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ntravenous leiomyomatosis with intracardiac
xtension: a single-institution experience
icheal J. Worley Jr, MD; Anate Aelion, MD; Thomas A. Caputo, MD; Kenneth C. Kent, MD; Arash Salemi, MD;
arl H. Krieger, MD; Michael J. Goldstein, MD; Dennis Y. Kuo, MD; Brian M. Slomovitz, MD
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BJECTIVE: The aim of this study was to outline the surgical manage-
ent and outcomes for patients diagnosed with intravenous leiomyo-
atosis with intracardiac extension at a single institution.

TUDY DESIGN: This was a retrospective review of patients diagnosed
ith intravenous leiomyomatosis with intracardiac extension between
002–2008.

ESULTS: Four patients were identified. The surgical approach in 3 (75%)
atients was a single-stage operation. Four (100%) patients presented with
ynecol 2009;201:574.e1-5.
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lectrocardiogram. Mean age at presentation was 48 years (range, 42–58
ears). Complete resection of tumor was obtained in 1 (25%) patient and 3
75%) patients experienced incomplete resection. Mean follow-up, includ-
ng surveillance imaging, was 25.5 months (range, 8–57 months) and all 4
atients (100%) are currently free of recurrence.

ONCLUSION: Surgical excision remains an effective therapy for treat-
ng patients with benign metastasizing leiomyomatosis. Incomplete sur-
ical resection may result in favorable response.
ardiac symptoms: 3 (75%) with syncope and 1 (25%) with an abnormal Key words: cardiac mass, fibroid, intravenous leiomyomatosis

ite this article as: Worley MJ Jr, Aelion A, Caputo TA, et al. Intravenous leiomyomatosis with intracardiac extension: a single-institution experience. Am J Obstet
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ntravenous leiomyomatosis is an un-
common manifestation of a benign

umor. Although this lesion is usually
onfined to the pelvis, the rare occur-
ence of intracardiac extension has been
ell documented. In 1907, Durck pub-

ished the first account of intravenous
eiomyomatosis with intracardiac exten-
ion from an autopsy analysis.1 Since
hen, at least 30 cases have been reported
n the literature. There are currently 2

ain theories regarding the cause of this
eoplasm. The first suggests that the in-

ima of myometrial sinuses is invaded by
eiomyomatosis cells originating from
he uterine myometrium.2 The second
ontends that the tumor is comprised of

rom the Departments of Obstetrics and Gyn
ynecologic Oncology (Dr Caputo) and the D
ardiovascular Surgery (Drs Salemi and Krieg
ew York Presbyterian Hospital–Weill Corne
enter for Liver Disease and Transplantation,
niversity, New York, NY; and the Departme
ynecologic Oncology (Dr Slomovitz), Wom
ospital, Morristown, NJ.

eceived April 21, 2009; revised May 10, 2009;

eprints not available from the authors.

ilm footage of the surgical procedure described
bstract and was presented at the 57th Annual
bstetricians and Gynecologists, Chicago, IL, M
roliferating smooth muscle cells arising
irectly from the venous wall of the uter-

ne or pelvic veins.3

Early diagnosis is difficult, because pa-
ients may be asymptomatic despite ex-
ensive intravenous extension. When
ymptoms are manifested, they are often
econdary to direct cardiac involvement.
hese include dyspnea on exertion,

hortness of breath, orthopnea, pleuritic
hest pain, and/or syncopal episodes. Be-
ause of the rarity of intravenous
eiomyomatosis, the aforementioned
ymptoms may lead to misdiagnosis and
mproper treatment.4

Since 2002, New York Presbyterian
ospital at the Weill Cornell Medical

logy (Drs Worley, Aelion, and Kuo) and
sions of Vascular Surgery (Dr Kent) and
, Department of Surgery (Dr Goldstein),
edical College, New York, NY, and the

w York Presbyterian Hospital, Columbia
f Obstetrics and Gynecology, Division of

s Cancer Center, Morristown Memorial

epted June 12, 2009.

this article has been used to create a video
ical Meeting of the American College of
2-6, 2009.
r
.2009.06.037
enter has successfully operated on and
esected 4 cases of intravenous leiomyo-
atosis with intracardiac involvement.
review of Medline from 1975–2008

onfirms that no other institution in the
nited States has had experience to this

xtent. The purpose of this retrospective
eview is to outline our experience and
he surgical management of these rare
esions.

