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Summary of Cases

DOTTER, JUDKINS

Table 1

Case Age,
no. Pt. Hosp. no. sex Side Before procedure, clinical Diabetic Before procedure, radiographic
A. Partial Obstructions
1 LS. 32-79-70 82 F L Cold, pulseless, painful foot with ul- 0 Near complete obstruction of
ceration and gangrene of the toes superficial femoral artery at ad-
ductor hiatus. Moderate small
artery disease
2 J.R. 32-91-34 58 M L Coldness, claudication, generalized 0 Narrowing of superficial femoral
atherosclerotic changes. Emotional in- artery in adductor canal
stability
3 H.B. 18-28-16 64 M L Cold foot and leg with claudication, 0 Complete obstruction of superficial
markedly diminished peripheral pulses, femoral in adductor canal.. Nar-
and digital gangrene rowing of deep femoral collateral
vessels
B. Total Obstructions 6 cm. or less in length
4 M.D. 33-09-99 78 F R Cold, pulseless extremity with rest pain, + Complete trifurcation block. Ex-
ulceration, and extensive gangrene be- tensive small artery disease. Micro-
low the knee. Serious infection angiopathy
6 F.S. 32-61-87 65 M L Pulseless, cold leg with ischemic skin 4 Complete obstruction superficial
changes and claudication. Rest pain femoral at the adductor hiatus.
Moderate small artery disease
7 V.H. 33-00-47 67 M L A cold leg with one block claudication 4 Complete obstruction superficial
and no distal pulses. Ischemic skin femoral artery within the adductor
changes and some pain at rest canal. Moderate small artery dis-
ease
8 OW. 31-10-23 55 M L Numbness, coldness, and claudication @0 Complete obstruction superficial
progressing to rest pain and early gan- femoral artery in the adductor
grenous changes canal
C. Long-Segment Obstructions
5 V.. 5-67-89 62 F R Cold, pulseless leg with ulceration and + Complete obstruction of popliteal
rest pain. Ischemic skin changes with and the vessels of the trifurcation.
ulceration Severe small artery disease
9 G.G. 33-22-45 75 M L (a) Sudden, severe claudication and 4 (a) Complete obstruction distal
rest pain. Cold leg. “Emergency” femoral and popliteal arteries
sympathectomy elsewhere. Gan-
grene
(b) Sudden onset of rest pain 7 pm (b) Recurrent obstruction
5/19/64
10 V.H. 33-00-47 67 M R (a) Cold leg with ischemic skin 4 Complete obstruction of femoral
changes and muscular atrophy. and proximal popliteal. Moderate
Rest pain small-artery disease
(b) Same
(c) Same
11 F.S. 32-61-97 65 M R (a) Cold leg with no distal pulses. 4 Obstruction distal femoral and

Rest pain 4+ Gangrene

(b) Same

popliteal. Severe small-artery dis-
ease
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Length of narrowing
or obstruction,

cm.

Procedure date

After procedures, radio-
graphic findings

Follow-up

0.5

0.5

10

35

30

30

1/16/64

2/14/64

3/12/64

3/25/64

4/23/64

4/29/64

4/30/64

4/ 9/64

5/ 1/64

5/20/64

5/ 5/64

6/ 5/64

6/12/64

4/23/64

5/ 5/64

Lumen diameter increased
to near normal

Increased diameter of lu-
men

Increased diameter of the
lumen of treated deep fem-
oral branch. Superficial
femoral was not treated
percutaneously

Subatheromatous catheter
travel from popliteal to
fibular artery
Patent lumen

Patent lumen

Patent lumen

Patent lumen, popliteal to
fibular artery

(a) Patent lumen

(b) Patent lumen to pres-
ent

(a) Unsuccessful pro-

cedure; extravasation
(b) Partial extra-atheroma-

tous course of the
channel

(c¢) Partial extra-atheroma-
tous course of the
channel

(a) Partial extra-atheroma-
tous course of the
channel

(b) Small patent lumen-
clotted after 3 days

Healing of ulceration. Sharp demarkation and clean healing
of sloughed gangrenous toes. Plethysmographic evidence of
good pulse and B.P. Residual small-artery disease

Inguinal area hematoma secondary to anticoagulants. No
subjective improvement. Plethysmography shows little change.
Lesion may not have been a significant obstruction at time of
dilatation

The following week, patient had an endarterectomy and patch
graft of superficial femoral artery lesion. Now doing well
clinically. Slough of gangrenous toe healed well

No clinical improvement—probably secondary to severe small-
artery disease. Amputation became necessary because of
persistent severe rest pain

Plethysmographic pulses and B.P. returned. Leg warmth
increased. Skin changes decreased. Good B.P. levels to present.
Excellent clinical results

Increased warmth. Plethysmographic increase in B.P. and
pulse. Distal pulses returned. Excellent clinical results

Relief of pain, coldness, and numbness. Dorsalis pedis pulse
now visible. Plethysmographic return of B.P. and pulse to
good levels

