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This study is a randomized, controlled, blinded,
arterlographlic trial to determine the effects of a
low-cholesterol, low-fat, vegetarian diet, stress
management and moderate aerobic exercise on
geometric dimensions, shape and fluid dynamic
characterlstics of coronary artery stenoses in hu-
mans. Complex changes of different primary ste-
noslis dimenslons in opposite directions or to dif-
ferent degrees cause stenosis shape change with
profound effects on fluid dynamic severity, not ac-
counted for by simple percent narrowing. Accord-
ingly, all stenosls dimensions were analyzed, in-
cluding proximal, minimai, distal diameter, inte-
grated iength, exit angles and exit effects,
determining stenosis shape and a single integrat-
ed measure of stenosis severity, stenosis flow re-
serve reflecting functional severity. In the control
group, complex shape change and a stenosis —
molding characteristic of statistically significant
progressing severity occurred with worsening of
stenosis flow reserve. In the treated group, com-
plex shape change and stenosis molding charac-
teristic of significant regressing severity was ob-
served with improved stenesis flow reserve, there-
by documenting the multidimensional
characteristics of regressing coronary artery dis-
ease in humans.

(Am J Cardiol 1992;69:845-853)

From the University of Texas Medical School at Houston, Houston,
Texas; the Preventive Medicine Research Institute, California Pacific
Medical Center, the University of California at San Francisco, San
Francisco, and the University of California at Berkeley, Berkeley, Cali-
fornia. This study was supported in part by Grants RO1 HL 26862, HL
26885, HL 42554 and HL 28356, from the National Institutes of
Health, Bethesda, Maryland; the Houston Endowment Foundation, the
Enron Corporation, Gerald D. Hines Interests, the Henry J. Kaiser
Family Foundation, the Fetzer Institute, Continental Airlines, the Na-
than Cummings Foundation, Bucksbaiim Foundation, the Pritzker
Foundation, the Gross Foundation, the Moldaw Foundation, and as a
joint coltaborative project with the Clayton Foundation for Research,
Houston, Texas. Manuscript received August 12, 1991; revised manu-
script received and accepted December 2, 1991.

Address for reprints: K. Lance Gould, MD, Division of Cardiology,
Room 4.258 MSMB, Box 20708, Universily of Texas Medical School
at Houston, Houston, Texas 77225.

trolled, blinded, arteriographic trial to test the

hypothesis that (1) vigorous modification of risk
factors stops progression or causes regression of coro-
nary artery stenosis, and (2) stenosis shape changes or
undergoes remolding with progression or regression of
coronary atherosclerosis in humans to the extent that no
single dimension reflects the essential changes observed.

The initial report of this trial! describes the experi-
mental design, risk factor intervention and changes in
percent diameter stenosis because percent diameter ste-
nosis is the most widely used measure of stenosis sever-
ity. However, percent stenosis is an incomplete measure
of stenosis severity because length, absolute lumen area
and shape effects are not accounted for and correlate
poorly with the functional measure of coronary artery
stenoses, coronary flow reserve.2-10 The cumulative ef-
fects of multidimensional geometric changes on fluid
dynamic characteristics of stenoses suggest that simple
concepts of progression/regression need to be redefined
in terms of shape changes or remolding of stenoses.
Therefore, to definitively address whether progression
or regression occurs in humans with risk factor modifi-
cation, we performed multidimensional analysis of arte-
riographic stenoses to determine stenosis flow reserve as
a single functional measure of severity incorporating all
geometric dimensions of each stenosis.

Background: Seven previous coronary arteriographic
trials of cholesterol lowering by diet and drugs have
been reported.!!-!7 Kuo et al'! and the Leiden Interven-
tion Trial!2 suggested that progression of stenoses was
prevented by a cholesterol-lowering diet and drugs but
these studies lacked untreated control subjects. Nash!3
and Nikkila'¥ and their co-workers showed prevention
of progression by cholesterol-lowering drugs compared
with untreated control subjects who were not random-
ized. In a randomized controlled trial of clofibrate,
Cohn et al'> showed equal progression of disease in 63
and 69% of treated and control groups without regres-
sion.

