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ABSTRACT

Background: Ventricular septal rupture (VSR) is a rare
but lethal complication occurring after acute myocardial
infarction. The aim of our study was to review the single-
center experience of surgery for VSR and seek a comprehen-
sive evaluation process for early mortality.

Methods: Patients undergoing surgical repair for postin-
farction VSR in our institution retrospectively were evaluated
from Jan. 2006 to Dec. 2019. The endpoint of the study was
mortality within 30 days after VSR surgery, which was divided
into survivors and nonsurvivors. The calibration and discrim-
ination of two risk evaluation systems (European System for
Cardiac Operative Risk Evaluation II (EuroSCORE II) and
the Society of Thoracic Surgeons (STS) risk score) in total
were compared by Hosmer-Lemeshow, and the area under
the receiver operating characteristic curve (AUC). Risk fac-
tors in subsets were assessed by logistic regression analysis.

Results: Twenty-three patients undergoing surgery for
VSR repair were reviewed, and the early mortality after sur-
gery was 34.8% (N = 8). The expected mortality predicted by
EuroSCORE II was 24.3%, and that of the STS score was
12.2%. Both the EuroSCORE II and STS risk evaluation
systems showed positive calibration in predicting mortality
(H-L: P=0.117 and P = 0.346, respectively) but poor discrim-
inative power (AUC=0.633 and 0.575). Significant predictors
determined by univariate analysis were concomitant coronary
artery bypass grafting (CABG) (P = 0.035) and postoperative
continuous renal replacement therapy (CRRT) (P = 0.008).

Conclusion: Early mortality of VSR after surgery remains
high, and the evaluation process is complicated. The perfor-
mances of the two risk evaluation systems were not optimal,
but EuroSCORE II was more accurate than STS. Patients
with lower preoperation EuroSCORE 11, concomitant CABG
during repair, and no need for CRRT after surgery may have
a better early survival rate.
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INTRODUCTION

Ventricular septal rupture (VSR) is a rare but catastrophic
complication of acute myocardial infarction (MI). The inci-
dence of VSR is approximately 0.2% of all patients after MI in
the thrombolytic therapy era [Crenshaw 2000]. The mortality
of VSR is notably high, being more than 90% with conserva-
tive treatment, while after surgical intervention, the mortality
of VSR varies from 30% to 50% in different centers [Lois-
ance 1991; Singh 2017; Marek 2018; Anders 2005; Arnaouta-
kis 2012]. Different risk evaluation systems have been utilized
to predict mortality after cardiac surgery, and at present, two
widely accepted systems are the European System for Cardiac
Operative Risk Evaluation II (EuroSCORE II) and the Soci-
ety of Thoracic Surgeons (STS) risk score. Accurate preop-
erative risk evaluation systems are critical for measuring the
magnitude of risks after surgery, choosing treatment projects,
providing consultation for patients, and improving quality
programs [Carla 2012].

The mortality of patients is determined not only by some
preoperative variables included in the risk evaluation systems
but also by other intra- or postoperative variables. Our study
attempts to identify a more precise assessment system preop-
eratively and characterize other predictors such that we could
have optimal perioperative management and thorough assess-
ment of VSR repair patients.

MATERIALS AND METHODS

This study was retrospective. From January 2006 to
December 2019, patients diagnosed with postinfarction VSR
undergoing surgical repair at Peking University People’s Hos-
pital were included in the study, and patients’ clinical records
were extracted from the Haitai database. Inclusion criteria
were isolated VSR repair or VSR repair combined with other
cardiac surgeries. Diagnosed criteria were definite MI (his-
tory of extreme chest pain, changes on electrocardiogram,
and level of myocardial enzyme in plasma), systolic murmur
over the precordium, transthoracic echocardiography (T'TE)
detecting dropout of ventricular septum and left-to-right
shunt across the ventricle with color Doppler. The expected
mortality of each patient was calculated separately through
two risk evaluation systems by the official algorithms online:
EuroSCORE II can be accessed at http://www.euroscore.org/
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calc.html, and the STS risk evaluation system can be accessed
at http://riskcalc.sts.org/STSWebRiskCalc273/de.aspx. The
calibration and discrimination were described as the predic-
tive efficacy for mortality yielded by the two systems.

