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The mechanism by which atherosclerotic plaque causes ebokQ and trandient
ischemic attack is not fully understood . One possibility ia that the plaque stenosis
may set up hemodynamlc conpfitions causing local arterial wall collapse. Arterial wall
cotiapse may, In turn, affect the Integrlty of the plaque . This study MYas designed to
define the effects of stenosis on the production of arterial wall collapse using a Idtex
tube model. Stenoses ranging up to 81% by diameter were tested in a Starling
resistor chamber under pulsadlle pressure conditions upstream of the tube. Incrbas-
Ing the degree of stenosis progressively decreased the external pressure necessary
to produce collapse, from 37 mm Hg with the 0% stenosis to 24 mm,Hg for the 81%
stenosis. The stenoses greater than 70% produced a new phenomenon of "sysRolic
wall collapse" just distal to the stenosis . The maximum diameter decrease was 2.83
mm from the baseline diameter of 6 .41 mm. Cyclic wall motion Just downstream of the
stenosis increased with the increased degree of stenosis from 0.34 mm at 0%
steitosis to -1 .28 mm at 75% stenosis. The phenomena are discussed in terms of
simplified Beiaoulli pressure drops . We conclude that local anerial stenosis can
produce conditions favorabie,for wall collapse and increased wall motion at physi-
ologic pressure and flow. This collapse may be important in the development of
atherosclerotlb plaque fracture and subsequent thrombosis or distal embolizatlon .
(Arteriosclerosis 9:842-847, November/December 1989)

S troke is the third leading cause of morbidity and
monality m the United States and accounts for over

200 000 deaths a year. ExsaCramat atherosclerotic cere-
brovascuiar disease localized within the carotid bifurea-

tion is the cause of stroke and transient isehernic attack
(TIA) in the majority of these pabents.' The exact meciT
anism by which atherosclerotic plaque causes hemi .
spheric stroke and TIA remams controversial and unre
solved. However, recJnt evidence strongly favors a plaque
fracture-embolization hypothe5is.? 3 One possible etiology
is that the local stenosis produced by an ather.bsclerotrc
lesion may cause mechanical conditions favorable for
plaque fracture and distal embolization .

This study was designed to inveshgate the effect of
stenosis on wall motion and collapse in a latex tube
model. Much work has been reported on the collapse of
veins and other thin-walled tubes within Sterling resistor
chamberS.°" These articles identify the critical eontrob
kng factors such as transmural pressure, upstream and
downstream pressure, and longitudinal tension_ Additron.
a11y, they report choking, the waterfall phenomenon, and
dynamic behavior such as flutter_ Most of these articles
address problems of flow limitation and instabdity in veins,
airways, or ureters. The experimental setup or boundary

conditions test an elastic tube of uniform diameter None
of these articles specificaEry address Ihe problem of w;;ll
excursion and collapse dVstal to a high grade stertosos.
However, Elad et al .'z report on the increased likelihood of
transit ion to supercnlical flow with a local area conslriction
in a theoretical model of the pulmonary system, suggest-
ing that stenoses may caUse collapse :
Santamore and Waknsky'3 have presented radio-

graphrc evidence of a decrease in arterial diameter disfal
to a snare-type stenosis of approximately 97% of the
diameter. In their in vitro tests, they created a decrease in
the dislal perrpheral resistance, but they did not vary the
external pressure . Developing a theoratical model of the
compliant arterial stenosis . Santamore and Bove'"
described diameter and circumferentia` decreases, which
may result from decreases in intralumihal pressure. Their
analysis did not address the cases when the aansluminal
pressure becomes negative with cotlapse . Schwart2 et
al .' 5 have also discussed the possibility, of passive nar.
rowing from decreases in lateral pressure when the distal
pressure is lowered but did not present experimental
evidence of diameter changes. In this article, we repdn
physiologic conditions under which anerial wall collapse
may occur distal to an atherosclerotic stenosis .
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Methods
A drawing of the general experimental system is shown

in Figure 1 . The pulsatile continuous flow system was
comprised of three constant pressure h6ad reservoirs and
a recirculating pump. This arrangemeht allowed for the
precise and independent setting of trie intet and outlet
pressures. The reservoirs consisted of partitioned cham-
bers. which allowed one half of the chamber to contain a
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