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Abstract

Iliac arteries were occluded in adult mongrel dogs to investigate pelvic hemodynamics. When
the unilateral common iliac artery was occluded, the blood flow making a “stopover” within the
pelvis was found to be significantly less than that of anatomical hemodynamics even under a
resting condition. The blood flow decreased more significantly under exercise loading than under
a resting condition, which demonstrates the presence of the ’steal” phenomenon. This only occurs
in the collateral circulation in the pelvis formed by two arterial systems which are related in a
series. In deciding the appropriacy of reconstruction for the internal iliac artery in patients with
aorto-iliac occlusive disease, this ”steal” phenomenon should be kept in mind. In most cases,
ischemic symptoms in pelvic organs may be due to a simple decrease of the blood flow supplied
to the pelvis, or due to the “’steal” phenomenon. If the pelvic region is in the state of ischemia
owing to the ”steal” phenomenon, reconstruction of the blood vessels flowing into the pelvis is not
required.
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lliac arteries were occluded in adult mongrel
dogs to investigate pelvic hemodynamics. When
the unilateral common iliac artery was occluded,
the blood flow making a “stopover” within the
pelvis was found to be significantly less than that
of anatomical hemodynamics even under a resting
condition. The blood flow decreased more
significantly under exercise loading than under a
resting condition, which demonstrates the pres-
ence of the “steal” phenomenon. This only occurs
in the collateral circulation in the pelvis formed
by two arterial systems which are related in a
series. In deciding the appropriacy of reconstruc-
tion for the internal iliac artery in patients with
aorto-iliac occlusive disease, this “steal” phenom-
enon should be kept in mind. In most cases, is-
chemic symptoms in pelvic organs may be due to
a simple decrease of the blood flow supplied to
the pelvis, or due to the "steal” phenomenon. If
the pelvic region is in the state of ischemia owing
to the “steal” phenomenon, reconstruction of
the blood vessels flowing into the pelvis is not
required.

Key words: aortoiliac disease, aortoiliac reconstruction,
pelvic hemodynamics, vascular steal syndrome

L eriche and Morel (1) first described ischemic symp-
toms of pelvic organs including impotence and
gluteal claudication accompanying occlusive disease in the
aorto-illiac region. More recently, as incidence of oc-
clusive arterial sclerosis has been increasing among
younger people, the correction of impotence has become
a geater problem for the better quality of life. Attention
should be paid to improvement of the blood flow not only
to the legs, but also to the region of organs within the
pelvis when reconstruction of blood circulation is made in
the aorto-iliac region. Actually, clinical reconstruction of
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the internal iliac artery has become more frequent (2, 3).

In the selection of any operative treatment for patients
with occlusive disease in the aorto-iliac region, especially
for reconstruction of the internal iliac artery, a decision
should be made only after objective evaluation has been
made on hemodynamics of the collateral circulation within
the pelvis. In the clinical setting, hemodynamics within
the pelvis is evaluated in various ways; in most cases,
clinical symptoms and angiographic findings are the major
determining factors. Evaluation based on quantitative
factors has been restricted to the aspect of blood pressure.
We have not found any published evaluation from the
aspect of blood flows in such patients.

We prepared various occlusion models in the iliac
region of adult mongrel dogs to measure the blood flow of
the internal iliac artery on both sides and the local blood
flow of the rectum. By doing so, we tried to define pelvic
hemodynamics at the time of occlusion of the iliac artery.
We also investigated whether the so-called pelvic “steal”
phenomenon might be induced by forming a shunt
between the left deep femoral artery and the internal
jugular vein. We prepared a femoro-femoral bypass to
better define the pathology of the “steal” phenomenon at
the time of reconstruction of blood circulation in the leg.

