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Abstract
AIM: To evaluate the results of an aggressive surgical 
approach of resection and reconstruction of the inferior 
vena cava (IVC).

METHODS: The approach to caval resection depends 
on the extent and location of tumor involvement. The 
supra- and infra-hepatic portion of the IVC was dis-
sected and taped. Left and right renal veins were also 
taped to control the bleeding. In 12 of the cases with 
partial tangential resection of the IVC, the flow was 
reduced to less than 40% so that the vein was primar-
ily closed with a running suture. In 3 of the cases, the 
lumen of the vein was significantly reduced, requiring 
the use of a polytetrafluoroethylene (PTFE) patch. In 
2 of the cases with segmental resection of the IVC, a 
PTFE prosthesis was used and in 1 case, the IVC was 
resected without reconstruction due to shunting the 
blood through the azygos and hemiazygos veins.

RESULTS: The mean operation time was 266 min 

(230-310 min) with an average intraoperative blood 
loss of 300 mL (200-2000 mL). The patients stayed 
in intensive care unit for 1.8 d (1-3 d). Mean hospital 
stay was 9 d (7-15 d). Twelve patients (66.7%) had no 
complications and 6 patients (33.3%) had the following 
complications: acute bleeding in 2 patients; bile leak in 
2 patients; intra abdominal abscess in 1 patient; pul-
monary embolism in 2 patients; and partial thrombosis 
of the patch in 1 patient. General complications such 
as pneumonia, pleural effusion and cardiac arrest were 
observed in the same group of patients. In all but 1 
case, the complications were transient and successfully 
controlled. The mortality rate was 11.1% (n  = 2). One 
patient died due to cardiac arrest and pulmonary em-
bolism in the operation room and the second one died 
2 d after surgery due to coagulopathy. With a median 
follow-up of 24 mo, 5 (27.8%) patients died of tumor 
recurrence and 11 (61.1%) are still alive, but three of 
them have a recurrence on computed tomography.

CONCLUSION: There are a variety of options for re-
construction after resection of the IVC that offers a 
higher resectable rate and better prognosis in selected 
cases.
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INTRODUCTION
Involvement of  the inferior vena cava (IVC) has tradi-
tionally been considered as a contraindication for resec-
tion of  advanced liver and retroperitoneal tumors be-
cause of  the poor long-term prognosis and high surgical 
risks. The development of  innovative surgical techniques, 
such as total hepatic vascular exclusion, veno-venous 
bypass and ex vivo hepatic resection, and the progress 
of  liver transplantation has made a curative surgical ap-
proach to tumors involving both the liver and the IVC 
possible. The resected IVC can be primarily be repaired 
or reconstructed with synthetic or autogenous grafts.

MATERIALS AND METHODS
From January 2008 to September 2010, 18 patients re-
quired resection of  the IVC for malignancies presented 
in Table 1. There were 7 (38.9%) male patients and 11 
(61.1%) female patients. The mean age of  the patients 
was 58.8 years old (range 49 to 70). Tumor development 
was predominantly extracaval in 15 patients (83.3%) and 
3 patients with leiomyosarcoma of  the IVC. In most of  
the cases, the IVC was resected due to colorectal cancer 
(CRC) liver metastases (n = 8), infiltration of  hepatocel-
lular carcinoma (n = 2), cholangiocarcinoma (n = 1), gall 
bladder cancer (n = 1) and pheochromocytoma of  the 
right suprarenal gland (n = 1). In 2 of  the cases, there 
were infiltration and thrombosis of  the IVC by renal cell 
carcinoma of  the right kidney. 

Clinical presentation
The most common presenting symptom was pain in 
the upper abdomen in 12 patients. Edema of  the lower 
extremities was observed in only 2 patients (11.7%), due 
to rich collaterals, and one patient (5.8%) presented with 
Budd-Chiari syndrome, with hepatomegaly, ascites and 
jaundice. 

Preoperative imaging
Abdominal Doppler ultrasound and angio-computed 
tomography (CT) were performed in all patients (100%). 
Ascending cavography by the femoral route was per-
formed in 6 patients (33.3%) and selective arteriography 
of  the celiac trunk in 3 patients (16.7%). Trans-esoph-
ageal echocardiography was performed in 4 patients 
(22.2%) in whom intracardiac extension was suspected. 
All the patients were thoroughly examined and preopera-
tively staged. 

