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Left Ventricular
Reconstruction for
Postinfarction Left
Ventricular Aneurysm:

Review of Surgical Techniques

Different surgical techniques, each with its own advantages and disadvantages, have been
used to reverse adverse left ventricular remodeling due to postinfarction left ventricular an-
eurysm. The most appropriate surgical technique depends on the location and size of the
aneurysm and the scarred tissue, the patient’s preoperative characteristics, and surgeon
preference. This review covers the reconstructive surgical techniques for postinfarction left
ventricular aneurysm. (Tex Heart Inst J 2017:44(5):326-35)

eart failure secondary to ischemic heart disease with left ventricular aneurysm

(LVA) can be treated surgically. However, these operative procedures have

generally been considered high risk, and they have been associated with high
perioperative morbidity and mortality rates. More recently, experience has shown that
surgical reversal of adverse ventricular remodeling resulting from LVA can improve
cardiac function, thus improving symptoms and life expectancy.® The purpose of
this article is to review the surgical techniques for reversal of adverse left ventricular
(LV) remodeling from LVA after myocardial infarction (MI).

Literature Search

We searched the PubMed database to identify all studies reporting surgical techniques
for LV remodeling for postinfarction LVA. Search terms entered were surgical ven-
tricular reconstruction; partial left ventriculectomy; endoventricular circular patch
plasty; left ventricle surgery; left ventricle aneurysm; left ventricle aneurysm surgery;
left ventricle aneurysm resection; left ventricle remodeling post-myocardial infarction;
and left ventricle surgery post-myocardial infarction.

An LVA or “true” aneurysm is most simply defined as an area of distinct akinesia
or dyskinesia of the LV wall that is associated with a reduced LV ¢jection fraction.”
Favaloro and colleagues® described LVA as “a full-thickness scar-tissue replacement of
the left ventricular wall, usually containing thrombus and attached to the pericardial
sac by adhesions.” Functionally, an LVA is a distinct area of abnormal diastolic relax-
ation with paradoxical systolic dyskinesis.*

Clinical Aspects

Causes. Left ventricular aneurysm has been recognized to be a consequence of coro-
nary heart disease since 1881, and this finding has also been confirmed in autopsy
series.” More than 95% of LVAs reported in the literature resulted from MI secondary
to coronary artery disease; an LVA occurs in 10% to 35% of patients with MI and is
more frequently found in those with acute anterior transmural ML Left ventricular
aneurysms can also develop consequent to trauma,” Chagas disease,® and sarcoidosis,’
or they can be secondary to a congenital abnormality.”

Etiology. Left ventricular aneurysms are classified as either true or false. A true LVA
involves the entire LV wall thickness and protrudes. A false LVA follows rupture of the
ventricular wall, is contained by the surrounding pericardium, and often occurs 5 to 10
days after left circumflex coronary artery occlusion. More specifically, a false LVA can
result from rupture of the ventricular wall after mitral valve replacement with resection
of the mitral valve apparatus, occlusion of the left circumflex coronary artery, or both.
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Pathophysiology. The diameter of an LVA is typically
from 1 to 8 cm. In 90% of cases, the LVA is located at
the apex of the heart or in the anterior wall, and in 10%,
itis in the posterior-inferior wall."! The pericardium gen-
erally adheres to the wall of the aneurysm.

In experimental studies of dogs with transmural MI
but without collateral circulation," the interruption of
blood flow caused almost immediate cessation of con-
tractile activity. Myocyte death started within 20 min-
utes. Within a few days, the endocardial surface of the
developing LVA became smooth and thin, with fibrin
deposition, thrombus formation, and loss of trabeculae
in at least 50% of dogs. Inflammatory cells migrated
into the infarct zone 2 to 3 days later and contributed
to lysis of the necrotic myocytes approximately 5 to 10
days after the MI, at which point rupture of the myo-
cardial wall occurred in some dogs. Left ventricular
rupture was relatively uncommon after the aneurysmal
ventricular wall was replaced with fibrous tissue.

