
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Figure 3

A nomogram to predict the the probability of LCOS after HVR. A nomogram for LCOS was developed and
integrated with BMI, LVEF, and GLS. Abbreviations: LCOS low cardiac output syndrome; HVR heart valve
replacement; BMI body mass index; LW low weight; LVEF left ventricular ejection fraction; GLS global
longitudinal strain.

Figure 4
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ROC analysis of the nomogram for LOCS. ROC curve for discrimination in the development group and
validation group. The AUCs of the nomogram were respectively 0.826 and 0.783, demonstrating very
good prediction performance. Abbreviations: ROC receiver operating characteristic; AUC area under curve

Figure 5

Calibration curves of the LCOS prediction nomogram. The predicted LCOS risk is shown on the X-axis.
The actual diagnosed LCOS is shown on the Y-axis. (A) Development group; (B) Validation group.
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Figure 6

Decision curve analysis (DCA) for the LCOS prediction nomogram. The red line represents the LCOS
prediction nomogram. The thin solid line represents the hypothesis that all patients had LCOS. The thick
solid line represents the hypothesis that no patients had LCOS. The DCA in the validation cohort
demonstrated that if the threshold probability is between 0.03 and 0.66, the use of the nomogram to
predict LOCS is more bene�cial than treating all or no patients.


