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Post-infarction left ventricular free wall rupture: 12-years experience from the
Cardiac Centre of the Institute of Clinical and Experimental Medicine in Prague,
Czech Republic
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Background. Post-infarction left ventricular free wall rupture (LVFWR) is a feared and catastrophic complication of
myocardial infarction that carries a high surgical and hospital mortality. Due to the rarity of this complication, little
information exists on surgical treatment and outcomes.

Goal and Methods. The goal of this study was to present our experience with LVFWR. We present a retrospective
cohort of 19 consecutive patients who were surgically treated in the Cardiac Centre of the Institute of Clinical and
Experimental Medicine in Prague between January 2006 and December 2017.

Results. Thirty-day mortality was 26%. Five patients died. Four patients died in the operating theatre and one patient
on the ninth postoperative day following re-rupture. Seventy-four percent of the patient cohort survived and were
discharged from hospital. The median length of follow-up was 45 months (range 0.75-150). No patient died during
follow-up. Median postoperative ejection fraction was 45% (range 25-65%). Angina pectoris and dyspnea were in-
vestigated during follow-up and graded according to the Canadian cardiology society (CCS) and the New York Heart
Association (NYHA) classifications. Fourteen patients had CCS class |, eight patients had NYHA class | dyspnea and six
patients had NYHA class Il. Re-rupture occurred after hospital discharge in one patient one month after the original
surgery. The patient was treated successfully by urgent surgical intervention.

Conclusion. LVFWR is a catastrophic and challenging complication of myocardial infarction. Good outcomes can be

achieved by rapid diagnosis and urgent surgical intervention as shown by our results.
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INTRODUCTION

Mechanical complications of myocardial infarction
include rupture of the papillary muscles, the interven-
tricular septum and the left ventricular free wall. Post-
infarction left ventricular free wall rupture (LVFWR) is a
rare cardiosurgical diagnosis that carries a high mortality,
reported to range between 72 and 94% (ref.!). Cardiac
rupture has been reported to complicate 6.4% (ref.!) of
ST-elevation myocardial infarctions and has been shown
to be declining in incidence, presumably due to the in-
crease in the use of reperfusion therapy'. Post-infarction
left ventricular free wall rupture was successfully treated
surgically for the first time by FitzGibbon in 1971 (ref.?).
In the literature there is little information on the surgical
and long-term outcomes of PI.LLVFWR. Due to its rarity,
evidence-based medicine guidelines for LVFRW manage-
ment do not yet exist. The goal of our study was to present
our experience with LVFWR from a single institution over
a 12-year period with a focus on surgical interventions and
long-term follow-up.
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METHODS

This was a retrospective study reporting all cases of
post-infarction left ventricular free wall rupture treated
surgically in the Cardiac Centre of the Institute of Clinical
and Experimental Medicine in Prague, Czech Republic,
during a 12 year period from 2006 to 2017. Patients were
divided into two groups on the basis of in-hospital mortal-
ity: survivors (n=14) and non-survivors (n=5). Diagnosis
of LVFWR was made by clinical examination, the findings
of pericardial tamponade or effusions on echocardiogra-
phy and electrocardiographic findings.

Surgical procedures

Several surgical procedures were used for the treatment
of LVFWR. These techniques can be divided into two
groups: procedures with ventriculotomy (Fig. 1) and pro-
cedures without ventriculotomy (Fig. 2). Procedures that
involve ventriculotomy range from simply suturing the de-
fect to complicated reconstructions using patches (Fig. 3)
made from vascular prostheses or bovine pericardium.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2021 Dec; 165(4):408-415.

Fig. 2. LVFWR of anterior wall, will be repaired without ven-
triculotomy.

Fig. 3. Double-patch repair technique of LVFWR.

Surgical techniques that do not require ventriculotomy,
known also as sutureless techniques (Fig. 4), use patches,
such as TachoSil (Ethicon, USA) or bovine pericardium,
to cover the ruptured area, and biological glues, such as
Bioglue (Cryolife, USA) to fix the patches in place. It is
necessary to assess the perioperative findings to choose
the most suitable surgical technique. The choice of surgi-
cal technique depends on the type, size, and location of
the rupture, the preference and experience of the surgeon
and the hemodynamic state of the patient.