ATERIALS AND METHODS
he medical records of all patients diag-
osed with intravenous leiomyomatosis
ith intracardiac extension at New York
resbyterian Hospital–Weill Cornell
edical Center between 2002–2008
ere reviewed. Institutional review
oard approval was obtained. Data were
btained from medical and pathologic
ecords. Data collected included age,
ymptoms on presentation, race, extent
f resection, postoperative length of stay,
nd surgical approach.

urgical technique
atient A was placed in the supine
osition and general endotracheal anes-
hesia was induced. A sternotomy and
aparotomy were performed by the car-
iothoracic and vascular surgery teams,
eco
ivi
er)
ll M
Ne

nt o
en’

acc

in
Clin
ay
espectively. Transesophageal echocar-
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iography (TEE) revealed tumor within
he right atrium. Medial visceral rota-
ion, including hepatic mobilization, to
btain visualization of the inferior vena
ava, was conducted by vascular and
ransplant surgery. Tumor within the in-
erior vena cava (IVC) was easily visual-
zed. The IVC was dissected circumfer-
ntially and isolated by vascular surgery.
fter the right atrium was isolated by
ardiothoracic surgery, a vessel loop was
laced around the IVC, above the dia-
hragm. A longitudinal venotomy was
ade and the cephalad portion of the tu-
or was extracted (Figure 1). The tumor
as visualized on echocardiography as it
as removed. When this portion was

ompletely removed, the venotomy was
nger occluded, and the tumor was

ransected as far caudally as possible
Figure 2). The venotomy was oversewn
nd dissection and isolation of the IVC
ontinued caudally. Full visualization of
he IVC was difficult because of the my-
matous uterus, so a supracervical hys-
erectomy and bilateral oophorectomy
ere conducted. With a similar tech-
ique as described, the tumor was re-
oved from the caudal IVC, left com-
on iliac vein, and left external iliac

ein. As much tumor as possible was re-
oved from the left internal iliac vein.
he remaining tumor was isolated by li-
ating the proximal internal iliac vein
ith silk suture and hemostasis was con-
rmed before ending the procedure.
Patient B was brought to the operating

oom by the cardiothoracic surgery
eam. She was placed in the supine posi-
ion, general endotracheal anesthesia
as induced, and a median sternotomy
as created. Intraoperative TEE revealed

umor within the right atrium, right ven-
ricle, and potentially across the pul-

onic valve. She was placed on cardio-
ulmonary bypass. An atriotomy was
reated and the tumor was retracted
rom the right ventricle and outflow
ract. The caudal portion of the tumor
as grasped as far caudally as possible

nd transected, allowing the tumor to re-
ract into the abdominal IVC. The atri-
tomy was closed in 2 layers and the
atient was separated from cardiopul-
FIGURE 1
Intracaval mass removal

urgical removal of mass from the inferior vena cava.
orley. Intravenous leiomyomatosis. Am J Obstet Gynecol 2009.
FIGURE 2
Intracaval mass specimen

 

ross surgical specimen of mass after removal from the inferior vena cava.
orley. Intravenous leiomyomatosis. Am J Obstet Gynecol 2009.
onary bypass.

an Journal of Obstetrics & Gynecology 574.e2
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Two months later the patient returned
o the operating room and a total ab-
ominal hysterectomy with bilateral sal-
ingo-oophorectomy was conducted.
n attempt was made to place a filter
bove the level of the IVC to preclude
umor emboli. However, on fluoro-
copic evaluation, the tumor appeared to
ave grown back into the right atrium.
he remainder of the procedure was
bandoned.

