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Influence of Stent Expansion States on Platelet Deposition in an
Extracorporeal Porcine Arteriovenous Shunt Model Using a

Multichannel Perfusion Chamber

Limited data are available about incomplete stent expansion (SE) on platelet
deposition (PD). We examined PD following different SE using an extracorporeal
porcine arteriovenous shunt model to which a perfusion chamber with four
parallel silastic tubes were connected. Blood flow was set at a 20 and 100
mb/min in 1.8 and 3.1 mm diameter tubes, respectively. P154 stents were
deployed completely (Group A, n=15) or incompletely (Group B, n=15) in 1.8
mm (n=13) and 3.1 mm (n=17) tubes. *'Cr-labelled platelet autologous blood
was injected 1 hr before the perfusion. After 15 min-perfusion, the testing tubes
were assessed for radioactivity counts. In-stent cross sectional area was mea-
sured by intravascular ulfrasound. There was a significant difference in PD
between group A and B regardless of channel size (118+18.4 vs 261.4+52.1
plts x10%cm?, p<0.05). With adjusted shear rate and similar stenosis, PD was
similar in both tubes. In smaller 1.8 mm tubes, a stenosis as subtle as 10%
was associated with a significant PD difference (226.1 £20 vs 112.9+20.5 plts
% 10%cm?, p<0.005). This model enabled a repetitive, simultaneous comparison
of PD following different SE states. It seems that the quality of SE remains
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crucial in smaller channels.
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INTRODUCTION

Acute stent thrombosis occurs within minutes to hours
after the stenting procedure and is commonly due to in-
complete stent expansion (SE) and/or vessel dissection (1).
Recently, the incidence of thrombus appeats to have been
gteatly diminished by technical modifications through the
optimization of the stent deployment techniques and ad-
vanced antiplatelet therapy. With routine high pressure
balloon expansion and use of new antiplatelet drugs,
acute thrombosis is rare, occurring in less than 1% of
stent procedures (2).

However, some particular conditions are still poten-
dally associated with stent thrombosis, namely, stenting
small diameter vessels (<2.0 mm) in which higher shear
rate activates platelets, inadequate SE, in- and outflow
obstructions and edge dissections. Cotonaty stenting has
initially been restricted to vessels with a diameter >3.0
mm because of the increased risk of thrombotic occlusion
in smaller vessels (3). According to previous obsetvational
studies (4, 5), stent thrombosis rate of 9.5% has been
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reported for vessels of 2.5 mm diameter, and rate as high
as 25% for vessels with 2.0 mm diameter.

Now, very limited intravascular ultrasound (IVUS)
guided criteria may allow the operator to optimize stent
placement in smaller reference lumen to avoid stent
thrombosis (6). In vivo animal studies using stents do not
serve as an adequate model since stent placement is
rarely associated with acute closure. Ex vivo artetiovenous
(AV) shunt model closely simulates in vivo arterial
thrombus formation and has been widely accepted for
acute stent expetimental model for the evaluation of
platelet responses to vascular injuty ot thrombogenic ma-
terials, mechanism of thrombosis and therapeutic strat-
egies (7-10).

Incomplete SE can result in acute or subacute stent
thrombosis (11, 12). Limited data are available on plate-
let deposition (PD) and thrombus formation with in-
complete SE (13, 14).

We examined the platelet activation with different SE
states in different tubes mimicking small- and medium-
sized coronaty arteries using a multichannel perfusion



32

chamber connected to an ex vivo potcine AV shunt
model. This shunt model setves to recreate the coronaty
interventional milieu with silastic channels in which
stents are implanted. Using a potcine model, blood
passes through these stents and platelets are labeled in
order to quantify PD in each channel.

MATERIALS AND METHODS

Animal preparation

The animals studied were five male domestic pigs
(mean weight, 32+2 kg), prepated according to the
Canadian Counsil on Animal Care Regulation. Anesthesia
was induced by an intramuscular injection of 200 mg
Ketamine (Rogarsetic, Roger/STB Inc., Montreal, Que-
bec, Canada) and 100 mg azaperone (Strensil, Janssen
Pharmaceuticals, Mississanga, Ontatio, Canada). The pigs
were intubated, and 0.5% halothane (Fluothane, Ayerest,
Montreal, Quebec, Canada) was used to maintain the
anesthetic state.

