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Introduction

A therosclerosis is the leading cause
of death and a major contributor to
morbidity in the Western World. In the
Netherlands approximately 40.000 pa-
tients die each year of this disease and
145.000 patients are admitted to a hospi-
tal because of it's sequelae.' Conse-
quently, atherosclerosis alse causes large
costs for the community. Within the
group of atherosclerotic diseases coro-
nary atherosclerosis is most prominent.'

Coronary atherosclerosis is a chronic
progressive degenerative disease of the
arterial vessel wall.? The process begins
in early childhood’ and, usually from
the fifth decade on, the advanced stages
cause narrowing of the vessel lumen,
with plaque fissuring and thrombosis
and subsequent occlusion of the vessel.*
These phenomena are responsible for
the clinical sequelae stable and unstable
angina pectoris, acute myocardial infarc-
tion and sudden death.* Also, ischemic
heart disease is the most frequent cause
of heart failure.?

Many effective treatments for either
chronic or acute obstructive coronary
artery disease have found their place in
clinical practice. Medical therapy, percu-
taneous transluminal coronary angio-
plasty, coronary artery bypass surgery,
and in some patients heart transplanta-
tion are applied to treat the conse-
quences of coronary atherosclerosis.®
These therapies, however, are all basi-
cally palliative and do not influence the

progressive nature of the disease. More-
over, they only treat the target organ.

Epidemiologic studies have identified
qualities associated with an increased
risk for coronary artery disease. The
most important risk factors are a non-
beneficial lipid profile, with a high total
cholesterol, high low-density lipoprotein
cholesterol (LDL-C), a low high-density
lipoprotein  cholesterol (HDL-C), and
elevated triglycerides; arerial hyperten-
sion, smoking, diabetes mellitus, male
sex and age.” Correction of these factors
could lower the risk of coronary artery
disease, and might also retard the pro-
gression of the disease.

A large body of evidence lhas made
the cholesterol-atherosclerosis link gen-
erally accepted.’ The lipid hypothesis
postulates that progression of coronary
atherosclerosis can be slowed, stopped
or that indeed regression could be in-
duced by lowering plasma cholesterol,
which will ultimately result in an -
proved clinical outcome. For many years
evidence has been available that choles-
terol enriched diets induce atherosclero-
sis in animals’ and that by changing the
diet atherosclerotic lesions can regress in
these experiments." However,
intervention trials in humans showed a

early

reduction in coronary artery disease
related events, but did not demonstrate
an effect on total mortality. Therefore,
scepticism on the benefit of lipid-lower-
ing interventions remained."



The development of quantitative
coronary angiography brought forward
an imaging technique that can actually
show slowing, arrest and regression of
both diffuse and focal coronary athero-
sclerosis,'”” This development and the
evolution of a new class of cholesterol
lowering drugs, the HMG-CoA reductase

inhibitors,"

initiated a series of angio-
graphic studies™ as well as trials with
clinical endpoints that finally proved the

lipid hypothesis in humans!™"”

The present study deals with the effect
at’ cholesterol lowering therapies on the
angiographic development of coronary
atherosclerosis. It focuses on the effect of
simvastatin on coronary atheroma studied
by serial quantitative coronary angiogra-
phy, as investigated in the Multicentre
Anti-Atheroma Study: MAAS.™ A general
introduction is provided in the first chap-
ter. Chapter 2 is a review applying meta-
analysis techniques of previous angio-
graphic coronary atherosclerosis trials with
lipid-lowering therapy, lifestyle changes,
and treatment with dihydropyridine cal-
clum antagonists. Also  methodological
considerations of angiographic trials, and
different aspects of coronary angiography
are discussed. In chapter 3 the effect of
cholesterol lowering therapy with the
HMG-CoA reductase inhibitor simvastatin
on coronary atheroma is described. This
was a randomised, double-blind, parallel
group, 4 year angiographic study in 381
patients with mild coronary artery disease.
The natural course of both facal and dif-
fuse coronary atherosclerosis is depicted in

chapter 4. For 126 patients aot on lipid-
lowering therapy, 3 consecutive angio-
grams over 4 4 years periad were analyzed
quantitatively. In chapter 5 a multivasate
analysis s reported which selects inde-
pendent predictors for progression of cor-
onary artery disease from clinical, lipid
and angiographic patient characteristics,
using data from 345 patients who took
part in the MAAS tral. Chapter G character-
ises the incidence and the angiographic
patterns of lesion change. This study de-
scribes the changes seen in 924 lesions of
272 patients in whom 3 angiograms each 2
years apart were made. The overall re-
producibility of the angiographic core
laboratory is presentect in chapter 7. This is
a study performed in 10 patients from
whom baseline and follow-up angiograms
were analyzed twice. Chapter 8 is a meta-
analysis of clinical events in the angio-
graphic trals. A general discussion of the
results and implications for clinical practice
are presented in chapter 9. Tt is concluded
that cholesterol lowering retards the angio-
graphic progression of coronary athero-
sclerosis which ultimately results in a re-
cduction of clinical events.
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Retardation and Arrest of Progression or Regression of
Coronary Artery Disease: A Review

Jeroen Vos, Pim J, de Feyter, Maarten L. Simoons, Jan G.P, TiJssen, and Jaap W, Deckers

THEROSCLEROQSIS is the most common
cause of death in the Western world ac-
counting for one half of all deaths,! Hypercholes-
terolemia, smoking, hypertension, diabetes me!-
litus, obesity, and physical inactivity are
identified as risk factors for this disease,2¢
Control of all these factors is desirable, but
cholesterol lowering has showed the greatest
promise as regards reduction of cardiac events,?
Both primary and secondary intervention tri-
als®#!! have demonstrated that cardiac mortality
decreases after lowering of plasma chofesterof
levels, although total mortality was not impact-
ed, 1

In animal models atherosclerotic lesions re-
gress after a change in diet or the administra-
tlon of lipid-lowering drugs,!*! Calcium antag-
onists have been reported to prevent the
development of atherosclerosis in animal mod-
els./? In these experiments lesions characterized
by large amounts of intracellular lipids, in con-
frast to the extraceilular lipid accumulations
characteristic of human atherosclerosis, were
induced in a short time (3 to 24 months) by diets
that resulted in excessively high plasma choles-
tero! levels (=20 mmol/L).}% Although these
experiments have provided extensive insight
into the pathological process, it is not justified
to completely extrapolate these results to hu-
mans.

To describe the effect of an intervention on
the development of coronary artery disease
(CAD) a trial with clinical end points only,
acute myocardial Infarction and cardiac death,
is not sufficlent, First, lesion growth is often
asymptomatic.’® Second, when progression of
atherosclerosis is considered only if it has led to
a cardiac event, one is not only monitoring slow
progression but many other factors, such as
plaque rupture, thrombosis, and vasospasm ca-
pable of causing acute progression.”>® Third, in
such a trial no distinction can be made between
arrest, retardation of progression or regression
of coronary atherosclerosis, and between dif-
fuse and focal disease.

Many angiographic studies in men have been
performed,®4 of which some reported regres-

sion of atherosclerosis In only a minority of
patients, which could be explained by clot iysis
in half of the cases.?® However, these studies
were often observational, retrospective, small,
uncontrolied, and performed when guantitative
coronary anglography was not available,

Currently, the only method that can assess
coronary or femoral atherosclerosis over time is
repeated angiography.2* This article reviews the
published controlled trials using serial coronary
angiography with a lipid-modifying treatment,
with calcium antagonists, and with lifestyle
changes and the femoral atherosclerosis trials
with lipid-modifying therapy.

METHODS

Selection

Studies were considered if they fulfilled the
foliowing criteria: (1) the coronary or femoral
artery anatomy was the object of the study, (2)
repeated coronary or femoral angiography was
used, (3) the study had an appropriate control
group with which the treatment under study was
compared, and (4) the lipid-modifying treat-
ment resulted in a beneficial change of the lipid
profile. In order to find trials that could fit these
criteria, a computer-assisted literature search
was performed, and references of papers were
checked. The following trials were selected,
Coronary atherosclerosis with a lipid-modifying
treatment: National Heart Long Blood Institute
type II trial (NHLBI type 1I),*? Cholesterol
Lowering Atherosclerosis Study (CLAS),* Pro-
gram On the Surgical Control of the Hyperlipld-
emias (POSCH),* Familial Atherosclerosis
Treatment Study (FATS),* Kane et al,® and
the St Thomas' Atherosclerosis Regression Study

From the Thoraxcenter, University Hospital Dijkegt, Eras.
mus University Rotlerdam, Rotterdam, and ihe Department of
Clinlcal Epidemiology, Academic Medical Center, Amster-
danm, The Netherlands.

Address reprint requests to L. Ves, MD, Department of
Clinical Epidemiology, Thoraxcenter 8d 361, University Hospi-
tal Dijkzlgt, Dr. Molewalerplein 40, NL-3015 GD Rotterdam,
The Netherlands.
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(STARS)#¥; coronary atherosclerosis with a
change in lifestyle; Lifestyle Heart Study*34,;
coronary atherosclerosis with calcium anatago-
nists: International Nifedipine Trial on Antiath-
erosclerotic Therapy (INTACT),® and Waters
et al®®; femoral atherosclerosis with lipid-
modifying therapy: Duffield st al,5? Olsson et
al,® and CLAS.* Qne study was rejected be-
cause no substantial lipid-lowering effect was
accomplished,® and two studies were not in-
cluded because the control group was not prop-
erly selected, One study*® compared initial re-
sponders with nonresponders to lipid lowering,
another trial®? compared the lipid-modified
group with a group of patients from another
trial, Three studies were excluded because they
did not give sufficient information to make a
comparison possible, ¢

Statistical Considerations

For each trial, relative risks with 95% confi-
dence Intervals for progression and regression
of atherosclerosis were calculated.s The rela-
tive risk is greater than one if the number of
patients with progression or regression of CAD
is increased in the index group. Because the
definitions of change in coronary status differed
between the trials, and no common angio-
graphic end point could be defined, the defini-
tions of progression and regression applied by
the investigators of each individual study were
used. For the FATS and the STARS studies,
the two active treatment groups were combined,
To obtain an overall measure of effect, the
combined relative risks for progression and
regression of atherosclerosis were calculated.
The selected studies were pooled on the basis of
common design characteristics, eg, coronary or
femoral gtherosclerosis, lipid-modifying ther-
apy or treatment with calcium antagonists and
not based on the result of a statistical test on
heterogeneity of effect across the trials, The
adjusted Mantel-Haenszel refative risk with 95%
confidence interval was calculated.5? To explore
the relation ‘between the magnitude of the
lipid-regulating effect and the likelihood of
progression or regression, linear regression anal-
ysis was performed with each trial as a unit of
analysis,® The relative risks for progression and
regression of CAD were taken as dependent
variables,
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DESCRIPTION OF THE TRIALS
Coronary Atherosclerosis Trials

The design characteristics and the lipid and
angiographic results of the selected trials are
listed in Tables 1 through 5, Brensike et al*2&4
treated patients with type 2 hyperlipoprotein-
emia, low-density lipoprotein (LDL) in the
upper 10th of the distribution of the general
population, and proven CAD with diet alone
(N = 72) or with diet and cholestyramine
(N = 71) in a randomized double-blind man-
ner. Coronary angiography was performed at
baseline and after 5 years, Angiograms were
assessed visually by a panel of experts. A de-
crease of 169 in total cholesterof, 21% in LDL,
and an increment of 6% in high-density lipopro-
tein (HDL) were accomplished, Progression of
CAD was noted in 49% of the placebo group
and in 32% of the cholestyramine group, Regres-
sion was found in 7% in each group, Twelve
patients (17%) in the placebo group versus 8
{11%) in the cholestyramine group died or
suffered from an acute myocardial infarction
{rclative risk, 0.68; 95% confidence [nterval,
0.30, 1.56).

In the CLAS,*$5 nonsmoking, male patients
with previous coronary bypass surgery and
plasma cholesterol levels between 4.8 and 9.1
mmol/L were treated with either diet alone
(N = 94) or diet, colestipol, and nicotinic acid
(N = 94). Patients were recruited by advertising
in newspapers, on radio, and on television.
Before randomization, atl eligible patients were
given the lipid-modifying drugs, and only those
patients who had a reduction in total choles-
terol of =15% entered the trial, The study was
randomized and doubte-blind for treatment,
plasma lipid values, and angiograms. Coronary
angiograms were repeated after 2 years of
treatment and were judged by a panel of ex-
perts. Bach patient was classified according to a
global score of.change, taking into account both
the native coronary circulation and the bypass
grafts. Total cholesterol decreased by 26%,
LDL by 43%, and HDL increased by 37%.
Progression of CAD was observed in 61% and
regression in 2.4% of the placebo group; for the
lipid-modified group, the figures were 39% and
16%, respectively. Twenty-two patients in the
placebo group and 21 (both 22%) in the lipid-
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Table 1, Coronary Angicgraphlo Atherosclerosis Trials

Duration
Study Arglyaly Traatmant Humber vl Type of Patienta
Coronary atherosclerosls irfels with Hipld-modifying theraples
NHLB} Typa |l Trial Visusi panel A) placeba® 57 [ Provan CAD, 82%
{1084} I} choleatyramina® £9 NYHAF. type Il hy-
pesiipoprotelnemia,
maan age 48 years
CLAS (1987} Yisual panal ¢ R} placabo* 82 2 PosICABG, TC be-
1} colestipol/niacin® 80 twean 4.8-9.1
mmol/l, mean sge
B4 yaars
POSCH (1990) Visual panal R} utual care® 333 3 Post M), TC = 6.7
1) partial Hasl bypass 383 {max 8) mmol/L, mean ags
surgary* 51 years
FATS {1990} Qusntitative and fi) convanticnal* 48 26 Apolipoprotein
visual Iy lovastatin/colesti- 38 B = 126 mgldL, 1
pol* 38 lesion = 50%, fam-
1) nlscinfcolestipol® Ity history of CAD,
67% angina, mean
8ge 47 yoara
Kane ot 8] {1890) Quanilitative, R) placebo/resin® 32 2 Famitial hypercholes.
H colastipol/niacing/ 40 tarolamda: tandon
lovastatin® xanthomas, LOL 2
5.17snd TG 2 3.1
mimol/L, maan age
42 yesrs
STARS {1992) Quantitative R} wsuat care 24 k] Proven CAD, TC ba-
1i} Hpld-Jowering diet 28 twaen 8.0-10.0
Iy} diat/choleatyra- 4 mmolfL, mean age
mine 51yesrs
Coronary atharosclerosis trisls with Iifestyls changes
Lifastyls Hexrt Trial Quantitatlve R) ususl care 19 1 Anglographically
{1950} 1t astyla changes 22 provan CAD, no
liptd-maodifying
drugs, age 58 years
Coronary atherosclerosis trials with calcium antagonists
INTACT {1890) Quantitative and R} placebo 176 3 Mild CAD, 1 cardizc
visus! I} nfedipine 173 riak factor, 83%
NYHA |, mean age
B3 years
Whaters ot af (1990} Quantilative and R} placeba 167 H 6% 10 76% stenoses
visual 1} nicardipine 169 In st feast four sag-
mants, 62% stable
angina pectoris,

mean aga 5 yoars

Abbraviatlons: R, reference group; ), index group; TC, total cholesterol; TG, triglycerides: number, patients with anglographle

foliow-up.
*Distary counsaling,

modified group had a cardiac event. At the end
of the study, patients who were willing to
continue entered a 2-year extension of the trial
which showed a sustained effect on Jipids and
angiography at 4 years.5’.Other end points of
the CLAS trial were the angiographically as-
sessed change in femoral atherosclercsis and
the echo-Doppler evaluation of carotid athero-
sclerotic disease,

Buchwald et al*$¢ performed a large sur-
vival trial in patients after they had a first
myocardial infarction and who had total choles-
terol levels of > 5,7 mmol/L or = 5.2 mmol/L in
combination with a LDL leve! of = 3.6 mmol/L
while on a diet, Patients were randomly allo-
cated to diet and partial ileal bypass surgery™
(N = 421) or diet only (N = 417). All analyses
were reported on the basis of the intention-to-
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Table 2. Definitlons of Progression and Regrasalon of CAD In Coronary Anglographlc Atharosclerosls Trials

Study Dafinition

Coronary athsrasciarosis trisls with lipld-modifying therspies
NHLBI Type il Trial Dafinite pragression: 2 1 leslon with definite progression and no lesion with regraselan

Probable prograssion: = 11asion with probable progression and no lasfon with regression or definite
progression

Probable regeesslon: = 11asion with probable rageassion and no faslon with definits regresslon or any
progresston

Definite regression: = 1 laslon with dafinltes ragresston snd no progression

Mixed response: regrassion and prograsston: leston prograssion and regression fn the samae pstiant,
whether definite or probable

Ho changs: no leslon obgarvad ss changed by at lsast two panels

CLAS CLAS consensus globsi change score: 0, no change; 1, definitsly discernabie; 2, moderate; 3, extreme;
-, regrasslon; +, progression

POSCH CLAS consensus global change score: 0, no change; 1, definitely discernable; 2, moderste; 3, axtrame;
=, regresaion; +, progression

FATS Progression: 10% inctressa in parcentage stenosls, regression vice verss

Kane ot al 10% Increasa in parceniage stenosls, ragression vice verss; change in % &rea stenosls

-8TARS Prograssten: toss of 20,17 mm In maan absolute width, regrestion galn 2017 mm

Covonary atherosclarosis trisls with lifestyls changes
LHastyle Heart Trial Change in % stenosls as a continuous measure; posftive, progression! negative, regressicn

Coronary stherosclerosis ieials with calclurn antagonists

INTACT Progression: a decreass of » 0.4 mm In minimai lumen dismater, an Incraass In % stenosis > 20%; re.
grassion, vice veras
Whatere ot al Progression: a decrease of > 0.4 mm in minimal lumen dlamater, an Incraase In % stencsis of > 10%;

regressfon, vica verss

treat principle. The mean duration of follow-up
was 8.7 years. The main end point of the trial
was total mortality. Apart from the clinical end
points, sequential coronary angiography was
performed at baseline and after 3, 5, 7,-and 10
years, Angiograms were assessed as in the