Surgical procedures
Surgery was performed through a superior midline and 
bilateral subcostal incision. In 2 patients with involve-
ment of  the suprahepatic IVC, an additional midline 
thoracotomy and pericardiotomy was used. A staging 
laparoscopy was performed in 3 patients. After mobiliza-
tion of  the liver, intraoperative Doppler ultrasound was 
performed. The approach to caval resection depended on 

the extent and location of  tumor involvement. The su-
pra- and infra-hepatic portion of  the IVC was dissected 
and taped. Left and right renal veins were also taped to 
control the bleeding. In the cases of  CRC metastases and 
liver resection, hepatic parenchyma was divided using 
the Ultrasonic Surgical Aspirator and bipolar pincettes. 
The parenchyma transection was performed with inflow 
occlusion (Pringle maneuver) in 8 of  the cases. Central 
venous pressure was kept at or below 5 cm H2O during 
parenchymal transection to minimize blood loss. Total 
vascular exclusion of  the liver was performed in 5 of  the 
patients. Warming therapy was applied to 16 patients to 
minimize intraoperative hypothermia.

In one of  the cases with cancer of  sigmoid colon 
(T3N1M1H3) and liver metastases in Sg 2, 3, 4, 6, 7, 8, 
we performed resection of  primary cancer combined 
with metastasectomies in the left liver and ligation of  the 
right branch of  the portal vein in the first operation. In 
the second operation, we performed a right hepatectomy 
with partial tangential resection of  the IVC and resection 
of  metastasis of  segment 3.

In 12 of  the cases with partial tangential resection of  
the IVC, the flow was reduced to less than 40% so that 
the vein was primarily closed with a running suture (66.7%) 
(Figure 1).

In 3 of  the cases, the lumen of  the vein was signifi-
cantly reduced, requiring the use of  a polytetrafluoroeth-
ylene (PTFE) patch (16.7%). In 2 (11.1%) of  the cases 
with segmental resection of  the IVC, a PTFE prosthesis 
was used and in 1 case, the IVC was resected without 
reconstruction due to shunting the blood through the 
azygos and hemiazygous veins.

One of  the patients with leiomyosarcoma of  the 
IVC presented with edema of  the lower extremities and 
Budd-Chiari syndrome. In this case, a resection of  the 
retrohepatic vena cava with partial resection of  Sg 8, 
thrombectomy from the middle and right hepatic veins 
was performed. For the reconstruction of  the IVC, a 
PTFE prosthesis was used (Figure 2).

RESULTS
The mean operation time was 266 min (230-310 min) 
with an average intraoperative blood loss of  300 mL (200- 
2000 mL). The patients stayed in the intensive care unit for 
1.8 d (1-3 d). Mean hospital stay was 9 d (7-15 d). Twelve 
patients (66.7%) had no complications and 6 patients 
(33.3%) had the following complications: acute bleeding in 
2 patients; bile leak in 2 patients; intra abdominal abscess 
in 1 patient; pulmonary embolism in 2 patients; and partial 
thrombosis of  the patch in 1 patient. 

In one of  the cases with PTFE patch reconstruction, 
we found a thrombosis at the place of  the patch on the 
second postoperative day, which was successfully treated 
with anticoagulation therapy (Figures 3 and 4).

In the patient with advanced cholangiocarcinoma, we 
first performed ligation of  the right branch of  the portal 
vein due to insufficient liver volume in the left liver. One 
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month later, a right hemihepatectomy with partial tan-
gential resection of  the IVC was performed. Six months 
later there is no evidence of  recurrence (Figures 5 and 6).

General complications, such as pneumonia, pleural 
effusion and cardiac arrest, were observed in the same 

group of  patients. In all but 1 case, the complications 
were transient and successfully controlled. The mortality 
rate was 11.1% (n = 2). One patient died due to cardiac 
arrest and pulmonary embolism in the operation room 
and the second one died 2 d after surgery due to coagu-

