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Superior vena cava (SVC) syndrome is a clinical diagnosis,
which is confirmed by radiological methods. It is caused by
compromised venous return from the head and upper ex-
tremities due to a compressed or obstructed SVC. Orthopnea,
stridor, dysphagia, swelling, and venous dilatation of thehead
and upper body are among the main symptoms, but neuro-
logic symptoms due to cerebral edema may also evolve.1–3

SVC syndrome may be a complication associated with in-
dwelling catheters and other implantable central venous
access devices such as pacemakers4,5 or due to fibrosing
mediastinitis.6 Intrathoracic malignancy, however, is the
most common cause of SVC syndrome in which the obstruc-
tion is caused by direct invasion or compression of the
neoplasm or by lymph node invasion of the mediastinum.

Extensive complicating thrombus formation may accompany
the compromised SVC lumen and flow. Palliative treatment of
SVC syndrome with stents has been described for more than
25 years and is nowawell-accepted treatment in the terminal
phase of malignant thoracic diseases. Results have demon-
strated that endovascular treatment of malignant SVC syn-
drome is safe and yields rapid relief of symptoms, and
therefore it has become the first-line treatment in recent
years.7–11 Nitinol stents are recommended, as opposed to
stainless steel stents, as recurrence of SVC syndrome was
previously found to significantly increasewith use of stainless
steel stents compared with nitinol stents.9 However, it re-
mains unknown if the different nitinol stent types are asso-
ciated with different outcomes.
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Abstract This study aims to retrospectively evaluate the outcomes following nitinol stent
placement for malignant superior vena cava syndrome. A total of 25 patients with
thoracic malignancies were treated with self-expanding nitinol stents for superior vena
cava syndrome (E�Luminexx [Bard GmbH/Angiomed, Karlsruhe, Germany], Sinus-XL
[OptiMed Medizinische Instrumente GmbH, Ettlingen, Germany], and Zilver Vena [Cook
Medical Inc., Bloomington, IN]). It was seen that the procedural success rate was 76%
with all stents deployed as intended and no procedure-related complications but in five
patients with 50% residual stenosis and one patient with stent occlusion within 48 hours
after stent deployment. Stent occlusion occurred in further two patients during follow-
up: one patient developed infection, thrombosis, and occlusion in the stent seen at
2-month follow-up, and one patient had stent occlusion at 4-month follow-up. The
clinical success rate was 96%. Stent compression leading to a greater than 50% reduction
in stent diameter was observed in three patients at follow-up. Overall 22 patients died at
a mean follow-up of 3.5 months for reasons related to their underlying malignancy. It
was concluded that the stent treatment for superior vena cava syndrome is a safe
treatment with good clinical effect in patients with superior vena cava syndrome in the
terminal phase of malignant disease. In this small patient population, no trends were
observed which would suggest that outcomes vary by stent type, though additional,
large-scale studies are needed.
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Therefore, the aim of the present study was to retrospec-
tively evaluate the procedural and clinical outcomes following
the placement of self-expanding nitinol stents in terminal
cancer patients with SVC syndrome. Further, the aim was to
investigate if any trends or differences between compression
and patency outcomes could be identified among the three
commercially available nitinol stents utilized in this study.

Material and Methods

Patients
This was a retrospective analysis of 25 consecutive cancer
patients with clinical SVC syndrome, verified by contrast-
enhanced computed tomography (CT), who underwent
placement of 46 self-expanding nitinol stents (►Table 1)

Table 1 Patients listed with implanted stent types, preprocedural stenosis, and outcome after 1, 1–30, 30–60, 60–90, 90–120, and
more than 120 days’ interval

Patient
no.