Clinically, the effect of increased tension in the in-
volved myocardial wall leads to the wall’s progressive
thinning and protrusion.”” This phenomenon is ex-
plained by Laplace’s law (6 = Pr/ 2h), which states
that, at a constant ventricular pressure (P), an increased
radius (#) of curvature and a decreased wall thickness
(h) of the affected portion of the heart contribute to in-
creasing tension (G) of the myocardial muscle fibers and
promote the deformation and expansion of the ischemic
ventricular wall. Functionally, such alteration involves
loss of the ventricle’s original shape, causing volume
overload in end-diastole." Volume overload leads to
compensatory hypertrophy in the adjacent viable myo-
cardium, thus increasing oxygen consumption. Approx-
imately 2 to 4 weeks after MI, vascularized granulation
tissue appears, which is then replaced 6 to 8 weeks later
by fibrous tissue, resulting in the formation of a chronic
aneurysm.

Transmural necrosis, which leads to the formation of
an LVA, involves 2 main phases: early expansion and
subsequent remodeling. The early expansion occurs in
the area of the MI, whereas the remodeling phase affects
the muscle fiber cells, leading to fibrosis and changes in
the geometry of the ventricular cavity.” These changes
result in progressive ventricular dilation, increased wall
tension, and altered systolic function, leading to irrevers-
ible contractile dysfunction.

Role of Collateral Flow. Left ventricular aneurysms
occur after MI when the left anterior descending coro-
nary artery (LAD) becomes completely occluded, and
collateral circulation within the ischemic myocardium
is poor. Collateral vessels, thin-walled structures with a
diameter of 20 to 200 W, are usually closed and non-
functional in nonischemic myocardium because of a
low or absent pressure gradient. After coronary occlu-
sion, however, the distal pressure drops suddenly, the
pressure gradient increases, and the collateral vessels
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open, resulting in increased blood flow. Rarely, LVAs
occur in the presence of multivessel disease and exten-
sive collateral circulation.”

Natural History. Grondin and colleagues® studied the
natural history of LVA in 40 cases of postinfarction LVA
not treated surgically. These patients were divided into
2 groups according to the presence or absence of signifi-
cant symptoms. In asymptomatic patients, the survival
rate at 10 years was 90%, but it was only 46.3% in
those who were symptomatic at the time of initial di-
agnosis. Deaths were due to arrhythmias or congestive
heart failure. Nonfatal sequelae included arrhythmias in
34% of patients, thromboembolic events in 29%, heart
failure in 29%, and recurrent MI in 22.5%.

Clinical Presentation. Angina, the most prevalent
symptom of LVA, has been attributed to volume over-
load in the LV and a resultant increase in oxygen con-
sumption.” Any functional mitral regurgitation can
exacerbate ventricular overload, progressively leading
to the onset of heart failure. Dyspnea, the second most
frequent symptom, occurs because of a combination
of systolic and diastolic dysfunction. In more than one
third of patients, atrial or ventricular arrhythmias cause
palpitations, syncope, or sudden death, or they exacer-
bate angina and dyspnea.”

Diagnosis. During the acute phase of M1, electro-
cardiograms frequently show Q waves and persistent
ST-segment elevation in the anterior leads; these might
persist for days or weeks. Subsequent chest radiographs
may show ventricular enlargement, a characteristic
bulge of the LV, and cardiomegaly.

In a patient with LVA, the left ventriculogram reveals
a large and distinct area of dyskinesia, generally in the
anterior, apical, and septal walls.® Two-dimensional
echocardiography, which is sensitive and specific in the
diagnosis of LVA, can also reveal the presence of mural
thrombi and mitral valve regurgitation. Computed to-
mography and magnetic resonance imaging can also be
used to identify aneurysms.?

Surgical Indications. The presence of LVA alone is not
a surgical indication. Surgery is indicated when con-
comitant, persistent angina, refractory heart failure,
thromboembolism, or life-threatening tachyarrhyth-
mias occur.® Myocardial revascularization is typically
performed at the time of aneurysmectomy. The in-
hospital mortality rates for patients undergoing these
procedures range from 2% to 19%, with a mean of ap-
proximately 10%.” Risk factors for early death include
severe LV failure, M1, and intractable arrhythmias. Risk
factors for late death include incomplete revasculariza-
tion and reduced systolic function of the basal segments
of the LV and the interventricular septum. After 5 years,
the survival rate is approximately 69% for patients un-
dergoing aneurysmectomy and either revascularization
or mitral valve replacement, compared with 57% for
those undergoing aneurysmectomy alone.”
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Surgical Techniques

The first successful surgical treatment of an LVA, by
Wieting in 1912, involved the ligation of a congenital
form of LVA.* In 1944, Beck described using the fas-
cia lata to reinforce the LVA.” The first angiographic
description of LVA was published in 1951.% In 1955,
Likoffand Bailey” successfully resected an LVA via tho-
racotomy, using a tangential clamp without cardiopul-
monary bypass (CPB).