Techniques requiring ventriculotomy were usually
used in patients with blow-out ruptures. These techniques
are less sparing to the myocardium than sutureless tech-
niques, as the sutures put tension on the myocardium
surrounding the rupture. In contrast to techniques using
ventriculotomy, cardiopulmonary bypass and cardioplegia
are not needed for sutureless techgniues. Due to lack of
data standardised protocols do not exist for selecting the
surgical treatment of LVFWR. The current trend is to
prefer simpler and more sparing techniques and as such
sutureless techniques are gaining popularity.

Fig. 4. Sutureless technique of repair of LVFWR.

Statistical analysis

Statistical analysis was performed with JMP® (2013
SAS Inc.). All continuous values were expressed as me-
dian with minimum and maximum and were compared
with nonparametric Mann-Whitney tests. Categorical
values were expressed as percentage and were compared
with Fisher‘s exact tests. Kaplan-Meier analysis was used
to analyse survival. All used tests were two-tailed.

RESULTS

Clinical characteristics

This cohort consists of 19 patients (12 males and
7 females) with a median age of 64 (range 48-79 years),
who were operated between January 2006 and December
2017 for LVFWR. Twelve patients (63%) had hyperten-
sion, nine patients (47%) had hypercholesterolemia and
two patients (10%) had diabetes mellitus. Eight patients
(42%) were active smokers. Hypertension and hypercho-
lesterolemia were more frequent in the non-survivors (86%
vs. 48% and 64% vs. 36%, respectively). This finding was
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Table. 1. Clinical characteristics.

Clinical characteristics

Survivors n=14  Non-survivors

Patients n=19

(73.7%) n=5(26.3%)
Number of males 12 (63.1%) 9 (64.3%) 3(60.0%) 1
Age (years) 64 (48-79) 63 (48-78) 68 (52-79) 0.26
Body mass index 27 (20-34) 26 (20-34) 30 (27-33) 0.089
Height 172 (148-186) 171 (148-186) 172 (168-174)  0.91
Left ventricular ejection fraction 40 (20-64) 40 (20-64) 40 (20-45) 0.7
Diabetes mellitus type 2 2 (10.5%) 1(20%) 1(7.14%) 0.47
Hypertension 12 (63%) 8 (57.1%) 4 (80%) 0.6
Hypercholesterolemia 9 (47.3%) 6 (42.8%) 3(60%) 0.6
Significant stenosis of the arteries supplying the brain 1(5.3%) 1(7.14%) 0 (0%) 1
Hemodynamically unstable 10 (52.6%) 6 (42.8%) 4 (80%) 0.3
Cardiac tamponade 9 (47.3%) 7 (50%) 2 (40%) 1
Cardiopulmonary resuscitation preoperatively 7 (38.8%) 5(38.5%) 2 (40%) 1
Time interval between myocardial infarction and cardiac 168 (6.5-744) 168 (6.5-744) 158 (48-504) 0.82
rupture (hours)
Table 2. Perioperative characteristics.
Perioperative characteristics All patients n= 19 Survivors n=14 Non-survivors n=5 P
Surgical procedure 0.26
sutureless technique 5(26.1 %) 5(35.7%) 0(0%)
with ventriculotomy (suture, patch) 14 (73.6 %) 9(64.3 %) 5(100 %)
Cardioplulmonary bypass 17 (89.4 %) 12 (85.7 %) 5 (100 %) 1
Length of cardiopulmonary bypass (minutes) 125 (65-315) 113 (65-225) 170 (95-315) 0.14
Cross-clamp time (min) 65 (0-245) 65 (0-155) 110 (10-245) 0.457
Concomitant cardiosurgical procedure 11 (57.9 %) 9 (64.3 %) 2 (40 %) 0.6
Intra-aortic balloon counterpulsion 4 (21 %) 2(14.3 %) 2 (40) 0.27
Extracorporeal membrane oxygenation 1(5.3%) 0(0%) 1(20 %) 0.26

not statistically significant (P values of 0.6 and 0.6, re-
spectively). The median preoperative ejection fraction of
the left ventricular was 40% (median 20-64%), and there
was not a significant difference between ejection fractions
between the two groups (P=0.7). Ten patients (53%) were
hemodynamically unstable before the surgery. Cardiac
tamponade occured in 9 patients (47%), of whom two
(40%) were in the group of non-survivors.

Cardiopulmonary resuscitation was performed in 7
patients (39%), two of these patients were non-survivors.
Three patients (16%) had cardiogenic shock, two of which
died after the surgery. Intra-aortic balloon counterpulsion
was performed in one patient (5%) peroperatively, who
was in the survivors group. Extracorporeal membrane
oxygenation was not used preoperatively in any patients.
The median time between onset of the myocardial infarc-
tion and diagnosis of LVFWR was 168 hours (range 6.5-
744). There were no significant differences in preoperative
characteristics between the two groups of patients (see
Table 1).

