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ABSTRACT

Objective: The aim of this study was to investigate the oncologic and surgical outcomes of patients treated with inferior
vena cava (IVC) or iliac vein (IV) resection for retroperitoneal sarcoma (RPS). Surgery is the only curative option for patients
with primary RPS. The IVC or IV can be directly invaded by RPS or can be the organ of origin of retroperitoneal
leiomyosarcoma. In both cases, resection of the IVC or IV is required to achieve a complete resection.

Methods: Patients who underwent IVC or IV resection for primary or recurrent RPS between 2000 and 2016 at a single
referral institution were included in this retrospective study. The oncologic outcome was explored in terms of overall
survival and crude cumulative incidence (CCI) of local recurrence and distant metastasis. Surgical outcomes were
explored in terms of complications, renal function, lower limb edema, and vascular graft patency.

Results: Sixty-seven patients were included: 24 IV resections (IV group), 39 IVC resections, and 4 IVC and IV resections (IVC
group). The most frequent histologic types were leiomyosarcoma (63%) and liposarcoma (27%). Five-year overall survival,
CCl of local recurrence, and CCI of distant metastasis (95% confidence interval) were 56.2% (43.6-72.4),12.4% (5.2-29.5), and
51.5% (39.3-67.5). IVC was circumferentially resected in 38 of 43 patients; 32 were treated with graft reconstruction (22 with
interposition of banked venous homograft [BVH] and 10 with polytetrafluoroethylene [PTFE] graft) and 6 with ligation
only, mostly dependent on the presence of an adequate collateral vessel network. Patients with preoperative IVC
obstruction treated with ligation only (n = 6) did not develop severe postoperative lower limb edema. IVC graft primary
patency at 5 years was 100% in IVC PTFE grafts and 76.7% in IVC BVHs. Fifteen patients (22.4%) suffered a Clavien-Dindo
grade =3 complication within 60 days of surgery.

Conclusions: IVC or |V resection in the context of RPS surgery is of value in achieving long-term survival. A policy of
vascular grafting in case of circumferential resection of a patent IVC or IV is rewarding. For IVC reconstruction, both BVHs
and PTFE grafts offer good results in terms of high patency rate and low risk of infection. (J Vasc Surg: Venous and Lym Dis
2019;7:547-56.)
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Complete surgical resection is the only curative option
for retroperitoneal sarcoma (RPS) patients, and quality
of surgical margins is critical in determining the onco-
logic outcome."* In particular, the adoption of an
extended surgical approach encompassing the resection
of adherent organs has been shown in retrospective se-
ries to be associated with a reduction of local recurrence
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(LR) and an improvement in survival.> This approach has
been endorsed in major guidelines and consensus pa-
pers.®®

In about 8% to 15% of primary RPS, tumor arises from or
invades major abdominal vessels such as the inferior
vena cava (IVC) and iliac veins (IVs)?"" The invasion of
these structures does not contraindicate surgery as
long as a macroscopically complete resection can be
achieved.?" The optimal management of the IVC or IV
after partial or complete resection is controversial;
some authors advocate ligation only,”® whereas others
propose selective or routine reconstruction.®'"'® The
aim of this study was to explore the surgical outcome
of a single-institution cohort of RPS patients treated
with multivisceral resections involving the IVC or IV.

METHODS

All consecutive adult patients operated on for primary
or recurrent RPS and requiring IVC or IV resection at
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan,
Italy, between January 2000 and December 2016 were
included in the study. Clinical-pathologic data were
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retrieved from a prospectively maintained electronic
institutional sarcoma database.

Before surgery, patients underwent a contrast-
enhanced computed tomography (CT) scan of the chest,
abdomen, and pelvis and electrocardiographic and anes-
thetic evaluation. Further tests, such as cardiac ultra-
sound or pulmonary function tests, were tailored to the
individual risk.

