






TRANSLUMINAL TREATMENT OF OBSTRUCTION

blut partly periather o-nato-uis clhannel from the
iliae to the distal popliteal arterv was estab-
lished. At the time of wxound-closuri-e, there xxas
puil.satile flow in the popliteal ar-terv and capil-
lary flow in the previouisly eyaniotic foot. Throm-
bosis occurred oni the sixth (lay annicl the leg xvas
amputated. This cold leg with gangrenouis
chaniges andcl ischeinic uileeration.s had beeni sched-
uled for ampuitationi prior to the performance of
these proceduires.

Evaluation of Results

Fifteen procedtires have l)een performed
on 11 lower extremities in nine patients (ta-
ble 1). Seven of the 11 extremities werel
tho.se of diabetic subjects wvith moderate-to-
severe microangiopathy. Most of these pa-
tients had been -rejected for definiitive stir-
gery anid were scheduiled for ampuitation; of
the 11 extremities treated, six werxr for gani-
grene, four for rest pain, anid onie for claudi-
catioin. Six extremnities improvxed miarkedly
(fouir ampuitations averted). Clinical improve-
menlt juiiickly followed increases in l)lood
pressure anid eireculationi. Three are un-
changed; two scheduled ainpuitations were
nut avertedl; a tlird xvas delayed for 3 montlis.
Resuilts have l)een objectively gauged on the
basis of healed isehemnic or gangrenou.s
chlanges and the retuirni of measuirable pe-
ripheral blood pressture. Symptoms were re-
lieved in extremnities that did not receive maxi-
muim 1)enefit l)y these criteria.

Failuires xere tirnassociated wxith harnm to
the patienit aind did not appear to reflect on
the method of approach as muich as they did
ouir early in exper-ience, the particuilar disease
present in a given patieint, and the imade-
quacy of ouir present instruments when uisedl
in long segment llocks.

Figure 12

7E1zltndarereetoniyJ, .sopeiwficiafl ,r iora(l aiter!/. A. Befoie
surery. 13. HR oiioutIl of citliemia leates (liltrlf seg
mienl of alrteril wit/i abrupt hliaime iii lumen calil)er.
A good result 1bt the iiiecital)le (lis.tuib.aiicc ini flowc
p)att ernz.could pirepjdice its (duirabilityl. CoI1oparc to
/luoiinrd eaber- *sh)lown in figures 1 awn It). (Fl/nis
through courtesy (of )rs.. Rogoff andl I)XVeese, Sti-oog
\Ieuiorial lIs pita1, Hehe(ster, 1New Yvik.)

Diseussion

Rationale of Method

Surgery is the. tre.atment of cloice for- ol-
structive lesions of the aorta alnd otlher large
arteries, but its eRffetivenIess bears a direct
relation to arterial size. The failure of sturgi-
cal meiiasuires applied to simialler arteries re-
flects ani inrei-ase in the, importance of linit-
ing factors suichl as teclinical difficu.ltyv op-
erative tr-auimaXa, postoperative perixvascilar
swellinig, mtural fibrin deposition, aind fibro-
cvtic incision al repair. Particularly importiant

earl of block (arrow) showtni by Conr1aul, in jeCte(l rdircetly into blocked superficial femioral aiteryJ
at outset of proIedure. Collateral vessel eair knte. C. Appearaiee rf rcecainalizrd,l1 distal super-
fieial fermoral aitery. Nate partially visualizedl unsaspreterl aniurysmial ceauity1 (airrat). D. Sramii,
later phase to sh1owE brraiici/ filling. E1. Ti/ial vi1ew corrcsprm1) lig to B., shioting tier)topatriit
tibirl arteries at lower cncl of 35-cmii. total block. F. Dtritng pissarge of s.printg guidle. Tip of
,sp)rinig hras beecn1 bernt to followV Iumtie. Flexing knkee aider! in rsiblbsliic lumiiial cantintitly. Cr
Dilating cathleter of Truflon, 2 atim11. OD, is ariross the icclusioti ainrl inljeetinig itnto the fibilrir'
rirtery. If. Corresporl.s to CI anid D. flowcnvcr iricgular the liniiieii, it is fillitng twvo of the threCes
popliteadl brainches. T/ii.s stayricr pritent 3 tueeks whl7ereuiplonr iciiiarcyrrene of legriiu idrhicated
re-thromnbosis. Opened a seconrd tinie, it has niow remained t)atent for 63 weeks. Schieduled
aintputatiaa is iaot necessarrI at ))irCstiit.
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DOTTER, JUDKINS

