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Diverticular and Aneurys-
mal Structures of the
Left Ventricle in Adults

Report of a Case within the Context of a Literature Review

Left ventricular outpouchings are increasingly detected on cardiovascular imaging. Herein,
we describe the case of a 45-year-old man who underwent noncardiac preoperative im-
aging and was found to have an asymptomatic left ventricular outpouching. The patient
underwent successful surgical repair of the structure.

When left ventricular outpouchings are detected, the main differential diagnoses are
pseudoaneurysm, aneurysm, and diverticulum. The outcomes for these conditions differ
substantially, and accurate diagnosis can be crucial in making clinical decisions. \We review
the relevant medical literature, outline the natural history of these left ventricular abnormali-
ties, and discuss options in regard to their management. (Tex Heart Inst J 2010;37(6):699-705)

nexpected abnormal morphologic findings on cardiac imaging are cause for

concern. In asymptomatic individuals, these findings can pose significant di-

lemmas for clinicians. Herein, we describe an illustrative case and review the
differential diagnoses of left ventricular (LV) outpouchings.

Case Report

A 45-year-old man was referred to our institution for cardiac evaluation before a kid-
ney transplant. His medical history included hypertension, diabetes mellitus type 1
for 20 years, and end-stage renal disease that was being treated with peritoneal dialy-
sis. He had no history of myocardial infarction (MI), arrhythmias, or stroke. He had
never experienced exertional dyspnea or chest pain. Results of a physical examination
were within normal limits except for the presence of a peritoneal dialysis catheter. As
part of the preoperative evaluation, the patient underwent a dipyridamole thallium-
sestamibi dual-isotope stress test and 2-dimensional echocardiography. The stress test
showed a fixed defect of the apical-lateral LV wall with thinning, bulging, and dyski-
nesis, suspicious for an aneurysm (Fig. 1). Uptake of nuclear isotope in the aneurysmal
wall suggested the presence of myocytes. No ischemia or scarring was seen elsewhere.
The echocardiogram showed normal ventricular size and function but confirmed an
aneurysm in the apical-lateral walls, with systolic inflow and diastolic outflow (Fig.
2). Left ventriculography by use of cardiac catheterization revealed an apical, narrow-
necked aneurysm that expanded slightly in systole, consistent with a pseudoaneurysm
(Fig. 3A—C). There were 80% stenoses in the proximal and distal left anterior de-
scending coronary artery, and no significant obstructive coronary disease elsewhere
(Fig. 3D). Cardiac computed tomographic angiography revealed a 4.5 x 3.1 x 4.3-
cm extra chamber arising from the inferoapical/apical-lateral wall of the LV (Fig.
4). Myocardium with prominent trabeculation was seen along the lateral wall of the
chamber, but neither thinning along its upper lateral aspect nor infarction could be
ruled out. Wall-motion analysis showed that the muscle of the chamber thickened
during systole. No thrombus was seen. Because of the possibility of rupture, we de-
cided to perform surgical excision.

Intraoperative inspection of the LV confirmed a dyskinetic outpouching that had
muscular and scar tissue (Fig. 5A). When the aneurysmal region was explored, a sep-
tum with a small hole was seen to separate the accessory chamber from the main
ventricular cavity (Fig. 5B). The aneurysmal area was resected, a Dacron patch was
applied, and the ventricular muscle was closed. The left internal mammary artery
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Fig. 1 Myocardial single-photon-emission computed tomo-
graphic (SPECT) perfusion was performed with use of a di-
pyridamole thallium-sestamibi dual-isotope protocol. The left
ventricle was dilated and hypertrophied with thinning and bulg-
ing in the region of the apical-lateral wall, suggesting aneurysm
(arrows). There was homogenous uptake of thallium and sesta-
mibi in the remainder of the myocardium, with no evidence of
ischemia.

was anastomosed to the left anterior descending coro-
nary artery. The patient recovered uneventfully and was
discharged from the hospital on the 6th postoperative
day. At his 3-month follow-up visit, he was doing well,
had maintained his baseline functional status, and was
awaiting kidney transplantation.

Pathologic examination revealed that the wall of the
outpouching consisted of intact myocardium with myo-
cyte hypertrophy and patchy interstitial infiltrate (Fig,
6). An area of fibrous scar tissue or scarring indicated a
healed MI, which contributed to the aneurysmal ap-
pearance of the structure. The fenestrated septum that
separated the outpouching from the main ventricular
cavity consisted of focally hyalinized fibrous tissue with
a few interspersed cardiac muscle bundles. The final di-
agnosis was a congenital septate diverticulum of the LV,

with a region of scarring that was secondary to a healed
ML

Discussion

The differential diagnosis of LV outpouchings includes
aneurysm, pseudoaneurysm, and diverticulum. These
must be distinguished from LV noncompaction, which
is characterized by a prominent trabecular meshwork
with a distinctly spongy appearance and deep inter-

Fig. 2 Echocardiographic A) 4-chamber and B) 2-chamber apical views show the apical-lateral aneurysm-like abnormality. Off-axis
images of the outpouching, with the use of color-flow Doppler echocardiography, show C) systolic inflow and D) diastolic outflow.
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Fig. 3 Left ventriculography shows A) the filling of the apical aneurysm-like structure in diastole, B) the persistence of contrast medium
in systole, and C) lingering contrast medium several beats after its clearance from the left ventricle. D) Coronary angiography shows
lesions in the proximal and distal left anterior descending coronary artery.

trabecular recesses that are believed to be caused by an
arrest in normal embryogenesis.!