The IVC was anatomically divided into three segments
according to Mingoli et al?: segment | (infrarenal),
between the confluence of the common Vs and the
renal veins; segment Il (suprarenal), between the renal
veins and the suprahepatic veins; and segment Il (supra-
hepatic), between the suprahepatic veins and right
atrium. Similarly, the IV was divided into two segments:
segment |, between the origin of the external IV and
the hypogastric vein; and segment I, between the hypo-
gastric vein and the origin of the IVC.

After partial IVC or IV resection, primary repair was
performed when >50% of the vessel diameter could be
maintained; otherwise, a patch repair was applied. After
circumferential IVC or IV resection, vessel ligation was
performed in case of intraoperative confirmation of com-
plete vessel occlusion associated with an adequate
collateral vessel network. The surgical team deemed a
collateral venous network adequate if enlarged collateral
veins were detected on preoperative CT scan and
confirmed intraoperatively after specimen removal and
in the absence of tension on the distal vein stump. Collat-
eral veins had to be present in at least one of four path-
ways: deep (azygos-hemiazygos), intermediate (gonadal),
superficial (epigastric-mammarian), or portal.??

In case of IVC or IV reconstruction, banked venous
homograft (BVH) was the conduit of choice to restore
caval continuity.°?*?* If BVH was not available, a
nonringed polytetrafluoroethylene (PTFE) graft was
used. On the contrary, nonringed PTFE and ringed PTFE
grafts were the conduits of choice for IV reconstruction
and arterial reconstruction, respectively. Left renal vein
(LRV) reimplantation was considered in a segment Il
tumor location unless there was evidence of adequate
vein drainage before or during surgery. Concomitant
right nephrectomy did not constitute an absolute indica-
tion for LRV reimplantation.

Antithrombotic prophylaxis was administered as
follows: low-molecular-weight heparin (LMWH) the day
before surgery (at a dose of 38 IU/kg of anti-Xa before
2012 and 54 IU/kg of anti-Xa after 2012), intraoperative
systemic heparin infusion before vascular clamping
(0.6-0.7 unit/kg) for both arterial and venous reconstruc-
tion, and postoperative LMWH for 30 to 90 days at the
same dose used preoperatively. Patients were treated
with intraoperative and postoperative compression
stockings until discharge. In patients with an IVC or IV
PTFE graft, the LMWH dose was doubled in the postoper-
ative period once the hemorrhagic risk was deemed to
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Key Findings: Iliocaval resection in 67 retroperitoneal
sarcoma (RPS) patients resulted in a 56.2% overall
survival, 12.4% local recurrence, and 51.5% distant
metastases at 5 years. The 5-year patency of the infe-
rior vena cava polytetrafluoroethylene grafts and
banked venous homografts was not significantly
different (100% vs 76.7%). Fifteen patients (22.4%)
suffered severe postoperative adverse events.

Take Home Message: lliocaval resection during RPS
surgery aids in long-term survival and has complica-
tion rates comparable to multivisceral RPS surgery.
For inferior vena cava reconstruction, both banked
venous homografts and polytetrafluoroethylene
grafts had good patency rates and low risk of
infection.

.

be low enough. Continuation of anticoagulation therapy
was re-evaluated on a single basis during follow-up.

Surgical resection was classified as macroscopically
complete (RO-R1) or incomplete (R2). Postoperative com-
plications were classified according to the Clavien-Dindo
classification.”®> Complications requiring surgical, endo-
scopic, or radiologic intervention (grade 3) and life-
threatening complications (grade 4) as well as death
(grade 5) within 60 days of surgery were recorded. Post-
operative lower limb edema (LLE) was evaluated at hos-
pital discharge and at first follow-up (4 months after
surgery). LLE was classified as minimal, transient severe,
or persistent severe according to Hollenbeck et al.””

Histologic subtypes were defined according to the 2013
World Health Organization classification system.?® The
French Federation of Cancer Centers grading system
was applied for tumor grading.?’

