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Recanalization of Total Arterial Occlusions |
with the Kensey Dynamic Angioplasty Catheter!

The Kensey dynamic angioplasty
catheter is a new device for recanal-
ization of peripheral arterial occlu-
sions. Twelve patients with segmen-
tal occlusions who were not consid-
ered candidates for conventional
bypass surgery because of cardio-
vascular risk factors were studied.
Four of the patients were treated in
the operating room. Two had excel-
lent primary results in limb salvage
situations, and recanalization of an
occluded femoropopliteal bypass
graft was successful in another. Bi-
lateral iliac recanalizations in the
fourth patient were locally success-
ful but did not prevent the patient’s
death from advanced ischemic dis-
ease. Eight patients were treated
percutaneously. Initial recanaliza-
tion was successful in seven. Four
had early reocclusions and required
amputation below the knee. One
suffered distal embolization after
recanalization of a 6-cm popliteal
segment and underwent above-the-
knee amputation. Long-term fol-
low-up (7-18 months) in the other
three patients with successful pri-
mary recanalizations has confirmed
patency of the recanalized segments.
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Arteries, stenosis or obstruction, 92.7214 ¢ Ar-
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eters and catheterization, complications, 92.44
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¥ NTERVENTIONAL techniques have
gained appeal in light of the
abundance of patients with peripher-
al vascular disease (1). Balloon-and-
wire technology has improved suffi-
ciently to allow us to approach more
distal lesions in the lower extrem-
ities. This improvement is a direct re-
sult of the balloon-and-wire profile
technology developed for coronary
circulation. Segmental arterial occlu-
sions, which were heretofore treated
only by vascular surgeons, are now
being treated percutaneously. How-
ever, outflow limitations remain a
significant problem in the treatment
of patients with life-style limiting
claudication and ischemic rest pain.

Interventional radiologists have
realized that occluded arterial seg-
ments frequently permit passage of a
wire to establish a “’pilot hole.” Fur-
ther improvement in flow can be
achieved with balloon angioplasty
techniques. A few series of patients
with occlusions that were treated
with angioplasty have been reported
(2-4). In our experience with 38 oc-
clusions of superficial femoral and il-
iac artery segments, approximately
20% of the occlusions (eight of 38)
could not be crossed with wires (M.
H. Wholey et al, unpublished data,
1988). These patients are the focus of
several devices undergoing clinical
investigation.

Recanalization has been attempted
recently with laser systems and with
other devices. While the thermal-tip
argon laser has been shown to be a
useful adjunct to conventional percu-
taneous transluminal angioplasty
(PTA) in iliac, femoral, and popliteal
segments, its utility in smaller vessels
and the issue of recurrent stenosis re-
main in question. In addition, PTA is
ineffective in ablating calcified le-
sions, and the possibility of thermal
injury is increased in this setting.
The pulsed excimer laser appears to
be more capable of establishing a pi-
lot hole (5,6).

An alternative device, the Kensey
dynamic angioplasty catheter
(KDAC) (Theratek International, Mi-
ami), was evaluated at our institution
in the treatment of segmental occlu-
sions that could not be crossed with a
wire. The KDAC was designed to
pulverize atherosclerotic and throm-
botic material sufficiently to allow
their passage and clearance through
the capillary network.

MATERIALS AND METHODS

The KDAC has a rotating semicircular
cam at the distal end to selectively pene-
trate atherosclerotic material. The cathe-
ter tip is powered by a servo-controlled
DC motor with manual speed control.
The power is transmitted through a sev-
en-strand drawn-steel cable inside the
catheter sleeve. The KDAC is lubricated
with perfusate by means of an injector
system. The manufacturer has suggested
tip speed of 80,000 rpm and an injection
rate of 20 mL/min. The device is manu-
factured from flexible polyurethane in
sizes of 5-9 F. It may be introduced either
by means of surgical cutdown or percuta-
neously through a sheath.

The KDAC exhibits some ability to se-
lectively mobilize atherosclerotic tissue
(7). In our laboratory, the catheter tip
demonstrated that it could stay within the
lumen of a plastic tube while boring
through organic models made of differ-
ent materials, including beef fat, cheese,
and gelatin. The semicircular shape of the
tip prevents impingement on arterial
walls while it penetrates atherosclerotic
material. Perfusate lubricates the drive ca-
ble within the catheter sleeve and dissi-
pates heat from the catheter tip. The per-
fusate exits the catheter radially at the
distal end. The mechanical interaction be-
tween the rotating tip and the atheroscle-
rotic material and resistance by the rigidi-
ty of the catheter cable to the radial hy-
drodynamic forces generated at the tip
influence the position of the catheter tip.

