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Leiomyosarcoma of the inferior vena cava:
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Abstract. Leiomyosarcoma (LMS) of inferior vena cava (IVC)
is a rare neoplasm affecting approximately 1/100,000 people.
The prognosis is poor and potential curative intent occurs
through challenging operations, such as vena cava resection,
occasionally multivisceral when required, and vascular
reconstruction. There are few retrospective series regarding
this retroperitoneal neoplasm, and the aim of the present study
was to discuss the experience at the Sdo Paulo Cancer Institute
and Clinics Hospital of University of Sdo Paulo Medical School,
Sao Paulo, Brazil. The current study is a retrospective review
of 7 patients treated in the two tertiary hospitals between 2005
and 2013. Oncological and operative aspects were discussed,
primarily regarding surgical aspects highlighting en bloc
resection, vascular reconstruction, and the overall survival
and recurrence rates. All the patients were treated with radical
intent, 4 of whom underwent multivisceral resection, with
the kidney being the most resected organ. The location of the
IVC tumor was described using Kulaylat's description and
the median tumor size was 10 cm. Vascular reconstruction
was necessary in 4 patients. The overall survival rate at
3 and 5 years was 100, and 25%, respectively. The disease-free
survival rate at 3 and 5 years was 57 and 20%, respectively.
In conclusion, IVC LMS is a rare and severe retroperitoneal
neoplasm, with multivisceral resections remaining a surgical
challenge. The treatment requires numerous experienced
surgeons and the impact of microscopic free margins remains
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unclear. Vascular reconstruction depends on several aspects
regarding primarily the topography of the tumor.

Introduction

Leiomyosarcoma (LMS) of the inferior vena cava (IVC) is
a rare type of neoplasm, accounting for ~0.5% of adult soft
tissue sarcoma, affecting <1/100,000 of all adult malignan-
cies (1-3). The prognosis is poor, as patients present with
intra or extra-luminal growth often with invasion of adja-
cent structures. According to a recent pooled data analysis,
<400 cases of IVC LMS have been reported, with the majority
of studies limited to single case reports or compilations of a
case series (4). The 5-year survival rate ranges between 31 and
66.7% for patients with IVC LMS following complete macro-
scopic resection (1,5-9).

LMS of the IVC are usually presented as large tumors
at the time of diagnosis. In several studies, tumors were
>10 cm (1-3,8,10). Occasionally, LMS of the IVC occurs in
young patients, with few or no comorbidities, as localized
disease. They are predominant in females aged 54 years at the
time of diagnosis (11), IVC reconstruction may be considered
once long-term survival can be accomplished in patients
submitted to RO resection (3.,9).

Surgery is currently the only potentially curative therapy.
The paramount aim when approaching IVC LMS include
achieving local control, maintaining the patency of major
venous flow and identifying the most effective adjuvant thera-
peutic strategies to reduce the recurrence rate. However, the
technical challenges presented by anatomical characteristics
of this disease raise important issues, such as the role of multi-
visceral resection and vascular options of reconstructions. The
clinical expertise on radical resection and venous reconstruc-
tion remains limited and data regarding multimodal therapies,
such as chemotherapy (CT), radiation therapy (RT), or both
(CRT) in combination with surgical resection are scarce, with
the optimal treatment strategy remaining unclear.

In the present study, a series of seven patients submitted to
operative treatment of primary LMS of the IVC was reviewed,
and the effect of multivisceral resection on survival rate and
the options of venous reconstruction were analyzed.
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Materials and methods

A retrospective review was performed on the medical records
of all the patients treated with upfront resection of primary
IVC LMS over a five-year period between June/2007 and
October/2013. Variables collected from the medical records
included demographic and clinical data, tumor location along
the IVC, adjuvant therapies received, surgical technique
employed, and the surgical pathology report. Segments
of IVC affected by the tumor were classified according to
Kulaylat ef al (12) as shown in Fig. 1, and tumor histology
grade (I, II, IIT) was reported according to the FNCLCC
(Fédération Nationale des Centres de Lutte Contre le Cancer
or French Federation of Cancer Centers Sarcoma Group) (13).
Multi-visceral resection was defined according to the en bloc
model (14,15) of tumor resection with adjacent tissue graft
reconstruction. Furthermore, data on the 30-day mortality,
30-day complication, disease-free survival (DFS) and
overall survival (OS) rates, and the site of recurrence were
collected.