Adjuvant or neoadjuvant radiotherapy and chemo-
therapy were administered after discussion of the indi-
vidual patient's case at the multidisciplinary tumor
board or as part of ongoing clinical trials. As a general
principle, chemotherapy was considered for patients at
higher risk of disease recurrence (ie, high-grade leiomyo-
sarcoma [LMS] and high-grade liposarcoma [LPS]).
Anthracycline-based regimens were administered as first
choice. Radiotherapy was considered for patients at
higher risk of local failure or with an anticipated critical
margin (ie, LPS with a critical margin on the spine).
Radiotherapy was always delivered in the preoperative
setting, through an external beam modality, at a median
dose of 50 Gy.

After surgery, patients were followed up with clinical
examination and CT scan of the chest, abdomen, and
pelvis every 4 months for the first 2 years, then every
6 months until the fifth year and annually thereafter.
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Renal function was classified as increased in patients
with 1.5 times or more the upper reference limit (URL)
of serum creatinine concentration, as already referred
to in a previous study from our institution.?® Institutional
Review Board approval was obtained for the study
protocol.

Statistical methods. Continuous variables were dis-
played as medians with interquartile range extreme
(IQRE) values, categorical variables as absolute and rela-
tive frequency.

Overall survival (OS) was defined as the time elapsing
from diagnosis to death from any cause. Time was
censored as at the last follow-up for patients still alive.
IVC patency probabilities were defined as the time
elapsing from surgery to occlusion. Time was censored
as at the last follow-up for patients whose reconstruction
was still patent. The OS and patency curves were esti-
mated using the Kaplan-Meier method?® and compared
using the log-rank test. The median follow-up was esti-
mated with the reverse Kaplan-Meier method, using
the OS data.*°

Crude cumulative incidence (CCIl) curves of LR and
distant metastasis (DM) were calculated in a competing
risk framework. Concomitant LR and DM were included
in the estimation of the CCI curves for DM.”'

Adverse events and worsening of creatinine levels after
surgery were analyzed as a dichotomous variable.

Univariable logistic regression analyses were performed
to investigate associations between adverse events and
clinicopathologic characteristics including age at diag-
nosis (linear or categorized in age groups of =64 years
or =65 years), tumor size, resected organ number, che-
moradiation therapy (yes or no), and type of vascular
resection (IVC or V). Univariable and multivariable linear
regression analyses were performed to investigate associ-
ations between postsurgery creatinine levels and surgery
procedures including IVC ligation, IVC segment Il surgery,
perioperative chemotherapy, and nephrectomy. Tumor
size and resected organ number (in logistic models)
and age at diagnosis and preoperative creatinine level
(in multivariable linear models) were modeled as contin-
uous variables by using three-knot restricted cubic
splines to obtain flexible fit>* All other variables were
modeled as categorical by using dummy variables.

Statistical analyses were performed with SAS (SAS Insti-
tute, Cary, NC) and R software (R Foundation for Statisti-
cal Computing, Vienna, Austria).

RESULTS

From January 2000 to December 2016 at our institu-
tion, 741 patients affected by primary or recurrent local-
ized RPS were operated on with curative intent
Among them, 67 (9.0%) underwent resection of the IVC
or IV and were included in the analysis. Forty patients
(59.7%) had a sarcoma originating from the IVC or IV
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(39 LMS cases and 1 solitary fibrous tumor); in 27 patients
(40.3%), a sarcoma originating from the retroperitoneum
determined a secondary invasion of the IVC or IV (mainly
LPS). Median follow-up was 58 months (20-85 months).
Patients who had IV resection only (n = 24) were
included in the IV group, whereas patients who had
IVC resection only (n = 39) or concomitant IVC and IV
resection (n = 4) were included in the IVC group. Baseline
demographic and clinical-pathologic characteristics of
the study population are detailed in Table |.