Table 1
Summary of Cases

Case Age,
no. Pt. Hosp. no. sex Side

A. Partial Obstructions

Before procedure, clinical Diabetic Before procedure, radiographic

1 L.S. 32-79-70 82 F L Cold, pulsciess, painful foot with ul-
ceration and gangrene of the toes

2 J.R. 32-91-34 58 M L

3 H.B. 18-28-16 64 M L

Coldness, claudication, generalized
atherosclerotic changes. Emotional in-
stability

Cold foot and leg with claudication,
markedly diminished peripheral pulses,
and digital gangrene

0 Near complete obstruction of
superficial femoral artery at ad-
ductor hiatus. Moderate small
artery disease

0 Narrowing of superficial femoral
artery in adductor canal

0 Complete obstruction of superficial
femoral in adductor canal.. Nar-
rowing of deep femoral collateral
vessels

B. Total Obstructions 6 cm. or less in length

4 M.D. 33-09-99 78 F R

6 F.S. 32-61-87 65 M L

7 V.1H. 33-00-47 67 M L

8 O.W. 31-10-23 55 M L

C. Long-Segment Obstructions

5 V.S. 5-67-89 62 F R

9 G.G. 33-22-45 75 M L

10 V.H. 33-00-47 67 M R

11 F.S. 32-61-97 65 M R

Cold, pulseless extremity with rest pain,
ulceration, and extensive gangrene be-
low the knee. Serious infection
Pulseless, cold leg with ischemic skin
changes and claudication. Rest pain

A cold leg with one block claudication
and no distal pulses. Ischemic skin
changes and some pain at rest

Numbness, coldness, and claudication
progressing to rest pain and early gan-

grenous changes

Cold, pulseless leg with ulceration and
rest pain. Ischemic skin changes with
ulceration
(a) Sudden, severe claudication and

rest pain. Cold leg. "Emergency"
sympathectomy elsewhere. Gan-
grene

(b) Sudden onset of rest pain 7 pm

5/19/64
(a) Cold leg with ischemic skin

changes and muscular atrophy.
Rest pain

(b) Same
(c) Same

(a) Cold leg with no distal pulses.
Rest pain + Gangrene

(b) Same

+ Complete trifurcation block. Ex-
tensive small artery disease. Micro-
angiopathy
Complete obstruction superficial
femoral at the adductor hiatus.
Moderate small artery disease

+ Complete obstruction superficial
femoral artery within the adductor
canal. Moderate small artery dis-
ease

0 Complete obstruction superficial
femoral artery in the adductor
canal

+ Complete obstruction of popliteal
and the vessels of the trifureation.
Severe small artery disease

+ (a) Complete obstruction distal
femoral and popliteal arteries

(b) Recurrent obstruction

Complete obstruction of femoral
and proximal popliteal. Moderate
small-artery disease

+ Obstruction distal femoral and
popliteal. Severe small-artery dis-
ease
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TRANSLUMINAL TREATMENT OF OBSTRUCTION

Length of narrowing
or obstruction.

cm. Procedure date

After procedures, radio-

graphic findingsFolwu

0.5 1/16/64 Lumen diameter increased

to near normal

2 2/14/64 Increased diameter of lu-

men

0.5 3/12/64 Increased diameter of the

lumen of treated deep fem-

oral branch. Superficial

femoral was not treated

percutaneously

5 3/25/64 Subatheromatous catheter

travel from popliteal to

fibular artery

2 4/23/64 Patent lumen

6 4/29/64 Patent lumen

1 4/30/64 Patent lumen

10 4/ 9/64 Patent lumen, popliteal to

fibular artery

35 5/ 1/64 (a) Patent lumen

5/20/64 (b) Patent lumen to pres-

ent

30 5/ 5/64 (a) Unsuccessful pro-

cedure; extravasation

6/ 5/64 (b) Partial extra-atheroma-

tous course of the

channel

6/12/64 (c) Partial extra-atheroma-

tous course of the

channel

30 4/23/64 (a) Partial extra-atheroma-

tous course of the

channel

5/ 5/64 (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 endarterectomny and patch

graft of superficial femoral artery lesion. Now doing well

clinically. Slough of gangrenous toe healed well

No clinical improvement-prohably secondary to severe smnall-

artery disease. Amputation became necessary hecause 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 visihle. 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 he needed. Amputation

canceled

(h) Relief of rest pain. Amputation again averted. Pt. awaits

development of "concentric dilating catheter"

(a) Unchanged

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

(c) 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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DOTTER, JUDKINS

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 6have 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.7 (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-

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.8 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.9 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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TRANSLUMINAL TREATMENT OF OBSTRUCTION

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.10 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

Circulation, Volume XXX, November 1964

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

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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