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patients with localized breast cancer, p53 and angiogen-
esis correlated with discase-free survival, but not in the
same patients; that 15, p33 mutation did not seem to en-
hanee angiogenesis.”

The reproducible findings by different groups of inves-
tigators linking tumor angiogenesis to survival among
cancer patients with similar disease stages suggest that
the future is now for angiogenesis, Surgeons should insist
that pathologists carefully grade angiogenesis as an im-
portant prognostic factor. Studies should be undertaken
to treat patients with node-negative colon cancer with
adjuvant chemotherapy based on the pathologic assess-
ment of increased wwmor angiogenesis. Similar studies
should be performed in patients with node-negative
breast cancer, Instead of treating all node-negative lireast
cancer patients with chemotherapy, chemotherapy can
be administered to patients with a worse prognosis, as
identified by assessment of angiogenesis. The research
work ol Folkman et al, has provided the experimental
rationale and support for the investigation of angiogen-
esis in patients with cancer.” Future work may focus on
reducing metastases or tumor size or controlling tumor
dissemination at the time of surgery with the use of anti-
angiogenesis factors.

Jeffrey A, Norton, MDD,
St Lowis, Missouri

Ari. Bury, « Docember 1995
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Evolution of a New Device for the
Prevention of Pulmonary Embolism

Kazi Mobin-Uddin, MBBS, FACS, Columbus, Ohio, Ron Pleasant, Hunin ille, Chie,
Omar Mobin-Uddin, BS, Columbus, Ofio, K. Ain-Uddin Ahmad, PhD, Lakare, Pabistan

The embaolus teap (ET) is o new device that in-
terrupls the inferior venn cava (IVC) for the
prevention of pulmonary embolism. It has o cen-
tral column from which six wires extend in two
tiers. The adjacent wires are formed into loops
with hooks at the distal ends that grip the vein
wall. Each tier contains three wire loops, and
the loops are staggered circumferentially be-
tween the tiers. The ET was implanted into the
IVC in 26 dogs vin n femoral or jugular veno-
tomy. IVC patency was evaluated by venneava-
grums. Autologons elots were embolized via the
femoral vein 1o test the efficaey of the ET, The
animals were followed for 1 1o 4 maonths prior
to postmortem examination, The ET remuined
patent in all animals and consistently trapped the
thromboembali while preserving blood Mow,
Lysis of the trapped emboli was observed in 4 1o
O weeks, There wos no evidence of malposition-
ing. penetration through the vein wall, or migra-
tion of the ET.

he introduction of transvenous inferior vena caval in-

terruption for the prevention of pulmonary embolism
herulded o new era in technological advances in endovas-
cular surgery.

The first of these devices was introduced in 1967 by
Mobin-Uddin etal.' The Mobin-Uddin umbrella filter (UF)
(Figure 1A) was an umbrella-shaped device with six
spokes radiating from a central hub, The spokes were cov-
ered with a thin sheet of Silustic (Dow Coming Corp.,
Midland, Michigan) which had 18 perforations that were
Amm in diasmeter. The UF was effective in trapping throm-
bocmbali, but resulted in thrombosis of the inferior vena
cavi (IVC) in a large percentage of paticnts, This was
largely due to the small size of the perforations in the fil-
ter that restricted blood Mow,

A device that improved upon the UF was introduced in
1973 by Kim-Ray-Greenfield.? The Greenfield filter (GF)
(Figure 1B} consisted of six stuinless steel wires amanged
in the shape of o cone, The spacing belween the wires
ringed from 2 mm &t the apex of the cone to 11 mm at its
brase, This filter had a significantly higher patency mte than
the UF because it did not restrict blood flow. Complications

Froem the Division of Thomcic snd Cardioviseabi Surgery, The Ohin
Stte University, Columbus, Ohio, and the Fredrie ©, Smith Clinie,
Marivm, Cihie,
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of the GF have included passage of small emboli through
the filter, decrensed effectiveness in larger IVC diameters,
tilting within the IVC, crossing of its adjacent wires, pen-
etration of wires through the vein wall, and migration of
the filter.

Mobin-Uddin has recently developed a filier, the Mobin-
Uddin embaolus trap (ET} that improves upon the GF,

EMBOLUS TRAP DESIGN

The initial ET (prototype 1) (Figure 2) consisted of a cen-
tral column from which wires were arranged in three tiers.
In each tier, two wires were crossed at the central column
and angled downwards. The wires in each tier were stag-
gered 1o cover the entire circumference, and their distal
ends were shaped into a hook for fixation. The problem of
vein wall penetration by single wires had not been solved
at the ime the first prototype was developed, As animal
experimentation began, a simple discovery led o the so-
lution of this problem, While the ET was being loaded into
the catheter, the distal ends of two adjacent wires crossed,
It was realized that if the wires were crossed into a loop
with hooks art the distal ends, this shape would securely
fix the device in the IVC and would prevent penetration
of the wires through the [VC wall,

This loop-hook design of the wires was incorporated into
the next three prototypes of the ET. To shorien the length
of the ET, the wire [oops were construeted in two tiers, Two
options for wire configuration were available: four loops in
two tiers or three loops in two tiers. Initial animal experi-
ments were done using the four-looped design (prototype
I1}. This was found to be thrombogenic secondary to there
being many wires in close proximity. The three-looped de-
sign (prototype 111} (Figure 3) was not thrombogenic and
worked well; this became the final wire configuration.

