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THE INFLUENCE OF EXPERIMENTAL ARTERIOVENOUS FISTULA ON THE DEVELOPMENT OF THE
COLLATERAL CIRCULATION AND ON
THE DEVASCULARIZED LIMB*
RYOHEI KATO

1st Department of Surgery, Nagoya University School of Medicine
(Director: Associate Prof. ltsuro Fukukei)
ABSTRACT
The complicated features of congenital arteriovenous fistulas have emphasized
the necessity for further study of collateral circulation to be developed around
the fistulas.
Influence of an arteriovenous fistula on the collateral circulation and on the
distal circulation in the involved extremity was investigated by means of angiography, electromagnetic flow meter, and venous occlusive plethysmography, in
dogs with an experimental arteriovenous fistula created by side-to-side anastomosis
between the femoral artery and vein. The results showed that the collateral
development is rapid, requiring only one week to be significant.
The distal
circulatio,n is reduced early in the postoper ative period but later tends to be
restored rapidly and sufficiently to 80%' of the normal value concurrently with
development of collateral arteries.
When an arteriovenous fistula is constructed just distal to the femoral arterial
occlusion, the development of collateral arteries is more rapid and effective for
the distal circulation than in the limb with arterial occulsion only . The dilated
arteries of collateral pathways r emain effective after closure of the fistula.
The beneficial and detrimental effects of arteriovenous fistulas on the devascuJarized limb were discussed.
INTRODUCTION

Arteriovenous fistula occurs as two types, congenital and acquired. The
congenital type has usually multiple communications between the involved
arteries and veins.
The acquired arteriovenous fistula is due usually to
trauma from bullet or puncture and has generally a single abnormal communication between artery and vein, but it can be induced surgically. This paper
will concern the acquired arteriovenous fistula, since an understanding of the
collateral circulation that develops in an acquired fistula can serve as a basis
for understanding the complicated features of congenital fistulas.
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We have recently reported the hemodynamics of regional circulation which
followed the establishment of femoral arteriovenous fistula lJ Z). It was indicated
that a femoral fistula brought about an increase in blood flow in arteries and
veins proximal to the fistula, heavy networks of collateral vessels around it,
and the impairment of circulation in the limb distal to the fistula. Increase
in blood flow in proximal vessels has clinically been applied for maintenance
of the patency of small arterial revascularizations and venous reconstructions.
However, until recently, it was difficult to study the development of collaterals
The introduction of a new type of electromagnetic
and distal circulation.
flow meter and mercury in silastic strain gauge plethysmography into this
field has made it possible to evaluate quantitatively the influence of collateral
vessels on the distal circulation in the limb with an experimental chronic
fistula.
This experimental study was designed to deal with two problems; pathological physiology of collateral arterial vessels around the fistula, and effects of
an arteriovenous fistula on the devascularized extremity.
I. Experimental Studies on Arteriovenous Fistula .with Regard to the
Development of Collateral Vessels and the Distal Circulation
METHODS

Ten adult mongrel dogs were used under sodium pentobarbital anesthesia
(30 mg per kilogram of body weight). A side-to-side anastomosis, 10 mm in
length, was made between femoral artery and vein using arterial 7-0 nylon
sutures.
The morphological changes were observed by aortography carried out by
injecting Urografin (Diatrizoate) via the contralateral femoral artery, immediately after surgery and then at certain intervals up to 15 weeks postoperatively.
By means of angiographic studies on dogs with a femoral arteriovenous fistula,
we have determined the patterns of development of collateral vessels.
Arterial blood flow distal to the fistula was determined by the electromagnetic flow meter with non-cannulating probes (made by Senko Med. Inst.
Co.). Each probe was calibrated using a segment of artery previously excised,
through which saline was irrigated at several flow rates.
Circulation in the lower extremity distal to the fistula was determined by
The plethysmography
the plethysmographic method described by K. Ito 3l.
fitted around the paw,
was
which
gauge
consisted of mercury in silastic strain
and a pressure cuff which was applied just below the knee, proximal to the
strain gauge but distal to the site of arteriovenous fistula. Inflation of this
venous collecting cuff was controlled by an electrically operated solenoid valve
which permitted the passage of the air pressure from a large reservoir into
The average value from a series of several consecutive flow
the cuff.
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measurements, each two minutes apart, was taken for comparison.
RESULTS

