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Background—Rotational atherectomy with the Rotablator catheter has improved percutaneous treatment of certain
coronary atherosclerotic lesions, but the “no-reflow” phenomenon remains a serious complication. Because platelet
activation by rotablation may contribute to the no-reflow phenomenon, we developed an in vitro system to test the effect
of rotablation on platelets in the absence or presence of platelet GP IIb/IIIa receptor blockade with abciximab.

Methods and Results—Platelet-rich plasma (PRP) was prepared from 28 healthy human volunteers. PRP was divided into
4 samples: (1) no treatment, (2) 6D1 (anti–GP Ib), (3) c7E3 Fab (anti–GP IIb/IIIa1avb3), and (4) c7E3 Fab16D1.
Samples were pumped through a flow chamber containing a 2.5-mm burr rotating at various speeds and then placed in
an aggregometer. PRP samples tested in the absence of antibody underwent more rapid and extensive aggregation when
rotablated at 150 000 and 180 000 rpm compared with 0 rpm (P,0.001 at both speeds). Preincubation of platelets with
c7E3 Fab decreased the slope of aggregation at each rotablation speed, with 98%, 79%, and 71% reductions at 70 000,
150 000, and 180 000 rpm, respectively (P50.09 for 70 000 andP,0.001 for both 150 000 and 180 000 rpm).
Preincubation of platelets with 6D1 did not decrease the slope of aggregation at any rotablation speed (P.0.5,P50.99,
andP50.091 for 70 000, 150 000, and 180 000 rpm). Platelet ATP release, a marker of granule release and cell damage,
was markedly increased at 180 000 rpm (P50.002 compared with 0 rpm in the control group). Electron microscopy
revealed extensive rotablation-induced platelet damage at 150 000 and 180 000 rpm, and leakage of LDH confirmed
platelet lysis at these speeds (P50.002 andP,0.001 compared with 0 rpm).

Conclusions—High-speed rotablation induces platelet activation of PRP, leading to aggregation; pretreating PRP with
abciximab decreases the aggregation. These data suggest that pretreatment of patients with abciximab may decrease
rotablation-induced platelet aggregation during rotational atherectomy.(Circulation. 1998;98:742-748.)
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Rotational atherectomy with the Rotablator device (Bos-
ton Scientific Corp) has improved percutaneous treat-

ment of complex coronary atherosclerotic lesions, including
long lesions with irregular borders, lesions with heavy calci-
fication, and lesions at ostial locations.1–3 The Rotablator
device consists of a nickel-plated brass elliptical burr whose
distal end is coated with diamond microchips, connected by a
flexible Teflon-sheathed drive shaft to a gas-driven turbine
that rotates at speeds up to'180 000 rpm.4 The burrs come
in variable diameters ranging from 1.25 to 2.5 mm. The
rotating burr is designed to pulverize inelastic plaque without
damaging healthy elastic tissue, leaving behind a smooth
surface.5,6 A serious complication of rotational atherectomy is
the “no-reflow” phenomenon, which is characterized by
reduced or no blood flow through the treated vessel despite
successful diminution in the proximal stenosis. Distal embo-

lization of pulverized plaque, coronary spasm, and platelet
activation all may contribute to the pathogenesis of the
no-reflow phenomenon. On the basis of our anecdotal obser-
vation that no-reflow rarely occurs in patients pretreated with
abciximab (c7E3 Fab, ReoPro), which blocks platelet GP
IIb/IIIa receptors and inhibits platelet aggregation, we hy-
pothesized that the Rotablator device may activate platelets,
leading to platelet aggregation and thrombus formation. We
further hypothesized that the GP IIb/IIIa receptor may play a
significant role in this aggregation response.

To test these hypotheses, we designed an in vitro system to
simulate the in vivo effects of the Rotablator and studied the
effects of the Rotablator on PRP in the absence and presence
of abciximab. In addition, because shear forces near the
rotating burr may activate platelets and because platelet GP Ib
has been implicated in mediating platelet activation induced
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by shear forces,7,8 we also studied the effect of a well-
characterized antibody to GP Ib (6D1) in the system.