The National Heart, Lung, and Blood Institute
Type 11 Coronary Intervention Study'® was a random-
ized, controlled trial of diet and cholestyramine showing
less arteriographic progression (32%) in the treated

The Lifestyle Heart Trial' is a randomized, con-

STENOSIS GEOMETRY IN REGRESSING CORONARY ARTERY DISEASE 845



group compared with a progression of 49% in the con-
trol group, a significant difference. However, no regres-
sion was observed, and 32% of the treated group still
showed progression of disease. The Cholesterol Lower-
ing Athierosclerosis Study trial'” was a randomized con-
trolled arteriographic trial of diet, colestipol and niacin
showing regression in 16% of treated patients compared
with 2% regression in control groups. Appearance of
new lesions was prevented and global severity scores
were significantly less in the treated group compared
with control subjects. However, in the treated group
39% still showed progression of disease. Ornish et all
demonstrated cessation of progression or regression of
coronary artery stenoses ih a large proportion of sub-
Jects on a strict low-fat vegetarian diet but not in control
subjects on a standard American Heart Association
diet.! Brown et al!® demonstrated significant regression
in subjects with familial hypercholesterolemia treated
by double drug therapy for reducing serum cholesterol.

METHODS ,

Automated quantitative arteriographic analysis was
used in this study because (1) complex shape changes
of stenosis are accounted for with incorporation of all
dimensions of length, percent narrowing, absolute lu-
men area and shape effects; (2) visual interpretations of
arteriograms are marked by such great interobserver
and intraobserver variation that comparisons of arterio-
grams from different subjects or the same subject at
different times have limited quantitative accuracy for
assessing severity or changes in severity of stenoses?-10,
(3) the reproducibility of automated quantitative coro-
nary arteriographic analysis of primary dimensions in
vivo is & 3 to &£ 5% in absolute dimensions, with a pre-
cision in phantoms of £ 0.1 mm24-719-2! 5o that small
changes in stenosis geometry could be reliably measured
in control and treated groups; and (4) no previous study
has used automated quantitative coronary arteriography
or measured all stenosis dimensions in order to define
the total geometric changes occurring with regression or
progression.

Study patients: Patients were men or women, 35 to
70 years old, who had documented coronary artery dis-
ease by arteriography, had no recent myocardial infarc-
tion or were not taking lipid-lowering drugs, had left
ventriculdr ejection fraction >25%, and resided in the
San Francisco area to participate in the risk modifica-
tion program.. After all groups gave informed consent
and were randomized initial and follow-up, coronary ar-
teriography was performed using the standard percuta-
neous femoral approach as previously described.!2

Modification of risk factors was achieved by the Pre-
ventive Medicine Research Institute in San Francisco as
previously described! and summarized here. It consisted
of a low-cholesterol (<5 mg/day), low-fat (<10% of
calories) vegetarian diet with 15% protein and 75%
complex carbohydrate augmented with vitamin B-12.
Patients stopped smoking, practiced stress management,
ahd participated in moderate aerobic exercise on a daily
basis.

Quantitative coronary arteriography: The cardiac
catheterization laboratories in San Francisco were cali-
brated for quantitative arteriographic analysis by the
University of Texas staff. Meticulous records of the
view angles, x-ray exposures, image intensifier, x-ray
tube, patient distances and reference catheter dimen-
sions were maintained. Follow-up arteriograms used
these same characteristics in order to reproduce views
and .exposures as closely as possible on follow-up stud-
jes.