Eight days later, the patient returned
o the operating room and was placed on
ardiopulmonary bypass. The IVC was
solated and the tumor was removed
rom the IVC, right common iliac vein,
nd right internal iliac vein, as previously
escribed. Again, residual tumor was

solated distally within the internal hy-
ogastric vein.
Patient C was brought to the operating

oom 2 years after a total abdominal hys-
erectomy. She was placed in the supine
osition and general endotracheal anes-
hesia induced. In a similar fashion to pa-
ient A, the tumor was removed from the
ight ventricle, right atrium, IVC, right
ommon iliac vein, and right internal il-
ac vein. Residual tumor remained dis-
ally within the right internal iliac vein
nd was isolated in a fashion previously
escribed. A bilateral salpingo-oopho-
ectomy was then conducted by the gy-
ecologic oncology service.
Patient D was brought to the operating

oom 5 years after a total abdominal hys-
erectomy with bilateral salpingo-oo-
horectomy. She was placed in the su-
ine position, general endotracheal
nesthetic was initiated, and she was
laced on cardiopulmonary bypass. Iso-

ation of the IVC was conducted, as pre-
iously described, and the tumor was re-
oved from the right atrium, IVC, right

ommon iliac vein, and right internal il-
ac vein, as previously described. A full
issection of the pelvic tributaries of the
ight internal iliac vein was conducted by
he vascular and gynecologic oncology
ervice. The entire pelvis was free of tu-

or on completion of the procedure.

ESULTS
total of 4 patients who had intravenous
eiomyomatosis with intracardiac exten- h

74.e3 American Journal of Obstetrics & Gynecolo
ion diagnosed were evaluated at New
ork Presbyterian Hospital–Weill Cor-
ell Medical Center between 2002–2008.
ll patients underwent surgical treat-
ent of their disease. The median pa-

ient age was 48 years (range, 42–58
ears). Presenting symptoms in all 4 pa-
ients were secondary to direct cardiac
nvolvement (Figure 3). Three patients
resented with syncope, and 1 patient
resented with an abnormal electrocar-
iogram. There were 2 patients (50%) in
hom the tumor had extended into the

ight ventricle, and in the remaining 2
atients (50%), the tumor extended into
he right atrium. Two patients (50%)
ad undergone a previous hysterectomy.
hree patients (75%) had successful re-

ection in a 1-stage surgery. However, 1
atient managed with a single surgery

FIGURE 3
Intracardiac mass

omputerized scan confirming right atrial involve
orley. Intravenous leiomyomatosis. Am J Obstet Gynecol 20
ad experienced an unsuccessful 2-stage t

gy DECEMBER 2009
pproach, as previously described (Ta-
le 1).
Mean hospital stay after laparotomy
as 12.75 days (range, 6 –17 days) and all
patients experienced an uncompli-

ated postoperative course. As men-
ioned previously, 2 patients underwent
ntracardiac resection before laparot-
my and their hospital stays were 4 and 5
ays, respectively. Complete resection of
umor was obtained in 1 (25%) patient,
nd 3 (75%) patients experienced in-
omplete resection. Mean follow-up, in-
luding surveillance imaging, was 25.5
onths (range, 8 –57 months), and all 4

atients (100%) are currently free of re-
urrence (Table 2).

OMMENT
n our series, 3 of 4 patients were unable

 
nt of leiomyoma.
me

09.
o undergo complete resection, with the
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emainder of tumor isolated distally
ithin the deep tributaries of the hypo-
astric vessels. To date, all 4 patients in
ur series are currently free of disease
rogression. However, recurrent disease

s common and can occur up to 15 years
fter surgery. Özer et al5 documented a
3-year-old woman who had undergone
urgery to resect an intracaval and right
trial mass. After a symptom-free inter-
al of 3 years, she presented to another
edical center with abdominal pain,

izziness, and bilateral leg edema. Com-
uterized tomography scan revealed the
resence of a solid mass that extended

rom the common iliac vein into the
ight atrium. A subsequent biopsy con-
rmed the diagnosis of intravenous

eiomyomatosis.
Redevelopment can also occur quite

apidly. In 2007, Esmaeilzadeh et al6 de-
cribed a 46-year-old woman who pre-
ented with several weeks of progressive
yspnea on exertion. She was subse-
uently diagnosed with intravenous

TABLE 1
Descriptive charactersistics of pati

Patient Age, y Race Pres

A 42 African American Abno
...................................................................................................................

B 45 Asian Sync
...................................................................................................................

C 47 Asian Sync
...................................................................................................................

D 58 African American Sync
...................................................................................................................

EKG, electrocardiogram.
a Planned 2-stage approach. Atrial mass successfully remove

intracaval tumor under cardiopulmonary bypass was perform

Worley. Intravenous leiomyomatosis. Am J Obstet Gyneco

TABLE 2
Postoperative characteristics of pa
with intracardiac extension who un

Patient Age, y Surgical a

A 42 1-stage
...................................................................................................................

