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Abstract

Objective: This study was performed to investigate the surgical treatment of intravenous
leiomyomatosis involving the right heart.

Methods: The clinical data of five patients with intracardiac leiomyomatosis treated from April
2002 to October 2017 at a single center were retrospectively analyzed.

Results: All five patients underwent successful intravenous and right atrial tumor removal via
abdominal and inferior vena cava incisions. In three patients, these incisions were combined with
thoracotomy and a right atrial incision, and in two patients, they were combined with uterine and
bilateral fallopian tube and ovarian resection. One patient with advanced disease underwent a
one-stage procedure and died thereafter. Of the remaining four patients who underwent follow-
up for 1.5 to 12.0 years, one developed recurrence at | year postoperatively. The recurrent
tumor, which was pathologically confirmed to be an intravenous leiomyoma, was removed via
inferior vena cava and internal iliac vein incisions without subsequent recurrence.
Conclusions: The main treatment goal for inferior vena cava leiomyomas involving the right
heart is to first address the severe obstruction of cardiac blood flow and then pursue second-
stage surgery. Concurrent thoracotomy appears unnecessary because moderately sized right
heart tumors can be gently removed via the inferior vena cava.
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Introduction

Intravenous leiomyomatosis (IVL) is a rare
and histologically benign-appearing but
malignant endovascular disease that can
be caused by invasive uterine fibroid tissue
or venous smooth muscle cells." The high
recurrence rate and poor prognosis render
correct preoperative diagnosis, complete
resection, and close postoperative follow-
up important in the management of IVL.
Growth of IVL beyond the uterus, through
the ovarian and iliac veins to the inferior
vena cava, and into the right heart and
pulmonary artery results in intracardiac
leiomyomatosis (ICL), which causes severe
and potentially lethal circulatory disor-
ders.” Two hundred cases of ICL have
been reported to date.™* We herein summa-
rize and analyze the clinical manifestations,
imaging features, surgical treatment, and
long-term postoperative outcomes of five
cases of ICL treated at the General
Hospital of Tianjin Medical University,
China, from April 2002 to October 2017.
This study was performed to help clinical
surgeons more thoroughly understand IVL
and to achieve a correct diagnosis and per-
form rational treatment of such diseases in
clinical practice.

Methods

Baseline sociodemographic and clinical
characteristics

The five patients with ICL in the present
study were women aged 34 to 60 years
(mean, 45.8 years) with a history of uterine
leiomyomas.  Three had  undergone

hysterectomy for uterine fibroids (one
simple hysterectomy and two uterine com-
bined with bilateral fallopian tube and
ovarian resections). All five patients
presented with congestive heart failure or
arrhythmia-related symptoms such as
chest tightness, hernia, or syncope. Two
patients had lower extremity edema affect-
ing mobility, and one had severe ascites, a
poor general status, orthopnea, and New
York Heart Association grade IV cardiac
function. In all five patients, cardiac ultra-
sound revealed IVL involvement of the
heart that was not apparent on chest
X-rays. In three patients, the tumor mass
was confined to the right atrium. In two,
however, the large tumor mass also
involved the right ventricle and oscillated
between the right ventricle during diastole
and the right atrium during systole, causing
both diastolic and systolic dysfunction.
A similarly echogenic mass was also present
in the inferior vena cava; this mass was
thick, cord-like, and continuous with the
tumor in the right atrium (Figure 1).
Computed tomography (CT), including
multiplanar reconstruction using the sagit-
tal, cross-sectional, and coronal planes,
showed a wide soft tissue mass spanning
from the uterine or ovarian veins through
the iliac veins and inferior vena cava to the
right atrium. Magnetic resonance imaging
(MRI) revealed a widened, longitudinally
irregular inferior vena cava with irregular
soft tissue signals in the lumen and in the
right atrium. Abdominal color Doppler
ultrasound showed solid masses in the
pelvic area and inferior vena cava
(Figure 1). Two patients underwent posi-
tron emission tomography (PET)/CT at
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Figure I. (I) Cardiac ultrasound shows a floating mass in the inferior vena cava and right heart. () The red
arrows in the three images (a), (b), and (c) represent intravenous leiomyomatosis (IVL) in the internal iliac
vein, inferior vena cava, and right atrium, respectively. The yellow arrow in (b) shows ascites. (d) Multiplanar
reconstruction of inferior vena cava computed tomography. The IVL location is determined from the sagittal,
cross-sectional, and coronal planes. Magnetic resonance imaging shows widening of the vena cava and an
irregular soft tissue signal visible in the inferior vena cava and right atrium.

another hospital, which showed mild metab-
olite activity consistent with vascular-derived
malignant and  slow-growing tumors.
Overall, these imaging examinations
revealed right internal iliac vein—inferior
vena cava-right heart extension in two
patients, left internal iliac vein—inferior
vena cava-right heart extension in one
patient, and gonadal vein-inferior vena
cava-right heart extension in two patients.