Left femoral atrtery and right femoral vein were
canulated with 8F introducer sheath to establish an
extracorpoteal AV circuit with silicon tubes. Hepatin was
given 50 Ulkg initally with additional 25 U/kg boluses
houtly to prevent clotting on the catheters and stasis
thrombosis on an extracorporeal AV circuit. Activated
clotting time (ACT) was not checked consistently before

Perfusion chamber
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the expetriments. No antiplatelet agents were adminis-
tered. Arterial blood ptessute and ECG were continu-
ously monitored. Mean blood pressure was maintained at
90 mmHg by adjustment of the depth of anesthesia and
volume expansion with intravenous infusion of notrmal
saline.

Isolation and labeling of platelets

On the day of expetiment, 100 mL of autologous
blood anticoagulated with acid-citrate-dextrose (ACD)
was used to obtain a platelet-rich plasma by differential
centtifugation, as described previously (16, 17). This
platelet suspension was incubated with 300 uCi *'Cr
(Merck Frosst Canada Inc.) for 40 min. The suspension
was then centrifuged to remove unbound *'Cr, and the
radiolabeled platelets wetre resuspended in plasma and
reinjected into the animal one hour before the perfusion
expetiments. The labeling efficiency with *'Cr averaged
51.4+2.4%, and a mean of 155+8 uCi "'Cr was in-
jected.

Experimental protocol with a perfusion chamber

The specially designed actylic petfusion chamber (Fig.
1), in which four holes wete located on each side, was
connected via silicon tubes between the arterial and the
venous circuits. Four parallel testing silastic tubes (3.5
cm long) were connected through Y connector to each
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Fig. 1. Schematic illustration of the porcine extracorporeal arteriovenous shunt with a multichannel perfusion chamber. A, femoral

artery; V, femoral vein.
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circuit. In these experiments, arterial blood from the left
femoral artery was circulated through the petfusion
chamber for 15 min at a flow of 20 mL per min in 1.8
mm channels and 100 mL per min in 3.1 mm channels
with the assistance of a petistaltic pump and then re-
circulated back into the animal through the right femoral
vein. These flow system generated a wall shear rates of
146/sec and 143/sec at the testing tube sutfaces in the
1.8 mm and 3.1 mm tubes, tespectively. The sheat rates
wete calculated according to the flow formula of ho-
mogenous Newtonian fluid in a cylindrical tube: shear
rate=32 Q/7D’, where Q is flow and D is diameter (15).
During each perfusion, four parallel tubing systems were
used at the same time and under the same test con-
ditions. At the completion of each perfusion period, not-
mal saline was circulated through the perfusion chamber
for 30 sec to return unattached cells and blood to the
femoral vein. After tubing segments wete removed from
the circuit of the perfusion chambet, the perfusion cham-
bet and extracotporeal system were petfused with normal
saline to clear any visible blood befote insertion of an-
other testing tube systems.

Stents

30 Palmaz P154 stainless steel stents (Cordis, Johnson
& Johnson Intetventional Systems, Warren, NJ, US.A.)
were used for the perfusion studies. These stents are 15
mm long without articulation and may provide greater
radial compressive strength than the most commonly
used coronary articulated coronary Palmaz-Schatz stent
(PS-153). They are also made for large vessels. Stents
wete hand crimped on a deflated balloon of a conven-
tional semi-compliant 3.0 mm cotonaty angioplasty bal-
loon catheter. The stents were then inserted into the
allocated testing silastic tubes and deployed at 12 atm
before petfusion initiation. The stents were deployed
completely (Group A, n=15) or incompletely (Group B,
n=15) in two ot three silastic channels and remaining
channel(s) as control(s). Thirteen stents wete used in 1.8
mm channels and 17 stents wete used in 3.1 mm
channels. Incomplete expansion of stents deployed was
created manually by external compression of the distal
portion of the stent.

Quantification of platelet deposition

After each 15 min petfusion, tubing segments contain-
ing stents were cut at both distal ends and fixed over-
night in 4% paraformaldehyde solution. The amount of
platelet deposited on the tubes was quantified by count-
ing the specific 'Cr radioactivity. The radioactvities of
reference blood samples were quantified using a gamma
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counter (Minaxi 5000, Packard Instruments Co.). Platelet
deposition (X10%cm? on the tubes, was calculated as
pteviously described (16, 17), knowing blood platelet
count and the radioactivity in blood and on testing tubes.