Methods
Platelet Preparation
After informed consent was obtained from 28 healthy human donors
(19 male, 9 female) between the ages of 23 and 59 years who had not
taken any medication known to inhibit platelet function for at least 7
days, peripheral venous blood (60 mL) was collected via a 19-gauge
butterfly needle into 2 tubes each containing 0.3 mL of 40% sodium
citrate solution. PRP was prepared by centrifugation at 700g for 3.5
minutes at 22°C and slowly removed with a plastic pipette. PPP was
prepared by further centrifugation of the remaining blood at 3000g
for 10 minutes at 22°C.

Platelet counts were determined with an automated resistive
counter (Coulter model Z1), and the platelet count was adjusted to
'300 000/mL with PPP. Actual final platelet counts ranged from
279 000 to 464 000/mL, with a mean of 317 800643 300/mL.

Antibody Treatment
PRP was pretreated with 20mg/mL of c7E3 Fab (anti–GP IIb/
IIIa1avb3; Centocor; stock solution, 1 mg/mL in 0.01 mol/L
phosphate, 0.15 mol/L NaCl, 0.0005% Tween 80; lot 92H08AA)9 or
with 20 mg/mL of 6D1 (anti–GP Ib), prepared as previously
described10 (stock solution, 1 mg/mL in 0.15 mol/L NaCl, 0.01 mol/L
Tris/HCl, 0.05% azide, pH 7.4) for at least 20 minutes at 22°C. For
the samples with combined c7E3 Fab and 6D1, PRP was first
pretreated with 20mg/mL of 6D1 for 20 minutes and then further
treated with 20mg/mL of c7E3 Fab for at least 20 minutes at 22°C.
For c7E3 Fab dose-response studies, PRP was incubated with c7E3
Fab at 1, 2, 5, 10, 20, 50, or 100mg/mL. A total of 10 different
donors were used for this experiment.

Acetylsalicylic Acid (Aspirin) Treatment
PRP was pretreated with 100mmol/L aspirin (Mallinckrodt, lot
2004KJJL; stock solution, 5 mmol/L in 0.01 mol/L phosphate, 0.15
mol/L NaCl, pH 7.0) for at least 5 minutes at 22°C. For the samples
pretreated with both aspirin and c7E3 Fab, PRP was first pretreated
with 20 mg/mL of c7E3 Fab as described above and then further
pretreated with aspirin. To ensure that the donor had not taken
aspirin and that the in vitro aspirin treatment eliminated thromboxane
A2 production, arachidonic acid (0.8 mmol/L)–induced aggregation
was tested before and after aspirin incubation in each experiment. In
each case, the platelets aggregated briskly in response to arachidonic
acid before aspirin treatment and did not respond at all after aspirin
treatment. This experiment was repeated with the blood from 5
different donors.

Rotablation Model
PRP (5 to 6 mL) was placed into a plastic 20-mL syringe. Another
20-mL syringe was filled with an equal volume of degassed normal
saline. Both syringes were attached to the same infusion pump
(Harvard model 975), which was set to run at 4 mL/min. A
3321-mm acrylic chamber (Figures 1 and 2) designed to house a
2.5-mm Rotablator burr, with inlet and outlet ports, was constructed
to immobilize the guidewire and limit the lateral and back-and-forth
movements of the burr. The PRP was pumped into the inlet port, and
the saline was pumped into the chamber via the Rotablator sleeve
and the gap between the guidewire and the center hole in the burr.
The mixture of saline and PRP exited the chamber via the outlet port.