CLAS trial.% Total cholesterol and LDL de-
creased 32% and 35%, respectively; HDL in-
creased 6%, Total mortality was reduced by
22% (95% confidence interval, 17%, 47%) and
cardiovascular death combined with nonfatal
acute myocardial infarction was reduced by

Table 3. Lipid Resulte of Coronary Anglographic Atherosclarosls Trials With Lipid-Moditytng Theraples

Tolai Chotastinot LOL Cholentere! KDL Cholesteccl Triglycerdas
Study Group T Ci%} B T Ci%) B T Ci%) ;] T Ci%)

Coronary atharasclarosis trials with lipld-modifying tharaplas

NHLBI Type H Tdal R 150 749 -1 683 148 186 28

6.67 -6 101 wol E
178 225 28

2
i 803 663 -7 627 481 -28 088 108 8
CLAS R 628 600 -4 438 413 -6 113 116 2 174 15 -8
f 635 465 -28 442 251 -43 146 157 37 M L% -22
POSCH R 648 6.4 -6 482 430 -7 105 104 -1 228 217 -4
[ 660 471 38 462 288 -42 103 108 5 233 280 12
FATS R 679 655 -4 453 420 -7 088 104 6 260 288 16
1 712 47Y  -34 608 277 -45 091 108 16 227 207 -9
I 890 6541 -23 482 334 -32 101 142 41 218 165 -2
Kang et al R 949 8,67 -8 TN 627 -12 131 1R 0 124 129 4
] 870 636 -3 732 44 -3 1227 163 2% 149 117 -2
STARS R 707 693 -2 482 407 -3 22 12t -1 232 235 i

ly 718 617 -14 BO0 419 -6 114 14 0 231 18 -2

Iy 744 566 ~26 528 337 -3 L4 119 -4 220 22y 0

Coronary atharesclgrosis triale with lifastyls changes
LHestyta Heart Trial R 834 000 -6 432 407 - L3 L3 -3 245 224 -8

1 688 446 -24 302 248 -37 400 097 -3 238 29y 22

NOTE, All values sre In mmolfL,
Abbreviztions: R, raference group; §, Index group; B, at bassline; T, durlng the trial; C, percentage changa.
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Table 4. Anglographio Resuits of Coronary Atheroscterosls Trials: Progression of CAD

Numbse of Patlents Rats
Seudy Group {Prograasion/Toll %} Relattve Risk (§5% C

Coronary atherosclerosis tefais with lipid-modifying therspies

NHLBI Type H Triat R 28187 49 0.56 (0,42, 1.03)
| 18/59 32

CLAS R 49/80 1] 0.64 {0.48, 0,88)
i 32/82 39

POSCH A 138/333 a1 0.68 {0.65, 0.84)
H 102/363 8

FATS R njes 48 0,64 {0.30, 0.85)
[ Y 17174 23

Kane et al, R 13/32 41 0.50 (0.23, 1.04)
| 8140 0

STARS R 11/24 48 0.31(0.14,0.69)
haa 7/60 14

Ovarafl rasuft 0.62 (0.54, 0.72}

Coranary atherosclerosis (rials with lifestyle changes

Lifestyle Haart Trial R 10/19 63 0.35{0.13, 0.82)

1 4722 18
Coronary alheroselerosis irisis with calelum antagonists

INTACT {0.4 mm) A 647475 3 0.82 (0.59, 1.18)
{ 44/173 28

Waters et ol (0.4 mm) R 81/167 37 1,06 (0,80, 1,40)
I 85/168 39

Overatl result 0.95 {0.77, 1.18)

Aburavistions: R, refarance group; | index group; 95% CE 85% confidence Intarval,

Table 6. Anplographlc Results of Coronary Atherosclerosls Trlals: Regression of CAD

Humbar of Patiants Rate Retatire Rk
Study Gioup (Regrassion/Total} %) {95% C}
Coronary stherosclerosis trials with lipld-moditying theraples
NHLBI Type Il Triak f 4/67 7.0 .07 (0.25, 3.68)
I 4/59 88
CLAS R 2/80 2.4 8.67 (1.66, 28.80)
f 13/60 16.2
POSCH R 24/333 7.2 1.26 [0.78, 1.08}
| 331303 9.4
FATS R 645 1} 3.20 (1,34, 7.82}
haa 28/74 35
Kene at a R 4132 13 2.80 (0,94, 7.20)
f 13/40 33
STARS R 1724 4.2 8.64 {1.22, 81.0)
tinx 18/60 38
Cvarall resuit 2.93 {1.63, 2.08)
Coronsry atherosclerosis trisls with lifastyle changeas
Lifaurylo Haart Trlat R 8/19 42 1.90 (111,341}
i 18/22 82
Coronary atherosclerosis trisls with caltium antagonists
INTACT {0.4 mm} A 30/175 17 0.71{0.42, 1.19)
1 24173 12
Waters et af (0.4 mm) R 217167 13 1,47 {0.88, 2.45)
i 31/168 19
Overall result 1.02 (0.72, 1.48)

Abbreviations: R, refarence group; I, index group; 5% Cf, 95% confldence Intarval,
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Table 6. Femoral Anglographic Atheroscierosts Trials
Study Analysis Tioatmant Rumbar Duration Type of Patient
Dufftsld et el {1983}  CQuantitative and visve! R} placebo® 12 18 months  Claudicatio [ntermittans
1} dist, cholestyramine, 12 for =6 months, TC =
colasiipol, nfcolinfe 8.6 mmol/l and/or
acld* TG = 1.8 mmeol/l,
msan ags 55 yasre
Qlsson et at (1920} Visual Rj placebo; 20 18montha  Hypeilipopioteinamlia, no
I nicotinfc actd, fenofl- 23 symptoms of cardlo-
brate® vascular disesse,
TC = 9.6 mmol/L an.
dior 7@ = 3.6 mmol/L,
mosn age 52 yaars
CLAS {1991} Quantitative and visual R} placabo® 76 2yests PostCABG, TC between
i} colestipol-nlacin® n 4.8 and 9.1 mmolfL,

mesn ags 54 years

Abbrevistions: R, referanca group; |, index group; TC, total cholestero); TG, Liglycerides; number, patiants with snglogesphls

follow-up.
*Dlatary counseling,

35% (95% confidence interval, 9%, 53%). Pro-
gression of CAD measured after 3 years was
found in 41% of the control group versus 28%
of the operated group, Regression occurred in
7% versus 9% of the patients,

Brown et al*s™! reported a randomized study
in men with apolipoprotein B levels =125
mg/dL, proven CAD, and a positive family
history of vascular disease. Patients were treated
with diet and placebo (N = 27) or colestipol
(N = 20), lovastatin and colestipel (N = 38),
and nicotinic-acid and colestipol (N = 36). Pa-
tients were followed for 2.5 years. The coronary
angiograms were analyzed both visvally and

Table 7. Definitions of Progression and Regressionin
Famorsl Anglographlc Atherciclerosls Triafs
Study Dafiniden
Duffield et ol

Visual: change In plague halght

Quantitative: a positiva or negativa
change in the edge Irregularity index

A positive or négatlive changein par seg:
mant score {0, no leston; 1, single
plaque <60%; 2, more than 1 plaque
<B0%; 3, single plaque > 50%; 4,
more than ons plaque > 60%}

A positive or negative changa In overall
atharosclerosls score (the average
segment s0r9)

CLAS Progresslon: prograssion in atleast 1
sepmantno change in others

Regresalon: regression [n at laan 1 geg-
ment no changas n othars

No change: no change In a segments

In cass of mixed rasponsa; the modsl
sogmantal response was laken

Qleson at af

quantitatively.” Total cholesterol was reduced
by 30% and 19%, LDL by 38% and 25%, and
HDL was increased by 20% and 35% for the
colestipol/lovastatin and nicotinic-acid/colesti-
pol groups respectively relative to the conven-
tionally treated group. Angiographic progres-
sion was noted in 46%, 21%, and 25%, and
regression was noted in 11%, 32%, and 39% for
the placebo/colestipol, colestipol/lovastatin, and
the nicotini¢-acid/colestipo] groups, respec-
tively. Less clinical events defined as death,
acute myocardial infarction, or new refractory
ischemia requiring revascularization were ob-
served in the lipid-modified group: 10 (19%)
versus 5 (5%) (relative risk, 0.28; 95% confi-
dence interval, 0.10, 0.77),

In the trial performed by Kane ¢t al,* both
males and females with heterozygous familial
hypercholesterolemia, proven CAD, tendon xan-
thomas, LDL cholfesterol = 5.2 mmol/L, triglyc-
erides 2 3.1 mmol/L, or without tendon xantho-
mas but with a first-degree relative with
xanthomas and LDL =6.5 mmo!/L were pro-
vided with conservative treatment (N = 49} or a
combination of LDL-lowering drugs (N = 48)
in a randomized, unblinded fashion. Drugs used
were colestipol, resin, nicotinic-acid, and lovas-
tatin. Quantitative coronary analysis was per-
formed at baseline and after 2 years.” Total
cholesterol, LDL, and HDL were changed by
~23%, —37%, and 25%, respectively. Progres-
sion of CAD took place in 41% and 20% and
regression in 13% and 33% of the placebo and
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Table 8. Lipld Results of Femnoral Anglagraphle Atheroscisrosls Trials

Tetst Cholestorel LOL Cholssterol HOL Choleateret Trighycarides

Study Group B T c{%} -] T Ci%} B T e(%) B T Ci%)
Dufflald ot af R 172 7.48 3 538 613 -1 1.20 1.10 -8 310 287 -7
H 805 608 -25 5.41 38 -28 +.23 1.65 26 3.25 180 ~-46

Oleson et al R 810 800 1 674 523 -9 120 133 3 287 253 -6
I 6.88 637 -35 644 388 -40 1.47 1.81 23 2,88 1.16 -569

CLAS R 626 B09, -4 434 414 -5 1.13 113 0 1.74 1.64 -7
! 832 4862 ~27 439 248 ~44 143 165 a7 1,73 1,28 -a1

NOTE, Al valuss ara in mmol/L.

Abbreviations: R, referance group; I, Index group; B, at baseling; T, during the trial; C, parcentaga change.

the lipid-modified groups, respectively. The
mean change in percent area stenosis was
—1.53% In the conventional and 0.80% in the
lipid-modified group. After stratification for
sex, the angiographic benefit expressed in per-
cent area stenosis was statistically significant in
females but not in males, Only 1 patient, a
control group subject, had a cardiac event,

STARS* tested a lipid-lowering diet alone
and a diet in combination with cholestyramine
to neither diet or medication. In the lipid-
lowering diet, total fat intake was reduted to
2% of dietary energy. Saturated fatty acid
constituted 8% to 10% of dietary energy. Male
patients with total cholesterol levels between
6.0 and 10.0 mmol/L, without previous revascu-
larization procedure, were enrolled in a short
trial to test tolerability and responsiveness to
cholestyramine. Quantitative coronary angiogra-
phy was performed at basefine and after 3
years.” Ninety patients were recruited. Total
cholesterol levels decreased by 12% and 23%
and LDL by 13% and 33% in the diet and
diet-cholestyramine groups, respectively, HDL
remained at the same level in all treatment
groups. Progression of CAD was found in 46%
and 14% and regression in 4.2% and 36% of the
usual care and the lipid-modified groups, respec-
tively. The change in mean coronary diameter
was 0.20 mam, 0.03 mm, and 0.£0 mm in the usual
care, the diet, and the diet-cholestyramine
groups, respectively. Ten cardiac events (36%)
took place in the usual care group versus four
{8%) in the lipid-modified group (relative risk,
0.21; 95% confidence interval, 0.07, .61),

The Lifestyle Heart -Study*® investigated
whether comprehensive lifestyle changes could
influence CAD. Patients with proven CAD
were randomly assigned to either a control
group (N = 20) or to an experimental group

(N = 28) that was exposed to a low-fat vegetar-
ian diet, stress-management techniques, individ-
ually prescribed exercise, and twice-weekly (4
hours) group meetings for social support to
adhere to the treatment program. Dietary en-
ergy consisted of 10% of fat intake, of which less
than 50% was unsaturated fat. No. lipid-
modifying drugs were allowed, Angiograms were
assessed quantitatively™ at baseline and after 1
year, As an indication of overall compliance to
the proposed lifestyle changes, a total adher-
ence score was defined, This score was one if
the program was followed completely, For the
control group the adherence was 0.56 and 0.62
at baseline and after 1 year, respectively. For
the experimental group these figures were 0,55
and 1.22 indicating a more than sufficient com-
pliance. Differences between the groups in total
cholesterol, LDL, and HDL were — 19%, —31%,
and 0%, respectively. Both bleod pressure and
bodyweight decreased in the experimental group.
The frequency of anginal attacks decreased in
the experimental group (—90%) and increased
in the control group (160%). Progression and
regreession of CAD were observed in 53% and
42% and in 18% and 82% in the usual care and

Table 9. Anglographls Resutts of Femoral Atherosclerosls
Trlats: Progresslon of CAD

Humbar of
Patiants Rate  Relativa Risk
Study Group {Progisvsion/Tolall (%) {95% Ci)
Dufifald et sl R 271168 17 0.40{0.20, 0.60)
| 10/144 7
Olsson et af R 10/26 40 0.59{0.22, 1.57}
I 417 24
CLAS R 30176 40 0.70[0.44, 1.09)
| 2§77 27

Overal respit 0.87 (0.44, 1.01}

Abbreviations: R, reference group; §, Index group; 86% Cli,
5% confldence interval,




i3

VOS ET AL

Table 10. Anglographic Resuvits of Farnoral Atherosclerosts Trlats: Regrassion of CAD

Humber of Patiants Rate
Study Gioup {Regrasslon/Toul) (%} Retative Risk [$5% CJ)
Dutfisld et al R 7148 15 2,14 {0.96, 4.78)
I 16/46 33
Ofsson et al R 0/26 0 ~56%" {~74%, —-37%)
1 16/27 66
CLAS R 2176 28 1.89 {1.23, 2.91}
1 36477 52
Ovarall resuht 1.93{1.27, 2.92)

Abbraviations: R, rafarance group; §, index group; #5% CI, 5% confldance fntarvat.

*Risk diffstence.

the lifestyle changes groups, respectively. An
additional analysis®® of the coronary anglograms
also showed a beneficial effect of the lifestyle
changes on stenosis geometry, which resulted in
an increase in the theoretical stenosis flow
reserve,”

Lichtlen et al*® reported INTACT in which
the antiatherosclerotic properties of the cal-
cium antagonist nifedipine were determined,
Patients with proven mild CAD and at least one
risk factor were randomized to placebo
(N = 211) or nifedipine 80 mg/d (N = 214).
Quantitative coronary angiography was per-
formed at baseline and after 3 years,” Progres-
sion occurred in 319 and 25% and regression in
17% and 12% in the placebo and nifedipine
groups, respectively. INTACT showed a reduc-
tion in the development of new lesions, defined
as new stenosis of = 20% (103 versus 144), This
was independent of the effect of nifedipine on
blood pressure, More patients died in the nife-
dipine group (12 versus 2), and the cardiac
mortality rate was 2.4% and 0.8% per year.

Waters et al*17 studied the effect of the
calcium antagonist nicardipine on CAD. Pa-
tients with an 80% probability of coronary
atherosclerosis progression according to the
extent of CAD related to age™ were randomly
allocated in a double-blind fashion to placebo
(N = 191) or nicardipine 120 mg/d (N = 192).
Angiograms were repeated after 2 years and
analyzed quantitatively.” Progression and re-
gression of CAD were observed in 37% and
13% and in 39% and 19% in the placebo and
the nicardipine groups, respectively.

Femoral Atherosclerosis Trials

The design characteristics and lipid and angi-
ographic results are shown in Tables 6 throngh

10. Duffiefd et al**™ performed a randomized
double-blind controlled trial in patients with
symptomatic peripheral atherosclerosis. Pa-
tients were provided either usual care (N = 12)
or lipid-modifying drugs (N = 12). Femorai an-
glography was performed at baseline and after
19 months. Total cholesterol was reduced 28%,
LDL reduced 31%, and HDL increased by 34%.
Anglography was analyzed visually and quantita-
tively and reported on a segmental basis. Pro-
gression was observed in 17% and 7% and
regression in 15% and 33% in the placebo and
the lipid-modified groups, respectively.

In the trial conducted by Olsson et al*
asymptomatic hyperlipidemic middle-aged men
were treated with nicotinic-acid, fenofibrate
{N = 23), or received dietary advice (N = 20).
Angiography was assessed visually at baseline
and after 1 year. Totzal cholesterol decreased
34%, LDL decreased 31%, and HDL increased
19%, Progression and regression were observed
in 40% and 0% in the conservatively treated
group and in 24% and 29% of the lipid-modified
group.

As mentioned previously, CLAS* aiso stud-
ied the development of femoral atherosclerosis.
Design and treatment are described earlier.
The assessment of femoral atherosclerosis was
performed quantitatively.® Progression of fem-
oral atherosclerosis occurred in 40% versus
27%, and regression occurred in 28% and 52%
of the placebo~ and lipid-modified groups, re-
spectively.

