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Risk factors for immediate and
delayed cardiogenic shock in
patients with ventricular septal
rupture after myocardial infarction
Si Wang†, Jing Zhang†, Qian-Feng Xiao, Kai Liu, Ying Xu,
Xiao-Ping Chen, Xin Wei* and Yong Peng*

Department of Cardiology, West China Hospital, Sichuan University, Chengdu, China

Background: Ventricular septal rupture (VSR) is a serious complication occurring
after myocardial infarction (MI). Cardiogenic shock (CS) is a common complication
of VSR and an important factor affecting its prognosis. CS can occur in either an
immediate or delayed manner after VSR; however, studies on the risk factors
associated with immediate or delayed CS are scarce.
Methods: We retrospectively studied patients diagnosed with VSR after MI and
admitted to the West China Hospital between September 2009 and August
2023. Demographic data, medical history, physical examination results,
electrocardiograms, and echocardiographic and hematological data were
extracted from electronic medical records or archived records. CS was defined
as hypotension (<90 mmHg) and/or the requirement for catecholamines,
pulmonary congestion, and signs of end-organ failure. The CS onset time was
defined as the time at which catecholamines were initiated.
Results: A total of 88 patients with VSR after MI, including 49 males (55.7%), were
enrolled. The average age was 70.2 years. Of these patients, 32 (36.4%) who
already had CS at the time of VSR discovery were defined as immediate CS, and
28 (31.8%) who developed CS within 2 weeks after VSR discovery were defined
as delayed CS. A smaller left ventricular end-diastolic diameter (LVEDD) and VSR
discovered after admission were independent risk factors for immediate CS.
Elevated heart rate and higher levels of creatine kinase-MB isoenzyme on
admission were independent risk factors for delayed CS in patients without
immediate CS after VSR.
Conclusions: The occurrence of CS in patients with VSR after MI has an evident time
course. Thus, an early identification of patients at risk of immediate or delayed CS
and optimization of treatment procedures may help improve the prognosis.
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Introduction

Ventricular septal rupture (VSR) is a serious complication occurring after myocardial

infarction (MI), with a reported incidence rate of 0.2%–0.3% in the era of thrombolysis

and primary percutaneous coronary intervention (PCI) (1, 2). Repairing the ruptured

septum is considered the most vital treatment method since the survival rate following

conservative drug treatment is less than 10% (1, 3, 4). Owing to the fragility of the

necrotic myocardium in the acute phase of MI, the mortality and re-rupture rates are

high after early repair (5). Although the optimal repair time has not been determined,
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prolonging the preoperative waiting time can improve the success

rate of repair in patients with relatively stable hemodynamics

(6–8). Cardiogenic shock (CS) is a common complication of

VSR, and it is considered to be an important cause of poor

prognosis in patients with VSR (7, 9, 10). It can occur in an

immediate or delayed manner following VSR and lead to

multiple organ dysfunction or even hemodynamic collapse

requiring emergency repair (7). Identifying patients with a high

risk of developing immediate or delayed CS after VSR and

optimizing treatment procedures may help prolong the

preoperative time and improve the prognosis of these patients.

However, studies on the risk factors of immediate or delayed CS

after VSR are scarce. This study aims to elucidate the risk factors

for immediate and delayed CS in patients with VSR after MI to

provide a reference for clinical practice.
Materials and methods

Study population and related definitions

We retrospectively studied patients diagnosed with VSR after

MI who were admitted to the West China Hospital between

September 2009 and August 2023. All patients with discharge

diagnose, including MI and VSR, were included in the study.