Measurements of in-stent cross-sectional area by
intravascular ultrasound

After radicactivity quantification, the maximum and
minimum in-stent cross-sectional area (CSA) wete mea-
sured by a 3.5F, 20 MHz Vision® Five-64F/X Endosonic
ultrasound catheter (Rancho Cordova, CA, US.A) for
each stented channels. The pottions of the stent with the
largest and smallest area were selected for measurements
for each pass of the IVUS catheter. % CSA stenosis was
calculated as follows:

(maximum CSA-minimum CSA) X100 / maximum CSA

Statistics

All data were expressed as mean*SEM. An one-way
analysis of variance (ANOVA) was performed to detet-
mine significant differences among the expansion states
of the stent (fully expanded ot incompletely expanded vs
control). If the significant F (ie., p<<0.05) ratio was
found, intet-group compatisons wete made using Bon-
ferroni t-test. For the different-sized tubes and subgroup
analysis, unpaited t-test was petformed for compatisons
of the data. A value p<0.05 was consideted significant.

RESULTS

Comparison of platelet deposition according to stent
expansion states

A total of twelve 15-min-perfusion studies were pet-
formed for the evaluation of different stent expansion
states on PD in five pig extracorporeal AV shunt model
(Fig. 2). Platelet deposition in groups with SE, com-
pletely or incompletely (Group A and B) was increased
when compated to that in control tubes without stent
(189.7+30.8 vs 11.5+6.3 platelets X 10%cm’, p<0.0001).
There was a statistical difference in PD between Group
A and Group B (118£18.4 and 261.4%52.1 platelets X
10%cm’® respectively, p<0.05) regardless of perfusion
channel size.

Effects of in-stent % CSA stenosis and shear rate on plate-
let deposition in 1.8 mm versus 3.1 mm perfusion channels

Thirteen stents in 1.8 mm petfusion channels were
compated to 17 stents in 3.1 mm petfusion channels in
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Fig. 2. Comparison of platelet deposition following stent ex-
pansion states: 15 mm P154 stents were deployed with com-
plete expansion (Group A, n=15) and incomplete expansion
(Group B, n=15) during 15 min of extracorporeal chamber per-
fusion.

regards to in-stent % CSA stenosis, local wall shear rate,
and PD (Fig. 3). In 1.8 mm perfusion channels, in-stent
% CSA stenosis and shear rate were 16.62.5% and 262
T 16/sec, tespectively. In 3.1 mm petfusion channels, in-
stent % CSA stenosis and shear rate were 23.21+2.6%
and 309+ 20/sec, respectively, which were not statistical-
ly different with those in 1.8 mm tubes. With adjusted
shear rate and similar in-stent CSA stenosis, stent PD
was simulat in 1.8 and 3.1 mm tubes (183.6121.2 vs
195.1£51.3 platelets X 10%cm’, p=ns).

Platelet deposition according to in-stent cross-sectional
area measured by intravascular ultrasound

Thirteen P154 stents wete deployed in 1.8 mm tubes.
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Fig. 4 showed PD of stents with various stenoses in 1.8
mm tubes according to in-stent % CSA stenoses. Around
10% in-stent CSA stenosis was selected as a cut-off level
to differentiate the degree of PD (left). A group with
more than 10% in-stent CSA stenosis (n=8) as defined
by IVUS was associated with a significant inctease in PD
compated to a group with less than 10% CSA stenosis
(h=5) (226.1£20 vs 112.9£20.5 platelets X 10%cm’,
£<0.005) (right).

Seventeen P154 stents were deployed in 3.1 mm
tubes. Fig. 5 showed PD of stents with vatious stenoses
in 3.1 mm tubes according to in-stent % CSA stenoses.
Around 30% in-stent CSA stenosis was selected as a
cut-off level to differentiate the degree of PD (left). A
group with more than 30% in-stent CSA stenosis (n=35)
was associated with a significant inctease in PD com-
pared to a group with less than 30% CSA stenosis (n=
12) (428.3+117.7 vs 93.8+19 platelets X 10%cm®, p<
0.0001) (right).