Materials and Methods

Experimental animals and anesthetic pro-
cedures. We used 21 adult mongrel dogs that weigh-
ed from 9 to 26kg. Dogs were anesthetized by an
intramuscular injection of ketamine hydrochloride 5 mg/kg
and an intravenous injection of thiopental sodium 10mg/
kg. After an intratracheal tube was intubated, anesthesia
was maintained during surgery using 50 % nitrous oxide
mixed with oxygen. Respiration was controlled by a
volume cycle respirator (Harvard Ventilator Model 613,
USA) with a tidal volume of 15ml/kg. Pancronium
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bromide was administered as a muscle relaxant in the
initial dose of 2mg, which was followed by doses of 0.4
mg as occasion demanded.

Preparation of hemodynamic models.
The internal iliac artery directly branches off from the
aorta in dogs. Therefore, the left common iliac artery
was prepared by end-to-side anastomosis between the left
internal iliac artery and the left external iliac artery. A
simplified model for pelvic hemodynamics was prepared
by ligating the inferior mesenteric artery, the lower lum-
bar arteries, and the deep femoral artery. The internal
iliac artery remained as the major blood vessel to serve the
pelvic organs. Then, an external shunt was prepared
between the left deep femoral artery and the left internal
jugular vein (Fig. 1 left).

When hemodynamics was stabilized after anastomosis
and preparation of the shunt, blood flow was blocked with
small forceps, and the following six different types of
hemodynamic models were prepared.

Model I. Anatomical hemodynamic model without
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A diagram and a representative measurement in experiment |. (D: The pressure of the left femoral artery.

Acta Mep Okavama Vol. 48 No. 1

occlusion of the iliac artery.
Model II. Occlusion of the left common iliac artery.
Model Il-bypass. Femoro-femoral bypass was added
to the model II.

Model IIlr. Occlusion of the right internal iliac artery.

Model IIIl. Occlusion of the left internal iliac artery.

Model 1V. Occlusion of the bilateral internal iliac

arteries.

The unbranched cervical common carotid artery,
which is approximately the same size as the iliac artery,
was resected and used as a free autogenous graft between
the two femoral arteries in II-bypass models.

In model II, it was assumed that blood supply to the
leg was maintained through collateral circulation within the
pelvis.

Experimental Designs

Experiment 1. The blood supplying capacity of
the pelvie collateral circulation of model II was evaluated
in terms of blood flow and blood pressure (Fig. 1).
Femoral blood flows on both sides were measured under
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it was measured

through the cannulae in the shunt, so the pressure could not be monitored when the shunt was opened. The pressure index was represented
as resting systolic pressure of the femoral artery in model II/resting systolic pressure of the femoral artery in model I. 3: The blood flow

of the left femoral artery.

increase was not so great as the one observed in model I. (2X@): The pressure and the blood flow of the right femoral artery.

in any model of hemodynamics.
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The blood flow definitely increased after the shunt was opened. In model II, there was also an increase, but the

Neither varied
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two different conditions (with a shunt open or closed) in
models I and II using 13 dogs. A Doppler flow meter
(Transonic Systems Inc. USA T201 2 channel Ultra-
sonic Blood Flow Meter) was used for the measurement
after hemodynamics was fully stabilized. The average
blood flow was evaluated by integrating blood flow curves
recorded for more than 5min. Blood pressure in both
femoral arteries was continuously recorded on a polygraph
(San-ei Co., Tokyo Japan) by pressure transducers.
Experiment 2. Hemodynamics of pelvic collat-
eral circulation was evaluated in terms of the local blood
flow in pelvic organs. The local blood flow of the rectum
was measured in the five versions of hemodynamic models
(I to IV except Il-bypass) prepared in eight other dogs.
The blood flow was measured by a laser local blood flow
meter (Advance Inc. USA AFL.2100 Laser Flow Meter)
at the serous surface on the opposite side of the mesenter-
ic attachment of the rectum (Fig. 2). The shunt was kept
open during experiments. The average local blood flow
was measured in the same way as in experiment 1.
Experiment 3. Hemodynamics of pelvic collat-

jugular vein

anastomosis

flow @

Fig. 2

of the left internal iliac artery. (2): The blood flow of the right internal iliac artery.
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eral circulation was evaluated in terms of blood flows of
the bilateral internal iliac arteries serving as the inflow and
outflow arteries, respectively, for the collateral circulation
(Fig. 3). Blood flows of the bilateral internal iliac arteries
were measured in the same way as in experiment 1 under
both conditions (with a shunt open or closed) for each of
the three different models (I, II, and II-bypass) in the 13
dogs used in experiment 1.