The temperature within the chamber (measured and recorded before
and after each run) was monitored with a thermocouple (Sensortek,
model BAT-12) located distal to the burr. The temperature did not
change significantly when the speed of rotablation was 70 000 rpm,
increased by'1°C to 2°C when the speed was 150 000 rpm, and
increased by'2°C when the speed was 180 000 rpm. Before the
Rotablator was turned on, PRP and saline were pumped into the
chamber and visible air bubbles were expressed from the PRP-saline
mixture. To avoid air entry into the chamber during rotablation, a
fluid seal was created around the protruding portion of the guidewire
with tubing attached to a syringe filled with saline. To obtain
baseline control platelet samples, PRP and saline were pumped
through the chamber for 5 seconds with the burr stationary. The
Rotablator was then run for 5 seconds at 70 00065000,
150 00065000, or 180 00065000 rpm while PRP and saline were
pumped through the chamber. The PRP/saline samples exiting from
the chamber were immediately tested for aggregation, microscopy,
LDH release, recalcification time, or luminescence as described
below. On the basis of the chamber volume (148mL) and the pump

Selected Abbreviations and Acronyms

GP 5 glycoprotein
LDH 5 lactate dehydrogenase
PPP5 platelet-poor plasma
PRP5 platelet-rich plasma

Figure 1. Flow chamber design with Rotablator connections
detailed above. A, Rotablator housing; B, compressed gas (tur-
bine) connector; C, fiberoptic tachometer cable; D, guidewire; E,
syringe containing saline connected to saline infusion port (20
mL); F, syringe (20 mL) containing PRP; G, Harvard pump; H,
syringe containing saline used to create an air-free “saline seal”;
I, acrylic flow chamber; J, 1.5-mL microfuge tube; K, thermo-
couple. PRP flows from F3 I3J.

Figure 2. Detailed diagram of flow chamber. A, 2.5-mm burr; B,
chamber body; C, inlet port; D, outlet port; E, gaskets; F, gasket
plugs; G, end piece; H, lock ring; I, thermocouple. Inset: J,
saline access into flow chamber from Rotablator sleeve; J9,
saline access into flow chamber from guidewire hole in burr; K,
length of chamber (21 mm); fL, diameter of chamber (3 mm);
fM, diameter of burr (2.5 mm).
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rate (4 mL/min for both the PRP and saline), a platelet passed
through the chamber in 1.1 seconds. The pH of each PRP sample was
measured before and immediately after rotablation, and the results
were not significantly different.

Platelet Aggregation
Effluent PRP (0.4 mL) was immediately added to a siliconized
aggregometer cuvette containing a 234-mm cylindrical, Teflon-
coated stir bar, and then the cuvette was placed in an aggregometer
well preheated to 37°C (Chrono-Log model 530). PPP was used as
the blank. The aggregation response, measured as the initial slope,11

was assessed for'5 minutes. To ensure that the platelets in the PRP
were able to respond to a well-defined agonist, the baseline PRP was
treated with 5mmol/L ADP and the change in light absorbance was
measured for'5 minutes. This experiment was repeated 10 times
with blood from 10 different donors.

Microscopy
PRP samples (100mL) were removed from the aggregometer cuvette
after '5 minutes of stirring and fixed with 33mL of 4% parafor-
maldehyde for a final concentration of 1% for 5 minutes at 22°C.
Then 20mL of each sample was placed on a glass microscope slide,
covered with a coverslip, and viewed by differential interference and
phase-contrast microscopy (Olympus System, model BX60). Photo-
graphs were taken with ASA 100 film (Kodak 100). For transmission
electron microscopy, PRP was fixed with paraformaldehyde (final
concentration, 1%) for 5 minutes at 22°C and then centrifuged at
3000g for 6 minutes at 22°C. The resulting pellet was then fixed with
3% glutaraldehyde in 0.2 mol/L sodium cacodylate buffer at pH 7.4
for 3 hours, washed in PBS buffer, treated for 1 hour with 1%
osmium tetroxide, dehydrated in graded steps of ethanol through
propylene oxide, and embedded in epoxy resin (Embed 812; Epon
812). Representative areas for ultrathin sections were chosen by light
microscopy from 1-mm plastic sections stained with methylene blue
and azure II. Ultrathin sections were stained with uranyl acetate and
lead citrate. The platelets were observed with a JEM 100CX
transmission electron microscope. Electron microscopy was repeated
2 times with blood from 2 different donors.

