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ABSTRACT

Background: It is still controversial which left ventricular 
aneurysm repair technique is optimal in terms of early and 
late results. This study aimed to compare early postoperative 
outcomes for 2 surgical treatments of postinfarction left ven-
tricular aneurysm: linear repair technique on arrested heart 
versus endoaneurysmorrhaphy repair with patch plasty on 
beating heart.

Methods: Prospectively collected data from 16 consecu-
tive patients who underwent endoaneurysmorrhaphy repair 
with patch plasty on beating heart (the technique we have 
preferred since 2008) were compared with data from a ret-
rospective series of 10 patients who underwent linear repair 
on arrested heart (the technique we preferred until 2008). All 
operations were performed under elective conditions.

Results: Baseline characteristics of the 2 groups were 
similar. Complete revascularization for all diseased vessels 
was achieved in all patients. Durations of cross clamping, 
cardiopulmonary bypass, intensive care stay, and hospital stay 
were longer, and postoperative ejection fraction was lower, in 
the linear repair group compared with the endoaneurysmor-
rhaphy group (P < .05 for all). Early mortality occurred in 1 
patient (3.8%) in the linear repair group.

Conclusion: Endoaneurysmorrhaphy repair with patch 
plasty on beating heart seems to offer advantages over the 
linear repair technique on arrested heart in the treatment 
of left ventricular aneurysms. Future large-scale prospective 
studies with longer follow-up are warranted to draw firm 
conclusions.

INTRODUCTION

Development of left ventricular (LV) aneurysm, a common 
and important complication of acute transmural myocardial 
infarction, is associated with the development of heart fail-
ure and poor survival. LV aneurysms generally develop as a 
consequence of extensive anterior myocardial infarctions and 

involve the anteroapical wall of the left ventricle. Surgical 
repair has a quite variable operative mortality rate of 2% to 
42%, with a mean of 15% [Campagnucci 2006].

Surgical repair of LV aneurysm was first reported by 
Likoff et al. [1955], and Cooley et al. [1958] were the first to 
operate with cardiopulmonary bypass (CBP). Surgical tech-
niques evolved over decades, and the techniques incorporat-
ing patch plasty in an attempt to better restore LV geometry 
were defined by Cooley [1989], Jatene [1985], and Dor [1989] 
since then. Alternatively, performing the repair on a beating 
heart has the potential to avoid the effects of myocardial isch-
emia, and ventricular aneurysm repair on a beating heart has 
been reported with promising results [Wang 2012]. However, 
it is still controversial which technique is optimal in terms of 
early and late results.

This study aimed to compare early postoperative outcomes 
of the 2 techniques—aneurysmectomy and linear repair tech-
nique on arrested heart versus endoaneurysmorrhaphy repair 
with patch plasty on beating heart—for the surgical treatment 
of postinfarction left ventricular aneurysm.

METHODS

Patients
A search of the hospital database revealed that 26 (3.6%) 

of a total 720 coronary artery bypass surgery patients under-
went a concomitant procedure for the repair of postinfarc-
tion left ventricular aneurysm between October 2006 and 
December 2015. Prospectively collected data from 16 con-
secutive patients (61.5% of this study’s cohort) in whom we 
performed the aneurysm repair using on-pump beating heart 
endoaneurysmorrhaphy (the technique we have preferred 
since 2008) were compared with data from a retrospective 
series of 10 patients (31.5% of this study’s cohort) who were 
treated with conventional linear aneurysmectomy (the tech-
nique we preferred until 2008). Left ventricular aneurysm 
diagnosis was based on demonstration of a dyskinetic aneu-
rysm in echocardiography. Patients with symptoms of car-
diac decompensation were appropriately treated with diuret-
ics and vasoactive drugs during the preoperative period. The 
study was approved by the local ethics committee (AIBU 
2011/85). Prospectively included patients gave informed 
consent for inclusion.
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Operation
Cardiopulmonary Bypass
All operations were performed under elective conditions; 

none of the operations were for emergency indications such 
as aneurysm rupture. The operations were performed by the 
same surgical team with the participation of 2 experienced 
surgeons. After midline sternotomy incision and pericardi-
otomy, care was taken to avoid manipulating the aneurysm 
before cross clamping the aorta, to prevent possible throm-
bus embolization. After aortic cross clamping, a left heart 
venting cannula was placed via the right superior pulmonary 
vein but not advanced into the left ventricle. Nasopharyngeal 
temperature was lowered to 32°C. Myocardial protection 
was achieved with intermittent doses (every 20 minutes) of 
antegrade isothermic blood cardioplegia combined with ret-
rograde continuous infusion.