DISCUSSION

This potcine model using a multichannel perfusion
chamber connected to an extracorporeal AV shunt en-
ables a repetitive, simultaneous compatison of PD in
different SE states. This study demonstrated that stented
segments revealed incteased PD compared to control
tubes without stent. Incomplete SE showed mote PD
than complete SE regardless of the tube sizes.

The use of stents has initially been restricted to vessels
with a reference diameter >3.0 mm to avoid thrombotic
occlusions in smaller vessels (3). According to a substudy
of the Benestent trial, the tisk of subacute stent throm-
bosis when stents were deployed in small atteries was
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Fig. 3. Comparison of in-stent percent cross-sectional area (% CSA) stenosis, local wall shear rate and platelet deposition between
13 stents in 1.8 mm tubes (open bars) and 17 stents in 3.1 mm tubes (shadowed bars). ns, not significant.
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Fig. 4. Platelet deposition according to in-stent cross-sectional area (CSA) measured by intravascular ultrasound (IVUS) in 1.8
mm channels (left). Thirteen stents showed platelet depositions following their % CSA stenoses (right). Two groups defined by
IVUS criteria of 10% CSA stenosis revealed a difference in platelet deposition.
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Fig. 5. Platelet deposition according to in-stent cross-sectional area (CSA) measured by intravascular ultrasound (IVUS) in 3.1
mm channels (left). Seventeen stents showed platelet depositions following their % CSA stenoses (right). Two groups defined
by IVUS criteria of 30% CSA stenosis revealed a difference in platelet deposition.

6.9% compared to 0.9% for vessels >3.0 mm in diam-
eter (18). Despite improved implantation techniques and
advanced antiplatelet drugs, vessel size <3.0 mm re-
mains an important predictor of stent thrombosis, likely
a tesult of relatively more metal per lumen area and
increased shear rates in smaller vessels (19, 20).
Recently, preliminary trials of stenting in small cot-
onary arteries <3.0 mm in size were teported with a low
incidence of stent thrombosis in a limited number of
patients (21-23). Modern stent design, antithrombotic
regimen, and accumulated operator’s expetiences have
improved the tresults of stenting in small vessels. How-
evet, limited data are available on the efficacy of intra-
coronary stenting in smaller (<2.0-2.5 mm) vessels (4, 5).
All current available stents ate made of metal and ate
thrombogenic in a varying degree. Coronaty stenting

ptoduced a more tematkable platelet activation than
balloon angioplasty (24). The use of a metal prosthetic
device may lead to focal mural thrombus inside the stent
(10). In addition, deepet artetial trauma with high pres-
sure inflation provokes greater thrombotic response (23).
Stenting also activates expression of the glycoprotein IIb/
[la receptor on the plateler sutface (26).

IVUS has played an essential role in developing an
optimal strategy for stent deployment. IVUS critetia ac-
cording to the AVID (Angiography Versus Intravascular
ultrasound-Directed stent placement) (27) and MUSIC
(Multicenter Ultrasound Stenting In Coronaries) (28)
trials were based on adequate in-stent lumen area com-
pared to distal reference vessel (ot combination of proxi-
mal and distal reference vessels), full stent apposition on
the vessel wall and the absence of significant dissection.
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Stent geometry of eccentticity (minot/majotr axis) have
not been affected by high pressure inflations. In spite of
an optimal angiographic results, incomplete apposition of
the stent struts to the vessel wall, narrowing of residual
lumen, irregular and eccentric lumen in the stented seg-
ment were demonstrated by IVUS in 88% of cases (29).
Moussa et al. (30) reported that subacute stent throm-
bosis was absent in very large final stent minimum lumen
cross-sectional area (MLCSA) of =9 mm® and 0.5%
when strict ctitertia of SE (MLCSA >90% of average
lumen CSA) among five empirical IVUS criteria pro-
posed. By the POST registry (31), IVUS predictots of
stent thrombosis were malapposition (64%), underexpan-
sion (53%), plaque protrusion (27%), thrombus (23%),
and edge tears (23%). Most IVUS criteria defined are
based on studies done in vessels >3.0 mm in diameter.
For the smaller vessels (<7.5 mm’® area), ctitetia of >100%
in-stent minimum luminal area to distal reference CSA
was selected to dectease the risk of partial outflow ob-
struction (6). Even in small vessels <3.0 mm, absolute
intrastent lumen area was teported as the most important
determinant of target vessel revascularization (32).