In this series, there were no instances of infection nor of occlusion of
fistulas. The majority of dogs exhibited several typical signs of the fistula ;
dilatation and tortuosity of superficial veins, continuous bruit with systolic
accentuation, palpable thrill, and some venous congestion and moderate edema
of the extremity. The venous congestion and edema subsided gradually in 2
postoperative weeks.
Immediately after construction of a femoral arteriovenous fistula, artgiograms revealed narrowing of the arteries both proximal and distal to the
fistula and marked dilatation of the proximal vein. · No collateral pathways
were demonstrated (Photo. I. 1). One week after operation, there was well
demonstrated a heavy network of dilated tortuous vessels, composed in part
of smaller and finer arteries but mostly of larger veins in the thigh, where
the fistula was produced, but the lower leg and foot did not have any such
distended vessels (Photo. I. 2). Collateral arteries and veins were in parallel
together and seemed to be pre-existing vessels. After 2 weeks, the arterial
channels in tortuous collateral vessels developed more markedly than the
venous, since there was a marked increase in diameters of arterial channels,
contrary to a slight decrease in numbers of venous channels (Photo. I. 3).
These extensive collateral arteries originated from the branches of lumbar,
internal iliac, deep femoral and cranial femoral arteries, and ended to caudal
femoral and genicular arteries. Angiography failed to show that the duration
of the fistula stimulates strongly the development of collateral vessels up to
15 weeks postoperatively (Photo. I. 4).
Therefore, the collateral arterial
channels that in turn were the true collateral circulation and the part of the
distal circulation, were established almost in two weeks. Furthermore, there
was no regression of the collateral arterial trees, till several weeks after
quadriple ligations of chronic fistula, in 3 dogs of this series (Photo. I. 5).
Blood flow in the collateral arteries was presumed by measuring the distal
arterial flow with an electromagnetic flow meter, since the most portion of the
blood in collateral arteries delivered from the proximal artery returned to the
fistula by way of the distal artery.
Blood flow in the distal artery was
retrograde and toward the fistula, when the diameter of fistula was sufficiently
large (10 mm). The results of the distal artery flow are charted in Fig. 1.
Immediately after creation of a fistula, flow rates of the distal arteries in 5
dogs averaged 55 mlj min, ranging from 35 to 75 mljmin. In chronic fistula
with abundant collateral vessels, the flow increased to an average of 310
mljmin, ranging from 200 to 500 mljmin. In every experiment, a dramatic
increase in the flow through the collateral arteries was demonstrated. The
flow increment appeared to depend upon the development of collateral vessels
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A) Plethysmogram

B) Blood flow ( mljmin/ 100 ml of tissue)
1. Immediately after operation
18.0
12.0
normal leg
5.5
fistulous leg
30.5
% fist.jnorm.

15.0
3.0
19.4

16.0
3.0
18.7

8.0

mean
13.9 ml
ml
-

%

2. 2 weeks after operation
normal leg
10.0
fistulous leg
6.0
64.0
% fist.jnorm.

16.7
12.5
75.0

8.7
10.0
115.0

18.0
13.3
74.0

14.0
12.2
87.0

mean
14.0 ml
10.8 ml
78.5 %

3. 3 months after operation
normal leg
10.0
8.2
fistulous leg
82.0
% fist. j norm.

15.5
10.6
70.6

14.2
11.0
77.5

10.0
9.2
92.0

13.3
10.0
75.5

mean
12.5 ml
9.8 ml
79.5 %

FIG. 2.

Influence of arteriovenous fistula on the distal circulation.

as revealed by angiography.
The plethysmographic findings concerning the blood flow, pulse wave, and
segmental pressure at the paw distal to the fistula, before and after induction
of the fistula, are given in Fig. 2. Immediately after creation of the fistula,
the blood flow below the knee of the involved extremity was reduced down to
0 to 30% of the control value obtained in the normal leg. Pulse contour was
almost flat and the segmental pressure was too low to be measured. In the
fistula of 2 weeks old, the blood flow in the distal part of the fistula returned
to 78% of the control value, on the average, ranging from 64 to 115 %. Pulse
contour had a notch resembling that seen with the normal femoral artery, but
it was lower in amplitude with a delayed peak time. Blood pressure in paw
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rose also to 80 mmHg, as compared with 120 mmHg in normal.
Serial
plethysmographic investigation to 15 weeks revealed no remarkable progression in blood flow with the passing of the time.
COMMENTS

