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lany factors affact the relative division of blood at a bifurca-
tion,s Clinically significant conditions sometimes result in a flow
reduction to oﬁe downstream branch of a major bifurcation as the result
of a reduction in the flow resistance of the contralateral branch.
This condition is called "steal" and has been demonstrated at several
major bifurcation# in man, This behavior has been successfully
modeled usi~z the parameters of flow, pressure, and resistance in the
upstream and two downstream vessels. The model was confirmed experi-~
mentally in mongrel dogs by a pressure versus flow study at the ex-
ternal iliac trifurcation. [Flows were measured electromagnetically,
and pressures by a fluid-filled catheter and diaphram LVDT transducer.,
Resistances were mamually controlled., As a result of this study a
simple test was devised to determine if a site selected for vascular

surgery has a potential for developing steal,
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The syeotemic vascular systen incorperates branching of hlood

vessels at all levels, from the aorta to the capillaries, Dlocd flow

o

usually divides at each branch without adverse congequences. The
pressure in the major vessels of the hody is pulsatile, varying from
the high, systolic pressure pulse that is caused by the ventricular
contraction, to the low diastolic value that occurs as a result of the
relaxation of the ventricles, These highs and lows, however, {luctuate
abtout a rather constant "mean" arterial pressure. This pressure is
naintained through a variety of biolorical control mechanisms including
the baroreceptors and stretch receptors associated with the aorta and
larger vessels., This mean pressure is essentially the driving force
for the movement of blood to the capillaries and back to the heart.
Thus, flow to each of the first few branches is determined by the
peripheral ressistances of the vascular beds supplied by each respective
branch, This is expressed mathematically bty the phenomenological
relationship:

AP = R (1)

"Tiere AF is the pressure loss or drop between two points, 3 is the flow

and R is the assoclated resistance, This relationship is true for any
portion of the circulatory system, but, as it will be showm, the
pressure must be the &ctual value at a point and should rot be assumed

tc be equal to the commonly-used clinically-measured blood pressure,



Blood flow at a bifurcation (where one vessel divides into two

daughter vessels) is coverned by the same factors and relationships
that determine flow in the other vparts of the system. It has been
c¢linically observed, however, that when one daughter branch requires

a high flow rate, the other daughter branch or branches can be deprived
of their needed blood flow and ischemia in the area perfused by these
branches can develop, This rhenomenon hes been named the "steal"
syndrome and is of clinical importance in many situations involved
with flow in the vicinity of a stenosis or surgical revsscularization.
Tittle quantitative research has been done in this areca of hemecdymamics,
although the qualitative aspects of a variety of "steal syndromes™

have teen described. This study presents an analysis of the mean
pressure-flow characteristics of dividing blood flow. This analysis

is incorporated in a model of flow at a bifurcation., This study pre-
sents the methodology used to experimentally confirm the model and
presents some of the results of the experiment, In addition, some of

the related published literature is discussed.



LITRATURE REVIEW

"Steals" and related arterizl phenomena have beesn reported since
Cortornie described the clinical case of "subelavian steal" in 1960
(Isch, 1975). This condition was discovered because there was a
retrograde or reverse flow of blood in a patient's left vertebral
artery, Although this would at first seem impossibie it is easily
explained, TFour major arteries supply the head and brain, these bheing
the left and right carotid and left and right vertehral arteriese
The two vertebral arteries latter join to form the basilar artery.

The basilar artery is indirectly doined with the two carotids by the
circle of Willis (the circle is nct always cormplete)s The left prox-
imal subclavian artery was occluded,therefore the only available

blood supply to the left arm was via the basilar artery and retrograde
flow down the left vertebral., The basilar artery supplied this retro-
grade flow from the normal blood flow to the brain in the other three
arteries (Callow 196l, Sammartino and Toole, 196L). The total flow in
the three "normal" vessels often equalled that in all four arteries

in normal patients. Under these conditions there is no cerebral blood
insuffiency and patients are often asymptomatic. Most patients have
additional occlusive disease and 8how classical symptoms of cerebral
insufficiency including dizziness, loss of memory, and fainting..
(Killen, et.al., 1966, Siekert, er.al., 196L) The same retrocrade flow

occurs inthe richt vertebral artery following occlusion of the



innominate artery. (Killen, ct.al,, 1966)