Incomplete expansion of coronaty stent can result in
acute or subacute stent thrombosis despite better phat-
macologic antiplatelet drugs (11, 12). Limited data were
available on the effect of incomplete SE on platelet acti-
vation. Kocsis et al. (13) assessed the in vitro effect of
incomplete expansion of stents and the effect of heparin
coating in pootly deployed stents in 3.0 mm polyure-
thane tubes using a mechanical crimping device. In
another study using the baboon AV shunt model (14),
Palmaz-Schatz PS-153 stents wete deployed in 3.2 mm
silicon tubes with 25% and 50% stent constriction using
a mechanical crimping device. Both studies showed that
hepatin coating reduced platelet adhesion in incompletely
deployed stents. However, the innetr diameter of the
tubes used in these studies was >3.0 mm. The aim of
our study was the assessment of effect of the SE states
on PD in tubes of small diameter (<2.0 mm, inner
diameter) and >3.0 mm diameter. Mote than 30% in-
stent CSA stenosis was associated with a significant dif-
ference in PD in 3.1 mm tubes mimicking medium-sized
cotonaty arteries. In smaller 1.8 mm tubes, an in-stent
CSA stenosis as subtle as 10% was associated with a sig-
nificant difference in PD. It seems that the quality of
SE remains crucial in smaller channels. This may promote
IVUS as a mandatoty tool for optimization of stent im-
plantation in stenting smaller vessels.

Ex vivo artetiovenous shunt model closely simulates in
vivo arterial thrombus formation and has been widely
accepted for studies in experimental animals for the
evaluation of thrombotic materials and therapeutic strat-
egies. We applied an in vitro petrfusion chamber de-
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sctibed by Beythein et al. (33), connected to the extra-
corpoteal potcine AV shunt model. This extracorporeal
petfusion chamber system has been used to study mech-
anisms and treatment of vascular thrombus formation in
experimental animals. Cylindrical petfusion chambers
that mimic vessel geometry have been used widely in
baboon and pig AV shunt models (7-10, 34). Blood flow
and shear rate are controlled by either a roller pump or
a clamp placed distal to the thrombogenic device. The
roller pump induced plateler activation and additional
activation was developed probably by the stent surface
and whitling between the meshes (33). With a simple
tubular device of 2 to 4 mm inner diametet, blood flow
rates from 20 to 240 mL/min yielded wall shear rates
in the range of 100 to 2120/sec. The wall shear rate
increases as the vessel diameter decteases: 100-1000/sec
in large- to medium-sized arteries and 1500/sec in at-
terioles (35). Exposed local surface (stent and injured
vascular vessel), theology (local shear), and systemic
thrombotic status wete teported to interplay to affect
stent thrombosis (36). In a porcine extracorporeal AV
shunt model for 20 min perfusion, it has been demon-
strated that acute thrombus formation is enhanced in
conditions of higher shear rates and is affected by metal
sutface charactetistics (37). In our study, with adjusted
shear rate and similar CSA stenosis, stents in different
tubes did promote similar PD under perfusion time of
15 min. Benis et al. (38) found the dry weight of throm-
bus accumulated in the plastic perfusion chamber in-
creased with exposure time up to 20 min and decreased
with incteasing flow rate. Friedman et al. (39) reported
the number of platelets per unit area adhering to a
foreign surface sometimes decreased with exposure time
greater than 30 min. In our study, 15 min of petfusion
had been chosen as optimal intetval to demonstrate the
PD priot to thrombus formation according to our pre-
vious expetiments (unpublished data). The multichannel
petfusion chamber used in out study was able to compare
the platelet adhesion to stent sutfaces, simultaneously
and repetitively in the same experiment.

The extracorpoteal petfusion chamber model used in
this study precludes the effect of vessel wall injuty or
undetlying atherosclerotic stenosis with vatying degtee of
plaques or thrombus on stent thrombosis. Previous
studies have identified residual lesions and dissections
after stent implantation as a major cause of subsequent
eatly thrombotic events (40, 41). The effects of drugs
(aspirin ot ticlopidine) on stent thrombosis wete excluded
in this study. The shear rates generated in small tubes
ate much less than that of small vessels <2.0 mm. But
this study emphasizes, under situation precluding high
shear rate, the minimal change in in-stent lumen area
may affect PD and probably acute stent thrombosis
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especially in small vessels.