It has been noted that the collateral arterial response is rapid, requiring

only one week to be significant and in somewhat limited extent. This observation is in contradiction to the classically accepted opinion that the passing of
time is a most strong stimulant for the development of the collaterals, which
is constantly progressive and extensive.
It is evident from the studies of blood flow in the lower extremities distal to
the fistula that the distal circulation is reduced early in the postoperative period
but tends to be restored rapidly and sufficiently 80% of the normal circulation.
II. Experimental Studies on Effects of Arteriovenous Fistula
on the Devascularized Limb

The unique development of collateral circulation in the presence of an
arteriovenous fistula in comparing with the paucity of its development in
simple arterial occlusion has enabled surgeons to excise an arteriovenous
fistula and thus to interrupt the main arterial channel without resulting
gangrene. Consequently, it is difficult to escape the belief that the arterial
collateral circulation developed around the fistula may contribute to revascularize the limb involved in obliterative vascular lesions.
METHODS

Fifteen mongrel dogs of either sex, weighing 10 to 20 kg, were anesthetized
with sodium pentobarbital. Through a ventral
thigh incision, femoral artery and its all branches (deep femoral, cranial femoral, caudal AVF-leg
femoral and muscular arteries) 4l were bilaterally
exposed. The femotal artery (proximal to the
ramification of the deep femoral and distal to
the caudal femoral artery) was occluded by
multiple ligations.
Then, the deep femoral
and cranial femoral arteries were ligated and
divided. In the right leg a side-to-side 10 mm
arteriovenous fistula was created between femoral artery and vein just distal to the end of the
occlusion described above. The left leg of the
occluded femoral artery without an arteriovenFIG. 3. Procedures of
ous fistula was control (Fig. 3). Two weeks
experiment II.
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after the procedures, the right femoral fistula was re-explored and closed by
triple ligations of fistulous limbs.
All animals were observed on the development of collateral vessels and
improvement of distal circulation for 4 weeks. Formation of collateral vessels
was studied angiographically. The arterial blood flow was measured in five
dogs with the electromagnetic flow meter and the distal circulation was
determined by the plethysmography prepared as described above.
RESULTS

In four of 15 dogs, the fistulas had been occluded at the time when they
were re-explored 2 weeks after operation. In others, patency of fistula was
proved by palpation for thrill at the site of fistula. Edema was more evident
in the legs with the functioning fistula than in the ·control legs without the
fistula. Venous congestion and edema subsided gradually after closure of the
fistula, but one of the edematous legs developed a congestive ulcer.
Aortograms taken immediately after operation, showed no arterial trees
in the thigh only except the internal iliac artery, and thus made sure of the
completeness of femoral arterial occlusion. No difference was seen between
in the fistulous legs and in the control legs angiographically (Phot. II. 1).
After 2 weeks, there was a significant difference of the development of collateral
vessels between the fistulaous leg and the control. The fistulous thigh had
abundant and tortuous collaterals and had the dilated popliteal and iliac arteries.
The distinct visualization of the popliteal artery distal to the fistula indicated
that the functioning collateral pathways were beneficial for the distal circulation.
Collateral arterial channels originated from the internal iliac artery
made a short cut by way of the popliteal artery to the venous system through
the fistula (Photo. II. 2). Following closure of the fistula, aortograms showed
no regression of the collateral bed nor decrease in the collateral circulation,
and revealed a more widely dilated popliteal artery in the fistulous legs than
in the control (Photo. II. 3).
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The results of flow studies using an electromagnetic flow meter on five
dogs are shown in Fig. 4. Blood flow rate through the collaterals is equal
to that through the artery distal to the fistula, since blood in distal artery is
driven, on the whole, from the collateral channels, as far as the artery is ligated
proximal to the fistula. Following creation of fistula, the distal artery was
opened to flow toward the fistula. Early in the postoperative period, during
which time the angiography noted no collateral channels, the flow rate in the
distal artery averaged 160 mlj min. It was greater than the value obtained
from the distal artery with the simple arteriovenous fistula as described in
experiment L
Two weeks after opening
off an arteriovenous fistula, the flow through
the collaterals averaged 385 ml/ min (the
greatest value being 490 mlj min and the
smallest 280 mljmin) . Therefore, the collateral blood flow increased as much as
several times during 2 weeks.
While in
the control legs, the arteries distal to the
occlusion were thrombosed as far as the
first branch of the popliteal artery and the
flow rate remained so small as not to be
measured.
The alterations in the distal circulation
are charted in Figs. 5 and 6. Occlusion of
the femoral artery reduced the blood flow
in the lower ex tremity below the knee.
F IG. 5. P let hys mogr a m s in deThe flow in the control legs aver aged 5.3
vascularized limbs.
blood flow ml/ min/ 100 ml of tissue
1. Before oper at ion
norma l leg