The initial three prototypes of ET were made of a stain-
less steel alloy ealled elgiloy. The wire loops made of el-
giloy did not expand well to fit larger IVC diameters. After
a new muateral, nitinol (o nickel-tivinium alloy) became
availuble, the ET was manufactured from this (protolype
IV) (Figure 4). The loop hooks made of nitinol expancled
1o fit all IVC sizes and maintained their shape, The Simon
nitinol filtler? which is curently available, requires a
cooled saline drip during insertion. The ET does not rely
on the thermal shape memory propertics of nilinol to main-
tain its shape and, therelore, does not require the cooled
saline drip during insertion

MATERIALS AND METHODS
Experimental Studies

Animal experiments were carried out using 26 mongrel
dogs weighing 45 10 65 pounds, Alter being anesthetized
with thiwmylal sodium (20 mg/kg), the dogs were endo-
tracheally intubated and were either allowed to breathe
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room air or placed on a ventilator, The ET was inserted
o the infrorenal 1VC.

Lmplantation Procedure

Using a loading cone, the ET is collapsed into a capsule
attached to o catheter, The catheter is then imserted via the
Jugulur or femoral vein and fluoroscopically guided into
the IVC, A siylet within the catheter ¢jects the device into
the IVC where the ET wire loops expand and grip the vein
wall, fixing the ET imo place, The catheter 1s then re-
moved, and the vein is ligoted. To prevent thrombus for-
mation within the catheter, o heparimzed saling drip is used
during insertion, No systemic anticoagulants were given
price to or following ET insertion

Acute Studies

The dogs were killed immediaely afier experimentation
andd then cxamined {Table), Acute studies were done 1o
evalume the ET's ability 1o rap emboli, Autelogous clots
were made by collecting the animals’ blood in 5-mlL sy-
ringes und refrigerting the clotted blood for 1o 7 days,
The suwtologous blood clots were transferred inio a 60-mbL
twomey syringe containing saline solution and then em-

Figure 2. A. Emhalus trap: prototype |
{2 wires in'3 tiers, elgiloy) B. Radiograph
of the abdomen in a dog showing the
ermbolus trap within the inferior vena
cava. C, Angiogram of an inferjor vena
cava in a dog immediately fallowing clot
ernbolization. Note trapped embod within
the embelus trap and that blood flow
has been preserved, The distal wires of
the embolus trap are penstrating
throwgh the inferior vera cava wall,

bolized via o 14-Fr or 16-Fr Robinson catheter that had
been inserted into the femoral vein.

The 1- to 3-day-old clots were mobile and were easily
embolized through the syringe, The T-day-old clots were
firm and well formed, and these were dissected into 5-mm
. 10-mm and 10-mm ¥ 25-mm sizes and then embolized.
Venacavagrams were done to assess the trapping of em-
boli by the ET. Afier the dogs were killed, postmoriem ex-
aminations were conducted as follows: 4 000 units of hep-
arin was given intravenously just before death o prevent
postmoriem clot formation prior o examination of the ET,
The segment of the IVC that contained the ET was excised
and examined to evaluate the ET's ability 1o trap the em-
boli, The lungs were also examined for any evidence of
embolization.

Chronic Studies

After ET insertion, the dogs were followed for | to 4
manths (Table), The dogs were followed 1o observe vein
patency, wire-loop penetration throogh the vein wall,
thrombus {formation within the ET, and ET migration, The
dogs that did not have autologous clots embolized had ve-
nacavagrams a1 week and then st d-week intervals, They
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Methods and Results

Prototypes
I ] ] v
Methods

Design 2W,3T 41,27 3L2T 3L2T
Materials Elgiloy  Elgiloy Elgiloy Nitinol
No. of dogs

Acute studies 2 2 1 1

Chronic studies 4 4 8 4

Follow-up (months)  1-2 14 14 1-4
Results

Patency in 100% 100% 100% 100%
nonembolized dogs

Thrombus formation 0 1 0 0
Trapping 100% — 100% 100%
(emboli 25 mm)

Resolution of Partial —  Complete Complete
trapped emboli

Penetration vein wall Yes 0 0 0

Migration 0 0 0 0

W = wire; T = tiers; L = loops.
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PREVENTING PULMONARY EMBOLISM/MOBIN-UDDIN ET AL

studies on dogs using the nitinol ET. Tt is anticipated that
the two tiers and the loop design will prevent splaying in
patients.

The GF is not as effective in trapping smaller emboli (5
4 H1mnﬁndm“mmﬂ.whkhnmyahnbccﬁMmMysm—
nificant.>” Experimental studies have shown the ET is ef-
fective in trapping emboli that are 5 mm or greater in di-
ameter,

The ET is a new device that interrupts the IVC for the
prevention of pulmonary embolism, The theoretical ad-
vantages of this device compared with the GF were con-
firmed in preliminary experimental studies in dogs. The ET
is selll centering, and it expands to fit the diameter of the
IVC. It does not migrate or penetrate through the vein wall,
and its materials are nonthrombogenic. Blood flow is pre-
served while emboli 5 mm or greater are trapped. Lysis of
the trapped emboli within 4 to 6 weeks has been demon-
strated, The clinical trials of the ET will begin shortly.

From one of the earliest workers in this field comes an-
ather new and improved device to protect the patient from
sudden fatal pidmonary embolism, What we all need to
know is in whom to apply them.
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