The primary endpoints of the study were postoperative
mortality and morbidity, and OS rate. Other variables, such
as status of resection secondary to radical resection (RO, R1
or R2 resections) and the patency of the graft utilized in the
vascular reconstruction were reported as secondary endpoints.

The classification by Kulaylat et al (12) for an IVC tumor
was classified according to the level in the IVC: segment I,
infrarenal; segment II, inter- and supra-renal up to but not
including the main suprahepatic veins; and segment III, supra-
hepatic with possible intracardiac extension.

OS rates were calculated using the time between the date
of surgery and the date of mortality or last contact. DFS
was defined as the time to local or distant tumor recurrence
following initial treatment. Kaplan-Meier estimator survival
curves for OS and DFS were determined (16). The patients
were followed up until they revealed the outcome of interest or
censoring by the date of the last follow-up.

Results

Patient 1. A 78-year-old male with a 4-month history of
abdominal pain was admitted to the pancreas and biliary
tract surgery service at the Clinics Hospital affiliated to the
University of Sao Paulo (Sdo Paulo, Brazil). A computed
tomography (CT) scan (Fig. 2) of the abdomen revealed
a 7.0 cm mass between the IVC and duodenum, which was
suspected as a primary IVC tumor. The patient was referred to
the surgical oncology group at the Sdo Paulo Cancer Institute
(Sao Paulo, Brazil) for further evaluation. The vascular
surgery and surgical oncology teams planned the operative
resection together. Exploration was performed via a midline
incision. The mass was identified arising from the IVC and
involved the lower and middle segment, and the right renal
vein. Proximal and distal controls from the IVC were obtained
(Fig. 3), and the mass and the right kidney were dissected free.
The tumor was excised en bloc with 9.5 cm of the IVC and the
right kidney with a 10 mm margin. IVC reconstruction was
performed using an 18-mm Dacron prosthetic graft. Left renal
vein reconstruction using a polytetrafluoroethylene (PTFE)
prosthetic graft was performed (Fig. 4). The patient was
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heparinized. While on systemic anticoagulation, the patient
was submitted to reoperation due to a postoperative retroperi-
toneal hematoma. The hematoma was evacuated and no active
bleeding was identified. The patient was discharged home on
warfarin. Surgical pathological examination demonstrated a
multilobulated high-grade 8.0 cm LMS of the IVC with nega-
tive surgical margins. The patient remained well for 28 months;
however, multiple pulmonary nodules were identified in the
routine surveillance CT scan. The patient subsequently under-
went multiple metastasectomies with subsequent recurrences.
The patient succumbed to the disease 57 months following the
original resection.

Patient 2. A 68-year-old female with a six-month history
of right upper quadrant pain was found to have a 20 cm
sub-hepatic mass at the level of the right renal hilum. The
patient was admitted to the Heart Institute at the University of
Sao Paulo and was referred to the general surgical oncology
group for further evaluation. A CT scan of the abdomen
revealed the mass arising from the vena cava and extending
into the lower segment of the IVC, with compression of the
right renal vein. Operative resection was similar to the first
case. Exploration was performed via a Mercedes incision,
and the tumor was identified along the IVC just below the
liver and the right renal vein. Proximal and distal controls
from the cava were obtained, and the mass and the right
kidney were dissected free. The IVC was clamped inferiorly
4 cm above the bifurcation of the common iliac veins and
superiorly in the infra-hepatic segment of the IVC. The left
renal vein was sectioned near the IVC. A large mass was
removed with 20 cm of the IVC en bloc with the right kidney.
Reconstruction of the IVC was performed using a 20-mm
Dacron graft and reconstruction of the left renal vein was
performed with an end-to-side anastomosis using a 6-mm
PTFE graft. The postoperative course of the patient was
unremarkable. Surgical pathological examination demon-
strated a grade I (FNCLCC) 18x15x13 cm LMS of the IVC
with negative surgical margins. The patient was discharged
on therapeutic enoxaparin. There was no evidence of disease
at the time of this report 39 months following the initial
surgery.