19.0

17.0

13.0

2. Immediat ely after operation (fistula open )
con t rol leg
8.0
4.0
3.0
fistulous leg
3.0
%, fist.j cont.
37.5

:i.

20.0

16.0

7.0
3.0
42.9

4.5

mean
17.0 m l
m ean
5.3 m l
- ml

-

%

2 weeks after operation (fistula open )
contr ol leg
11.0
8.0
12.0
fis tulou s leg
13.0
7.0
18.5
%, fist.jcont.
109.0
87.5
154.0

15.5
17.0
109.6

7.5
12.5
166.7

mean
10.4 m l
12.9 m l
123.9 %

4. 4 w eeks after op er ation (fistula closed )
c ontrol l eg
11.0
7.0
15.5
fistulous leg
12.0
13.0
18.0
%, fist./ cont. 109.0
186.0
116.2

11.3
18.6
164.5

9.4
14.0
149.0

mean
11.0 m l
15.1 ml
144.9 %

FIG. 6.

Distal cir cula tion in deva scularized limbs.
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ml/min/100 ml of tissue (range 8.0 to 3.0) in comparing with the preoperative
average 17.0 mljmin/100 ml of tissue. The addition of a fistula to the occluded
femoral artery caused a significant decrease in the flow in the lower leg.
After 2 weeks, when
The amount of flow was too small to be evaluate.
collaterals developed enough to take good function for the distal circulation,
the distal blood flow in the fistulous leg increased in every instance except
for one, ranging from 7.0 to 18.5 ml (average 12.9 ml). It was an increase
by an average of 24% of the value obtained in the control legs. The development of collaterals in the control legs was poor and slow as shown angiographyically. Segmental arterial pressure in the lower extremity below the
knee was 100 mmHg in the control leg, but was 40 mmHg in the fistulous leg.
The significant pressure gradient was originated from the additional fistula.
Pulse contour became prominent in 2 weeks, but it showed still a lower
systolic peak in both legs. After closure of the additional fistula, the distal
pressure in the fistulous leg rose to 110 mmHg as same as in the control leg.
Pulse contour in the fistulous side had a higher amplitude than in the other.
The flow increment appeared to be progressive, regardless of closure of the
fistula, in all experiments during this study. Moreover, the difference of the
distal circulation in both sites became more significant. The average flow
rate in the fistulous leg was 15.1 ml and 145% in the control leg.
COMMENTS

The effects of an arteriovenous fistula on the de vascularized limbs were
studied. It has been noted that the development of collateral arteries in the
devascularized limbs with an arteriovenous fistula was more rapid and effective
in the distal circulation than in the limbs without the fistula, and that the
dilated arteries of collateral pathways remained effective after closure of the
fistula. The pressure gradient induced by an arteriovenous fistula can increase
the flow in collaterals and dilate the arterial trees. The increase in flow and
the dilatation of artery can compensate the distal circulation more effectively.
DISCUSSION

