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Objectives. The coronary microcirculation can be impaired by ablated debris just after a rotational
atherectomy procedure, but the specific effects of rotablation on the microcirculation have not been investi-
gated. The present study examined the effects of rotational atherectomy on the coronary microcirculation
by analyzing coronary flow reservel CFRCand the component parameters of the coronary flow-pressure
loop.

Methods. This study included 31 patients with angina pectoris who underwent stent implantation after
rotational atherectomy and withJ 50% diameter stenosis at 6-month follow-uf) i.e. without clinical
restenosisl] The CFR, the flow-pressure slope indekl FPSIChnd zero-flow pressure were measured using
the Flowire™ Doppler guidewire in both treated and untreated reference vessels without stenosis immedi-
ately after and on 6 months from the rotational atherectomy procedure.

Results. CFR and FPSI in the treated vessels were significantly lower than in the untreated reference
vessels without stenosis just after rotational atherectomy] CFR: 2.1+ 0.5 vs 2.6+ 0.7, pO 0.05;
FPSI: 1.61+ 0.8 vs2.35+ 0.9 cm/sec/mmHg, p0 0.050 but no significant differences were observed in
CFR or FPSI between these same sets of arteries at follow-up. There was also a significant correlation
between the extent of attenuation of CFR and total ablation time r 0 O 0.54, pO 0.0101

Conclusions. Rotational atherectomy attenuates CFR by reducing coronary artery conductance, proba-
bly due to coronary microvessel obstruction with the debris ablated during the procedures of rotational

atherectomy.
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INTRODUCTION

The application of the intracoronary Doppler
guidewire for the measurement of coronary flow
velocity has been extensively validated in the clini-
cal setting''*". In addition to the main, larger coro-
nary conduit vessels, the coronary microvasculature
plays akey role in the regulation of coronary arteri-

ECoronary artery disease
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WAnNgina pectoris

al blood flow. Coronary flow reservel CFRL] which
has been shown to reflect coronary microvascular
function*1*", is the ratio of coronary flow velocity
at baseline and during maximal hyperemia after the
administration of a coronary vasodilator”. CFR
measurement provides important diagnostic infor-
mation about cardiovascular disease, but recent
reports illustrate that there are theoretical limita-
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tions to the CFR concept™®*”. One limitation is that
maximal hyperemic coronary blood flow is strongly
pressure-dependent, whereas auto-regulated basal
coronary flow does not remain at a constant level.
The flow-pressure slope indekl FPSI[is determined
by measuring the slope of the linear diastolic seg-
ment of the relationship between instantaneous aor-
tic pressure and hyperemic coronary flow. In the
late-diastolic phase, under maximal hyperemia, the
relationship between these indices become linear
and permits measurement of the slope, the FPSI.
FPSI is independent of changes in heart rate, pre-
load, aortic pressure, and cardiac contractility*? ™.
Coronary vessel conductances estimated by this
index correlate with those obtained in the experi-
mental study using microspheres'®”. Zero-flow pres-
sure or pressure at zero-flow! Pzf[Calso reflects con-
ditions of the coronary microcirculation tone,
which may also be used as an index of coronary
circulation™".

The mechanism of the action of rotational
atherectomy is the pulverizing of the atherosclerot-
ic plague by the blades of the atherectomy device.
The technique is recommended for the treatment of
long lesions, bifurcation lesions, and diffuse calci-
fied lesions®*". One major drawback to rotational
atherectomy is the debris created by the procedure,
which contains atheromatous and platelet-rich tis-
sue that can easily embolize distally, clog the distal
coronary vasculature and microcirculation, cause
microcirculatory plugging, and result in slow
flow? %" The immediate post-procedural phase is
therefore very important in rotational atherectomy,
as the phase when the coronary microcirculation
may be impaired by ablated debris. The present
study assessed the influence of rotational atherecto-
my on the coronary microcirculation by analyzing
CFR and the different parameters of the CFR loop.