Initial and follow-up arteriograms were analyzed si-
multaneously in pairs by a technician unaware of clini-
cal data or group assignment using automated border
recognition and stenosis analysis techniques in order to
avoid the potential bias, imprecision and uncertainties
of visual interpretation. Cine arteriographic frames of
orthogonal views were digitized on a Spatial Data Sys-
tern, Eyecom II online with a YAX 11/780 for each
stenosis involving a major artery. Absolute and relative
stenosis dimensions were measured with a computer
program providing automatic detection of vessel borders
(Figure 1), The theory and equations for predicting ste-
nosis flow reserve from these dimensions have previous-
ly been described.25-7:19-21

The primary stenosis dimensions measured by the
automated arteriographic program lriclude proximat di-
ameter and cross-sectional lumen area, minimal diame-
ter and area, distal diameter and area, the exit angle,
exit shape effects, and calculated measures of severity
including percent diameter stenosis, percent area nar-
rowing, integrated length-area effects and stenosis flow
reserve.

Stenosis flow reserve is a measure of severity inte-
grating all these dimensions into a single number re-
flecting the capacity for increasing flow through the
observed geometry for a standardized aortic pressiire. It
is based on the concept of coronary flow reserve pro-
posed 17 years ago by Gould et al?? that has evolved
into an accepted measure of functional stenosis sever-
ity.2-1919-21 Qur arteriographic analysis has been vali-
dated in 3 separate experimental studies,*’2! applied in
humans?!® and used routinely in approximately 4,000
clinical arteriograms.

Figure 1 illustrates the pressure flow relation for a
stenosis based on all its arteriographic dimensions,
shown by the downward curving. Stenosis flow reserve
is defined as the intersection of the downward curved
line characterizing stenosis severity by sterosis geome-
try with the experimentally determined upward straight
line characterizing maximal flow for given pressure in a
maximally vasodilated coronary artery bed.2’ Flow is
expressed as a relative multiple of rest flow, Q/Qrest
under standardized hemodynamic conditions of 100 mrn
Hg aortic pressure, and standardized normal maximal

flow reserve of 5 times baseline. Compared with direct

measurements by electromagnetic flow meter in experi-
mental animals, there is a close correlation between
arteriographic steriosis flow reserve based on arterio-
graphic dimensions and directly measured coronary
flow reserve by flow meter for comparable hemodynam-
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FIGURE 1. Top, quantitative arteriographic data for each patient showing stenosis dimensions including minimal {Min), proxi-
mal {Prox) and distal (Dist) absolute Jumen diameters, percent diameter stenosis in each view (D3, D2), minimal, proximal and
distal cross-sectional lumen area and percent area stenosis, volume, length, area-length of the stenosed segment, entrance and
exit angles, and fluid dynamic coefficients characterizing viscous and expansion losses (Cv, Ce, Kv and Ke) (upper left). Lower
left graphs show diameters in 2 views and cross-sectional umen area as functions of axial position. The graph on the upper
right shows determination of stenosis coronary flow reserve (CFR). The upward slanting, straight diagonal iine representing
maximal arteriolar vasodilation in the absence of a stenosis crosses the downward curving pressure-flow relation characteristic
of the stenosis. Stenosis flow reserve in this example is 2.0, determined as the maximal flow relative to resting flow (Q/Qrest)
for a given stenosls geometry under standardized hemodynamic conditions of 100 mm Hg aortic pressure and normal stenosis
flow reserve of 5. Bottom, 2 sequential studies showing regression with improvement in stenosls flow reserve from 1.0 {0 2.7.
LAO = left anterior obligue; Norm = normal; RAO = right anterior oblique.
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ic conditions.>”2! The 95% confidence interval for ste-
nosis flow reserve was + 0.66, with a reproducibility of
primary dimensions of + 3 to + 5%24+719-21 The ad-
vantages of measuring stenosis flow reserve compared
with single stenosis dimensions such as percent stenosis
mentioned before have been discussed in detail else-
where.2-10.19-21

Our quantitative arteriographic method is similar to
that of Brown et al,2223 but was developed independent-
ly and in parallel using automated border recognition
rather than visual tracing to determine stenosis dimen-
sions.>5-115-21 1t also differs by taking into account
length-dependent exit effects not previously accounted
for, and determines stenosis flow reserve as a single inte-
grated measure of stenosis severity taking into account
all stenosis dimensions.