Relation Between Angiographic Changes Lipid
and Nonlipid Factors

In the NHLBI type II study,® a decrease in
LDL, in total cholesterol, and an increase in
HDL were all associated with a lower rate of
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CAD progression, although the first two factors
were not independent. A decrease in LDL and
an increase in HDL, expressed in the HDL/
LDL ratio, was related to less progression of
CAD, No relation was found between the abso-
lute values of total cholesterol, LDL, and HDL
and the changes in CAD, Blankenhorn et al®
found in univariate analysis that total choles-
terol, LDL, HDL, nonHDL cholesterol (LDL
and VLDL), apolipoprotein B and C, triglycer-
ides, and diastolic blood pressure were related
to progression of CAD, After multivariate anal-
ysis, only nonHDL chdlesterol in the placebo
group and apolipoprotein C {measured in whole
serum) in the lipid-modified group were found
to be independent determinants of the global
change score. In a study on the development of
new angiographic lesions in the placebo group,#
Blankenhorn found that high age at entry and a
decrease in systolic blood pressure during the
trial were associated with a lower incidence of
new lesions. Brown et al* found that the change
in proximal stenoses was determined by the
change in apolipoprotein B or LDL, in HDL, in
systolic blood pressure, and the amount of ST
segment depression at the baseline exercise
test, Kane et al* could best predict the change
in mean percent area stenosis by the LDL level
during the trial. In the STARS trial*’ the change
In mean coronary diameter related most strongly
to the change in mean blood pressure and the
LDL/HDL ratio during the trial. Regression of
CAD was strongly related to a LDL level of
<3.5 mmol/L.

Pooled Results

For the combined coronary atherosclerosis
trials with lipid-modifying regimes, the overall
relative risk (ORR) for progression was 0.62
(95% confidence interval, 0.54,0.72) corre-
sponding with a reduction of 36%. The ORR
for regression was 2.13 (95% confidence inter-
val, 1.53, 2.98) (Fig 1). For the two studies using
a calclum antagonist, the ORR for progression
was 0,95 (95% confidence interval, 0,77, 1.18)
and for regression 1.02 (95% confidence inter-
val, 0.72, 1.46) (Fig 2). Of the three studies on
femoral atherosclerosis, only two were pooled
since the trial of Duffield et al was reportedona
segmental and not on a per paticnt basis. The
ORRs were 0.67 (95% confidence interval,
0.44, 1.01) and 1.93 {95% confidence interval,
1,27 = 292) for progression and regression,
respectively, .

Figure 3 shows the relation between the
change in HDL/LDL ratio and relative risk for
progression and regression of CAD among the
different trials. No association could be found
between these variables and changes in CAD.

Results of Other Angiographic Studies

Table 11 depicts the angiographic results of
studies that were not selected, Progression of
CAD occurred in approximately 40% to 80% of
the patients. Regression of CAD was found in
some of the observational trials but in no more
than 8% of the cases.

Progresaion Regression
—_— POSGH H— POSCH
e LAs GLAS :
—— ————
Fig1. Ralative risks forangio- FATS FATS

graphle progression and regras.
slon of CAD for sach Hpld-modiy- =t NHLELI B m— RHeBIN
Ing tedal and the oversll relative SYARS
risk. The harlzonts! bars Indicats ~ ———— BTARG + i
the $5% confidenca Interval. For
progression the portlon Wft to et Kare ot al, ——————  Kirt il
the Ine of unity Indicates a bens-
fiial sffact [reduction in progres- — Overali 8% Ch 084 0.72 — Overdll 98% Gh 153 208
slon}; for ragresston the portion
right to the line of unity Indicates . ' r v v y r I e e B L
& baneficlal affect (increass in @ 1) 1 i t 1] ] ¢ 1t a4 ed T ERHUBUUSY
regresslon). Pealative Risk with 93% Ol Petatlve Risk with 8% Ci
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Progression Regreasion
——— INTAGT —_— INTAGT
Walers ot al
—p— Waters of al - Fig 2. Relative rlsks for nglo-

Overall B5% Gk 077 LI

graphls prograssion and ragies-
slon of CAD for both calcdum
shtagonlist trlals and the overall
relative tisk. The hortzontsl bars
indicate the 95% confidence
Interval. For progression the
portion left to the line of unity
indicates & baneficisl alect (re-
ductlon in progression); for re-
grosslon the portlon right to the

Cverall 95% O Q.71 147

e o8 1 8 =z 2% o o8
Ralative Risk with 98% Ct
DISCUSSION

Angiographic Trials

The use of coronary angiography as end point
for a trial is attractive. First, it is the only
method that can actually document slowing,
arrest, or regression of CAD.2 Second, a trial
using angiography needs less patients than one
with clinical end points to yield sufficient statis-
tical power. ¥ Third, the completion time of
the study can be shorter, especially in the case
of CAD with a low clinical event rate 38
Fourth, accurate and precise measuring meth-
ods can be applied, 7684

Nevertheless, coronary angiography also has
its drawbacks. First, no data are available on
patients without an indication for coronary
angiography. Second, the assessment of the end
point is not continuous as with survival analysis
but in most cases only at two moments in time,

M‘Prwﬂﬂﬂn

o

AT MBI .

Fig3. Scatterplotofthedif-
forance In change in the HOL/) .
LDL ratio batwaean the placebo 1
and lipld-modified group and the ot
relative risk for progression and
regression of CAD, Linenrregres-
sion snalysis did not show & refa.
tion batwean lipld-modifying and

LA

Faetalive Risk with 95% C

¢t t§ 3 jyngofuntty indicates s bansficlal

sMect {incranse Inragression).

Third, coronary angiography is an invasive pro-
cedure not without risks to the patient.® Fourth,
angiographic follow-up will never be available
for all enrotled patients, Reasons for lack of
angiographic follow-up can be independent, eg,
a move or refusal for a second angiogram, but
also dependent of the patient's clinical status,
eg, death, acate myocardial infarction, or other
iliness, In the latter case this can result in an
underestimation of the rate of progression in an
observational study, Also, in a clinical trial
when a new therapy is effective, underestima-
tion of the treatment effect can occur because
more failures in the reference group than in the
index group cannot be included in the compari-
son, In such a case, the angiographic difference
wilt be smaller than the true difference between
treatments.
Angiographic trials are a logical step in the
RALFe
1. s
.
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Table 11, Anglographlc Resuits of Rejected, Bingle-Group, and Observational Studles

Numbav of Pathehis
Progiestion No Changs Regeasslon Durstion
Study Totsl {%) %) 1%} fyr Type

Cohn st al {1975} 24 16 {68) 9{31} 0 {-=} 1 Contiol

16 11 {63} 51{37) 0} Lipld-modifying
Mash et al (1982} 17 81{47) 853 o{—} 2 Control

25 3{12) 2 {68} 0i— Lipid-modifying
Nikkils ot al {1824) 13 12{92) 1(8) o) 67 Control

28 19 (68} 9432} o) Liptd-modifying
Loaldi et 8t {1980} 38 18 {47} 17 {48} 31{8} 2 Nitrates

a8 19 {53} 14 (39) 318} Mitsdiptne

39 12(31) 26 (51) 71{48) Propranalol
Hahmann et 8l (1991} 21 21 (100} 0 {—) 0{=—) 2 Control

2 10 (45} a{—} 11 {65} Liptd-modifylng
Schuler et 8 {1992) 18 8133) 11(8Y) 1(8) 1 Control

18 5 128) 8133} 7 (39) Lifestyts change
Kuo et al {1079) 28 4 {16} 21 (84} 0{—) 7 Lipld-modifying
Arntganius et al (1585} 39 21 (64) 18 {48) o{—} 2 Lipld-modifying
Gansinl o1 8l (1972} 1,263 985 {78} 226020 21{0.2) 3 Obearvational
Bemls ot al {1873} 73 38 (52} 35 {48) 0{—} 3 Obssrvaticnal
Nash et af {1977} 119 106 (89) 13 {11} 0{—} 2 Obssrvalional
Marchandiss el al {1978} 22 0 [~) 22 {100} 0{—) 3 Observations!

28 ¥ {8} 18 (74} 0 fo)
Bruschke ot al {1931) 256 144 (66} 100 {39} 12 {6} 3 Chservational
Kramer ot 8! {1982} 317 148 {47} 164 (44} 16 (6} 3 Observational
Molse at ol {1684) 313 139 {44) 162 {62} 124) 3 Chservational
Bruschie ot af {1988} 168 68 {39} 83 (52) 14 (8) 3 QObsarvationat
Onl et ol (1967} 28 1{4} 8(29) 19 {77} 3 Lipid-modifying (femoral)
Barndt et &l {1977} 25 43 (52) Ny 9 {36} H Lipld-modifying (femoral)

evaluation of a new treatment because they may
provide essential insights into the mechanisms
involved. In addition to angiographic benefit, an
intervention should also be safe and show clini-
cal benefit, even if a relation clearly exists
between the substitute end point and the clini-
cal end point,® as in the case of coronary
atherosclerosis and angina pectoris, acute myo-
cardial infarction, and sudden cardiac death.2!
Therefore, angiographic trials should be comple-
mented by studies that are [arge enough to show
clinical benefit and can provide sufficient infor-
mation about the incidence of side effects,

Limitations of Coronary Angiography

Coronary angiography provides shadow im-
ages of coronary jJumina formed by roentgen ray
absorption of contrast medium dissolved in
blood 3 Therefore, no direct information about
the arterial wall is obtained. Focal atheroscle-
rotic disease, forming a raised plague, can be
recognized from a narrowing of the contrast
column, Diffuse atherosclerotic disease results
in a continuous narrowing of the lumen that

cannot directly be identified and can only be
suspected in the case of an unusual small
epicardial vessel, Both clinical investigations®
and autopsy studies® in patients who died from
a cardiac cause have shown that diffuse athero-
sclerosis is a dominant factor as regards athero-
sclerotic involvement of the coronary arteries,%
and that up to 90% of the coronary segments
are narrowed more than 25% in the cross-
sectional area, Early stages of coronary athero-
sclerosis are accompanied by a compensatory
enlargement of the coronary vessel®% or even
an overcompensation, Only when 40% of the
internal elastic lamina area is occupied by an
atherosclerotic lesion is the lumen decreased,
This indicates the inability of coronary angiogra-
phy to detect the early stages of atherosclerosis.
Thus, it can be argued that the angiographic
definition of a new lesion®% does not exist but
is in fact an existing atherosclerotic plaque that
begins to encroach on the vessel fumen. The
assumptions about the shape of the vessel might
not be valid. The shape of the [umen at the side
of an atherosclerotic plaque cannot only be



circular but also elliptical or D-shaped,® which
can cause underestimation or overestimation of
the stenosis.

The visual Interpretation of corcnary angio-
grams is hampered by a large interobserver and
intraobserver variability.”!% Quantitative coro-
nary angiography also has sources of error® but
has a much better reproducibility and is able to
give absolute measures of coronary artery dimen-
sions.” In conclusion, coronary angiography has
specific limitations both in the assessment of
early atherosclerotic lesions and diffuse athero-
sclerosis.

End Points

Relative measures, such as percentage diame-
ter stenosis or percentage arca stenosis, are
dependent of the determination of the normal
vessel contour, This normal vessel border at the
site of a stenosis is unknown and therefore is
traced manually™ or constructed by computer
systems yielding an interpolated reference diam-
eter.™ Progression of diffuse atherosclerosis at
both sides of a stenosis, resulting in a smaller
reference diameter, may cause pseudoregres-
slon of the lesion itself (Fig 4). In contrast, the
tnean diameter (mm) of a coronary segment and
minimal diameter (mm) of an atherosclerotic
lesion are direct measurements independent of
the assumed reference diameter, Coronary anat-
omy should be evaluated by quantitative coro-
nary angiography and should provide absolute
measures of both stenosed and nonstenosed
segments of the coronary artery, thereby assess-
ing both focal and diffuse atherosclerosis as de
Feyter® recently proposed (Table 12).

Coronary Angiography, Progression of Coronary
Atherosclerosis, and Clinical Events

Observational studies with repeated coronary
angiography have shown that a long time period

Jmm 4mm
1mm
2mm
MEASUREMENTS:
DS 25
Mean width segm. (mm) 3.75
tin, tum. dlam. (mm) 3.0

Plaque area (mm.) 2.0

hmm
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between anglograms, %™ severe lesions, ¥6,78.104-106
irregular ulcerating plaques,? large extent of
CAD,™1% the presence of collaterals,?® smok-
ing,%* and an abnormal response to ergono-
vine!™ were associated with atherosclerotic dis-
ease progression including the ocecurrence of
total occlusion, However, progression was also
less often observed in angiographic normai
segments or in lesions <50%, These studies
suggested that the progression of CAD does not
occur in a linear fashion and is unpredict-
able 3 Important deawbacks in these observa-
tional studies are the retrospective nature and
the fact that repeat anglograms were performed
for clinical reasons.

Retrospective studies in patients with unsta-
ble angina pectoris’®™® and in survivors of
acute myocardial infarction™ have shown
these evenis were caused both by progression of
disease in coronary segments that were already
severely stenosed and also in coronary segments
that contained a nonsevere lesion or were angi-
ographically normal at previous angiography.
One study'"®showed that the preexisting lesions
associated with Q wave infarction appeared to
be less severe than those with non-Q wave
infaretion, An explanation might be that a
chronic severe lesion possibly protects the myo-
cardium during acute occlusion and subsequent
sudden ischemia by the already induced collat-
erals,/i%1% An important bias that invalidates
these trials is that no information is available on
patients who have died or who did not need to
undergo coronary angiography after an acute
myocardial infarction.

Endothelial dysfunction and disruption plays
an important role in the development of acute
ischemic events.’'? Angiography does not di-
rectly assess endothelial function. Some studies
reported abnormal vasomotor reactivity of angi-
ographically diseased and nondiscased coro-

Wy mm

R O s ik

2emm

3mm Fig4, ODlagram of progresslon

ANz hmm  of diffuse coronary atherosclero-

2mm sl3 tn a segment with preextsting
stencsly, Relative measurements

{D5% relative percant diamaeter

17 stenoals) suggest regression of

savartty of leslon, whereas, In
2,9 renlity, absolute measurements
2.5 {mean width, minlmalluminal gl
' ameter, and plagus 2res) show
1.0 prograssion of coronary CAD,
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Table 12, Significance of Measuremants Used to Assass Frogressfon or Regression of Coronary Athsrosclarosls
Diffuse Focat itfuse and Focal
Atheroselerosis Atharoucierois Atharosclercsls
Cotansry sagment s¢ors
Mean width per vessal sagment {mm} ++ + +4
Coronary lesion score
Absolute messurements * ++ +
Minimal fuminal diameter {mm)
Minimal cross-sectionsl area [rhm? % ++ +
Plaque area {mm?} - ++ +
Relalive stenosis measurements
Ralative paicent dismeter stanoss (%) -_— + +
Area stenocels (%) —_ + £
Functional stenosls messuremants
— + +

Delta P {inm HG)Y

NOTE. ~, not refavant; &, mode or lsss relevant; +, refevant; ++, highly refavant.

nary segments after the administration of acetyl-
choline,!!841% serotonin,'?12! and papaverine,'2
Endothelial dysfunction in angiographically noz-
mal segments may be caused by diffuse athero-
sclerosis or extraluminal atherosclerotic lesions.
Plague fissuring and its sequefae can therefore
occur in these angiographically normal seg-
ments (Fig 5). Clinical benefit from lipid-
modifying treatments may not only be mediated
through less progression of severe plaques but

also by stabilization of less severe lesions and
improvement of endothelial function as was
shown (n animal experiments, !

The Angiographic Methods Used in the Selected
Trials

The methods used for the assessment of the
coronary anatomy in the selected frials were
diverse (Table 2). The fitst investigators, belng
pioneers in the field, afl visually assessed the

dlamster
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W00% T 4
8 2

60%] 2 3
3 gels
3 H é’ 3

20% 1 al = 2518
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E| % 3 Vi Impaltad tiow

a0% £1°> =

i £ Intraluminal

. plaque
£

2081 2

40% 0% Nk anglographfoally deteatable
/ extraluminal
X pleque
ox /ll. andothellal dysfunetion
plaqus | not disensed time =

area

Fig 6. tliustratlon of the possible natural history of atheroscierotio plague progression, plaqus fissure, thrombosh, and clinlcal
coronary avents, Phase It no atherosclarotle plaque s present, the endothellal function is intect, no thrombosis will eccur. Phase i
an atherosclerotic plaque Is present, the Intarnal elastic Jamina is for x40% occupled by atheroma and dows not sncroach on the
fumen, the leslon Is not anglographically datectable, plaque fissure, thrombosis and occlusion causing unstable angina pectoris or
agute myocardisl infazction may occur, Phase lll; the internal lamine elastica is 240% occuplad by an atheroma and encroaches on
the fumen, the leslen is anglographically datectable. Phass IV: a ssvere narmowing of the lumen is present, plaque flssure,
thrombosly, occlusion causing unstable angine pactoris or acute myocardial infaretion may occur. A savere lesion might Induce
collaterals that could protect the myocard against sudden fschemia and pravents clinically overt coronary svents.



angiograms and used relative percent diameter
stenosis as the main criteria, But as knowledge
about the assessment of coronary anatomy
evolved, investigators began to use quantitative
techniques; recent trials all use this technique.

Most assessments were based on the relative
percent diameter stenosls of coronaty lesions.
The criteria used to define clinically significant
lesions on patient status change were varied
(Table 2), A criterion for lesion change applied
by several trials was > 10% in percent relative
diameter stenosis. The most recent trial, the
STARS study, used mean and minimal vessel
diameter as the primary angiographic end points,
The diversity of angiographic methods applied
illustrates that no consensus as yet exists how to
assess coronary artery changes in absolute terms,
which hampers the comparison and overview of
the trials,

Effect of Lipid-Modifying Therapy on Coronary
Anatomy

The common object in these trials was to
improve the lipid profile, They all used different
therapies to achieve such a shift, ranging from
diet and one lipid-modifying drug through mul-
titherapy to partial ileal bypass surgery. All
these treatment regimes results in substantial
reductions in total cholesterol, LDL choles-
terol, and triglycerides up to 36%, 45%, and
29%, respectively; although in some instances
an elevation of triglycerides occurred (Table 2).
Also large elevations of HDL were observed,
whereas in the POSCH and the STARS studies
HDL remained unchanged. It can be concluded

NHLB!II CLAS POSCH FATS
100% 4 B - - ; . B

80%

60%

H
40%

20%

0%~
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that the treatment regimes used were very
effective in improving the lipid profile, Pooling
of the selected trials presents evidence that
extensive beneficial changes in the lipid-profile
results in retardation, arrest of progression, or
regression of CAD, (Fig 6). In the 1,240 patients
(666, lipid-modified group; 574, control group)
a substantial reduction in the number of pa-
tients who showed progression of CAD was
noted (184 [28%] in the lipid-modified group
versus 261 [46%)] in the control group). Further-
more, a [ess substantial increase in the number
of patients who showed regression of CAD (107
{16%] in the lipid-modified group versus 40
[7%] in the control group) was found.