SUBJECTSAND METHODS

Study population

Our population consisted of 31 stable angina
pectoris patients who underwent rotational atherec-
tomy, adjunctive balloon angioplasty and stent
implantation and also were evaluated by intracoro-
nary flow velocity with Doppler flow wire during
the procedures and at mean follow-up of 6 months.
None of the patients showed O 50% diameter
stenosis, or clinical restenosis at follow-up. The
exclusion criteria used in this study included prior
myocardial infarction, severe valvular heart dis-

ease, hypertrophic or dilated cardiomyopathy, triple
vessel coronary disease, and left ventricular ejec-
tion fraction] 30%. Patients were further excluded
by angiographic evidence of visible thrombus,
lesion lengthD 40mm, presence of a chronic total
occlusion, or evidence of good collateral supply to
the target vessel. Prior to catheterization, all
patients gave written informed consent to the study
protocol, which had been approved by the Ethics
Committee of the Showa General Hospital.

Rotational atherectomy and adjunctive coronary
angioplasty

All rotational atherectomy procedures were per-
formed in accordance with established techniques
and a conventional anti-thrombotic strategy. A stan-
dard 7F or 8F angioplasty guiding catheter was
positioned at the vessel ostium, and a 0.014-inch
angioplasty guidewire advanced across the lesion.
The guidewire was next exchanged for the rigid
0.009-inch rotational atherectomy guide wire using
a 2.3F infusion catheter. Once the rotational
atherectomy guidewire was in the correct position,
the rotablator was advanced along the guiding
catheter until in position at the lesion. The burr,
rotating at 180,0000 220,000rpm, was then used to
ablate the lesion. Generally, between 2 and 5 passes
were used. Following ablation, adjunctive balloon
angioplasty was performed, where necessary, to
achieve optimal pre-stent conditions. All patients
were then underwent stent placement. All patients
received anti-platelet therapy of 100mg of aspirin
and 200mg of ticlopidine a day for 6 months.
Quantitative coronary angiographyl QCA [Uata was
analyzed using a computerized QCA systernl QCA-
CMS, Medis Medical Imaging System Co., Ltd.OI
before and after successful coronary dilation, and at
mean follow-up of 6 months.

Doppler evaluation

After successful coronary dilation, a 0.014-inch
Doppler guidewirgl FloWire™, Volcano Therapeu-
tics[ivas advanced into the treated vessel through a
guiding catheter, and used to monitor the flow
velocity pattern on a video display. Coronary flow
velocities were measured in this way from single-
cycle images using a FloMap™0O Volcano
Therapeuticsl Under the stable state, when the
influence of ischemic reactive hyperemia by stent-
ing was negligible, the Doppler velocities were
obtained at both baseline levels and at peak hyper-
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Fig. 1 Instantaneous assessment of the flow-pressure
relationship
Pzf 0 zero-flow pressure; FPSI O flow-pressure slope
index.

emiainduced by bolus intracoronary injection of 25
to 50u g adenosine. CFR was calculated as the ratio
of hyperemic-to-baseline averaged peak velocity.
We also calculated CFR in another untreated refer-
ence vessel without stenosis using identical meth-
ods, as a reference. Blood pressure, heart rate, and
surface electrocardiographic leads were monitored
continuously throughout the procedure.

I nstantaneous assessment of the flow-pressure
relationship
Coronary flow velocity and aortic pressure sig-
nals were digitized, and analyzed using a computer
systenil] CORDY NAS, Research Institute of
Cardiovascular Technologyll The graph of coro-
nary flow velocity versus aortic pressure was plot-
tedl the flow-pressure loopl] and Pzf and FPSI
were calculated using the methods previously
described'’™. As has been stated above, FPSI
O cm/sec/mmHgOwvas defined as the slope of the
regression of the linear portion of the flow-pressure
loop in the late diastolic phase. The flow-pressure
loop in the diastolic phase was analyzed using lin-
ear regression analysis to extrapolate the point
where zero flow intercepted the pressure axis Pzf[l
Data were recorded from the diastolic phases of at
least four cardiac cycles for analysis and for calcu-
lating FPSI and P Fig. 101

Statistical analysis
All data were expressed as meant SD.
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Table 10 Patient characteristics

Agél yr[d 67+ 9
Sek] male/ femalel 2714
Coronary risk factor

O O Diabetes mellitus 281 740
O O Hypertension 181 580
O O Hyperlipidemia 181 420
O O Smoking 18 420
ACC/AHA type

OO0A 0

ooB 21 870
goc 4] 130
Target vessel

O0LAD 2@ 770
goLex 60

0 0ORCA 5 160
Lesion lengthl mmO 26+ 13
Reference diametef] mmQ 2.70+ 0.60
Minimum [umen diameteld mmO

O O Acute post-stenting 2.66+ 0.59
O O Follow-up 2.36+ 0.38
Total ablation timél secO 61+ 21
Burr sizel mmQO 1.78+ 0.17
Slow-flow / no-reflow during RA 2/0
Significant ST elevation after RA 2
Stents usedl including overlapping stents(]

O O Multi-Link 17
OONIR 6

0 O S670 15

Continuous values are mean SDO O O %.