It was, however, soon determined that total occlusion of the

i

involved proximal artery was not necessary to observe reversed vertebral
artery flow. It was also found that the reversed flow could be inter-
mittant, only occuring following exercise of the involved arm. This
sitnation is more complex., In this sitvation two possible paths of
blood flow existes When the flow requirements of the vascular beds
supplied by the occluded arter; are increased.the pressure drop

across the obstruction increases directly witn flow‘(according to equa-
tion 1). When the pressure drop becomes sufficiently larse. the grad-
ient from the vertebral-subclavian bifurcation to the basilar artery
becomes negative and retrograde vertebral artery flow will result.
(Heyman, et.al., 196l). Tt is important to note that this alternate
retroerade flow possibility is the exception rather than the rule in
the systemic circulation,

The "subclavian steal", as shown, does not truely represent the
spectrum of other steal syndromes, In most of the body the daughter
vessels of the larger bifurcations are isolated, linked only by the
generally insignificant collaterals, It has been well documented that
aorta=illiac revascularization (re-establishment of the blood supply
to the legs) can cause a stealing of blood from the mesenteric artery
with resultant intestinal gangrene (Connally and Stemmer, 1973).
"Steals" have been investigated in the coronary arteries (leyer, eto.al.,
197L).and in sketetal muscle arteries (Hirche and Bovenkamp, 197L).

The emphasis of these later studies was the clinical nature of the

"steal". Steal syndromes involving the pulmonary and celiac arteries



have been described recentlv. (Isch, 197%)
\s previously stated, "steals" have bcen reported even in the

abscence of alternate pathways of blood flow such as exists in the

subclavian steal syndrome, The focus of this study has been to

develop a quantitative analysis of flow division, including steal,

at an idealized bifurcation, Two clinical studies concerning steal at

a bifurcation were found in the literature. Dozs were used te invest-

igate the aorta- iliac artery trifurcation, with the median sacral

artery tied off to form a bifurcation. In this confipguration the

blood supply to each leg is largely independent. One study, by

Grimes, et.al., recorded steal subsequent to a period of occlusion,.

In their case the reported steal was the result of a transient reactive

hypermia (Grimes, et.al., 1972). The other study by Threnfeld, et.al.,

reported that "steal" was a misnomer when the proximal pressure was

normal, Their study claimed that the flow to one side could be

increased ten-fold without & significant drop in contralateral flow

(Ehrenfeld, et.al., 1968), The model and results in this study

show how these apparently contradictory results are indeed correct,

The contradiction is an indication of a lack of real understanding on

the division of blood flow at a bifurcation.
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MODEL

B e P ibinT th
It is zenerally accepted that for the purposes 01 describing the

systeric circulatory system the heart is a constant Pressuré Source,
deliverine pulsatile pressure about a constant means Tnis mean pressure
value is for the most part lnderendent of flow, beinc regulated by the
baroreceptors in the aortic arch and stretch recept5rs in the aorta
and creat vessels. It is aleo well known that blood flow follows a
phenomenological parallel to Ohm's law, namely the pressure drop, AP,
is equal to the product of flow, N, and resistance, F. This 1c
expressed:
AP = R (1)

The arterial pressure which drives the flow is disirated in
the arterial system, capillaries, and venous system until the pressure
of blood returning to the heart is essentially zero. This model
assumes a venous pressure of a constant zero value., The arterioles
and capillaries dissipate most of the pressure and therefore are
responsible for most of the resistance to the flow of bloods Thus the
overall system meets its variable flow requirements primarily by charg-
ing the resistanc> in the arteriocles and capillaries while maintaining
the constant pressure as discussed above,

Using the relationship in equation (1) ror a system with a constant

pressure source of pressure P (representine the heart) which delivers

a flow of Np to & single vessel of resistance R , which subsequently



divides into two downstream vessels, one of resistance Ry, the other

of resistance R, the followins results can be obtained, (This sit-

tree, It is also analogus to the experimental phase of this study

but is more universally applicable.) The pressure at the division,

Pp, is:
Pe= k= (QT)(R ) (2)
The flow, Qp, 1s given by:
Qr = P/(R + (RRy/Rq +R,)) (3)
The two branch flows, Ql and Q2 are given by:
Q) = Pp/R) and Q, = Pp/Ry (1)
Combining equations (2) and (3) sna (L) results in:
Q = PﬂlRQ/Rl(R (Rl + R2) + RiRg)) (5)
Q@ = FRp/Rp(R (Ry + Rp) + RqRy)) (6)
Note that if R 1s very small Q and Q) reduce to:
Q) = PRy and Q, = P/Rp (7)
And:
Pp=P (8)