Because different stenosis dimensions often change
in opposite directions, the definitions of progression, re-
gression and molding of stenoses are necessary. Figure 2
illustrates what we have termed simple regression in
which all primary dimensions of proximal, minimal and
distal diameters improve, the exit angle becomes small-
er or more streamlined, percent diameter narrowing de-
creases and stenosis flow reserve increases. In simple
progression all of these measurements become worse.

Figure 3 shows more complex changes in which (top
panel) proximal and dijstal diameters worsen (progres-
sion), the narrowest segment remains unchanged (stabi-
lization or no progression), while percent diameter less-
ens and stenosis flow reserve increases reflecting overall
improvement or diminution in severity (regression). The
middle panel of Figure 3 shows worsening of distal and
proximal diameters, enlargement or regression of the
narrowest segment, lessening of percent diameter steno-
sis with more improvement in stenosis flow reserve. We
term this pattern remolding or a shape change of the
stenosis that leaves a diffusely narrower artery than nor-
mal but with less segmental narrowing and improved
flow capacity. Because overall flow capacity or stenosis
flow reserve is improved, this pattern of remolding is
characteristic of regression. The lowest panel of Figure
3 shows narrowing of proximal and distal segments to a
greater extent than the narrowest segment, thereby
causing improved, less severe percent diameter stenosis,
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FIGURE 2. Patterns of changing coronary artery sienoses,
DIST = distal diamelers; % D = percent dlameter stenosis;
EX® = exit angle; MIN = mininwm; PROX = proximal; QCA =
quantitative coronary arteriography showing simple progres-
sion and regression; SFR = stenosis flow reserve accounting
for all stenosis dimensions.
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but stenosis flow reserve or flow capacity is worse, a
pattern that is one form of remolding with progression
of disease.

Data analysis: Individual stenosis dimensions were
analyzed as continuous variables from the first to the
second arteriogram within the treatment, control or
subgroups with standard 2-tailed, paired ¢ tests compar-
ing arteriograms at entry to follow-up arteriograms®
and with unpaired 1 tests?® and analysis of variance! for
comparisons between control and treated or subgroups.
Because significance and conclusions were the same
by analysis of variance and by t testing, the latter are
reported here since they are more familiar to most
readers.

In the initial report of this trial using percent steno-
ses as the primary end point,! between-group compari-
sons included coronary lesions that progressed to total
occlusion during the year since such an event is an im-
portant clinical end point. Because the current report
focuses on changes in stenosis geometry, those stenoses
that progressed to occlusion, or occluded arteries that
opened during the trial in both control and treatment
groups (a total of 6 of 198 stenoses), were excluded
from analysis in this report. This exclusion was neces-
sary because potentially large incremental changes due
possibly to thrombosis or thrombolysis could bias mean
values of shape change due to atheromatous alterations
in other stenoses. Analysis of all data including stenoses
progressing to occlusion or occluded arteries opening
during the trial showed greater, more significant differ-
ences between control and treated groups but was not
different from the more conservative results excluding
those instances, as reported later. Of 48 patients en-
rolled, 7 did not have follow-up angiographic data! and
1 additional patient was excluded because the only end
point was-a total occlusion that became patent. There-
fore the data base for this report is 40 patients.