The absolute changes in coronary artery ste-
nosis measured were small and therefore will
have little functional importance. On the other
hand, when these changes are extrapolated to a
longer period, an important functional improve-
ment might occur. POSCH is the oniy trial that
presents data on the long-term effects of lipid-
lowering. Figure 7 shows that the angiographic
benefit is present after 3 years and remains
constant while the absolute incidence of progres-
sion increases over the years with a progression
rate of more than 85% in the contro! group and
55% in the operated group after 10 years. The
effect on regression increased up to 7 years with
6.3% in the control group and 14.4% In the
surgery groug.

Data from histological—and physical bio-
chemical studies' and epidemiological stud-

. ies* suggest that regression of CAD is mediated
"by HDL. The STARS study, however, in which

Kane STARS

Fig8. Changesin CAD in flva
coronary atherosclerosls trial
with a lipld-modifylng trestmant,
P, placsbo; LM, lipld-modifying
treatment: B, progression; [,
LM stable or mixed; 8, regrassion.
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3 years

100% - g -

Fig7. Changes overtime Inthe 40% - E
POSCH trisl Coronary snglopta-
phy was performed at 3, B, 7, and
10 years stter randomization. Num-
bers [ndicate the numbers of pa-
1lants at each tima Interval for each
treatment group. C, control group;
S, partial ifva! bypass surgery; B, 0% -
progresslon; CJ, etable or mixed;

M, regression.

20%

no change in HDL was seen, shows that regres-
sion of CAD can occur in the absence of HDL
elevation,

Effect of Diet and Lifesiyle Changes on Coronary
Anatomy

The Lifestyle Heart Study and the STARS
trial provide data on the effect of lifestyle
changes and diet on CAD, In the former a
combination of diet, daily exercise, and stress
management techniques resulted in a substan-
tial improvement of blood lipids, a reduction of
anginal complaints, and a 60% reduction in
progression of CAD and a twofold increase of
regression. In the latter a lipid lowering-diet
only was responsible for the largest angio-
graphic benefit: change in mean coronary artery
diameter 0,03 mm versus 0.20 mm in the control
group. No difference was seen between the 2
intervention groups in categorical progression
or regression of CAD and clinical events. The
CLAS investigators studied the relation be-
tween diet and the occurrence of new lesions in
their placebo group.!™ Progression of CAD was
associated with a higher consumption of total-
and polyunsaturated fat, Patients who compen-
sated for the lower saturated fat intake, pre-
scribed by the diet, by increasing protein intake
instead of consuming more polyunsaturated fat,
had the lowest risk of developing new atheroscle-
rotic lesions. In the uncontrolled Leiden Inter-
vention Trial,® a vegetarian diet was associated
with a reduction in body-weight, systolic blood
pressure, and total cholesterol, Progression of

5 years

CAD was stopped in 18 of 39 patients and was
related to the total cholesterol/HDL ratlo.

The Coronary Atherosclerosis Trials with
Caleium Channel Blockade

The two studies by Lichtlen ¢t al, and Waters
et al. had similar study designs. Both trials
recruited patients with mild to moderate CAD,
treated with either placebo or a dihydropyridine
calcium antagonist, The analyses of the coro-
nary angiograms were performed with the same
quantitative system (CAAS). The pooled re-
sults are therefore a precise estimate of the
effect of these agents on CAD. Both studies
failed to demonstrate an overall effect of cal-
cium channef blockade on progression or regres-
sion of CAD. On a segmental level little effect
was found on angiographically new- or minimal
lesions. INTACT showed a reduction in the
occurrence of angiographically new lesions. Ina
secondary analysis, Waters et al. found less
progression of lzsions less then 209 diameter
stenosis, In the trial by Waters this effect was
refated to a lowering of blood pressure. The
number of cardiac events and deaths were
larger in the calcium antagonist groups. Thus,
although animal studies have shown antiathero-
sclerotic properties of several calcium antago-
nists,'” no clear benefit of these agents on
overall progression of CAD is found in men.

The Femoral Atherosclerosis Trials

The epldemiology of femoral atherosclerosis
may be different from that of coronary athero-




sclerosis. The most important risk factors re-
ported are age, pack-years of cigarettes, systolic
blood pressure, plasma glucose and obesity.
However, the relation between blood fipids and
femoral atherosclerosis is inconsistent. Studies
showing both an association'®# or a lack of
association'® have been reported. Results from
pathologle studies suggest the structure of the
femoral atherosclerotic plagque may be different
from coronary lesions being predominantly fibro-
proliferative and containing iittle lipid. 13

Until now only 3 controlled trials, of which 2
were randomized, with a total of 220 patients
have been carried out, Different types of pa-
tients were tecruited in these trials: patients
with symptomatic femoral atherosclerosis, with
hyperlipoproteinemia, and patients post-CABG.
All trials showed that a lipid-modifying treat-
ment resulted in a reduction of progression of
femoral atherosclerosis and an increase of re-
gression,

Generalization of Results

We selected 5 trials testing the lipid hypothe-
sis on coronary atherosclerosis. The kinds of
patients enrolled were different, the lipid-
modifying treatments varled, different methods
of coronary analysis were used and different
coronary endpoints were employed. All were
secondary prevention irials in patients with
elevated blood lipids, with proven CAD, who
underwent coronary bypass surgery or who had
previously suffered from an acute myocardial
infarétion. The treatments ranged from mono-
therapy, combination therapy to accomplish a
minimal Ieve! of lipid-lowering, to abdominal
surgery, and extremely demanding lifestyle
changes. This may have consequences for large
scale use since patient compliance will be diffi-
cult to maintain and treatments will be expen-
Sive.
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CONCLUSION

The 2 trials testing calcium channel blockade
showed no beneficial effect on preexisting ath-
erosclerotic plaques, but this treatment may
have an effect on the development of anglo-
graphically new lesions, The increased number
of clinical events in the calcium antagonist
groups emphasizes that safety of an interven-
tion should be taken into account.

The results of several lipid-medifying trials
with different designs were pooled. This quanti-
tative overview will, therefore, be hampered by
the heterogeneity of these studies. Intensive
lipid-modifying treatment in patients with high
levels of plasma cholesterol with moderate to
severe CAD and at relatively high risk for
cardiac events, resulted in large reductions in
total cholesterol and elevations of HDL. This
was assoclated with slowing or arrest of progres-
sion of CAD in a substantial number of patients
(27% versus 46%) and an increase in the
incidence of regression of CAD in relatively few
patients (17% versus 7%). However, the in-
duced angiographic changes are relatively small
and exert only minimal effects on the functionai
significance of lesions. One should however

- bear in mind that, aparnt from the POSCH trial,

the interventions were maintained only I to 3
years, These effects may be cumulative and
functional more impressive if extended for a
much larger time period. However, these trial
also show that, although patients are submitted
to extensive treatment regimes, progression does
occur in 14% to 39% after 3 years and 55% after
10 years indicating that lipid-modifying therapy
may not be effective in a large number of
patients. The 3 femora! atherosclerosis trials
showed, although epidemiological data give no
clear picture of the risk factors involved, that
lipid-modifying treatment may also be benefi-
cial for femoral atherosclerosis.

REFERENCES

1. Lopez AD: Causes of death: An assessment of global
patterns of mortality around 1985, World Health Stat Q
43:.91-104, 1990

2. Gofman JW, Lindgren F, Elliot H, ¢t al: The role of
lipids and lipoproteins in atherosclerosis, Science 111:166-
186, 1950

3, Rosenman RH, Friedman M, Strauss R, et al: A
predictive study of coronary heart discase: The Western
Collaborative Group Study, JAMA 18%:15-22, 1964

4, Truett J, Comfield J, Kannel W: A multivariate
analysis of the risk of coronary heart diseass in Framing-
ham, J Chronic Dis 30;511-524, 1967

5, Kannel WB, Castelti WP, Gordon T, et al: Serum
cholesterol, lipoproteins, and the risk of coronary heart
disease: The Framingham Study. Ann Intern Med 74:1-42,
1971

6. The Pooling Project Research Group: Relationship of
bload pressure, serum cholesterol, smoking habit, retative



22

RETARDATION/ARREST OF PROGRESSION OR REGRESSION OF CAD

welght and ECG abnormalities to the incidence of major
coronary events: Final report of the Pooling Project. J
Chronic Dis 31:201-306, 1978

7. Multiple Risk Factor Intervention Triaf Research
Group: Multiple Risk Factor Intervention Trial: Risk facior
changes and mortality results. JAMA 248:1465-1477, 1982

8. World Health Organization Collaborative Group: Mul-
tifactoriaf frial In the prevention of coronary disease: 3,
Incidence and montality results. Bur Heart J 4:141-147, 1983

9. Lipids Research Clinics Program: The Lipld Research
Clinics Coronary Primary Prevention Triat sesults: 1. Redue-
tion in incldence of coronary heart dis¢ase. JAMA 251:351-
364, 1984

10. Frick MH, Elo O, Haapa K, et al: Helsinki Heart
Study: Primary-prevention {rial with gemfibrozil in middle-
aged men with dyslipldemia. Safety of treatment, changes in
risk faclors, and incidence of coronary heart disease. N Engt
I Med 317:1237-1244, 1987

11. Coronary Drug Project Research Group: Clofibrate
and niacin in coronary heari disease. JAMA 231:360.381,
1975

12. Muldoon MF, Manuck 8B, Malthews KA: Lowering
cholestero! concentrations and mortality: A quantitative
review of primary prevention trials. Br Med J 30£:309-314,
1990

13. Holme I: An analysis of randomized trials evaluating
the effect of cholesterel reduction on tots! mortality and
coronary heart disease incidence. Circulation 82:1916-1924,
1990

4, Clarkson TB, Bond MG, Bullock BC, et ak: A siudy of
atheroscleresis regression in macaca mulatta, Exp Mot
Pathol 41:96-118, 1984

15, Wissler RW, Vesselinovitch D: Can atherosclerotic
plagues regress? Anatomle and biochemical evidence from
nonhuran aniral models. Am J Cardiol 65:33F-40F, 1990
(suppt F)

16. Malinow MR: Experimental models of atherosclero-
sis regrassion. Atherosclerosis 48:105.118, 1983

17. Henry PD; Calclum antagonisls as antiatherogenic
agents. Ann N 'Y Acad Sci 522:411-419, 1988

18. Serruys PW, Rutsch W, Heyndrioxk GR, et al: Preven-
tion of restenosis after percutancous transluminal coronary
angioplasty wilh thromboxane Asreceptor blockade: A
randomized, double-blind, placebo-controlled trial. Circufa-
tion 84:1568-1580, 1991

19. DeWood MA, Spores J, Notske, ¢t al: Prevalence of
tota! coronary occlusion during the early hours of transmu-
ral myocardial infarction. N Engl J Med 303:897-902, 1980

20. Davies MJ, Thomas AC: Plaque fissuring—the cause
of acute myocardial infarction, sudden ischaemic death, and
crescendo angina, Br Heart J 53:363-373, 1985

2. Fuster F, Badimon L, Cohen M, ¢l al: Insights into
the pathogenesis of acute ischemic syndromes, Circulation
77:1213-1220, 1988

22. Fuster V, Badimon L, Badimon JJ, ¢t al: The patho-
genesis of coronery artery disease and the acute coronary
syndromes, (Firsl of two paris). N Engl J Med 326:242-250,
1992

23, Fuster V, Badimon L, Badimon JJ, et al: The patho-
genesis of coronary ariery disease and the acute coronary

syndromes. (Second of two paris). N Eagl J Med 326:242-
250, 1992

24. de Peyter PI, Serruys PW, Davies MJ, ¢t al: Quantita-
tive coronary anglography to measure progression and
regression of coronary atherosclerosls: value, Limitations,
and implications for clinical trisls. Circulation 84:412-423,
1991

25, Ost CR, Stenson §: Regression of peripheral athero-
sclerosls during therapy with high deses of nicotinie acld.
Clin Lab Invest 99:241-245, 1967 (supp!)

26. Gensinl GG, Kelly AE: Incldence and progression of
cotonary arery disease, An anglographic correlation in
1263 patients, Arch Intern Med 129:814-827, 1972

27, Bemis CE, Gorlin R, Kemp HC, et al: Progression of
coronary arlery dis¢ase. A clinical arteriographic afudy,
Circulation 47:455-464, 1973

28, Rosch J, Antonovic R, Trenouth RS, et él: The
naturet histery of coronary artery stenosis, A fongitudinal
anglographic assessment, Radlology 119:513-520, 1976

29, Nash DT, Gensini G, Simon H, ¢t al: The Erysichton
Syndrome. Progression of coronary atherosclerosis and
dietary hyperlipidemia. Circulation 56:363.365, 1977

30. Blankenhorn DH, Brooks SH, Selzer RJ, ¢t al: The
rate of atherosclerosis change during treatment of hyperlipo-
protelnemis. Clrculation 57:355-360, 1978

31, Marchandise B, Bourassa MG, Chaitman BR, ¢t al:
Anglographic evaluation of the natural history of normal
coronary arteries and mild coronary atherosclerosls, Am J
Cardiol 41;216-220, 1978

32. Kuo PT, Hayase K, Kostis 1B, et al: Use of combined
diet and colestipo! in long-term (7-71 years) treatment of
patients with type H hyperlipoproteinemia, Circulation
59:199-211, 1979

33, ShubC, Viietstra RE, Smith HC, et al: The unpredict-
able progression of symptomaltic coronary artery discase. A
serial clinlcal-angiographic analysis. Mayo Clin Pro¢ 56:455-
160, 1981

34, Kramer JR, Matsuda Y, Mulligan JC, et al: Progres-
sion of coronary atherosclerosls. Circulation 63:519-523,
1981

35. Kramer JR, Kitazume H, Proudfit WL, et al: Progres-
sion and regression of coronary atherosclerosis: Relation to
risk factors. Am Heart J 105:134-144, 1982

36. Bruschke AVG, Wijers TS, Kolsters W, et al: The
anatomic evolution of coronary artery disease demonstrated
by coronary angiography in 256 nonoperated palients.
Circulation 63:527-536, 1981

37. Singh RN: Progression of coronary atherosclerosis.
Clues to pathogenesis from serial coronary arteriography,
Br Heart J 52:451-461, 1984

38. Amtzenius AC, Kromhout D, Barth JD, et al: Diet,
lipoproteins and the progression of coronary atherosclero-
sis. The Leiden Intervention-Trlal. New Engl J Med
312:807-811, 1985

39, Bruschke AVQG, Kramer JR, Bal ET, et al: The
dynamics of progression of coronary atherosclerosis studied
in 168 medically ireated patients who underwent coronary
arteriography three times, Am Heart J 117:206-305, 198%

40. Hwang MH, Meadows WR, Palac RT, et al: Progres-
sion of native coronary artery disease at 10 years. Insights




from a randomized study of medical versus surglcal therapy
for angina, J Am Coll Cardiot 16:1066-1070, 1990

41, Blankenhorn DH: Atherosclerosis regression in hu.
mans. Atherosclerosis Rev 21:151-157, 1990

42. Brensike JF, Levy RI, Kelsey SF, et al: Effects of
therapy with cholestyramine on progression of corenary
artcriosclerosis: resulis of the NHLBI Type Ii Coronary
Intervention Study. Circulation 69:313-324, 1984

43, Blankenhorn DH, Nessim SA, Johnson RL, et al:
Beneficial effects of combined colestipol-niacin therapy on
ooronary atherosclerosis and coronary venous bypass grafis,
JAMA 257:3233-3340, 1987

44, Buchwald H, Varco RL, Matts JP, et al; Effect of
partial lleal bypass surgery on mortallty and morbidity from
coronasry heart disease in patients-with hypercholesterol
emia, Report of the Program on the Surgicat Control of the
Hyperlipedemias (POSCH). New Engl J Med 323:945.955,
1990

45, Brown G, Albers 1J, Fisches LD, et al; Regression of
coronary artery disease a5 a result of intensive lipid lowering
therapy in men with high levels of apotipoprotein B, New
Engl J Med 323:1289-1298, 1990

46, Kane JP, Malloy MJ, Ports TA, et al: Regression of
coronary atherosclerouls during treatment of familial hyper-
cholesterolemia with combined drug regimes. JAMA 264:
3007-3012, 1990

47, Watts GF, Lewis B, Brunt JNH, ¢t al: Effects on
coronary artery discase of lipid-lowering diet, or diet plus
cholestyramine, in the St Thomas' atherosclerosls regres-
sion study (STARS). Lancet 339:563-569, 1992

48. Omish D, Brown SE, Schwerwitz LW, ¢! al: Can
lifestyle changes reverse coronary heart disease? Lancet
336:129-133, 1990

49, Gould KL, Omish D, Kike¢ide R, et al: Improved
stenosls geometry by quantitative coronary arteriography
after vigorous risk factor modification. Am J Cardiot 69:345.
853,1992

50. Lichtlen PR, Hugenholtz PG, Rafflenbeul W, et al:
Relardation of anglographic progression of coronary artery
disease by nifedipine. Results of the International Nife-
dipine Trlal on Antiatherosclerotic Therapy (INTACT),
Lancet 335:1109-1113, 19%0

51, Waters D, Lespérance J, Francelich M, <t al; A
conirotled clinfcal Irial to assess the effect of a calclum
channe! blocker on the progression of coronary atheroscle.
rosis. Circulation 82:1940-1953, 1990

52. Duffield RGM, Lewis B, Miller NE, et al: Treatment
of hyperlipldaemia retards progression of symptomatic
femoral atherosclerosis. Lancet 2:639-642, 1983

53, Olsson AG, Ruhn G, Erikson U: The effect of serum
lipid regulation on the development of femoral atherosclero-
sis in hyperlipidaemia; A non randomized controlied study.
J Intern Med 227:381-390, 1990