These results closely approximate the normal hemodymamics at the
major divisions of large vessels because R 1s mich less than the
total resistance of the arterial system, These results are not
unexpected and under these conditions the downstream flows, Q and Qp,
are completely independent of one another being governed by Rq and I,
respectively., The total flow is, of course, constrained by the flow

balance:

Qp = Q1 + Q (9)



"Steal" has previously been described as a reduction in flow to
the recgion supplied by one downstream branch of a bifurcation in
response to a reduction in resistance in the dowmstream contralateral
branch, This situation is in contradiction to equation (7) in which
the flows are independent. Thus the assumption that R is very small
will not be imposed on the model, Trom the definition of steal a
dimensionless "steal coefficient" may be defined. The "steal
coefficient™, q, is defined as the ratio of flow in branch 1, Ql,
when the resistance of the contralateral side, R2,'is equal to some
fractional portion, X, of the resistance of side 1, Ry, to the flow
in branch 1 when Ry= Ry, This fractional proportion of R Ry is thus
defined as & such that the relationship of resistances described
above is:

R, = XRy (10)

2

Applying these conditions and substituting from equation (5)

results in:

« /(R (Ry +°‘R]_) +°(R12)

1 Ry (11)

As ‘previously explained the small upstream resistance approxima~
tion is not appropriate for simulating the steal phenomenon. It is,
however, desirable to include the resistances, R and Ry, in some

’ ] 1
dimensionless form. This is accomplished defining a dimeunsionless
quantity, r = R/Ry. Substituting this into equation (11) the

aXpressi for becomes :
expre on q _X(2r + 1)

FrR(E F 1) (12)

qQ=

From equation (12) it is clear that as X approaches 1 the value

of q approaches 1 also, which is the required result. It is also
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clear that as r approaches O (the small upstr~am resistance aprrox-
imation) q anproaches 1, This indicates that for a small
upstream resistance q is relatively indevendent ofe¢, This,agrees with
equation [7) which states that for these conditions 97 is not
a function of RZ.

The "steal coefficient" is now written in terms ofe<, the
resistance ratio of Ry to Ry and r, the resistance ratic between R
and Rj. A plot of g as a function of =¢ for different values of r is

shown in figure l. This plot is illustrative of several significant

3}

2150

points. lhen the upstream resistance is emall the ratio r is
small., This is a very good approximation of the situation in a
healthy arterial tree. As already discussed under these conditions

the flow, Q1, is largely independent of Rp and thereforee< , The

curve representing r = (0l shows that R, would have to be less than
one-tenth that of Ry (X = ,1) before the flow, 07, would fall to

90% of its value when Ry equals Rp, Tt is obvious that some effect
severely lowering Rp would normally be required to significantly
effect the blood flow in sicde 1. At the other extireme, one observes
that, for larger values of r (r = 10), q ( and thus the flow to side 1)
is almost a linear function of ©<(and thus a function of RQ). The
dependence of Q1 on Ro is the definition of the "steal" phenomenon,

The conclusion must be that a significant upstream resistance is needed

in order to have the linking of downstream flows and a "steal"™ s ndrome,

By similar manipulations it can be shown that the dimensionless

ratio of pressure drop at the bifurcation to the system pressure drop
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(P - FV~)‘/Y\ = r(-J- +O<) (1»{)

;—rl +o(, + X

N

Cnce arain as r approaches O the ratios in equation

= D 3

O. This indicates that Pp as predicted in equa

pressure drop ratio, (P = Pp)/P, is shown as a function of o< for
various values of r in fipure 2., This firure shows that the pressure

e

drop ratio (which is indicative of the upstream pressure loss) is

N’

dependant on ©, the ratio of the two downstream resistances. 1t
also shows the expected dependance on the upstream Ho downstream
resistance ratio (expressed in the variable r).

It will be shown that this model closely approximates the behavior
of the external iliec bifurcation in the doge. This model is of key

importance to the data analysis in the study.
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METHODS AMD FATFRIALS

The experimental phase of this experiment was performed on
monerel dogs, Dogs were chosen for their size, suitability, cost,
availahility, and consideration of the facilities for confinement
and surgery. The experimental apraratus consisted of a Diotronex
Labtoratory, Inc. (BLI) 630 pressure amplifier and a I'LI 9630(X)-C9LVLCT
(I1inear variable displacement transformer) pressure transducer. The
transducer was calibrated with a mercury manometer and used with
heparinized saline-filled plastic catheters. Becton and Uickenson

metal stopcocks were connected to form a manifold for flushing the
catheter. The flows were measured with a BLI 630 pulced loric
electromagnetic flowmeter, It was found that the external iliac
arteries of dogs of 19.9-20.L Kg. (35-45 1bs.) were v ost f£it by

a probe with a 3.5 mm. lumen., The probes used were precalibrated and
the calibration was checked by in-vitro methods.