We defined the outcome endpoint as mortality within
30 days after surgery, regardless of cause. The patients
were divided into nonsurvivors and survivors groups, and
the expected mortality of the two groups was compared by
each system to make an accurate comparison between the
two systems. Data were collected on the following vari-
ables not included in two risk evaluation systems: location of
VSR, perforation size, time interval from MI to VSR, time
interval from VSR to surgery, peak brain natriuretic peptide
(BNP) and cardiac troponin I (¢Tnl) before surgery, blood
product infusion during surgery, aortic cross-clamping time
and assist time during cardiopulmonary bypass (CPB), con-
comitant coronary artery bypass grafting (CABG) or valve
repair surgery, level of lactic acid in blood gas and dosage of
inotrope score [Wernovsky 1995] (dopamine pg.kg-'.min-
'+dobutamine pg.kg-'.min-'+100*epinephrine pg.kg-'.min-
'+100*norepinephrine pg.kg-'.min-'+15*milrinone pg.kg-'.
min-') before leaving the operation room, length of venti-
lator-depend, length of intensive care unit, postoperative
residual, postoperative continuous renal replacement therapy
(CRRT), left ventricular ejection fraction (LVEF) ratio (post/
pre), and time interval from surgery to death or discharge.

Continuous variables are presented as the mean = stan-
dard deviation or median, while categorical variables are
presented as percentages. Discrimination of the evaluation
system, which could discriminate between nonsurvivors and
survivors, is assessed by the area under the receiver operating
characteristic curve (AUC), and the power of discrimination
is considered excellent if AUC is >0.8 and acceptable if AUC
is >0.7. Calibration of the evaluation model, which could
measure differences between observed and expected results,
is assessed by the Hosmer-Lemeshow (H-L) goodness-of-fit
statistic, and P > 0.05 is considered well calibrated. Univari-
ate logistic regression analysis of risk factors for mortality is
performed to obtain odds ratios (ORs) and 95% confidence
intervals (Cls), and a P value <0.05 is considered to be sig-
nificant. All statistical analyses are performed with SPSS 22.0.

RESULTS

The records of 23 patients who underwent VSR repair,
from January 2006 to December 2019, in our center were
reviewed and analyzed. Demographics were collected, accord-
ing to factors included in the two evaluation systems. Some
baseline parameters of all patients are presented in Table 1.
(Table 1)

Among the 23 patients who underwent VSR repair, eight
died within 30 days after surgery (six died of low cardiac
output, one died of central neutral system complications after
extubation, and one died of acute artery embolism: thrombo-
sis from the superior mesenteric artery and renal artery). The
overall observed mortality rate was 34.8%, the expected mor-

tality predicted by EuroSCORE II was 24.3%, and expected
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mortality predicted by the STS score was 12.2%; therefore,
EuroSCORE II was closer to the actual mortality than the
STS score. Both the EuroSCORE II and ST'S risk evaluation
systems showed positive calibration in predicting mortality
(H-L: P =0.117 and P = 0.346, respectively) but underesti-
mated the observed mortality. Both EuroSCORE II (AUC
= 0.633<0.7) and STS score (AUC = 0.575<0.7) (Table 2)
showed poor discriminative power for all patients. (Table 2)
The overall patients were divided into nonsurvivor and
survivor groups (8 vs. 15) after surgery. Significant risk factors
for early mortality by univariate logistic regression analysis
were body mass index (BMI) (P = 0.021), concomitant CABG
(P = 0.035), and postoperative CRRT (P = 0.008). Patients
with lower BMI, with concomitant CABG and not treated
with CRRT, were more likely to survive within 30 days (Table
3). (Table 3) The expected mortality of the two groups was
calculated and compared by EuroSCORE II (23.9 vs. 12.3,
P = 0.98) and the ST risk evaluation system (8.8 vs. 4.2, P
= 0.76). There was no significance between the two groups,
according to the two systems, which is equal to the poor dis-
crimination obtained by the AUC of the two systems.

