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To Investigate the clinical usefuiness of intracoro-
nary Doppler recordings during percutaneous trans-
luminal coronary angioplasty (PTCA), the changes
of Intracoronary blood flow velocity during PTCA
were assessed in 20 patients with single proximal
coronary stenosis, using a Doppler probe end-
mounted on the tip of a PTCA catheter. A mean of
4 inflations was performed in each patient. Intracor-
onary velocities were measured before and after
each inflation and during peak reactive hyperemia
after each transluminal occlusion. Quantitative anal-
ysis of the coronary stenosis was assessed before
and after PTCA, and the dilatation resulted in an in-
crease in minimal luminal cross-sectional area from
1.1 £+ 0.8 to 2.7 + 1.2 mm?2. A gradual and signifi-
cant improvement in velocities was observed after

the first 3 dilatations, but in 15 of the 20 patients
the resting and hyperemic velocities were not af-
fected by the fourth dilatation. Coronary flow re-
serve measured during reactive hyperemia after the
last dilatation with the PTCA catheter across the le-
sion was 1.9. This value of coronary flow reserve is
compatible with the residual stenosis measured af-
ter PTCA when corrected for the presence of the
Doppler balloon catheter (0.68 mm?). This applica-
tion of the Doppler technique may provide a new
method of on-line functional monitoring of the PTCA
procedure in individual patients, but does not yet al-
low an accurate prediction of the change in coro-
nary geometry brought about by PTCA.

(Am J Cardiol 1988;61:253-259)

The immediate results of percutaneous transluminal
coronary angioplasty (PTCA) are usually assessed by
coronary angiography but the change in luminal diam-
eter of an artery after the mechanical disruption of its
internal wall cannot always be assessed accurately
from the detected angiographic contours.!? Although
the measured residual pressure gradient may have
long-term prognostic value, it reflects only the resting
coronary hemodynamics.®* Intracoronary blood flow
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velocity measurements with a Doppler probe have
been used to investigate regional coronary flow re-
serve by measuring the maximal reactive hyperemia
induced by pharmacologic vasodilation or by ische-
mia.?>9 During PTCA, maximal reactive hyperemia af-
ter each transluminal occlusion may be useful in as-
sessing regional changes in coronary flow reserve re-
sulting from the procedure. This study measures the
changes in intracoronary blood flow velocity during
PTCA with a Doppler probe end-mounted on the tip of
a balloon catheter and describes a potentially useful
technologic modality that may provide additional in-
formation during PTCA.

Methods

Patients: Twenty patients undergoing elective
PTCA for angina pectoris were studied (New York
Heart Association functional class II to IV). Informed
consent was obtained for the additional investigations.
All patients were studied without premedication, but
their medical treatment (nitrates, calcium antagonists
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and g blockers) was continued on the day of the proce-
dure. Patients with left ventricular hypertrophy, val-
vular heart disease, angiographic evidence of collater-
al circulation, anemia, polycythemia or hypertension
were excluded as these conditions may influence cor-
onary flow reserve,10-12