98 April 27, 2012|Volume 4|Issue 4|WJGS|www.wjgnet.com

Table 1  Patients with resection of the inferior vena cava

Diagnose Sex Age (yr) Operation Vascular resection

CRC metastases F 65 Right hepatectomy Tangential
CRC metastases F 61 Right hepatectomy Tangential
CRC metastases M 65 Right hepatectomy Tangential
CRC metastases M 52 Sg Ⅴ, Ⅵ, Ⅶ Tangential
CRC metastases F 56 Right hepatectomy Tangential
CRC metastases F 70 Right hepatectomy Tangential
CRC metastases F 61 Metastasectomy Tangential
CRC metastases F 63 Right hepatectomy Tangential
HCC F 65 Right hepatectomy Tangential
HCC M 62 Sg Ⅶ and Ⅷ Segmental + PTFE
Cholangiocarcinoma F 51 Right hepatectomy Tangential + patch
Gall bladder cancer F 68 Sg Ⅳ, Ⅴ and Ⅵ Tangential
Leiomyosarcoma F 62 Right hepatectomy Tangential + patch
Leiomyosarcoma M 57 Partial Sg Ⅷ Segmental + PTFE
Leiomyosarcoma M 49 Resection Tangential
Renal cell carcinoma M 63 Right nephrectomy Tangential
Renal cell carcinoma M 62 Right nephrectomy Segmental
Pheochromocytoma F 28 Right suprarenalectomy Tangential + patch

CRC: Colorectal cancer; HCC: Hepatocellular carcinoma.

Figure 1  Partial tangential resection with a running suture of the inferior 
vena cava.

Figure 2  Polytetrafluoroethylene reconstruction of the inferior vena cava.

Figure 3  Reconstruction with a patch.

Figure 4  Thrombosis at the side of the patch on the second postoperative 
day.
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lopathy. With a median follow-up of  24 mo, 5 (27.8%) 
patients died of  tumor recurrence and 11 (61.1%) are still 
alive, but three of  them have a recurrence on CT.

DISCUSSION
For patients with CRC liver metastases, liver resection 
offers the only potential for cure[1]. The ultimate goal in 
hepatic resection of  colorectal metastases is to obtain 
negative histological margins. In the past, patients with 
involvement of  the IVC were considered poor can-
didates for surgical management. Untreated patients, 
however, have a median survival of  less than 12 mo[2]. 
Chemotherapy alone does not offer a curative option with 
few 5 years survivors reported[3]. Resection of  liver tu-
mors that involve the vena cava has become possible with 
lessons learned from liver transplantation. This aggressive 
surgical approach offers hope for patients with hepatic 
tumors involving the IVC, who would otherwise have a 
dismal prognosis. This procedure can be performed under 
total hepatic vascular exclusion, with or without veno-ve-
nous bypass, and by ex vivo resection[4]. Control of  blood 
flow through the IVC is essential to facilitate resection and 
reconstruction. When involvement of  the IVC is minimal 
(< 60° circumferentially and < 2 cm longitudinally), con-
trol may be simply achieved by applying a side clamp to 
the IVC. In our series, we used such an approach in 14 of  
the cases. When the estimated narrowing of  the vein is 

less than 20%-40%, the IVC can be repaired primarily by 
a lateral suture[5]. 

More extensive involvement of  the IVC requires the 
use of  a patch or segmental resection with graft replace-
ment. In such cases, TVE may be used[6-9]. This may be 
achieved by applying vascular clamps to the IVC below 
and above the liver, with concomitant interruption of  
hepatic blood inflow using a Pringle maneuver[10]. This 
approach is further facilitated by the tolerable pro-
longed periods (60-90 min) of  continuous warm hepatic 
ischemia in patients with normal livers[8,11,12]. Attention 
should be paid to patients with cirrhotic livers, where the 
ischemic time is much shorter and the risk of  bleeding is 
higher. 

In 2 of  our patients we used total graft replacement. 
The material of  choice is PTFE[13-15]. TVE may signifi-
cantly reduce cardiac output as a result of  decreased ve-
nous return, possibly resulting in hemodynamic instabil-
ity[16]. Systemic veno-venous bypass may restore venous 
return and cardiac output, but we did not use this in our 
group of  patients. A proper anticoagulation therapy was 
used in all of  the patients. 