The mean time for the development of VSR after acute
MI was reported to be one day in the thrombolytic era [Cren-
shaw 2000]. Among 5745 patients after percutaneous coro-
nary intervention in ST-elevation MI from the Assessment of
Pexelizumab in Acute Myocardial Infarction, VSR occurred
at a median of 7.7 hours after symptom onset [French 2010].
Advanced age, female sex, chronic kidney disease, and con-
gestive heart failure are independent risk factors for postin-
farction VSR [Jones 2014]. From 1990 to 2007, the mor-
tality for acute MI complicated by VSR, due to sudden and
severe hemodynamic deterioration, remained high and was
unchanged with advances in pharmacology and improved
surgical techniques, but surgical repair was associated with a
survival benefit for in-hospital mortality compared with con-
servative treatment [Moreyra 2010]; therefore, definitive sur-
gical VSR repair remains a useful choice for treatment.

Precise preoperative risk evaluation models are impor-
tant to decisions regarding anesthetic and surgical strate-
gies in cardiac practice. EuroSCORE was developed from a
European database of 19030 patients with cardiac surgeries
from 1995 to 1999 to evaluate the degree of risk after sur-
gery [Nashef 1999]. Initially, EuroSCORE was well accepted
but showed some limitations in assessing mortality with the
advent of surgical techniques; therefore, it was revised and
updated as EuroSCORE 1II in 2012. Although some evidence
demonstrated that EuroSCORE II underestimated mortality
risk compared with the STS risk score model [Gul 2013], its
feasible characteristic with fewer variables and application in
various cardiac procedures caused it to be widely used. Com-
pared with EuroSCORE 1I, the STS risk score periodically
has been revised and updated since being established, and
the added variables had a significant influence on mortality
after cardiac practice [Shih 2015], which contributed to the
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superiority of the STS risk score to EuroSCORE II for evalu-
ating risk magnitude and some other outcomes of surgery,
such as renal failure and length of stay. In addition, the STS
risk model predicts mortality, according to different surgical
types, which could improve the accuracy of a specific model
but limit it to isolated CABG,; isolated valve surgery or CABG

Table 1. Baseline clinical characteristics of patients

Characteristics Description
Age (years) 63.8+11.3
Female 1 (47.8)
BMI (kg/m?) 24.4+3.8
Scr (umol /L) 105.6 + 56.4
Diabetes 7 (30.4)
Hypertension 14 (60.9)
Cerebral vascular disease 2(8.7)
Peripheral vascular disease 2(8.7)
Poor morbidity 2(8.7)
Atrial flutter and fibrillation 1(4.3)
Tobacco use 10 (43.5)
Alcohol use 6 (26.1)
Previous cardiac interventions 4 (17.4)
MI within 90 days 20 (87)

Pulmonary hypertension

No 9 (39.1)

Moderate 31-55mmHg 8 (34.8)

Severe >55mmHg 6 (26.1)
NYHA

| 0(0)

I 1(4.3)

Il 11 (47.8)

\% 11 (47.8)
LVEF

>50% 12 (52.2)

31%-50% 10 (43.5)

21%-30% 1(4.3)
Preoperative IABP 15 (65.2)
CPR before surgery 2(8.7)
Perioperative ECMO 2(8.7)
Elective surgery 9(39.1)
Concomitant other surgery 18 (78.3)

BMI, body mass index; CABG, coronary artery bypass grafting; CPR, cardio-
pulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; IABP,
intra-aortic balloon pump; LVEF, left ventricular ejection fraction; Ml, myocar-
dial infarction; NYHA, New York Heart Association; Scr, serum creatinine
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combined with valve surgery [Shahian 2009; O'Brien 2009;
Shahian 2009]. All risk evaluation systems have benefits and
drawbacks. Previous studies only compared these evaluation
systems to predict mortality after CABG or valve surgeries
[Lingtong 2018; Ad 2016], while evidence on risk models
for VSR repair is scarce, and a better system remains to be
identified.

