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Introduction

Intravenous leiomyomatosis (IVL) is a benign smooth muscle
tumor that grows in the venous system of the uterus and
occasionally extends into the inferior vena cava (IVC). IVLwith
intracardiac extension (ICE) occurs when the mass spreads
into the cardiac chambers.1 IVL with ICE causes serious
cardiovascular symptoms in patients, including sudden syn-
cope, dyspnea, and right heart failure,which eventually lead to
sudden death if untreated.2 Because the occurrence of ICE is
rare and no symptoms appear in patients with IVL until the
tumor extends into the heart, early diagnosis is difficult.3

Currently, complete surgical excision is the only effective
treatment. Herein, we report three cases of IVL with ICE. The
tumors were completely resected. A detailed description of
preoperative assessment methods and surgical strategies to
ensure a complete and long-term cure is provided.

Case Description

We retrospectively reviewed the cases of three patients
diagnosed with IVL with ICE. The patients were treated at
our university between 2017 and 2018. After surgical treat-

ment, patients were followed up every 3 months in the first
year. Subsequent follow-ups were every 6 months for the
next 3 years and then every year thereafter.

Case A was a 49-year-old woman who was gravida (G)
5 para (P) 2, with initial symptoms of chest tightness, palpita-
tions, and lower limb swelling. The patient had a previous
history of uterine fibroids, without a notable family history.
Echocardiography showed a mobile, solid mass occupying the
IVC and right atrium (RA). The serum levels for tumor markers
were78.8U/mL(referencevalues:0–35U/mL) forcarbohydrate
antigen (CA) 125, 35.3 U/mL (reference values: 0–27 U/mL) for
CA199, 0.5 ng/mL (reference values: 0–4.7 ng/mL) for carci-
noembryonic antigen (CEA), and58.9pmol/L (referencevalues:
0–76.2 pmol/L) for human epididymis protein (HE) 4. All other
blood and biochemical markers werewithin the normal range.
Thoracic and abdominal computed tomography (CT) scans
were performed with and without contrast media. On the CT
scans, afillingdefectwasobserved inthe rightovarianvein, IVC,
and RA with a soft tissue density (►Fig. 1A). Magnetic reso-
nance imaging (MRI) was not performed.

Case B was a 49-year-old woman who was G2 P2 with
initial symptoms of intermittent syncope. The patient had a
previous history of uterine fibroids, without a notable family
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history. Echocardiography showed a mobile, solid mass
occupying the IVC, RA, and right ventricle (RV). The serum
levels for tumor markers were 15.8 U/mL for CA125, 12.3
U/mL for CA199, 1.1 ng/mL for CEA, and 52.4 pmol/L for HE4.
All other blood and biochemical markers were within the
normal range.MRI of the chest and abdomen revealed a large
streak-shaped filling defect in the IVC, RA, and RV (►Fig. 1B).
A CT scan was not performed.

Case C was a 48-year-old woman who was G2 P2 with
initial symptoms of chest tightness, dyspnea, and lower
abdominalmass. The patient had no relevantmedical history
and no notable family history. An echocardiography showed
amobile, solid mass occupying the RA only. The serum levels

for tumor markers were 29 U/mL for CA125, 14.5 U/mL for
CA199, 1.8 ng/mL for CEA, and 127.9 pmol/L forHE4. All other
blood and biochemical markers were within the normal
range. MRI of the chest and abdomen revealed a cordlike
mass extending from the right internal iliac vein into right
the common iliac vein, then the IVC, and, finally, the RA
(►Fig. 1C).

All three patients underwent surgical resection of the
tumor using amultidisciplinary approach. The body tempera-
ture of all three patients was measured through an anorectal
probe during the procedure. Two patients (cases A and B)
underwent a single-stage surgery and one patient (case C)
underwent a two-stage surgery because her preoperative

Fig. 1 (A) A CT (computed tomography) scan from case A is shown. The volume of the uterus is significantly enlarged and complicated with
multiple uterine fibroids. Multiple masses are extending into the right ovarian vein and the inferior vena cava (IVC) and right atrium (RA). An
enhanced vascular shadow can be seen in the lesion (green arrow). (B) A magnetic resonance imaging (MRI) from case B shows multiple uterine
fibroids. The tumor extends from the IVC to the RA. The tumor could be observed moving with the movement of the RA. The distal portion of the
tumor traverses the tricuspid valve into the RV during diastole. (C) The MRI from case C indicates a large, multilobulated, complex pelvic mass
closely related to the uterus. The uterus deviates left due to pressure. The mass extends from the right internal iliac vein and the common iliac
vein and extends into the IVC and RA (red arrow); RV (brown arrow); mass (pink arrow); IVC (yellow arrow); Right ovarian vein (blue arrow); Right
common iliac vein (white arrow); Left common iliac vein (orange arrow); Right internal iliac vein (purple arrow); Uterine fibroids (black arrow).
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condition was poor. The ovarian uterine vein that was first
invaded was ligated in all three patients.

In the twopatientswhounderwent a single-stagesurgery, a
total hysterectomy (TH) and a bilateral salpingo-oophorecto-
my (BSO) were performed through an abdominal incision.
Serious adhesionswere foundwhen separating the IVL and the
vein. Cardiopulmonary bypass (CPB) was established through
a central thoracotomy undermild hypothermia (33°C–34.5°C)
conditionswith theheart beating. Arterial perfusion along the
ascending aortawith venous return through the superior vena
cava and right femoral vein was established. The tumor was
pushed through the IVC into the RA. The tumor was removed
through an RA incision. A tricuspid valvuloplasty was per-
formed along with reparation of the vein and RA.

