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Objective: We sought to compare clinical and pathologic characteristics of ventricular

tumors and to detect whether differences exist in short- and long-term survival after

resection.

Methods: From 1964 to 2005, 323 patients had cardiac surgery for resection of pri-

mary cardiac tumors; 53 (16%) patients had primary ventricular tumors. We randomly

sampled 53 characteristics of ventricular tumors.

Results: Patients with ventricular tumors were younger than those with atrial tumors

(34.8 vs 54.6 years; P , .0001). New York Heart Association functional status was

similar at presentation, although patients with atrial tumors had increased risk of atrial

fibrillation (P , .05), thromboembolic events (P 5 .04), and mitral stenosis (P 5

.008) at the time of presentation. Patients with ventricular tumors had an increased in-

cidence of myocardial invasion (14% vs 2%; P 5 .02) and had significantly longer

cardiopulmonary bypass (80 vs 65 minutes; P , .05) and crossclamp (52 vs 39 min-

utes; P 5 .03) times. Operative mortality was 4% and 0% in the ventricular and atrial

groups, respectively (P 5 not significant). Follow-up was obtained in 89% of patients

at a mean follow-up time of 7.21 years. A Kaplan–Meier survival plot demonstrated

no difference in survival characteristics of both groups. At follow-up, 81% and 74% of

ventricular and atrial tumors, respectively, were minimally symptomatic (New York

Heart Association class I/II; P 5 .13). Patients with atrial and ventricular tumors had

a 6% and 0% tumor recurrence rate, respectively (P 5 .12).

Conclusion: Surgical resection for ventricular tumors is effective and results in excel-

lent long-term outcome. Early surgical treatment should be strongly considered in

patients with primary ventricular tumors.

P
rimary cardiac tumors are rare and occur with a lifetime incidence of 0.0017%

to 0.02%.1-3 Previous literature has suggested that 75% of all primary cardiac

tumors are benign, with 75% of these being myxomas that occur in the left

atrium.4-6 Despite the rarity of cardiac tumors, much is known about the clinical pre-

sentation and the early and late condition of patients who undergo surgery for curative

resection. Many of these results, however, are based on tumors confined to the atria or

those occurring in the pediatric (most often infant) population. There have been few

reports of primary cardiac tumors that originate from the ventricles in the adult pop-

ulation; thus, there is a paucity of knowledge regarding pathologic characteristics,

clinical presentation, anatomic and hemodynamic profile, and early and late outcome

of patients who undergo resection. Furthermore, while the consensus is that patients

with benign atrial tumors should be offered curative resection at the time of presenta-

tion, there have been no studies determining whether a similar therapeutic algorithm

should be pursued in patients with ventricular tumors.

The purpose of this study was to evaluate the epidemiology, presentation, and path-

ophysiologic characteristics of patients with ventricular tumors. Additionally, we sought

to evaluate the effectiveness and long-term outcome after curative resection of primary

ventricular tumors. To accomplish these goals, we designed a retrospective cohort study
The Journal of Thoracic and Cardiovascular Surgery c Volume 135, Number 5 1061

mailto:delbardissi@partners.org


Surgery for Acquired Cardiovascular Disease ElBardissi et al

A
CD
consisting of all patients who were treated surgically for pri-

mary ventricular tumors at our institution. Furthermore, to pro-

vide a context in which to interpret the unique risks (both

hemodynamic and anatomic) and effectiveness of surgical re-

section in patients with ventricular tumors, we enrolled a refer-

ence group consisting of randomly chosen patients who had

primary atrial tumor resection at our institution during the

same time interval.

Patients and Methods
From July 7, 1964, to April 19, 2005, 323 patients had cardiac sur-

gery for resection of primary cardiac tumors. Inclusion criteria into

the study group included patients who presented to our institution,

were given the diagnosis of a ventricular tumor, and were subse-

quently treated surgically with clinical and histologic confirmation

of a ventricular tumor originating from the heart. Exclusion criteria

included patients with a cardiac tumor of secondary origin (metasta-

sis to the heart) or those who presented to our institution with a ven-

tricular tumor and were not offered surgical resection; these

included patients with significant tumor invasiveness, infants with

ventricular tumors and minimal hemodynamic effects, and patients

with metastatic cancer to the heart. Fifty-three (16%) patients with

primary ventricular tumors fit these criteria and make up the study

group used for this analysis. Of the remaining 270 primary cardiac

tumors, we chose to enroll a control group consisting of 1:1 ratio of

study group to control group patients who had primary atrial tumor

resection during the same time interval at our institution. Thus, 53

patients with primary atrial tumors were randomly chosen from

the study base to serve as the reference group, thereby providing

a context in which to evaluate the unique clinical characteristics

and surgical outcome of patients who underwent ventricular tumor

resection. A retrospective cohort study was performed, and medical

records were reviewed for patient demographics, cardiac medical

and surgical history, operative procedure, preoperative and postop-

erative data, early and late morbidity, and survival.