Left Ventricular Pseudoaneurysm

The diagnosis with the worst prognosis is LV pseudo-
aneurysm, which is a contained rupture of the LV free
wall.? Causes of LV pseudoaneurysm include M, car-
diac surgery, infectious endocarditis, and chest trauma.
The pericardium overlying the site of rupture adheres
to the LV and contains extravasation from the ventri-
cle, which prevents frank tamponade. Data from the
United States National Registry of Myocardial Infarc-
tion (1996) suggested that, although the incidence of
cardiac rupture among patients with MI was less than
1%, cardiac rupture was responsible for 7.3% of in-hos-
pital deaths, and patients who were given thromboly-
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sis were at higher risk.> However, the true incidence of
LV pseudoaneurysm is not known. The available data
are from case reports, case series, or analyses of case re-
ports in the medical literature.

Frances and colleagues® reviewed abstracted data from
290 case reports in 201 articles that were published from
1966 through 1997. Approximately 12% of the patients
with LV pseudoaneurysm were asymptomatic upon di-
agnosis. Most of the LV pseudoaneurysms were pos-
terior. The mortality rate for patients who underwent
surgery was 23%, versus 48% for patients who were
managed medically. These numbers reflect aggregated
data from published case reports and cannot be gener-
alized. Considering the improvements in surgical tech-
niques since 1997, operative mortality rates are now
likely to be lower.
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Fig. 4 Cardiac computed tomographic angiography shows a
4.1 x 3.1 x 4.3-cmm chamber-like structure arising from the left
ventricle in the A) apical-lateral and B) inferoapical region. The
wall of the chamber appears to have myocardium of variable
thickness, with substantial thinning at the upper lateral aspect.

In contrast to the conclusions drawn by Frances and
colleagues, some studies indicate that medically man-
aged patients can survive long-term. Patients have been
diagnosed with LV pseudoaneurysm many years after
their index infarction.’ Yeo and colleagues® performed a
retrospective analysis of 52 LV pseudoaneurysm patients
in a single institution, 25 of whom were asymptomat-
ic. Ten were medically treated because they refused sur-
gery, had small aneurysms, or had comorbid conditions.
Six of the 10 died after a median survival of 2.1 years;
however, none died of cardiac rupture. Of the surgically
treated patients, the surgical mortality rate was 7%, and
of 13 subsequent deaths, none was due to cardiac rup-
ture. This study suggests that the LV pseudoaneurysm
itself is less predictive of death than are the underly-
ing conditions, and that conservative management may
be appropriate in asymptomatic patients who have sub-
stantial comorbidities and a LV pseudoaneurysm that
was found incidentally upon imaging. This reasoning
is further supported by Moreno and colleagues.” They
monitored 9 patients with such pseudoaneurysms who
underwent conservative management. The mortality
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rate was 26% after 4 years, and no deaths were due to
cardiac rupture. Of note was a high incidence of stroke
(32.5% at 4 yr). Sakai and co-authors® reported that 7 of
8 patients who were treated conservatively for LV pseu-
doaneurysm after mitral valve repair experienced no ad-
verse consequences during a mean follow-up period of
57 months (range, 5-136 mo).

The prognosis for patients with LV pseudoaneurysm
is influenced by the nature, chronicity, underlying
cause, and location of the pseudoaneurysm. A pru-
dent approach to postinfarction LV pseudoaneurysms
is to consider performing surgery in patients with good
comorbid status and in whom the precipitating event
was recent, and to favor conservative management in
asymptomatic patients with substantial comorbidities
and a stable LV pseudoaneurysm that was found inci-
dentally, late after the causative event.” Cases of success-
ful percutaneous closure have been reported, and this
treatment may be considered in patients who are poor
candidates for surgery.”" The compilation of an inter-
national registry may be a way to better understand the
natural history of this condition.

Fig. 5 Intraoperative photographs show A) a left ventricular out-
pouching (arrow), and B) a septum, with a small hole, that sepa-
rates the accessory chamber from the main ventricular cavity.
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Fig. 6 Photomicrographs of the congenital fenestrated septum
show dense fibrous tissue. A) No myocardial elements are seen
in this section (H & E, orig. x2). B) The lateral wall of the out-
pouching shows myocardial tissue with an area of fibrous scar-
ring that indicates a healed myocardial infarction (H & E, orig. x4).