Patients with ventricular septal defects due to endocarditis,

congenital heart disease, or trauma were excluded. Data were

extracted from electronic medical or archived records. History of

smoking, height, weight, systolic blood pressure (SBP), diastolic

blood pressure (DBP), and heart rate were obtained from the

admission records. Hypertension, diabetes mellitus, history of

coronary heart disease, and pneumonia were derived from the

discharge diagnose. CS was defined as hypotension (<90 mmHg)

and/or the requirement for catecholamines, pulmonary

congestion, and signs of end-organ failure (11, 12). The

occurrence of CS in our study was determined by two

experienced physicians based on blood pressure (BP), clinical

manifestations, lactate levels, and documented administration of

catecholamines in the medical records. The onset time of CS was

defined as the time of the initiation of administering

catecholamine, including epinephrine, norepinephrine, and

dopamine. Since delayed VSR repair is usually performed more

than 2 weeks after MI as reported in many studies (13), we focus

on the risk factors for CS with 2 weeks after VSR. We defined

patients who already had CS at the time of VSR discovery as

immediate CS, other patients who developed CS within 2 weeks

after VSR discovery despite hemodynamic stability at the

beginning were defined as delayed CS, and those who did not

develop CS with 2 weeks after VSR discovery were identified as

non-CS. The location of the MI was determined according to the

electrocardiogram and discharge diagnose, which included

anterior and inferior MI. Echocardiographic data were obtained

when VSR was first detected at our hospital, and hematological

data were obtained upon admission. Mitral and tricuspid valve

regurgitation were defined as moderate or severe regurgitation.

Primary PCI was defined as revascularization performed within
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12 h after the onset of MI. Preoperative PCI referred to the

revascularization therapy prior to VSR repair. Coronary artery

stenosis was defined as a degree of stenosis exceeding 70% of the

lumen. Inotrope use indicated the use of amrinone, milrinone,

dobutamine, or levosimendan. Mechanical circulatory support

(MCS) included intra-aortic balloon pump (IABP) and

extracorporeal membrane oxygenation. The ventricular septal

repair included surgical and transcatheter repairs. Due to

regional customs, some patients were discharged automatically

when CS could not be reversed by medications or MCS and died

within a short time after discharge. Therefore, survival was

defined as a patient surviving ≥30 days after discharge. Survival

information after discharge was collected via the telephone. The

time of MI was defined as the time when the patient first

experienced chest pain for ≥30 min during their visit, which was

determined by two experienced physicians referring to the

medical records and the values of creatine kinase-MB isoenzyme

(CK-MB) and troponin-T on admission. If the VSR was

discovered prior to admission, the time of VSR discovery was

determined as the time when the VSR was first detected by

echocardiography in another hospital, as recorded in the medical

records. If the VSR was discovered after admission, the time of

VSR discovery was based on the time when the cardiac murmur

was first recorded in the medical records or the time when VSR

was first detected by echocardiography in our hospital if there

was no cardiac murmur recorded in the medical records. Patients

who did not have VSR at the time of CS but develop VSR

subsequently were excluded. Those patients who were discharged

in a stabilized condition but died outside the hospital within 2

weeks after VSR discovery were excluded from the analysis because

we could not determine whether these patients would develop CS if

they continued to be hospitalized. Those patients who were in a

stabilized condition 2 weeks after VSR discovery but died eventually

were included in the non-CS group. This study was approved by

the ethics committee of the West China Hospital, Sichuan

University (Approved No. of ethic committee 2021–1770).
Statistical analysis

Continuous variables were presented as means and standard

deviations or as medians and quartiles, as appropriate. Categorical

variables were presented as frequencies and percentages. One-way

analysis of variance (ANOVA) or Wilcoxon rank-sum test was

used to compare categorical variables among the three groups,

and the least significant difference (LSD) test was used for

pairwise comparisons between groups in ANOVA analysis.

Categorical variables were compared using Pearson’s chi-square

test or Fisher’s exact test. Univariate and multivariate logistic

regression analyses (forward: LR) were used to compare odds

ratios (ORs) with 95% confidence intervals (CIs) to assess the

independent risk factors for immediate CS in patients with VSR

after MI compared with patients without immediate CS and for

delayed CS in patients without immediate CS after VSR

compared with patients in the non-CS group. Age, sex, and

variables with a statistical correlation with immediate or delayed
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CS in the univariate logistic regression analysis were included in the

