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ABSTRACT

The aim: To improve the outcomes of inferior vena cava (IVC) leiomyosarcoma, propose own classification of IVC segments, which correlates with surgical access, methodology,
sequence and amount of surgery.

Materials and methods: In the period from 1991 to 2021 in the Transcarpathian Regional Clinical Hospital named after A. Novak and in the Transcarpathian Antitumor
Center 8 patients with IVC leiomyosarcoma were operated. The prevalence of leiomyosarcoma in IVC was determined according to the division of IVCinto 7 segments. Defeat of
one segment of IVC was in 50% of cases, two - in 37.5%, three - in 12.5%. In 5 (62.5%) cases circular resection and alloprosthesis of IVC were performed; in 2 (25%) - circular
resection, alloprosthesis of IVC and implantation of the right and left renal veins in the prosthesis; in 1(12.5%) - circular resection, alloprosthesis of IVC and implantation of the
left renal vein in the prosthesis. All surgeries were performed with laparotomy access (87.5% by Chevron type).

Results: The average operation time was 215 (160-320) minutes, the average blood loss was 305 (250-500) ml. Postoperative complications were recorded in 2 (25%) cases.
There were no cases of pulmonary embolism, venous thrombosis, prosthesis thrombosis, perioperative mortality. In 7 (87.5%) cases, surgery was radical. The overall 1-year,
2-year and 3-year survival rates were 87.5%, 71.4% and 57.7%.

Condlusions: The division of IVCinto 7 segments characterizes the detailed definition of the cranial limit of leiomyosarcoma and segmental involvement of IVCin the tumor

process, which allows to choose the right surgical tactics, perform radical resection of IVC and maintain laminar blood flow to IVC and its tributaries.
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INTRODUCTION

The incidence of leiomyosarcoma in the structure of all
malignant soft tissue sarcomas is about 10% [1]. However,
vascular origin of leiomyosarcoma occurs in only 0.5% of
cases and at the same time, the share of inferior vena cava
(IVC) accounts for 60-90% of these tumors [2].

Leiomyosarcoma of IVC is one of the rare types of ma-
lignant soft tissue sarcoma of mesenchymal origin that
develops from smooth muscle in the vein wall. Evidence of
this is the nature of publications, which are based mainly on
literature reviews and include own data presented on a case-
by-case basis within up to 10 observations. Today, only two
studies have been presented in the available literature, based
on the results of the treatment of a large number of patients.
Thus, in 1996 the results of the world experience of surgical
treatment of 218 patients with leiomyosarcoma of IVC were
published, and in 2015 the presented analysis included 377
cases [3,4]. The results of these studies have shown that
radical surgical resection with a negative surgical margin is
the most important factor in cancer-specific survival.

The radicalism of surgical treatment can be achieved
through adequate exposure of the tumor and related organs
and structures, which can be achieved through properly
chosen surgical access. The most common access is median
laparotomy, which is considered by most of surgeons and
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provides good visualization of any segment of the IVC
[5]. Some authors prefer right-sided thoracoabdominal
access [6], right-sided subcostal access [7] or double-side
subcostal access [8]. When the suprahepatic segment of
the IVC is affected or the tumor thrombus spreads towards
the right atrium, it is necessary to use combined approach:
median laparotomy and sternotomy [9].

The question of the choice of the amount of resection
and reconstruction of the IVC and its visceral branches of
the first order remains controversial [5,10,11].

The numerous of studies use a three-level classification
of IVC segments according to C.J. Staley et al.[12]. The
inconsistent approach to the division into IVC segments
makes it difficult to interpret the data obtained to deter-
mine the spread of the tumor process.

Active introduction of IVC leiomyosarcoma surgery
into clinical practice requires a revision of the approach
to the classification of IVC segments, as this affects the
personalized algorithm of surgical treatment of patients.