Intracoronary blood flow velocity measurements:
A 20-MHz ultrasonic crystal mounted on the tip of the
angioplasty catheter was used in all patients. The
Doppler crystal has a 1.0-mm diameter annulus with a
0.5-mm central hole. Two leads are soldered to the
crystal and pass through the catheter between the orig-
inal 0.5-mm lumen and a thin-walled tube, which
serves as a new 0.4-mm lumen for the guidewire (Fig-
ure 1). The leads exit near the proximal luer hub and
are wired to a 2 pin plug for connection to the pulsed
Doppler instrument. Blood flow velocity is measured
from the catheter tip transducer using a range-gated 20
MHz pulsed Doppler instrument. The master oscilla-
tor frequency of 20 MHz is pulsed at a frequency of
62.5 kHz. Each pulse is approximately 1 ms in width
and therefore contains 20 cycles of the master oscilla-
tor frequency. The frequencies chosen allow velocities
of up to 100 cm/s to be recorded at distances of up to 1
cm from the catheter tip. The sampling window is indi-
vidually adjusted to obtain the optimal signal, which
usually results in a sampling window of 1.8 mm (range
1.5 to 2.2}. The output of the pulsed Doppler is dis-
played as a frequency shift (Af, kHz), which can be
related to blood flow velocity by the Doppler equation:
Af = 2 F (V/c) cos a, where F is the ultrasonic frequen-
cy (20 MHz), V is the velocity within the sample vol-
ume, ¢ is the speed of sound in blood (1,500 m/s) and a
is the angle between the velocity vector and the sound
beam. Using an end-mounted crystal with the catheter
parallel (& 20°) to the vessel axis (cos a equals 1 £ 6%),
the relation between the Doppler shift and velocity is
approximately 3.75 cm/s per kHz.? Recently, Sibley et
al® validated clinically and experimentally the ability
of a similar catheter with an end-mounted piezo-elec-
tric crystal to provide accurate continuous on-line
measurement of coronary blood flow velocity and va-
sodilator reserve.
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In our laboratory, we verified the accuracy of each
velocity probe by correlating velocity recorded with
the Doppler probe in a 9Fr femoral sheath with the
volume flow measured by a timed collection of blood
from the side branch of the same sheath. Graduated
flow rates (range 12 to 165 ml/min) and the corre-
sponding velocities (range 1.2 to 8.2 kHz) were ob-
tained by incremental balloon inflation with the bal-
loon positioned in the sheath. This simple model al-
lows the assessment of the flow-velocity relation at
different levels. As previously demonstrated, this rela-
tion is linear with correlation coefficients generally
=0.95,5613 but underestimates true volume flow for
flows over 150 ml/min.? Flow rates of this magnitude,
or velocities exceeding 7.5 kHz, were never encoun-
tered in this study population.

Protocol: After recording the baseline intracoro-
nary blood velocity in the proximal segment, the bal-
loon catheter (Schneider-Shiley dilatation catheter,
Shiley Inc.) with a Doppler probe at the tip was ad-
vanced across the stenosis and 3 to 7 inflations with
pressures up to 12 atmospheres were used to dilate the
stenosis. Resting velocities before and after each bal-
loon inflation and those during reactive hyperemia
immediately after deflation were recorded with the
Doppler probe situated across the stenotic lesion and
expressed in kHz. A satisfactory functional result was
considered to have been achieved if there was no fur-
ther increase in peak velocity during reactive hyper-
emia.

No additional dilatations were then performed and
coronary angiography was repeated after removing
the PTCA catheter. The balloon diameter size used in
this study varied from 2.5 to 3.4 mm. The cross-section-
al area of the catheter with the balloon deflated was
0.68 mm?,

Quantitative analysis of the coronary artery: Cor-
onary angiograms were performed in at least 2 orthog-
onal projections before PTCA and the same projec-
tions were repeated after the procedure (Figure 2). The
determination of coronary arterial dimensions from
35-mm cinefilm was performed with the comput-
er-based Cardiovascular Angiographic Analysis Sys-
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FIGURE 1. Schematlc cross-sectional drawing of Doppler tip angloplasty catheter with Inflated balloon in an artery.
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TABLE | Results of Quantitative Coronary Angiography
Before PTCA After PTCA Before PTCA  After PTCA
PTCA  Balloon Balloon MLCA DS AS MLCA DS AS RA RD cor. MLCA cor. MLCA

Pt Artery Size Inflation  (mm?) (%) (%) {mm?2) (%) (%) (mm?)  (mm) (mm3) (mm?2)
1 LAD 2.5 4 0.7 61 85 1.3 52 76 53 2.59 0.0 0.6
2 LC 2.5 5 0.9 56 80 1.4 48 73 5.4 2.61 0.2 0.7
k] LAD 2.5 4 0.4 66 88 14 43 67 4.6 2,30 0.0 0.7
4 LAD 2.5 5 1.3 53 77 1.2 49 73 5.4 2.61 0.6 0.5
5 LAD 3.0 5 0.7 66 88 1.2 48 73 4.7 2.64 0.0 0.5
6 LAD 3.0 4 0.7 55 77 2.0 32 54 43 2,16 0.0 13
7 LC 30 6 0.5 74 93 2.5 28 49 59 2.54 0.0 18
8 LAD 3.0 4 0.7 65 88 3.7 13 24 4.8 2.54 0.0 3.0
9 LAD 3.0 5 2.9 36 59 5.3 23 41 8.2 3.1 2.2 4.6
10 LAD 3.0 4 19 53 78 3.3 39 63 9.3 3.33 1.2 2.6
1 Right 3.0 [ 0.6 71 91 29 40 64 8.1 3.02 0.0 2.2
12 LAD 3.0 4 0.3 78 95 2.5 35 55 6.1 2,79 0.0 1.8
13 LAD 3.0 3 0.6 67 89 1.2 44 67 4.8 2.47 0.0 0.5
14 LAD 3.4 3 23 54 79 4.8 30 51 103 3.65 1.6 41
15 LAD 3.4 4 1.3 52 76 1.8 47 72 6.2 2.75 0.6 1.1
16 LAD 3.4 7 0.7 72 92 29 43 67 9.0 3.37 a.0 2.2
17 LC 3.4 4 3.3 48 72 41 34 56 9.7 3.57 2.8 3.4
18 LAD 3.4 4 1.6 47 72 3.5 30 51 7.4 2.96 0.9 2.8
19 LAD 3.4 4 0.3 74 23 3.0 18 32 49 2.51 0.0 23
20 LAD 3.4 4 0.9 63 86 3.5 22 40 6.4 2.81 0.2 2.8
Mean 1.1 60 83 2.7 36 57 6.5 2.82 0.5 2.0
+ 8D + 0.8 + 11 + 9 +1.2 + 11 + 15 +19 +041 + 0.8 + 1.2