Significance of the difference between values was
examined by the paired Student’s ¢ test. Values are
expressed as the mean = SD.

All animals received human care in compliance with
the ““Advisory Notes on the Maintenance of Anesthetized
Animals when Muscle Relaxants are Used” produced by
the Physiological Society and with the “Principles of
Laboratory Animal Care” formulated by the National
Society of Medical Research and the “Guide for the Care
and Use of Laboratory Animals” prepared by the
National Academy of Sciences and published by National
Institute of Health (NIH Publication. No. 80-23,
revised in 1978).
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A diagram and a representative measurement in experiment 2. The shunt was kept open during the experiment. (D: The blood flow

In this experimental model, the left internal iliac artery

predominated in the blood supply to the rectum. (3): The local blood flow of the rectum. The local blood flow in models 1T and IV decreased
more than the flow in models, I, Illr, and II. The blood flow curve in model 1T was more constant than in model IV.
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Fig. 3 A diagram and a representative measurement in experiment 3. (D: The pressure of the right femoral artery. (2 The pressure of
the left femoral artery. (3): The blood flow of the left internal iliac artery. @): The blood flow of the right internal iliac artery. In models I
and [I-bypass, the blood flows of the left and right internal iliac arteries were found constant whether the shunt was opened or closed. In mode!
11, the blood flow of the left internal iliac artery flowed backward and decreased when the shunt was opened. Compared to model I (anatomical
hemodynamics), the blood flow of the right internal iliac artery increased and it increased further when the shunt was opened.

In models I and II, the blood flow volumes of the left

Results femoral arteries increased from 23 £ 11ml/min to 102
25ml/min, and from 11 = 7ml/min to 29 * 16 ml/min,

Experiment 1. Fig. 1 shows a representative  respectively, when the shunt was open. Whereas those of
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values from 21+ 11ml/min to 21+ 11ml/min, and
from 21+ 13ml/min to 21+ 11ml/min, respectively,
when the shunt was open.

We provided the pressure index (Fig. 1) using the
following calculation to determine the blood supplying
capacity of the pelvic collateral circulation.

Pressure index = resting systolic pressure of the
femoral artery in model II/resting systolic pressure of the
femoral artery in model 1.

The mean of the pressure index in the 13 dogs was
0.50 = 0.10.

Experiment 2. Fig. 2 shows a representative
measurement of this experiment. Fig. 5 shows the
results of the eight dogs. In models I, II, HlIr, IIIl, and
IV, the local blood flow volumes on the serous surface of
the rectum were 26 + 10ml/min/100g, 12 + 7ml/min/
100g, 21+ 9ml/min/100g, 22 + 5ml/min/100g, and
11+ 4ml/min/100 g, respectively. When compared
between models II and III, the local blood flow of the
rectum was significantly less in the model II than in the
model III, although in both models, the blood was sup-
plied to the pelvis via only one vessel. This experimental
model may simulate the case in which the same angiogra-
phic findings would be observed in the blood vessels
flowing into the pelvic region.

