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~ CL. 8 NONINVASI

 INVASIVE METHODS OF CARDIOVASCULAR DIAGNOSIS -

Mlnlmal Lunnnal Diameter
‘.Versus Percent Diameter
arrowing for Assessing

Coronary Artery Disease

f]onathan Tobis, MD e Dav1d Oakes, MD - Dav1d Sato, MD
- Orhan Nalcioglu, PhD ¢ Warren D. Johnston, MD » John Mallery, MD

 Jackie See, MD ¢ L1an Qu, MS ¢ Tim Reese, BS

. Jim Paynter, RCPT ¢ Steve Montelli, CRT * Walter L. Henry, MD

From the Division of Cardiology and Department of Radiological Sciences,

University of California, Irvine, California.

UPDATE: Stenotzc coronary arterzal segments of 27 patzents were
measured by the percent diameter narrowing and minimal luminal
diameter methods. The measurements were analyzed for correlation
with changes in global ejection fraction and segmental wall motion
during atrial pacing. Ten patients without coronary artery disease
served as a control group. Minimal luminal diameter correlated
more closely with impairment of myocardial contractility than did
percent diameter narrowing. Therefore, we conclude that the
former is a better method for assessing the severzty of coronary

w%i e artery disease.

ﬁ oronaty arterrography is 1ndrspen- :

-sable for the clinical assessment of patients

‘with coronary artery disease. Since its devel-
‘opment in the early 1960s, coronary arteri-
- ography has been relied on for the accurate
delineation of coronary anatomy and for
~ allowing inferences to be drawn regarding
~ the hemodynamic effects of coronary arte-
 rial stenoses.'” Traditionally, the severity of -

coronary artery disease has been graded by
measuring the percent diameter narrowing
between the stenotic segment and a proxi-
mal segment with normal appearance.>*
Such measurements can be made by visual
inspection or computer-assisted quantltatlve
angiographic techniques.’

Although percent diameter narrowing is
useful for distinguishing patients with nor-
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al coronary arteries from those with criti-
al obstruction (greater than 75% stenosis),
he potential of this method for estimating
hysiological effects of coronary obstruction
f intermediate severity is controversial. Sev-
eral investigators have demonstrated a poor
orrelation between percent diameter nar-
owing and the physiological effect of a given
stenosis based on the coronary reactive hy-
peremic response.®” Such poor correlation
may be at least partially attributed to an
nherent limitation of percent diameter nar-
rowing for predicting the physiological effect
of a coronary artery obstruction. By defi-
nition, percent diameter narrowing is a rela-
tive number‘ that depends on the presumed
normal segments as well as on the narrowed
segments. However, pathological studies have
demonstrated that atherosclerosis is a dif-
fuse process that is present to a variable
degree along the length of such so-called not-
mal segments.® Therefore, de51gnat1ng a given
arterial segment as normal is arbitrary, and
frequently it is invalid. :
Quantitative analysis of coronary arteri-
ograms can be done alternatively by measur-
ing the absolute minimal luminal diameter
at the region of maximal arterial narrowing.
Another absolute measurement, minimal
cross-sectional area, has been found supe-
rior to percent diameter narrowing for iden-
tifying vessels with normal or abnormal hy-
peremic responses at the time of bypass
surgery. However, it has not yet been dem-
onstrated that minimal luminal diameter cor-
relates better then percent diameter narrow-
ing with functional measurements of the
severity of coronary artery disease. To find
out whether minimal coronary luminal diam-
eter is superior, we compared these two
methods in terms of degree of correlation
with measurements of global ejection frac-
tion and segmental wall motion during isch-

emia induced by atrial pacing stress tests. 1

Methods

Thirty-seven patients with known of sus
pected coronary artery disease underwent |
selective digital coronary arteriography. Base-
line digital subtraction left ventriculograms
were obtained after review of the coronary
angiograms. If there were no contraindica-
tions—left main coronary artery disease,
unstable angina, recefit myocardial infarction

(within three months), cardlomyopathy, k

valvular heart disease—atrial pacing stud
ies were undertaken. Left ventriculogram
were obtained in the 30° right anterior ob
lique projection to identify wall-motion a
normalities within the distribution of the lef
anterior descending artery and right coro-
nary artery. Patients who had predominant
lesions in the left circumflex artery were
excluded, because left ventriculograms in the
left anterior oblique projection would have
been required. The pacing rate of the right
atrium was raised in increments of ten beats
per minute every minute until patients exp
rienced chest pain or the heart rate reached
150 beats per minute. Patients in whom
atrioventricular Wenckebach block developed
before an end point was attained were given
atropine and the pacing study was continued.
Upon reaching the end point, a second dig-
ital left ventriculogram was obtained and
the pacing was stopped.