Surgical technique and patency. Details of tumor loca-
tion are reported in Table I. In the IVC group, the IVC was
partially and circumferentially resected in 5 (11.6%) and
38 (88.4%) patients, respectively. After IVC circumferen-
tial resection, 32 patients were treated with IVC recon-
struction, whereas 6 were managed with ligation only. Of
32 IVC reconstructions, 22 (68.8%) were performed with
the interposition of a BVH and 10 (31.2%) with a PTFE
graft. A total of 17 renal vein reimplantations were per-
formed among 21 renal vein resections. In 14 cases, the
renal vein was directly reimplanted on the IVC graft; in 3
cases after IVC ligation, the LRV was reimplanted on the
retrohepatic IVC through the interposition of a BVH.”> No
patient needed venovenous bypass shunting during IVC
clamping.

In the IV group, the IV was partially and circumferen-
tially resected in 3 and 21 patients, respectively. Among
patients who underwent IV circumferential resection, 12
were treated with ligation only and 9 with graft recon-
struction. Seven reconstructions were performed with
PTFE graft, one with BVH, and one with autologous
vein graft (contralateral superficial femoral vein). In
segment Il resections (13 patients), hypogastric vein was
never reimplanted. Two iliac grafts crossed the inguinal
ligament. Characteristics of vascular resection and recon-
struction are listed in Table II.

Overall, in the IVC group, 5 of 32 patients who under-
went graft reconstruction experienced graft throm-
bosis during the study period at a median time of
1 month after surgery. All of them had an IVC BVH.
Two of five patients had postoperative complications:
one retroperitoneal collection treated with percuta-
neous drainage and one postoperative bleeding
treated with reoperation. Five-year IVC graft primary
patency probability was 100% for PTFE graft and
76.7% for BVH (P = .106; Fig 1). Overall, in the IV group,
five of nine patients treated with graft reconstruction
(one IV BVH, three IV PTFE grafts, and one IV autolo-
gous graft) experienced graft occlusion at a median
time of 3 months after surgery. Among the two grafts
that crossed the inguinal ligament, one autologous
graft underwent thrombosis 2 months after surgery,
whereas one PTFE graft was patent 13 months after
surgery. During the study period, IV PTFE graft and
IV BVH primary patency was conserved in five of seven
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Table I. Baseline demographic, clinical, and pathologic
characteristics of the study population

Age at surgery, years, median (IQRE) 61 (51-69)

Male

W
[00]
(0]
(9]
~

Tumor presentation

ul
~
wn

Recurrent

IVC or IV origin 40 59.7

Tumor size, cm, median (IQRE) 10.5 (7.0-15.0)

I 7 10.4

I 3] 46.3

LMS 39/3

58.2/4.5

Dedifferentiated LPS 13/1 19.3/1.5

MPNST 3N 4505

Other 2 3

RO-R1 65 97

No. of resected organs, median 4 (3-5)

(IQRE)

Recurrent 4 (2-4)

LPS 5 (4-6.75)

Asymptomatic mass 27 415°

LLE® 1 16.9°

Pattern of vascular resection

\Y 24 35.8
Concomitant aorta and iliac artery 17 254
resection

IVC

(Continued)
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Table I. Continued.

N
N

Segment Il

|<|

—
W

Segment Il

IVC

—
W
©
~

LRV management in segment ||
tumors

Reimplantation 17

Radiation therapy (neoadjuvant 19 284
or adjuvant)

Follow-up, months, median (IQRE) 58 (20-85)

patients and zero of one patient, respectively. The low
number of patients hampered the chance to estimate
an actuarial 5-year IV graft primary patency probability.
All IVC and IV graft occlusions were treated conserva-

tively. No cases
recorded.

of pulmonary embolism were

Intraoperative and postoperative morbidity. Postoper-
ative complications are listed in Table Ill. Fifteen patients
(22.4%) developed a grade =3 Clavien-Dindo
complication.