54, Blankephomn DH, Azen SP, Crawford DW, et al:
Effects of colestipol-niacin therapy on human femoral
atherosclerosis. Circulation 83:438-447, 1991

55. Cohn K, Sakai FJ, Langsten MF: Effect of clofibrate
on progression of coronary disease: A prospective angio-
graphic study In man. Am Heart J 8%:591-598, 1975

56, Nash DT, Gensini G, Esente P: Effect of lipid-
lowering therapy on the progression of coronary atheroscle-

23

VOS ET AL

rosis assessed by scheduled repetitive coronary anglogra-
phy. Int J Cardiol 2:43-55, 1952

57, Nikklld BA, Vilkinkoski P, Valle M, et al; Prevention
of progression of coronary atherosclerosis by treatment of
hyperlipidaemia: A seven year prospeciive angiographic
study, Br Med J 289:220-223, 1984

58, Loaldi A, Montorsi P, Da Cesare N, ¢t al: Compari-
son of nifedipine, propranclol and isosorbide dinfirate on
angiographie progréssion and regression of coronary arte-
rial narrowings In angina pectoris. Am J Cardiol 64:433-449,
1989

59. Hahmsnn HW, Bunte T, Hellwig N, ¢t al; Progres-
slon and regression of minor coronary arierial narrowings
by quantitative anglography afier fenofibrate therapy, Am J
Cardiol 67:957-961, 1991

60, Schuler G, Hambrecht R, Schlierf G, et al: Myocar-
dial perfusion and regression of coronary arlery diseass in
palients on a regimen of intensive physical exercise and low
fat diet. J Am Coll Cardiol 19:34-42, 1992

61, Kicinbaum DG, Kupper LL, Morgenstern H: Epide-
miologic research. Principles and quantltative methods.
New York, NY, Von Nostrand Reinhold, 1982

62. SAS Users Guide: Statistics, Cary, NC, SAS Institute
In¢, 1985

63. Klelnbaum DG, Kupper LL: Applied Regression
Analysis and Other Multivarisbie Methods. Duxbury, North
Scituate, MA, 1978

64, Brensike JP, Kelsey SF, Passamani ER, et al; Na.
tional heart lung and blood Institute type 11 coronary
intervention study; Design, methods, and baseline character-
istics. Controlled Clin Trials 3:91-111, 1982

65. Blankenhorn DH, Johnson RL, Nesslm SA, etal: The
cholestera} lowering atherosclerosls study (CLAS). Con-
trolted Clin Trials 8:354-387, 1987

66, Azen 5P, Cashin-Hempill L, Pagods J, et al: Evalua-
tlon of human panellists {n assessing coronary alherosclero-
sis, Arterioscler Thromb 11:385.3%4, 1991

67. Cashin-Hempill, Mack WJ, Pogoda JM, et al; Benefi-
clat effects of colestipot-niacin on coronary atherosclerosis,
A 4-year follow-up, JAMA 264:3013-3017, 1990

68, Buchwald H, Maltts JP, Fitch LL, et ak; Program on
the surgicat control of the hyperlipidemias (POSCH): De-
sign and methodology, J Clin Epldemiol 42:1111-1127, 1989

69. Maits JP, Buchwald H, Fitch L1, et al: Program on
the surgicat control of the hyperlipidemias (POSCH): Pa-
tient entyy characteristics. Controlled Clin Trials 12:314-
339,191

70. Buchwald H, Moore RB, Varco RL: Surgical treat-
ment of hyperlipidemia. Circulation 29:713-720, 1964

71. Brown BG, Adams WA, Albers JA, ¢t al: Quantiia.
tive arterlography in coronary intervention frials: Rationale,
study design, and lipid response in the University of
Washington Famillal Atherosclerosis Study {FATS), Patho-
biolagy of the Human Atherosclerotie Plague. Lendon,
Springer-Verlag, 1990

72, Brown BG, Bolson E, Frimer M, et al: Quantitative
coronary angiography: Estimation of dimensions, hemody-
namic resisiance, and atheroma mass of coronary arlery
lesions using the arterfogram and digital computation,
Circulation 55:329.337, 1977

73. Brunt JNH: Design implementation, validation and



24

RETARDATION/ARREST OF PROGRESSION OR REGRESSION OF CAD

uze of a system for quantilative coronary angiography. Third
International Symposium on Coronary Arterlography, Rol-
terdam, The Netherlands, 1989, p 32 (abatr)

74. Gould KI: Identifylng and messuring severity of
coronary sriery stenosls, Quantitative coronary arteriogra-
phy and positron emission tomography, Circulation 78:237.
245, 1988

75. Gould KL, Kirkeelde RL, Buchi M: Coronary Aow
resetve as a physiologic measure of slenosis severity. J Am
Coll Cardiol 15:459-574, 1990

76. Reibar JHC, Serruys PW, Kooljman JC, e1 al: Assesy-
ment of short., medium- and long-term varlations of in
arterind dimensions from computer assisted quantitation of
coronary cineanglograms, Circulation 71:280-288, 1985

77, Waters D, Freedman D, Lesperance [, e1 al: Design
features of a controlled clinical trial to assess the effect of a
calelum entry blocker upon the progression of coronary
artery disease, Controlled Clin Trials 8:216-242, 1987

78. Moise A, Théroux P, Taeymans Y, et al: Clinical and
anglographic factors assoclated with progression of coro-
nary artery disease. J Am Coll Cardiol 8:216-242, 1984

79, Duffield RGM, Miller NE, Jamieson CW, et al: A
confrolied trial of plasma lipld reduction In peripheral
atherosclerosis—An interim report. Br J Surg 69:53.55, 1982
(supp!)

80. Levy RI, Brensike JF, Epstein SE, ct al; The infiu-
ence of changes in lipld values induced by cholestyramine
and diet on progression of coronary artery disease: Results
of the NHLBI type 11 coronary Intervention study, Circula-
tion 69:325-337, 1984

81, Blankenhorn DH, Alaupovic P, Wickham B, ¢ al
Prediction of angiographic change in native human coro-
nary arteries and aorloceronary bypass grafts, Lipid and
nonlipid factors. Circitlalion 81:470-476, 1990

82, Mack WJ, Blankenhorn DH: Faclors influencing the
formation of new humsan coronary lesions: Age, blood
pressure and blood cholesterol. Am J Public Health 81:1180-
1184, 1991

83, Brooks SH, Blankenhorn DH, Chin HP, ¢t al: Design
of human atherosclerosis sludles by serial angiography, J
Chronic Dis 33:347-357, 1980

84, BEliis S, Sanders W, Goulet C, et al: Oplimal deteclion
of coronary artery disease: Comparison of methods suitable
for risk factor intervention trials. Circulation 74:1235.1242,
1986

85. Selzer RH, Hagerty C, Azen SP, et al: Precislon and
reproducibility of quantitative coronary angiography with
applications to controlted clinical trials. J Clin Invest 83:520-
526, 1989

86. Prentice RL: Surrogate endpoints in clinical triafs:
Definilion and operalional criferia. Stat Med 8:431-440,
1989

87. Wiltes J, Lakatos E: Surrogate crdpoints in clinical
Lrials: Cardiovascular disease. Stat Med 8:414-425, 1989

88. Braunwald EE: Heart Disease: A Textbook of Cardio-
vascular Medicine. Philadelphia, PA, Saunders, {938

89. Gensini GG: Coronary Arteriography. Mount Kisco,
NY, Fulura, 1975

90. McPherson DD, Hiratzka LF, Lamberth WC, et al:
Delinealion of the extent of coronary atherosclerosis by

high-frequency epicardial echocardiography, N Engl J Med
316:304-309, 1957

91, Roberis WC: Diffuse extent of coronary atherosclero-
sls in fatal coronary artery disease. Am J Cardio} 65:1P-6F,
1990 (supp! F)

92, Marcus ML, Harrison G, White CW, &t al: Assess.
[ng the physlologic significance of coronary obsiructions in
patients: Importance of diffuse undetected atherosclerosis,
Prog Cardiovasc Ds 31:39-56, 1988

93. GlagovS, Weisenberg E, Zarins CK, et al: Compensa-
tory enlargement of human atherosclerotic coronary arter-
ies, N Engl J Med 316:1371-1375, 1987

94, Zarins CK, Weissenberg E, Koleitis G, et al: Differen-
tial enlargement of artery segments in response to enfarging
atherosclerotic plaques. J Vase Surg 7:386-394, 1988

95, Stiel GM, Siiel LSG, Schofer J, et al: Impact of
compensatory enfargement of atherosclerotic coronary arter-
ies on angiographic assessment-of coronary heart disease,
Circulation 80:1603-1609, 1989

96. McPherson DD, Sirna 83, Hiratzka LF, et al: Coro-
nary arlerial yemodeling studied by high-frequency eplear-
dial echocardiography: An early compensatory mechanism
in patients with obstruclive coronary atheroselerosis. J Am
Coll Cardiel 17:79-86, 1991

97. Davies MJ, Krikler DM, Katz D: Atherosclerosis:
Inhibilion or regression as therapeutle possibilllies. Br
Heart J 65:302-310, 1991

98. McPherson DD, Johnson MR, Alvarez NM, et al;
Variable morphology of coronary atherosclerosls: Character-
izatlon of atherosclerolic plague and residual arterial fumen
size and shape by eplcardial echocardiography. J Am Coll
Cardiol 19:593-599, 1992

99. Petre KM, Weight E, Murphy ML, et al: Obsarver
agreement In evalualing coronary anglograms. Circulation
52:979-985, 1975

100, Zir LM, Miller SW, Binsmore RE, et al: Interob-
server variabilily in coronary angiography. Circulation 53:
627-632, 1916

101, De Rouen TA, Murray JA, Owen W: Variability in
the analysis of coronary anglograms. Circulation 55:324-328,
1977

102. Beauman G, Vogel RA! Accuracy of individual and
panelvisual interpretations of coronary anteriograms: Impli-
cations for clini¢al decisions. J Am Coll Cardiol 16:108-113,
1990

103. Fleming RM, Kirkeelde RL, Smalling RW, et al:
Patterns in visual interpretation of coronary angiograms as
detected by quantitative coronary arteriography, J Am Coll
Cardiol 18:945-951, 1991

104. Halon DA, Sapoznikoy D, Gotsman MS, et ak: Can
total coronary occlusion be predicted from a previous
coranary arteriogram? Catheterization and cardiovascular
diagnosis, 11:455-462, 1985

105, Blsset JK, Ngo WL, Wyeth RP, et al: Angiographic
progression to iolal coronary occlusion in hyperlipldemic
patients after acute myocardiat infarclion. Am J Cardiot
66:1293-1207, 1990

106. Faeymans Y, Théroux P, Lespérance J, et ak: Quan-
titative angiographlc morphology of the coronary artery
lestons at risk of Lhrombotic occlusion. Circulation 85:78-85,
1992




107. Nobuyoshi M, Tanaka M, Nosaka H, et al: Progres-
ston of coronary atherosclerosis: Is coronsry spasm refated
to progression? J Am Coll Cardiol 18:904-910, 1991

108. Molse A, Théroux P, Taemans Y, et al: Unslable
angina and progression of coronary atheresclerosis. N Engl
¥ Med 369:685-689, 1983

109. Ambrose JA, Winters SL, Arora RR, ¢t al; Anglo-
graphic evolution of coronary artery morphology in unstable
angina. J Am Coll Cardiel 7:472-478, 1986

110. Ambrose JA, Tannénbaum MA, Alexopoulos D, et
al: Angiographie progression of coronary artery disease and
the development of myocardial infarclion. J Am Colt
Cardiol 12:56-62, 1988

111, Little WC, Constantinescu M, Applegate RJ, et al:
Can coronary anglography predict the site of a subsequent
myocardial infarction in patients with mild-to-moderate
coronary artery disease? Circulation 78:1157-1166, 1988

112, Hackett D, Davies G, Maseri A: Pre-existing coro-
nary stenoses in patients wilh first myocardial infatction are
not necessarily severe. Bur Heart J 9:1317-1323, 1988

113. Hacketlt D, Vervilghen J, Davies G, et al: Coronary
stenoses before and after acule myocardial infarction, AmJ
Cardiol 63:1517-1518, 198%

114, Giroud D, Li JM, Urban P, ¢t al: Relation of the site
of acute myocardial infarction to the most severe coronary
arterial stenoais at prior anglography. Am J Cardiol 69;729-
732, 1992

115. Hansen JF: Coronary collateral circulation: Clinfeal
significance and influence on survival-in patients with
coronary artery occlusion. Am Heart J §17:260-295, 1989

116, Sasayama S, Fujita M: Recent insights into coronary
collateral circulation, Circulation 85:1197-1204, 1992

17, Furchgott RF, Zawadzki JV: The opligatory role of
endothelial cells in the relaxation of arterial smooth muscle
by achelylcholine. Nature 288:373-376, 1980

118, Ludmer PL, Selwyn AP, Shook TL, et al: Paradoxi-
cal vasoconstriction induced by acetylcholine in atheroscle-
rolic coronary asteries. N Engl J Med 315:1046-1051, 1986

119, Vita J, Treasure CB, Nabel EG, et al: Coronary
vasomotor response to acetyleoline relates to risk factors for
coronary artery disease, Circulation 81:491.497, 1990

120. Golino P, Pisclone F, Willerson JT, et al: Divergent

25
VOS ET AL

effecis of serotonin on coronary-ariery dimensions and
blood flow in patienls with coronary atherosclerosis and
control patients. N Engl J Med 324:641-648, 1991

121, McFadden EP, Clarcke JO, Davies GJ, et al: Bifect
of Intraporenary serotonin on coronary vessels in pallents
with stable and patlents with variant angina. N Engl J Med
324:648-654, 1994

122, Gaglione A, Hess OM, Felder L, et al: Effect of
papavering and exerclse on proximal and distal coronary
arteries, Coronary Artery Diseaste 2:433-441, 1991

123, Hartison DG, Armstrong ML, Frelman PC, el al:
Restoration of endolhelium.dependent relaxation by di-
etary treatment of atherosclerosis. J Clin Invest 80:1808-
1811, 1987

124, Small DM: Progression and regression of atheroscle-
rotic fesfons. Insights from llpld physicat blochemisiry.
Arteriosclerosls 8:103-129, 1988

125, Blankenhorn DH, Johnson RL, Mack WJ, e al: The
inftuence of dict on the appearance of new lesions in human
coronary arteries. JAMA 263:1646-1652, 1950

126. Criqui M, Browner D, Fronek A, et al: Peripheral
arterial disease in large vessels is epidemlologically distinct
from small vessel disease, An analysls of risk factors. Am J
Epidemiol 129:1110-1119, 1989

127, Reunanen A, Takkunen H, Aroma A: Prevalence of
intermittent claudication and its effect on mortality, Acta
Med Scand 211:249-256, 1982

128. Kannel WB, McGee DL: Update on sonte epidem]-
ologle features of intermitlent claudication. The Framing-
ham study. J Am Gerialr Soc 33:13-18, 1985

129. Powkes FOR, Housley E, Riemersma RA, ef al
Smoking, lipids, glucose intolerance, and blood pressure as
risk factors for peripheral atherosclerosis compared with
ischemic hearl diseass in the Edinburgh artery study, Am J
Epidemiol 135:331-340, 1932

130, Hugson WG, Mann JI, Garrod A: Intermittent
claudication prevalence and risk faclors. Br Med J 1:1379
1381, 1978

131. Ress R, Wight TN, Strandness E, ¢t al: Cell constilu-
tion and characteristics of advanced lesions of superficial
femoral artery. Am J Pathol 114:79-93, 1984






Chapter 3

EFFECT OF SIMVASTATIN ON CORONARY ATHEROMA:
THE MULTICENTRE ANTI-ATHEROMA STUDY (MAAS)



28

Effect of simvastatin on coronary atheroma: the Muliticentre

Antl-Atheroma Study (MAAS)

MAAS Investigators®
Summary Introduction
It has yet to be established whether substantial reduction of  Several randomised contrelled triels*™® show that

plasma lipids wiil lead to ratardation, and to what extent and
how quickly, of diffuse and focal coronary atheroma.

The Multicentre Anti-Atheroma Study (MAAS) is a
randomised deuble-blind clinical tial of 384 patients with
coronary heart disease assigned to treatment with diet and
elther simvastatin 20 mg dally or placebo for 4 years, Patlents
on simvastatin had a 23% reduction in serum cholasterol, &
31% reduction in fow-density lipoprotein cholesterol, and a 9%
Increasa In high-density lipoprotein cholesterol compared with
placabo over 4 years, Quantitative coronary anglography was
done atbasaline, and after 2 and 4 yaars, 167 patlents (89%)
on placebo and 178 {92%) on simvastatin had baseline and
follow-up englograms. In the placebo group there were
reductions in mean lumen dlameter (~0-08 mm} and in
minimum lumen dlameter (—0-13 mm). Treatment effects
wera +0-06 (98%Ci0-02100-10) and +0:08 mm{0-03to
0-14) for mean and minimum lumen dlameter, respectively
{combined p=0-008), Patients on placebo had snlicreasein
maan diameter stencsls of 3-6% and the treatment effect of
simvastatin was — 2:6% { — 4-4 to —0-8). Treatment eflects
ware obsarved regardless of dlamaeter stenosls at baseline, On
a per-patient basls, englographic progression occurred less
often in the simvastatin group, 41 versus 54 patients; and
regression was more frequent, 33 versus 20 patlents
{combined p=0-02}, Significantly more new leslons and new
total cccluslona developad in the placebo gicup, 48 veraus 28,
and 18 versus B, respectlvaly, There was no difference in
clinical outcome. The numbers of patients who died or had a
myocardlal Inferotion were 18 and 14 In the placebo and
slmvastatln groups, respectivaly. In the placebo group more
patients underwent coronary angloplasty or re-vascularisation,
34 versus 23 on simvastatin.