In our study, the mortality within 30 days after repair was
34.8%, which was consistent with previously reported data
[Singh 2017; Marek 2018]. The EuroSCORE II and STS
risk scores showed positive calibration but underestimated
the actual mortality, which can be explained by two aspects.
Repair for VSR is complex and challenging. Ischemic and
necrotic myocardial tissues initially are fragile, making them
difficult to repair, and mortality in the first 24 hours of pre-
sentation was highest compared with seven days and more
than seven days (>60%, 54.1%, 18,4% respectively) [Arnaou-
takis 2012; Jones 2014]. Therefore, the time of surgery is
highly important, and an effective therapy is to delay the sur-
gery and enable the stability of the fragile tissue to improve.
However, many patients may suddenly experience circulation
collapse in a state of cardiogenic shock in the initial period
of presentation such that they have to be under emergency
surgery by CPB in the operating room. The complexity of
surgery and critical state of patients cause VSR repair to have
a relatively high mortality among all types of cardiac sur-
gery [Jones 2014]. The EuroSCORE II and STS risk score
are established to evaluate normal cardiac practices, such as
CABG and valve replacements; therefore, it is reasonable that
the two risk models underestimated the observed mortality.

In addition, a patient’s clinical situation cannot be com-
pletely evaluated precisely with limited risk variables. The
variables included in the two risk models occupy only part of
the risk factors for VSR repair mortality, and certain impor-
tant factors are ignored. The predictors for mortality with
surgical intervention include age, female sex, higher serum
creatinine levels, lack of hypertension or lung disease [Arnaou-
takis 2012], time from MI to VSR, time from VSR to surgery,
residual VSR [Simon 2009], posterior rupture, early repair
[Anders 2005], diabetes, time from MI to surgery, lack of a
preoperative intra-aortic balloon pump, elevated preoperative
right atrial pressure [Blanche 1992], right ventricular (RV)
function, preoperative and evolution of the clinical status,
and type of repair [Labrousse 2002], according to different
studies. EuroSCORE II and STS risk score both include risk

Table 2. Predicted efficacy of the two evaluation systems

EuroSCORE Il STS risk score
Expected mortality (%) 24.3 2.2
AUC 0.633 0.575
H-L statistics 0.117 0.346

AUC, area under receiver operating characteristic curve; H-L statistics,
Hosmer-Lemeshow statistics
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Table 3. Univariate analysis of risk factors for early mortality