The blood flow of the rectum was not significantly
different between models II and IV, although model IV
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Fig. 5  The local bood flow of the rectum in the eight dogs. The

shunt was kept open during experiment. Comparison between models
11 and I demonstrated that the blood flow of the rectum was
significantly less in model IT (P < 0.01). Model II proved to have no
significant difference from model V.
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Blood flow flowing into the pelvis

Blood flow flowing out of the pelvis

60 4
(me/ min)
1 I shunt I I shunt [-bypass T -bypass/shunt
Fig. 6 Blood flows flowing into and out of the pelvis in the 13 dogs.

|: The blood flow of the right internal iliac artery. 2: The blood flow
of the left internal iliac artery. 3: The total pelvic blood flow. In
model I1 under both conditions (with a shunt open or closed), all blood
flows were significantly different from those in model I (anatomical
hemodynamics) (¥r P < 0.01), while in model Il-bypass under both
conditions, all blood flows were not significantly different from those
of model 1. (% NS). Comparison of blood flow between two condi-
tions (with a shunt open or closed) demonstrated no significant
differences in 1 and [I-bypass models. But between two conditions in
model 11, the blood flow of the right internal iliac artery showed
significant increase, while the blood flow of the left internal iliac artery
and the total pelvic blood flow showed significant decrease (P < 0.01).

had no major blood vessel for supplying the blood to the
pelvis.

Experiment 3. Fig. 3 shows a representative
measurement of this experiment. Fig. 6 shows blood
flows of the bilateral internal iliac arteries and the total
pelvic blood flow into or out of the pelvis through the
bilateral internal iliac arteries in the 13 dogs. The blood
flow volumes of the right internal iliac artery changed
from 24 & 12ml/min to 23 = 12m!/min in model I, from
37 + 17ml/min to 47 = 17 ml/min in model II, and from
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25+ 13ml/min to 25 =+ 13ml/min in model II-bypass,
respectively, when the shunt was open. Whereas those of
the left internal iliac artery showed from 21 + 13ml/min
to 21 + 11ml/min in model I, from -10 £ 7ml/min to
-37 + 18 ml/min in model 11, and from 21 = 10ml/min
to 19+ 12ml/min in model II-bypass, respectively,
when the shunt was open.

The reason why the blood flow in model II
significantly decreased was because the blood from the
pelvis flowed backward in the left internal iliac artery,
which was recorded as a negative blood flow.

Regarding the total pelvic blood flow, the flow vol-
umes at the time from closed to open shunt were 45 = 20
ml/min and 44 + 20ml/min in model I, 27 £ 18ml/min
and 10 + 23 ml/min in model II, and 46 + 20 ml/min and
44 + 20ml/min in model II-bypass, respectively.

The blood flows of the bilateral internal ilicac arteries
and the total pelvic blood flow under both conditions (with
a shunt open or closed) in model II was significantly
different from those of mode I (anatomical hemodynamics)
(Fig. 6). When the shunt was closed (under a resting
condition), the total pelvic blood flow in model II de-
creased significantly because the decrease in the blood
flow of the left internal iliac artery is larger than the
increase in the blood flow of the right internal iliac artery.
The blood flow decreased more when the shunt was open
(under exercise loading). The model II-bypass with a
shunt open or closed showed no significant differences
from model I (anathomical hemodynamics) in the blood
flow pattern.

Comparison of blood flows between two conditions
(with a shunt open or closed) demonstrated no significant
differences in either model 1 or II-bypass.

Discussion

*Steal” phenomenon. DeBakey et al. (4)
noted that when two different arterial systems receive
blood from the same blood vessel in the human body, one
preferentially receives blood at the expense of the other.
They called it the borrowing lending phenomenon, and
emphasized that it should be taken into account in treating
pathological lesions of the peripheral vessel. Subsequently
Hyman and Winsor (5) called the phenomenon the diver-
sion phenomenon. Contorni (6) and Reivich et al. (7)
described a pathological condition characterized by a
reduction of cerebral blood flow under exercise loading of
the upper limbs at the time of stenosis or occlusion of the

http://escholarship.lib.okayama-u.ac.jp/amo/vol 48/iss1/6
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subclavian artery under the name of subclavian steal
syndrome. Today these phenomena are collectively
defined as the vascular “steal” phenomenon.

There are several ways to increase the blood flow by
reducing the peripheral vascular resistence in the limbs
and to establish hemodynamics under exercise loading.
Ehrenfeld et al. (8) investigated hemodynamics in the
“steal” phenomenon using a peripheral arterio-venous
fistula, which is a simple method to increase the blood
flow.