AS = percentage area stenosis; cor. MLCA = MLCA reduction due to the catheter across the lesion; DS = percentage diameter stenosis; LAD = left anterior
descending coronary artery; LG = left circumflex coronary artery; MLCA = minimat luminal cross-sectional area; PTCA = percutaneous transluminal coronary
angloplasty; RA = reference interpolated area; RD = reference interpolated diameter; SD = standard deviation.

tem.14-16 In essence, boundaries of the relevant coro-
nary artery segment are detected automatically from
optically magnified and video digitized regions of in-
terest of a selected single cineframe angiogram. The
absolute diameter of the stenosis (in mm) is deter-
mined using the guiding catheter as a scaling device.l”
The detected contours of the arterial and catheter seg-
ments are corrected for pincushion distortion.* A
computer-estimation of the original arterial dimension

at the site of the obstruction is used to define the inter-
polated reference area or diameter.141% The interpolat-
ed percentage area stenosis and the minimal luminal
cross-sectional area (mm?) are then calculated and av-
eraged from at least 2, preferably orthogonal, projec-
tions.

Statistical methods: The statistical significance of
the sequential changes in flow velocity (resting and
hyperemic) observed during the procedure was as-

FIGURE 2. Anglograms of a left anterior descending coronary artery (cranial projection) before, A, and after, B, angloplasty with
superimposition of the automated contours at the coronary artery segment of Interest. Beneath this Is shown the diameter function of the
detected contours of the coronary artery. The minimal lumen dlameter (vertical line) and the Interpolated dlameter function (horizontal

fine) from which the reference diameter Is derived are shown.
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sessed by variance analysis and Student t test for
paired observations.

Results

Clinical data: The mean age of the 20 patients (14
men and 6 women) was 54 years (range 41 to 66). Eigh-
teen patients had 1-vessel coronary narrowing and 2
patients 2-vessel narrowing. The investigated and di-
late coronary artery was the left anterior descending
artery in 16, the left circumflex artery in 3 and the right
coronary artery in 1 patient. All patients had normal
systolic and diastolic wall motion and an ejection frac-
tion of >55%. The mean number of balloon inflations
were 4.4/patient (range 3 to 7). The PTCA was success-
ful (diameter stenosis <50%) in all patients. Four pa-
tients had small localized superficial tear of the dilated
coronary artery segment after the procedure.

Quantitative analysis of the coronary angiogram:
The minimal lumen cross-sectional area increased
from 1.1 + 0.8 to 2.7 + 1.2 mm? (mean + standard
deviation) (Table I}. Percent of area stenosis decreased
from 83 + 9% to 57 + 15%. Percent of diameter steno-
sis decreased from 60 £ 11% to 36 £+ 11%. The actual

minimal lumen cross-sectional area before and after
dilatation with the catheter across the lesion was esti-
mated after subtraction of the area (0.68 mm?) of the
PTCA catheter.

Intracoronary Doppler shift during percutaneous
transluminal coronary angioplasty: On average, 4 di-
latations were performed per patient with sequential
mean inflation times of 54, 60, 63 and 68 seconds. The
inflation pressure increased on average for the 4 infla-
tions from 7.6 to 10.4, 11.4 and 12.0 atmospheres (Fig-
ure 3). Reactive hyperemia was maximal after 27 sec-
onds (range 21 to 33) after deflation. The time to subsi-
dence of hyperemia was 56 seconds (range 42 to 74).