Implanted stent type Stenosis percentage

Preprocedure Day 1 (procedure) Day 1–30 Day
30–60

Day
60–90

Day
90–120

Day>
120

CT and vena
cavagrams

Postprocedure
vena cavagrams

CT

1 E�Luminexx 90 10 10 10a

2 Sinux-XL, Sinux-XL,
Sinux-XL

100 100b 100 100a

3 Zilver Vena, Zilver Vena,
Zilver Vena

99 25 100 100a

4 Sinux-XL, Sinux-XL 99 10 75a

5 Zilver Vena, Zilver Vena 95 25 50 50 100 a

6 Zilver Vena, Zilver Vena,
Sinux-XL

75 0 0a

7 E�Luminexx, Sinux-XL 90 0 0 0 a

8 Sinux-XL 99 25 25a

9 E�Luminexx 99 20 20 20 20

10 Zilver Vena 90 10 10a

11 E�Luminexx, Zilver Vena,
Sinux-XL

99 20 20 20 a

12 E�Luminexx 95 10 50 50 50a

13 E�Luminexx, Sinux-XL 100 25 75 75a

14 E�Luminexx 75 0 0 0a

15 Sinux-XL 80 0 0 0a

16 Zilver Vena, Zilver Vena,
E�Luminexx

95 0 0a

17 Zilver Vena, Zilver Vena 100 50 50 50a

18 Sinux-XL, Sinux-XL 99 0 0 0 0 75

19 Zilver Vena 95 50 50a

20 Sinux-XL 99 50b 50 50 66a

21 Sinux-XL, Sinux-XL,
Sinux-XL

95 10 50 a

22 Sinux-XL, Sinux-XL,
E�Luminexx

100 50 50 50 50

23 Sinux-XL 80 25 25a

24 Sinux-XL 90 0 0 75a,b

25 Zilver Vena, Zilver Vena 90 50 50

Note: E�Luminexx (Bard GmbH/Angiomed, Karlsruhe, Germany), Sinus-XL (OptiMed Medizinische Instrumente GmbH, Ettlingen, Germany), and Zilver
Vena (Cook Medical Inc., Bloomington, IN).
aIndicates patient death occurred before the next follow-up.
bIndicates percentage stenosis is associated with external stent compression.
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between January 2012 and July 2013 at Odense University
Hospital. The mean patient age was 65 years (range: 49–86
years), and nine patients were male. All patients presented
with clinical SVC syndrome, and the compressed or ob-
structed SVC was verified by contrast-enhanced CT. All pa-
tients had advanced cancer in the right upper lung lobe,
metastases to mediastinal lymph nodes, and/or invasive
disease into the mediastinum. No patient had malignant
lymphoma. All patients had terminal cancer without further
possibility of curative treatment and had received maximal
adjunct therapy with chemotherapy and radiotherapy. Over-
all 18 patients had nonsmall cell lung cancer and 7 had small
cell lung cancer. Somedata of 10 of the patients have also been
included in another study.12

Endovascular Technique
The technique was performed according to the quality
assurance guidelines for superior vena cava stenting in
malignant disease.1 All patients underwent a contrast-
enhanced CTwithin 2 days of the interventional treatment.
In addition, vena cavagrams were performed before and
immediately after stent placement. Venous access was
gained under local analgesia, typically through the right
femoral vein, and alternatively through the internal jugular
vein. Stenotic lesions were crossed with 5F catheters over a
hydrophilic guide wire, and subsequently a superior vena
cavagramwas performed to define the landing zone for the
stents (►Fig. 1, patient no. 7). If the obstruction extended to
the venous confluence or to a brachiocephalic vein, stents
were placed from the ipsilateral brachiocephalic vein into
the SVC, and if the obstruction involved both brachioce-
phalic veins, stents were placed in one or both brachioce-
phalic veins and in the SVC (►Fig. 2AB, patient no. 18). If

possible, stents were placed such that the occlusion/steno-
sis was covered and there was at least 1 cm of disease-free
vessel at both ends.1 All patients had a bolus of 5,000 units
of unfractionated heparin during the procedure, and all
were on an antiplatelet aggregation regimen with aspirin
after the procedure. Further, some were on anticoagulation
as a consequence of decision made by the referring depart-
ment. Procedural success was defined as stent deployment
in the intended location with < 50% residual stenosis and
no adverse events during the procedure or within the first
48 hours after the procedure. Clinical success was defined
as very good or good clinical effect with relief of SVC
symptomswithin the first 48 hours according to the clinical
findings and the patients’ satisfaction.