Concerning selection of the stents, large stents for
vessels >3.0-4.0 mm were studied in small diameter
tubes to compare the PD on stents. Because new de-
signed stents for the small vessels are recently developed,
these stents are impractical for the small vessels. In chis
study, stents with mote metal surface to vessels and
without articulation were selected to demonstrate en-
hanced and uniform PD on the testing tubes. A mini-
mum of heparin was administeted to prevent thrombosis
in the extracotporeal AV circuit. Although ACT was not
checked consistently in this study, available ACT data
ranged 180-220 sec. Friedman et al. reported that the
use of heparin in usual amounts (initial bolus of 10,000
U followed by continuous infusion of 5,000 U/hr) did not
appeat to affect the adhesion process (39).

In conclusion, this potcine model using a multichannel
petfusion chamber connected to an extracorpoteal AV
shunt revealed the feasibility of repetitive and simulta-
neous compatative study of PD according to different SE
states. Minimal changes as subtle as 10% in-stent cross-
sectional area affected the PD on stents in small diameter
tubes with diameter <2.0 mm. It seems that the quality
of SE remains crucial in smaller channels. This suggest
that IVUS might be a mandatoty tool for optimization
of stent implantation in stenting smaller vessels.

REFERENCES

1. Kutryk MIB, Serruys PW. Complications of coronary stenting.
In: Current state of coronary stenting. Ultgeversmaatschappij:
Barjesteh van Waalwijk van Doorn and Co’s, 1997; 85-106.

2. Colombo A, Hall P, Nakamura S, Almagor Y, Mariello L,
Martini G, Gaglione A, Goldgerg SL, Tobis JM. Intracoronary
stenting without anticoagulation accomplished by intravas-
cular ultrasound guidance. Circulation 1995; 91: 1676-88.

3. Mak KH, Belli G, Ellis SG, Moliterno DJ. Subacute stent
thrombosis: evolving issues and current concepts. J Am Coll
Cardiol 1996; 27: 494-503.

4. Roubin GS, Cannon AD, Agrawal SK, Macander PJ, Dean LS,
Baxley WA, Breland J. Intracoronary stenting for acute and
threatened closure complicating percutaneous transluminal
coronary angioplasty. Circulation 1992; 85: 916-27.

5. George BS, Voorhees WD III, Roubin GS, Fearnot NE,
Pinkerton CA, Raizner, AE,King SB III, Holmes DR, Topol
EJ, Kereiakes DJ. Multicenter investigation of coronary
stenting to treat acute or threatened closure afier percutaneous
transluminal coronary angioplasty. J Am Coll Cardiol 1993;
22: 135-43.

6. Hall P, Nakamura S, Maiello 1, Itoh A Blengino S, Martini
G, Ferraro M, Colombo A. A randomized comparison of com-
bined fticlopidine and aspirin therapy versus aspirin therapy

10.

11.

12.

14.

15.

16.

17.

18.

37

alone after successful intravascular ultrasound-guided stent
implantation. Circulation 1996; 93: 215-22.

. Badimon L, Galvez A, Chesebro JH, Fuster V. Influence of

arterial damage and wall shear rate on platelet deposition: ex
vivo study in a swine model. Arteriosclerosis 1986; 6: 312-20.

. Badimon L, Turitto VT, Rosemark JA, Badimon JJ, Fuster V.

Characterization of a tubular flow chamber for studying plate-
let interaction with biologic and prosthetic materials: deposi-
tion indium 111-labeled platelets on collagen, subendothelium,
and expanded polytetrafluoroethylene. J Lab Clin Med 1987;
110: 706-18.

. Kaul S, Makkar RR, Nakamura M, Litvack FI, Shah PK,

Forrester JS, Hutsell TC, Eigler NL. Inhibition of acute stent
thrombosis under high-shear flow condifions by a nitric oxide
donor, DMHD/NO. An ex vivo porcine arteriovenous shunt
study. Circulation 1996; 94: 2228-34.

Makkar RR, Litvack FI, Eigler NL, Nakamura, Ivey PA,
Forrester JS, Shah PK, Jordan RE, Kaul SK. Effects of GP
Ip/llla receptor monoclonal antibody (7E3), heparin, and as-
pirin in an ex vivo canine arteriovenous shunt model of stent
thrombosis. Circulation 1997; 95: 1015-21.