multivariable logistic regression analysis. The SPSS software package

(version 26.0; SPSS, Chicago, IL, USA) was used for statistical

analysis. Statistical significance was defined as P < 0.05.
Results

Basic information of the patients

Of the 119 patients with VSR after MI in our hospital, 88 were

included in the analysis (Figure 1). The average age was 70.2 years

(41–92 years), and 49 patients (55.7%) were male. Of the patients

included, 60 (68.2%) developed CS within 2 weeks after VSR

discovery, including 32 (36.4%) patients who already had CS at

the time of VSR discovery, and 28 (31.8%) patients who

developed delayed CS (within 2 weeks) despite initial

hemodynamic stability. The median time from VSR discovery to

CS was 2 days in the delayed CS group. The other 28 patients

(31.8%) did not develop CS within 2 weeks after VSR discovery.

Overall, 19 patients (21.6%) underwent primary PCI, 37 patients

(42.0%) underwent MCS, 29 patients (33.0%) underwent

ventricular septal repair, 34 patients (38.6%) survived for ≥30
days after discharge, and 54 patients (61.4%) had VSR discovered

after admission to our hospital. The median time from MI to

VSR discovery was 3 days, and the median time from MI to

admission to our hospital was 4 days.
Characteristics of patients in the immediate
CS, delayed CS, and non-CS group

The characteristics of the patients in the immediate CS, delayed

CS, and non-CS groups are shown in Table 1. There were
FIGURE 1

The flow chart of the study. VSR, ventricular septal rupture; MI, myocardial in
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statistically significant differences in age, history of smoking,

height, SBP, heart rate, left ventricular end-diastolic diameter

(LVEDD), creatine kinase-MB isoenzyme, troponin-T, N-terminal

pro-B type natriuretic peptide (NT-proBNP), creatinine, survival

rates, proportions of inotrope use, MCS, ventricular septal repair,

VSR discovered after admission, time from MI to admission to

our hospital, time from MI to VSR discovery, and days of

hospitalization among the three groups. Compared with patients

in the non-immediate CS group, those in the immediate CS group

were older and shorter, had lower SBP and DBP levels, higher

troponin-T and creatinine levels, smaller LVEDD, lower

proportions of smoking, ventricular septal repair and survival,

higher proportions of MCS and VSR discovered after admission,

shorter time from MI to admission to our hospital, shorter time

from MI to VSR discovery, and shorter days of hospitalization.

Patients in the delayed CS group had a higher heart rate, higher

CK-MB, troponin-T, and NT-proBNP levels, higher proportion of

inotrope use, lower survival rates, and shorter time from MI to

admission to our hospital than those in the non-CS group.
Logistic regression analysis of the risk
factors for immediate CS in patients with
VSR after MI

Table 2 demonstrates that age, sex, and variables with a

statistical correlation with immediate CS in patients with VSR

after MI in the univariate logistic regression analysis, which may

affect the occurrence of immediate CS in clinical settings, were

included in the multivariable logistic regression analysis. These

variables included history of smoking, height, LVEDD, troponin-

T levels, VSR discovered after admission, and the time from MI

to admission to our hospital. Variables affected by CS itself,

including SBP, DBP, and creatinine levels, were excluded. MCS
farction; CS, cardiogenic shock.
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TABLE 1 The characteristics of the patients in the immediate CS, delayed CS, and non-CS group.

Variables Total
(n = 88)

Immediate CS
(n = 32)

Non-immediate CS (n = 56) P1-valuea P2-valueb

Delayed CS (n = 28) Non-CS (n = 28)
Age (years) 70.2 ± 10.8 74.3 ± 7.2*,** 70.9 ± 10.6 64.7 ± 12.4 0.006 0.002