Luminescence Studies
Effluent PRP (450mL) and luminescence reagent (50mL Chrono-
Lume, Chrono-log) were placed into a siliconized cuvette, and then
luminescence due to ATP release from platelets and platelet aggre-
gation were measured simultaneously in the aggregometer. ATP
release was quantified by addition of 2 nmol of ATP to the sample
as an internal control at the end of the experiment. Luminescence of
untreated PRP was also measured after activation with 1 U/mL of
human thrombin (Sigma Chemical Co). This experiment was re-
peated 5 times with blood from 5 different donors.

LDH Assay
After rotablation of PRP at the various speeds, PPP was prepared
from the PRP samples as above, and plasma LDH was measured by
the Technicon Omnipak LDH method (Technicon Instruments
Corp).12 To determine maximum LDH release, PRP was subjected to
4 rounds of freezing and thawing; the PRP was then centrifuged and
the supernatant tested. This experiment was repeated 3 times with
blood from 3 different donors.

Clotting Assay
Effluent PRP (200mL) before and after rotablation at 180 000 rpm
was placed into a glass borosilicate tube (12375 mm) and placed in
a 37°C water bath for 15 seconds. Calcium chloride (0.1 mL of 0.025
mol/L) was added to the PRP, a stopwatch was started, and the tube
was inverted every 30 seconds to test for the onset of clot formation.
This clotting assay was repeated for PPP, as well as PRP frozen and
thawed 4 times and PRP aggregated with 5mmol/L ADP. To assess
any temporal drift in clotting times during an experiment, control
PRP samples were tested at intervals throughout the experiment.
This experiment was repeated with blood from 3 different donors.

Statistics
Data were analyzed by 3-way ANOVA (patient, speed, and aspirin
and/or antibody treatment), and once significance was determined,
further randomized block ANOVA was performed within each
speed. When the initial analysis was not significant, the results are
reported asP5NS. Further analysis for differences in speed were
performed for the control group. Pairwise multiple comparisons were
performed with the Bonferroni adjustment.

Results

Effect of Rotablation on Platelet Aggregation
When PRP was pumped through the chamber with the
Rotablator burr stationary and then placed into an aggre-
gometer cuvette and stirred at 1200 rpm at 37°C, essentially
no platelet aggregation was observed (Figure 3). The slope of
platelet aggregation increased slightly when the PRP was
exposed to rotablation at 70 000 rpm, but the difference was
not significant (P50.16). In contrast, aggregation increased
dramatically when the speed of rotablation was increased to
150 000 rpm (P,0.001 compared with 0 rpm); there was
little further increase in the aggregation slope when the speed
was increased to 180 000 rpm (P,0.001 compared with 0
rpm; P50.8 compared with 150 000 rpm).

Effect of Antibodies 6D1 and c7E3 Fab on
Rotablation-Induced Platelet Aggregation
Preincubation of the PRP with 20mg/mL of antibody 6D1
had little effect on the slope of aggregation (Figure 3). In
contrast, preincubation of platelets with 20mg/mL c7E3 Fab
consistently decreased the slope of aggregation at each
rotablation speed, with 98%, 79%, and 71% reductions at
70 000, 150 000, and 180 000 rpm, respectively (P50.09 for
70 000 and,0.001 for both 150 000 and 180 000 rpm).
Preincubating PRP with both 6D1 and c7E3 Fab did not result
in greater inhibition of aggregation than was observed with
c7E3 Fab alone (P50.32 at 150 000 rpm andP5NS at
180 000 rpm). c7E3 Fab dose-response studies demonstrated
maximal inhibition of platelet aggregation at'10 mg/mL,

Figure 3. Effect of rotablation on platelet aggregation and
effects of antibodies 6D1 and c7E3 Fab. Platelet aggregation
results expressed as slope (mean1SD) in transmission light
units/min plotted against Rotablator speed. P,0.001 for the
c7E3 Fab and c7E316D1 groups compared with control (no
treatment) groups. N510.
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with no additional inhibition even at concentrations of 100
mg/mL (data not shown).