Fair progress in ulcer healing. No distal pulses because of

severe small artery disease. Amputation for pain 3 mo. later

(a) Relief of severe rest pain. Leg warmth increased. Addi-
tional dilatation of vessel will be needed. Amputation
canceled

(b) Relief of rest pain. Amputation again averted. Pt. awaits
development of “concentric dilating catheter”

(a) Unchanged

(b) Improved warmth and B.P. for 5 days

(¢) Unchanged

(a) Unchanged

(b) Return of popliteal pulse and capillary circulation. No
distal pulse. Clotted after 3 days. Amputation not averted
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are the irregularities likely to develop at the
site of graft or endarterectomy (fig. 12).
Abrupt variations in caliber and configuration
of the postoperative lumen often cause tur-
bulent blood flow and, thereby, undesired
dilatation, mural trauma, platelet deposition,
and thrombosis.

Several of the foregoing limitations can be
avoided or minimized by use of a translu-
minal approach. Recanalization or luminal di-
latation, the therapeutic objective, is brought
about through relatively nontraumatic remod-
eling and lateral displacement of the encir-
cling atheromatous material. Postmortem stud-
ies® have shown that forceful intraluminal
hydraulic injections can lead to surprising in-
creases in perfusion rates. From this it ap-
pears that diffuse hydraulic, as well as local
catheter dilatation, may have therapeutic
value. Since in either case, surgical exposure,
mural incision, and intra-arterial tissue dissec-
tion are eliminated, percutaneous arterial di-
latation is, in comparison to surgery, remark-
ably free from trauma, especially at the site
of the lesion.

The value of catheter recanalization in ar-
teriosclerotic narrowing has been challenged
by some of our colleagues on the hypothetical
grounds that coexistent disease in distal
branches defeats its purpose. (Similar faulty
speculation retarded now-accepted correc-
tive surgery for occlusive disease of the ab-
dominal aorta, carotid, and renal arteries.)
It is a simple, physical fact that removal of
a proximal, gradient-producing stenosis caus-
es an increase in the distal blood pressure
and, therefore, a corresponding increase in
flow through all patent run-off branches, nar-
rowed or not. A further advantage presum-
ably exists in the form of secondary pres-
sure-induced dilatation of nonrigid elements
of the run-off bed.” (Even a rusty sprinkler
may prove capable of doing a creditable job
once the faucet is fully opened!)

It has been argued that attempted cathe-
ter dilatation will dislodge and make emboli
of atheromatous plaques. The use of a grad-
ually tapered recanalizing catheter (or a con-
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centrically dilating catheter under develop-
ment) was adopted to reduce the likelihood
of this. Its rarity is evidenced by prior prac-
tical experience of a related nature. In con-
nection with approximately a thousand ar-
terial catheterizations done at the University
of Oregon Medical School, we know of but
one instance of embolization by dislodged
atheromatous material.® Minor, clinically un-
detected embolization probably occurs in the
course of most arterial catheterizations done
on patients with intimal atherosclerosis, a sus-
picion supported by reported funduscopic
findings. In any event, if the dislodgment
of a localized, proximal atheroma coincides
with the relief of a proximal block, impinge-
ment of the embolic fragment in a distal
branch would not necessarily prevent a de-
cided improvement in over-all blood flow
through most of the run-off vessels. (This
might not always hold if a previously active
collateral route were blocked as could occur
in the coronary arteries.) Recognized clini-
cal or radiographic evidence of embolization
has not occurred in any of the patients in
this series.

Atheromatous material has the characteris-
tics of what an engineer would term a “cold-
flow” substance; thus, it can be molded into
a configuration that permits it to serve as
an autogenous, in-situ graft. If intima existed
before the remodeling, it presumably would
remain afterwards, however stretched.

Transluminal recanalization is a simple
technic. The hard-won skill of the vascular
surgeon is not required, for the technic can
be learned by any physician familiar with
vascular catheterization. This is fortunate.
A therapeutic approach to arteriosclerotic dis-
ease which requires the services of a highly
trained vascular surgeon would hardly scratch
the surface in the treatment needed for a
disease responsible for the death of a million
Americans every year!

Since the procedure is suitable for outpa-
tient application, and at most requires brief
hospitalization, the expense for the patient is
kept to a minimum.
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Present and Projected Clinical
Applications of the Method

Transvascular recanalization is routinely
considered in all patients who otherwise
would require amputation because of arterio-
sclerotic ischemia. Such patients have little to
lose and much to gain through trial of this
experimental procedure. In any case, they can
add to our knowledge and have always wished
to do so when given the option.

To date, this method has been most suc-
cessful in recanalization of relatively short
segment blocks (up to 10 cm. in length) of
the femoropopliteal system. Long-segment
block failures have been primarily due to our
mechanical inability to dilate an established
2-mm. lumen-to-lumen channel, a situation
that could readily be reversed through the
development and use of better instruments.