Laparotomies were performed on ronorel dogs anesthetized with
sodium pentobarbital (30 mg/Kg. initially, additional as needed).

The intestines were retracted to expose the zortic trifurcation. Two
electromagnetic flow probes were placed around the external illiac
arteries., ZEffort was made to place each probe an adequate distance
from the trifurcation. The probe wires were sutured to the body to

help prevent cable torsion and the resulting signal artifact. The

ground wires were sutured to the abdominal wall muscles,



1

A balloon type occluder was placed around the abdomiral aorta
as far upsirecam as reasonably possilbiles In dogs where the ciroumflex
iiiac arteries and/or the caudal mesenteric artery had orisins

between the oceluder and the trifurcation, these arteries were tied

4

off. The occluder was left open initiallyv.

The internal iliac arteries were next ligated as Tar distal to
the trifurcation as possible. A loose tie of umbilical tape was next
placed around the median sacral artery, A small cut was made between
these linmatures and the pressure meacuring catheter was placed in the
system with the open tir protruding up into the aorta, The trifurca-
tion was in effect changed into a bifurcation by tizhtening the umbil-
ical tape until hemostasis was achieved., The catheter vas sutured to
the body te help prevent it from becoming accidentally dislodged,

A cutdown was performed on each medial upper thipgh to expose
the femoral artery and vein. The distal portion of both arteries and
both veins was tied off. ILoose ligatures were placed around the
proximal portion of all four vessels. Two mechanical arterio-venous
fistulas were made by cannulating the artery and vein on each side with
scctions of "treated" wvinyl tubins. The proximal venous ligatures
were tightened and arterial cannulas were threaded ur the arteries
until the ends could be felt in the external iliac arteries just
distal to the flowmeters. The proximal arterial licatures were then
tichtened and additional ties were placed around the canmulated
external iliac arteries distal to the open cannula ends. The

resistance of these mechanical A-V fistula were independantly

regulated by means of screw clamps. The vinvl tubes had been treated
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by soakin- for 12 hours in soluticn of Clay Adams "Siliclad" (a con-
centrated mixture of high moleenlor weight silicones). The purpose

of thnis treatment was to delav the clotting of the tubes, The fistula
resistance was periodically reduced causinz the flows to typically
exceed 400 ml/min, in order to "flush out" any clotting products.

The mean pressure and flow data were recorded mamally and on
a strip chart recorder for subsequent analysis. The basic test
performed involved several steps, TFirst, the flcw on cach side was
adjusted by the screw clamps to approximately the same flow as was
observed bafore the mechanical A~V fistunla was inserted., The pressure
at the bifurcation was measured and noted., Ry slidinc the pressure
catheter farther up the aorta the mean pressure was observed.to be
virtually constant, This indicates that nsc major stenosis or
obstruction was present in the terminal section of the aorta, Then
the flow being measured on one side was observed while the flow on
the other was increased or decrcased, Pressure was alzo observed.

The flow meter was switched to measure the opposite side and the
procedure - was repeated,

These results were similar to those observed in dogs without A-V
fistulas whose downstream resistances were altered with other mechanical
or pharmacological methods. The advantage of the mechanically controlled
A-7 fistulas was two-fold, 'Then ne fistulas were prescnt and one
downstream vessel was occluded nc pressure change was noted but a 207
increase in flow to the opposite side was observed, Investigation
revealed that the dog is noted for its collaterszl circulatory systen,

In all likelihood the flowing side was diverting blood to
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the occluded side by newly cpened cocllaterals, This commnication

was not desirable and not thought to be particularly related to "steal's
The increase in flow when tho oprosite side was occluded is the reverse
of "steal", and is due to a different phenomenon. The A~V fistula
described will prevent this comrmunication between the two legs, The
second advantage was related to the equipment used. The BLI flow pretes
have a problem of slow baseline drift. This necessitates rebalancing

of the flowmeter before a measurement is taken. The in=vivo balancing
is done by occluding the involved artery to cause a zero flowe. Thics
would normally result in a period of reactive hyperemia being super-
imposed on the steady-state flow one is attempting to neasure, The
mechanical A-V fistula allowed the experiment to be conducted withou
this problem,