1. Collateral Circulation
A most intriguing feature of an arteriovenous fistula is the abundant
collateral circulation that develops around it.
What is the stimulus to the development of the arterial collateral circulation? Ried 5l proposed that the collaterals developed in response to the need
of tissue distal to the fistula. Lewis 6l suggested that "a chemical stimulant"
produced locally by the tissues deprived of adequate blood flow, affected the
Holman 7l 8l had examined
collateral vessels, resulting in further growth.
~xtensively on this problem 1 by constructin~ the fistula in limbs which had
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He
been amputated distal to the fistula or by ligating the distal artery.
eliminated the possibility of stimulation by ischemic tissue and established
the importance of retrograde flow in the distal artery. These mechanistic
stimulation theories were supported by the studies of John and Warren 9l,
who suggested that the pressure gradient was the most important factor in
developing the collaterals.
For the most part, the collateral arteries that respond to arterial occlusion
in the human legs are pre-existing pathways. They are distributing branches
from the large and medium sized arteries. It is only by virtue of the normal
communications which exist between these arteries that viability is retained
after an occlusion. Long land 10l, separating the major components of collaterals
into the stem, midzone, and reentry vessels, observed that at first relatively
large stem and reentrant vessels anastomssed with fine straight vessels in the
midzone, which are non-visible initially. As the collateral circulation improved,
the greatest change in the arterial diameter occurred in the midzone arteries.
The major factors involved in volume flow across the collateral are the
proximal driving pressure, the peripheral resistance, and the viscosity of the
fluid. The viscosity and proximal driving pressure are critically not important
for the flow through the collateral arteries. Induction of an arteriovenous
fist~la reduces the resistance of the reentry artery and brings out the greatest
pressure gradient. The extent of the flow across the collaterals is determined
by the resistance offered by the collaterals and the arterioles distal to the
reentrant vessels. Therefore, an arteriovenous fistula increases the flow and
spreads the extent of the collateral circulation most definitively.
Regardless of the underlying mechanisms, neural factors must in some
way influence the physical factors that govern fluid flow. Deterling et alYl 12l
pointed out that the sympathetic denervation in the limb involved in an
arteriovenous fistula had greater effect in opening up collateral circulation
than the elapsing of time alone.
Generally, in the presence of large fistulas, the collateral channels function
as part of the fistulous circuit, which includes the distal artery. The stimulus
for opening the collaterals and their continued development is the maintenance
of large pressure gradient across the collateral circuit.

2. Distal Circulation
To quote Holman, "All avenues of approach to the fistula open to appease,
as it were, the thirst of the fistula" 13l. Hence with the flow in collateral
channels directed towards the region of low resistance the distal tissues may
be deprived more effectively of active circulation by large peripheral fistula
in a lower extremity, than that would be following ligation.
To gain a better understanding of the circulation distal to the fistula, some
measurements have been made for the comparison between the fistulous and
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non-fistulous legs. Using venous occlusion plethysmography, Robertson et af.l'l
studied the distal circulation in the limbs involving 2 weeks to 7 months old
fistulas.
As the fistulas were opened, the limb flows became lower than the
normal, but when the fistulas were occluded, it showed a striking increase to
the level above the normal, establishing the collateral circulation. Wakim
and Janes 15 ), using venous occlusive plethysmography, studied the distal circulation in 4 patients after repair of acquired fistulas and in 7 patients before
and after creation of femoral arteriovenous fistulas for the treatment of short
extremities. After the fistulas were constructed, blood flow below the knee
was reduced by 5% to 56%. After repair, blood flow increased by 9 to 53%.
Strandness et al. 16 ) used a mercury in silastic strain gauge to study the digit
volume pulse and segmental limb pressure gradient in 3 patients with acquired
arteriovenous fistulas.
There was distinct pressure drop across the fistula
and diminution of amplitude of the digit volume pulse.
Using P 31 rose bengal, Poupart et al. 17> found that blood turnover rates in
the tibia of dogs with femoral arteriovenous fistulas were reduced after creation
of the fistula. The larger the fistula was, the less the tibial flow was. Eight
weeks after the operation, the values increased approaching normal. Henrie
et al. 19) by monitoring the equilibration curves of radioactive iodinated human
serum albumin concluded that the arterial blood supply was reduced in limbs
distal to iliac arteriovenous fistulas.
Skin and muscle temperatures serve as indirect indices of the blood supply
distal to the fistula. The skin temperature 12) in the region of the fistula is
usually elevated.
Distal to the fistula, the temperature tends to be lower.
The temperature within the calf muscle 18l in the limb involved in chronic
femoral arteriovenous fistulas may rise above normal, it is due probably to
the dilated venous collaterals and, to a lesser extent, the arterial collaterals
in the vicinity of the fistula.