Seven (10.4%) patients were reoperated on for a postop-
erative complication, five (11.6%) in the IVC group and
two (83%) in the IV group. Hematoma/bleeding was
the most frequent cause of surgical reintervention (six
patients). In one case, the bleeding originated from the
vascular anastomosis. One patient experienced acute
vein graft thrombosis (IVC BVH) on postoperative day 9
and was treated with systemic fibrinolytic therapy
without recovery of graft patency. Two patients (3%)
died of multiorgan failure (MOF) after postoperative
complications. The first was an American Society of



Journal of Vascular Surgery: Venous and Lymphatic Disorders

Volume 7, Number 4

Ferraris et al 551

Table Il. Characteristics of vascular resections and reconstructions

IV resection
EIV (SI)

Arterial resection
CIA — _

CIA + EIA

Anesthesiologists class 2 patient who developed postop-
erative acute pulmonary and kidney failure after multi-
visceral resection encompassing six organs and IVC
partial resection and reconstruction with PTFE patch.
The patient eventually died of MOF on postoperative
day 49. The second was an American Society of Anesthe-
siologists class 3 patient who underwent resection of a
right malignant peripheral nerve sheath tumor en bloc
with part of the duodenum and IVC segment | circum-
ferential resection and reconstruction with BVH. The
patient had postoperative bleeding and bile leak and
eventually died of MOF on postoperative day 58 after
multiple reoperations. At univariable analysis, older
patients (=64 years vs =65 years) were at higher risk for
development of postoperative Clavien-Dindo grade =3
complications (odds ratio, 4.07; 95% confidence interval
[CI],1.22-13.53; P=.022). Tumor size, resected organ num-
ber, chemoradiation therapy, and type of vascular

1.0 17
1
3
-
0.8 R
2
3
g 0.6
o
g
L 04
®
o
@)
=
0.2
— PTFE
-- BVH
0.0
0 12 24 36 48 60 72
Time (months)
PTFE 10 7 5 5 4 1 1
BVH 22 15 10 8 8 7 4

Fig 1. Patency probability in the inferior vena cava (/VC)
group according to banked venous homograft (BVH) and
polytetrafluoroethylene (PTFE) graft reconstruction.

resection (IVC vs IV) were not significantly associated
with postoperative complications.

Sixteen patients in the IVC group had concomitant
bowel resection and were treated with IVC ligation
(n = 2), patch (n = 2), PTFE graft (n = 8), and BVH
(n = 4). In the IV group, 13 patients had concomitant
bowel resection and were treated with IV ligation
(n =5), PTFE graft (n = 6), and primary repair (n = 2). Over-
all, no IVC or IV BVH and no IVC or IV PTFE graft infections
were seen during follow-up. Conversely, one patient
treated with resection of a left iliac LMS en bloc with
psoas muscle, adnexa, inguinal ligament, and iliac artery
and vein had an infection of the arterial PTFE graft
5 months after surgery with concomitant pseudoaneur-
ysm of the distal arterial anastomosis site. The patient
was treated with PTFE graft removal and in situ recon-
struction with a biologic graft.

Renal function. Preoperative and postoperative serum
creatinine levels were available for 66 patients. Creati-
nine concentration was within 1.5 times the URL both
preoperatively and postoperatively in 55 patients
(83.32%). One patient (1.5%) had baseline altered creati-
nine concentration. Ten patients (15.2%) with a normal
baseline value had an increased creatinine level after
surgery. Among the last group, all patients had under-
gone nephrectomy.

At univariable analysis, IVC ligation (P = .079), IVC
segment |l resection (P = .534), and perioperative chemo-
therapy (P = .478) were not associated with worsening of
creatinine levels after surgery, whereas nephrectomy was
(P = .027). At multivariable analysis adjusting for the
patient’s age and preoperative creatinine level, nephrec-
tomy was associated with a mean increase of 0.46 mg/dL
in baseline creatinine value (P = .024). Among 18 patients
with segment Il tumors undergoing IVC resection and
right nephrectomy, the LRV was reimplanted in 14 and
ligated in 4. The median (IQRE) postoperative creatinine
concentration of patients treated with ligation and
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Table Ill. Postoperative complications grade =3 according to Clavien-Dindo classification

Acute renal failure 3

Lymphatic fistula 2

Wound infection 2

Bowel anastomosis leakage 1

Urinary leakage 1

Retroperitoneal collection 1

reimplantation was 192 mg/dL (1.47-220 mg/dL) and
1.09 mg/dL (0.84-1.27 mg/dL), respectively.