THE AIM

To improve the outcomes of IVC leiomyosarcoma, propose
own classification of IVC segments, which correlates with sur-
gical access, methodology, sequence and amount of surgery.
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Fig. 1. Scheme of IVC segments: 1— infrarenal; 2 — interrenal; 3 — supra-
renal; 4 — retrohepatic; 5 — infradiaphragmatic; 6 — supradiaphragmatic;
7 — intracardiac

MATERIALS AND METHODS

In the period from 1991 to 2021 in the surgical department
of the Transcarpathian Regional Clinical Hospital named
after A. Novak and the Transcarpathian Antitumor Center
performed surgery on 8 patients with leiomyosarcoma
IVC: 7 women and 1 man, aged 45 to 74 years (mean - 57).

Color Doppler ultrasound and intravenous contrast
computed tomography were performed during the ex-
amination. X-ray contrast phlebography was performed
in 2 patients.

Based on the analysis of literature data and own expe-
rience of surgical treatment of tumor and hemorrhagic
thrombosis of IVC, taking into account cranial border
of venous obstruction, we used our own classification of
IVC segments, according to which we consider 7 segments
of IVC (Figure 1): 1) infrarenal - from the confluence of
common iliac veins to the orifice of lower limit of the right
renal vein; 2) interrenal — from the lower limit of the orifice
of the right renal vein to the upper limit of the orifice of
the left renal vein; 3) suprarenal - from the upper limit of
the orifice of the left renal vein to the short hepatic veins;
4) retrohepatic - from the short hepatic veins to the upper
limit of the orifice of the main hepatic veins; 5) infradi-
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aphragmatic - from the upper limit of the orifice of the
main hepatic veins to the lower limit of the diaphragm;
6) supradiaphragmatic— from the upper limit of the dia-
phragm to the right atrium; 7) intracardiac — penetration
into the right atrium.

Intraluminal localization of the tumor was observed in
3 (37.5%), extraluminal - in 1 (12.5%), combined - in 4
(50%) patients. In 4 (50%) patients, the tumor was localized
in one segment (in the infrarenal segment of IVC), while
in 4 patients the tumor spread to several segments of IVC:
in 1(12.5%) - in infrarenal and interrenal, in 1 (12.5%) -
in infrarenal, interrenal and suprarenal, in 1 (12.5%) - in
suprarenal and retrohepatic segments of IVC,in 1 (12.5%)
- in the infrarenal and interrenal segments of IVC with
the right kidney invasion. The size of intraluminal tumors
varied from 5 to 7 cm, extraluminal - from 12 to 17 cm in
the largest dimension.

Surgical access: in one (12.5%) case a median laparotomy
was performed, in 7 (87.5%) — a double-side subcostal
laparotomy of the chevron type. To penetrate the right
retroperitoneal space, a Cattel-Braash technique was
performed, which involved mobilization of the cecum, as-
cending and hepatic curvature of the colon along the right
side channel of the abdominal cavity along the Told’s line
to the level of common iliac vessels. The retroperitoneal
tissue was stratified in a blunt and sharp pathway and the
hepatic curvature of the colon and the ascending colon
were removed downwards and medially. Small vessels were
coagulated and large vessels were ligated. The hepato-colon
and hepato-renal ligaments were dissected and Kocher’s
duodenum was extensively mobilized with careful gentle
isolation of IVC and aorta, providing capacious access to
the right kidney, duodenum, IVC, renal veins and aorta.

IVC were mobilized by dissecting the peritoneum on
both sides of it. Performed mobilization of renal veins.
Lumbar veins were ligated and dissected. IVC were first
isolated in the interrenal and infrarenal segments, after
which they were transferred to the suprarenal segment.
During the mobilization of IVC, we imposed turnstiles and
all 4 areas of interest: infrarenal and suprarenal segments
of IVC, right and left renal veins.

In the case of intraluminal localization of the tumor, IVC
intersected at a distance of at least 5 mm from the caudal
limit of invasion of the tumor into the vein wall, its distal
end was raised, which contributed to adequate revision of
the posterior surface of the IVC where branches of lumbar
veins can left which were not detected in front access. If the
tumor was localized only in the infrarenal segment, then
above the tumor by 5 mm, but below the renal veins, IVC
intersected again and removed the drug in one block. When
the tumor spread to the suprarenal segment, the upper limit
ofthe IVC section passed above the renal veins, and the renal
veins themselves were cut off from the IVC at a distance of 5
mm from their orifice. After that, end-to-end alloprosthesis
and end-to-side one or both renal veins implantation was
performed in the prosthesis (Figure 2 a, b, ¢, d).