RESULTS
In all, 40 patients having 192 stenoses, or 4.8 steno-
ses per patient, were analyzed, with 18 patients having

FIRST QCA e~ SECONDQCA  =e=sse
..... e = ~  PROG? STABLE? REGRESS?
PROX § MIN
______ ’ . : Ef ¥ ostd w§ ot
- v ................ MOLDING, REGRESSION
rroxh wn ex’§oist§ «w§ sat
srerensnnene s e neeeneas
............... :w-................ MOLDING, PROGRESSION
rROX§ MN § T X § ot § % § SFR

FIGURE 3. Patterns of changing coronary artery stenoses.
Complex changes of stenosis dimensions in opposite directions
with shape change or remolding during progression (PROG) or
regression. Abbreviations as in Figure 2,
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TABLE | Stenosis Dimension Changes TABLE Il Baseline Severity and Stenosis Dimension Changes
PROX MIN EX® DIST PROX MIN EX® DIST
(mm) (mm) (deg) (mm) % DS SFR (mm) (mm) (deg.) (mm) % DS SFR
Control Subjects (87 stenoses) Mild, Control (74 stenoses)
QCAl 3.07 175 127 2,84 427 3.90 QCAl 3.15 191 122 2.94 382 4.26
QCA2 298 164 140 2.71 444 3.79 QCAZ 3.04 1.78 13.7 2.82 408 4.07
AQCA 2-1 -0.10 -0.12 +1.14 -0.14 +1.75 -0.11 AQCA2-1 -0.11 -0.14 +1.47 -0.12 +2.6 -0.19
pfora 001 ©0.001 NS 0.000 NS NS pfora 0.015 0.001 NS 0.004 0.015 0.011
Treated Subjects (105 stenoses) Mild, Treated (88 stenoses)
QCAl 2.86 167 160 2.67 401 3.94 n =288
QCA2 2.78 167 16.1 2,55 380 4.07 QCAl 2.83 1.81 107 265 350 4.33
AQCA 2-1 -0.08 +0.007 -0.91 -0.11 -2.1 +0.13 QCA2 2.76 1.78 10.2 2,55 343 4.32
pforA 0.02 NS NS 0.001 0.03 0.03 AQCA2-1 -0.06 -0.03 -054 -0.09 -0.7 ~-0.01
pforATvs AC NS 0.008 NS NS 0.006 0.01 pforA NS NS NS 0.006 NS NS
C = control; deg. = degree; % DS = percent diameter stenosis; DIST = distal Mild = baseline stenosis fiow reserve > 3; other abbreviations as in Table |.
diameter just distal to stenosis; EX® = exit angle; MIN = minimal diameter at
narrowest point; NS = not significant; PROX = proximal diameter just proximal to
stent(;sdis; QCA = guantitative coronary arteriography; SFR = stenosis flow reserve; T =
- treated,

87 coronary artery stenoses in the control group and 22
patients having 105 stenoses in the treated group. The
mean interval between the first and second arteriogram
was 15 & 3 months as either a control or treatment
subject.

Table I lists the dimension changes in control and
treated groups with the statistical significance of each
change. Figure 4 illustrates these changes and the statis-
tical significance of the difference in each dimensional
change between the control and treated subjects. In
both groups, both proximal and distal diameters signifi-
cantly decreased. The minimal diameter decreased fur-
ther or progressed in controls but did not progress in the
treated group. Percent diameter stenosis and stenosis
flow reserve worsened somewhat in the control subjects,
although not significantly, improved significantly in the
treated group, and the changes from the first to the sec-
ond study between the control and treated groups were
statistically significant.

Tables II and III and Figure 5 show changes in ste-
nosis dimensions for lesions that were initially mild (ste-
nosis flow reserve =3) or initially severe (stenosis flow
reserve <3) at the baseline entry study. For baseline
mild lesions (Table II) in the control group, proximal,
minimal, distal diameters, percent diameter stenosis and
stenosis flow reserve all worsened significantly, reflect-
ing simple progression of all dimensions. Baseline mild
lesions in the treatment group remained stable with no
change in proximal and minimal diameters, percent di-
ameter stenosis and stenosis flow reserve, all indicating
that progression was prevented; distal diameter de-
creased slightly but had little effect on flow reserve.