After each of the first 3 dilatations, both resting and
hyperemic velocities increased (Table II). On average
the velocities of the last 2 dilatations did not differ
statistically, suggesting that the end result was already
achieved by the third dilatation (Figure 4). However, 5
patients (1, 12, 16, 17 and 20) still had a substantial
increase after the fourth dilatation and might have
well benefited from additional dilatations. The ratio of
peak hyperemic velocity to resting velocity for each
inflation is reported in Table III. When calculating
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FIGURE 3. Examples of mean and phasic Doppler signals before, during and after balloon inflation. Reactive hyperemia occurs after balloon
defiation. The precordial lead V shows ST-segment elevation. A, first transluminal occlusion using a balloon inflation pressure of 8
atmospheres (Atm). B, second transluminal occlusion using a balloon infiation pressure of 8 Atm. C, third transluminal occlusion using a
balloon inflation pressure of 10 Atm. D, fourth transluminal occluslon using a balloon Inflation pressure of 12 Atm.
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TABLE Il Doppler Shift (KHz) During Four Sequential Dilatations
Vb Vh Va

Pt D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4
1 1.65 1.54 2.00 3.00 1.54 2.00 1.00 2.00 1.54 2.00 1.00 2.00
2 0.10 0.60 0.40 0.70 0.40 0.90 1.50 0.70 0.30 0.50 0.60 0.50

3 0.18 0.12 0.87 — 0.81 1.25 1.19 — 0.18 0.87 0.56 —
4 0.50 0.62 0.62 0.75 1.43 1.25 1.68 1.43 0.62 0.56 0.62 1.06
5 0.12 0.44 1.06 1.12 0.69 1.31 1.44 1.12 0.50 1.00 1.25 0.81
6 0.56 3.75 2.00 2.19 4,62 3.19 3.37 2.31 0.75 2.00 2.00 1.56
7 0 0.25 0.25 0.31 0.56 0.31 0.81 0.56 0 0 0.25 0.25

8 0.12 0.12 1.12 0.81 0.25 0.56 1.37 1.87 0.12 0.12 0.50 -
9 0.62 0 0.56 0.50 0.62 0.81 1.06 2.43 0.62 0 0.75 1.25
10 0.12 0.87 1.18 1.25 1.06 1.62 2.81 3.25 0.81 1.25 1.18 0.56
1 0.12 0.37 0.62 0.75 0.56 0.75 1.06 0.93 0.56 0.56 0.43 0.37
12 0 0.12 0.37 0.50 0.25 0.94 0.88 0.48 0 0.62 0.37 0.50

13 0 1.00 1.80 — 0.27 3.15 2.61 — 0.09 2.34 2.43 —

14 1.06 1.25 2.75 — 2.18 1.68 5.50 — 1.25 1.12 2.87 —
15 0.90 0.95 0.65 0.95 1.30 1.05 1.50 1.35 1.20 1.05 1.00 1.25
16 0.50 1.81 1.62 1.50 2.06 2.12 1.93 3.18 1.81 1.68 0.75 1.75
17 0.10 0.10 0.15 0.65 0.35 0.60 0.35 1.10 0.15 0.50 0.30 0.70
18 0 0 0.75 1.06 0.50 1.00 1.18 2.25 0 0.25 0.50 1.25
19 0.37 1.18 1.43 1.18 3.00 1.81 2.12 2.43 0.87 1.37 1.25 1.06
20 0.37 0.56 0.50 0.81 0.56 0.75 1.06 2,00 0.43 0.75 0.50 0.93
Mean 0.37 0.78 1.03 1.06 1.15 1.35 1.72 1.73 0.59 0.93 0.95 0.99
+ SE + 0.10 +0.19 +0.16 +0.16 + 0.25 +0.18 :{:0.2|6 +0.21 + 0.12 + 0.15 +0.16 +0.13

| | I l | | |
NS L I NS * N

Data are individual and mean % standard error (SE).

D = dilatation; Va = resting velocity after dilatation; NS = difference not significant; Vb = resting velocity before dilatation; Vh = peak reactive hyperemia.

Variance analysis plus paired ttest: * p <0.05; T p <0.001.