Plication. External plication without opening the LVA
is a relatively simple technique that is currently reserved
primarily for patients who have aneurysms of smaller
dimensions that do not contain thrombi and for those
who do not have severe LV dysfunction or high end-
diastolic pressure. The repair involves a double-layered
suture from one side of the aneurysm to the other; a
strip of Teflon is used on both sides and is oriented to
reconstruct a normal ventricular shape. Usually, the area
of repair does not include the entirety of the aneurysmal
tissue.”

Cooley Technique. Contemporary treatment of LVA
began in 1958, when Cooley and associates” performed
a “linear” or “sandwich” repair of a larger LVA during
CPB. For the next 30 years, the technique changed very
lictle from the one Cooley described. Specifically, after
longitudinal incision of the LVA and removal of any
thrombi, the wall of the aneurysm was resected (usu-
ally parallel to the LAD or posterior descending artery,
depending on aneurysm location).” A border area <2
cm from the scar tissue was left to enable the recon-
struction of normal LV geometry. Particular attention
was paid not to resect too much of the aneurysmal wall,
to avoid excessively reducing the size of the ventricular
cavity. The resected area was closed vertically on either
side, between 2 external strips of Teflon or pericardium:
first, with a 2-layer horizontal mattress suture, and then
with a 2-layer vertical running suture. A disadvantage
of linear repair was that the lateral and medial (septal)
LV walls were sutured together, eliminating the natural
separation of a few centimeters and leaving an area of
akinetic myocardium that contributed to continued LV
dysfunction. The technique also failed to exclude an
area of the involved septum (Fig. 1).%

Subsequently, Stoney (1973),”® Daggett (1977),” Ja-
tene (1985),” Dor (1989),* and Cooley (1989)* and
their associates published papers describing techniques
for reconstructing the geometry of the LV. These tech-
niques demonstrated that restoring a more normal
geometry led to improved function. In particular, the
surgeons recognized that incorporating the interven-
tricular septum into the repair led to a better geometric
result with a more physiologic orientation.

Stoney Technique. Stoney and colleagues® showed
that patients whose aneurysms were resected with the
Cooley technique had incomplete reduction of the an-
eurysm, leaving an area of akinetic myocardium at the
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Fig. 1 Diagrams show the Cooley technique (”linear” or “sand-
wich” repair). A) The left ventricular (LV) cavity is reduced in

size. B) The lateral and medial (septal) walls are sutured together
at a point where they normally would be separated by several
centimeters, resulting in nonanatomic geometry.

Reprinted with permission from Mukaddirov M, Demaria

RG, Perrault LP, Frapier JM, Albat B. Reconstructive surgery

of postinfarction left ventricular aneurysms: techniques and
unsolved problems. Eur J Cardiothorac Surg 2008;34(2):256-61.%

level of the interventricular septum, resulting in func-
tional and volumetric impairment of the LV. Therefore,
Stoney introduced a new correction technique that in-
volved the advancement and connection of the lateral
myocardial wall with the border area between the viable
tissue and the necrotic scar of the interventricular sep-
tum, but it omitted the revascularization of the affected
area (Fig. 2).”® This technique also excluded the possi-
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bility of LAD revascularization because of its inclusion
in the repair.

In 1980, Hutchins and Brawley® stressed that Stoney’s
method made it possible to increase the curvature of the
free ventricular wall, reconstitute the original geometry,
and improve cardiac function (Fig. 3).

In the mid to late 1980s, Jatene® and Dor*"* devel-
oped the concept of endocircular ventricular plasty, in-
troducing, with slight variations, reconstruction of the
ventricle with intracavitary exclusion of the ischemic
area, as described below.