After this documentation of the "normal" state, the balloon
occluder was used to simulate a diseased, stenotic lower aorta,
First, the two downsitream resistances were adjusted to obtain flows
that approximate the normal physiological flows., The pre-occlusion
pressure at the bifurcation was noted. This had already been shown
to be very good approximation of the upstream pressure, The balloon
occluder around the aorta was inflated, The pressure transducer
was used to monitor the degree of occlusion., One flowmeter
rrobe was balanced and the opposite side was occluded, The flow to
the side being measured was now varicd and the pressure drop across
and flow through the occlusion were recorded., The pressure-flow

data wa

0

then recorded with the flow through the opposite side to

minimize variation. The two downstream sides were again adjusted to



the "normal" flow rate., By measurir: one side the resistance on the
opposite side could be decreascd to now deuonstrate "cteal", The
knowledge of the pressure at the bifurcation and the rressure-{low
relationsnin of the stenosis allowed the computation of the upstream
flowe The knowledge of the mcasured dowmstream flow a2llows the
subtractive computation of the other dowmstrean flow,

Through these techniques the examination of the effect of
uneven side to side resistances and of an upstream resistance were
examined in-vivo, The results parallel the rrediction of the model
presented in this study (see Results), The experimental set-up

described above is also shown in figure 3.
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RESUNEES

The resluts of the experiment show good acreement with the pre-
dictions of the model. The results of the test performed without any
significant aortic (upstream) resistance were very uniform. First,
extremely high t5t31 flows, senerally S liter/min or more, were
required to observe a significant pressure drop at the bifurcation,
This result is consistent with model predictions for a very small
upstream resistance, R, as expresscd in equation (8). Secondly, the
two downstrean flows were almost completely independent of each other,
Ten-fold increases in a dowmsiream flow were required to significantly
reduce the contralateral flow. This also arrees with the model pre-
dictions for a small upstream resistance as riven in equation (7).

ore o
oL co-

The results for this "normal" hemodymarmic state are in vrecise a
ment with the results published by Ehrenfeld, et ol. (1968). The
results were similar in all dogs tested and were verv reproducible,

Due to the unchanging nature of the values mcasured the data is of
little quantitative interest. It is not reported in this study,

The results of tests performed with a stenotic {balloon occluder
inflated) aorta were very interestinc, The results closely followed
the predictions of the model given by egquations (12) and (12). The
steal phenomenon is shown in ficure Lj, This figure, taken from a stirip

chart recording, demonstrates the interaction of the downstream flows

when an upstream resistance is present,



Data is rresented from four stenoses. 'me data for each stenosis

consicts of two parts. The first part consigts of the pressure drop
versus flow data for the occlusion. This is presented in tables 1 and
2 and figures 5 through 8. The ficures show a pressure drop versus
flow plot for each of the four stenoses analyzed., These graphs have
a characteristic shape. The initial (lowcr pressure drop) section is
linear but the portion representing the hicher flow rates falls away
from the linear relationship. At least two explanations are possible
for this deviation. First is the pressure component due to the velo-
city of the fluide As the flow increases, the velocity of the fluid
entering the end port of the pressure measuring catheter increases.
The Pernnulli equation predicts the pressure artifact due to this

effect will be proportional to the sauare of the velocity, Thus the

deviation due to this effect is expected to ve more sionificant at

L ©5

hizher flows. The second mechanism micht be due to hizh Reymold's
number effects in the immediate region of the stenosis. At hich
Reynold's numbers pressure drops for rcstrictions characteristically
are proportional to the square of the velocity. In all four plots the
deviation is in the expected direction.

The second part of the data is presented in table 3. This data
was taken following the recording of the data for the pressure-flow
curve of each stenosis. The data actually taken were the downstream
pressure, Pg, and the flow on one side, Q,, as thc resictance on cide
two, R,, was changed incrementally. From the A~ vs. Q plot for each
stenosis, the total flow, Qp, was found. 7Q, was found subtractively

from equation (9), Trom equation (1) resistance can be found by taking
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the quotient of pressure drop and flow. Thues r was found by the ratio:
P oo I\,ﬁ =

r = (I u-)/Q‘ (lti)

m

e caleculation of X was eqrally simple

2

. The expression used was:

(15)

The data shows that the downstream flows were set to be egual,
or nearly so, for each stenosis. This was donc once for each stenosis
by first adjusting for equal flows and then applying the stenosis.