Patient 3. A 34-year-old female with a six-month history
of right upper quadrant pain was found to have an 11 cm
sub-hepatic mass, which was suspected as a primary IVC
tumor. A CT scan of the abdomen revealed a mass arising from
the vena cava and extending into the lower segment of the IVC.
Intraluminal filling defects were detected, indicating the inva-
sion of the tumor into the IVC and bilateral renal veins (Fig. 5).
Vascular surgery and surgical oncology groups planned the
operative resection together. Following confirmation of the
clinical staging of the localized disease, the patient underwent
surgery and a bilateral subcostal incision combined with a
median extension was performed. The tumor was dissected
free intra-abdominally and the liver was mobilized. Thus, the
IVC and bilateral renal veins were clamped and the tumor was
subsequently removed with a partial resection of the subseg-
ment [Vb of the liver. The distal end of the IVC was ligated
and excluded. The proximal segment of the IVC was anasto-
mosed to an 18-mm Dacron graft with 8-mm bilateral arms,
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Figure 3. Retroperitoneal tumor dissected in a patient with leiomyosarcoma
‘\. of the inferior vena cava.
Figure 1. The classification of vena cava sarcoma according to
Kulaylat ez al (12).

Figure 4. Image captured during inferior vena cava reconstruction of a patient
with leiomyosarcoma.

Figure 2. Abdominal computed tomography scan revealing an inferior vena
cava sarcoma infiltrating the right renal vessels, indicated by the arrow.
margins. The patient had an uneventful postoperative recovery
and was discharged home on the 22nd postoperative day in
which were anastomosed to the bilateral renal veins (Fig. 6).  good condition. Oral warfarin therapy was administered for
Surgical pathological examination demonstrated a grade III 6 months following discharge. After a follow-up thoracic and
(FNCLCC) 12 cm LMS of the IVC with negative surgical  abdominal CT scan 14 months postoperatively, the patient was
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Figure 5. Computed tomography scan revealing an inferior vena cava sarcoma
infiltrating both renal vessels. The arrows highlight the vessel's invasion.

Figure 6. Image captured during inferior vena cava reconstruction of a patient
with leiomyosarcoma.

diagnosed with multiple pulmonary and hepatic metastases.
Systemic treatment with chemotherapy began and the patient
is alive with disease as of the last visit.

Patient 4. An 81-year-old female patient, who had atrial
fibrillation and was anticoagulated, was present with vague
abdominal pain for 3 months. The CT scan demonstrated
an ~5 cm mass arising from the IVC and inferior to the
right renal vein with no other associated abnormalities. The
patient underwent surgical resection of the mass, including
complete resection of the IVC below the level of the renal
veins. No reconstruction was performed. The patient had
an uneventful postoperative recovery. Pathological analysis
revealed a high-grade 5.3 cm LMS of the IVC with negative
surgical margins. The patient has no evidence of disease
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at the time of this report, 69 months following the initial
surgery. However, at 42 months the patient appeared in the
emergency department with vaginal bleeding. The pelvic
CT scan revealed an exuberant collateral circulation and
multiple pelvic varices. The bleeding stopped spontaneously.
At present, the patient is doing well with no more episodes
of bleeding.

Patient 5. A 53-year-old female patient presented with right
lumbar pain for 2 months. An abdominal ultrasonography
revealed a 4.5x4.5 cm mass, which was suspected as a
primary tumor of the right kidney. The patient was admitted
to the urology service at the Clinics Hospital. The CT scan
demonstrated a 6.9x6.3 cm tumor between the pancreas
head, right kidney and liver, which was most probably a
primary IVC tumor. Preoperative endoscopic eco-guided
biopsy revealed fusiform cells with no atypia. The urology
and vascular surgery teams planned the operative procedure
together. Exploration was performed via a right subcostal
incision. Complete resection of the IVC below the level of the
renal veins was performed. Surgical margins were negative.
IVC reconstruction was performed using a 20-mm Dacron
prosthetic graft. Pathological analysis revealed an 8.0 cm
grade II (FNCLCC) LMS of the IVC. The postoperative
course was unremarkable. Therapeutic anticoagulation with
enoxaparin was performed within 6 months. Thrombosis
of the graft was identified in an abdominal CT 3 months
following resection. A thoracic CT scan 4 months following
surgery demonstrated multiple small pulmonary nodules,
which was suspected as pulmonary metastasis. The last
follow-up was 38 months following diagnosis. The patient
succumbed to the disease.