Male 49 (55.7%) 14 (43.8%) 15 (53.6%) 20 (71.4%) 0.089 0.095

History of smoking 34 (38.6%) 6 (18.8%)* 12 (42.9%) 16 (57.1%) 0.004 0.008

Height (cm) 161.4 ± 7.8 158.4 ± 7.1* 162.1 ± 7.1 164.1 ± 8.1 0.005 0.012

Weight (kg) 62.4 ± 11.8 59.2 ± 10.2 65.2 ± 14.1 63.0 ± 10.4 0.106 0.228

BMI (kg/cm2) 23.9 ± 3.4 23.6 ± 3.4 24.8 ± 4.3 23.4 ± 2.5 0.533 0.333

SBP (mmHg) 105.7 ± 20.0 97.5 ± 19.9*,** 110.0 ± 22.5 110.9 ± 14.1 0.003 0.012

DBP (mmHg) 70.5 ± 15.6 65.8 ± 15.9 73.4 ± 16.5 73.0 ± 13.3 0.032 0.102

Heart rate (beats/min) 104.9 ± 18.0 105.4 ± 20.0 111.2 ± 18.1* 98.1 ± 13.2 0.847 0.024

Hypertension 46 (52.3%) 16 (50.0%) 14 (50.0%) 16 (57.1%) 0.747 0.823

Diabetes 28 (31.8%) 11 (34.4%) 6 (21.4%) 11 (39.3%) 0.697 0.331

History of CAD 6 (6.8%) 2 (6.3%) – 4 (14.3%) 1.000 0.112

Pneumonia 59 (67.0%) 20 (62.5%) 18 (64.3%) 21 (75.0%) 0.493 0.549

Anterior MI 72 (81.8%) 25 (78.1%) 24 (85.7%) 23 (82.1%) 0.497 0.740

LVEDD (mm) 49.6 ± 7.0 46.3 ± 6.0*,** 50.5 ± 3.6 52.3 ± 9.1 0.001 0.002

LVEF (%) 48.9 ± 12.2 49.5 ± 11.4 48.9 ± 13.5 48.3 ± 12.1 0.747 0.930

Thickness of IVS (mm) 10.2 ± 2.1 10.5 ± 2.3 10.4 ± 2.4 9.6 ± 1.5 0.507 0.515

Thickness of LVPW (mm) 9.2 ± 1.3 9.3 ± 1.3 9.3 ± 1.4 9.0 ± 1.1 0.499 0.506

Size of VSR (mm) 13.5 ± 5.6 14.3 ± 4.8 13.6 ± 5.9 12.6 ± 6.3 0.314 0.496

VSR location

Anterior 16 (18.2%) 5 (15.6%) 7 (25.0%) 4 (14.3%) 0.895 0.799

Posterior 24 (27.3%) 9 (27.3%) 6 (21.4%) 9 (32.1%)

Apical 48 (54.5%) 18 (56.3%) 15 (53.6%) 15 (53.6%)

Tricuspid regurgitation 16 (18.2%) 7 (21.9%) 6 (21.4%) 3 (10.7%) 0.497 0.455

CK-MB (ng/mL) 65.6 ± 93.03 88.6 ± 96.4* 91.9 ± 109.1* 13.1 ± 35.7 0.080 0.001

Troponin-T (ng/mL) 3.56 ± 3.27 5.01 ± 3.58* 4.00 ± 3.03* 1.45 ± 1.81 0.001 <0.001

NT-proBNP (μg/L) 13.22 ± 11.61 15.94 ± 12.68* 14.70 ± 11.86* 8.62 ± 8.77 0.097 0.035

Creatinine (μmol/L) 138.4 ± 73.2 168.8 ± 83.2* 137.8 ± 74.5 104.3 ± 38.2 0.003 0.002

Total cholesterol (mmol/L) 4.02 ± 1.18 3.95 ± 1.22 4.32 ± 1.21 3.80 ± 1.08 0.672 0.242

HDL-C (mmol/L) 1.06 ± 0.40 1.12 ± 0.36 1.10 ± 0.46 0.93 ± 0.35 0.234 0.129

LDL-C (mmol/L) 2.50 ± 0.96 2.45 ± 0.97 2.74 ± 1.00 2.32 ± 0.88 0.715 0.257

Primary PCI 19 (21.6%) 6 (18.8%) 7 (25.0%) 6 (21.4%) 0.624 0.841

Preoperative PCI 39 (44.3%) 18 (56.3%) 9 (28.6%) 13 (46.4%) 0.089 0.095

Angiographic data

One-vessel disease 41 (64.1%) 13 (59.1%) 11 (68.8%) 17 (65.4%) 0.845 0.961

Two-vessel disease 17 (26.6%) 7 (31.8%) 4 (25.0%) 6 (23.1%)