Baseline severe lesions in the control group showed
no significant change during the study (Table III).
Baseline severe lesions of the treated group showed
mild, statistically significant, increased narrowing of
proximal and distal diameters, enlargement of the mini-
mal diameter, a decrease of —9.3% diameter stenosis
units, and improved stenosis flow reserve, all indicating
statistically significant improvement. These changes re-
flect remolding of the stenosis, with regression toward a

TABLE Il Baseline Severity and Stenosis Dimension Changes

PROX MIN EX° DIST
(mm) (mm} (deg) (mm) %DS SFR
Severe, Control (13 stenoses)
QCAl 2.59 0.82 15.7 230 684 1.82
QCA2 2.60 0.89 15.7 2.12  65.1 2.17
AQCA2-1 +0.00 +0.06 ~-0.05 -0.17 -33 +0.35
pfora NS NS NS NS NS_ NS
Severe, Treated {17 stenoses)
QCAl 3.06 096 16.3 2.79 66.5 1,94
QCA2 2.87 1.14 12.7 255 57.2 2.79
AQCA2-1 -0.19 +0.17 -36 -0.24 -93 +0.85
pforA 0.014 0.002 NS 0.048 0.001 0.000

Severe = baseline stenosis flow reserve < 3; ather abbreviations as in Table I.

diffusely smaller artery than normal, and having less
segmental narrowing and improved flow capacity.
Figure 5 summarizes these changes in which statisti-
cally significant changes were seen on the second arte-
riogram compared with those seen at the entry study.
Figure 6 shows dimensional changes in relation to
adherence to the risk modification program for all pa-
tierits in the combined control and treated groups classi-
fied according to severity of baseline stenosis at the ini-
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FIGURE 4. Comparison of stenosis dimensional changes (A)
from initial (QCA, solid Jine) to follow-up (QCA, dashed line)
arteriograms between control and treated groups.

AC = change in the control group; NS = not significant;
REGRES = regression; AT = change in treated group; + = no
change; other abbreviations as in Figure 2.
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tial entry study. For this analysis, the combined groups
were divided into subgroups of poor adherence (adher-
ence score of <0.75), good adherence- (adherence score
of >0.75 but <L.15) and those that excelled in risk
factor management (adherence score of >1.15) where
adherence measures were derived by dividing indexes
of prescribed behavioral changes into the measured
changes as described previously.'

Baseline mild lesions (stenosis flow reserve 23, Fig-
ure 6A) in the poor adherence group showed statistical-
ly significant progression of all dimensions, whereas
groups with good and excellent adherence showed no
progression. Baseline severe lesions (stenosis flow re-
serve <3, Figure 6B) in the poor and good adherence
groups remained stable without further progression.
Baseline severe stenoses in the group that excelled in

First QCA  —— Second QCA ---- Indicates significant difference
BASELINE MILD (SFR >3) BASELINE SEVERE (SFR < 3)
nasmwmmummanmnn e Feresssisacutnean N /
CONTROLS sl %o 4 SFR 4 %Dt SFR
.--.'----.------o". ..'h-----.-._--------
—_— 3.15 mm 1.9l mm 38.2% 4.26 2.59mm 0.82mm 68.4% 182
==+ 3.04mm 178 mm 40.8% 4.07 *© 260mm  089mm 651% 217
O S anw
TREATED %D ¢ SFR %
D e
— 2.83 mm 1.8 mm 35.0% 4.33 3.06 mm 0.96 mm 66.5% 1.94
sess 276 mm L78mm  34.3% 432 2.87 mm L4mm  57.2% 279

FIGURE 5. Stenosis change related to baseline severity in treated and control groups. Abbreviations as In Figure 2.
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FIGURE 6. Stenosis change related to hoth baseline severity and adherence to the program of risk modification for mild baseline
stenoses with stenosis flow reserve >3 (4) and for severe baseline stenoses with stenosis flow reserve <3 (B). EXCEL = excel-
lent; sig = significant; other abbreviations as in Figure 2.
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Regression Trials