The downstream resistance retio wac unchangel by 4his action. There-

fore the two downstream flows were still approximately equals This
was checked manually. These values allow the ealculation of the steal

coefficient, g, by the followinec expression:

q = gl,; civen rate (16)
Q 2Q =

The calculation of AP/P was straishiforward. It wos evaluated

[
+

by its definition:
AP/P = (P - Pg)/T (17)

The numerical values found in eauations (1l}) through (17) are
dimensionless,

An interesting observation was the consistancy of the calculated
r value for each stenosis, Neither the upstream resistance, R, or the
resistance of one downstreams side Rl, were changed during the
experiment, Since r is the ratio of 7 to Ry, this consistancy was
expecteds The relatively low volues of r are indicative of an

important concept. When the balloon occluder was inflated too far



O
N

the artery would collapse. The value of presgyre that causes complete

occlusion is called the critical closing pressuyre, IHcher upstrean

resistances can be formed by using more than gne balloon occluder.

The balloons would of course be used in series

along the aorta,

This was not done in this experiment. Iven so, the largest r (r = .19)

is quite sufficient to conelusively demonstrate the steal syndrome.

.

The correlation of the experimental data with the model's pre-
dictions are shown in figures 9 through 12. Tach figure presents

the q versus ok and AP/P versus o plot for one stenosis (one r value)e
The discrete data points from the experiment are shown on each plots
Small deviations between the theory and practice are observed, This
small "error" does not invalidate the model. Conversely,the small
size of the deviation adds credibility to the model presented. The

results not only validate the model but point to several conclusions

that can be drawn. These will be explained in the last section,
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TABLE +1

Pressure Drop Versus Flow
Stenosis #1 Upstream Pressure = 110mmHg

Downstream Pressure Downstream Flows

mmHg ml/min
Right Left
91 60 68
90 125 0
8l 170 0
76 210 0
51 275 0
100 65 0
Stenosis #2 Upstream Pressure = 127mmHg
Downstream Pressure Dowmstream Flows
mmlg ml/min
Right Left
93 70 75
116 us 0
109 87 0
2 120 0
17 180 0
L9 250 0
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TARIE #2
et le

Pressure Drop Versus Flow

Stenosis #3 Upstream Pressure = 11lrmig
Novmstream Pressure Downstre=am T"lows
mmilg ml/min
Rizht - left
9L 77 70
108 0 110
96 0 125
91 185 0
70 21,0 0
L8 0 250
Stenosis # Upstream Pressure = 131lmmHg
Dowvmstream Pressure Dovmstream Flows
mmHg ml/min
Right Left
105 60 60
122 0 10
1l 0 70
106 0 135
58 O 240
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CONCLUSION

The apparent contradiction between the Grimes, et al, (1972) study
and the Ehrenfeld, et al., (1963) study can now be resolved. FEhrenfeld's
conclusions were made for the condition of normal pressure at the
bifurcation. Both the experiments and the model indicate that nc
steal will occur when there is no significant upstream resistance,

If no upstream resistance is present then the pressure at the bifur-
cation will indeed be normal, !'nder these conditions no steal is
expected and none occurred, The “rimes study stated that steal is
"accentuated" by the presence of simulated occlusive disease, lowever,
their data also showed "steal" without an aortic stencsis. This con-
tradicts the experiments and model of this study, and no information
was found in their paper to clarify this point,.

The application of this study to the field of vascular surgery
is important. A hypothetical example will best illustrate the importance.

A patient has an undiagnosed aortic stenosis., le

also has a clinically significant obstruction in the right

external iliac artery. The right leg has thus been sub-

ject to chronic hypotension and ischemia. The normal

autoregulation becomes ineffective under these conditions.

Even after normal pressure is supplied, the downstream

resistance will remain smaller than actually required,



This effect will last for weels (llartin and Conrad,

1975:)e The left leg would not be affected by this

nechanisme. 'hen the surgery to revascularize the

right external iliac is performed a steal situation

develops., An upstream stenosis is present, The

right leg resistance will be lower than the left due

to the hypotension reaction. The left leg now is

"stolen" from and becomes ischemic, If nc upstream

stenosiv was present, this would not occur., If no

downstream hypotension mechanism is in play, then the

two dowmstream resistances should be approximately

equale (The downstream mechanism would not be as

important in bifurcations with normally unequal flows

and resistances.) The physiology and fluid dynamics

rust both be considered,

One possible test that can be applied to a potential site for re-
vascularization would be to occlude the downstream flows while observ-
ing pressure., If the pressure at the site changes with flow then it

is a potential "steal" site.
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