Colombo A, Goldberg SI., Almagor Y, Maiello L, Finci L.
A novel strategy for stent deployment in the treatment of acute
or threatened closure complicating balloon coronary angio-
plasty. Use of short or standard (or both) single or multiple
Palmaz-Schatz stents. J Am Coll Cardiol 1993; 22: 1887-91.
Moussa I, Di Mario C, Di Francesco I, Reimers B, Blengino
S, Colombo A. Subacute stent thrombosis and the anticoagu-
lation controversy: changes in drug therapy, operator tech-
nique, and the impact of intravascular ultrasound. Am J Car-
diol 1996; 78(Suppl 3A): 13-7.

. Kocsis JF, Lunn AC, Mohammad SF. Incomplete expansion

of coronary stents: risk of thrombogenesis and pretection
provided by a heparin coating [abstract]. J Am Coll Cardiol
1996; 27: 84A.

Chronos NAF, Robinson KA, White D, King SB III, Koscis
J, Tunn A, Kelly A, Harker L. Heparin coating dramatically
reduces platelet deposition on incompletely deploved Palmaz-
Schatz™ in the baboon A-V shunt [abstract]. J Am Coll Car-
diol 1996; 27: 84A.

Goldsmith HL, Turitto VT. Rheological aspects of thrombus
and haemostasis: basic principles and applications. Thromb
Haemost 1986; 55: 415-35.

Merhi Y, Lam JYT, Lacoste LL, Latour JG, Guidoin R,
Waters D. Effects of thrombocytopenia and shear rate on
neutrophil and platelet deposition on endothelial and medial
arterial surfaces. Arterioscler Thromb 1993; 13: 951-7.
Provost P, Lam JYT, Lacoste L, Merhi Y, Waters D. Endo-
thelium derived nitric oxide attenuates neutrophil adhesion fo
endothelium under arterial flow conditions. Arterioscler Thromb
1994; 14: 331-5.

Keane D, Azar AJ, Serruys PW, Macaya C, Rutsch W, Sigwart
U, Colombo A, Marco J, Klugmann S, Crean P, on behalf of
the BENESTENT investigators. Qutcome following elective



38

19.

20.

21.

22.

24.

25.

26.

27.

28.

29.

stent implantation in small coronary arteries [abstract]. Eur
Heart J 1995; 16: 335.

Nath CF, Muller DWM, Ellis SG, Rosenschein U, Chapekis
A, Quain L, Zimmerman C, Topol EJ. Thrombosis of a flexible
coil coronary stent: frequency, predictors, and clinical out-
come. J Am Coll Cardiol 1993; 21: 622-7.

Metz D, Urban P, Hoang V, Camenzind E, Chatelain P, Meier
B. Predicting ischemic complications after bailout stenting
Jollowing failed coronary angioplasty. Am J Cardiol 1994; 74:
271-4.

Hall P, Antonio C, Itoh A, Maiello L, Biengino S, Finci L,
Ferraro M, Martini G, Smith H. Gianturco-Roubin stent im-
plantation in small vessels without anticoagulation [abstract].
Circulation 1995; 92(Suppl I): I-795.

Teirstein PS, Schatz RA, Russo RJ, Guarneri EM, Stevens
KM. Coronary stenting of small diameter vessels: is it safe?
[abstract]. Circulation 1995; 92(Suppl I): I-281.

. Chan CNS, Tan ATH, Koh TH, Koh P, Lau KW, Gunawan

SA, Chakraborty B, Ng A. Intracoronary stenting in the treat-
ment of acute or threatened closure in angiographically small
coronary arteries (<3.0 mm) complicating percutaneous trans-
luminal coronary angioplasty. Am J Cardiol 1995; 75: 23-5.
Tanguay JF, Rodés J, Merhi Y, Bilodeau L, Doucet S, Bertrand
OF, Cbté G. Differences in coronary platelet deposition after
stenting and PTCA [abstract]. J Am Coll Cardiol 1997; 29:
94A.