Factors Non-survivors (N = 8) Survivors (N = 15) P-value OR (95% ClI)
Risk evaluation model
Age (years) 62.88+11.48 64.33+11.54 0.763 0.988 (0.915-1.067)
Female 5(62.5) 6 (40) 0.309 0.400 (0.068-2.337)
BMI (kg/m?) 27.50+2.47 22.78+3.36 0.021 1.774 (1.092-2.884)
Scr(umol /L) 102.00+46.77 107.47+62.40 0.821 0.998 (0.982-1.014)
Hypertension 6 (75) 8 (53.3) 0.318 0.381 (0.057-2.534)
LVEF 51.76+10.08 51.33£13.63 0.934 1.003 (0.934-1.007)
Preoperative |ABP 7 (87.5) 8 (53.3) 0.127 6.125 (0.597-62.821)
Elective surgery 2 (25) 7 (46.7) 0.318 0.381 (0.057-2.534)
EuroSCORE Il 23.9 123 0.978 0.999 (0.959-1.041)
STS risk score 8.8 4.2 0.760 1.010 (0.946-1.080)
Variables before surgery
Peak BNP (pg/ml) 2201.50 1592.00 0.955 1.000 (0.999-1.001)
Peak cTnl (ng/ml) 2.99 1.47 0.859 1.006 (0.946-1.069)
Posterior rupture 1(12.5) 4(26.7) 0.443 0.393 (0.036-4.276)
Perforation size (cm) 1.40+0.53 1.37+0.54 0.878 1.138 (0.217-5.982)
Days from Ml to VSR 1.25+0.85 3.03+2.96 0.154 0.627 (0.330-1.191)
Days from VSR to surgery 8.00 27.00 0.094 0.938 (0.870-1.011)
Variables during surgery
Myocardial cross-clamping time during CPB (min) 152.86+37.51 130.73+£70.76 0.436 1.006 (0.991-1.021)
Assist time during CPB (min) 75.71+56.27 47.80+29.15 0.173 1.018 (0.992-1.044)
Auto-blood infusion 5(62.5) 7 (46.7) 0.472 0.525(0.091-3.034)
Allogeneic blood product infusion 7 (87.5) 13 (86.7) 0.955 0.929 (0.071-12.136)
Concomitant CABG 4 (50) 14 (93.3) 0.035 14.00(1.200-163.367)
Concomitant valve surgery 1(12.5) 1(6.7) 0.641 0.500 (0.027-9.238)
Dosage of inotrope score* 12.13+£8.03 12.33+8.94 0.954 0.997 (0.898-1.107)
Level of lactic acid in blood gas# 3.53+1.56 3.87+2.99 0.772 0.943(0.634-1.402)
Variables after surgery
Time of ventilator use (h) 135.50 97.00 0.423 0.999 (0.995-1.002)
Length of ICU (day) 11.50 10.00 0.302 0.959 (0.887-1.038)
Postoperative residual shunts detected by TTE 1(12.5) 6 (40) 0.427 2.667 (0.237-30.066)
Postoperative CRRT 7 (87.5) 3 (20) 0.008 0.036 (0.003-0.413)
LVEF ratio (post/pre) 0.77+0.19 0.95+0.20 0.116 0.004 (0.00-4.025)
Days from VSR to death /discharge 8.50 19.00 0.041 0.732 (0.543-0.987)

*Dosage of inotrope score (=dopamine pg.kg-'.min-"+dobutamine pg.kg-".min-'+100*epinephrine pg.kg-'.min-"+100*norepinephrine pg.kg-'.min-"+15*milrinone

pg.kg-".min-") intravenous when transferred to ICU after surgery

#Level of lactic acid in blood gas before leaving the operation room

BMI, body mass index; BNP, brain natriuretic peptide; Cl, confidence interval; CPB, cardiopulmonary bypass; CRRT, continuous renal replacement therapy;

cTnl, cardiac troponin I; ICU, intensive care unit; LVEF, left ventricular ejection fraction; MI, myocardial infarction; OR, odds ratio; RV, right ventricle; Scr, serum

creatinine; TTE, transthoracic echocardiography; VSR, ventricular septal rupture
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factors, such as age, sex, and serum creatinine, and ST risk
score involves some other factors, such as hypertension and
detailed time of MI. However, both evaluation systems over-
look some surgical factors for VSR, such as time from VSR
to surgery, anatomic location of rupture and RV dysfunction.
These factors are associated with the effect of surgery, and
the ignored factors may lead to underestimation of mortality.
The EuroSCORE 11 is closer to the observed mortality than
the ST risk score, possibly because the STS risk score may
include too many irrelevant variables with VSR repair that
influence the integral accuracy of the risk model.