All patients underwent surgical treatment
followed by hormonal treatment.

Combined transthoracic and
abdominal surgery

Three patients underwent thoracoabdomi-
nal surgery under general anesthesia, hypo-
thermia, and cardiopulmonary bypass.
Through a right-sided chest incision, the
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Figure 2. (a), (b) Heart exploration and tumor removal under thoracoscopy-assisted direct visualization.
(c), (d) Extraction of the proximal cardiac tumor mass through the inferior vena cava.

heart was examined by thoracoscopy-
assisted direct visualization. After insertion
of an ascending aortic cannula and intuba-
tion and blockage of the superior and infe-
rior venae cavae via the right atrium, an
incision was made in the right atrial wall.
The tumor, which extended from the inferior
vena cava to the right atrium, was examined.
In two of the patients, ICL involved the
right ventricle. The anterior end of the
tumor mass was freed into the right ventric-
ular cavity, and the intracardiac mass was
removed. A mid-abdominal incision was
then made layer by layer up to the xiphoid
process and down to the pubic symphysis.
After entering the abdominal cavity, opening
the posterior peritoneum, and exposing the
inferior vena cava and applying a tourniquet
to it, the tumor tissue filled the inferior vena
cava and was released upward to the renal
veins, to which tourniquets were applied.
After the inferior vena cava was blocked
about 3 cm above the vena cava bifurcation,

a longitudinal incision was made, through
which the proximal inferior vena cava mass
was gently and completely pulled out. The
distal mass in the inferior vena cava was
stretched as far as possible. The tumor was
then removed. The abdominal iliac vein or
ovarian vein mass, uterus, bilateral attach-
ments, and uterine lesions were removed,
and pelvic dissection was performed.

Simple transabdominal surgery

Two patients underwent abdominal surgery
alone (Figures 2, 3). A mid-abdominal inci-
sion was made up to the xiphoid and down
to the pubic symphysis under general
anesthesia and moderate to low body tem-
perature. The procedure was performed fol-
lowing the same steps up to the incision of
the inferior vena cava as described above.
Transesophageal echocardiography (TEE)
was then used to examine the intracardiac
mass, guide the gentle and complete removal
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Figure 3. (I) Intraoperative transesophageal echocardiography showing changes in the intracardiac mass
before and after resection. (Il) Removal of mass, uterus, and bilateral uterine attachments. (c), (d) Red
arrows point to the distal extremity mass and the proximal cardiac mass resected under the renal vein.

(l1) Intraoperative frozen and postoperative pathology.

of the proximal intracardiac and inferior
vena cava tumors, and stretch and remove
the distal tumor mass. Finally, the iliac vein
or ovarian vein mass, uterus, bilateral
attachments, and uterine lesions were
removed through the abdomen, and pelvic
dissection was performed.

Ethics

This report describes a retrospective clinical
study and includes no personal information
about any patient. All patients and their
families provided written informed consent
before surgery. The study was authorized
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by the ethics committee of Tianjin Medical
University General Hospital.

Results

In all five patients, the primary tumor as
well as the intracardiac and inferior vena
cava tumors were completely removed.
Two patients concurrently underwent
uterus and bilateral fallopian tube and
ovarian resection. During the operation,
frozen sample pathological examination
showed extensive fibrosis with spindle-
shaped cells; combined with the patients’
clinical symptoms, this finding was consis-
tent with intravenous leiomyomas.
Postoperative pathological examination
revealed leiomyomatosis with mucosal and
red degeneration, a retroperitoneal inferior
vena cava mass, and venous leiomyomato-
sis, confirming the diagnosis of intravenous
leiomyoma of uterine or internal iliac vein
origin. Immunohistochemical staining
showed smooth muscle actin (++), proges-
terone receptor (+4), estrogen receptor
(++), desmin (++), and calponin (—);
endothelial cell expression of CD31 and
CD34; vimentin and smooth muscle actin
staining; low p53 protein and cytokeratin
expression; and negative staining for pro-
gesterone receptor and Bcl-2 (Figure 3).
One patient died of excessive intraoper-
ative hemorrhage and multiple organ fail-
ure after surgery, one developed jaundice 1
week after surgery, and one had intestinal
adhesions after 6 months and recovered
with conservative treatment. Of the four
patients who were followed up for IVL
recurrence from 1.5 to 12.0 years, one
patient developed recurrence 1 year postop-
eratively; the tumor was removed via infe-
rior vena cava and internal iliac vein
incisions without recurrence thereafter.