For the patient (case C) who underwent a two-stage
surgery, as much of the intracardiac tumor as possible was
removed and the damaged tricuspid valve was repaired
during the first surgery to relieve the severe heart failure.
The first surgery was performed with mild hypothermia and
CPB. After 19 days of recovery and reevaluation, the patient
underwent a second-stage surgery to remove the IVC tumor.
A TH and BSO were performed during the second surgery. In
addition, the patient received a double-J stent implantation
in the right ureter during the second surgery.

Intraoperative results revealed that all tumors in the
atrium were floating and that there were no adhesions
between the leiomyomas and IVC wall. The ovarian vein
and IVCwere involved in two patients (case A and B), and the
uterine vein, iliac vein, and IVC were involved in the third
patient (case C). The ICE was in the RA in all three patients,
and the RV was involved in one patient (case B). In all three
patients, the IVL was derived from uterine tumors. The
average intraoperative blood loss was 230mL, and the aver-
age operation time was 9 hours.

The tumors were yellowish-white or gray, elastic, smooth,
mobile, serpentlike polypoid masses. The gross morphology
for each tumor is shown in ►Fig. 2. Based on pathological

examination of the tumors, all three patientswere diagnosed
with IVL with ICE. No tumor recurrence was observed in
cases A and B during the 18 and 29 months of follow-up,
respectively. After 18 months of follow-up, the results of
pelvic CT scans and MRI showed tumor recurrence in case C.

Discussion

IVL is a rare mesodermal cell tumor that should be consid-
eredwhen evaluating an intracardiacmass that extends from
the IVC. Although the origination of IVL is still controversial,
there are two theories: the tumors are derived from the
smooth muscle of the vascular wall4 or the tumors originate
from the smoothmuscle of the uterus.5Most reports support
the second theory. Based on our three case studies, the IVL
most likely originated from the uterine smooth muscle. We
base this conclusion on the following: (1) in addition to the
IVL, all patients also had uterine fibroids; (2) the tumor
originated from the uterine or ovarian veins and ended in the
IVC and RA, following the blood flow path of the uterus; and
(3) immunological expression in the IVL was similar to the
uterine fibroids, including positive estrogen and progester-
one receptor detection.

There are two pathways for IVL extension into the IVC and
RA. The first pathway is left and right uterine veins–internal
iliac veins–common iliac veins–IVC–right heart. The second
pathway extends to the left ovary vein–left renal vein–IVC–
right heart or right ovarian vein–IVC–right heart.6 In the
cases examined in this study, one (case C) extended through
the first pathway and two (cases A and B) extended through
the second pathway.

The pathology of the three patients in this study was
consistent with the relevant literature reports.7

Surgical treatment by complete resection of the neoplastic
tissue is required tominimize the riskofmortality andprevent
recurrence in patients who have IVL with ICE. In most cases
described in the literature, a two-stage surgical approach was

Fig. 2 The gross specimen and tumor extensions are shown. Panels A to C represent cases A to C, respectively. RA (red arrow); IVC (yellow
arrow); Right ovarian vein (blue arrow); Right common iliac vein (white arrow); Left common iliac vein (orange arrow); Uterine fibroids (black
arrow).
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adopted, with resection of the intracardiac component first
followed by a second stage to resect the remaining intra-
abdominal tumor and/or the uterus. A two-stage procedure
can be performed in nearly any patient treated for IVLwith ICE
but is especially recommended for patients who are consid-
ered to be inpoor condition before orduring theoperation and
cannot tolerate a single-stage procedure and in patients with
tumors that are extensive or adhere tightly to intracardiac or
intravenous structures. However, a two-stage surgery has
disadvantages comparedwith a single-stage surgery including
(1) a longer total operation time, (2)more intraoperativeblood
loss, (3) longer postoperativehospital stays, and (4) higher risk
of tumor recurrence. Despite these disadvantages, no signifi-
cant differences in major morbidity and mortality were ob-
served in two-stage surgeries compared with single-stage
surgeries for IVL with ICE.8

Recently, a single-stage surgery under deep hypothermic
andCPBusing amultidisciplinary teamhas been adopted as a
safe and effective technique. The intraoperative blood loss
was lower and the total operative time was shorter in a
single-stage surgery compared with a two-stage operation.
Therefore, the single-stage operation is now thought to be
more ideal from the perspective of the patient. Improved
technical abilities, enhanced multidisciplinary team cooper-
ation, and a better understanding of the disease have led to
successful single-stage surgeries.

The advantages of a single-stage approach compared with a
two-stage approach include the following: (1) a complete
resection, (2) reconstruction of the vascular structures, (3)
control of bleeding, (4) avoidance of hemodynamic complica-
tions during the interval between the two stages, (5) avoidance
of the risk of a second general anesthetic, (6) reduction of the
risk of tumor progression and embolism caused by incomplete
resection in thefirst stage, and (6) better economicbenefits.1,2,9

However, a single-stage surgery, which usually requires a
prolonged continuous operation time, places a much heavier
burden on patients.10 Thus, a single-stage surgery is not appro-
priate for patients with critical conditions such as severe heart
failure or syncope.11According to the advantages anddisadvan-
tages of single-stage versus two-stage surgeries described
previously, the surgical approach should be selected based on
the patient’s stability and physiologic reserve, the anatomy of
the tumor, and the availability of surgical specialties.

Prevention of IVL with ICE recurrence is the most signifi-
cant outcome that can be accomplished through successful
treatment. The time of postoperative recurrence varies in
patients. Therefore, long-term follow-up is highly recom-

mended. In this article, recurrence screening was monitored
by ultrasound, transthoracic echocardiogram, and CT. We
observed one recurrence (case C) after 18 to 29 months of
follow-up.
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