The catheter tip relies on a complex

o

Abbreviations: KDAC = Kensey dynamic an-
gioplasty catheter, PTA = percutaneous trans-
luminal angioplasty.
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combination of fluid, dynamic, and me-
chanical effects to bore through clot ma-
terial and to pulverize it. As a result, the
debris should pass through the cardiovas-
cular system without consequence. As the
catheter tip rotates, a fluid vortex is creat-
ed in which there is a pressure drop that
induces a suction effect in the artery
much like the action of an airplane pro-
peller. In other words, the fluid dynamics
resulting from the combined effects of
perfusate flow and rotation of the tip in
the fluid creates a vortex that distends the
vessel lumen ahead of the actual catheter
tip (Fig 1).

Our in vitro experience has shown that
significant distal embolization occurs
when total occlusions are penetrated with
the KDAC. To prevent distal emboliza-
tion, the catheter must recanalize the lu-
men enough so that the tip can emulsify
particles to a size that can be easily fil-
tered by the capillary system. The nega-
tive pressure effects cause particles to be
drawn into the flow around the catheter
tip and to remain in the region around
the tip. Pulverization of particles depends
on the length of time they recirculate
around the tip. Because the size of emboli
remains a central question in the perfor-
mance of the KDAGC, the length of recir-
culation time at the tip must be deter-
mined. Our current studies focus on de-
termining how the length of recirculation
time depends on the volume surrounding
the tip and on tip speed and the feed rate
of the catheter itself.

A clinical history was obtained and
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Figure 2.

physical examination and diagnostic arte-
riography performed on all patients be-
fore they entered the study. Routine cut-
film angiography was performed to con-
firm clinical impressions.

Femoral arteries were chosen in each
case for the catheter insertion site. In four
patients, a surgical cutdown was per-
formed; the remainder were treated by
percutaneous means.

Six patients were treated for pregan-
grenous extremities. One patient was crit-
ically ill with occlusions of both iliac seg-
ments and the terminal aorta. Two pa-
tients in this group had occluded
reversed-saphenous vein, femoropoplite-
al above-the-knee bypass grafts. All pa-
tients showed extremely poor outflow in
the involved extremity on diagnostic ar-
teriograms.

The procedure was explained to each
patient and a witnessed informed consent
obtained. Alternative forms of therapy
were explained. Eleven of the 12 patients
were not considered candidates for sur-
gery because of associated cardiovascular
risk factors. One patient chose to partici-
pate in the study because she opposed pe-
ripheral bypass surgery. Primary recanal-
ization with the KDAC was carried out in
all patients, and one patient required ad-
ditional balloon angioplasty with a 6-
mm-diameter, 4-cm-long balloon for re-
sidual stenoses (Fig 2). All patients were
given a continuous infusion of heparin
for 48 hours after the procedure to main-
tain the activated partial thromboplastin
time at twice the control value.

C.

Patient follow-up consisted of serial
monitoring 24 hours after the procedure
and clinical and noninvasive Doppler
evaluations at 1-3-month intervals.

RESULTS

Recanalization was possible in all
six patients in the limb salvage
group. One patient had ipsilateral au-
tonecrosis of three toes 7 months af-
ter the procedure and experienced
extravasation of contrast medium at
recanalization, causing the procedure
to be immediately terminated. One
day later, the patient again under-
went arteriography and successful re-

Figure 1. Illustration of the cam of the
KDAC and the vortex created by the infu-
sate.

d.

(a) Arteriogram shows occlusion (arrow) of the right superficial femoral artery at its origin. Reconstitution occurred at the poplit-

eal artery level. Femoropopliteal graft is also occluded. (b) Extensive extravasation occurred after KDAC recanalization. (c) Follow-up femo-
ral arteriogram 24 hours after recanalization now shows a patent lumen. Two isolated stenotic segments were subsequently dilated with con-
ventional balloon angioplasty. (d) Note complete disappearance of extravasation 24 hours after recanalization and balloon angioplasty of re-
sidual stenotic segments. Satisfactory patency and dimensions through the previously occluded superficial femoral artery are seen.
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canalization with the KDAC, elimi-
nating the need for higher amputa-
tion; conventional PTA was required
for two residual stenoses (Fig 2). One
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patient was critically ill with occlu-
sion of both iliac segments and the
terminal portion of the aorta. Despite
successful intraoperative recanaliza-

tion of the iliac arteries, the patient
died of metabolic complications re-
sulting from ischemia. Two patients
with occlusions of reversed-saphe-
nous vein, femoropopliteal bypasses
underwent successful recanalization,
but rethrombosis in one resulted in
below-the-knee amputation. One pa-
tient required an above-the-knee am-
putation after reocclusion of a super-
ficial femoral artery, with no signifi-
cant runoff. One patient continues to
do well clinically after recanalization
of a popliteal artery segment 4 cm
long, despite poor runoff.