Among 10 patients with altered postoperative creati-
nine level, median baseline creatinine concentration
was 1.23 mg/dL (IQRE, 0.88-1.42 mg/dL) and median post-
operative creatinine level was 211 mg/dL (IQRE, 1.86-
2.36 mg/dL). None of them required dialysis.

LLE. The occurrence of LLE after surgery and after graft
occlusion is described in Table IV.

In the IVC group, 42 of 43 patients experienced postop-
erative bilateral minimal LLE. One patient had persistent
monolateral severe LLE. This patient had preoperative
monolateral LLE due to deep venous thrombosis (DVT)
of the left femoroiliac axis and was treated with PTFE
graft implantation with associated ligation of the left
common IV to minimize thrombus mobilization. Five
patients experienced BVH occlusion. Among them, two

patients developed transient severe LLE, one patient
had persistent severe LLE, and two patients were
asymptomatic.

In the IV group, 12 of 24 patients underwent IV ligation.
Among them, eight (66.7%) had minimal LLE and four
(26.7%) had persistent severe LLE. Among the latter
four patients, LLE was present in the preoperative setting
(concomitant DVT of the iliac axis) in two patients (50%).
All patients who underwent primary repair, BVH, PTFE
graft, and autologous graft reconstruction experienced
minimal LLE. During follow-up, five patients had graft
thrombosis. Among them, three patients developed
transient severe LLE, one had persistent severe LLE, and
one patient had no symptoms.

All  patients who experienced graft thrombosis
were treated with oral anticoagulant therapy. As a
general rule, long-term anticoagulation therapy was rec-
ommended after PTFE graft thrombosis; after BVH

Table IV. Postoperative and postgraft occlusion lower limb edema (LLE) according to type of surgery

Primary repair or 5 = = 3 =
patch repair

PTFE graft
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thrombosis, it was not, as the BVH appeared to have
been resorbed at the follow-up CT scan. Each case was
discussed in the coagulation clinic, and pros and cons
were singularly considered before a final recommenda-
tion was made.

Long-term oncologic outcomes. Overall, 27 (40.3%)
patients died. Six (9.0%) patients developed LR, 30
(44.8%) patients developed DM, and 4 (6.0%) died as a
first event from surgery (two patients died of postopera-
tive complications, two patients died of other causes
12 months and 25 months after surgery). OS, CCl of LR,
and CCl of DM at 5 years were 56.2% (95% Cl, 43.6-72.4),
12.4% (95% CI, 5.2-29.5), and 515% (95% CI, 39.3-67.5),
respectively (Fig 2). OS was not significantly different
between IVC and IV resection groups (59.7% vs 49.5%;
log-rank test, P = .119).

DISCUSSION

In this retrospective single-center cohort study of 67
patients surgically treated with IVC or IV resection for
primary or recurrent RPS, we showed that IVC or IV inva-
sion did not hamper the chance of achieving a complete
resection and prolonged survival. Vascular grafting in the
context of multivisceral resection was safe, and postoper-
ative complications were comparable to what is
observed for multivisceral RPS surgery without major
vascular involvement. In IVC patients, the patency rate
of PTFE graft and BVH was not significantly different,
although a trend toward lower patency of the BVH was
observed. In the IV district, there was a higher risk of graft
occlusion. Indeed, this series is large and homogeneous,
and our vascular reconstruction policy did not change
during the study period; the IVC and IV were repaired
by primary closure when >50% of the vessel diameter
could be maintained, by patch repair in case of partial
resection involving >50% of the vessel diameter, by graft
reconstruction in case of circumferential resection of a
patent IVC or IV, and by ligation only in case of complete
segment | or segment Il IVC or IV occlusion in the context
of an adequate collateral venous network present at the
end of the resection. Moreover, this study benefits from a
long median follow-up and from the approaches adop-
ted to estimate the vascular outcome, namely, patency
rate, LLE, and renal function.