Stents
Patients received one of three types of self-expanding nitinol
stents: E�Luminexx Vascular stent (Bard GmbH/Angiomed,
Karlsruhe, Germany), Sinus-XL stent (OptiMed Medizinische
Instrumente GmbH, Ettlingen, Germany), or Zilver Vena stent
(Cook Medical, Inc., Bloomington, IN). The E�Luminexx stent is
available in diameters up to 14 mm and lengths up to 120 mm
and requires a 6F (in small stent sizes) or 7F introducer sheath.
The Sinus-XL stent is the first stent registered for use in the SVC
and is available in diameters up to 34 mm and lengths up to
100 mm (only in the 28 mm diameter size) and requires a 10F
introducer sheath. The Zilver Vena stent is designed for iliofe-
moral venous stenting, and is available in diameters up to
16 mm and lengths up to 140 mm and requires a 7F introducer
sheath. All three stent types are flexible, self-expanding nitinol
stents, and are preloaded on over-the-wire delivery systems that
are compatiblewith 0.035 in. guidewires. They all come on long
shafts so they can also be deployed from the groin.

Fig. 1 Patient No. 7: A 62-year-old woman with SCLC (T4N3M1b). (A) 90% SVC stenosis prestenting. One E�Luminexx 14 � 40 mm stent and one
Sinus-XL 18 � 60 mm stent were implanted and postdilated with a 14 mm balloon. (B) No residual stenosis poststenting. (C) Very good clinical
results and imaging results at > 120 days follow-up. SCLC, small cell lung cancer; SVC, superior vena cava. (E�Luminexx [Bard GmbH/Angiomed,
Karlsruhe, Germany] and Sinus-XL [OptiMed Medizinische Instrumente GmbH, Ettlingen, Germany].)
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Clinical Follow-Up
All patients were followed up by their referring clinicians and
all patients had repeated contrast-enhanced CT 1 to 3months
after stent implantation and in case of recurrence of SVC
syndrome symptoms. Stent stenosis, stent compression or
thrombi and recurrence of SVC syndromewere recorded. The
primary endpoint of the study was clinical outcome 48 hours
after stent placement, and secondary endpoints were SVC
syndrome recurrence-free survival.

Results

Procedural Outcome
Based on prestenting CT, 4 venae cava were occluded, 17
had stenoses of 90 to 99%, and 4 had stenosis of 75 to 89%.
The stenoses estimated on prestenting vena cavagram
(mean 89%, median 90%) were significantly less than those
estimated on the contrast-enhanced CT (mean 95%, median
98%), p ¼ 0.003. Unlike atherosclerotic arterial stenoses,
the SVC stenoses were always eccentric and flattened out or
sickle-shaped because of the external compression, and
thus difficult to estimate on single-plane cavography
(►Fig. 3, patient no. 10).

In three patients with 99 to 100% stenosis, prestenting
dilatation was performed with 4 to 5 mm diameter balloons.
Overall 46 stents were placed in the 25 patients: 42 stents
were delivered via the right femoral vein and 4 stents were
delivered via the left jugular vein. Left jugular vein access was
required in one patient (three stents; patient no. 16) because
of an inability to access through the femoral veins as a
consequence of earlier femoral/femoral artery cross-over
bypass surgery in the groins and an occluded right jugular
vein, andwas required in the other patient (one stent; patient
no. 18) because it was impossible to cross the left brachioce-
phalic lesion from the cava site (this patient had one stent
deployed from the femoral vein and one from the jugular
vein).

A total of 21 Sinus-XL stents, 16 Zilver Vena stents, and 9
E�Luminexx stents were implanted (►Table 1). Eleven pa-
tients received one stent, seven patients received two stents,
and seven patients received three stents (►Table 1); amean of
1.8 stents (range 1–3) were inserted per patient. In six
patients more than one stent type was implanted; this was
donebased solely on the stent sizes available at the time of the
procedure. Stentswith diameters between 12 and 20 mmand
lengths between 40 and 100 mm were implanted; the most