Three-vessel disease 6 (9.4%) 2 (9.1%) 1 (6.3%) 3 (11.5%)

Killip class

I 3 (3.4%) – – 3 (10.7%) <0.001 <0.001

II 25 (28.4%) – 11 (39.3%) 14 (50.0%)

III 30 (34.1%) 2 (6.3%) 17 (60.7%) 11 (39.3%)

IV 30 (34.1%) 30 (93.8%) – –

Inotrope use 69 (78.4%) 29 (90.6%)* 25 (89.3%)* 15 (53.6%) 0.057 0.001

MCS 37 (42.0%) 21 (65.6%)* 10 (35.7%) 6 (21.4%) 0.001 0.002

Ventricular septal repair 29 (33.0%) 5 (15.6%)* 9 (32.1%) 15 (53.6%) 0.009 0.007

Survived 34 (38.6%) 5 (15.6%)* 8 (28.6%)* 21 (75.0%) 0.001 <0.001

VSR discovered after admission 54 (61.4%) 28 (87.5%)* 17 (60.7%) 9 (32.1%) <0.001 <0.001

Time from MI to VSR discovery (days) 3 (1, 6.75) 2 (0.685,4)* 4.25 (1, 6) 5 (1, 11.5) 0.018 0.032

Time from MI to admission to our hospital (days) 4 (1, 7.75) 1.73 (0.685, 4)* 2.5 (0.87, 7)* 9 (5.125, 13.5) <0.001 <0.001

Days of hospitalization (days) 9 (2, 20) 2 (1, 12)*,** 8 (3.25, 23) 17 (10.25, 21.75) 0.002 0.004

Time from VSR to CS (days) – – 2 (1, 5.75) – – –

Continuous data are presented as mean ± SD or median (IQR), as appropriate. Categorical data are presented as n (%). Echocardiographic data were obtained when VSR

was first detected in our hospital, and hematological data were obtained on admission.

CS, cardiogenic shock; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CAD, coronary artery disease; MI, acute myocardial infarction;

LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; IVS, interventricular septum; LVPW, left ventricular posterior wall; VSR, ventricular

septal rupture; CK-MB, creatine kinase-MB isoenzyme; NT-proBNP, N-terminal pro-B type natriuretic peptide; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; PCI, percutaneous coronary intervention; MCS, mechanical circulatory support.

*P < 0.05 vs. non-CS group.

**P < 0.05 vs. delayed CS group.
aComparison between the immediate CS and non-immediate CS groups.
bComparison among the three groups.
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TABLE 2 Logistic regression analysis of the risk factors for immediate CS in patients with VSR after MI compared with patients without immediate CS.

Variables Total subjects (n = 88)

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Age (years) 1.066 (1.016–1.118) 0.009

Sex (male) 0.467 (0.193–1.129) 0.091

History of smoking 0.231 (0.082–0.647) 0.005

Height (cm) 0.915 (0.856–0.977) 0.008

LVEDD (mm) 0.839 (0.757–0.930) 0.001 0.849 (0.759–0.950) 0.004

Troponin-T (ng/mL) 1.246 (1.081–1.436) 0.002

VSR discovered after admission 8.077 (2.502–26.073) <0.001 7.401 (2.155–25.423) 0.001

Time from MI to admission to our hospital (days) 0.895 (0.811–0.988) 0.027

OR, odds ratio; CI, confidence interval; CS, cardiogenic shock; VSR, ventricular septal rupture; LVEDD, left ventricular end-diastolic diameter; MI, myocardial infarction.