Major limitations of this study are related to the retro-
spective design. In particular, we were not able to reliably
analyze the anticoagulation regimen administered to
each patient in the long term. The standard practice in
our center is to use a more aggressive anticoagulation
regimen in PTFE graft patients compared with BVH
patients, as described in the Methods section. In IVC
patients, this may have contributed to a higher patency
rate in the first group or, on the contrary, to the observed
lower patency rate in the second group, although not
significant. Because the patency rates are high and
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Fig 2. A, Overall survival (OS) curve in the study population
and according to inferior vena cava (/VC) or iliac vein (/V)
group. B, Crude cumulative incidence (CCl) of local relapse
and distant metastasis (DM) in the study population.

consistent with previous studies, we think that this
possible bias did not exert a major influence.

This series accounts for 9% of patients surgically treated
for primary or recurrent localized RPS in the study period,
meaning that IVC or IV resection during RPS surgery is
uncommon but not exceedingly rare. Surgeons dealing
with RPS need to be trained to face this situation and
to consider involvement of a vascular surgeon.

Overall, in this study, 5-year OS and CCl of LR and DM
were 56.2%, 12.4%, and 51.5%, respectively. These results
compare favorably with what has been observed in other
multicenter series of primary RPS treated with a frontline
extended resection policy’'**** and should be
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interpreted in light of the peculiarity of the series. The
need to perform an IVC or IV resection should not be
considered a contraindication to surgery as long-term
survival is possible in a significant proportion of patients.

As previously reported by our group,'°?* a cryopre-
served BVH was the conduit of choice to restore caval
continuity in case of vascular grafting because of its theo-
retical superiority in terms of resistance to graft infection
and fewer long-term side effects due to the slowly pro-
gressing obstruction, which gives time for the collateral
vein circles to develop. Overall, in IVC patients, the pri-
mary patency rate at 5 years for PTFE grafts (100%) and
BVHs (76.7%) was not significantly different. These data
compare favorably with previous studies in which graft
occlusion rate ranged between 7% and 28% of PTFE
grafts®'#"*3° and up to 40% of BVHs.'® Interestingly, in
this study, all IVC graft occlusions occurred within 1 year
from surgery. The observation that venous occlusion oc-
curs early after surgery is in agreement with what was
shown in a previous study from our group'® and should
prompt maximization of medical therapy to reduce the
chances of venous graft occlusions during the first year.
In particular, the BVH may require a more aggressive
anticoagulation regimen as was already adopted in the
PTFE graft. In addition, we are now exploring the value
of aortic banked grafts as an alternative to BVH, as aortic
grafts may theoretically combine the resistance to infec-
tion and a higher patency rate.

In IV patients, the need for vascular reconstruction is
lower. Indeed, in this cohort, 50% of IV patients had a
pre-existing DVT of the iliac axis with a well-developed
collateral venous network. In IV patients, the conduit of
choice for vascular reconstruction was nonringed PTFE
graft. After reconstruction, the probability of postgraft oc-
clusion was higher, with five of nine patients experi-
encing graft occlusion during the study period. These
results are in line with what was observed in a series of
patients treated with IV resection during pelvic exentera-
tion.*” The higher incidence of graft thrombosis in the IV
compared with the IVC is related to the smaller diam-
eter, the existence of iliocaval anatomic collateral
networks, and of course the length of the graft. In partic-
ular, when the graft crosses the inguinal ligament, this
may become a critical point for graft compression. The
use of a ringed PTFE graft in IV patients, especially
when the graft crosses the inguinal ligament, might be
of value in consideration of its resistance to kinking
effect.