Seventeen patients (89%) underwent surgery with
and two patients (11%) without cardiopulmonary by-
pass. Fourteen patients (74%) underwent procedures us-
ing ventriculotomy and all had cardiopulmonary bypass.
Techniques using ventriculotomy included endoventric-
ular plasty (7 patients, 42%), direct suture (6 patients,
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32%) and closure with a patch (1 patient, 5%). Sutureless
techniques (without ventriculotomy) were used in five
patients (26%), of whom 2 were operated on without car-
diopulmonary bypass. All five patients who underwent
sutureless procedures survived. There was no significant
difference in the number of patients who underwent ven-
triculotomy procedures and sutureless procedures (14 vs.
5, P=0.26). For a summary of the perioperative charac-
teristic see Table 2.

Concomitant procedures were performed in 11 pa-
tients (58%). The most common concomitant procedure
was coronary artery bypass grafting, which was performed
in 5 patients (26%). Two patients (11%) underwent clo-
sure of a ventricular septal defect. Two patients (11%)
underwent mitral valve repair; one also underwent closure
of a ventricular septal defect. One patient (5%) underwent
extirpation of a myxoma of the left atrium and closure
of an isolated defect of the interventricular septum (see
Table 3).

The location of the rupture was identified intraopera-
tively. Nine patients (47%) had posterior wall ruptures, six
patients (32%) had lateral wall ruptures and four patients
(21%) had anterior wall ruptures. In the non-survivors two
patients (40%) had posterior wall ruptures, two (40%)
had lateral wall ruptures and two (20%) had anterior wall
ruptures (see Fig. 5). There was no statistically significant
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difference in rupture location between survivors and non-
survivors (P=0.89).

Outcomes during hospitalization

Fourteen patients (74%) survived and five patients
(26%) died. Of the patients that survived nine were male
and five were female. Of the patients that died three
were male and two were female. Four patients died in
the operating theatre. The cause of death in all cases
was uncontrollable bleeding, in one case combined with
cardiac failure. In this patient extracorporeal membrane
oxygenation was used in the operative theatre. In all other
cases mechanical cardiac support was not needed. One
patient died on the ninth postoperative day following re-
rupture, which caused massive cardiac tamponade. This
patient was resuscitated and underwent urgent reopera-
tion. The intraoperative finding was surgically untreatable.
Median blood loss was 490 mL (range 220-5450 mL).
Four patients (21%) underwent revision for postopera-
tive bleeding, three (21%) of which were in the group of
survivors. Three patients (16%) had renal complications,
one of whom was in the group of non-survivors. The re-
nal complications were renal insufficiency not requiring
dialysis. Three patients (16%) had postoperative delirium.
The median length of stay on the ICU was 50 h (range
22-412). The median length of hospitalization was 7 days
(range 0-61). For a summary of the outcomes during hos-
pitalization see Table 4.

Long-term outcomes
None of the patients were lost to follow-up (Follow-up

100%) and none of the patients who were discharged died

Table 3. Concomitant surgery.

Concomitant  All patients Survivors  Non-survivors

surgery n=19 n=14 n=>5

CABG all 7 7

CABG only 5 5

CABG +VSD 2 2

MVP + VSD + 1 1
ECMO

VSD 1 1

MVP 1 1

Myxoma 1 1

in the follow-up period (see Fig. 6, Kaplan Meier survival
curves). The median follow-up period was 45 months,
range 0.75 - 150). The median postoperative left ventricu-
lar ejection fraction was 45% (range 25-65%), (see Fig. 7).
We investigated whether the patients had angina pectoris
or dyspnea during the follow-up period. Angina pectoris
was graded using the Canadian Cardiovascular Society
(CCS) classification and dyspnea was graded using the
New York Heart Association (NYHA) classification.
Fourteen (100%) patients had CCS class I (see Fig. 8).
Eight (57%) patients had NYHA class I and six patients
(43%) had NYHA class II (see Fig. 9).