Statistical Analysis
Demographic and other patient-related data were obtained from

Mayo Clinic Rochester medical records. Follow-up information

was obtained from subsequent clinic visits, written correspondence

from local physicians, and mailed questionnaires to patients or

families. Continuous variables are expressed as a mean 6 standard

deviation. The Student t tests and Pearson c2 tests were used to

analyze continuous and categorical variables, respectively. Multi-

variate linear regression and logistic regression analyses were

used to determine associations between continuous and categorical

outcomes, respectively. A Kaplan–Meier survival curve was con-

structed to assess long-term outcome and a log–rank test was used

to determine significant differences in survival characteristics

between the study and control groups. Additionally, a Cox propor-

tional hazards model was used to assess factors affecting long-term

survival. Early operative mortality was defined as death occurring

within 30 days of operation or at any time during the index hospital-

ization. The Mayo Foundation Institutional Review Board approved

this study, and all patients or their families gave written informed

consent.
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Results
Demographic and patient presentation characteristics are

shown in Table 1. Patients with ventricular tumors were

significantly younger than those with atrial tumors (34.8 vs

56; P , .0001). Furthermore, 3 distinct ventricular tumor

types contributed to a multivariate regression model (R2 5

0.33, P , .001) predicting time of presentation; these in-

cluded fibromas (mean, 22.5 years; P , .03), hamartomas

(mean, 12.5 years; P 5 .03), and papillary fibroelastomas

(mean, 57.5 years; P , .02). Medical risk factors were similar

between both groups, although patients with atrial tumors

had a higher incidence of previous cardiac surgery (P 5

.0019). Functional status at the time of presentation was

also similar between groups, although patients with atrial tu-

mors more commonly presented with dyspnea (47% vs 28%;

P 5 .045) as the primary symptom and had increased risk of

presenting in atrial fibrillation (17% vs 4%; P 5 .05) and

prior thromboembolic events (19% vs 6%; P 5 .04). Patients

with ventricular tumors had increased risk of documented

ventricular arrhythmias (21% vs 4%; P 5 .008). Histologic

diagnosis was confirmed on the basis of microscopic tissue

analysis after resection of the tumor. The overall distribution

of histologic variants differed significantly between atrial and

ventricular tumors (Table 2); fibromas (P , .0001) and ha-

martomas (P 5 .042) occurred exclusively in the ventricles

and myxomas were 7 (3.25, 15.1; P , .001) times more

likely to occur in the atria than the ventricles.

Preoperative Diagnosis
The majority of diagnoses were made by echocardiography

in both groups, although cardiac magnetic resonance imaging

was used more often in diagnosing ventricular tumors (P 5

0.011). Atrial tumors most often occurred in the left atrium

(81%) and frequently originated from the atrial septum

(60%). A similar distribution was appreciated with ventricu-

lar tumors, with 75% originating from the left ventricle and

33% of these arising from the ventricular septum. Among

ventricular tumors, left-sided predominance was constant

among different histologic types, with the exception of ha-

martomas, which occurred most often in the right ventricle

(75%; P 5 .03). Seven (15%) ventricular septal tumors ex-

tended into the outflow tract and caused a partial outflow tract

obstruction.