We included some factors that may be associated with
mortality but were not mentioned in the two systems. Con-
comitant CABG is protective in our center, but its role in
survival is controversial among different studies. Philip and
colleagues concluded that concomitant CABG did not have
an effect on early or late survival [Pang 2013], and some exist-
ing evidence supported our findings [Takahashi 2015; Barker
2003]. We advise VSR patients routinely to have coronary
angiography before surgery and perform CABG, if possible,
to improve early outcomes. Low cardiac output after surgery
is a leading cause of death in our center (75%), can occur
from acute ventricular dysfunction, myocardial ischemia, and
prolonged aortic cross-clamp and is a main reason for acute
kidney injury (AKI) and the use of CRRT [Chew 2019]. Post-
operative use of CRRT may be a negative indicator for AKI
and low cardiac output, and we should be aware of serum cre-
atinine levels after surgery. Maintaining organ perfusion, cor-
recting acidosis and undertaking some other prompt maneu-
vers improve patient outcomes.

In addition to detailed evaluation, taking some measures
to improve the stability of hemodynamics is critical for anes-
thesiologists during surgery. Induction for VSR repair is
challenging because of contradictions between general anes-
thesia drugs and the stimulation of intubation, and it is of
vital importance to maintain the stability of hemodynamics
during induction. VSR can lead to a left-to-right shunt, and
RV volume overload, pulmonary blood flow and left ventricle
volume overload eventually increase. The size of the rupture,
level of pulmonary vascular resistance (PVR) and systemic
vascular resistance (SVR) and their ratio, and left and right
ventricular function can decide the extent of shunt [Birn-
baum 2002]. RV volume overload is a reversible factor associ-
ated with RV dysfunction, a strong predictor for survivors,
in contrast to left ventricular dysfunction, RV infarction or
ischemia [Labrousse 2002]. To diminish the magnitude of the
shunt, one important goal is to reduce left ventricular after-
load. Efforts should be made to avoid hypocapnea and exces-
sive hyperoxemia, which could decrease the ratio of PVR and
SVR, maintain normocapnia and minimize oxygen supply, if
possible [Ryoji 2007].

Extracorporeal membrane oxygenation (ECMO) before
surgical repair of a postinfarction VSR may serve as a rescue
strategy, stabilizing the hemodynamic status and internal
environment, to provide a bridge to have surgery opportu-
nity [Matos 2020]. In our center, two patients had ECMO
but failed to survive, due to low cardiac output. Interventional
therapy, such as transcatheter closure of postmyocardial
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infarction VSR, is an innovation for patients. The present
study showed that mortality within 30 days after interven-
tional therapy was 23% [Assenza 2013], which is still high.
In addition, the interventional procedure is difficult because
of fragile and necrotic tissues but with residual shunts. How-
ever, transcatheter closure of VSR provides an opportunity to
decrease the shunt for later surgical repair. ECMO, in addi-
tion to interventional treatment, may be a better solution, and
more high-volume studies are needed to confirm the effect.

This study has some limitations. First, the sample size may
be too small because the study is a single-center study, and
the low incidence of VSR could affect the accuracy of our
results. Second, our study is retrospective, and biases in data
collection are inevitable. Surgical techniques have advanced
in recent decades, which may have reduced the mortality of
surgery. In addition, the risk evaluation model could show
the best performance, when it is applied to situations similar
to conditions of its origin, such as race, region, and applica-
tions. The ST risk score has its own preferred surgeries, and
EuroSCORE II may be suitable for all cardiac surgeries in
a center, not for specific procedures. However, our study is
exploring a better risk evaluation system for VSR and pro-
vides a reasonable interpretation of the results. Further mul-
ticenter studies are needed to investigate the risk evaluation
model and risk predictors for VSR surgical repair.

The mortality of postinfarction VSR surgical repair is
notably high, and patients with lower mortality by EuroS-
CORE 1II before surgery, concomitant CABG during repair
and no need for CRRT after surgery may have better early
outcomes. It is important to make a full evaluation to achieve
optimal anesthetic and perioperative management for VSR
patients. However, risk evaluation is a merely referable pro-
cess, and clinicians should use their own judgment and discre-
tion for various clinical situations.
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