Re-rupture occurred in one patient one month post-
operatively. This patient originally underwent sutureless
repair of a rupture of the posterior wall of the left ven-
tricle. The re-rupture was treated by endoventricular and
mitral valve plasty. Extracorporeal membrane oxygenation
was used. Blood loss reached 15, 440 mL. The patient
survived. Postoperatively the patient had an ejection frac-
tion of 30%, NYHA grade II dyspnea and does not have
angina pectoris. One patient had such a large myocardial
infarction that immediately after the operation (suture-
less technique for an anterior wall rupture) was put on
the waiting list for a heart transplant. After three months
the patient underwent a successful heart transplantation.

DISCUSSION

Left-ventricular free wall rupture is a feared compli-
cated of myocardial infarction with a poor prognosis.
Shamsad et al.’ report 13.3-25% of deaths resulting from
myocardial infarction are caused by LVFWR. Figueras et
al.! reported that cardiac rupture occurred as a complica-
tion of ST-elevation myocardial infarction in 6.2% of pa-
tients between the years 1977 and 1982 and 3.2% between
2001 and 2006. The decrease of incidence is thought to be
due to the implementation of reperfusion therapy, particu-
larly direct percutaneous coronary intervention.

The main limitation of research on LVFWR is that it is
a rare complication and that it is not possible to perform
randomised studies. The number of published case series
on LVFWR is low and contains small numbers of patients
over long time periods. For example Pretre at al.* reports
on 5 patients over a 8 year period, McMullen et al.’ 18

Table 4. Early results.

Early results Patients n=19 Survivors n=14 Non-survivors n=5 P
Blood loss (ml, median, range) 490 (220-5450) 445 (220-5450) 740 (740-740) 0.8
Revision for bleeding 4 3 1
Cause of death

bleeding 2 (40%)

heart failure 2 (40%)

bleeding and heart failure 1(20%)
ICU stay (hours, median, range) 50 (22-412) 47 (22-412) 116 (116-116) 0.49
Hospital stay (days, median, range) 7 (0-61) 10 (6-61) 0(09) 0.009
Renal complications (no dialysis) 3(16%) 2 (14%) 1(20%)
Neurological complications 3(16%) 3(21%) 0
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Fig. 7. Preoperative and postoperative left ventricular ejection fractions of survivors.

patients over 12 years, Lemura et al.° 19 patients over 12
years, Lachapell et al.” 5 patients of 9 years. Sakaguchi
et al.’ 32 patients over 14 years and Formica et al.’ 35
patients over 17 years. Our cohort of 19 patients ranks
among one of the largest case series of patients from a
single institution.

The in-hospital mortality of LVFWR over the last
three decades has been very high, ranging between 72
and 94% (ref.!). In our cohort 26% of the patients died
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during hospitalization. In total five patients died, four of
which died in the operating theatre. A high mortality has
been associated with LVFWR by other studies, McMullen
et al.’ report a mortality of 61% in a cohort of 18 patients,
Sakaguchi et al.® report a mortality of 15.6% in a cohort of
32 patients, all of whom underwent sutureless procedures,
and Formica et al.’ report a mortality 34% in a cohort of
35 patients.
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In our cohort the majority of the patients were male
(63%), which contrasts to the traditional view that the
LVFWR typically occurs in females, above 60 years of
age, as a complication of their first myocardial infarc-
tion, in non-hypertrophied hearts. The majority of our
patients had hypertension (63%) and hypertension was
more frequent in the group of non-survivors (80%). This
result was not statistically significant. Hypertension, when
present at the time of the myocardial infarction is a risk
for development of cardiac rupture. However, long-term
hypertension is protective of cardiac rupture as it leads to
myocardial hypertrophy'®'3.

Preoperative hemodynamic state is a strong prognos-
tic factor. In our cohort cardiopulmonary resuscitation
was necessary in 7 patients (39%) of whom two (40%)
were non-survivors. Three patients (16%) had cardiogenic
shock, two of which died after the procedure. In Formica
et al.’s cohort preoperative heart failure was identified
as an independent risk factor for hospital mortality and
no evidence was given that perioperative extracorporeal
membrane oxygenation influence survival®. In our cohort
extracorporeal membrane oxygenation was not used pre-
operatively and the one patient it was used in intraopera-
tively died.

We used a wide spectrum of surgical techniques for
reconstructing the left ventricle, which were arbitrarily
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divided into two groups: procedures with ventriculotomy
and procedures without ventriculotomy. Procedures with-
out ventriculotomy consisted of sutureless techniques,
which can be used in cases of “oozing types” of rupture.
There was no significant difference in the number of pa-
tients in each of the two groups of procedures (P=0.26),
presumably due to the overall small number of patients.
All patients who underwent sutureless techniques sur-
vived. We presume this to be due to the fact that the
patients requiring procedures with ventriculotomy have
worse morphological findings at surgery, more frequently
manifest with blow-out ruptures and usually are hemody-
namically less stable.