Effect of Aspirin on Rotablation-Induced
Platelet Aggregation
Preincubating PRP with aspirin reduced the slope of aggre-
gation induced by 70 000 rpm by 79% (P50.1) (Figure 4) but
reduced the slopes of aggregation at 150 000 and 180 000
rpm by only 17% and 6% (P50.46 and 0.80 compared with
control at 150 000 and 180 000 rpm, respectively). Addition
of aspirin to c7E3 Fab–treated samples did not significantly
increase the inhibition of platelet aggregation (P5NS, 0.99,
and 0.57 for 70 000, 150 000, and 180 000 rpm).

ATP Release in Response to Rotablation
Platelet ATP release, measured as luminescence, increased
with increasing rotablation speed (P50.99 for 0 versus
70 000 rpm), with increases at 150 000 (P50.18) and
180 000 (P50.002) rpm (Figure 5). Maximal luminescence
was observed immediately after the PRP sample was added to

the luminescence aggregometer, and then the luminescence
decreased. ATP release produced by exposure to rotablation
at 150 000 and 180 000 rpm exceeded release induced by 1
U/mL of thrombin, suggesting that release might be coming
from cytoplasmic as well as granular stores of ATP. c7E3 Fab
and/or 6D1 did not inhibit ATP release.

Platelet Morphological Changes Produced
by Rotablation
When assessed by phase-contrast microscopy, platelets that
were pumped through the chamber with the Rotablator burr
stationary and then stirred in an aggregometer cuvette were
discoid, with few spikelike filopodia (Figure 6, top). Platelets
exposed to rotablation at 180 000 rpm and then stirred in the
aggregometer for 5 minutes exhibited extensive platelet
aggregation, and individual platelets showed spikelike filop-
odia (Figure 6, bottom). When assessed by transmission
electron microscopy (Figure 7, top), platelets in PRP that was
not exposed to rotablation had an intact membrane and evenly
dispersed granules. They were disk-shaped or rounded, with
relatively few filopodia. Fewer than 1% had a ghostlike
appearance. In contrast, 90% of platelets exposed to rotabla-
tion at 180 000 rpm had ruptured membranes and/or a
ghostlike appearance, with loss of granules and the assump-
tion of a more rounded shape (Figure 7, bottom). In addition,
the background was very grainy, suggesting the possibility of
plasma and/or platelet protein precipitation.

Lactate Dehydrogenase
Platelets exposed to rotablation demonstrated significant
speed-dependent release of the intracellular enzyme LDH
(Figure 8). For untreated PRP,P50.85 for 0 versus 70 000
rpm, P50.002 for 0 versus 150 000 rpm, andP,0.001 for 0
versus 180 000 rpm. At 180 000 rpm, this release was not
significantly affected by pretreatment with 6D1, c7E3 Fab, or
a combination of the two. The release of LDH due to platelet
lysis from repeated freezing and thawing, however, far
exceeded the release caused by rotablation at 180 000 rpm.

Clotting Time
PPP had a recalcification clotting time of 260642 seconds,
whereas PRP had a recalcification clotting time of 149623
seconds, ADP-treated PRP 102615 seconds, frozen and

Clotting of PRP After Recalcification

Sample Time, s

Control 149623

Rotablation 9060

Rotablation1aspirin 8668

Rotablation1c7E3 Fab 9060

Rotablation1aspirin1c7E3 Fab 98615

F/T 75617

ADP 102615

PPP 260642

Clotting of PRP after recalcification. PRP was exposed to rotablation at
180 000 rpm except in the control group. For comparison of clot formation
times, PRP was frozen and thawed (F/T) or treated with ADP. The clotting time
of PPP was also measured. Values are mean6SD.

Figure 4. Effect of aspirin and c7E3 Fab on rotablation-induced
platelet aggregation. Platelet aggregation results expressed as
slope (mean1SD) in transmission light units/min plotted against
Rotablator speed. N55.