In the case of extraluminal or combined tumor growth, the
resection amount included the involved of IVC segment and
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Fig. 2. Intraluminal tumor of infrarenal,
interrenal and suprarenal segments of
IVC, segmental resection and prosthesis
of IVC with Gore-tex prosthesis with
implantation of right and left renal
veins: a-b) intraluminal tumor of
infrarenal, interrenal and suprarenal
segments of IVC (type of surgical
wound and scheme); c-d) segmental
resection and prosthesis of [VC with
Gore-tex prosthesis with implantation
of right and left renal veins (type

adjacent organs and tissues. In one (12.5%) case, when the tu-
mor spread to the right kidney, one unit performed segmental
resection of the IVC, right nephrectomy, prosthesis IVC and im-
plantation of the left renal vein in the prosthesis (Figure 3a b c).

In the case of involvement of a retrohepatic segment of
IVC, the liver was mobilized by dissecting the entire liga-
ments. Mobilization of the right lobe of the liver continued
toward the IVC, dissecting the hepato-renal and hepato-co-
lonicligaments and any other additional fixation apparatus
of the right lobe of the liver. Additional short hepatic veins,
which could be on the posterior surface of the liver in the
area of the right and caudal lobes intersected between the
imposed ligatures. Gentle movements were performed to
rotate the right lobe of the liver using the piggyback tech-
nique to the left subcostal area. The piggyback technique
of liver mobilization and Pringle maneuver were used in
1 (12.5%) case. After squeezing the hepato-duodenal liga-
ment, we paused for up to 5 minutes, which helped reduce
the volume of the liver and made it easier to rotate the liver.

Alloprosthesis of IVC were performed with polytetraflu-
oroethylene (PTFE) (n = 6) or Gore-tex (n = 2) prosthesis

of surgical wound and scheme).

with a diameter of 18-22 mm. In 5 (62.5%) cases circular
resection and alloprosthesis of IVC were performed; in 2
(25%) - circular resection, alloprosthesis of IVC and im-
plantation of the right and left renal veins in the prosthesis;
in 1(12.5%) - circular resection, alloprosthesis of IVC and
implantation of the left renal vein in the prosthesis.

IVC prosthetics began with the imposition of the cranial
part of the anastomosis, followed by implantation of one or
both renal veins. At each stage of the formed anastomosis
used early restoration of venous return from the organs
by local application of vascular clamps. The caudal part of
the anastomosis was formed under conditions of complete
recovery of venous return from one or both kidneys. Means
of thermal ischemia of the kidneys were not used. Initial
systemic heparinization and periodic local heparinization
were used all the time during prosthesis suturing. In the
early postoperative period up to 14 days used systemic
administration of low molecular weight heparin in a pro-
phylactic dose and then patients were prescribed an oral
form of low molecular weight heparin in a prophylactic
dose for 6 months.
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Fig. 3. Combined nature of tumor growth of infrarenal and interrenal segments of IVC with spread in the right kidney, segmental resection and prosthesis
of IVC with PTFE prosthesis with left renal vein implantation: a) tumor of combined growth of infrarenal and interrenal segments of IVC with spread in
the right kidney (scheme); b-c) segmental resection and prosthesis of IVC with PTFE prosthesis with implantation of the left renal vein (type of surgical

wound and scheme).

Postoperative complications were assessed according to the
Clavien-Dindo classification. Throughout the follow-up period,
signs of venous thrombosis, pulmonary embolism, myocardial
infarction and kidney damage were monitored at standard post-
operative visits and the overall survival of patients was studied.

Given that the study group of patients is less than 10
people, we used simple methods of statistical analysis using
which we calculated the average values of indicators.

RESULTS
The average surgery time was 215 (160-320) minutes, the
average blood loss was 305 (250-500) ml.