ACC/AHAL American College of Cardiology/American Heart
Association; LADO left anterior descending artery ; LCXO left
circumflex artery; RCADO right coronary artery; RAQ
rotational atherectomy.

Comparisons of variables used Student’s t-test.
Correlations between total ablation times and CFR
were evaluated using linear regression analysis. A p
valuel 0.05 was considered statistically signifi-
cant.

RESULTS

Patient characteristics

Baseline clinical and angiographic data are
shown in Table 1. There were no differences in
hemodynamics between just after rotational
atherectomy and at follow-ufal Table 2[]
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Table 200 Hemodynamics

Just after

rotational atherectomy Follow-up pvalue
Heart raté] beats/min(] 77+ 10 72+ 12 NS
Systolic blood pressurel mmHgO 138+ 27 140+ 25 NS
Diastolic blood pressurél mmHgO 79+ 12 82+ 15 NS
Mean blood pressuré]l mmHgO 99+ 17 103+ 18 NS

Values are meanz SD.

Table 30 Coronary flow reserve, flow-pressure slope index, and zero-flow pressure in treated and
untreated refer ence vessels without stenosis after rotational atherectomy

Treated vessel Untreat.ed rererencg vessl p vaue
without stenosis

CFR 2.1+ 2.6+ 0.7 0 0.05
FPSO cm/sec/mmHgC] 161+ 2.35+ 0.9 00.05
Pzf] mmHgO 39.3+ 44.6+ 13 NS
AP\ cm/sec
0 O Basdline 29+ 23+ 10 0 0.05
O O Hyperemia 59+ 62+ 15 NS

Vauesare meant SD.

CFRO coronary flow reserve ; APV averaged peak flow velocity. Other abbreviations as in Fig. 1.

Coronary flow reserve, flow-pressure slope
index, and zero-flow pressure in treated and
untreated vessels without stenosis immediately
after rotational atherectomyl Table 3[J

CFR and FPSI in treated vessels were both sig-
nificantly lower than those in untreated vessels
without stenosis just after rotablationl CFR: 2.1+
0.5vs 2.6+ 0.7, p 0.05, FPSI: 1.61+ 0.8 vs
2.35+ 0.9 cm/sec/mmHg, both pO 0.0500 but
there were no significant differences in Pzf between
target and reference arteries. Baseline coronary
flow velocities in the treated vessels were also
higher than those in the untreated vessels without
stenosi§ 29+ 12 vs 23+ 10, pO 0.050] but there
were no differences in coronary flow velocity dur-
ing hyperemia.

Correlation between total ablation time and
coronary flow reserve

There was a significant positive correlation
between total ablation time and CFR just after rota-
tional atherectomyl r 0 0 0.54, pO 0.010 Details
areshown in Fig. 2.
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Fig.2 Correlation between total ablation time and
coronary flow reserve
Abbreviation asin Table 3.

Coronary flow reserve, flow-pressure slope
index, and zero-flow pressure in treated and
untreated vessels without stenosis at follow-up
0 Table 40

At mean 6 months follow-up, we observed no
significant differencesin CFR, FPSI or Pzf between
treated and untreated vessels without stenosis.
Similarly, there were no differences in coronary
flow velocity at baseline and at hyperemia between
the treated vessels and untreated vessels without
stenosis.
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Table 4 Coronary flow reserve, flow-pressure sope index, and zero-flow pressure in treated and
untreated reference vesselswithout stenosis at follow-up

Untreated reference vessel

Treated vessd without stenosis pvalue
CFR 2.4+ 0.5 2.6+ 0.6 NS
FPSO cm/sec/mmHg0C 1.96+ 0.7 229+ 0.8 NS
Pzf1 mmHgO 41.3+ 16 39.7+ 15 NS
AP\ cm/secl
0 O Baseline 25+ 11 24+ 12 NS
O O Hyperemia 61+ 15 63t 16 NS

Vauesare meant SD.
Abbreviationsasin Fig. 1, Table 3.