Tha tria} showed that 20 mg simyastatin dally over 4 years
reduces hyperipidaemia and stows progression of diffuse and
focal coronary atherosclerosts,

Lancet 1994; 844; 633-38

*Mormbars are lsted at the end of the report.

to: Prof M F Oliver, Clinical Epldemiology,
Hational Heart and tung Institute, London SW3 6LY, UK

progression of coronary atheroms can be slowed by
treatment of hypercholesteroleemlia, with a combined
relative risk for progression compared with controls of
0:62,'* However, the number in whom atheromas actually
regressed has been small and the regression slight, The
cffects of regression on coronary blood flow and myocardial
perfuslon, and the clinical relevance of angiographic
changes are unclear. Most trials showed the greatest
tegression in atheroma obstructing more than 50%, of the
arterial lumen;!? others reported that smaller obstructions
also responded,®? or claimed that the maln effect of
reducing cholesterol is prevention of new lesions.!®

The Multicenter Anti-Atheroma  Study (MAAS),
Involving 11 centres in Burope, began a trial in £987, when
there were few angiographic studies in progress, to study
the effects on coronary atheroma of reducing lipoprotein
concentrations with simvastatin relative to placebo, in
petients with moderate hypercholesterolemia and known
coronary artery disease. Inorder to assess the time course of
anglographic changes, patients had 2 baseline and wo
fotlow-up anglograms over & 4-year period.

Patlents and methods

Trial design
Design, baseline charscteristics, randomisation and other
procedures have been described,’ Patients undergoing routine
coronary anglography were selected in 11 participating centres.
Incluslon and exciuslon criterin are shown {n 1abie 1, Patients veere
mintained ona tipid-lowering diet according to the practice of the
cenire. In some centees, patients were seen regularly by & dietitian;
In others, diet-counselling was given by the investigetor. In
addition, 20 mg slmvastatin or matching plecebe, once a day
immedistely before the evening mesl, was prescribed.
Randomistion was steatified for clintcand for co-treatment with
antpluteletsgents andfor anticoagutants, Compliance was assessed
by tablet count. Other medications, except for lipid-lowering
drugs, were permived, Neither the investigetors nor the patients
were Informed about serum cholesterol or other lipld levels.
Special procedures were udopted to adjust medication without
breaking the double blinding for patients with total cholestero!
tevels outside the ngreed range.?

Upld measuraments

Patients were asked to fase before blood sampling. Patient selection
wis based on local lipid measurements, Two additional basetine
and s}l follow-up meaturements of toral cholestero!, high-denshy
{ipoprotein (HDL) cholesterol, triglycerides, and apo-lipoprotein
Al end B were done by standardised methodst1 gt the MAAS
lipid reference laboratory in Rotterdam, Netherlands, Low-
denulty tHpoprotein (LDL)} cholesterol was celculated with the
Priedewsld formute.?* Lipoprotein {a) was measured yaarly by the
Medlcal Research Council llpoprotein team, Hammersmith
Hosplial, London, UK, with enzyme-linked immunosorbent sasay
(Tint Blize, Biopool, Umed, Sweden).



Coronary anglography and quantitative analysls

Coronary anglography was done sccording to standards required
for quantitative analyals, before medication was started and after
2 and 4 years, At the anglographlc reference laboratory, all
anglograms wese assessed by two members of the anglography
committee who selected the coronary segments sultable for
quantitative analysis, frrespective of the presence of leslons, The
intentlon was to enalyse 3 proximat segments In the right coronary
artery, 3-4 In the circumflex, and 3 in the left anterior degcending
and {eft main stem. This required adequate filling with contrant
medium of each segment, aeceplable film contrmat, and no overlap
or forethortening. The qualifylng anglogram was eccepted only if
ot least 5 segments were analysed ecoording to the protocol,
otherwise the patieat wat excluded. At follow-up, ail segments that
matched the qualifying sngiognem were analyzed. Segments
surgically dilated before randomisation were excluded, Ifa patient
underwent coronary artery bypuss grafilng (CABG) during the
trial, the pre-CABG angiogram was uied for the fing) analysis.
When a patlent underwent percutaneous trensfuminal coronary
wngloplasty (PTCA) before the end of the trial, the pre-FTCA
projections of the dilated segment were used for comparion
between baseline and follow-up; if no pre-PTCA projections were
wvailable, the segments dilated were not Included in the finel
analysls.

Cuuntitative enalyses were done by the computer-asalited
Cardlovascular Angiogrephy Anslysls System (CAASY® (which
allows messurements of dismeters in mitlimetres of  coronery
segments™) without knowtedge of trial medication. Por esch segment
the mean lumen dlameter (mm) for anglogriphically disexsed
segments {diameter stenosls 2 20%), the minimum lumen diameter,
reference diemeter, and diumeter stencsls (%) were measured.
Segments that were patent st baseline but oochuded st follow-up were
soored: mean and minimum lumen dismeter=0 mm, diemeter
stenosis=100%,. Segments distal to any subsequent ooclusion were
not incorpotated, In the absence of & 4-yeer anglogram, 2-year
angiographlc measurements were carried forward.

Two mein efficacy varlables were defined?™': diffuse cotonary
atherosclerosly, the per-patient average of mean lumen dlameters
{mm}of all coronary segments; and focal coronary atheroscleronis,
the per-patient average of minimum lumen diameters (myn) of all
segments that were angiogriphically stheromatous at baseline, at
follow-up, or at both, The per-patient average of the dlameter
stenosis (%) of all anglographically discased segments Is slso
reportad. Table 2 thows definitions of 1eslons and respontes.
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Analysis

Sample size caleulation was based on reproducibility data for the
CAAS-system.® With SD =659, of the long-term change in
dismeter stenoals (the original primery cfficacy variadle), 110
patients per group would enable detection of an absolute difference
between treatment groups 0 3-29 In change dndlameter stenosisat
s two-aided significance level of 0-05 with a power of 095, Toallow
for an anticipated lons 1o anglographic foilow-up of one-third, the
tria] was planned te include 350 patients. Stratification for clinie
and for co-treatment with antiplatelet agents and anticoagulants {s
disregarded n this analysis.

Continuous varisbles are presented as means and SDy
categorical variables a8 numbers and percentages; and lipld
changes gs the difference between each patient’s mean lipld
concentration over all avaitable follow-up measurements and the
mezn of their two bateline measurements. Treatment effects are
given 21 the differences between the weaument groups in mean
within-patient changes between bastline and follow-up and aze
reported as point estmates with 95% CI, For pre-ipecified
comparitons of continuious cutcomes between tréatment groups,
unpalred ¢ tests were done, The overall significance of the effecton
the two muin anglographic efficacy variables wis determined by a
combined test statlstic.®? Segment-bated anglographic analyses
were done unadjusted (considering each segment a3 & 3¢ prrate unjt
of information); and adjusted, (accounting for within-patient
assoclitions between multiple measurements by multl-level
modelling).* For categorical outoomen, rate ratios and 95% Cl are
reported and x* tests done as appropiiate, Forall hypotheslstests, a
two-sided p<0-05 was considered significant, Angiographic
outcomnes were analysed in all eligible patients with anglographle
follow-up, irrespective of trinl weatment compliance. Other
efficacy and safety analyses were analysed aecording to intention-
to-treat.

Inftially, no interim analysis was planned but after 2 years the
Independent Bvgluatlon Committee recommended  that trial
medication should not be 1topped snd another anglogram should
be done after & further 2 years, as there wis no evidence for &
positive effect of treatment (either combined p-value for the two
main anglographle efflcacy varlables of <001 with p<0-05 for et
least one main varfable, or & <0-01 for at least one co-maln
variable), The blinding of the trial was maintalned.

Results

From March, 1988, to Qctober, 1989, 404 patients were
randomised. ‘The last follow-up angiogram was in
November, 1993, 23 patients were excluded (21 had a
baseline anglogram of insufficient quality, 1 hed a baseline
angiogram more than 6 months before randomisation, and 1
hed diabetes), Of these, 12 were randomised to placebo and
11 to simvastatin; nene died or had a myocardial infarction
during the 4-year follow-up.
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Talble 3: Batdline chivactoristics

Of 381 cligible randomised patients, {193 simvastatin,
188 placebo), 278 (144 simvastatin, 134 placebo) were on
medication after 4 years, Baseline characteristics at
randomisation are shown in table 3. The treatment groups
were well balanced,

The effects of simvastatin on serum lipids are shown in
table 4 and figure 1. Compared with placebo, the
simvastatin group had a mean reduction in serum total
cholestezo! of 23% or 1-42 mmof/mL (- 1-55 to —{-29)
within } month, There wasreductionof LDL by 3195 (—29
to = 35). There was also a reduction in apolipoprotein B of
289% (—30-8 to ~ 251} in the simvastatin group compared
to placebo, but no difference in apolipoprotein-Al (+2-6%
{— 1310 6-5)) or lipoprotein {a) (+12:1% [~ 10:7 to 34-9]}.
There was no Interaction between baseline LDL
cholesterol and angiographic treatment effects. There was
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Figure 1: Total cholesterol, LOL cholesterol, HDL cholenterod,
and tridglycerides for placebo and simvastatin groups dutlng
4-yeur lollow-up

Means and 95% Cl. Nurnbers of patients below horizontal axes.

no significant correlation between the extemt of LDL
chunge and the extent of change in minimum lumen
diameter. Details wiil be reported elsewhere.

36 patients (21 simyastatin, 15 placebo) had no second
angiogram; 5 due (o death, the others mainty unwilling to
continue, 345 had a final anglogram {276 at 4 years, 69 at 2
years), and 272 had baseline, 2-year and 4-year angiograms,
For 22 patients having P'T'CA before 4 years, pre-PTCA
segments were substituted in either the 2-year or d-year
angiogram. For |3 patients undergoing CABG, pre-
procedure angiograms were considered to be the final ones.

In the 345 patients with a final angiogram (167 placebo
and 178 simvastatin), 5260 matched projections were
analysed of 2678 coronary segments, of which 1555 were
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Tabie 5: Changes and treatmant effscts In quantitative coronsry sagiographlo messuremonts over 4 yoars

angfographically diseased. The effects of simvastatin on the
angiographic findings are shown in table 5, Simvastatin had
a treatment effect of +0-06 mm on mean lumen diameter
and of +0-08 mm on minimum lumen dlameter.
Combining these two co-primary cfftcacy parametersintoa
pre-defined single test statistic?#? yielded a significant
difference between simvastatin and placebo (p=0-006), An
anelysis based only on patlents who were on trial
medication at the final anglogram ylelded similar resulss,

There were 129 patients in the placebo and 143 in the
simvastatin groups with matched angiograms at bas¢line,
after 2 years, and after 4 years, Figure 2 shows mean
anglogeaphic changes at 2 years and 4 years compared with
baseline, All anglogrephic measures showed similar
patterns which are consistent with gradual progression In
the placebo group and gradual divergence between the
placebo and simvastatin, groups with time. The resuits for
segments with different degrees of stenosis at baseline are
shown In table 6, The treatment ¢ffect on both mean and
minimum lumen diameter was greater in segments with
diameter stenosis of 509, or more at baseline, An analysis
adjusted for multiple measurements per patient gave the
same results,

Table 6 thows that a smaller proportion of patients in the
slmvastatin group progressed and a higher proportion
regressed compared to placebo (combined p=0-02),
Analysis of the interactlon between clgarette smoking,
simvastatin, and anglographic treatment effects will be the
subject of a future report, Categories of never smoked,
ex-smokers, and current smokers all benefited from
simvastatin, Most patients (111 placebo and 106
simvastatin) were cx-smokers and in these the treatment
effects were largest. The benefit was least evidentin current
smokers, who formed a minority {less than 25%) of both
treatment groups, Adjusting for smoking hed no significant
effect on the estimated overall treatment effect.

Clinical events during follow-up {table 7}are reported on
an intention-to-treat basis. Of the cardiac deaths and
myocardial infarctions, §1 (3 placcbo, B simvastatin}
occurred within 2 years of randomisaticn and 11 (5 placebo,
6 simvastatin) occurred after 2 years. None of the
differences between groups were statistlcally significant, 9
patients in the simvastatin group and 16 in the placebo
group discontinued tecatment because of adverse events.

There were no more adverse ophthalmologieal effects in
patients treated with simvastatin compared with those on
placebo, No patient in the simvastatin group had myopathy
or clinically relevant elevation of transaminases.

Defining progression for all randomised patients teking
inte account cardiac events and interventions (cardiac death
ormyocardial infarction, PTCA or CABG in the absence of
angiographic follow-up) there was 73 patients randomised

w00 Simyastatin
== Placabo

PP
caprappapapannape RIS }

D45 T T

Maean lumen diameter
0.054

mm ¢

0,051

0,10

Minimum lumen dlameter
0,05

mm 04
0.054
0.104
.15
0.20- ¥ T

T.

]

Dlameter stenosls

.....z,,_..

T st

""'“'"'"'"\Trr‘—‘......—_.........‘Tnn

%aséﬂm 2 y;m 4 y\;ars
Figure 2: Changes In quantiative anglographle

measurements for 272 patients (120 placebe, 143
simyastatin} with matchad anglograms at bassline, 2, and 4
years

Maana and 95% G4,



32

Plasby $ereastatia
% A%
Clabifieson pa pathat®
Pograsser 54 {323} 41{23-0)
[ 21128) £0{5-6}
Stbls 12{43-1} 94152-9)
Regresscr 20{120) 33169
Toted 187 178
Ciabsifeation pol sigmiat
Horrifisaasd # baselng w kbow-up 848{498) 104{5L-4)
Dissased st bossiing 603{48-5) 840{48-8)
Disaasad at folow ug 620(48-3) 638{4a-4}
Tolal 1304 1374
Lesicn
Progressiont s2{d-0) 43(31)
Hew 483 28(2:9)
b 506(389) 543398}
Regression 3019} 5{18)
Dissppeaced 24{1-9) 9 {11}

Horrciseased = dameter Hanoshs <20%

FMantal Heenzet " e rand n 3 categerus: o= 002,

1This Wacudes 18 #0d 8 nowrlotH ociugions n the placebo 8nd simvzslatin rovps
Pesoactively,

Table 8: Classification of segments and patients betwean basaline and
final snglogram

Placabs Serrasiotin
(h=183) [{EE
Dt 1n 4
Cordiae 4 4
Sudden {eausd unknoen) i ¢
Othir £ausas* ] 4
Myoracdal nferetion 7 11
Fatal by 2 1
Honvtatat bt 3 %
Suspatied Ml 2 1
1T ] 18 8
For ymglonms 12 &
Salha 4 3
FicA 2 15
For gymploms 14 12
Eative L 3
CABS & PTCA 3 X]
Hopital sdmisaion bot mnstable g1 ginsf 18 15
Futhoats with ¢ beaed 00d of i siova 1] 40
[ )

*AUys Fuptuce, Eancer {ovary), ancar [hng), Cande [matastatit), pancreatitls with saptic

shoik, comglicated chidecytactomy.

11 patient {simvastatin} had tvo ron-detaf infarcts.

§5 patients (2 placedo, 3 simvastating had mors than cna PTCA

§E2 patiants {8 praceto, T o ) I racen than o bspitel sdemdssion for unstable

Teble T: Clinkeal svents durdng 4-your follow-up

to placebo and 53 to simvastatin who experlenced clinical
andfor angiographic progression (rate ratio: 971 [0:53 to
0-95)),

Dilscusslon

The MAAS triat, with repeated follow-up angiography,
allowed assessment of the rate of change in coronary
atherosclerosis over time. The trial showed that simvastatin
20 mg daily led to improvements in diffuse and focal
coronary atherosclerosis. This was associated with more
regression and less progression of {esions, although most
patients showed no subatantial change, Fewer new lesions
and occlusions developed in the simvastatin group.
Simvastatin produced no'significant side-effects or adverse
reactions, It achieved an alteration in lipid profile with
reductions of total cholesterol LDL, triglycerides,

apolipoprotein-B, and an increase in HDL, which were
malntalaed throughout follow-up.

The reduction of atherosclerosis in the treatment group
was small, with an effect on mean flumen diameter of +0-06
mm and on minimum lumen diameter of +0-08 mm,
consistent with two other long-term (trials, In the
Monitored Atherosclerosis Progression Study (MARS)
telal* of 2 vyears duration, lovastatin lowered LDL
cholesterol by a mean of 38%, with & non-significant
difference of 003 mm in minimum lumen diamerter
between treatment and contro! groups, For a reduction of
fumen of 509, or more at baseline, a significant treatment
effect of +9-17 mm was found, Regression was twice as
frequent in the lovastatin patients. The Canadian Coronary
Atherosclerosis Intervention Trial (CCAIT),!® also of
lovastatin over 2 years, showed a 29% reduction in LDI.
cholestero! and a significant relative improvement of 0-04
mm in minimum lumen diameter. In that trial, the greatest
benefit was in the smallest lesions, Progression eccurred in
33% of lovastatin patlents and 50%, of controls, and new
lesions developed In 14%, and 30%, respectively.

These trials indicate that reduction of atherogenic
lipopreteins by a statin slows atherogenesls, MAAS
examined the ¢ffect of statin treatment on angiographically
non-diseased segments and diseased segments. The
magnitude of progression and treatment effect in the
non-diseased segments were similar to those in the mildly
and moderately diseased segments, Indicating that both
anglographically discased and non-discased segments
benefit from lowering of serum lipids, although, as in
MARS, the treatment effect was greatest in segments with s
diameter stenosis of 50%, or more, The smalter Pamilial
Atherosclerosis Treatment Study (FATS)* (colestipolf
nigeln  or colestipolflovastatin) and St Thomas
Atheroscleroals Regression Study {STARS)®
(cholestyramine/diet) trials atso showed a greater effect on
lesions of 50%, stenosls or more,

MARS and CCAET urlals showed no significant changes
in clinical events, In MAAS there were no non-cardiac
deaths in the simvastatin group but more coronacy evenls
occurred in this group during the first 2 years. However,
none of these trials was designed as a clinical event study and
lacked statistieal power to detect a difference in
cardlovascular ¢vents, There are no resules available from the
large current long-term controted trials of the use of statins
in prdmary or secondary prevention. The Program On
Surgical Control of Hyperlipidaemias (POSCH) study?® of
the effects of ileal bypass surgery showed greater effects on
retardation of coronary atherosclerosis over 97 years, and a
significant reduction in coronary mortality and morbidity,?*

To what extent an improvement of 2:5% in diameter
stenosis Is fikely to reduce risk of thrombotic occlusion is
not known,* although the prevention of new lesions, seen
in our study and in CCAIT, may be particularly impartant
since lesions that rupture and icad 1o thrombotic occlusion
are often lipld-rich and with a fine fibrous ¢ap.’™" There s
evidence that such changes eventually have ¢linical benefit:
the angiographic pattern of disease is a risk factor for future
clinicet events;®® the results of the POSCH study;?3* and
fong-term primary prevention triafs of other lipid-lowering
agents, 3 which showed significant reductions in
coronary events after 5-6 years.*

The results of this trial show that reducing atherogenic
lipoproteins in blood is associated with slowing of the
atherosclerotic process and that these benefits shown by
sngiography accumulate over time, .