Figure 5. Mean ATP release (nmol ATP/108 platelets) in response
to rotablation at different speeds. For comparison, release
produced by 1 U/mL thrombin in the absence of rotablation
(1.72 nmol/108 platelets) is shown by dashed line. N55.
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thawed PRP 75617 seconds, and PRP exposed to rotablation
at 180 000 rpm 9060 seconds (Table). These data indicate
that platelets can facilitate clot formation in this system and
that maximal platelet support of coagulation (as shown by the
frozen and thawed sample) can only reduce the clotting time
to '75 seconds. Exposure of PRP to rotablation at 180 000
rpm significantly shortened the recalcification clotting time
(P50.02 compared with the nonrotablated sample) but did
not shorten the clotting time to the same extent as freezing
and thawing. Antibody c7E3 Fab or aspirin pretreatments did
not prevent the shortening of the clotting times.

Discussion
Our data indicate that exposure of platelets in PRP to
rotablation at 150 000 rpm or more for as little as 1.1 seconds
can cause the platelets to be activated such that they undergo
aggregation when stirred at 37°C. Although our experimental
procedures differ significantly, our data are consistent with
the preliminary report by Reisman et al13 of speed-dependent,
rotablation-induced platelet aggregation of heparinized

miniswine whole blood. We also observed in our PRP system
that c7E3 Fab significantly inhibits but does not eliminate
rotablation-induced platelet aggregation. In contrast, antibody
6D1 had minimal effects on aggregation, and adding 6D1 to
c7E3 Fab did not enhance the c7E3 Fab effect. Although
aspirin appeared to have a small effect in decreasing platelet
aggregation in response to low-speed rotablation, it was not
statistically significant. Combining aspirin with c7E3 Fab did
not further reduce platelet aggregation. Thus, thromboxane
A2 production does not seem to be crucial for high-speed
rotablation–induced platelet aggregation, whereas much but
not all of the aggregation depends on the GP IIb/IIIa receptor.

High shear stress produced by a cone-and-plate viscometer
or other devices has been shown to activate platelets and lead
to platelet aggregation.14,15 Previous work suggests that
the mechanism of activation involves the binding of von
Willebrand factor to GP Ib, followed by an increase in
cytoplasmic ionized calcium, leading to activation of the GP
IIb/IIIa receptor, binding of fibrinogen to GP IIb/IIIa, and
finally aggregation of platelets.16 Shear-induced platelet acti-

Figure 6. Phase-contrast microscopy at
3400 magnification. Top, Platelets
passed through flow chamber with rota-
blation burr stationary. Bottom, Platelets
passed through flow chamber with rota-
blation at 180 000 rpm with a total expo-
sure time of 1.1 seconds, resulting in a
large platelet aggregate.
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vation and aggregation has consistently been inhibited in
other model systems by blocking of the GP Ib receptor,7,8,17

and yet the 6D1 antibody was not effective in our studies.
This suggests that the mechanism of rotablation-induced
platelet activation differs from that induced by high shear
forces. Because we observed release of ATP when platelets
were exposed to rotablation speeds of 150 000 and 180 000
rpm, it is possible that the aggregation is largely due to a
combination of activation-dependent and lytic release of ADP
from dense granules and the cytoplasmic pool of adenine
nucleotides at the same time that the ATP is released from the
same sites. Our results with c7E3 Fab are consistent with this
interpretation, because c7E3 Fab blocks ADP-induced plate-
let aggregation.9 Because c7E3 Fab did not completely
eliminate platelet aggregation, other mechanisms may be
involved.

Electron microscopy and LDH measurements provided
further evidence of rotablation-induced platelet lysis. Trans-
mission electron micrographs of PRP subjected to rotablation

at 180 000 rpm demonstrated rupture of plasma membranes,
loss of intact granules, and the appearance of rounded forms.
High-speed rotablation also led to LDH release, providing
additional evidence of platelet lysis. The lysis, however, was
considerably less than that caused by repeated freezing and
thawing.

