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Results of Treatment of Inferior Vena Cava
Syndrome With Expandable Metallic Stents
William S. Fletcher, MD; Paul C. Lakin, MD; Rodney F. Pommier, MD; Thea Wilmarth

Background: Patients with hepatic metastases often de-

velop obstruction of the intrahepatic inferior vena cava
(IVC), known as IVC syndrome. This obstruction is debilitating due to the development of ascites and anasarca.
Objectives: To update our experience in the diagno-

sis and treatment of IVC syndrome and to evaluate the
efficacy of expandable stents in the treatment of IVC
syndrome.

and 60 to 140 mm in length. Pressure gradients across
the IVC were measured before and after stent placement in all patients.
Main Outcome Measures: Change in pressure gradient, relief of ascites and anasarca, loss of weight, patency of the primary stent, and survival after stent
placement.
Results: Pressure gradients were reduced in all pa-

Design: Retrospective review.
Setting: University hospital.
Patients: Twenty-eight patients with hepatic metasta-

tients, which was followed by rapid reduction of ascites
and anasarca with a median weight loss of 5.85 kg. Survival after stent placement varied from 1 to 99 days, with
a mean of 34 days. Stent patency remained until death
in all patients.

ses diagnosed as having IVC syndrome.
Intervention: Patients underwent transfemoral place-

ment of Gianturco-Rösch self-expandable Z metallic
stents in the intrahepatic IVC. One patient was treated
with a Wallstent. Stents were 15 to 25 mm in diameter
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Conclusion: The debilitation of IVC syndrome due to
ascites and anasarca can be considerably palliated by placement of transfemoral percutaneous stents.
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study, 1 we described the inferior vena cava
(IVC) syndrome caused by intrahepatic constriction of the vena
cava by primary, or more commonly, metastatic malignant neoplasms.
This condition results in a combination of
signs and symptoms, the most noticeable
and disabling of which is the rapid onset
of ascites and anasarca of the lower extremities, which can be differentiated from
other causes of edema by its occurrence
only below the diaphragm. Hepatomegaly
may be present but is difficult to assess owing to ascites. The ascites and edema are
poorly responsive to diuretic use, and proteinuria may be present as a result of back
pressure on the renal veins. The results of
inferior venacavography routinely reveal intrahepatic compression of the vena cava, often with increased development of collateral vessels depending on the duration and
severity of the obstruction. Pressure graN A PREVIOUS

dients across the constricted area are variable but are usually 20 mm Hg, which appears to be the pressure required to induce
the symptom complex.
Patients in the original study1 (19761986) were treated with systemic chemotherapy, hepatic artery infusion with
5-fluorouracil, and in some cases with a
strip of irradiation along the intrahepatic
vena cava.1 Sixteen patients responded to
therapy with complete or partial remission and 17 patients did not respond to
therapy. All the patients died of malignant neoplasms except for one patient with
hemangioendothelioma who remains alive
and healthy 12 years after treatment.
Since 1989, we have treated IVC syndrome with percutaneous, transfemorally placed self-expanding metallic stents.
Others2-5 documented that patency and initial technical success can be achieved in
major venous obstruction with the placement of self-expanding, metallic stents.
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PATIENTS, MATERIALS,
AND METHODS
Between 1989 and l997, 28 patients were evaluated
and treated for IVC syndrome. There were 17 women
aged 45 to 82 years (median age, 61 years) and 11
men aged 38 to 70 years (median age, 56 years). All
patients had documented stage IV cancer. Of the 28
patients, 26 (93%) had documented leg edema and
in 2 patients, the information was not recorded. Of
the 28 patients, 19 (68%) had documented ascites,
8 did not have documented information, and 1 patient had no ascites. The following 9 primary tumor
types were represented among the patients: breast (8),
melanoma (7), colonic (3), pancreatic (3), esophageal (3), gastrointestinal stromal tumor (1), gastric
(1), liver (1), and ovarian (1).
All stents were placed in the intrahepatic vena
cava using a percutaneous, transfemoral approach.
The stents were placed through a 12F to 16F Teflon
sheath as described previously.6 Inferior venacavography and manometry were performed before and after stent placement. Twenty-seven of the stents were
Gianturco-Rösch self-expandable Z metallic stents
(Cook, Bloomington, Ind), and 1 was a Wallstent
(Schneider [USA] Inc, Plymouth, Minn). The length
of the stent varied from 60 to 140 mm, and the diameter varied from 15 to 25 mm. The diameter of the
stent appears not to be critical to the reduction in pressure gradient. The centrifugal force of the stent holds
it in place, and there have been no stent migrations
once the stent is seated in the cava.
Outcomes were evaluated by reduction in pressure gradient, weight loss, survival, and, when possible, stent patency. All but one of the patients studied were patients of one of us (W.S.F.). Figure 1
demonstrates vena caval compression by tumor, stent
placement in the intrahepatic vena cava, and subsequent relief of constriction of the vena cava. The pressure gradient dropped from 8 to 1 mm Hg.
Survival rates were calculated by the KaplanMeier method.7 Comparison of survival distributions was made by log-rank analysis.