Ejection fraction was similar between both groups (Table

1), but mitral stenosis (owing to tumor obstruction) was more

likely to occur in cases of atrial tumors (P 5 .007). Mitral re-

gurgitation was more likely to occur with ventricular tumors

(P , .07), although size and/or specific tumor type were not

associated with the occurrence of mitral regurgitation. Sub-

group analysis revealed that among ventricular tumors,

myxomas were highly associated with tricuspid regurgitation

(P 5 .046) and patients with ventricular papillary fibroelasto-

mas were more likely to have aortic regurgitation (P 5 .047).
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TABLE 1. Preoperative patient demographics, symptomatology, and diagnostic information

Primary ventricular tumors Primary atrial tumors

95% CI 95% CI P value

Age 34.8 28, 42 56 52, 61 <.0001
Male 27 (51%) 20 (38%) .17
Medical/surgical history

Family history of cardiac tumor 1 (2%) 2 (4%) .56
Hypertension 13 (25%) 13 (25%) 0.999
Diabetes mellitus 2 (4%) 5 (9%) .15
Previous cardiac surgery 6 (11%) 8 (15%) .57
CAD 3 (6%) 15 (28%) .0019

HOCM 4 (8%) 0 .08
NYHA status

Class I 24 (48%) 16 (31%) .11
Class II 11 (22%) 16 (31%)
Class III 13 (26%) 20 (38%)
Class IV 2 (4%) 0

Presentation
Angina 11 (21%) 10 (19%) .8
Dyspnea 15 (28%) 25 (47%) .0451
Palpitations 12 (23%) 8 (15%) .32
Syncope 10 (9%) 4 (8%) .09
TIA 3 (6%) 6 (11%) .3
Constitutional symptoms 7 (13%) 14 (26%) .09
Atrial fibrillation 2 (4%) 9 (17%) .026
Ventricular tachycardia 11 (21%) 2 (4%) .008
Thromboembolism 3(6%) 10 (19%) .04

Diagnosis
Echocardiography 41 (77%) 46 (88%)
EF 62% 59, 66 61% 58, 64 .76
RVSP 31 23, 38 36 28, 44 .17
MR 9 (17%) 3 (6%) .07
MS 0 7 (13%) .007
TR 5 (10%) 2 (4%) .23
PR 3 (6%) 1 (2%) .3
Cardiac MRI 6 (11%) 0 .011
Angiography 8 (15%) 6 (11%) .6

Boldface indicates statistical significance. CI, Confidence interval; CAD, coronary artery disease; HOCM, hypertrophic obstructive cardiomyopathy; NYHA,
New York Heart Association; TIA, transient ischemic attack; EF, ejection fraction; RVSP, right ventricular systolic pressure; MR, mitral returgitation; MS, mitral
stenosis; TR, tricuspid regurgitation; PR, pulmonary regurgitation; MRI, magnetic resonance imaging.
Atrial tumor burden (calculated as the volume of excised

tumor) was 48 6 13.5 cm3 and ventricular tumor burden

was 77 6 14 cm3 (P 5 .14). Multivariate stepwise linear re-

gression (R2 5 0.22; P , .01) indicated that fibromas (mean,

120 cm3; P 5 .009) and lipomas (mean, 195 cm3;

P 5 .007) were significantly larger than the remainder of

the ventricular tumor cohort. A similar regression model

for atrial tumors did not reveal differences between histologic

types of tumors.

Surgical Resection
Surgical resection was electively pursued in all patients;

Table 3 outlines the operative parameters. Histologic confir-

mation was obtained by tissue analysis, whereas tumor inva-
The Journal of Thora
siveness was determined at the time of surgery by the

operating surgeon assessing the anatomic characteristics of

the tumor. Patients with ventricular tumors had longer bypass

(P , .05) and crossclamp (P 5 .03) times than patients with

atrial tumors. Surgical approach to tumor resection varied

significantly between both groups, with the majority of atrial

tumors resected with either a single (n 5 47, 90%) or biatrial

(n 5 4, 8%) approach, whereas a significant proportion of

ventricular tumors were resected via ventriculotomy (n 5

19, 44%) or with an extracardiac approach (n 5 11, 26%).

Papillary fibroelastomas were more commonly resected

through an aortotomy than other ventricular tumors (n 5 5,

P 5 .005), and fibromas were more likely to be resected

with an extracardiac approach (P , .001) or by
cic and Cardiovascular Surgery c Volume 135, Number 5 1063
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ventriculotomy (P 5 .01) than other ventricular tumors. The

approach to surgical resection was dependent solely on the

location of tumors; fibromas and lipomas were extracardiac

myocardial tumors occasionally requiring an intracardiac ap-

proach, whereas papillary fibroelastomas most frequently oc-

curred in the left ventricular outflow tract, so that aortotomy

provided the optimal surgical approach for resection. The

remaining histologic variants of ventricular tumors were

predominantly intracardiac and were approached through

a ventriculotomy. Ventricular tumors demonstrated evidence

of local invasion more often than their atrial counterparts

(14% vs 2%; P 5 .03). A multivariate logistic model includ-

ing histologic tumor types, maximum tumor diameter, and tu-

mor burden revealed maximum tumor diameter to be an

independent predictor of local invasion for ventricular tumors

(mean 5 7.85 cm; P 5 .01); a similar model for atrial tumors

revealed no significant predictive factors of tumor invasion.