TABLE IV Comparison of Methods, Sample Size, Outcome of Coronary Artery Disease

End Points or
pValuefor EndPointChange % A Total
No. of End Point ————————— Cholesterol
Study End Points and Metheds Subjects (RxvsC)  Control  Treated {Rx-C)
MRFIT32  Cardlac events, 1° prevention 12,866 NS 1.9% 1.8% 1.5%
Frick33 Cardiac events, 1° prevention 4,081 0.02 4.1% 2.7% 8.5%
cop34 Cardiac events, 2° prevention 8,341 NS 26% 23% 10%
Carlson35  Cardiac events, 2° prevention 555 Q.01 26% 17% 13%
CLAS!?  Anteriog. score, visual estim. 162 0.001 0.5 22%
FATSI_8 % DS, visual borders 142 0.017 5.9% DS 29%
LHT1.2 % DS, automated 42 0.001 8.4% DS 20%
Stenosis flow reserve 0.000 0.5

(£ A5[?% DS or SFR > 3%).

eriog. =
>3%); c?.AS
Study; LHT = Lifestyle Heart Trial;

.

- Cholﬁteml—Lowerir’\XRAtherosclemsis tudy
FIT = Muitiple Risk

For 1° and 2° prevention trials, end point = coronary artery disease events/no. of patients in each group; for arteriography
end point = difference between controls (C) and treated group (Rx) in stenosis severity of study 1-study 2 of severe stenases

arteriography; CDP = Coronary Drug Project; % DS =

% di g of severe (>50% or SFR
; estim, = estimated; FATS = Familial Atherosclerosis Treatment
Factor Intervention Trial; SFR = is flow reserve.

adherence to the program showed statistically signifi-
cant regression of minimal diameter, percent diameter
stenosis and stenosis flow reserve. Therefore, good ad-
herence to the lifestyle program prevented progression
of milder stenoses, but more vigorous adherence was re-
quired for regression of severe coronary artery stenoses.

If the absolute dimension changes reported here are
expressed as a percent change from baseline as in previ-
ous papers; the regression becomes even more apparent.
For example, for severe baseline stenoses (stenosis flow
reserve <3), the minimal diameter increased by a
change of + 0.17 mm compared with a mean minimal
absolute diameter of 0.96 mm . at baseline, an approxi-
mately 18% improvement. In this same group, the per-
cent diameter stenosis change was —9.3% stenosis diam-
eter units from a mean baseline severity of 67% diame-
ter narrowing, or a 14% improvement, with a ¢ value of
4.05 and p value of 0.001. By comparison in this group,
stenosis flow reserve improved by a change of + 0.85
over a baseline stenosis flow reserve at entry of 1.9, or a
45% improvement in stenosis flow reserve, with a larger
t value of 5.11 and a p value of <0.0000. Therefore, the
statistical significance of the changes in this study were
greater for the integrated measure of severity than for
the single measure of percent stenosis, although both
showed significant improvement in the treated group.

Statistical analysis of stenoses as opposed to patients
was performed because multiple stenoses in a patient
showed changes essentially independent of each other as
previously demonstrated.! Statistical analysis weighting
for the small degree of within-patient-cotrelation of ste-
nosis changes as ptreviously described! did not change
the significance of these results. Analysis was also per-
formed on a per-patient basis by averaging all percent
diameter stenoses for each patient and classifying pa-
tients according to threshold diameter stenosis unit
changes of: =+10% for progression, <—10% for regres-
sion, and <+10% as no significant change, similar to
Brown et al.!8 By this per patient analysis, 40% more of
treated patients showed regression compared with con-
trol subjects, a statistically significant difference. How-
ever, we emphasize that this approach does not take
into account the complex shape changes observed.

TABLE V Cholesterol and Coronary Artery Disease Regression
in Arteriographic Trials
Percent
Change 7C Arteriog.
Study Rx—Control (%) Reg.
Cohnl5 6% 0
NHLBI® 17% 0
Nikkila24 18% 0
Nash!3 18% 0
CLAS1? 22% 16%
FATS18 29% 36%*
LHT1.2 20% 41%*
*Percentages of patients with > 10% di is units of i
Arteriog. = iographic; Reg. = regression; Rx~Control = differences between
treated and control groups; TC = fotal chol ; other abbreviations as in Table IV.