This article updates our experience in the diagnosis and
treatment of IVC syndrome and evaluates the results of
treatment with expandable metallic stents.
RESULTS

Data on pressure gradient reduction are provided in
Table 1. Successful stent placement was due to the perserverance of the operating radiologist and sometimes required the placement of several stents for the management of long or tortuous constrictions. Pressure gradients
across the caval constriction before stent placement varied from 6 to 25 mm Hg, and pressure gradients after stent
placement varied from 0 to 13 mm Hg.
Due to the patient’s condition, accurate pretreatment and posttreatment weight and abnormal girth measurements were not always available. However, we ob-

served that patients underwent a dramatic reduction in
ascites and lower extremity edema with concomitant improvement in breathing, eating, and mobility. Table 2
provides data on the 12 patients who were weighed and
whose weights were recorded before stent placement and
6 to 9 days after stent placement. Weight loss varied from
1.35 to 10.35 kg (median, 5.85 kg). There was a marked
increase in urine output. There were no instances of overt
heart failure from the massive fluid shifts resulting from
placement of the stents.
Patients did not undergo repeated angiography to
determine patency of the stents, so only indirect evidence of stent patency was available. Patients who have
vena cava occlusion above the renal veins experience sudden anuria and death within a few days. Since the patients did not have this clinical picture and had other documented progression of their disease to account for death,
the stents were considered patent.
Survival ranged from 1 to 99 days. The overall mean
survival was 34 days (median, 27.5 days). In women, the
mean survival was 30 days (median, 22 days). Men survived slightly longer, with a mean survival of 40.5 days
(median, 43 days).
Two patients experienced complications: 1 man
had a thrombus that required an additional stent placement on the day following the initial stent, and 1
woman had a pulmonary embolus 3 days following
stent placement that was successfully managed with anticoagulant therapy.
Figure 2 depicts the overall survival of all evaluable patients who received intrahepatic caval stents. The
mean survival was 34 days and the median survival was
27.5 days. Figure 3 depicts the survival of patients with
caval gradients above and below 15 mm Hg. There is no
significant difference.
COMMENT

There is no question that stents remove the pressure
gradient in the vena cava and reduce the symptoms of
ascites and anasarca of the lower extremities. Bedridden patients can often regain activity, and this improvement in the quality of life is enough to warrant further
study of the problem. Although difficult to quantitate in
this study, the benefits in the quality of life were sudden
and dramatic in most patients. The improvements
included massive weight loss, improvement in or disappearance of ascites, reduction in ankle edema, and
improvement in breathing and eating. With these
changes, there was a marked improvement in the
patient’s perceived state of well-being. Major objectives
of future studies should be earlier diagnosis and
improved survival. The study of patients with these
complicated problems and with many variables to
document would best be done in a controlled clinical
research environment.
Ultimately, it will be necessary to evaluate the costbenefit relationship of the described treatment. However, the purposes of this phase 1 study are to draw attention to the syndrome and describe a new effective
treatment. We hope that as more physicians recognize
IVC syndrome and more centers develop the capability
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Figure 1. Intrahepatic inferior vena cava (IVC) compression secondary to esophageal adenocarcinoma metastatic to the liver in a 48-year-old man. A, Inferior
venacavogram in this man with ascites and pitting edema of the lower extremities demonstrates a fusiform stenosis of the intrahepatic IVC. B, A 4-body
self-expanding metallic stent (25 mm in diameter and 10 mm in length) was positioned in the IVC. C, Follow-up venacavogram demonstrates excellent restoration
of flow. A 1–mm Hg residual pressure gradient remains from the IVC to the right atrium. There was significant improvement in both the ascites and the pedal
edema until the patient’s death.