B 45 1-stage
...................................................................................................................

C 47 1-stage
...................................................................................................................

D 58 2-stage
...................................................................................................................
a Hypogastric vein ligated with the presence of tumor remaining d

stay for the initial intracardiac resection was 5 d.
Worley. Intravenous leiomyomatosis. Am J Obstet Gynecol 200
eiomyomatosis with right ventricular
nvolvement. Eight months before
resentation, she had undergone cardiac
urgery because of a right atrial mass that
ad been misdiagnosed as a myxoma.
n reevaluation, the mass was reported

o be a leiomyoma. The rapidity of recur-
ence in this case is similar to that of pa-
ient B. However, as displayed in Table 2,
atient B has experienced a disease-free

nterval of 4 years and 9 months from her
-stage procedure.
Echocardiography, venography, chest

nd abdominal computed tomography
maging, and magnetic resonance
enography aid in determining both the
iagnosis and the extent of tumor in-
olvement. In our series, a 1-stage oper-
tion was favored with the combined
fforts of Gynecologic Oncology, Car-
iothoracic, Transplant, and Vascular
urgery. Of the 4 patients we report, 3
nderwent a 1-stage procedure. As men-

ioned previously, 1 patient underwent a
-stage procedure after a failed 2-stage

ts with intravenous leiomyomatosis w

ing symptom
Extent of cardiac
involvement

al EKG Right atrium
.........................................................................................................................

Right atrium/right ventricle
.........................................................................................................................

Right atrium/right ventricle
.........................................................................................................................

Right atrium
.........................................................................................................................

fluroscopy at time of exploratory laparotomy, tumor was discove
wk later; b With gaining surgical experience after 2 surgeries, th

9.

nts with intravenous leiomyomatosis
rwent surgical resection

oach
Postoperative length
of stay, d

14
.........................................................................................................................

17b

.........................................................................................................................

14
.........................................................................................................................

6c

.........................................................................................................................

y in the deep tributaries of the hypogastric vessel; b Postoperative st
9

DECEMBER 2009 Americ
rocedure. In the aforementioned case,
he intracardiac mass was removed, and,
uring the attempted second surgery,
he mass was found to have reextended
nto the right atrium.

Successful therapy relies on surgical
esection, and, as our series displays,
omplete surgical excision is often pre-
luded by involvement of the tumor
ithin the deep tributaries of the hypo-
astric vessels. However, isolation of re-
idual tumor appears equally important
o prevent recurrences that can necessi-
ate further surgery or lead to death. As
hese lesions are at great risk to recur,
lose long-term follow-up is essential. In
ur patients, postoperative pelvic ultra-
onography was conducted every 3

onths for the first year and biannually
hereafter. The use of postoperative an-
iestrogens, such as tamoxifen, has been
onsidered, but their efficacy has yet to
e established.4 All 4 patients in our se-
ies were offered postoperative treatment
ith megesterol. One patient declined and

h intracardiac extension
r
terectomy

Surgical
approach

Cardiopulmonary
bypass

1-stage No
..................................................................................................................

1-stagea Yesb

..................................................................................................................

1-stage No
..................................................................................................................

2-stage Yesb

..................................................................................................................

o extend back into the right atrium. A 1-stage removal of the
ed for cardiopulmonary bypass proved unnecessary.

mplete
ection Follow-up

a 8 mo. No recurrence
..................................................................................................................
a 4 y, 9 mo. No recurrence
..................................................................................................................
a 1 y, 3 mo. No recurrence
..................................................................................................................

s 1 y, 10 mo. No recurrence
..................................................................................................................

r the initial intracardiac resection was 4 d; c Postoperative
en it

ent
Prio
hys

rm No
......... .........

ope No
......... .........

ope Yes
......... .........

ope No
......... .........

d. On red t
ed 1 e ne

l 200
tie
de

ppr
Co
res

No
......... .........

No
......... .........

No
......... .........

Ye
......... .........

istall ay fo
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as placed on letrozole. Long-term effi-
acy comparing choices in postoperative
reatment is lacking but presents an area of
nterest for future investigations. f
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