Wang et al. 10.3389/fcvm.2023.1230169
and ventricular septal repair that were generally performed after

the onset of CS were also excluded. Multivariable regression

analysis (forward: LR) indicated that a smaller LVEDD

(OR: 0.849, 0.759–0.950) and VSR discovered after admission

(OR: 7.401, 2.155–25.423) were independent risk factors for the

occurrence of immediate CS in patients with VSR after MI.
Logistic regression analysis of the risk
factors for delayed CS in patients without
immediate CS after VSR

Table 3 shows that age, sex, and variables with a statistical

correlation with delayed CS in patients without immediate CS after

VSR in the univariable regression logistic analysis, which may

affect the occurrence of delayed CS in clinical settings, were

included in the multivariable logistic regression analysis, such as

heart rate, levels of CK-MB, troponin-T and NT-proBNP, VSR

discovered after admission, and the time from MI to admission to

our hospital. Inotropes were sometimes administered following the

onset of CS in the delayed CS group; therefore, inotrope use was

not included in the logistic analysis. Multivariate regression analysis

(forward: LR) indicated that an elevated heart rate (OR: 1.084,

1.025–1.146) and higher CK-MB levels (OR: 1.021, 1.007–1.036)

on admission were independent risk factors for the occurrence of

delayed CS in patients without immediate CS after VSR.
TABLE 3 Logistic regression analysis of the risk factors for delayed CS in pat

Variables

Univariate

OR (95% CI)
Age (years) 1.049 (0.999–1.102)

Sex (male) 0.462 (0.153–1.395)

Heart rate (beats/min) 1.056 (1.014–1.099)

CK-MB (ng/mL) 1.017 (1.003–1.031)

Troponin-T (ng/mL) 1.573 (1.172–2.111)

NT-proBNP (μg/L) 1.061 (1.002–1.123)

VSR discovered after admission 3.263 (1.089–9.776)

Time from MI to admission to our hospital (days) 0.839 (0.742–0.950)

OR, odds ratio; CI, confidence interval; CS, cardiogenic shock; VSR, ventricular septal ru

natriuretic peptide; MI, myocardial infarction.

Frontiers in Cardiovascular Medicine 05
Discussion

Cardiogenic shock is a common complication of VSR after MI

and an important risk factor for poor prognosis of VSR (7, 9, 10).

The reported incidence rate of CS after VSR ranges from 51.7% to

71% (1, 5, 14, 15), and the incidence of CS observed in our study

was similar to that reported in previous studies. Our study also

indicated the time course for the occurrence of CS after VSR.

A patient may have CS immediately at the time of VSR discovery

or develop delayed CS while waiting for VSR repair despite

hemodynamic stability at the beginning after VSR discovery. An

early identification of patients at risk of immediate or delayed CS

and optimization of treatment procedures may help improve the

prognosis.

The LVEDD is usually obtained in the parasternal long-axis

section. It is a simple index commonly used to evaluate the size

of the left ventricle (LV). The size of LVEDD in adults is affected

by age, sex, height, weight, and heart disease status (16, 17).

LV dilation is generally considered a predictor of poor prognosis

in patients with heart failure (18). However, our study indicated

that patients who developed CS immediately following VSR had

the smallest LVEDDs, and a smaller LVEDD was an independent

risk factor for immediate CS. This phenomenon was also

observed in a study conducted by Hua et al. (19) that patients

who died of VSR after MI had smaller LVEDDs than those who
ients without immediate CS after VSR.

Total subjects (n = 56)

analysis Multivariate analysis

P-value OR (95% CI) P-value
0.055

0.171

0.008 1.084 (1.025–1.146) 0.005

0.016 1.021 (1.007–1.036) 0.004

0.003

0.044

0.035

0.006

pture; CK-MB, creatine kinase-MB isoenzyme; NT-proBNP, N-terminal pro-B type
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survived. Although a longer time from MI to admission to our

hospital in the non-immediate CS group might cause LV dilation

(20), it may also be related to specific hemodynamic changes in

patients with VSR after MI. VSR leads to a new left-to-right

shunt, increases pulmonary blood flow, and secondarily increases

blood volume back to the LV (21). In patients with congenital

ventricular septal defect, the LV gradually expands to adapt to

the increased left ventricular blood volume in the process of

growth and development. However, in the case of sudden VSR,

the LV may not expand sufficiently to accommodate the

increased blood volume back to the LV in a short time,

combined with reduced left ventricular systolic function, leading

to pulmonary congestion, reduced cardiac output, and even CS.