Leiomyosarcomas of  the IVC are extremely rare, doc-
umented in the surgical literature mostly as case reports 
rather than organized series. Usually they have a slow 
growth so symptoms may be absent in the beginning. 
However, even with extensive caval involvement, severe 
venous obstructive symptoms are not often seen, prob-
ably because of  the development of  extensive venous 
collaterals, which maintain adequate flow around the level 
of  obstruction[17]. The segment of  the IVC between the 
renal veins and the hepatic veins is the most commonly 
affected location for all primary vascular tumors[18-20]. 
Resection with negative margins is the treatment of  
choice[18]. If  negative margins can be achieved, extended 
venous resection does not influence local recurrence rate 
or long-term outcome[21]. Radical resection of  the tumor 
en bloc with the affected segment of  the vena cava has 
been shown to be a feasible option with improved sur-
vival in multiple studies[17-20,22,23]. However, such patients 
have a poor prognosis and over half  of  them who under-
go radical resection develop tumor recurrence; the 5-year 
survival rate ranges between 31% and 62%[24]. Poor prog-
nostic factors include suprahepatic location, presence of  
Budd-Chiari syndrome, intraluminal tumor growth and 
IVC occlusion[25]. Adjuvant therapy has not been shown 
to have a significant effect[18].

Caval management after IVC resection is controver-
sial. Options include primary repair, autologous patch-
ing, ligation or reconstruction with a prosthetic graft. 
Extensive venous involvement and large tumor size often 
preclude short segment resection with simple repair or 
patching. Ligation of  the IVC is favored by some and 
has been shown to be well tolerated and generally safe, 
especially in those with preoperative IVC thrombosis[18,22]. 
However, there is a risk of  late complications such as 
pain, swelling and skin breakdown from severe lower ex-
tremity edema. Long-term anticoagulation may be neces-
sary in these patients. Suprarenal IVC tumor involvement 
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Figure 5  Reconstruction with a patch.

Figure 6  No evidence of recurrence six months later. 
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treated with IVC ligation can place a patient at serious 
risk for renal insufficiency. Restoration of  flow to the 
right renal vein by reimplantation (or pelvic kidney au-
totransplantation) is mandatory to maintain right kidney 
function, but optional for the left renal vein because of  
the left kidney’s considerable collateral drainage through 
the adrenal, inferior phrenic, gonadal and paravertebral 
vessels[26]. Kieffer et al[19] used a proximal pressure read-
ing of  30 mm Hg or more in the IVC as an indication 
for caval reconstruction and found reconstruction to be 
necessary in most cases. PTFE is the most commonly 
used prosthetic material and has been shown to be a suit-
able replacement for the IVC with excellent long-term 
patency[19,20,23,27,28]. Infection and graft thrombosis are the 
2 major complications of  this type of  reconstruction but 
both are rare. Graft thrombosis may or may not have any 
clinical importance and methods used to decrease its in-
cidence include the use of  ring-reinforced PTFE to pre-
vent compression, short-term anticoagulation and place-
ment of  an arterio-venous fistula to augment flow[19]. 

PTFE graft infection after IVC replacement has 
been shown to be a rare occurrence in several large se-
ries[19,20,23,27]. The treatment is usually conservative but in 
some cases the graft must be removed.

Direct extension of  renal cell carcinoma into the vena 
cava has been found in 4% to 10% of  patients undergoing 
nephrectomy to treat cancer[29,30]. The prognosis of  RCC 
with IVC tumor thrombosis is difficult to predict due to a 
wide variety in clinical behavior[31]. Although involvement 
of  the IVC in renal cancer is generally not a vascular inva-
sion by the neoplastic process but mostly an intraluminal 
extension of  the tumor mass, such intravascular growth 
implies a heightened biological behavior of  the tumor. 
Early pulmonary metastases are found in most cases. 

Resection of  intrahepatic cholangiocarcinoma with 
a negative microscopic margin improved survival. Thus, 
concomitant hepatic and IVC resection may provide a 
potentially curative operation. This aggressive surgical 
approach may offer hope for patients with intrahepatic 
cholangiocarcinoma involving the IVC[32,33].

In conclusion, it is apparent that application of  com-
bined resection of  the liver and IVC expands the role of  
liver resection for malignancy and will benefit selected 
patients[34-36]. En bloc resection can be accomplished safely 
and confers an increase in survival for lesions often 
considered unresectable. There are a variety of  options 
for replacement of  the IVC if  it cannot be primarily 
reconstructed. The use of  various graft materials for re-
construction of  the hepatic great vessels offers a higher 
resectable rate and better prognosis in selected cases. 
Such an operation should be performed in a specialized 
center where surgeons are familiar with both aspects of  
complex hepatobiliary surgery and liver transplantation.
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