Fig. 2 (A) Patient No. 18: A 50-year-old woman with disseminated SCLC (T4N2M1a). Contrast-enhanced CTshows occlusion of SVC and thrombi in
cava and right brachiocephalic trunk. (B) Same patient as in (A). Venografia showing occluded SVC and thrombi in both brachiocephalic trunks.
Two Sinus-XL stents of 16 � 60 mm were implanted, one into SVC from the right femoral vein, and the other one into left brachiocephalic trunk
from the left jugular vein. Postdilatation with 14 mm balloon with good flow. Very good clinical effect. Reintervention 4 months later because of
recurrent SVC syndrome (Patient No. 14) and stenosis of 75% with one E�Luminexx 14 � 60 mm stent in cava with very good clinical effect lasting
until death 8 months later. CT, computed tomography; SCLC, small cell lung cancer; SVC, superior vena cava. (E�Luminexx [Bard GmbH/
Angiomed, Karlsruhe, Germany].)
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commonly used stent size was the 16 mm diameter by
60 mm length (n ¼ 25). Stent diameters were oversized
approximately 10 to 20% according to the normal diameter
of the SVC. Poststenting balloon dilatation was performed in
23 patients (92%).

All stents were deployed in the intended position and
without associated complications or adverse effects. In one
patient (patient no. 2) with an extensive occlusion of the SVC
involving the venous confluence, and with thrombus in both
the brachiocephalic branches and prestenting thrombus as-
piration, reocclusion occurred within 48 hours (three Sinus-
XL stents). In five patients there was a 50% residual stenosis
after stent deployment (►Table 1) but all these patients had a
very good clinical effect as well. Thus, the procedural success
rate was 76% (19/25 patients).

Poststenting, themean SVC stenosis had been significantly
reduced from 93%, based on contrast-enhanced CT pretreat-
ment (median 95%), to 22% based on vena cavagrampoststent
placement (median 15%).

Follow-Up
Overall 22 patients were followed until their death (mean 3.5
months, range 1–12 months after stent implantation); fol-
low-up for the remaining 3 patients was for a mean of
8 months (range 1–16 months). In follow-up, two additional
patients (no. 3 and no. 5) had reocclusions: one patient (three
Zilver Vena stents) had a reocclusion after less than 1 month,
and one patient (two Zilver Vena stents) had a reocclusion at
4 months. All other stents were patent in follow-up. External
stent compression because of tumor growth with > 50%
diameter reduction during follow-up was seen in three
patients with Sinus-XL stents (patient nos. 2, 20, and
24; ►Table 1). One patient (patient no. 18) had a reinterven-
tion; an additional stent was placed 4 months after the
primary procedure (during which two stents were im-
planted) because of 75% in-stent restenosis and recurrence
of symptoms. In this small patient population, no trends
were observed which suggests one stent type is associated

with worse patency outcomes (either due to internal ob-
struction or external compression).

Clinical Outcomes
All patients with residual stenosis of 50% at procedure end
had very good clinical success with relief of SVC symptoms.
There were no clinical signs of pulmonary embolism in
relation to stent placement in any patient. Specifically, the
rate of clinical success (i.e., relief of SVC symptoms within the
first 48 hours) was 96% (24 out of 25 patients). In the
unsuccessful case (patient no. 2) the stent reoccluded within
48 hours. Very good clinical success with complete resolution
of SVC symptomswithin 48 hourswas achieved in 21 patients
(84%), good clinical success with partial resolution of SVC
symptoms within 48 hours was achieved in 3 patients (12%),
and no change in SVC symptoms was observed in 1 patient
(4%). In one patient, air inside and below the stents was
observed at 2 month follow-up (►Fig. 4, patient no. 3), but
this patient did not have sepsis or severe signs of infection.
Finally, none of themortalities (n ¼ 22) could be ascribed to a
complication of the interventional procedure or because of
SVC syndrome.

Discussion

SVC stenting is a well-established palliative treatment for
malignant SVC syndrome. It is a safe effective treatment1;
peri- and postprocedural complication rates are about 6%, and
the mortality rate is approximately 3%.1,8,10,13 Severe and
potentially fatal complications after percutaneous stenting of
SVC are few. Venous rupture, cardiac tamponade, and stent
migration (into the pulmonary artery and the right atrium)
have been described,14–18 and pulmonary embolismmay be a
potential hazard.