However, in a patient with atrial fibrillation who developed CS

immediately after the implantation of a left atrial appendage

occluder in our center (22), we observed an adaptive expansion

of the left atrium in a short time. We believe that whether the

LV can dilate adaptively to increase cardiac output and reduce

pulmonary edema in the short term after VSR is a very

important factor in predicting whether patients will develop CS

immediately following the occurrence of VSR. Owing to the lack

of LVEDD data prior to the VSR, the effect of LVEDD changes

before and after the VSR on the occurrence of CS could not be

clarified; thus, this hypothesis needs further verification.

In addition, among patients with immediate CS, 87.5% exhibited

a VSR after admission, and a VSR discovered after admission

was also an independent risk factor for immediate CS. This may

be related to a selection bias. Our hospital was not always the

first hospital that patients attended at the time of an acute MI

attack, and most patients were transferred from other hospitals

due to treatment difficulties or mechanical complications such as

VSR after acute MI. Patients with immediate CS after VSR in

another hospital may not have been transferred to our hospital

for further treatment because of their poor condition. Therefore,

most of the VSRs in patients with immediate CS were discovered

in our hospital.

For patients who develop CS immediately after VSR discovery,

the treatment should be aggressive, including vasoactive

medications, IABP, and other MCS when necessary, to prolong

the waiting time prior to repair (7, 10–12). If the hemodynamics

remain unstable with MCS, emergency repair should be

conducted although there is a high mortality rate (7, 23).

However, in our study population with immediate CS, the

proportions of MCS and repair were all lower than those in

foreign studies (2, 5, 24), and the rate of surviving ≥30 days after

discharge was only 15.6%. The patient’s poor condition on

admission may lead to patient’s family members being

pessimistic about the treatment outcome and giving up active

treatment owing to limited economic conditions. The optimal

treatment procedure for patients without immediate CS after

VSR remains unclear. Hobbs et al. (25) have suggested that the

IABP should be implanted immediately after VSR in all patients.

However, we consider that for patients who do not have

immediate CS but have a high risk of developing delayed CS,

prophylactic implantation of an IABP may help reduce the

occurrence of CS and improve the prognosis. On the other hand,
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for patients who have a low risk of developing CS after VSR, the

benefits of IABP may be limited due to the possibility of

complications related to IABP implantation. Therefore, it is

particularly important to identify the risk factors for delayed CS

in patients who do not have CS immediately at the time of VSR

discovery.

Elevated heart rate is an important risk factor for poor

prognosis after MI (26). Both animal and clinical studies have

shown that elevated heart rate is associated with increased infarct

size (27, 28). Elevated heart rate was also associated with a

higher risk of malignant arrhythmias in patients with acute MI

and reduced ejection fraction (29). In patients with VSR after

MI, tachycardia is an independent risk factor for in-hospital

mortality (19). In the case of decreased cardiac function, elevated

heart rate itself is a compensatory response to maintain a stable

cardiac output and sufficient perfusion of the heart and other

vital organs (30). In our study, elevated heart rate on admission

was an independent risk factor for developing delayed CS in

patients who did not have CS immediately at the time of VSR

discovery. This suggests that elevated heart rate is not only a

result of decreased cardiac function, but also an important cause

of the occurrence of CS in patients with VSR after AMI. This is

consistent with the discovery by Nepper-Christensen et al. (28)

that elevated heart rate in patients with ST-segment elevation MI

may be a cause, not a consequence, of larger myocardial damage.

In patients with VSR and stable initial hemodynamics, elevated

heart rate indicates insufficient cardiac stroke output or other

concomitant factors that lead to tachycardia, such as infection,

anemia, or excessively increased sympathetic excitability.