Patient 6. A 49-year-old female patient presented with right
lumbar pain for 1 month. The CT scan demonstrated a 9.2 cm
retroperitoneal mass suspected to be a right primary adrenal
tumor with invasion of the IVC. Biopsy guided by imaging
revealed an LMS. Surgical exploration was performed via a
bilateral subcostal incision. IVC ligation below the tumor was
performed, as well as ligation of the left renal vein. The retro-
hepatic IVC was sutured with vascular reconstruction. The
tumor was removed en bloc with the right kidney and adrenal
gland. Pathological analysis revealed a 10.0x9.9x6.5 cm
grade IIT (FNCLCC) LMS of the IVC invading the renal hilum
and parenchyma, and the adrenal gland. One microscopic posi-
tive surgical margin was identified. Progression to pulmonary
metastasis was detected 8 months postoperatively. The patient
succumbed to the disease 48 months following resection of the
primary tumor.

Patient 7. A 53-year-old female patient presented with
abdominal pain. The CT scan revealed a heterogeneous
10.0x9.0x7.0 cm mass adjacent to the right kidney and
invading the posterior wall of the IVC. Following clinical
staging, a complete macroscopic resection was performed
by the surgical urology team with ligation of the IVC just
below the right renal vein. No vascular reconstruction was
attempted. Pathological analysis revealed an 11.5x7.2x6.5
grade II (FNCLCC) LMS of the IVC with narrow
margins. The CT scan 4 months postoperatively revealed
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Table I. Surgical oncological features and vascular reconstructions of patients with leiomyosarcoma of the IVC.

Recurrence Follow-up,

RFS,
months

IvC

Patient Gender segment status

EJ PUBLICATIONS

Current status

months

site

IVC/LRYV reconstruction

Organs resected

Succumbed

57
39
46

Lung

VC 18 mm Dacron graft + PTFE on LRV 28

Right kidney
Right kidney

RO

I

Alive with NED

None

VC 20 mm Dacron graft + 6 mm PTFE on LRV

RO

I

Alive with disease

Alive with NED

Succumbed
Succumbed

Lung/liver
None

14

Distal VC ligation + 18 mm Dacron with bilateral 8 mm RVA
Both IVC segments ligated with no vascular reconstruction

VC 20 mm Dacron graft

Right kidney and adrenal Both IVC segments ligated with no reconstruction

IVDb liver segment

RO
None

I

69
38
48
49

RO

Lung

38

None

RO

Lung

R1

I

Alive with NED

None

Both IVC segments ligated with no reconstruction

None

RO
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IVC segment was classified according to Kulaylat et al (12). IVC, inferior vena cava; NED, no evidence of disease; LRV, left renal vein; PTFE, polytetrafluoroethylene; RFS, relapse-free survival. RVA,

renal veins anastomosis.
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Figure 7. Kaplan-Meier survival curve for the overall survival rate at 5 years
of patients with leiomyosarcoma of the inferior vena cava.
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Figure 8. Kaplan-Meier survival curve for the disease-free survival rate at
5 years of patients with leiomyosarcoma of the inferior vena cava.

atrophy of the right kidney with thrombosis of the right
renal vein. Following 49 months from the resection of the
primary tumor, the patient is doing well with no evidence of
disease.

Summary of patient characteristics. Out of the seven patients
evaluated in the present study, only one was male (Table I). At
hospital admission, the average age of patients was 59 years
(standard deviation, 15.6 years). All the patients were initially
treated with surgical resection first. Clinicopathological char-
acteristics of patients are described in Table I. Four patients
were submitted to en bloc resection (right kidney, 3; right
adrenal gland, 1; segmental hepatic resection, 1).

Reconstruction of the IVC was performed in 4 patients
using Dacron grafts. Reconstruction of the left renal vein was
performed in 3 patients using PTFE grafts. No patients under-
went resection on cardiopulmonary or venovenous bypass.
All the patients underwent complete resection of the tumor
and microscopic-free surgical margins were accomplished in
6 patients.