Discussion

ICL is the spread of IVL along a venous
access route to the right ventricle, pulmo-
nary artery, or lung.>® IVL is highly aggres-
sive, and most reported tumors appear to
invade the inferior vena cava (93.1%),
right atrium (87.4%), and right ventricle
(47.1%).” Diagnosing IVL, especially ICL,
is sometimes difficult because of the lack of
specificity in its clinical symptoms. In this
case series, the most common symptoms
were chest tightness, herniation, and lower
extremity edema. In two patients, these
symptoms were secondary to leiomyomas
involving the hepatic vein and posterior
inferior vena cava and manifested as
portal hypertension, suggesting Budd-
Chiari syndrome. Even when IVL has
affected the right heart, no particularly seri-
ous symptoms may occur in the early stage;
however, right heart failure, pulmonary
embolism, or cardiac arrest may occur in
later stages, possibly leading to sudden
death.®® Chest tightness and suffocation
suggest that the IVL has affected the right
heart system, leading to tricuspid regurgita-
tion or right ventricular inflow obstruction.
Symptoms such as bloating, fatigue, and an
abdominal mass are nonspecific and are
easily overlooked clinically. Therefore, for
women who are around 40 years of age or
have a history of uterine fibroids, the infe-
rior vena cava and heart must be evaluated
upon occurrence of chest tightness, hernia,
and lower extremity edema to avoid a
missed diagnosis. Examinations for such
patients should include CT or MRI, echo-
cardiography, and, if necessary, CT pulmo-
nary angiography, PET/CT, or PET/MRI.
These imaging techniques not only high-
light the possibility of tumor malignancy
but can also accurately display the worm-
like extension in the veins. These methods,
as illustrated here for inferior vena cava CT
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(which was performed preoperatively in all
patients), can inform the treatment strategy
for refractory venous leiomyomatosis'®!?
and provide data on the tumor size, tumor
location, degree of adhesion, and tumor
extent. Echocardiography can be used to
identify atrial occupancy and mobility
(floating or adhesion), assess the size of
the cardiac chambers and function of the
tricuspid valve and overall heart, and pro-
vide a diagnosis. Intraoperative TEE is
useful to guide intracardiac mass removal
and to clearly show whether a tumor plug
is adhered or detached.”'* IVL should be
distinguished from right atrial myxoma,
leiomyosarcoma, Budd—Chiari syndrome,
and deep vein thrombosis with inferior
vena cava extension.

Surgical treatment should be the first
choice for patients with ICL, and complete
removal of the tumor is the key to success-
ful treatment.'* The difficulty of surgery is
mainly determined by the degree of adhe-
sion of the tumor to the vessel wall, not by
the length of the tumor. The disease recur-
rence rate is high; therefore, complete
removal of the tumor is the key to prevent-
ing recurrence.'>'® In 1974, Mandelbaum
et al.'” reported the successful removal of
intravenous leiomyomas involving the right
heart. In 1982, Ariza et al.'® reported the
first complete use of staged surgery to
remove ICL. Consistent with most litera-
ture reports in both China and worldwide,
all patients in our case series were treated
with concurrent surgical resection with par-
ticipation of a multidisciplinary team com-
prising vascular surgeons, cardiac surgeons,
obstetricians, and gynecologists. Three
patients in the present case series underwent
combined thoracic and abdominal surgery,
and in one of these three patients, no tumor
was found after the chest and right atrium
were opened. After exploration, we found

that the tumor had retracted into the infe-
rior vena cava, and we removed it by
abdominal surgery. In the other two
patients with a tumor involving the right
ventricle, the tumor had retracted into the
right atrium, and the part of the tumor
within the inferior vena cava was pulled
through the right atrium and excised. TEE
was used in the two patients who underwent
simple transabdominal surgery to gently
and completely excise the tumor involving
the right heart, incise the inferior vena cava,
and finally remove the tumor. Therefore,
preoperative examination of patients with
IVL involving the right heart must involve
a comprehensive assessment regarding
whether the tumor is adhered to the vessel
wall and involves the right ventricle or
pulmonary artery. If the tumor has no
adhesions to the vessel wall or endocardi-
um, or if the right ventricle is not affected,
the surgeon can first open the inferior vena
cava via simple transabdominal surgery and
then gently pull out the proximal cardiac
tumor thrombus and remove it under TEE
guidance. Simple laparotomy shortens the
operation time, reduces the surgical trauma
and the coagulation dysfunction caused by
intraoperative heparin, and lowers the rate
of postoperative complications. Detailed
preoperative discussions with multidiscipli-
nary physicians and a high skill level of the
surgeon are also critical.