DISCUSSION

This study demonstrates that vigorous modification
of multiple risk factors stops progression of mild to
moderate coronary artery stenoses and causes regression
of severe stenoses, leaving residual milder diffuse nar-
rowing of the artery with less severe segmental stenoses
and improved flow reserve. Complex shape changes or
remolding of coronary stenoses occur with progression
or regression so that no single anatomic dimension alone
describes all of the geometric changes seen.

Significance of changes in stenosis shape: Although
the number of patients in the study were small com-
pared with previous reports, mean absolute changes of
stenosis dimensions were statistically significant and in-
ternally consistent from several points of view. There
was a dose effect of risk factor modification for prevent-
ing progression of mild stenoses and more stringent risk
factor modification causing regression of severe steno-
ses. Severe stenoses showed greater regression than
milder ones, reflecting a reasonable theoretical expecta-
tion that removal of a small amount of cholesterol from
a severe stenosis having a small circumference would
cause more improvement than the same amount of cho-
lesterol removed from a mild stenosis having a large
circumference. Published studies on experimental rever-
sal report persistence of fibrosed, diffusely narrowed
coronary arteries having less segmental narrowing in
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treated groups compared with control subjects.?-28
There are also different rates of progression/regression
of different parts of atherosclerotic arteries in oppo-
site directions depending on their histologic maturity
and the duration/degree of serum/dietary cholesterol
changes.26-2 Finally, because coronary blood flow ef-
fects are a function of arterial radius raised to the
fourth power, small changes in radius have proportion-
ately much larger effects on the flow capacity and func-
tional severity of stenoses, thus contributing to the
greater significance of stenosis flow reserve as a mea-
sure of change in severity.

Comparison with other studies: Table IV compares
representative primary and secondary intervention trials
with the recent arteriographic randomized trials. In the
spectrum of end point measures, from cardiac events to
automated quantitative coronary arteriography for ste-
nosis flow reserve, more quantitative or complete analy-
sis of stenosis geometry, or both, yielded significant dif-

ferences in end points with smaller numbers of subjects..

Thus, the phys1olog1c measure of severity (stenosis flow
reserve accounting for the integrated total effects of all
dimensional changes) shows statistical significance be-
tween treated and control groups with smaller numbers
of study subjects than for other end points measured
(Table 1V).

Clinical implications: More stringent or vigorous
treatment with lipid-lowering regimens!2!8 than con-
ventionally used303! appear necessary to achieve signifi-
cant improvements in stenosis severity of treated versus
control groups (Table V). The control groups of the
most recent studies!'713 following approximately the
standard dietary guidelines of the American Heart As-
sociation®® and National Cholesterol Education Pro-
gram’! showed high prevalence of progression.

Patients with coronary artery disease frequently
have total cholesterol, and low- and high-density lipo-
protein cholesterol levels that fall within the normal
range, as were the average cholesterol levels in the Life-
style Heart Trial.! However, in this study stringent
dietary fat restriction and reduction of serum cholester-
ol substantially below “normal” levels were associated
with the cessation of progression or regression of steno-
sis by quantitative coronary arteriography. The control
group with average cholesterol levels within the normal
range showed progression of coronary artery stenosis.
Although not clearly defined, there may be a variable
susceptibility to coronary atherosclerosis for given level
of risk factor exposure and an important role of dietary
fat separate from serum cholesterol. Many men with
risk factors appear resistant to coronary artery disease
despite risk factors or excess dietary fat, or both, where-
as others are susceptible to even modest risk factors. In
patients with coronary artery disease and normal cho-
lesterol levels, vigorous reduction of dietary fat and re-
duction in cholesterol levels to substantially below “nor-
mal” ranges is associated with cessation of progression
or regression of disease.
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