The median tumor size was 10 cm [interquartile range
(IQR) 25-75%, 8-12 cm]. The tumor grade and follow-up for all
the patients was reported. The OS rates were 100, 60 and 25%
at 3,4, and 5 years (Fig. 7). The median OS time was 53 months
(IQR, 46-58 months). The DFS rates were 57,33 and 20% at 3,
4, and 5 years (Fig. 8). The median DFS was 36 months (IQR,
21-46 months).
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Discussion

LMS is one of the most frequent types of retroperitoneal soft
tissue sarcoma. For all newly diagnosed soft tissue sarcoma,
the estimated incidence of LMS ranges between 10 and
20% (17). However, vascular LMS constitutes 1-2% of all soft
tissue sarcoma and is associated with poor prognosis (18). In
a postmortem examination in 1871, Perl er al (19) described
the first LMS of the IVC. Since then, <400 cases have been
reported in the English literature (3,4). This rare type of
tumor originates from the smooth muscle of the venous wall.
Histological description revealed that they are composed of
fascicles of spindle cells. The nuclei are hyperchromatic and
there is abundant eosinophilic cytoplasm. The pleomorphism
is exuberant and occasionally resembles an undifferentiated
soft tissue sarcoma (20). LMS of the IVC predominates in
females. Its incidence peak is in the fifth decade of life (>75%
of the cases reported). The female/male ratio is ~3:1 (4).

Macroscopic surgical resection is the primary curative
treatment for patients with localized disease. This is the only
potentially curative therapy since the first resection of the
LMS of the IVC at Lexington Memorial Hospital in Chicago,
in 1951 (21). However, complete surgical removal of LMS of
the IVC does not confer long-term survival for all patients.
Furthermore, the role of the multivisceral resections remains
controversial. Adjuvant therapeutic strategies, such as systemic
CT, RT (preoperative, postoperative or intraoperative) or CRT
are considered; however, the clinical benefits of these treat-
ments have not been clearly determined (5). The role of vascular
reconstruction of the IVC remains controversial. There is no
consensus regarding which option should be elected (primary
repair, ligation or reconstruction). All venous surgical treat-
ment options have been previously utilized (1,3,7,22-24).

The majority of patients described in the present study
presented with abdominal pain, which is the first indication
for upfront resection when feasible. Approximately 60% of
the patients presented with non-specific abdominal pain (4).
Survival rates are more improved when patients are treated
with extended resection compared with those who are
managed with medical therapy alone (1,3). For patients treated
with non-surgical therapy, prognosis is poor and survival
time is measured in months (3,25). It appears that complete
macroscopic resection confers the longest survival rates.
Hollenbeck et al (1) reviewed a series of 25 patient cases that
underwent excisional therapy. A 3-year OS rate of 76% was
observed for patients with LMS of the IVC that had been
completed removed and 0% OS was observed when incom-
plete resections were performed (1). In a previous case report
on 14 patients, Hines et al (23) reported a 5-year survival rate
of 68% for patients with negative margins identified upon
pathological analysis compared with 0% for patients with
positive margins. Generally, a tumor free margin of 1 cm is
necessary for soft tissue sarcoma. The proximity with various
organs may demand an en bloc multi-organ resection involving
anatomical structures, such as the aorta, kidneys, adrenal, liver
and colon (26).

In the present study, ~50% of patients underwent en bloc
resection of the tumor with =1 adjacent organs in order to obtain
free surgical margins. Right nephrectomy (60%), right adre-
nalectomy (27%) and partial hepatectomy (20%) are the most
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of the resected organs. En bloc resection was demonstrated
to be associated with a decrease in OS rate in a recent pooled
data analysis of 377 patients (4). The effect of clear margins
on OS rate remains unclear, according to studies conducted by
Wachtel et al (4) and Hines et al (23), the effect of RO or R1
resections OS and DFS rates are indifferent. However, macro-
scopic positive margins have been identified to be associated
with worse prognosis, ~0% in 5 years, addressing the role of
multivisceral resection in appropriate cases.