Dor Technique. After opening the aneurysm, the sur-
geon determines the extent of the endocardial scar and
identifies the junction between the scar and the viable
myocardium around the entire circumference of the an-
eurysm. The Dor technique—endoventricular circular

Fig. 2 Diagrams show the Stoney technique, an early attempt
to increase the curvature of the left ventricle in an aneurysmal
area. A) The lateral wall of the myocardium is brought toward the
ventricular septum at the junction between viable muscle tissue
and scar. The lateral edge of the myocardium is sutured to the
interventricular septum, in a continuous fashion, in the border
zone between the viable and scarred tissue. Then, polytetra-
fluoroethylene strips are used to reinforce the left ventricular
margin, and stitches are brought outside through the septum to
the anterior wall. B) The repair is completed by overlapping the
lateral healthy myocardial wall of the left ventricle with the scar
tissue.

Reprinted with permission from Stoney WS, Alford WC Jr,
Burrus GR, Thomas CS Jr. Repair of anteroseptal ventricular
aneurysm. Ann Thorac Surg 1973;15(4):394-404.%
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patch plasty— involves placing a continuous 2-0 suture
at this junction, deeply enough in the endocardium to
prevent tears when the suture is tightened. The degree
of suture tension determines the extent of the remaining
opening in the ventricle and the size of the endocardial
patch to be used. The patch is generally 2 to 3 cm in
diameter and can be made of Dacron or pericardium.
After the patch has been sutured inside the LV cavity
to close the endocardial opening, surgical adhesive glue
is applied to reinforce the suture line.

The Dor technique has 4 advantages. First, it enables
the akinetic segment of the interventricular septum to
be excluded. Second, it produces a more physiologic
geometric cavity. Third, it preserves the LAD for pos-
sible grafting. Fourth, it eliminates the need for external
prosthetic materials, which can cause persistent pericar-
dial adhesions (Fig. 4).* The exclusion of the ischemic
interventricular septum and the reduction of ventricular
volume enable a realignment of the myofiber cells of the
remaining adjacent and viable remote myocardium.”

Initially, surgeons using the Dor technique did not
consider it necessary to revascularize the ischemic area,
but continued experience has shown that revasculariz-
ing the affected coronary artery may promote func-
tional recovery of the spared septum and ventricular
wall. In one study,® a disadvantage of the Dor technique,
when buttressed with felt, was the late postoperative de-
velopment of paradoxical movement.

Jatene Technique. The Jatene technique involves open-
ing the aneurysm, inspecting the internal cavity, and
placing one or two purse-string sutures, mounted on
pledgets, around the proximal portion of the aneu-
rysm’s ventricular septal aspect so that the size of the
orifice can be reduced to that of the closure area. Septal
plication is also performed to avoid septal dysfunction,
and a ventricular Dacron patch is then stitched in the
ventriculotomy orifice to stabilize the septum and re-
store the normal conical shape of the septum where it
joins the ventricular wall. In this manner, the septum
remains part of the LV wall.

The Dor technique differs from the Jatene technique
in that the aneurysmal portion of the distal septum is
excluded by placing an endocardial patch at the junc-
tion of the septal endocardial scar tissue and the normal
septal endocardium.*® The two techniques also differ
in the positioning of the purse-string sutures relative to
the septum. In the Jatene technique, the purse-string
sutures are placed more proximally on the free wall of
the LV and the septum, whereas in the Dor technique,
they are placed a little more distally over the ventricular
free wall and on the septum. Both use patches during
final closure. Thus, the Jatene technique leaves the api-
cal position of the ventricular cavity unchanged when
compared to the septal position, whereas the Dor tech-
nique moves the apex of the ventricular cavity to a more
lateral position in relation to the septum.*

Left Ventricular Reconstruction Surgical Techniques 329
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Fig. 3 Diagrams show a transverse section of the left ventricle and the curvature of the ventricular wall in A) a normal heart, B) an
ischemic heart with an aneurysm, C) a heart with an aneurysm repaired by eversion, and D) a heart with an aneurysm repaired by
inversion of a ventriculotomy. Whereas the eversion technique reduces the curvature of the wall, the inversion technique increases the

curvature, thus promoting increased cardiac function.

Reprinted from Hutchins GM, Brawley RK. The influence of cardiac geometry on the results of ventricular aneurysm repair. Am J

Pathol 1980,99(1):.221-30,% with permission from Elsevier.