We used an external shunt in this study, because it
was a simple method that ensured a greater variation of
the blood flow. The hemodynamic models used in this
study proved to have little effect on the somatic circulation
and were thus considered to be closer to hemodynamics
under exercise loading.

Numerous studies have been made on the vascular
“steal” phenomenon that occurs in subclavian steal syn-
drome, as well as in ischemic symptoms of the donor limb
after the femoro-femoral bypass, and in ischemic symp-
toms of the colon after vascular reconstruction in the leg
(8-10). Ehrenfeld et al. (8) tried to experimentally dem-
onstrate the “steal” phenomenon that occurs after vascu-
lar reconstruction in two different arterial systems of the
dog’s legs. They did not see development of any “steal”
phenomenon, and stated that the ischemic symptoms of
the colon following arterial reconstruction in the leg could
not be explained by the “steal” phenomenon. Landymore
el al. (9) made experiments on the “steal” phenomenon
that occurred after the femoro-femoral bypass using the
dog’s bilateral legs. They concluded that no “steal”
phenomenon was seen in the donor limb even when the
blood flow increased by more than 10 times in the
recipient limb. Both groups of authors observed two
arterial systems that were in a parallel relation to the aorta.

In our experiment 1, the right and left femoral arteries
were in a parallel relation to the aorta. The blood flow of
the right femoral artery remained constant in model I
irrespective of a resting condition and exercise loading
although the blood flow of the left femoral artery increased
by 4.4 times under exercise loading. In experiment 3, the
left and right internal iliac arteries and the left femoral
artery were in a parallel relation to the aorta in models I
and II-bypass. In these hemodynamic models, the blood
flow of the internal iliac artery on both sides remained
constant irrespective of a resting codition and exercise
loading. These results support the statement that the
“steal” phenomenon may not occur in arterial systems in
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a parallel relationship to the aorta.

Billet et al. (10) made experiments on the “steal”
phenomenon of two arterial systems in a parallel relation
by measuring the blood supplying capacity of the aorta
(parent artery). They found that the “steal” phenomenon
occurred only when the parent artery was in 60 %
stenosis. They stated that all of “steal” phenomena could
be explained by this condition. However, their experi-
ments only referred to the “‘steal” phenomenon of arterial
systems in a parallel relation. And the conclusion that all
“steal” phenomena can be so explained is doubtful.

The blood flow to the upper limbs in the subclavian
steal syndrome is supplied through collateral circulation in
which the carotid artery serves as an inflow artery and the
vertebral artery as an outflow artery. The cerebral arterial
system and the arterial system of the upper limb may be
said to be in a series relation. In model II, the same type
of hemodynamics was set up within the pelvis.

The following conclusions were based on the results of
experiments 2 and 3. When the pelvic circulation changed
to the collateral pathway that supplied the blood to the
arterial system of the leg, the blood flow making a
“stopover” within the pelvic collateral circulation was
significantly lower than in model I (anatomical hemo-
dynamics) even under a resting codition. The blood flow
decreased more significantly under exercise loading than
under a resting codition. This finding indicates the pos-
sible occurrence of the ““steal” phenomenon in the organs
of the pelvis. We suggest that the phenomenon may be
eliminated by vascular reconstruction of the leg without
additional operations for the pelvic collateral circulation.

We have concluded that the “steal” phenomenon
observable in the clinical setting occurs in the collateral
circulation formed by two arterial systems in a series
relation. If the arterial systems are in a parallel relation,
the “steal’” phenomenon may only be seen under special
conditions.