“coronary flow reserve” using the peak hyperemic ve-
locity and the resting velocity recorded before the first
2 dilatations, we observed a paradoxical decrease of
the ratio from 3.9 + 0.6 to 1.9 £ 0.2, This is due to the
major increase in resting velocity whose values were
very low before the first inflation, with the catheter
across the undilated lesion. When this ratio is based on
the resting velocity recorded after dilatation, the coro-
nary flow reserve differed little from 1 inflation to the
next; values ranged between 1.7 and 2.1. This absence
of change was confirmed statistically by variance
analysis. In other words, this ratio does not seem to be
a useful functional guidelines for PTCA, whereas the
peak hyperemic velocity after successive balloon de-
flations shows a gradual and significant increase, lev-
eling off in most patients after the third dilatation.

Discussion

We measured the changes in the intracoronary
blood flow velacity during PTCA by means of a Dopp-
ler tip balloon catheter. Qur original purpose was to
use this information as an on-line assessment of the
functional result of the dilatation, with the PTCA cath-
eter still across the stenosis. The technical innovation
of this catheter is the combination of a diagnostic and
therapeutic tool. Although the catheter is a prototype
of first generation, it provides a unique opportunity to
assess the reactive hyperemia in awake human beings.

The poststenotic velocities recorded with the cathe-
ter across the lesion are low when compared with the
previously published data that document values re-
corded proximal to the stenotic lesion.?13.18 Recently it
has been suggested?® that the “zero crossing” method

underestimates poststenotic velocity possibly because
of disturbance of laminar flow and this may also ex-
plain the discrepancy between our results and those
previously published. The routine calibration of each
Doppler probe by the timed blood velume callection
from the femoral sheath (cross-sectional area, 6.9 mm?)
makes it unlikely that the intracoronary flow velocities
recorded in this study with an end-mounted Doppler
catheter are in error.

The duration of the hyperemia observed in all pa-
tients was longer than that in the previously reported

KHz
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FIGURE 4. Doppler shift (kHz, mean *+ standard error) during 4
sequential dilatations (D). Va = resting velocity after dilatation; Vb
= resting velocity before dllatation; Vh = peak reactive hyperemia.
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TABLE lll Ratios of Peak Reactive Hyperemia to Resting Velocity After Each Dilatation
Dilatation 1 Dilatation 2 Dilatation 3 Dilatation 4
Pt Vh/Vb Vh/Va Vh/Vb Vh/Va Vh/Vb Vh/Va Vh/Vb Vh/Va
1 0.93 1.00 1.30 1.00 0.50 1.00 0.67 1.00
2 4.00 1.33 1.50 1.80 3.75 2.50 1.00 1.40
3 4.50 4.50 10.41 1.33 1.36 2.12 — —
4 2.86 2.31 2.02 2.23 2,71 2.71 1.91 1.35
5 5.75 1.38 2.97 1.31 1.36 1.15 1.00 1.38
6 8.25 6.16 0.85 1.59 1.68 1.68 1.05 1.48
7 — — 1.24 —_ 3.24 3.24 1.80 2.24
8 2.08 2.08 4.66 4.66 1.22 2.74 2.30 —
9 1.00 1.00 —_ — 1.89 1.41 4.86 1.94
10 8.83 1.30 1.86 1.29 2.38 2.38 2.76 5.80
11 3.70 1.00 2.02 1.33 1.71 2.46 1.24 2.51
12 — —_ 7.83 1.51 2.37 2.37 0.96 1.00
13 — 3.00 3.15 1.35 1.45 1.07 — —
14 2.05 1.74 1.34 1.50 2,00 1.91 — —
15 1.44 1.33 1.10 1.00 2.30 1.50 1.42 1.08
16 4.12 1.13 1.17 1.26 1.19 2.57 2.12 1.81
17 3.50 2.33 6.00 1.20 2.33 1.16 1.69 1.57
18 — — — 4.00 1.57 2.36 2.12 1.80
19 8.10 3.45 1.53 1.32 1.47 1.70 2.05 2.29
20 1.51 1.30 1.33 1.00 2,12 2.12 2.46 2,15
Mean 3.91 2.14 2.90 1.70 1.93 2.01 1.85 1.92
+ SE + 0.65 + 0.35 + 0.63 +0.24 +0.17 +0.14 +0.24 + 0.28

Data are individual and mean x standard error (SE).
Abbreviations as in Table il.