DISCUSSION

Our findings in this study suggest that rotational
atherectomy may be detrimental to coronary
microvascular function, as reflected by impaired
CFR and coronary conductance.

Rotational atherectomy works by pulverizing the
atherosclerotic plague, and the resultant debris can
embolize distally, causing microcirculatory plug-
ging. Experimental studies have suggested that the
debrisis usually small enough to pass right through
into the capillary circulation to be subsequently
removed by the reticulo-endothelial system®”. In
the clinical setting, however, angiography follow-
ing rotational atherectomy has indicated the slow
flow or the no-reflow phenomenon in 70 8% of
patients, in turn associated with myocardial infarc-
tion, electrocardiographic evidence of ischemia and
creatine kinase-myocardial band elevation®?",

Investigation of the effect of rotational atherecto-
my on coronary blood flow concluded that rotation-
a atherectomy and adjunctive balloon angioplasty
in the conduit coronary vessels significantly
improved coronary flow velocity*". Although CFR
increased to some extent, it was still impaired
despite excellent luminal enlargement by angiogra-
phy, therefore, adjunctive balloon angioplasty could
contribute significantly to the overall physiological
benefit of combined procedure. The present study
examined mainly the effects on coronary microcir-
culation. We aso anayzed FPS| and Pzf, the para-
meters which could evaluate coronary conductance
just after rotational atherectomy and at follow-up.

In this study, CFR in the treated stenotic vessels
was significantly lower than that in the untreated
vessels without stenosis just after rotablation. This
decrease in CFR could be explained mostly by the
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statistically significant increase in the baseline flow
velacity in the ablated vessel, because we could not
show any statistically significant difference
between hyperemic flow velocities in treated ves-
sels and those in untreated vessels without stenosis
just after rotational atherectomy. Animal
studies®**"demonstrated that coronary blood flow
increased linearly to about 175% of its control level
by_embolizing the coronary vascular bed with
15p m microspheres, about the same diameter as
the particles ablated by a rotablator burr®®-. About
37% of the total material ultimately embolized, but
thereafter decreased almost linearly as the degree of
embolized material increased. In their study,
embolization with 300 m microspheres minimally
increased coronary blood flow. The hyperemic
coronary blood flow, however, remained unchanged
under this condition. A marked increase in adeno-
sine concentration of blood samples obtained from
the coronary vein was also observed. We estimate
that minimal microvascular embolism with small
particles such as ablated debris might induce only
dlight reduction of the hyperemic flow velocity as
found in our study.

In the present study, we also observed a correla-
tion between total ablation time and CFR just after
rotational atherectomy, which may reflect linearly-
increasing baseline flow velocities. Therefore, the
potential mechanism of reduced CFR after rotation-
al atherectomy would seem to be micro-emboliza-
tion of the ablated particles, in concert with a
hyperemic response in terms of baseline flow
velocity, probably due to the release of adenosine
from the ischemic myocardium.

The hyperemic response induced by transient
ischemia during stenting could not be the reason for
the increased baseline flow velocity. Although we
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did not examine the effect of ischemia induced by
stenting on the baseline flow velocity in this study,
our previous study demonstrated that hyperemic
response to ballooning without visible slow flow by
angiography did not last more than several min-
utes™™.

FPSI is the index most closely related to sub-
endocardial coronary conductance during hyper-
emia, and is amost independent of perfusion pres-
sure*” " In the present study, FPSI in treated ves-
sels was lower than that in our untreated vessels
without stenosis, which may indicate a reduction in
coronary conductance during hyperemia.
Embolization of coronary artery with repeated
injection of small microspheres decreased the mean
reactive hyperemic flow dlightly, but the reduction
was not statistically significant®®-. We also observed
this slight but not statistically significant reduction
in hyperemic flow velocity in the treated vessels
compared with those in the untreated vessels with-
out stenosis. So one of the mechanisms by which
FPSI was reduced just after rotational atherectomy
might be increased microvascular resistance
because of micro-embolization of the debris gener-
ated during debulking of the lesion.