3. Clinical Use of an Arteriovenous Fistula
Peripheral arteriovenous fistulas have been used for a number of years in
children to decrease a discrepancy of leg length due to childhood disease 20 ) 21 >.
More recently fistulas have been utilized for increasing the blood flow through
the replacements and for maintaining the patency in vascular reconstrucThe use of specially designed small peripheral arteriovenous
tion 22 >-z?>.
shunts as an aid to the chronic dialysis of uremic patients is now in
common 281 29 ).
As a result of circulatory alterations by an arteriovenous fistula-especially
high flow rate 30 l 31 l and abundant collateral formation, some benefits for the
revascularization of ischemic extremities 32 l would seem to be expected. As
the first attempt, the effect of high rate of flow on the patency of small
~rt,erial reconstructi()n has previously been investi~ated ill oqr lal;>oratory by
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using an arteriovenous fistula in the repair 1>33>. A significant improvement
in the immediate and late success rate of the procedure was obtained.
As the second attempt, an arteriovenous fistula has been constructed with
an effort to provide the beneficial effects of collateral growth for the distal
circulation in the devascularized limbs. The theoretic disadvantage of this
technics is that blood flow can be directed into the venous system at the
expense of distal arterial circulation. This technics aggravates rather than
relieves the ischemic changes. Experiment I studies on the development of
collaterals around the fistula, however, indicates that the distal circulation is
restored to 80% of the control, concurrently with the development of collaterals
early in the postoperative period. Furthermore, an arteriovenous fistula distal
to the arterial occlusion induces more abundant and effective collateral arteries
in the devascularized limbs, as reported in our experiment II. These works
offer the evidence for supporting the clinical application of an arteriovenous
fistula for the treatment of ischemic and unreconstructable arterial occlusive
disease.
The challenge, then, in the clinical use of this technics of revascularizing
the ischemic limbs is threefold, for 1, maintaining the perfusion of the arterial
bed distal to the fistula, 2, avoiding hypertension of the venous system, and
3, avoiding the regression of collateral circulation after closure of the fistula.
Immediately after induction of a fistula, the fistula deprives the blood from
the distal tissue, which is not yet compensated by the collateral flow. Impairment of distal circulation is a detrimental effect of an arteriovenous
fistula, but is very short in duration, probably less than a few days. Consequently, it must be ingeniously examined to restore the distal circulation
disturbed shortly after the operation, for example, controlling of shunting
volume by the fistula-size, reduction of the peripheral resistance induced by
sympathectomy, oxygenated hyperbaric treatment 34>, and some others.
Venous congestive edema is one of the complications of an arteriovenous
fistula. Clinically, the greater saphenous vein is the ideal drainage system
and it can be sacrificed with impunity. If it is ligated distal to the fistula or
anastomosed by the mode of Y, no hypertension should be produced in the
venous system of the lower part of leg. The utilization of subcutaneous vein
for the fistula permits ready control by digit pressure or ready exposure for
closure of the fistula.
Bosher 35> had demonstrated that following excision of an arteriovenous
fistula, there was a regression of the collateral bed over a period of months
in some instances. This would seem logical in view of the decreased demand
for blood flow through these collateral vessels following excision of the fistulq.
The present study, however, indicated that the fistula decreased the most part
of pressure gradient, but occlusion of the proximal artery retained the rest
part of it maintaining the demand for blood flow in the distal tissues. If the
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regression takes place slowly over a period of months, it will allow for a
more gradual adjustment of needs of the circulation and will be less likely to
produce a sudden effect. It must be pointed out that the changes, herein
reported, up to two weeks after closure of the fistula do not mean final and
stable values. Five dogs in this experiment are still alive and will be used
for further study.
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5)

1) Immediately after operation: Note the visualizing of venous system, and no collateral
vessels.
2) After one week: Showing a heavy network
of collateral vessels, fine straight arteries
and dilated veins.
3) After 2 weeks: Note the dilatation of
arterial channels and the diminution o£
numbers of veous channels.
4) After i5 weeks: Indicating that the development of collateral circulation is not constantly progressive as the passing time.
5) After the quadriple ligations of a chronic
fistula: Demonstrating that the closure of
the fistula would not reduce the collateral
circulation.
PHOTO. I

Experiment I.

An arteriovenous fistula at the middle of the thigh.

1)

2)

1) Immediately after surgery: Illustrating
the completeness of the femoral arterial
occlusion.
2) After 2 weeks: Note the development of
tortuous and dilated collateral arteries and
the dilatation of int. and ext. iliac arteries
in fistulous leg (right), as compared with
the control leg ( left).
3) After closure of the fistula : Note t he
excellent filling of the dilated popliteal
artery, and no regression of the collateral
vessels.

3)
PHOTO. II

Experiment II.

An arter iovenous fistula distal to the femoral arteria l occlusion.