Table 1. Reduction in Pressure Gradient
After Inferior Vena Caval Stents*

Table 2. Reduction in Weight
After Inferior Vena Caval Stent Placement*

Gradient Pressure, mm Hg
Before Stent

After Stent

Change

Percent Change, %

11
20
11
6
11
13
13
9
24
11
13
18
20
14
21
18
10
7
20
16
11
12
25
18
19
12
8
10

3
3
1
1
0
1
1
0
9
7
1
12
9
4
0
8
4
2
8
13
9
0
4
3
4
0
2
0

8
17
10
5
11
12
12
9
15
4
12
6
11
10
21
10
6
5
12
3
2
12
21
15
15
12
6
10

73
85
91
83
100
92
92
100
63
36
92
33
55
71
100
55
60
71
60
19
18
100
84
83
79
100
75
100

*The total number of stents placed in the inferior vena cava was 28.

of stent placements, factors such as optimum patient selection, therapy for the primary disease, and costs will
become more clear.

Weight Before Stent
Placement, kg

Weight After Stent
Placement, kg

Weight
Lost, kg

81.00
61.65
60.30
83.70
78.75
83.25
72.45
65.70
98.10
114.30
109.35
89.10

79.65
59.40
57.15
80.10
74.25
77.40
66.60
59.40
91.80
107.10
100.35
78.75

1.35
2.25
3.15
3.60
4.50
5.85
5.85
6.30
6.30
7.20
9.00
10.35

*The total number of patients weighed was 12; median weight loss,
5.85 kg; and mean weight loss, 5.40 kg.

The patients described in this study were drawn from
a population of patients with heavily treated end-stage
cancer. The syndrome was recognized because the patients were being seen frequently to undergo chemotherapy or other treatment. Clearly, although earlier diagnosis might improve survival, it may not be possible
without unwarranted invasive procedures. In our experience, diagnosis of the described syndrome using ultrasonography has not been reliable, and the results of venacavography are required. Treatment at an earlier phase
of disease would also allow the use of systemic agents,
which are effective if they shrink the tumor enough to
relieve the pressure on the vena cava. We hope that the
use of new chemotherapeutic agents will also improve
survival. The most important factor in diagnosis and survival is being aware of IVC syndrome and performing venacavography when new ascites and leg edema occur.
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tallic stents into the intrahepatic vena cava. Pressure gradients across the constriction are promptly reduced to
normal or near normal levels with resolution of ascites
and edema. Survival after placment of the stents ranged
from 1 to 99 days in this population of patients with endstage cancer who had frequently undergone chemotherapy or other therapy. Improved survival may be anticipated with greater awareness of the syndrome and
earlier diagnosis as well as the use of better systemic agents
for control of the tumor.
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Figure 2. Overall survival of the 28 patients.
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Figure 3. Survival by initial pressure gradient.

CONCLUSIONS

Constriction of the intrahepatic vena cava by primary or,
more commonly, metastatic malignant neoplasms causes
the rapid onset of ascites and anasarca below the diaphragm. We term this condition IVC syndrome. The increased caval pressure and its sequelae can be promptly
relieved by transfemoral placement of self-expanding me-
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Announcement

T

he Archives of Surgery will give priority
review and early publication to seminal
works. This policy will include basic science
advancements in surgery and critically performed
clinical research.
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