Plasma coagulation consists of a series of enzymatic
reactions culminating in the conversion of prothrombin to
thrombin, which converts plasma fibrinogen to insoluble
fibrin. In vitro coagulation may be initiated via either the
intrinsic or extrinsic pathways.18 Several coagulation reac-
tions are dramatically accelerated by the presence of phos-
pholipids or platelet membranes. Unactivated platelets are
less active in supporting thrombin generation than activated
or lysed platelets, because activation or lysis increases the
number of negatively charged phospholipid molecules on the
platelet surface.19 Activation may also lead to prothrombin
binding to GP IIb/IIIa and facilitation of prothrombin con-
version to thrombin.20 The decrease in clotting time we
observed in PRP subjected to rotablation provides additional
support for our interpretation that rotablation causes platelet
activation and lysis. Moreover, it suggests that in addition to
causing platelet aggregation, rotablation may facilitate throm-
bin generation and clot formation as additional mechanisms
by which it may induce the no-reflow phenomenon. Previous
studies on the effect of c7E3 Fab on thrombin generation in
gel-filtered platelets demonstrated that c7E3 Fab was able to
inhibit '47% of tissue factor–induced thrombin generation19;
however, when platelets were stimulated with calcium iono-
phore A23187, a potent direct platelet activator, the subse-
quent addition of c7E3 Fab did not significantly reduce
thrombin generation. Therefore, the inability of c7E3 Fab to
affect the shortening of clotting time induced by rotablation is
consistent with either lysis or direct activation of platelets by
rotablation.

Our studies have potential implications for the clinical use
of the Rotablator device. The speed dependence of platelet
activation that we and Reisman et al13 have found suggests
that it may be desirable to use the lowest speed that is

Figure 7. Transmission electron micrography. Top, PRP
pumped through chamber with Rotablator burr held stationary
(0 rpm) and stirred in an aggregometer for 5 minutes. Note pres-
ence of intact platelet membrane, intracellular granules, and
clear background. Bar51.2 mm. Bottom, PRP was subjected to
rotablation at 180 000 rpm and then stirred in an aggregometer
for 5 minutes. Observe ruptured platelet membrane (arrow),
depletion of intracellular organelles (ghost platelets), and cloudy
background.

Figure 8. Supernatant LDH after PRP was exposed to rotabla-
tion or freezing and thawing (F/T).
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effective in removing plaque. In addition, the decrease in
platelet aggregation produced by c7E3 Fab raises the possi-
bility that pretreatment of patients with abciximab may
decrease platelet aggregation during rotational atherectomy.
The recent preliminary report of Koch et al21 demonstrating a
reduction in ischemic myocardial regions during rotablation
in patients treated with abciximab compared with matched
control subjects supports a potential benefit of abciximab
treatment, but clinical trials will be required to confirm these
results.

Limitations of This Study
Our in vitro system differs from clinical practice in a number
of respects: (1) we used PRP rather than whole blood and thus
did not study possible effects of erythrocytes, such as release
of ADP in response to cellular injury, that may contribute to
platelet aggregation; (2) our studies were conducted at 22°C
rather than at 37°C; and (3) it is possible that the Rotablator
exposure time for platelets in this system is greater than that
in vivo in small coronary arteries, but this will depend on
whether the coronary artery is narrower or wider than the
chamber (3 mm) and whether blood flow is.8 mL/min
during the rotablation procedure. Data indicate that blood
flow in a diseased coronary artery is'10 mL/min,22 but the
flow rate may be altered by the insertion of the Rotablator
burr into the blood vessel. Thus, it is difficult to estimate the
blood flow during rotablation. This value is needed to
estimate the percentage of platelets in the body that will
transit past the Rotablator in a single procedure. From studies
of 9 patients in our institution, we found that the average time
of rotablation was 360.5 minutes. Assuming that the Rota-
blator burr does not affect blood flow,'30 mL of blood will
be exposed to the Rotablator, containing'0.6% of the total
circulating platelet volume. The percentage of platelets indi-
rectly affected by rotablation could be much greater, how-
ever, because released ADP may activate platelets that did not
transit past the Rotablator.
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