Left Ventricular Aneurysm

Left ventricular aneurysm describes a discrete region of
ventricular wall that is thinner than the adjacent myo-
cardial segments, balloons outward, and exhibits either
akinesis or dyskinesis. During surgery, this region ap-
pears flaccid and puckered after the LV is evacuated.
Histopathologic examination of resected LV aneurysms
reveals dense collagenous or hyaline connective tissue,
occasionally with a few muscle fibers surrounded by
scarring, and foci of mononuclear cells.”? The peri-
cardial cavity is obliterated by dense adhesions, and in-
tramural clots are often found. In the vast majority of
cases, the underlying cause is transmural MI. Trauma,
iatrogenic injury, Chagas disease, hypertrophic cardio-
myopathy, mucopolysaccharidosis, and sarcoidosis are
other reported causes.*'¢

The incidence of LV aneurysm has decreased signif-
icantly due to improvements in the treatment of acute
MI. The pathology of MI has changed substantially in
the post-interventional era.” According to 1 report, the
use of thrombolytic agents has decreased the incidence
of LV aneurysm from 18.8% to 7.2%."

The major complications of LV aneurysm include
thromboembolism, ventricular arrhythmia, congestive
heart failure, refractory angina (possibly from altered
hemodynamic levels), and, rarely, cardiac rupture. Early
investigators who performed autopsy studies concluded
that the natural history of LV aneurysm was poor, with
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mortality rates as high as 80%. More recently, how-
ever, investigators have found 5-year mortality rates of
10% to 50%, depending upon aneurysmal size.” Data
from the Coronary Artery Surgery Study (CASS) regis-
try showed that survival in patients with LV aneurysm
was related to age, LV function, and the clinical severi-
ty of heart failure, rather than to the presence of the an-
eurysm itself.?

Left Ventricular Diverticulum

Left ventricular diverticulum is defined as an outpouch-
ing structure that contains endocardium, myocardium,
and pericardium and displays normal contraction. Left
ventricular diverticula are distinguished from LV aneu-
rysms, which have fibrous walls and exhibit paradoxical
motion. No recent studies have been conducted to ex-
amine the epidemiology of LV diverticulum, although
earlier studies have been cited as reporting a prevalence
of 0.4%, or 3 of 750 cardiac necropsy cases.”*

Left ventricular diverticula are considered to be con-
genital if there is no history of conditions that have in-
jured the myocardium. An outpouching can occur in
a weak area of the ventricular wall in the first 2 or 3
weeks of embryonic life. In utero viral infection, muscle
and connective-tissue defects, and excessive primordial-
cell stimulation have been proposed as causes.”> Midline
thoracoabdominal defects and other congenital cardi-
ac malformations are found in a substantial proportion
of patients who have LV diverticula. Most LV divertic-
ula are found in the apex.* When LV diverticulum is
associated with midline thoracoabdominal congenital
abnormalities, diaphragmatic and sternal defects, and
partial absence of the inferoapical pericardium, the con-
dition is called Cantrell syndrome.”

The natural history of LV diverticulum has not been
systematically studied. Major concerns are thrombosis,
embolism, rupture, congestive heart failure, ventricular
arrhythmias, and valvular abnormalities. The true in-
cidence of these complications is not known because of
the rarity of LV diverticulum. A review of 22 patients
with congenital ventricular outpouchings found that
apical diverticula were associated with midline thora-
coabdominal defects and other heart malformations,
whereas nonapical diverticula were isolated.”* Among
the 10 patients with LV diverticulum who were not sur-
gically treated, 2 experienced spontaneous regression,
and 8 were alive without symptoms after a mean fol-
low-up period of 8.4 years. In 1 report, an LV divertic-
ulum did not increase in size over 13 years, suggesting
that the clinical course may be benign.”” However, cases
of associated sustained monomorphic ventricular tachy-
cardia have required treatment with an implantable car-
dioverter-defibrillator or with cryoablative surgery.”**°
Some authors have recommended immediate surgical re-
section, in order to prevent complications.” In view of
the inadequate data for universal guidance, decisions on
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the management of LV diverticulum should be tailored
to the clinical characteristics of each patient, taking into
consideration associated abnormalities and potential
complications.

All noninvasive and minimally invasive techniques
are useful in the diagnosis of LV outpouchings. In our
patient, computed tomography best defined the anat-
omy of the LV and showed the myocardial contraction
in the wall of the outpouching,

Conclusion

The prognosis of LV outpouchings can vary from be-
nign to catastrophic, depending upon the underlying
cause. Accurate diagnosis is required to guide manage-
ment decisions. High-quality imaging will characterize
LV outpouchings well, helping clinicians to better un-
derstand the natural history of these conditions and to
manage them appropriately.
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