On-Pump Beating Heart Endoaneurysmorrhaphy
In the on-pump beating heart endoaneurysmorrhaphy 

group, distal coronary anastomoses, mitral valve replacement, 
or both were done under CBP with aortic cross-clamp. Cross-
clamp was then removed, and the proximal anastomoses 
were made using a side clamp. Next, the aneurysm repaired 
on beating heart. The aneurysm was opened beginning lat-
eral to the apex of the left ventricle and directing superiorly, 

parallel and 1 to 2 cm lateral to the left anterior descending 
artery. Stay sutures were placed to enhance visualization and 
lift the apex upward, and the ventricular cavity and papillary 
muscle attachments were inspected for thrombus. The Figure 
shows the appearance of the apex after opening the aneu-
rysm sac and removing excess aneurysm tissue. The sucker 
end of an additional left heart venting cannula was advanced 
through the left ventricular cavity, and the cavity and ana-
tomic structures were meticulously cleared of thrombus by 
direct removal. The suturing zone between the scarred region 
and the normal myocardium was identified. The pericardial 
patch freshly harvested from the patient for circumferential 
endoaneurysmorrhaphy repair was attached to the suturing 
zone with continuous sutures. Just before tying both ends of 
the sutures, the left heart vent that had been placed through 
aneurysmectomy was stopped to allow the ventricle to fill with 
blood, and deairing was achieved through a small aperture left 
between the patch and the suturing border. The excess part of 
the aneurysm sac was resected, and the remaining aneurysm 
wall was closed over the patch with overlapping sutures.

Linear Aneurysmectomy Procedure
In the linear aneurysmectomy group, aneurysm repair and 

all other additional procedures were done under CBP. After 
coronary anastomoses, mitral valve replacement, or both, the 
aneurysm sac was opened using the same technique as above 
and resected. Leaving the scarred region outside, 2 edges of 
the viable myocardial edges were reapproximated with single 
U sutures that were reinforced with 2 corresponding Teflon 
felt strips. The suture line was further strengthened by an 
additional continuous suture line overlapping the previous 
suture line. The cross clamp was removed, and the heart was 
filled via right superior pulmonary vein cannula and deaired 
via dual lumen aortic root cannula.

Statistical Analysis
All statistical analyses were performed using Statistical 

Package for Social Sciences version 11.0 (SPSS, Chicago, 
IL). Shapiro–Wilk test and graphical methods including his-
togram, stem-and-leaf plot, box plot, probability-probability 
(P-P) plot, and quantile-quantile plot (Q-Q) were used to test 
and judge for normality. Normally distributed continuous data 
presented as mean ± standard deviation were compared using 
Student’s t test. Non–normally distributed data presented as 
median (range) were compared using Mann–Whitney U test. 
Categorical data presented as n (%) were compared using χ2 
test or Fisher’s exact test. For 2 × 2 contingency tables, χ2 
test was used when no cell had expected count <5; otherwise, 
Fisher’s exact test was used. A P value <.05 was considered 
statistically significant.

RESULTS

Complete revascularization of all diseased vessels, includ-
ing left anterior descending artery, was achieved in all 
patients. Left anterior descending artery revascularization 
was made using left internal mammary artery in all patients. 

Figure. The appearance of the apex after opening the aneurysm sac 
and removing excess aneurysm tissue during on-pump beating heart 
endoaneurysmorrhaphy.
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Table 1 shows baseline and intraoperative characteristics. The 
2 groups did not differ in terms of preoperative baseline char-
acteristics, number of coronary grafts used, or distribution of 
mitral valve repair (P > .05 for all). However, CBP time and 
cross-clamp time were longer in the linear aneurysmectomy 
group (P < .001 for both).

Table 2 shows early postoperative outcomes for the 2 
groups. The groups did not differ regarding extubation time 
or the frequency of low cardiac output syndrome, low- or 
high-dose inotropic use, reoperation because of bleeding, 
mechanical support, atrial fibrillation, or early postoperative 
mortality (P > .05 for all). In contrast, durations of intensive 

Table 1. Baseline and Intraoperative Characteristics*

Characteristic Linear Aneurysmectomy (n = 10) Endoaneurysmorrhaphy (n = 16) P value

Age, y 66.7 ± 6.7 68.7 ± 6.9 .35

Male sex 7 (70.0) 11 (68.8) .80

Hypertension 3 (30.0) 6 (37.5) .25

Diabetes 3 (30.0) 5 (31.3) .94

Heart failure 2 (20.0) 4 (25) .95

EF 35.0 (25 to 40) 35.0 (25 to 45) .57

LVEDD (mm) 60 (58 to 61) 61 (59 to 63) .45

LVESD (mm) 54 (51 to 55) 55 (52 to 56) .33

Aneurysm size (cm) 5 (4 to 8) 5 (4 to 7) .67

Operative characteristics

Number of grafts 3 (2 to 4) 3 (2 to 4) .88

Mitral valve repair 3 (30.0) 5 (31.3) .72

CBP time (min) 148.0 ± 26.2 100.6 ± 31.1 <.001

Cross-clamp time (min) 103.0 ± 27.8 51.2 ± 26.6 <.001

*Data are mean ± standard deviation, median (range), or n (%).
EF indicates ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter.