One of the most serious postoperative complications
of LVFWR surgery is re-rupture. Various incidences of
this complication have been reported in the literature. In
McMullen et al.’s report of 18 patients who underwent
surgery for LVFWR eleven patients died, four as a re-
sult of re-rupture’. In Sakaguchi’s cohort of 32 patients
with LVFWR treated by sutureless techniques. They ap-
plied autologous pericardium fixed with biological glue
to cover the defects. The in-hospital mortality in their
cohort was 15.6%. Re-rerupture occurred in forty percent
of the patients who died. During the follow-up period
after discharge no further cases of re-rupture occurred.
Left ventricular Aneurysms formed in five patients, and
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a pseudoaneurysm formed in one patient®. In our cohort
re-rupture occurred in two patients (10.5%). In one pa-
tient the re-rerupture occurred on the ninth postoperative
day and manifested as massive tamponade. The patient
was resuscitated and underwent urgent surgical revision.
The intraoperative finding was surgically untreatable and
the patient died. The original rupture was located on the
posterior wall of the left ventricle and was treated by the
double-patch technique, in which two patches are used
to close the defect, one on the internal and one external
surface of the ventricle. This technique is one of the most
complicated and extensive procedures for LVFWR. In the
other patient in whom re-rupture occurred a sutureless
procedure was originally performed for a posterior wall
rupture. The re-rupture occurred one month later and
the patient underwent an urgent endoventricular plasty
of the left ventricle together with a mitral valve repair.
Extracorporeal membrane oxygenation was temporarily
used intraoperatively and the patient survived. It is not
clear if some techniques are more frequently associated
with re-rerupture than others. We postulate that suture-
less techniques may be more frequently associated with
re-rupture than ventriculotomy procedures. However, at
the time of writing no strong evidence exists to back up
this hypothesis. Zoffoli et al.', however, present data in
contrast to this. They published a cohort of 25 patients
who underwent “patch a glue”, i.e. a sutureless technique
and no cases of re-rupture occurred in the follow-up pe-
riod.

The median preoperative ejection fraction in our
cohort of patients was 40% (range 20-64%) and the dif-
ference in preoperative ejection fraction between the pa-
tients who died and the patients who survived was not
statistically significant. It is important to state that all
preoperative ejection fractions were measured after the
onset of the myocardial infarction. Pre-infarction ejection
fractions, which can be compared with preoperative post-
infarction ejection fractions to predict the size of the in-
farction, were not available. From this we can deduce that
the patients did not undergo any significant worsening of
state of health before the infarctions that led to them to
seek medical help.

In our cohort there was no statistically significant dif-
ference between the postoperative and preoperative ejec-
tion fractions (P=0.55), the values were very similar (see
Figure 7). The reason for this may be that the extensive
reconstructive procedures do not necessarily lead to iat-
rogenic destruction of healthy myocardium. We presume
that the surgical reconstruction of the left ventricle does
not necessarily worsen the functionality of the ventricle
and lead to a lower ejection fraction.

One-hundred-percent of the patients had CCS grade
I angina pectoris and no patients had CCS class II, III
or IV angina pectoris. This can be explained by the high
incidence of ST-elevation infarctions in our cohort, which
led to transmural necrosis of the myocardium supplied by
the affected vessel. Angina pectoris can not occur in dead
myocardium and the other vessels were either healthy or
were revascularized during the operation.

Study limitations

The study is limited by its small size of only 19 pa-
tients and its retrospective design. Larger cohorts of pa-
tients are needed to answer several questions concerning
LVFWR, such as what are the factors predict outcome
and what is the relationship between the different surgical
techniques and outcomes.

CONCLUSION

LVFWR is a catastrophic, devastating and difficult to
predict complication of myocardial infarction. The only
treatment is urgent surgery, without which its mortality
is very high. Patients with LVFWR have a good chance
to survive diagnosed early and treated by urgent surgery.
Several different surgical techniques exist for the treat-
ment of LVFWR, which differ in invasiveness and extent
to which they harm the myocardium, which is already
damaged by infarction and rupture. Our patients who were
successfully treated did not have significantly impaired
postoperative ejection fractures and had good clinical out-
comes. Furthermore, none of the patients who survived
the immediate postoperative period and were discharged
from hospital died during the follow-up period.
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