In this study, hyperemic FPSI was lower in treat-
ed coronary vessels with rotational atherectomy
than that in control vessels without stenosis despite
the higher basal coronary flow velocity in the treat-
ed vessdls, indicating that the coronary artery con-
ductance might be increased transiently after
debulking with rotational atherectomy. Because we
did not measure the basal FPSI in this study, we
expect that the debris might have slightly increased
the conductance transiently as a result of adenosine
release. However, we could not neglect the possi-
bility that residual foca stenosis, which could not
be detected by angiography in the treated epicardial
coronary artery even just after rotablation, might
have contributed to the reduced FPSI. As we used
aortic pressures instead of intracoronary pressures
to determine FPSI, values of FPSI could be lower
in the presence of coronary stenosis as the pressure-
flow loop would be modified because intracoronary
pressure might be lower than that in aorta. FPSI
should be determined ideally by measuring intra-
coronary pressure in patients with coronary stenosis
and even in patients with coronary luminal narrow-
ing as indicated by the luminal reduction from 2.66
to 2.36 mm at follow-up. There was significant pos-
itive correlation between total ablation time and

CFR, but there was no significant correlation
between baseline coronary flow velocity and total
ablation timél r 0 0.2200 as the decrease in CFR
was probably due not only to the increased basal
coronary flow velocity but also to the reduced
hyperemic coronary flow velocity.

Pzf is an index of coronary circulation which
might reflect coronary microvascular tone and is
obtained as the intercept of the PFSI slope at zero
flow. Pzf increases when the perfusion bed mass
decreases, as in a patient with acute myocardial
infarction'®**", In our study, we could not demon-
strate an increase in Pzf just after rotational
atherectomy compared with that in the non-stenctic
coronary artery. One of the reasons might be that
the Pzf index is not so sensitive unless corrected
with cardiac mass, especialy if values of FPSI are
low as in our study. Another reason is that we used
aortic pressures instead of intracoronary pressures
for the detection of Pzf as in determining FPSI, so
the intercept of the FPSI slope might have shifted
to the left if FPSI islow in the presence of residual
coronary artery stenosis even after atherectomy, so
Pzf might reveal lower than the real values.

The exact effects of rotational atherectomy on
FPSI and Pzf are therefore somewhat unclear, but
increased microvascular resistance due to platelet
aggregation, activation of neutrophils, micro-
embolization of the debris generated by lesion
debulking, and microvascular spasm would seem to
be critical.

We experienced two patients with coronary slow
flow just after rotational atherectomy. Coronary
slow flow was not so serious as ST elevation was
transient, and neither patient showed a significant
rise in creatin phosphokinase levels. CFR just after
rotational atherectomy was 1.9 and 2.0, and FPS|
was 1.58 and 2.01, respectively. There were no sig-
nificant differences in coronary flow velocity pat-
tern between these patients and the others.

We could not neglect the possibility that rotation-
a atherectomy might induce micro-vascular spasm,
which had an effect on coronary blood flow as
shown in our study, although nitroglycerin was
continuously administered during the procedures of
rotational atherectomy. Recently, the effectiveness
of nicorandil on preventing flow disturbance during
rotational atherectomy was reported®”. Nicorandil
improved coronary microcirculation and aso dilat-
ed epicardia coronary arteries, so relieved refracto-
ry coronary spasm. In this study, we used nitroglyc-
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erin for coronary dilation, so we cannot say
whether nicorandil administration is more suitable
than nitroglycerin to prevent coronary spasm after
rotational atherectomy. Further study is necessary
to evaluate this point.

Limitations

Coronary microcirculation is affected by the
stenosis of epicardial blood vessels as was proved
using the pressure wire®'", In this study, we
removed the local stenosis by stenting in all cases.
However, the focal epicardial coronary artery
stenosis, which can be evaluated only with pressure
wire or intracoronary ultrasonography, might have
affected the CFR to some extent. To exclude the
influences of stent implantation on coronary flow
velocity, we have to measure flow velocities in the
two vessels in the same patient after stenting with
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and without rotational atherectomy. Relative
CFR®*® a new index which is defined as the ratio of
the CFR in treated vessel to the reference CFR
measured in the coronary artery without stenosis, is
considered to be a good predictor for the long-term
result. Relative CFR is the index based on the
premise that CFR in the treated vessel and untreat-
ed reference vessel were similar. Therefore, we
chose the untreated vessels without stenosis as the
reference vessel in this study.

CONCLUSIONS

Rotational atherectomy may attenuate CFR as a
result of areduction in coronary artery conductance
immediately following rotablation. The mechanism
would seem to be microvessel obstruction by the
debris ablated during rotational atherectomy.
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