Wrlting Commitiae, M R Qliver, P ] de Feyter, J Lubsen, 3 Pocock,

M Simoons

Steering Committeo. M £ Oliver (Chalrmen), K, Rechmann, § Delaye,

H Brosnuelvion, M Kaltenbach, | H Kingme, ¥ Legrand, W Rafflenbeut,
W Rutsch, M L Simoony, [ Stock, G B 'Thempson.

Investigalors, number of patlents, participating centras. M L Simoont,

J P M Saclman, | W Deckers (69), Uhoraxcentee, Brasmu Unlveralcy,
Roteerdam, Netherlandy) T H Kingme, M Queee, A J Six,

P H M J Yermeers (31), Sint Antonlus Hospital, Nicuwegeln,
Netherdands; H Emanuelison, K Selin, O Wiklund (4), Sthigrensks
Hoaplesl, Gothenburg, Sweden; G R Thompien, G Davies, V Mahee (39),
Humeersmith Hesplial, London, UK; K Bachmann, K Reyaen {33),
Unlversitit Brlangen-Nimberg, Erlangen, Germany; V Legeand,

C Martinez {31), Tour de Soins Nornitux, G.H,U, Sant-Tilman, Llige,
Belgium; H Schmutzler, W Rutich, | Bowt (28) Feele Unlversitdt Berlin,
Klinikam Rudelf Virchow-Charlottenburg, Berlin, Germeny;

M Kaltenbach, W Schnelder, B R Winketmann (29), Abt fir Kardielogle,
Johann Wolfgung Goethe. Univecslidr, Frankfure am Main, Germany;

1 Stogh, J ten Kate (25), Drechisteden Ziekenhuls, Dordrecht,
Netherlands; W Raffienbeul, P Nikutte (21), Klinlkum der Medizinlschen
Hachschule, Abs Qe Kardlalogle, Hannever, Geemany; ] Dehy,

M P Mathlzu-Mualln (16}, Hapiial Casdlo-Vassulaine ¢1 Pneumologique
Louls Pradel, Lyon, France,

Anglography commitiee, P J de Peytes (Chulrman), J Vou, Rowerdam;
¥V Legrand, Lidge; K Selin, Gothenburg.

Lpld ¢ommittes. G | M Boerma (Chalrman); H Bmasuslison,

G R Thempson.

Clinicad events committee, § Meyer, M P Oliver, R A Vogel.
Eveluation commiltee. G de Backer, ] Meyer, S Pocock, R A Vogel,

Anglography referénca taboratory. J Yoi, D Amo, J Pameijee,
L Rodenburg, Cardislysis BV, Rotterdsm, NL.
Upld reference laboraliry, G | M Boerma, Depatiment of Clinleal
Chemlstey, University Hospliat Dijizigy, Rotterdam, NL.
Statistical enalysls. § Pocock, P Seed {London).
Trial coordinating cantr, SOCAR SA, Givrins (CH). | M Dumont,
J Lubsen, P Jonkern, Xue-Feng Suckow, P § van Dilen,
Suudy sporisored by Merck Sharp & Dohme Research Laboratogies,
Rahway, New fersey, USA; and Brugsels, Belgium (A Swedny,
W Malbeeq, L Hirsch, M Mekino).

References

£ Levy RI, Brensike J, Bpatein SB, et al, ‘The influence od lipid vajues
Induced by cholestyramine end diet on progression of coronary artery
disease: requles of the NHLBI type 13 coronary intervention siudy,
Cireularion 1984; §%: 325-37.

2 Blankenhorn DH, Newsim SA, Johnson RL, et al. Beneficls] effects of
combined colestipol-niscin therapy on coronsry niheroscterosis and
coronary venout bypass grafor. FTAMA 1987; 257: 323340,

3 Buchwald H, Yarco RL, Maute JP, et al, Bffcct of partixt fleal bypass
surgery on mortality and marbldity from coronary heset disease in
patlenty with hypeecholerierolembs: report of the Progrem on the
Surgical Conteod of the Hypenilpidemian (POSCH). N Bxgl 7 Aed
1990; 3231 9456-55.

4 Omlth D, Brown SB, Scherwitz LW, et o, Can lifeutyle changes
reverte coronary heart discase? Lancal 199G; 3361 12933,

3 Blankenhom DH, Johnton RD, Mack W), Bl Zein HA, Vailas L1 The
infuence of diet on the sppearance of new leslons in human coronery
anerier. FAMA 1990; 263 1646-52.

6 Brown G, Albecs J], Bishee LD, Schalfer SM, et al. Regresgion of
corontey antery distase as a result of intensive lipid-lowering therapy
in men with high levels of apotipoprotein-B. N Hngl ¥ Med 1990; 123
1289-98.

7 Rane JP, Malloy MJ, Ports TA, et al. Regréstion of coroniry

h Terosia during ¢ of famillal hypercholesterolomis with
combined drug regimeny, JAM A 1990; 2641 3007-12,

8 Waits GF, Lewis B, Brunt JNH, ¢t sl Bilects on corontry actery
dliease of lipld-loweting diet, or dict plus cholestyraming, In the St
‘Thomus Atherosclerosls Regrenlon Study (STARS). Lancur 1992;
333156349,

33

9 Blankenhorn DH, Azen SP, Kramsch DM, et a). Coronary
anglographic changes with lovastatin therapy: the monitered
atherotclerodls cegression study (MARS), dnn Inters Mied 1993 11
969-76,

t0 Waters D, Higginson 1., Gladstone P, et al. Bffects of monotherapy
with sn HMQ CoA reductase inhibitor on the progression of coronary
atheroiclecosls as snsessed by serial quantitative arterlography: the
Candien Coronury Atherorclerortis fntervention Trial, Circulation
1994; 831 539-48,

tH Vos ], de Feyter P}, Simoons ML, Tijssen JOP, Deckers IW.
Retardation and areest of progression or regresslon of cotonary artety
ditente: a review. Prop Cardiovase Dy 1993; 351 435-34.

12 Blankenhormn DH, Hodly HN. Arterlal Imaging end aiherosclerosis
revaesal, drivricicler Thromb 19943 20 171-92,

13 Dumont JM and the MAAS Research Group, Bifect of chetesterol
reduction by timvastatin ont progrestion of coronacy atheroslerosis.
Gonrred Clén Trinls 1993; £41209-24,

14 Myers GL, Coopes OR, Winn CL, Smith L8], ‘The ecatecs for discare
control Nationat Heart f.ung and Blood Insiiue Lipld
Standirdization Program. Clin Labd Med 1989; 9: 105-33,

15 Bocema GFM, Jensen AP, Jansen RTP, Leijnse B, Van Suik R.
Minimizing Interluboratory variatlon in routine susty of serum
cholerterol through the use of serum calibrators. Ciin Chem 198630
94347,

16 Kawermann R, Jaworck D, Mlles G, ¢t al. Multicenter study of 1 new
enzymatic method of cholesteral deteemination, ¥ Clin Chim Giin
Biochem 1984; 321 245-51,

17 Wamick GR, Nguyen P, Albers )), Comparison of Improved
precipltation methods for quantitailon of the high density Hpoprotein
choleaeerol. Citn Cheme 1983; 311 217-24,

18 Bucolo G, David H, Quantitative determination of s¢rum triglycerides
by use of enzymies. Clin Chem 1973; 190 475-82.

19 Feledewald WT, Levy RI, Fredrickson DS, Buimation of plasma
low-density lipoprotein cholestere] without the use of the preparative
ulirecentrifuge. Clin Ghem 19725 181 499502,

20 Relber JHC, Seceuys PW, Kooljmao JC, ¢t al. Assesament of shoit-,
medium- and long-term variatlony In seeeriat dimensions feom
computer asslited quantitation of coronary cineangiograms. Cirewlation
1985; 111 280-88.

21 de Peyter Pf, Scrruys PW, Davies M3, ¢t ab, Quantliative ¢orenasy
anglography to messure progeesslon and regrersion of coranary
atherosclerans: vatue, imitatlons, and implications for ¢linleal trialy,
Crreulation 19915 841 41223,

22 Pocock 5], Geller NL, Tsiatly AA. The analysis of multiple endpolnts
in clinical urlaly, Biometrics 1987; 43 487-93.

23 Proser R, Rasbash |, Golditeln H, ML3 Software for three-level
anatysls, Univeesity of London, Instituce of Bducatlon, London: 1991,

24 Oliver MF. Coronacy atheroma regrossion trialy. Laneer 1992 339¢
1241,

25 Buchwald H, Campos CT, Boen JR, et o), Dlseasc-free inteeval
anrcasments after partlel ileal bypais In coronucy heart disease patients,
J Ames Qolt Cardicl 1694; 231 389A.

26 Ollver MP, Perspective of winhs of cegrention of coronary
atheroscleroaly. Cardivraie Ritk Factors 19921 11 2438,

27 Fuster V, Badimon §J, Badimen L. Clinical-pathological correlationy
of coronary distase progression and regresslon, Circularion 1992; 86
Cwupphy HITE-1112.

28 Davies M]. A macro und mlcco view of coroniry vascular inult in
fschaemic hears direase, Cirawlarion 1990; 42 (suppl 11): 3846,

29 Bruschke AYG, Vin der Well EB, Manger Caza V. ‘The natural history -
of anglographlcally demonsirated coronacy antery disSase, Eur Heant
£992; 13 {suppl H): 70-75.

30 Report from Committee of Peincipal Investigators, A cooperative trial
in the primacy preventlon of ischaemic heart diseare using clofibrate,
Br Heare J 1918, 401 1069-118.

31 Lipid Research Clinles Coronary Prevention {einl, JAMA 1984; 251t
351-74,

32 Prick MH, Blo O, Heaps K, ¢t o), Hellnki Heart Stedy: primary
preveation trlal with gemfibrozil Inmiddle-aged men with
dyslipklasamia, & Brgl J &ed 1997; 1170 123745,

33 Hotme I Relation of coronry hedrt disease incidence and total
moriality to plisma cholesterol reduction In randomited trislyz use of
mata-gralyils, Br Heart § 1993; 651 342-50.

CORRECTION

Effect of simvastatin on coronary atheroma—In fgure | of the arigle by
MAAS [nvettigaiont (3 Sept, p 633, the indicuton for placebo and
slmvastatln weee incomect. Placebo 1 represented by open circles
connected by solid Hnes and simvastatin by fMlled clrcles connecied by
interrupred lines.







Chapter 4

EVOLUTION OF CORONARY ATHEROSCLEROSIS IN
PATIENTS WITH MILD CORONARY ARTERY DISEASE
STUDIED BY SERIAL QUANTITATIVE CORONARY
ANGIOGRAPHY AT 2 AND 4 YEARS FOLLOW-UP
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Fvolution of corvonary atherosclerosis in patients with wild coro-
nary artery disease studied by serial quantitative coronary angi-
ography at 2 and 4 years follow-up

Jeroen Vos, Pim J. de Feyter, J. Herre Kingma, Hakan Emanuelsson, Victor Legrand,
Bernbard R. Winkelmann, Jean-Maurice Dumont, Maarten L. Simoons, and the
Multicenter Anti-Atheroma Study (MAAS) fnivestigators.

Thoraxcenter, University Hospital Dijkzigt, Erasmus University, Rotterdam, The
Netherlands (JV, PJF, MLS), Sint Antonius Hospital, Nieuwegein, The Netherlands
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ABSTRACT
AIMS Anglographic studies on the natural course of both focal and diffuse
coronary atherosclerosis have not been performed. Quantitative coronary
angiography allows to assess both. The objective of this stidy was to describe the
natural course of focal and diffise coronary atherosclerosis over time. METHODS
AND RESULTS In 129 patients with mild coronary artery disease not orn lipid-
lowering medication, three coronary angiograms were made each two years apart.
965 angiographically diseased and non-diseased segmenis were anafyzed by
quantitative coronary angtography. Mean liumen diameter and minimal linmen
diameter were tsed as measures of diffiise and focal coronary atherosclerosis.
Mean lumen diameter and minimum honen diameter decreased by 0.02 and
0.03 mm per year. The rate of progression was simiiar in the angiograpbically
non-diseased, as in the mildly and moderately diseased segmentis. Progression of
diffuse coronary atherosclerosis was langest in severely stenosed lesions (percetage
dicimeler stenosis = 50%) and in the right coronary arfery with a loss of 0.19 mm
and 0.16 mm in mean fiumen diameler. Progression of focal disease was most
prominent in new and mild lesions and the right coronary artery with a decrease
in minimum lumen diameler of 0.34 mm and 0.22 mm. I most subgroups
progression occurred gradually over time, On a per segment fevel progression and
the occurrence of new lesions occurred in 4.4% and 4.2%. Kegression and
disappearance of a lesions was found in 2,3% and 1.9%. On a per patient level
36% were progressors, 12% had a mixed responise, 36% were stable, and 16% were
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regressors. CONCLUSIONS Diffuse and focal coronary atherosclerosis progressed
at the same rate u the first and second two years in stenosed and non-stenosed
segments. The rate of coronary atherosclerosis progression was small and was
higher for focal than for diffuse disease. A minority of lesions progressed and

SPOIIANeOUS Yegression was rare.

INTRODUCTION

Several prospective studies on the
angiographic course of coronary
atherosclerosis using quantitative coronary
angilography (QCA) have been published,
but none of these included three angio-
grams,”"* The majority of these studies fo-
cused on changes of lesions and only few
assessed changes in angiographically non-
diseased coronary segments.®™™*" Four
other studies’™™ applied serial coronary
angiography (three or more angiograms)
allowing description of angiographic chan-
ges over time. In thiee of these investiga-
tions, however, the coronmy angiograms
were assessed visually, We performed a
prospective  quantitative cotonary angio-
graphic study with three serial coronary
angiograms over four years time, in patients
with mild o moderate coronary artery dis-
ease not treated by lipid-lowering drugs or
revascularization procedures. We assessed
the angiographic evolution of diffuse and
focal coronaty atherosclerosis in non-ste-
nosed (angiographically normab) and ste-
nosed coronary segimets.

METHODS

Patienis

The patients constituted the placebo
group of an angiographic trial comparing
simvastatin 20 mg daily with placebo,
MAAS (Multicentre Anti-Atheroma Study),
which was described and reported else-
where.”® Both male and female patients
were enroled from 11 clinics in 6 Buro-
pean countries with at least 2 coronary
segments visibly involved with athero-
sclerosis at angiography, but not requir-
ing a revascularization procedure. Pa-
tients were in stable clinical condition.
Total cholesterol was between 5.5 and
8.0 mmol/l. Triglycerides were below 4
mmol/l. No lipid-lowering drugs were
allowed. All patients were followed for 4
years. Clinical events, death, myocardial
pectoris,
percutaneous coronary
angioplasty (PTCA) and coronary bypass
surgery (CABG), were evaluated centrally
by a clinical events committee.

infarction, unstable angina

transluminal

Coronary Angiography and Quantitative
Coronary Analysis

Coronary angiography was performed
according to standards for quantitative
analysis at baseline and after 2 and 4
years. Prior to angiography patienis re-
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ceived 5 mg isosorbide dinitrate sub-
lingually to induce standardized vasodila-
tion. In each projection the catheter tip
not filled with contrast medium was
filmed and sent with the angiogram to
the QCA core laboratory for calibration.
All relevant aspects of the angiography
procedure (sequence of injections, pro-
jections, angulation and rotation, type
and size of the catheters) were recorded
on a case report form to enable exact
repetition of the procedure at 2 and 4
year follow-up. Analyses of the angfo-
grams were performed centrally in a QCA
core laboratory using the Coronary Angi-
ography Analysis System (CAAS).”' From
the baseline angiograms orthogonal
projections of 11 large proximal coronary
segments both angiographically diseased
and non-diseased were selected.”” Right
coronary artery: proximal (1), mid (2),
distal (3); left main coronary artery (5)
teft anterior descending artery: proximal
(6), mid (7), distal (8); left circumflex
artery: proximal (11), obtuse marginal
(12), distal (13), posterior lateral (14).*
Totally occluded segments and segments
that previously underwent percutanecus
transluminal coronary angioplasty were
not included in the baseline selection,
When a PTCA was performed, the pre-
PTCA analysis of dilated coronary seg-
ment was used at 2 and 4 your as appro-
priate. If no pre-PTCA analysis was pres-
ent, the segment was excluded. For all
segments mean lumen diameter (mm)
and segment length (mm) were calcu-
lated. Furthermore, minimum lumen
diameter (mm) and percentage diameter

stenosis (%) were estimated for all angio-
graphicaily discased segments. In the
subgroup of segments with a narrowing
of at least 20% in a projection in all three
angiograms, additional stenosis parame-
ters were computed: interpolated refer-
ence or normal vessel diameter (mm),
stenosis length (mm), and plaque area
(mm*) which is calculated as the area
between the interpolated normal vessel
cotttour constructed by the computer and
the measured vessel contour at the site of
a stenosis.”’ The plaque area represents
the longitudinal cross sectional area of
the plague that encroaches on the vessel
lumen. The available multiple matched
projections were used for the assessment
of change over time.” In the present
study only the most severe stenosis in a
segment was taken into account. New
occlusions at 2 and 4 year follow-up
were assigned a mean and minimum
tumen diameter of 0 mm and a percent-
age diameter stenosis of 100%.