Despite the increased frequency of tumor invasion in the ven-

tricular tumor cohort, 82% were resected with negative mar-

gins. Pericardial patches were used for closure of atrial/

ventricular septal defects in 14 (26%) patients who had atrial

tumor resection and 1 (2%) patient who had ventricular tumor

resection, respectively.

Concomitant procedures were similar among both groups.

There was a trend toward increased coronary artery bypass

graft procedures (P 5 .06) in patients with atrial tumors;

however, after controlling for age, this increased frequency

was likely due to confounding (P 5 .535). Operative and

30-day survival was 100% in the atrial tumor group and

96% (2 deaths) in the ventricular tumor group; one death oc-

curred in a pediatric patient with a large ventricular fibroma

who was unable to be weaned from cardiopulmonary bypass,

and the second death occurred in a patient with chronic renal

and hepatic insufficiency who underwent hemangioma resec-

tion but died shortly after surgery of progressive renal and

hepatic failure.

TABLE 2. Distribution of histologic variants

Primary
ventricular

tumors

Primary
atrial

tumors P value

Myxoma 6 (11%) 42 (79%) <.0001
Fibroma 18 (34%) 0 <.0001
Papillary fibroelastoma 11 (19%) 4 (8%) .05
Rhabdomyoma 1 (2%) 1 (2%) 0.999
Lipoma 4 (8%) 3 (6%) .7
Hamartoma 4 (8%) 0 .042
Hemangioma 2 (4%) 0 .15
Carcinoid 1 (2%) 0 .32
Other benign tumors 5 (10%) 0 .09

Angiosarcoma 1 (2%) 1 (2%) 1
Malignant fibrohistosarcoma 0 1 (2%) .32

Boldface indicates statistical significance.
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Postoperative Course
Postoperative complications are shown in Table 3. Postoper-

ative management was not significantly different from that of

patients undergoing other types of cardiac surgery. There was

no significant difference between postoperative complica-

tions in either group. There was no significant association

between the size, surgical approach, or tumor type and occur-

rence of postoperative complications.

Follow-up
Follow-up was obtained in 45 (88%) of the early ventricular

tumor survivors at a mean follow-up time of 6.16 6 5.7

years and in 47 (89%) patients with atrial tumors at

a mean follow-up time of 8.22 6 7.7 years. A Kaplan–

Meier survival curve is shown in Figure 1; there was no

TABLE 3. Surgical characteristics

Ventricular
tumors

95%
CI

Atrial
tumors

95%
CI

P
value

CPB 80 67, 92 65 53, 77 .05
Crossclamp 52 42, 62 39 29, 49 .03
CPB temperature 28 25, 31 31 30, 33 .05
Local invasion 7 (14%) 1 (2%) .02
Surgical approach .0001

Ventriculotomy 19 (44%) 0
Single atriotomy 4 (9%) 47 (90%)
Biatrial approach 0 4 (8%)
Aortotomy 8 (19%) 1 (2%)
Extracardiac

resection
11 (26%) 0

Other 1 (2%)
Gross total resection 42 (82%) 37 (70%) .13
En bloc 0 12 (23%) .0003
ASD closure 1 (2%) 14 (26%) .0004
VSD closure 1 (2%) 0 .31

Concomitant operations
AVR 0 1 (2%) .32
MVR 0 1 (2%) .32
PVR 1 (2%) 0 .31
CABG 4 (8%) 11 (21%) .06
Septal myectomy 3 (6%) 1 (2%) .29
Intraoperative

mortality
2 (4%) 0 .15

Postoperative complications
Arrhythmias 16 (31%) 14 (26%) .62
Renal failure 1 (2%) 1 (2%) .99
Wound infections 0 1 (2%) .32
Neurologic 1 (2%) 1 (2%) .99
Bleeding 4 (8%) 1 (2%) .16
Pulmonary effusion 2 (4%) 0 .15
Pneumonia 0 1 (2%) .16