In the present case series, the median survival of 21 months
confirmed that radical resections of the LMS of the IVC with
the intention of obtaining a complete macroscopic resection
with negative margins should be the aim for those with local-
ized disease and acceptable clinical performance. All the
patients achieved complete macroscopic resections and only
one patient had microscopic positive surgical margins. This
patient succumbed to the disease 48 months following resec-
tion of the primary tumor. The results of previous studies have
revealed that microscopic positive surgical margins have no
effect on DFS and OS rates (1,8,23).

One issue following radical resection is the reconstruction
of the IVC and occasionally the left renal vein. Several options
exist when vascular reconstruction is considered (5,27-31).
Small caval defects can be closed with primary sutures or with
a saphenous patch. However, in numerous patients circum-
ferential resection of the IVC is required. When a complete
IVC thrombosis has been revealed and the tumor of the IVC
is localized to level I, vascular reconstruction may not be
necessary. Collateral circulation is usually present and when
patients develop leg edema, in general, it is well tolerated.
Some advantages of this approach are the reduced operative
time, no risk of synthetic graft infection and no need for
prolonged anticoagulation, reducing the risk of reoperation
due to bleeding. One of the patients discussed in the present
report developed a retroperitoneal hematoma secondary to
systemic anticoagulation requiring re-laparotomy. This has
also been reported in other studies (4).

In a long-term follow-up, no lower extremity edema was
observed in patients who underwent IVC reconstructions
in the current series. In a previous study, lower extremity
edema was considered significant in 50% of patients when
no IVC reconstruction is undertaken (26). Late patency of
the synthetic tube graft was observed in 75% of patients
and no significant lower extremity edema was observed
when thrombosis of the graft occurred (29). A previous
study revealed patency rates of 95% 5 years following IVC
reconstruction (32). In the present study, ligation of the IVC
was performed in one patient and following several months
the patient developed pelvic varices, and presented in the
emergency department with vaginal bleeding secondary
to varices. It was an isolated event without hemodynamic
instability and the bleeding stopped spontaneously. Whether
or not IVC reconstruction may prevent this type of complica-
tion in long-term survival patients remains unclear, but the
long-term complications secondary to IVC ligation are of
concern (23).

When the patients presented with a patent IVC, vascular
reconstructions were performed, as identified by previous
results (8,27,29,30). We suggest maintaining the venous return
using synthetic tube grafts whenever the patency of the IVC
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is confirmed preoperatively through diagnostic imaging tests.
For patients with level Il LMS of the IVC the option to perform
IVC reconstruction considers vicariation of the collateral
circulation to guarantee the venous return of the left kidney.
The IVC and bilateral renal veins can be excluded through
ligation when preoperative imaging tests revealed exuberant
vicariation of collateral vessels (33). However, the risk of acute
renal failure following right nephrectomy and ligation of the
left renal vein is a concern. Vascular prosthesis to reconstruct
the left renal vein is recommended to maintain the venous
outflow and avoid renal dysfunction (34-36).

In the present study, two patients with level II LMS under-
went an end-to-side anastomosis between the left renal vein
and an 18-mm Dacron prosthesis was used to reconstruct the
IVC. A 6-mm PTFE between the left renal vein and Dacron
were chosen to accomplish the left renal outflow. In another
patient with level II LMS of the IVC it was possible to remove
the tumor and maintain both kidneys. The distal end of the
IVC was ligated and excluded, and the bilateral veins were
clamped. Vascular reconstruction was performed creating
an anastomosis between the cranial stump of the IVC and
an 18-mm Dacron graft was used with bilateral 8-mm arms
that were anastomosed to the bilateral renal veins. This
type of reconstruction has previously been reported in other
studies (34). All 3 patients remained asymptomatic and did
well throughout follow-up without renal dysfunction.

In conclusion, LMS of the IVC is a rare retroperitoneal
sarcoma, and radical resection is the only therapeutic option
capable of conferring long-term survival. To obtain complete
macroscopic resection, removal of adjacent organs is usually
necessary. Microscopic-free surgical margins are necessary
but its effect on long-term survival remains unclear. Venous
reconstruction is selectively indicated. There is no consensus,
but in general, when partial obstruction of the IVC occurs the
reconstruction of the IVC is encouraged.
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