This study was a retrospective review of our clinical expe-
rience with nitinol stent placement in 25 patients with malig-
nant SVC syndrome. We placed the Sinux-XL, the Zilver Vena,
and the E�Luminexx based on available device size at our

Fig. 3 Patient No. 19: A 58-year-old man with SCLC. (A) Approximately 66% stenosis on pretreatment venography (arrow) and (B) a slit-shaped
stenosis of about 90% on pretreatment contrast-enhanced CT (arrow). CT, computed tomography; SCLC, small cell lung cancer.
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institution. Stainless steel stents were not utilized in the
present study, as they have been shown to be inferior to nitinol
stents with regard to recurrence of SVC syndrome.9 All stents
were deployed as intended and without procedural complica-

tions and the rate of clinical success was 96%. Stent occlusion
occurred in three patients in follow-up and stent compression
greater than 50% occurred in three patients in follow-up (one
patient with compression also had an occlusion).

Fig. 4 Patient No. 3: A 68-year-old woman with disseminated NSCLC. Approximately 99% stenosis of the SVC on pretreatment CT. After
deployment of three Zilver Vena stents the stenosis was reduced to 25%. Good primary clinical effect, but at 2 months follow-up air and thrombus
were seen inside and distal to the stents. CT, computed tomography; NSCLC, nonsmall cell lung cancer; SVC, superior vena cava. (Zilver Vena
[Cook Medical Inc., Bloomington, IN])

Fig. 5 Patient No. 24: A 56-year-old man with neuroendocrine NSCLC. Approximately 90% stenosis of the SVC on pretreatment CT. One Sinus-XL
16 � 60 mm stent was implanted and postdilated with a 12 mm balloon. There was no residual stenosis and very good clinical result. At follow-up
2 months later the stent was patent, but compressed with a reduced diameter of 75%. The patient died a few weeks later without SVC syndrome.
CT, computed tomography; NSCLC, nonsmall cell lung cancer; SVC, superior vena cava. (Sinus-XL [OptiMed Medizinische Instrumente GmbH,
Ettlingen, Germany].)
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As described previously, in relation to iliofemoral venous
stenting, the desired attributes of a venous stent are different
than for an arterial stent: venous stentsmust be characterized
by larger diameters, longer lengths, and higher radial force to
prevent compression (►Fig. 5, patient no. 24), and high
flexibility and adaptability to the curves of the vessels
(►Fig. 2B).19 The same stent attributes are important when
stenting the SVC. In this regard, the limitations of E�Luminexx
stent is that it is only available in diameters up to 14 mm and
therefore only nine stents could be implanted in this study; it
is also not approved for use in any vein. The limitations of the
Sinus-XL stent is that a 10F introducer is required, whichmay
occlude the access vein during the interventional procedure
and potentially cause thrombus of the vein. The Zilver Vena
stent is newest on the market and is approved for the
iliofemoral veins19, though it may also be of value in the
SVC because of its design features (including its radial force
and radial strength, which are higher than the arterial stents
from the same company).

Radial force and radial strength are important factors
when stenting near a tumor and when stenting for SVC
syndrome, as a stent’s ability to resist compression is impor-
tant for patency outcome (►Fig. 5). In this study, patency
failures were attributed to stent occlusions and external
compression, consistent with expectations in this patient
population and previous reports. Only the Sinus-XL stents
were associated with compression > 50% due to external
masses, and occlusions were observed in both the Zilver
Vena and Sinus-XL stents. However, in this small patient
population, no further analyses can be performed.

We did not perform reintervention in patients with stent
compression or in-stent thrombosis/stenosis if they did not
have recurrent SVC symptoms; this decisionwas based on the
fact that the patients’ residual lives were limited because of
the malignant disease itself. The study is limited by the
relatively small number of patients and retrospective design.
A prospective designed study including higher number of
patients and patient randomization to the different types of
nitinol stents is warranted to determine whether outcome
differences exist among stent type.

Conclusion

Stenting of SVC has become widely accepted as a palliative
treatment in malignant diseases for SVC syndrome. Three
types of nitinol stents have been used and all shown to be safe
and efficacious.
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