CI, Confidence interval; CPB, cardiopulmonary bypass; ASD, atrial septal de-
fect; VSD, ventricular septal defect; AVR, aortic valve replacement; MVR,
mitral valve replacement; PVR, pulmonary valve replacement; CABG, coro-
nary artery bypass grafting. Boldface indicates statistical significance.
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significant difference between the survival characteristics of

patients who had atrial or ventricular tumor resection

(P 5 .55). Ten-year survival after atrial and ventricular

tumor resection was 76% and 85%, respectively. Within

the ventricular tumor cohort, a Cox regression analysis indi-

cated that there was a trend toward differences in the sur-

vival characteristics between the different histologic

variants of tumors (c2 5 14.9; P 5 .06); however, this

was due to the poor survival of one patient with an angiosar-

coma. Tumor recurrence occurred in 3 (6%) patients who

had atrial tumors (2 myxoma recurrences and 1 malignant

tumor recurrence) resected. There were no ventricular tumor

recurrences (P 5 .12). At the time of follow-up, 74% and

81% of patients who had atrial and ventricular tumors, re-

spectively, were minimally symptomatic (New York Heart

Association class I/II; P 5 .13).

Discussion
Previous literature has suggested that cardiac tumors produce

symptoms by obstruction of intracardiac flow, arrhythmias

resulting from myocardial invasion, embolization of tumor

fragments, or constitutional symptoms via unclear mecha-

nisms.7-13 This study further characterizes the epidemiology

and spectrum of clinical symptoms of tumors arising from the

ventricles and provides a direct comparison of the surgical ef-

fectiveness by comparing surgical outcomes to a randomly

sampled cohort of patients who had atrial tumors resected.

We chose to compare our surgical experience of ventricular

tumor resection against atrial tumor resection, not only to

provide epidemiologic, diagnostic, and pathophysiologic dif-

ferences between these anatomic locations, but, more impor-

tantly, to assess whether surgical outcome was as effective in

patients with ventricular tumors as in those with atrial tumors,

since atrial tumor resection has long been understood to have

excellent outcome if performed early. Timing for resection of

ventricular tumors is controversial; however, on the basis of

these data, early and late outcome after ventricular tumor re-

section is excellent and is not significantly different when

Figure 1. Kaplan–Meier survival curve: Atrial and ventricular
tumors.
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compared with that of patients who undergo atrial tumor re-

section. It is important to note that all tissue diagnoses were

made after tumor resection; this is a suitable strategy except

in those patients in whom the diagnosis of a malignancy is

questionable, in which case preoperative tissue diagnosis

may be helpful in altering treatment strategy. These data in-

dicate that early surgical resection of ventricular tumors con-

fers an excellent short- and long-term prognosis.

Ventricular Myxomas
Although myxomas occur predominantly in the left

atrium,6,14 6 patients (11%) in this series had myxomas orig-

inating from the ventricles. In a review of 533 primary car-

diac tumors, Blondeau15 found that ventricular myxomas

are indeed rare, making up only 3% of myxomas he and

his colleagues identified. Our study further validates this as-

sertion inasmuch as atrial myxomas were 7 times more likely

to occur than ventricular myxomas. Ventricular and atrial

myxomas have different hemodynamic consequences; as

shown in this study, atrial myxomas cause congestive heart

failure by atrial and valvular obstruction,16 whereas ventric-

ular myxomas may cause a partial ventricular outflow tract

obstruction or may have no effect on cardiovascular hemody-

namics if the tumor is small and located in a region of the

ventricle that does not affect intracardiac blood flow. In the

majority of ventricular myxomas in this series, maximum tu-

mor diameter was less than 2 cm and tumors were located

away from the outflow tract; however, 2 patients did have sig-

nificant outflow tract gradients owing to large myxomas pro-

truding through the pulmonary valve. A feared sequela of

atrial myxomas is the occurrence of embolic events occurring

in as many as 40% of patients.7,17 In our series we appreci-

ated 10 (24%) patients with atrial myxomas who had a history

of thromboembolic events. Interestingly, despite the fact that

ventricular myxomas are subject to high intraventricular

pressure, no patients in this cohort had a history of thrombo-

embolic events.