A compensatory increase in heart rate may maintain circulatory

stability for a period of time, but the elevated heart rate will lead

to an increase in myocardial oxygen consumption, and a

decrease in oxygen supply due to a shortened diastolic period

(31). If the cause cannot be corrected in time or no further

hemodynamic support is provided, it may develop into

decompensation, leading to the occurrence of CS. This finding

provides an easy tool to identify patients who do not have CS

immediately at the time of VSR discovery, but have a high risk

of developing delayed CS, which is particularly important for

guiding clinical practice. Further research is needed on how

much an increase in the heart rate may have harmful effects and

on interventions.

CK-MB level is a specific and sensitive indicator of myocardial

injury (32). It can rise 3–4 h after the onset of MI symptoms, reach

its peak after 12–24 h, and usually return to baseline values after

48–72 h (32). Peak CK-MB level has been shown to correlate

well with infarct size (33, 34). Therefore, the level of CK-MB on

admission correlated with the time from MI to admission to our

hospital and infarct size. However, the median time from MI to

admission to our hospital was 2.5 days in the delayed CS group

and 9 days in the non-CS group, both exceeding the peak time

of CK-MB. Moreover, echocardiography showed no significant

difference in left ventricular ejection fraction (LVEF) between the

delayed CS and non-CS groups, suggesting that the effect of

higher CK-MB level on the occurrence of delayed CS may be

mainly related to the difference in the time from MI to
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admission to our hospital, rather than the difference in infarct size.

Univariate regression analysis showed the effect of time from MI to

admission to our hospital on delayed CS. The shorter the time from

MI to admission to our hospital, the greater the risk of delayed CS.

This is inconsistent with common view that the time from

symptom onset to first medical contact is significantly associated

with MI prognosis, that is, the shorter the time from MI onset to

the first medical contact, the better the prognosis (35, 36).

However, since delayed reperfusion itself is an important risk

factor for VSR after MI (7), and most patients with VSR after

MI have the problem of delayed medical contact, this concept

does not seem to be applicable in patients with VSR. In addition,

the time from MI to admission in our study referred to the time

from the onset of acute chest pain to admission to our hospital

rather than the time from symptom onset to first medical

contact. Some decompensated patients might die in another

hospital or were not eligible to be transferred to our hospital,

resulting in a selection bias. Therefore, caution should be

exercised when generalizing this conclusion. However, this

conclusion remains significant for clinical practice.

Our study had several limitations. First, this was a retrospective

study from a single center, which is not always the first hospital to

treat patients with acute chest pain, leading to selection bias. This

may not fully reflect the overall occurrence of CS in all patients

with VSR after MI, and the promotion of research results needs

to be performed with caution. However, this study may reflect

the basic characteristics of such patients in tertiary hospitals and

provide references for management strategies. Second, owing to

the limitations of retrospective studies, we were unable to

determine the exact time at which CS occurred. Instead, the

occurrence of CS was determined by two experienced physicians

based on the BP, clinical manifestations, lactate levels, and

medication use in medical records. The CS onset time was

defined as the time at which catecholamines were initiated.

Although there may be deviations, it can reflect the onset time of

CS as judged by physicians at that time. Third, we may not have

been able to find VSR at the first time when it occurred, and the

chronological sequence of CS and VSR could not be definitively

defined in patients in the immediate CS group. To avoid bias, we

excluded patients who did not have VSR at the time of CS

occurred but develop VSR subsequently, and those patients who

were found to have VSR at the time of CS occurred were

included in the immediate CS group.
Conclusions

Our study indicates that the occurrence of CS in patients with

VSR after MI has an evident time course. Smaller LVEDD and VSR

discovered after admission are independent risk factors for

immediate CS. In addition, elevated heart rate and higher CK-

MB levels on admission are independent risk factors for delayed

CS in patients without immediate CS after VSR. An early

identification of patients at risk of immediate CS or delayed CS

and optimization of treatment procedures may help improve the
Frontiers in Cardiovascular Medicine 07
prognosis. Prospective cohort studies with larger sample sizes are

required to verify our conclusions.
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