No venous graft infection was seen during follow-up
regardless of the type of graft. Previous studies raised
concerns about the association of bowel resection and
IV or IVC synthetic grafting.®*"*® In our series, 14
patients had a concomitant bowel resection and IV or
IVC PTFE grafting, and we did not observe any venous
graft infections. These data are too limited to drive a
change in our policy of using a homograft as a conduit
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of choice in the context of multivisceral surgery. Howev-
er, when homografts are not available for IVC or IV
grafting, PTFE grafts are a valid alternative, with a com-
parable if not superior patency rate and a safe profile in
terms of risk of infection. Most important, the surgical
and reconstructive plan should not change according
to the type of graft.

In this series, nephrectomy was the only factor associ-
ated with an increased risk of altered postoperative
creatinine level. In a previous study from our group,®
this association was not retained at multivariable analysis
adjusting for the patient’s age and preoperative creati-
nine value. Nonetheless, in both studies, renal function
remained within 1.5 URL after surgery in most patients,
and in this series, the observed median increase of creat-
inine level after nephrectomy in multivariable analysis
(0.46 mg/dL) did not have a clinical implication. This
finding reinforces the policy of including en bloc
nephrectomy in the treatment of RPS when this would
translate into a better surgical margin. Interestingly, in
patients treated with segment Il resections and right
nephrectomy, reimplantation of the LRV was associated
with a lower median postoperative creatinine level
(1.10 mg/dL vs 1.92 mg/dL). Although these results should
be interpreted with caution because of the low number
of patients, in patients undergoing segment |l resection
and right nephrectomy, LRV reimplantation should be
preferred to LRV ligation whenever possible.

In a series of six patients with LMS treated with ligation
only, there was a high probability of postoperative acute
kidney failure (50%) and LLE (18%-50%).2° Other studies
highlighted how LLE after IVC ligation could impair the
patient’s quality of life, especially if the vessel was patent
at preoperative imaging>°“° In this series, patients
treated with IVC ligation did not develop severe postop-
erative LLE. This suggests that IVC or IV ligation per-
formed in case of preoperative vessel obstruction is not
directly related to the development of persistent severe
LLE and emphasizes the importance of selection of
patients. Moreover, as shown in a previous study,” we
confirm that the occlusion of a BVH is most of the time
associated with transient LLE.

The rates of postoperative complication (22%), rein-
tervention (10%), and mortality (3%) reported here
compare favorably with previous studies. In other series
of major vascular resections for RPS, postoperative
morbidity ranged between 36% and 41%.%'® In other
studies of patients treated with multivisceral resection
for primary RPS regardless of vascular involvement,
morbidity was between 9% and 18%, and the reopera-
tion rate was between 7.5% and 12%.2“*' The results
reported here are noteworthy, bearing in mind that
major vascular resections were found to be associated
with a higher risk of postoperative morbidity in two
previous studies with a hazard ratio >1.5 and odds ratio
of 2.63.°%4!
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CONCLUSIONS

IVC or IV resection in the context of RPS surgery is of
value in achieving long-term survival and does not signif-
icantly worsen the complication rate. Preoperative and
intraoperative assessment of vessel patency and collat-
eral networks is key to guide the surgical strategy after
IV or IVC resection. A policy of vascular grafting in case
of circumferential resection of a patent IV or IVC is
rewarding in terms of LLE and, for sesgment |l resection,
in terms of renal function. For IVC reconstruction, both
BVH and PTFE grafts offer good results in terms of
patency rate and low risk of infection. In case of IVC
segment |l resection and concomitant right nephrec-
tomy, the LRV should be reimplanted whenever possible.
Reconstruction of the IV is burdened by a higher risk of
postoperative occlusion, and a PTFE graft might be
preferred.
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