Ventricular Fibromas
In our study, fibromas constituted the largest proportion of

ventricular tumors, were largest in dimension, and occurred

predominantly in the left ventricle (83%), a skewed distribu-

tion that is most likely due to the relative amount of myocar-

dial tissue.18 Fibromas have traditionally been characterized

as tumors occurring in the pediatric population.19 However,

we identified 8 (44%) patients who were above the age of

18. Although most patients were asymptomatic, those who

were symptomatic had palpitations and ventricular tachycar-

dia, a finding that is best explained by the close proximity to

the conduction system and the massive tumor size. The ap-

pearance of cardiac fibromas can be quite impressive given

their size, leading some to lobby for cardiac transplantation

in patients with large fibromas.20-22 Indeed, 3 patients with

ventricular fibromas were referred to our clinic for cardiac
cic and Cardiovascular Surgery c Volume 135, Number 5 1065
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transplantation, but subsequently underwent complete exci-

sion without complication and were alive at follow-up. Fibro-

mas are unencapsulated tumors and can often be simply

peeled away from the underlying myocardium after hypo-

thermic cardiopulmonary bypass and cardioplegic myocar-

dial protection. In fact, a significant proportion of patients

in this series did not require an intracardiac approach.

The natural history of the fibroma is unpredictable; there

have been numerous reports in the literature of asymptomatic

patients dying unexpectedly,23-25 presumably of arrhythmias.

A major operative concern is intimate contact these tumors

may have with the coronary arteries20; one death in this study

was attributed to surgical trauma of the left anterior descend-

ing coronary artery. In cases in which the tumor may be

closely approximated to a coronary artery, we recommend

a subtotal excision, as performed in 1 patient in this series

who had repeat echocardiograms with no evidence of tumor

growth. Subtotal excision should also be exercised when

there is risk of significantly affecting cardiac function owing

to complete fibroma resection.26,27

Ventricular Papillary Fibroelastomas
Papillary fibroelastomas were the second most common tu-

mor identified in this series. These tumors were also most

likely to occur in the left ventricle (81%) and specifically

the left ventricular outflow tract. In a recent study of all pa-

tients with papillary fibroelastomas from our institution, 54

patients were described, with only 6 (11%) patients having

tumors arising from the left ventricle. Papillary fibroelasto-

mas were most often found on the valvular endocardium

and diagnosed by their stereotypic echocardiographic appear-

ance—a pedunculated, mobile mass.28 The susceptibility for

embolic potential has been well documented in the litera-

ture.29 In our series, 3 (23%) patients with ventricular papil-

lary fibroelastomas had a history of embolic events or

transient ischemic attacks. Despite the embolic potential of

these tumors, 5 (45%) patients were asymptomatic and found

to have papillary fibroelastomas incidentally, thus speaking

to the unpredictable nature of this tumor.

The etiology of ventricular papillary fibroelastomas may

be closely linked to primary cardiac diseases and previous

cardiac surgery.28,30,31 Of the 11 patients in this series, 7

(64%) had concurrent cardiac disease including 4 patients

with hypertrophic obstructive cardiomyopathy (2 with previ-

ous septal myectomy), 1 who had a previous cardiac surgery

for ventricular septal defect closure, and 2 with aortic steno-

sis. These findings suggest that papillary fibroelastomas may

arise in response to either iatrogenic surgical trauma or pres-

sure-induced trauma.30 Although clinical presentation can be

quite variable, studies have compared the outcome of patients

who undergo surgical resection versus those treated conser-

vatively.28 Twenty-two percent of patients in a recent series

treated conservatively (without surgery) were found to have

neurologic events and 4% with peripheral embolic events
1066 The Journal of Thoracic and Cardiovascular Surgery c M
in the follow-up period. No patients in the surgical group

of that study had any evidence of central or peripheral em-

bolic events in the follow-up period. Despite their small

size, the likelihood of both central and peripheral embolic

events is high.

Ventricular Hamartomas
Myocardial hamartomas (Purkinje cell) are tumors that are

not clearly understood but have been implicated in electrical

disturbances that may result in sudden death.16 Our study in-

cluded 4 (8%) patients with hamartomas (3 pediatric); 3 had

palpitations/ventricular arrhythmias and 1 had vague consti-

tutional symptoms and new-onset dyspnea. Although hamar-

tomas are much smaller than fibromas (mean tumor burden,

71 vs 120 cm3), presenting symptoms are similar. Also sim-

ilar is the fact that there have been many documented cases of

patients dying of an arrhythmia.32 Given the risk of sudden

death and excellent surgical outcome, it is our opinion that

patients with hamartomas should be aggressively treated

with surgical resection. All tumors in this series were ap-

proached by ventriculotomy, and total resection was per-

formed in all cases.