Postoperative complications were recorded in 2 (25%) cases
(I-II severity according to the Clavien-Dindo classification).
There were no cases of pulmonary embolism, venous throm-
bosis, prosthesis thrombosis, perioperative mortality.

In 7 (87.5%) cases, surgery was radical. One (12.5%)
patient with large volume of the IVC invasion to the ret-
rohepatic segment and the right lumbar muscle on histo-
logical examination revealed a positive surgical margin of
the lumbar muscle. After 7 months, this patient developed
alocal recurrence in the right lumbar muscle and showed
signs of disease progression in the form of multiple metas-
tases in the liver and both lungs. The patient died 3 months
after disease progression.

The overall 1-year survival was 87.5%. One patient is
under observation for one year, the observation continues.
The overall 2-year and 3-year survival was 71.4% and 57.7%
respectively (among 7 patients).

DISCUSSION
During the characterization of IVC different variants of divi-
sion into segments are used, which leads to the diagnosis of a
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more general location of the IVC, covering its long sections.
The greatest use in clinical practice was the classification of
S.J. Staley et al. (1967), according to which it is accepted to
divide IVC on the level of renal and hepatic veins into three
segments: lower (from the level of confluence of common iliac
veins to the level of renal veins), middle - (including the level
of renal and hepatic veins) and upper - (above hepatic veins
to the atrium) [12]. The segments of IVC where the cranial
border of the tumor can be localized are left out, because they
are automatically absorbed by this classification and are part
of either the middle or upper segments. A clear definition of
the cranial border of the affected segment of IVC is directly
reflected in the understanding of the level of involvement of
IVC in the process and tactics of surgical treatment.

Coverage of the location of the leiomyosarcomaaffected
segment of the IVC remains ambiguous. Thus, some au-
thors point to the predominant invasion of the middle seg-
ment (from renal to hepatic veins) of IVC, which consists
of two separate segments — suprarenal and retrohepatic and
therefore, it is not known for sure what is the cranial limit of
IVCinvasions [9,13], while others indicate a predominant
invasion of the infrarenal segment [10,14].

In addition, some authors detail the IVC invasions and
provide data on the invasions of one, two or three seg-
ments [9]. We also apply a detailed characterization of the
segmental spread of leiomyosarcoma by IVC. Thus, in our
study, lesions of one segment of the IVC were in 50% of
cases, two — in 37.5%, three — in 12.5%.

Based on our own classification approach to the division of
IVC into segments, we propose the following algorithm for
surgical treatment of IVC leiomyosarcoma: 1) in infrarenal,
interrenal and suprarenal spread is performed laparotomy,
radical resection of IVC with implantation in the prosthesis
of renal veins, if they were involved in the process; 2) in retro-
hepatic, infradiaphragmatic and supradiaphragmatic spread
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is performed laparotomy, diaphragmotomy (if necessary),
piggybackliver mobilization technique and Pringle maneuver,
radical resection of IVC with implantation in a prosthesis of
renal or hepatic veins, if they were involved; 3) at intracardiac
distribution the combined access - a thoracolaparotomy in
the conditions of artificial blood circulation is carried out.

The most complex segments of IVC at the stage of mobiliza-
tion are retrohepatic and intracardiac, because access to them
is provided by mobilization of the liver and its rotation and
diaphragmotomy or thoracotomy. The rest of the IVC segments
are available to a wide range of surgeons. If, in most cases,
intracardiac and supradiaphragmatic thrombi of IVC can be
transferred by finger displacement of the apex of the thrombus
into the infradiaphragmatic and sometimes retrohepatic seg-
ment of IVC, and removed, the localization of leiomyosarcoma
in these segments of IVC involves radical incision.

CONCLUSIONS

The division of IVC into 7 segments characterizes the
detailed definition of the cranial limit of leilomyosarcoma
spread and segmental involvement IVC in the tumor
process, which allows you to choose the optimal surgical
tactics, perform a radical resection of the IVC and maintain
laminar blood flow through the IVC and its tributaries of
the first order, which provides satisfactory immediate and
long-term results.
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