Pelvic hemodynamics. In the iliac occlusion
model (model II) the blood was supplied via the bilateral
internal iliac arteries which served as inflow and outflow
arteries to the leg through the vascular bed of the organs
within the pelvis. It was designed to simulate a typical
type of occlusion in the aorto-iliac region that has the
pelvic vascular bed within the collateral ecirculation.
Despite acute experiments, a sufficient blood supplying
capacity was obtained; segmental pressure ratio of 0.50
(experiment 1). Model II represented a severe iliac occlu-
sion that might be classified as degree II or III in
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obstruction

Pelvic arterial system

lllllU

Werial system of the leg

Pelvic arterial system

[Arterial system of the leg]

Fig. 7  The relation between the pelvic arterial system and the
arterial system of the leg. Left: Parallel relation-predominant type,
Right: Series relation-predominant type.

Fontaine’s classification (11).

The relation between the pelvic arterial system and the
arterial system of a leg with occlusion in the aorto-iliac
region may be classified into either the series relation-
predominant type or parallel relation-predominant type
(Fig. 7). One may easily imagine a series relation
through a variety of collateral circulations in the case of
complete occlusion. Boender et al. (12), Friedenberg el
al. (13), and Hassen-Khodja et al. (14) used angiogra-
phy to investigate and classify pelvic collateral circulation
in a series relation to the arterial system of the leg. They
found that visceral branches of the internal iliac artery,
especially a path of circulation through the rectum played
the most important role as a collateral circulation to the
leg.

Aortic branches in patients with aorto-iliac occlusive
disease often become narrow or obstructed, but some-
times become enlarged. In this study, all aortic branches
except iliac arteries were ligated. If the inferior mesenteric
artery was not ligated, local blood flow of the rectum was
not stolen in experiment 2. The common iliac arteries and
many other vessels in dogs can serve as collateral circula-
tion that supplies the blood from the pelvis to the leg.
Therefore, we prepared a simplified model by ligating the
aortic branches and found that visceral branches of the
internal iliac artery in the pelvis played the most important
role as a collateral circulation to the leg in model IL

Hemodynamics in the pelvic arterial system may be
quantitatively assayed by three methods; the penile pres-
sure index (2, 3), the penile volume recording (15), and
blood flow patterns by the intrarectal Doppler method
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(16). A majority of authors have found such methods to
be useful, but some authors (17) cast doubt on the
validity of the penile pressure index. In these methods
too, the priority is given to evaluation of the blood
supplying capacity to the pelvic arterial system from the
aorta without due consideration of the ralation to the
arterial syntem of the leg. Goldstein et al. (18), how-
ever, measured the penile pressure index under exercise
loading of the leg. They tried to correctly define the
condition of vasculogenic impotence and compared it to
the one under resting codition using the pelvic steal test.
They tried to explain the pelvic steal phenomenon by
assuming that the leg and pelvic arterial systems were in
a parallel relation. That was the same concept advocated
by Billet et al. (10) and contradictory to the one
proposed by us.

Our experiments were the first to demonstrate experi-
mentally the “steal” phenomenon in the pelvic arterial
system in a series relation to the arterial system of the leg.
The same phenomenon has been reported by Labs et al.
(19) under the name of superior gluteal artery steal
syndrome and by Michal et al. (20) under the name of
external iliac steal syndrome. That is, it may be said that
the “‘steal” phenomenon demonstrated in this study is not
a paper theory that can be observed only by experiments.

When traditional angiograms and blood flow scinti-
grams are read, it is most important to define the relation
between the arterial systems in the pelvis and legs by
paying full attention to their changes due to several phases
(ie, phases of the aorta, iliac artery, capillary vessels
within the pelvis, and the femoral artery).

If the pelvic region is in the state of ischemia due to
the “steal” phenomenon, caution should be exercised in
deciding the appropriacy of reconstruction for the internal
iliac artery. If the pelvic circulatory system serves as a
collateral circulation to the leg receiving poor blood
supply, it is very likely that pelvic organs may be in the
state of ischemia due to the “steal” phenomenon. In such
hemodynamics, ischemia of the pelvic organs does not
require reconstruction of the blood vessels flowing into
the pelvis as shown in experiment 3. It may be improved
simply by reconstruction of the blood circulation to the leg
by changing the arterial systems of the leg and the pelvis
into parallel relation.
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