In the preoperative evaluation, it is important to differenti-

ate between hamartomas and rhabdomyomas (the most com-

mon cardiac tumor in pediatric patients). Although this may

be difficult at the time of clinical presentation given similarities

in epidemiology, anatomic size, and location, rhabdomyomas

can often be accurately diagnosed based on therir multiplicity

and strong association with tuberous sclerosis.33,34 However,

they can often be accurately diagnosed owing to their multi-

plicity and strong association with tuberous sclerosis.35 In con-

trast to our experience with hamartomas, it has been shown

that patients with cardiac rhabdomyomas should not be con-

sidered candidates for surgical resection unless they have se-

vere symptoms refractory to medical treatment inasmuch as

these tumors are likely to regress with time.36-38

Other Benign Ventricular Tumors
Our experience with ventricular tumors also included multi-

ple patients with hemangiomas and lipomas. Hemangiomas

are rare and represent less than 3% of all tumors of the heart.4

These tumors can involve the epicardium, myocardium, or en-

docardium; 2 tumors we identified were intracardiac and 1

was epicardial. However, all underwent resection via

cardiopulmonary bypass, ventriculotomy, complete tumor re-

section, and primary suture closure of the ventricle. Lipomas

also present with vague symptoms and have been reported to

occur in almost any region of the heart. Interestingly, we re-

sected a 463-cm3 epicardial cardiac lipoma from a patient

whose only symptom was occasional palpitations.

Malignant Ventricular Tumors
The most common presenting symptoms of malignant

cardiac tumors are congestive heart failure, chest pain, and
ay 2008
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constitutional symptoms.39 Angiosarcomas are the most

common malignant cardiac tumor, have a predilection for

the right side of the heart,40,41 and occur principally in the

right atrium. Our only malignant ventricular tumor was in

a patient with an angiosarcoma who had vague constitutional

symptoms. After median sternotomy and frozen section tu-

mor biopsy were performed (revealing grade 4 angiosar-

coma), resection was not attempted because the mass was

highly invasive, encompassing the right ventricular free

wall, septum, and tricuspid valve. This patient was subse-

quently treated with adjuvant chemotherapy. However, met-

astatic disease developed and death occurred within 9 months

of surgery, emphasizing the highly aggressive nature of this

tumor. We are aware of 3 other patients who came to our in-

stitution with highly invasive angiosarcomas of the ventricle

but were not offered surgical treatment. Prognosis for malig-

nant tumors of the heart has historically been very poor, with

most patients dying within 1 year.40,42-44 We and others rec-

ommend that attempts at resection be performed only when

there is no evidence of metastatic disease or when there is se-

vere hemodynamic compromise owing to tumor invasion.

Postoperatively, these patients should subsequently undergo

aggressive adjuvant chemotherapy inasmuch as there is now

increasing evidence that some chemotherapeutic regimens

may initiate a favorable outcome even when there is no

evidence of metastasis.45,46

Conclusions
Primary ventricular tumors vary in clinical presentation, an-

atomic location, and operative strategy. Despite this diver-

sity, short- and long-term outcome after resection is

excellent. Although atrial myxomas are the most common

cardiac tumor, we identified 6 histologic variants of benign

ventricular tumors occurring in multiple patients and 1 malig-

nant tumor with a similar complication rate and survival pro-

file of our control group. On the basis of these results, we

believe that early surgical resection should be considered

for ventricular tumors.

Limitations
This is a retrospective cohort study with a study group con-

sisting of patients who had surgery for ventricular tumor

resection and a reference group of patients who had surgery

for atrial tumor resection. Although the number of patients

in our study group was small, given the rarity of ventricular

tumors, this represents the largest study of patients with ven-

tricular tumor resection while providing a context for inter-

pretation of surgical outcome. Our main limitation is the

generalizability of these results to patients with all types of

ventricular tumors. Because ventricular tumors are diverse

in histologic type, location, and size, it is important that all

patients be evaluated closely with regard to timing and surgi-

cal strategy of resection.
The Journal of Thora
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