Table 2. Postoperative Characteristics*

Characteristic Linear Aneurysmectomy (n = 10) Endoaneurysmorrhaphy (n = 16) P value

Extubation time (h) 8 (4 to 30) 6 (5 to 20) .35

Low cardiac output syndrome 1 (10.0) 1 (6.3) .50

Low-dose inotropic use 3 (30.0) 5 (31.3) .85

High-dose inotropic use 2 (20.0) 3 (18.8) .94

Reoperation because of bleeding 1 (10.0) 0 .39

Mechanical support 1 (10.0) 0 .39

Atrial fibrillation 3 (30.0) 4 (25.0) .72

ICU stay (d) 6 (2 to 12) 4 (2 to 7) .04

Hospital stay (d) 16 (7 to 23) 11 (7 to 18) .03

Mortality 1 (10.0) 0 .39

EF 40 (35 to 40) 42.5 (35 to 55) .04

LVEDD (mm) 54 (51 to 55) 53 (52 to 56) .36

LVESS (mm) 47 (35 to 40) 46 (35 to 40) .18

*Data are median (range) or n (%).
EF indicates ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter.
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care unit (ICU) stay (P = .04) and hospital stay (P = .03) 
were longer, and postoperative ejection fraction was lower  
(P = .04), in the linear aneurysmectomy group compared with 
the endoaneurysmorrhaphy group. The 2 groups did not 
differ regarding LV end-diastolic diameter or LV end-systolic 
diameter (P > .05 for both).

Early mortality occurred in 1 patient. This patient was from 
the linear aneurysmectomy group and had additional mitral 
valve repair. Postoperatively, the patient had serious ventricu-
lar arrhythmia episodes and developed subsequent low cardiac 
output syndrome. He failed to improve despite early treatment 
with intra-aortic balloon pump (IABP) and intensive use of 
vasoactive drugs, and he could not be weaned from mechani-
cal ventilation after the operation. Because respiratory param-
eters did not improve despite high fraction of inspired oxygen 
(FiO2) levels, extracorporeal membrane oxygenation was initi-
ated on the third postoperative day. The patient died of multi-
organ failure on the seventh postoperative day.

DISCUSSION

The findings of this study, comparing the short-term out-
comes of patients who underwent circumferential endoan-
eurysmorrhaphy repair on a beating heart and patients who 
underwent classic linear repair on arrested heart for the treat-
ment of left ventricular aneurysm, are in favor of the former 
technique, with shortened stay and operation times and better 
ejection fraction.

The most important disadvantages of classic linear repair 
are the risks of constituting a small residual left ventricular 
cavity and altering the normal geometry of the ventricle. Pre-
serving the normal geometrical shape of the left ventricle is 
one of the most important advantages of the endoventricu-
lar repair technique. Closure of the aneurysm sac over the 
patch enhances the durability of the repair against rupture 
and diminishes wall stress.

In our institution, left ventricular aneurysm repair opera-
tions were performed using the linear repair technique on 
arrested heart between 2007 and 2008. Since 2008, we have 
adopted on-pump endoventricular repair on beating heart to 
shorten the duration of aortic cross clamping, thus prevent-
ing the loss of cardiac functional reserve, particularly in those 
patients with poor left ventricular function. Moreover, the 
scarred region becomes more distinguishable on a beating 
heart, facilitating the decent and confident removal of aneu-
rysm tissue. The systemic inflammatory response is known to 
be diminished when surgery is performed on a beating heart. 
Maxey et al. [2003] reported shorter ischemia time when 
left ventricular aneurysm repair was performed on a beating 
heart, although no additional benefits were observed in that 
study. Similarly, cross-clamping time was significantly shorter 
in the endoventricular repair group in our study, which in our 
opinion offers an advantage.