McCarthy Technique. In 1997, McCarthy and col-
leagues”** described an endoventricular circular plasty
technique that eliminated the patch. The McCarthy
technique involves opening the LV apex at least 1.5 to
2 cm from the LAD. Visual inspection and palpation
then enable identification of the border between the
scar tissue and the contractile myocardium. This border
is most easily recognized when the inspection is per-
formed on a beating heart. If the surgeon determines
that endoventricular circular plasty can be done without
aortic clamping, myocardial ischemia can be avoided.

A 2-0 polypropylene, purse-string suture is first
placed around the entire base of the aneurysm, deep
into the scarred tissue, in order to apply considerable
tension to the scar area. The suture is then tied from
the inside on a Teflon pledget in an attempt to restore
the geometry of the ventricular cavity. The degree of
tension with which the suture is tightened determines
the size of the remaining opening of the ventricle. If
the opening is wider than 3 c¢m, a second purse-string
suture is placed 4 mm distal to (above) the first one.
When the ventricular opening remains greater than 3
cm, a patch is required, and closure is achieved with
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the Dor technique. Otherwise, the ventricular free wall
is successively approximated, and 2 strips of Teflon are
secured on either side of the opening with interrupted
mattress sutures. Finally, the closure is reinforced with
3-0 polypropylene continuous suture (Fig. 5).7* This
procedure completely excludes the ischemic area and
surrounds the LV chamber with viable LV muscle, ex-
cept for a rim of scar at the repair site. Potential im-
provements to the technique include a less invasive LV
remodeling technique that does not necessitate opening
the LV or using CPB. In the future, a thoracoscopic ap-
proach might be adopted.

Discussion

In patients with LVA, the primary cause of heart failure
is ischemic heart disease, because it results in progres-
sive ventricular dilation and irreversible myocardial dys-
function. In addition, mitral insufficiency can occur
because of expansion of the LV or ischemia. Although
it has been shown that mitral valve surgery and myo-
cardial revascularization can lead to improvement of
symptoms in patients with LVA, ventricular dilation
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Fig. 4 Diagrams show the Dor technique. A) After the aneurysm
is opened, the endocardial scar tissue at the level of the
interventricular septum is undermined and then B) resected.

C) The junction between scar tissue and normal myocardium is
cryoablated to prevent ventricular tachycardia. D) A purse-string
suture is placed at the base of the aneurysm, at the junction
between the endocardial scar and the normal myocardium. The
suture, when tied with the proper tension, restores the normal
orientation of the muscle fibers. E) An endocardial patch is
anchored at the level of the circumferential suture to complete
the closure of the ventricle.

Reprinted from Dor V. Surgical management of left ventricular
aneurysms by the endoventricular circular patch plasty tech-
nique. Oper Techn Cardiac Thorac Surg 1997:2(2):139-50,* with
permission from Elsevier.
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Fig. 5 Diagrams show the McCarthy technique. A) The aneurysm is opened 2 cm lateral to the left anterior descending coronary
artery. B) A purse-string suture is placed into the scarred tissue, around the base of the aneurysm, then tied off. To ensure the resulting
opening is <3 cm wide, a second purse-string suture is placed 4 mm above the first. C) The second purse-string suture has been tied
and closure begun. D) To complete closure, interrupted mattress sutures are passed through Teflon felt strips on either side of the
opening at the level of the purse-string suture, and the opening is reinforced with a continuous 3-0 polypropylene suture.

Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2000-2017. All rights reserved. Figures 6B and
6C, specifically, reprinted from Caldeira C, McCarthy PM. A simple method of left ventricular reconstruction without patch for ischemic
cardiomyopathy. Ann Thorac Surg 2001,72(6):2148-9.%
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and subsequent contractile dysfunction might be so
advanced that surgical intervention to reconstruct the
ventricular geometry is required.’**'

The concept of reducing the volume of the LV to im-
prove global contractile function is certainly not new.
As early as 1968, Favaloro and associates® had reported
an improvement in contractile function after ventricu-
lar aneurysmectomy. However, for a time, intervention
was considered possible only for patients with true
aneurysms, in whom the linear resection technique
described by Cooley and co-authors?” was performed.
Only in the 1980s was the concept of geometric recon-
struction introduced through the work of Hutchins and
Brawley® and the techniques developed by Daggett,”
Dor,” and Jatene.”® Currently, the remodeling of the
aneurysmatic LV is performed mostly with the surgical
techniques developed by Dor and Jatene.