Following the completlon of catheterlza-
tion, the coronary angiograms were ex-
amined. The single frame that most clearly
demonstrated the stenotic segment was se-
lected. If the stenosis involved the proximal
half of the right coronary artery or left ante-
rior descending artery, analysis was done.
Quantitative coronary angiography was car-
ried out by two independent observers who
used both edge detection and videodensi-
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tometry to determine percent diameter nar-
rowing and minimal luminal diameter of a

_ primary stenosis in each of 27 patients with
. coronary artery disease. Méasurements were
also obtained from corresponding artery seg-

- ments of ten patients without coronary ar-

tery narrowing. A comparison was made by
a linear regression analysis between percent
diameter narrowing obtained by the edge
detection and videodensitometric techniques.
Standard area-length methods were used to
calculate volumes and ejection fractions from

the digital left ventriculograms. Wall-motion

analysis was accomplished by dividing the
perimeter of the left ventricle into five seg-
‘ments: anterobasal, anterior, apical, diaphrag-
matic, and posterobasal. Wall motion in the
ventricular segments along radians was cal-

~culated, and a percent of area segmental
motion was obtained in accordance with the
methods of Alderman and colleagues.® The
measurements of percent diameter narrow-
ing and minimal luminal diameter were cor-
related to the change in global ejection frac-
tion and segmental wall motion by linear
regression analysis. ERE

Results ~ = :
- Twenty-seven patients with coronary ar-
tery disease and ten patients with chest pain
syndrome but normal coronary angiograms
underwent atrial pacing studies. A total of
27 primary stenoses were analyzed, 18 in
the left anterior descending coronary artery,
~eight in the right coronary artery, and one
(in a large diagonal artery. Atrial pacing
induced chest pain in 15 patients (56%) who
- had stenoses, and positive electrocardio-
~graphic criteria for ischemia was induced in
only eight (35%). The mean percent diame-
ter narrowing of the 27 primary stenoses
was 60 = 16% as measured by the edge-
detection technique and 60 + 18% as meas-

-ured by videodensitometry, a difference

is not significant. The mean minimal lumi
diameter of the 27 stenoses was found to
1.4 + 0.6 mm by the edge-detection met}
and 1.4 + 0.7 mm by videodensitom
also a difference that is not significant
close correlation was found over the rang
of 0.4 mm to 2.8 mm between meast
ments of individual stenoses by edge det

- tion and videodensitometry. Differences

tween the mean min#mal luminal diame
for left anterior descending coronary ar
obstructions (1.2 = 0.4 mm) and right co
nary artery obstructions (1.6 + 0.6 mm) w
not significant. ERRI SR
‘For ten patients who did not have co
nary artery disease, the mean global ejectio
fraction at rest was 66 + 7%, and at pe
pacingitincreased to 72 = 5% (p < 0.00
The mean global ejection fraction at rest w
64 = 15% for the 27 patients with corona
artery disease, and it fell to 54 = 20% a
peak pacing (p < 0.001). Segmental wal
motion response was significantly diffe
for patients who did and did not have coro
nary artery disease. At rest, the mean seg
mental radial area shortening for the wal
section affected by the stenotic artery wa
60 = 20%, whereas during pacing it d¢
creasedto 48 = 28% (p < 0.01). There was

significant difference between this segmen

tal wall-motion response to pacing and th
increase in the segmental area shortening
from 61 = 11% at rest to 79 = 9% durin
peak pacing that occurred in the patient
who did not have coronary artery disease (f
QOO s s .

- Compared with percent diameter narrow
ing, the minimal luminal diameter was mor
closely correlated with changes in global ejec
tion fraction (r = =0.41 versus r = 0.61
and, as demonstrated in FIGURES 1 and ;
(pages 103 and 104), with changes in ‘seg

continued on page 10;
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FIGURE 1 Effect of atrial pacing on 27 patients with coronary artery disease. There was a
moderate correlation between measurements of percent diameter narrowing at 27 stenotic sites
and changes in segmental wall motion from rest to peak pacing (r = -0.44). The standard error

of the estimate was 15.7.

mental radial wall motion from rest to peak
pacing (r = -0.44 versus r = 0.78). A mini-
mal luminal diameter of 1.5 mm or less
tended to distinguish patients who had an
abnormal ejection fraction response to atrial

“pacing (greater than a 4% decrease) from

patients who had a normal response (p <
0.001). Likewise, a minimal luminal diame-
ter of 1.5 mm or less tended to identify
patients who had an abnormal change in
segmental wall motion during atrial pacing.

This was found for primary stenoses in both

the left anterior descending coronary artery

and, as illustrated in FIGURE 3 (page 105 )
the rlght coronary artery.