In the group of six patients treated
for claudication, recanalization was
successful in all, but four required a
surgical cutdown for insertion of the
device. One patient, who refused sur-
gery, required an above-the-knee am-
putation after the procedure because
of embolization and failure to re-
spond to local thrombolysis (Fig 3).
The remaining five patients continue
to do well at clinical follow-up (7-18
months). One patient underwent
percutaneous insertion of the KDAC,
with successful recanalization of an
occluded 25-cm segment of the artifi-
cial femoral artery. The patient con-
tinues to do well clinically 18 months
after the procedure (Fig 4).

DISCUSSION

The results of our experience with
the KDAC technique in 12 patients
with severe peripheral vascular dis-
ease varied from excellent in four pa-
tients to a disastrous complication in
one. All patients had segmental arte-
rial occlusions. Six were treated for
limb salvage and had extremely poor
outflow beyond the segmental occlu-
sions. The six patients with pregan-
grenous extremities did not show sig-
nificant clinical improvement, and
four required amputation.

Figure 3. (a) Arteriogram shows occlusion
(arrow) of a 6-cm segment in the right femo-
ral artery near the distal adductor canal.

(b) Effective recanalization of the obstructed
segment (arrows) after KDAC pulverization.
(c) Popliteal occlusion (arrow) resulting
from apparent distal embolization after reca-
nalization. (d) Reestablishment of popliteal-
tibial outflow at the posterior tibial trunk af-
ter administration of 300,000 U of regional
urokinase (1-hour infusion). Upper arrow
indicates recanalization site. Lower arrow
indicates reperfusion of posterior tibial
trunk. Note occluded anterior tibial artery.
(e) Three days after KDAC recanalization
and urokinase infusion, posterior tibial
trunk is reoccluded.
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a.
Figure 4.

b.

(a) Aortofemoral arteriogram demonstrates an occluded 25-cm segment of the

right superficial femoral artery (arrows indicate length of obstruction). (b) Digital subtrac-
tion arteriogram shows effective recanalization of the obstructed superficial femoral artery

after KDAC recanalization.

Excellent results were achieved in
five of the six patients treated for
claudication, three of whom under-
went surgical cutdown for optimal
exposure of the involved artery.

Percutaneous interventional tech-
niques for total arterial occlusion
continue to be evaluated at various
centers around the country. Theoreti-
cally, the KDAC system pulverizes
atheromatous material to a particu-
late size that is not considered clini-
cally significant. However, the re-
sults obtained in our patient who ex-
perienced embolic complications
contradict this theory. While the
KDAC may have applications in pe-
ripheral vascular occlusive disease,
conventional wisdom suggests that
embolization of particulate matter of
any size is potentially harmful. De-
pending on the bulk of disease (ie,
the quantity of atheroma in the le-
sion) and the physical makeup of the
occlusion, outflow vessels do not ap-
pear to tolerate the procedure well.
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Although the KDAC did not present
a significant problem with vessel
perforation, in contrast to other de-
vices, contrast material extravasation
may occur that necessitates immedi-
ate termination of the procedure. In
this regard, we did not experience
any clinical deterioration in two pa-
tients, and in one patient (Fig 2) suc-
cessful recanalization was achieved
24 hours after extravasation.

The question of long-term patency
after vascular recanalization remains
unanswered. Many factors contribute
to recurrent disease. Balloon inter-
ventional procedures may result in
intimal or medial damage with con-
sequent excessive myointimal prolif-
eration and subsequent recurrent ste-
nosis (8,9). For that reason, interest in
mechanical and laser devices has
been stimulated in hopes that remov-
al of plaque discourages regional re-
currence of the atheromatous occlu-
sion (10,11).

Our experience with the KDAC

suggests that the device is capable of
recanalizing occluded arterial seg-
ments in the iliac, superficial femo-
ral, and popliteal systems. However,
reocclusion occurred frequently, es-
pecially in the group of patients
treated for limb salvage in the pres-
ence of poor runoff. We are uncertain
whether the optimal therapy for pe-
ripheral vascular and coronary occlu-
sive disease will ultimately be ather-
ectomy, rotational ablation, laser re-
canalization, or conventional balloon
angioplasty. Further study may be
warranted. W
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