There are 4 key points regarding the current surgical
techniques for correcting adverse remodeling of LVA
after ML First, classic ventricular aneurysms are much
less prevalent now than in the past, probably as a result of
the aggressive postischemic treatments, including percu-
taneous coronary interventions, as well as thrombolytic
therapy, angiotensin-converting enzyme inhibitors,”*
and other medical therapies for advanced heart failure.
Second, ventricular surgical reconstruction techniques
have evolved from linear repair of the LV free wall to
more complete exclusion of the ischemic area, including
repair of the interventricular septum.®*“ Third, surgi-
cal reconstruction of the dyskinetic aneurysmal area has
been extended to include the akinetic, nonaneurysmal
area surrounding the LV.¥** Fourth, avoiding use of
an endocardial patch made with heterologous material
is advisable because it may be counterproductive to re-
construct the LV by excluding an akinetic area and
replacing it with an akinetic patch.

As noted above, Laplace’s law explains the mecha-
nism by which patients with an aneurysmal LV benefit
from ventricular reconstruction. Reducing the radius
of the LV cavity decreases stress on the LV wall, which
benefits the patient in 3 ways®™***": it reduces the con-
sumption of oxygen at the cardiac level; it increases
myocardial efficiency, enabling the heart to do the same
amount of work but with a lower expenditure of energy;
and it improves myocyte orientation and, thus, contrac-
tile efficiency.

The benefits of these effects are evident not in scarred
muscle tissue, but in the areas of the ventricle remote
from the area of injury due to increased wall stress. This
has been documented by Di Donato and co-authors,”
who showed improved cardiac performance in areas dis-
tant from a reconstructed aneurysm. This is the fun-
damental reason why the reconstruction of a dilated
ventricle can improve the function of the entire heart.
Although a remodeling of the LV occurs after MI and
often alters the geometry of the ventricle, reconstructive
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surgery causes a beneficial LV “reshaping” that results
in reverse remodeling of the entire LlV—including the
remote, nonischemic areas of the anterior wall—and
re-creates the LV’s conical shape.

Although the type of LV restoration used in a pa-
tient with LVA depends upon the surgeon’s preferences,
the patient’s preoperative characteristics, and the surgi-
cal findings regarding the extent of the aneurysm and
scarred area, the endoventricular circular plasty tech-
nique is generally the treatment of choice. The improve-
ment in LV geometry and the decrease in the tension
of the muscle fibers that this technique provides result
in a decrease of oxygen consumption and an improve-
ment in cardiac performance as indicated by increased
LV ejection fraction, reduced LV end-diastolic pressure,
and decreased LV volume. The technique also provides
clinical improvements, as evidenced by improved post-
operative New York Heart Association functional class
status.

These surgical techniques enable mitral valve repair
or replacement, thus contributing to the regression of
hypertrophy and ventricular dilation. Finally, revascu-
larization, especially combined with endoventricular
circular plasty with or without mitral valve repair or
replacement, can further improve cardiac function by
increasing blood flow and oxygen supply to the isch-
emic areas of the myocardium.

In patients with a large LVA, the Cooley technique
may be preferable to the endoventricular circular plasty
technique, although the latter can be considered in pa-
tients with extensive involvement of the septum and mi-
tral valve apparatus.”” Vural and colleagues® concluded
that the Cooley technique or linear closure may also
be preferable in patients whose aneurysms lack a well-
defined border, whereas the circular plasty technique is
a better choice for patients with extensive and defined
fibrotic aneurysmal sacs.

Outcomes of the surgical techniques have been re-
ported in the literature; however, they are difficult to in-
terpret because of variations in the patient populations
undergoing the procedures and the evolution of surgical
techniques. Many of the existing studies are single-cen-
ter, retrospective, or nonrandomized, and many are ei-
ther uncontrolled or use historical controls. Only a few
randomized, controlled studies have been performed,
and some of these have had enrollment problems or
issues with inclusion criteria. Well-conducted multi-
center, randomized, controlled studies are needed so
that valid comparisons among the different surgical
techniques can be made.
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