Discussion

The primary method used to assess the
severity of coronary artery stenosis, angio-
graphic measurement of the percent of diame-
ter narrowing relative to an assumed nor-
mal segment of the artery, may be mlslead-

VOL6 NO 6 JUNE1989 = 1




CL. 8 NONINVASIVE AND INVASIVE METHODS OF CARDIOVASCULAR DIAGNOSIS

FIGURE 2 Effect of atrial pacing on 27 patients with coronary artery disease. There was a
relatively close correlation between measurements of minimal luminal diameter of 27 coronary
artery stenoses and changes in segmental wall motion (r = 0.78). The standard error of the

estlmate was 11.0.

ing for several reasons. The most important
is that pathological studies have shown that

- atherosclerosis is a diffuse process and even

~in instances in which an angiogram demon-
strates only a single obstruction, less than
25% of the length of the arteries will be
“disease free and therefore truly normal.®

- Another reason is that since stenosesfre-
quently occur at bifurcations, identifying a

normal proximal portion of the same arte-
- rial segment may be difficult.

In our study, the functional significance
of coronary artery stenosis was determined

- from measurements of the left ventricular

“response to atrial pacing. Although both per-

~cent diameter narrowing and minimal lu-
- minal diameter correlated with the change in

global ejection fraction ( = -0.41 and r =
0.61, respectively), we recognized that, be-
cause the myocardial wall supplied by non-
stenotic arterial segments probably compen-

~sates for the diminished motion of the af-
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FIGURE 3

Changes in segmental
wall motion between rest
and peak atrial pacing
for ten subjects with
minimal luminal
diameters of 4.4 to 2.3
mm (normal coronary
arteries), four patients
with minimal luminal
diameters of 2.2t0 1.6
mm, and four patients
with minimal luminal
diameters of 1.5 to 0.5
mm. Statistically
significant differences
between groups are
indicated.

fected myocardium, the degree of correla-
tion may have been reduced. Therefore, we
measured localized segmental wall motion
to isolate the effect of ischemia attributable
to a specific stenosis. Percent diameter nar-
rowing, however, correlated only moderately
with segmental wall motion (r = -0.44), a

degree of correlation similar to that obtained

by measuring global ejection fraction. A
likely explanation for this is that percent
diameter narrowing is a relative number that
does not accurately represent the effective
resistance to coronary flow. For example,

since the Poiseuille equation for laminar flow
states that resistance to flow is inversely pro-
portional to the fourth power of the radius,
a 50% reduction of a 2-mm vessel will pro-
duce much greater resistance to flow than a
50% reduction in a 4-mm vessel. When mini-
mal luminal diameter was correlated with
the effect of atrial pacing on segmental radial
wall motion, a clear difference between our
two methods of measurement emerged, since
minimal luminal diameter correlated with
segmental wall motion much more closely
than did percent diameter narrowing (r =
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0.78 versus r = —0.44; p < 0.05). It appears
“then that minimal luminal diameter can pre-
‘dict more accurately the functional impair-
~ment induced by pacing, since there is a more
_direct relation between minimal luminal di-
_ameter and resistance to flow than there is

for percent diameter narrowing.

 We found that the narrowing of an epicar-

“dial coronary artery lumen to a diameter of

less than 1.5 mm increased the likelihood of

myocardial functional impairment in the
region supplied by the narrowed artery, based
~on measurements of both global ejection
fraction and segmental wall motion. Thus, a
minimal luminal diameter of less than 1.5
‘mm may be useful for identifying patients
who will be symptomatic during stress.

Our findings are consistent with those of
McMahon and colleagues, who found that
in ten patients who had new onset of re-
fractory rest angina and ischemic ST-T
wave changes but no infarction the mean
minimal luminal diameter was 0.88 =+ 0.14
mm.'% In another group of five unstable
angina patients who had non-Q-wave in-
farctions, the mean minimal luminal diame-
ter was 0.64 + 0.08 mm. Such small absolute
differences in dimension between lesions may
result in large differences in their hemody-
namic impact. These studies suggest that
characteristic clinical syndromes of effort
angina, unstable angina, and non-Q-wave
infarction correlate with mean minimal lumi-
nal diameters of approximately 1.5 mm, 0.9
mm, and 0.65 mm, respectively.

In addition to predicting the clinical corre-
lation of a given stenosis, minimal luminal
‘diameter may be a more accurate method
~ for comparing studies or interpreting the
- results of coronary angioplasty. We conclude
- that determination of minimal coronary
luminal diameter is a better method than
“calculation of percent diameter narrowing

for assessing the physiological significanc
of coronary artery disease. @ e
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