The two currently available surgical meth-
ods for treating ICL are a one-stage opera-
tion or a staged surgery. In a one-stage
operation, two procedures are performed
concurrently to remove the intracardiac
tumor thrombus through the inferior vena
cava, the pelvic abdominal tumor, and the
uterus and bilateral attachments. In a
staged surgery, the intravenous mass above
the renal vein is removed first; 4 to 6 weeks
later, the lower segment of the renal vein and
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the primary tumor are removed. Kocica
et al’ reported their experience with 113
patients with ICL, including 33 (29.2%)
treated by a one-stage operation, 49
(43.4%) treated by staged surgery, and 20
(17.7%) treated by total incomplete resec-
tion. All patients in our case series underwent
a one-stage surgery with successful removal
of the intravenous masses and primary
lesions. The key to surgery is to reduce the
amount of bleeding and prevent the tumor
plug from falling off. For primary lesions in
the pelvic cavity, performance of a total hys-
terectomy with concurrent ligation of the
ovarian arteries and veins at a high position
is recommended to prevent tumor migration
and residue and ensure removal of bilateral
attachments. For patients in whom the tumor
cannot be removed completely, ligation of
the proximal vascular end of the tumor is
recommended to prevent the tumor throm-
bus from entering the inferior vena cava.

In the present series, the patient who
died after the procedure had undergone
two previous gynecologic surgeries, the
more recent one of which had been per-
formed 5 years prior. The patient had
been repeatedly evaluated at other hospitals
and refused surgery, and 3 months before
admission to our hospital, she developed
heart failure, herniation, orthopnea, severe
ascites, and lower extremity edema. Cardiac
ultrasound showed IVL involvement of the
right ventricle with tricuspid regurgitation
and right ventricular inflow obstruction.
CT showed that the tumor involved the
hepatic and renal veins, and MRI indicated
that the primary lesion had adhesions and
that the tumor had extensively invaded the
tissue. Preoperative blood biochemical
examination showed hypoproteinemia,
thrombocytopenia, and abnormal blood
coagulation. Before the operation, the
patient’s condition was discussed with sev-
eral specialists, who determined that the

ventricular inflow obstruction should be
resolved as soon as possible to alleviate
heart failure symptomatology. The patient
and her family agreed to the surgery.
Incision of the inferior vena cava was per-
formed through the abdomen, and the prox-
imal cardiac tumor thrombus was gently
removed under TEE guidance. The pelvic
mass was then removed because the left
internal iliac vein was strongly adhered to
the surrounding tissue, and a large number
of collateral vessels had arisen due to tumor
invasion. Separation and cutting of the inter-
nal iliac vein was difficult, as was locating
the tumor pedicle along the leiomyomas
and removing it. The operation time was
long with a large amount of bleeding. The
patient died of multiple organ failure after
surgery. Because of the patient’s poor phys-
ical condition, a staged procedure might
have been more appropriate; the first phase
would have mainly addressed the heart fail-
ure symptomatology, and the second phase
would have been performed to remove the
primary lesion and the extended mass.

The efficacy of hormonal therapy for
IVL remains controversial.'>'"?** Some
authors have proposed that IVL is a
hormone-dependent tumor and that the
presence of ovaries can increase the
chance of recurrence.’’?® Tamoxifen,
gonadotropin-releasing hormone agonists,
medroxyprogesterone, and other drugs are
used postoperatively because of their anti-
estrogenic effects to control possible resid-
ual tumors or preoperatively to inhibit
tumor growth and thereby reduce the
tumor volume and facilitate complete resec-
tion. Four patients in our case series were
treated with hormone therapy, and one
patient developed recurrence of a small,
slowly growing tumorl year after surgery.
Radiotherapy at low doses might also be
used in patients who are prone to
recurrence.”*
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Conclusions

For IVL involving the heart, timely and
accurate preoperative diagnosis, adequate
preoperative preparation, reasonable selec-
tion of surgical methods, and complete
tumor removal are the keys to successful
treatment and prevention of recurrence.
Postoperative maintenance therapy and
follow-up are very helpful for a good prog-
nosis and prolonged survival. For patients
with severe right heart blood flow obstruc-
tion, the main treatment goal should be to
address the heart failure symptoms first; a
second-stage surgery should then be per-
formed after the patient’s cardiovascular
status has improvement.
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