Schwartz RS, Huber KC, Murphy JG, Edwards WD, Camrud
AR, Vlietstra RE, Holmes DR. Restenosis and proportional
neointimal response to coronary artery injury: results in a
porcine model. J Am Coll Cardiol 1992; 19: 267-274.
Kutryk MJ, Serruys PW. Stenting. In: Topol EJ, ed. Textbook
of cardiovascular medicine. Philadelphia: Lippincott-Raven,
1998; 2033-64.

Russo RJ, Teirstein PS, for the A.V.LD. Investigators. Angi-
ography Versus Intravascular Ultrasound-Directed stent place-
ment [abstract]. Circulation 1995; 92(Suppl I): I-546.

de Jaegere P, Mudra H, Almagor Y, Figulla H, Penn I, Doucet
S, Martorelli A, Hamm C, for the MUSIC Study Investigators.
In-hospital and I1-month clinical results of an international
study testing the concept of IVUS guided optimized stent ex-
pansion alleviating the need of systemic anticoagulation [ab-
stract]. J Am Coll Cardiol 1996; 27: 137A.

Nakamura S, Colombo A, Gaglione A, Almagor Y, Goldberg
SL, Maiello L, Finci L, Tobis JM. Intracoronary ultrasound
observations during stent implantation. Circulation 1994; 89:

40.

41.

T. Ahn, E. Shin, Y. Merhi, et al.

2026-34.

. Moussa I, Di Mario C, Tobis J, Francesco LD, Reimers B,

Blengino S, Colombo A. The differencial predictive value of
various intravascular ultrasound criteria for subacute stent
thrombosis [abstract]. Circulation 1996; 94(Suppl 1): 1-262.

. Uren NG, Schwarzacher SP, Metz JA, Aldeman EL, Abizaid

A, Fitzgerald PG, Yock PG, for the POST Registry. Intra-
vascular ultrasound prediction of stent thrombosis: insights
from the POST Registry [abstract]. J Am Coll Cardiol 1997;
29(Suppl A): 60A.

. Kim MH, Ziada K, DeFranco A, Raymond R, Whitlow PL,

Ellis SG, Nissen SE, Tuzcu EM. “Step-up” or “step-down”
in small stented vessels does not adversely impact clinical out-
come [abstract]. J Am Coll Cardiol 1997; 29: 279A.

. Beythien C, Terres W, Hamm CW. In vitro model to test throm-

bogenecity of coronary stents. Thromb Res 1994; 75: 581-90.

. Hanson SR, Kotze HF, Savage B, Harker L.A. Platelet inter-

actions with Dacron vascular grafts. A model of acute throm-
bosis in baboons. Arteriosclerosis 1985; 5: 595-603.

. Hanson SR, Sakariassen KS. Blood flow and antithrombotic

drug effects. Am Heart J 1998; 135: §132-45.

. Makkar R, Eigler N, Kaul S, Forrester J, Litvack F. Integrated

mechanisms of experimental stent thrombosis [abstract]. J Am
Coll Cardiol 1997; 29: 94A.

. Makkar RR, Kaul S, Nakamura M, Dev V, Litvack FI, Park

K, McPherson T, Badimon JJ, Sheth SS, Eigler NL. Modu-
lation of acute stent thrombosis by metal surface character-
istics and shear rate [abstract]. Circulation 1995; 92(Suppl I):
1-86.

. Benis AM, Nossel HL, Aledort LM, Koffsky RM, Stevenson

JF, Leonard EF, Shiang H, Litwak RS. Extracorporeal model
Jor study of factors affecting thrombus formation. Thromb
Diath Haemorrh 1975; 34: 127-44.

. Friedman LI, Liem H, Grabowski EF, Leonard EF, McCord

CW. Inconsequentiality of surface properties for initial platelet
adhesion. Trans Am Soc Artif Intern Organs 1970; 16: 63-76.
Fischman DI, Savage MP, Leon MB, Hirschfield JW Jr,
Cleman MW, Tierstein P, Goldberg S. Angiographic predic-
tors of subacute thrombosis following coronary artery stenting
[abstract]. Circulation 1991; 84(Suppl II): 1I-588.

Agrawal SK, Ho DSW, Lie MW, Iyer S, Hearn JA, Cannon
AD, Macander PJ, Dean LS, Baxley WA, Roubin GS. Pre-
dictors of thrombolytic complications after placement of the
fexible coil stent. Am J Cardiol 1994; 73: 1216-9.