Transluminal recanalization appears quite
applicable to other arterial systems, partic-
ularly those smaller than are usually consid-
ered suitable for conventional reconstructive
arterial surgery. If its use in femoral disease
can be taken as an indication, severe proxi-
mal narrowing of the coronary artery will be
amenable to a manually guided dilator insert-
ed via aortotomy or via the brachial artery
by the Sones technic.'® Proximal stenosis of
the renal, carotid, and vertebral arteries ap-
pears suitable for transvascular treatment.
The technic is of potential usefulness in
other than arteriosclerotic causes of narrow-
ing, both anatomic and functional in charac-
ter. Intense, gangrene-producing spasm has
resulted from the prolonged use of vaso-
constricting drugs and, here, catheter or hy-
draulic dilatation may prove useful.

In order to improve the technic, a major
instrumental design effort is underway. It con-
sists of the development of a device suitable
for percutaneous insertion, which is a func-
tional equivalent of the present spring guide
but capable of externally controlled concen-
tric expansion over a suitable portion of its
length. Expansion from an initial OD of 0.05
to a final OD of 0.2 inch would be desirable.
This, it is hoped, will minimize the possi-
bility of inadvertent dislodgment of athero-
matous fragments, since the dilator will be
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positioned in the form of a thin, flexible guide,
prior to providing forceful, local expansion
as needed. In addition, our efforts are being
directed toward the design and construction of
a self-guiding, lumen-seaking guide to facil-
itate penetration as the first step in the re-
canalization of totally occluded arteries. Once
a pathway has been created across an oc-
cluded segment, repeated dilatation or the
temporary use of a Silastic endovascular (or,
in some cases, paravascular) splint could
maintain an adequate false lumen until the
natural processes of fibrosis and re-intimaliza-
tion had taken place. We believe re-intimali-
zation is as likely to occur on the walls of a
lumen formed by the patient’s own tissues as
on the fibers of a plastic prosthesis.

Conclusions

It seems reasonable to expect that the trans-
luminal technic for recanalization will extend
the scope of treatment beyond the limits of
present-day surgery. The method offers ear-
ly treatment for the ischemic leg. In view of
its simplicity and low morbidity, it is now
feasible to treat intermittent claudication
without waiting for more serious symptoms
to occur or collateral circulation to develop.

Although long-term results are not yet
available, we are convinced that transluminal
recanalization is the treatment of choice for
patients suffering from arteriosclerotic ische-
mia of the lower extremities, especially two
classes of patients, those generally regarded
as the best candidates for surgical revasculari-
zation (i.e., those with short-segment obstruc-
tions of the adductor hiatus), and those be-
yond its aid and, therefore, candidates for
amputation. Although most of our patients
came from the latter category, all are now
alive, only three of 11 extremities have been
lost, subjective improvement resulted in seven
of the remaining nine legs, and pulsating, near-
normal blood flow has been restored to four.
No patient was made worse by the procedure.
While uncomplicated segmental blockage of
the adductor hiatus of the superficial femoral
artery is generally considered suitable for sur-
gery, it is even more suitable for a nonsurgical
procedure of equal potential benefit. The
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transluminal approach can be applied when
distal disease offers a significant contraindica-
tion to conventional surgery. In any case, it
does not preclude or complicate future sur-
gery and should be tried first. Since our first
patient was treated on January 16, 1964, nine
patients have had transluminal therapy for
arteriosclerotic ischemia of the leg. Eight other
comparable patients at this institution were
subjected to amputation. All of those treated
transluminally are alive and six have not re-
quired amputation. Of the eight others who
were not available to us for attempted recan-
alization, all have lost a leg and two have lost
their lives as well (one from gas gangrene
of the stump; the other from postoperative
myocardial infarction). Thus, however primi-
tive its present state of development and
though its application has largely been con-
fined to surgical “cast-offs,” transluminal re-
canalization has proved to be an effective
alternative to surgical reconstruction and a
safer and otherwise more attractive alterna-
tive to amputation. As such, it deserves a se-
rious trial in the hands of competent physi-
cians.

Summary

The rationale and technic of a new pro-
cedure—transluminal recanalization of arterio-
sclerotic obstructions—has been described.

Of the 11 extremities treated, six have
shown marked improvement (four amputa-
tions averted). It is reasonable to assume
that with a perfected technic and patients
with less advanced disease, the percentage of
successful recanalizations would increase.

Early treatment with this technic may well
prevent otherwise serious disease, not just
prevent amputation of extremities not suit-
able for definitive surgery. We are satisfied
that percutaneous transluminal recanalization
is the treatment of choice for many lesions of
the femoral and popliteal arteries. We believe
this method is ready for application to ob-
structions up to approximately 10 cm. by
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those skilled in the use of vascular catheters.
No doubt the interest and ingenuity of others
will lead to refinements of technic as well as
further clarification of the role of this attack
on arteriosclerotic obstructions.

Addendum

Since this report was completed the number of
treated patients has approximately doubled. There
have been no further amputations and the success
rate appears to have improved with experience in the
selection of patients and the conduct of the pro-
cedure. Late thrombosis appears to be unlikely in
the light of results to date.
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