studies.819.20 However, in contrast to our results, previ-
ous results were obtained after occlusion of normal
arteries and after a shorter occlusion time (20 seconds
maximal). Marcus et al?® have demonstrated that the
duration of the hyperemlc response increased progres-
sively with increasing duration of occlusion.
Intracoronary blood flow velocity measurements
with a Doppler probe have previously been used to
investigate regional coronary flow reserve, assessing
the maximal reactive hyperemia induced by pharma-
cologic vasodilation or ischemia.>-* However, because
coronary flow reserve is a ratio between maximal and
resting coronary bload flow, any increase in resting
flow results in a decrease of this ratio. This phenome-
non was observed after the first 2 dilatations when the
resting velocity preceding the inflation was used as the
denominator of the ratio (peak hyperemic velocity/
resting velocity). If the resting velocity after the de-
flation was used as denominator, the ratio remained
unchanged during 4 dilatations; this alternative is
therefore useless as a functional guideline during the
procedure. Because peak hyperemic velocity shows a
gradual increase with successive dilatations, which
presumably reflects progressive enlargement of the
lumen stenotic, we attempted to correlate the cross-
sectional area of the stenotic lesion “corrected” for the
presence of the catheter across the stenosis, with the
absolute value of the peak velocity during reactive
hyperemia. Despite an orderly ranking of the 2 param-
eters, no close correlation (r = 0.41) could be estab-
lished. Ideally cross-sectional areas measured after
each stepwise enlargement of the lumen by the gradu-
al inflation of the balloon should have been correlated
with the peak hyperemic velocity after the translu-
minal occlusion. Unfortunately, the poor quality of the

coronary angiography performed with the PTCA cath-
eter in the guiding catheter precludes quantjtative
analysis.

In the setting of PTCA, the absence of a precise
mathematical relation between the peak hyperemic
velocity measured after the last inflation and the
post-PTCA “corrected” minimal lumen cross-section-
al area is not so surprising. First, the changes in lumi-
nal size of an artery after the mechanical disruption of
its internal wall may be difficult to assess by angio-
graphic means.!? The irregular shape with internal
tears that fill with contrast medium to a variable extent
will result in some overestimation of the true function-
al luminal size immediately after PTCA. Second, the
extent of coronary atherosclerosis may be difficult to
delineate angiographically. McPherson et al?! have
documented that substantial intimal atherosclerosis,
resulting in diffuse documented obstructive disease
and involving the entire length of an epicardial artery,
is often present, even when angiograms reveal only
discrete lesions. As a consequence, relative measure-
.mments of stenosis severity are an inadequate approach
to -assessing the severity of coronary obstructions. In
addition, the calculated cross-sectional area of the ste-
notic lesion after the subtraction of the cross-sectional
area of the catheter (mean 2,0 &+ 1.2 mm?, range 0.5 to
4.6) clearly suggests that the catheter is not only imped-
ing the flow through the stenotic lesion, even after
dilatation, but might unpredictably disturb the velocity
profile in the poststenotic segment.22 Further miniatur-
ization of the catheter may improve this major draw-
back. For all these reasons, the measurement of the
peak velocity with this prototype catheter of first gen-
eration does not permit an accurate on-line prediction
of the morphologic change of the stenotic lesion. How-
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ever, during sequential dilatations the plateau ob-
served in the peak hyperemic and resting velocity sig-
nals still provides valuable information, which indi-
cates that no further improvement in flow velocity can
be expected from additional dilatations.

Some investigators?®®>-26 have reported that PTCA
does not normalize coronary flow reserve. Wilson et
al’® have shown in a human study that the impaired
coronary flow reserve is directly related to the severity
of the stenosis. Cross-sectional area measured imme-
diately after PTCA generally increased approximately
3-fold as a result of the procedure, but remained gross-
ly abnormal and was generally less than haif the diam-
eter of the inflated dilating balloon.?” In a previous
study, we'® established the relation between cross-sec-
tional area (0A) and coronary flow reserve (CFR): CFR
= (.28 + 0.91 (0A) — 0.039 (0A).. A measured cross-
sectional area of 2.7 mm? after PTCA would corre-
spond to an average coronary flow reserve of 2.4.
However, if the catheter is taken into consideration,
calculated coronary flow reserve is 1.94, consistent
with the coronary flow reserve of 1.92 measured in this
study. Therefore, this persisting reduction in cross-sec-
tional area is by itself a sufficient explanation for the
limited restoration of coronary flow reserve, although
it does not exclude other contributing pathophysiolog-
ic mechanisms.
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