Initial reports on endovascular circular patch plasty (Dor 
procedure) for left ventricular aneurysm repair were promising 
[Sartipy 2005, Dor 1989], which was followed by several stud-
ies comparing this technique or modifications with the linear 

repair technique, with inconsistent results reporting improved 
outcomes with the Dor procedure or satisfactory outcomes 
with both procedures [Chen 2010, Erbasan 2009, Chen 2009, 
Mukaddirov 2008, Parolari 2007, Baev 2006, Antunes 2005, 
Lundblad 2004, Benetis 2004, Tavakoli 2002]. For example, in 
line with our findings, Dor et al. [2004] reported an increase 
in ejection fraction during follow-up of patients who received 
endoventricular repair. Lundbald et al. [2004] reported that 
advanced age, 3-vessel disease, and linear repair technique 
were associated with increased mortality in patients who 
underwent left ventricular aneurysm repair. However, several 
studies reported no important significant differences between 
the 2 techniques in terms of outcomes [Antunes 2005, Erbasan 
2009, Mukaddirov 2008, Tavakoli 2002].

Similar to our study, recent studies mostly provide evi-
dence in favor of the patch plasty repair technique. A recent 
study from Turkey compared circular patch plasty and linear 
repair techniques for left ventricular aneurysms, not per-
formed on beating heart [Kaya 2018]. IABP requirement and 
postoperative arrythmia were more common in the circular 
patch plasty group and linear repair group, respectively; how-
ever, the 2 groups did not differ in terms of early mortality or 
other early postoperative outcomes. At 1 year, patients who 
underwent circular patch plasty had more improvement in LV 
systolic function. A 2016 study from Hungary also compared 
endoventricular patch plasty and linear suture techniques and 
found that the former was associated with less perioperative 
mortality, better 5-year survival, and better improvements 
in left ventricular ejection fraction (LVEF) and New York 
Heart Association (NYHA) functional class [Balau 2018]. In 
the study by Chen et al. [2012] comparing patch remodeling 
with linear technique, the former was associated with better 
outcomes in terms of LVEF and LV dimensions and volumes, 
although in-hospital mortality did not differ.

The study by Wang et al. [2012] compared linear repair 
versus endoventricular circular patch plasty techniques as 
well as beating heart versus cardioplegia techniques. Linear 
and patch repair groups did not differ regarding early mor-
tality and survival up to 2 years. In contrast, beating heart 
technique resulted in a 27% reduction in cardiac troponin I 
levels and improved perioperative survival compared with the 
cardioplegia group [Wang 2012].

The patch plasty technique has also been compared with 
the off-pump linear plication technique. In a study by Wei et 
al. [2019], off-pump linear plication was compared with on-
pump endoventricular patch plasty in LV aneurysms in terms 
of early and long-term outcomes. No significant difference 
was found between the groups in terms of cardiac function 
at discharge and long-term survival; however, fewer patients 
suffered low cardiac output syndrome and required IABP, and 
recovery times were shorter, in the off-pump linear plication 
group [Wei 2019]. The authors recommended the simple 
linear plication technique, particularly for high-risk patients. 
In that study, patients in the linear plication groups seemed 
to have the advantages of the off-pump technique, avoiding 
the morbidity associated with CBP. In contrast, Huang et al. 
[2012] did not find any difference between off-pump antero-
apical aneurysm plication and patch modeling repair in terms 
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of early mortality, IABP and inotropic requirement, ≤5-year 
survival, or functional class improvement.

This study has some limitations, including retrospective 
design, a small number of patients from a single center, and 
short duration of follow-up. The 2 techniques were adopted 
during different time periods in this study, which may be con-
sidered a potential source of bias. Likewise, meta-analysis has 
shown that geometric reconstruction has an advantage over 
linear technique when there is difference in the time frame 
that the 2 techniques were adopted (i.e., linear repair adopted 
earlier and geometric construction adopted later) [Parolari 
2007]. However, when the 2 approaches were adopted during 
the same time period there was no difference, which may 
reflect the effect of learning curve over time [Parolari 2007]. 
In this study, the technique adopted later (on-pump beat-
ing heart endoaneurysmorrhaphy) is 50 minutes faster than 
the earlier technique when mean CBP time and cross-clamp 
time are considered. In our opinion, this may be attributed to 
current advances in cardiac surgery techniques as well as the 
increased overall experience of the surgeons and the surgical 
team who performed the operations.

CONCLUSION

On-pump beating heart endoaneurysmorrhaphy using 
patch seems to have several advantages over classic aneurys-
mectomy with linear repair on arrested heart in the treatment 
of left ventricular aneurysms. The advantages may be due 
partly to the benefits of beating heart technique and partly 
to better restoration of ventricular geometry using a patch. 
These results need to be tested in large studies to draw firm 
conclusions.
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