Angtographic Definitions

The mean lumen diameter of all seg-
ments was interpreted as measure of
diffuse coronary atherosclerosis and the
minimum lumen diameter of stenosed
segments as the primary measure of focal
atherosclerosis.” A negative change in
diameter is a decrease of vessel lumen
and therefore indicates progression of
atherosclerosis. A segment was consid-
eredd angiographically diseased when
there was a percentage diameter stenosis
> 20% at baseline or at follow-up. Pro-
gression was delined as an increase 2
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regression as a decrease of > 15%. At
follow-up segments were classified as (1)
non-diseased, (2) new lesion, (3) stable
lesion, {4} progressed lesion, (5) re-
gressed lesion, (6) disappeared lesion.
From this classification of segments,
patients were classified as (1) progressor:
at least 1 segment progressed, (2) mixed
responcier: both progressed and re-
gressed segments, (3) stable: only stable
segments, (4) regressor: at least 1 seg-
ment regressed. For change in diffuse
coronary atherosclerosis segments and
patients were classified according to a
change in mean lumen diameter of 0.4
mm, a cutoff point also used for change
in minimum lumen diameter.”

Statistical Aspects

Baseline characteristics are presented as
number and percentages, and as mean
plus or minus standard deviation. QCA
measurements at baseline and follow-up
are reported as mean plus or minus
standard error. The 95% confidence
intervals can be calculated as mean plus
or minus 1.96 times the standard error.
Changes over time were evaluated by
paired analysis of variance. A p-value <
0.05 was considered statistically signifi-
cant. All analyses are presented on a per
segment basis. To test whether depend-
ence of segments within patients influ-
enced the results a nested analysis within
patients was performed. Since this yiel-
ded similar results as the analysis per
segment, only the [atter is reporded.
Angiographic changes are reported [or
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the group as a whole, stratified for the
severity of disease at baseline: percentage
diameter stenosis < 20% (non-diseased), =
20% - < 35% (mildly diseased), > 35% - <
50% (moderately diseased), > 508 (se-
verely diseased), and stratified for coronary
artery. For each subgroup changes are
repotted for diffuse coronary atherosclero-
sis (mean lumen diameter) and focal dis-
ease (minimum lumen diameter).

RESULTS

The study population consisted of 188
patients with an approved baseline an-
giogram. For 59 patients no complete
angiographic follow-up was available,
thus 129 patients (69%) had both a 2 and
a 4 year follow-up angiogram. Reasons
for not having lollow-up angiography
were death (11 patients), intercurrent
coronary bypass surgery (9 patients),
insufficient quality for quantitative analy-
sis (1 patient), and refusal (38 patients).
In the 129 patients with complete angio-
graphic follow-up, 1753 projections of
965 segments were analyzed, of which
614 were angiographically diseased. In
541 projections of 341 segments, stenosis
parameters were calculated. The mean
total length of segments per patient was
164.2 +44.0 mm and did not change
significantly at 2 and 4 year follow-up.
Of the 129 patients with complete angio-
graphic follow-up one third had a history
of myocardial infarction and half of the
patients previously underwent PTCA.
Half of the patients had no significant
disease (a diameter stenosis of > 50%) at
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visual assessment (Table 1). heart failure). Furthermore, 5 (2.7%) non-

fatal myocardial infarctions occurred, and
Clinical evenls 18 (9.6%) patients were hospitalized for
Of the initial 188 patients 137 (73%) had unstable angina. There were 38 (20.2%)
no clinical event during 4 year follow-up. revascularization procedures: 16 CABG

There were 11 (5.9%) deaths of which 5 and 22 PTCA.
were cardiac (2 fatal myocardial infarc-
tion, 1 sudden death and 2 congestive

Table 1. Baseline characteristics for 129 patients with complete angiographic follow-up.

Age (years) 55.5 6.6
Males 117 91%
Systolic Blood Pressure (mmHg) 132 +15.0
Diastolic Blood Pressure (mmHg) 80 +8.0
Previous MI 42 33%
Previous PTCA 67 52%
Current Angina 2 70%
Current Smoker 22 17%
Vessel disease (visual assessment)
None 59 46%
One 44 34%
Two 19 15%
Three 7 5%
Total Cholesterol 6.40 +(.81
LDL-C 4.47 +0.79
HDL-C 111 +0.29
Triglycerides 1.80 +0.84
Long-acting nitrate 48 37%
Beta-Blocker 54 429
Calcium Antagonist 57 44%
ACE inhibitor 18 14%
Aspirin 70 S4%

Plus-Minus values are means + standard deviation: LDL-C: Low Density Lipoprotein Cholesterol,
HDL-C: High Density Lipoprotein Cholesterol; *: a vessel with a stenosis > 50% was considered

diseased.



QUANTITATIVE CORONARY ANGIOGRAPHY:
DIFFUSE AND FOCAL CORONARY ATHEROSCLE-
ROSIS

Distribution of angiographic changes
Figure 1 shows the distribution of angio-
graphic changes on a per segment basis
between baseline and 4 years. It can be
appreciated that most segments do not
change significantly over 4 years. For
mean lumen diameter 12% progressed,
81% was stable and 7% of segments
regressed. For minimum lumen diameter
12% of angiographically discased seg-
ments progressed, 79% were stable and
9% regressed.

Diseased and non-diseased segments
Table 2 shows the quantitative coronary
angiography results at baseline, 2 and 4
years. Mean lumen diameter, a2 measure
of diffuse atherosclerosis, decreased by
0.06 mm and 0.08 mm after 2 and 4
years, respectively (Table 3). Bath the
disease progression from baseline to 2,
and from 2 to 4 years were significant.
These changes represent a decrease of
mean vessel diameter of 2.8% over 4
years. The magnitude of loss in mean
lumen diameter was similar in the non-
diseased segments as in the mildly dis-
eased segments. Progression in diffuse
disease was approximately three times
larger in the moderately and severely
diseased segments.

Stratified for coronary arlery and severity
of disease

Decrease in vessel
prominent in the RCA being 5 times as

lumen was most
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large as in the LAD. Minimum lumen
diameter, a measure of focal atheroscle-
rosis, decreased by 0.06 mm and 0.12
mm after 2 and 4 years, respectively. This
is a decrease of 6.0% over 4 years. Pro-
gression of focal atherosclerosis was
largest for the lesions non-stenosed at
baseline: a decrease of 0.34 mm in mini-
mum lumen diameter and an increase of
12.4% in percentage diameter stenosis.
The rate of progression decreased with
the severity of the lesions at baseline.
The severely diseased lesions at baseline
showed no progression, but a small and
non-significant improvement. As with
diffuse disease, progression was largest
in the RCA with a loss in minimum lu-
men diameter of 0.22 mm and an in-
crease of percentage diameter stenosis of
6.1%.

Stenosis parameters

Table 2 also shows the results for the
subgroup of 341 segments in which
stenosis parameters were calculated at
baseline and 2 and 4 year. The changes
in lesion length and plague area were in
the same direction as the changes in
minimum lumen diameter. In the com-
bined mildly and moderately diseased
segments, lumen diameter
decreased by 0.13 mm, the percentage
diameter stenosis increased by 14.5%, the
length of the stenosis by 0.43 mm, and
the plaque area by 0.58 mm®. ‘There was
a small but significant decrease of 0.05
mm in the normal segment diameter
suggesting that progression of diffuse
atherosclerosis occurred in the non-ste-

nminimum
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Table 2. Quantitative angiographic measurements at baseline, 2 year and 4 year follow-up.

Baseline 2 Years 4 Yeurs
mein  se mean  se megn  se
ANl Segments (N=965)
Mean Lumen Diameter (i) 285 003 279 10,03 277 20.03
Minimum Lumen Diameter (nun) 1.93 1002 1.87 10.03 182 0.03
Percentage Diameter Stenosis (%) 29.62 047 31.59 10.58 3292 +0.64
Length of Stenosis (mm) 6.25 016 6.52 +0.17 663 £0.17
Plaque Ares () 4.9  +0.20 544  10.26 5.51 +0.22
Non-diseased Segntenis at Baseline (N=489)
Mean Lumen Diameter {nun) 318 2004 211 23005 310 005
Minimum Lumen Diameter (mm) 239 .05 216 .05 206 x0.05
Percentage Diameter Stenosis (96} 15.87 10.26 25.53% .98 28.28  +1.20
Mildly Diseased Segments at Baseline (N=29%)
Mean Lumen Diameter {(nun) 254 004 2.53  20.04 248  10.04
Mininnim Lamen Dinmeter (i) 1.93 40.03 1,91 HMLOZ 1.86 0.3
Percentage Diameter Stenosis (%4} 2710 30.24 2708 #0.54 2899  $0.69
Length of Stenosis (mn1) 6.38 1024 6.47 10.26 668 +0.25
Plaque Arca (mni) 4.02 2023 4.77 .30 516 #0.31
Moderately DHseased Segments at Baseline (N=146)
Mean Lumen Diameter (nun) 2.50 20,05 245 2006 2.37 007
Minimum Lumen Diameter (mm) 1.66  £0.04 166 20.04 161 10405
Percentage Diameter Stenosis (94) 41,39 +0.37 2996 x1.17 40.21  £1.40
Length of Stenosis (i) 603 +0.23 6.57  20.24 6.58 (.24
Severely Diseased Segments at Baseline (N=35)
Mean Lumen Diameter {mm) 236 +0.11 2,12 019 2.17  +0.18
Minimum Lumen Diameter (immn) 1.23 1047 1.27  t0.12 1.29 #0.11
Percentage Diameter Stenosis (36) 50.39  +1.02 54.73 £3.55 53.99 *3.39
Length of Stenosis (imm) G659  +0.58 657 061 6,65 +0.67
Plaque Area (mnt) 7.24 1092 681 2082 6.66 1089
Right Coronary Arfery (N=274)
Mean Lumnen Dismeter (mm) 3407 004 301 4005 291 045
Minimum Lumen Diumeter {nun) 2,20 £0.05 2,11 +0.05 1.99 005
Percentage Diameter Stenosis (30) 2932 x0.93 3244 112 3541 +1.37
Left Main Coronary Artery (N=100)
Mean Tumen Diameter (num}) 415 1002 408 2008 4.02 008
Minimwm Lumen Diameter {(nun) 262 x0.14 2.63  x0.12 244 07
Percentage Diameter Stenosis (96) 2190 111.26 23.53 19.26 2548 381
Left Anterior Descending Artery (N=309)
Mean Lamen Diameter (smn) 251 0004 249 x0.04 247  +04M
Minintam Lumen Diameter (mm) 1.82 003 1.81 004 1.75 003
Percentage Diameter Stenosis (%) 27.68 +0.70 2840 2075 2971 2078
Left Clreumiflex Artery (N=282)
Mean Lumen Diameter (numn} 255 2004 246 20.04 250 4005
Minimum Lumen Diameter {(mm) 176 +0.04 1.68  +#0.04 1.69  +0.04
Percentage Diameter Stenosis (36) 31.19  +0.81 34.36  21.10 3404 +1.15

se: standard error; anglographicatly non-liseased: percentuge diameter stenosis: < 20%, mildly diseased:
percentuge diameter stenosts 2 20% - < 35%, moderately diseased: percentage diameter stenosis 2 35% - < 500%,
severely diseased: percentage diameter stenosis = 50%.



751

Cumiative Peroentags

254

Y
25 2 A8 4 H5 O a5 1 1.6 2
Change Minimum Lurnea Dismater (mm)

Figure 1 Cumulative distribution curves of change between baseline and 4 year for mean
lumen diameter, minimum lumen diameter, percentage diameter stenosis, and plaque
area with cut-off points for segment and stenosis change indicating progression of
coronary atherosclerosis, stable disease, and regression of coronary atherosclerosis.

Table 3. Changes at 4 years stratified for severity of disease at baseline and for vessel.

Severily af Disease: Non-Diseasedd  Mildly Moderately Severely
Meun Lumen Diwmeter (mm) -0.07  x0.02 006 2002 13 10.05 -0.19 #0111
Minium Lumen Diameter (mm)} -0.34 005 -0.07 2002 .05 $0.03 0.06  +0.08

Corouary Vessel: RCA LM LAD LCX
Mean Lumen Diameter (mm) .16 x0.04 0.1 006 .03 £0.02 005 003
Minium Lumen Diameter (mm) 0.22 +0.04 -0.18 x0.09 .07 2002 007 2003

vilues are means + standard error; non-diseased: percentage diameter stenosis : < 20%, mildly discased:
percentage diameter stenosis > 200 - < 35%, moderately diseased: percentage diameter stenosis x 35% - < 50%,

severely diseased: percentage diameter stenosis > 50%.
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nosed parts of these segments.

Changes cver time

The overall changes over time are de-
picted in figure 2. Diffuse atherosclerosts
progression was more pronounced in the
first two years in the non-diseased and
severely diseased segments. For the
segments with mild and moderate dis-
ease (percentage diameter stenosis be-
tween 20% and 50%) loss in vessel lu-
men developed mostly in the last 2 years
of the study. In the RCA progression was
twice as large in the second half of the
study, with a decrease of 0.10 mm and
0.22 mm in minimum lumen diameter in
the first and second half of the study,
respectively. In the LAD progression
occurred more gradually, whereas the
LCX showed marked progression in the
first half and some regression in the
second half of the study.

Categorical changes

Half of the segments remained non-dis-
eased after 2 and 4 years (Table 4). Pro-
gression was seen in 6% and 9% and
regression in 3% and 4% of segments
after 2 and 4 years, respectively. After 2
years 10 (1.0%) new total occlusions
occurred and after 4 years 16 (1.7%) in
15 patients (11%). One total occlusion at
2 years re-opened at 4 years. In these 15
patients in which a total occlusion devel-
oped 2 suffered a clinically overt myocar-
dial infarction. The classification per
patient showed, that after 4 years 48% of
the patients progressed or had a mixed
response, which was 38% at 2 years. The

percentage of regressors increased from
0% at 2 years to 16% at 4 years. When, as
a measure of diffuse atherosclerosis, the
criterium of 0.4 mm change in mean
lumen diameter was applied, then 27% of
the patients progressed, 10% had a mixed
response, 40% were stable and 19%
regressed.

DISCUSSION

The findings show that coronary athero-
sclerosis- progressed gradually over 4
years. The rate of progression of facal
atherosclerosis was twice as large as for
ditfuse disease. Progression was larger in
severely diseased segments and in the
right coronary artery.

Angiographic Changes

The extent of progression was small with
a loss of 0.02 (0.7%%) mm and 0.03 mm
(1.5%) per year for mean and minimal
lumen diameter as measures for diffuse
and focal atherosclerosis, respectively.
The loss in vessel lumen size in our
stucly was smaller than thar found in
other angiographic trials (Table 5). Apart
from the differences between the patients
included, this might be caused by the
fact that we used the average of two
orthogonal projections in stead of one
projection in which the stenosis was
most severe. Furthermore, we selected
coronary segments at baseline and not by
inspection of the baseline and follow-up
angiogram together, so that we included
segments that showed no visible assessed
changes.
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Figure 2 Changes over time from baseline to 2 and 4 year follow-up for mean lumen diameter,
minimum lumen diameter, percentage diameter stenosis, and plaque area.

Table 4. Categorical classification of change between baseline, 2 year and 4 year follow-up.

2 yeur 4 year
number (CHY] number (%)

Segment Classification (N = 965)

Progression of lesion 30 3.1) 42 (4.4)

New leston 30 3.0 40 (4.2)

Stable lesion 377 (39.1) 354 (36.7)

Regression of kesion 20 .1 22 (2.3)

Disappeared lesion 9 LGRS 14 1.9)

Non-diseased segment 499 (51.7) 489 (s0.1)
Patient Classiffcation (N = 129)

Progressor 39 (30.2) 47 (36.4)

Mixed Responder 10 7.8) 15 (11.6)

Stable 68 (52.7) 47 (36.4)

Regressor 12 9.3) 20 (15.5)
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We have shown that the rate of pro-
gression of focal atherosclerosis is similar
in angiographically non-diseased seg-
ments as in the mildly and moderately
diseased sections of the coronary tree.
This finding supports the hypothesis that
assessment of lesion change alone is not
sufficient in describing progression of
coronaiy atherosclerosis. Only when the
change in mean lumen diameter of all

coronary segments, angiographically
diseased and non-diseased, is measured,
the process of atherosclerosis change is
described completely.”

The loss in vessel lumen was largest in
the RCA as was found by Jost et al.*® The
progression of diffuse atherosclerosis was
most prominent in the moderately and
severely diseased segments, -0.12 mm
and -0.19 mm, respectively.

Table 5. Overview of quantitative coronary angiography studies with changes per year.

Study Number of Change MLD  Change DS Change MD
patients (mm / year) (% / year) (mm / year}

FATS* 42 -0.020 0.8

MARS® 124 -0.030 1.1

STARS’ 24 -0.053 19 -0.043

CCAIT" 146 -0.045 1.1

SCRIP"! 127 -0.045 0.7 -0.027

The present study 129 -0.029 0.8 -6.020

HARP®? 39 -0.048 0.8 -0.037

PLAC 1" 157 -0.050 1.1 -0.040

REGRESS" 327 -0.045 -0.050

BECAIT™ 39 -0.034 0.9 -0.016

Overall 1154 -0.039 1.0 -0.036

Mld: Mininmim Lumen Diameter, Ds: Percentage Diameter Stenosis, Md: Meun Lumen Diameter;

* Weighted Mean.

The minimum lumen diameter in these
subgroups, however, did not change
significantly so that the segments contain-
ing the more severe lesions only showed
progression of diffuse disease. The pro-
gression of focal disease appeared to be
largest in the segments with a percentage

diameter stenosis <20% at baseline, sug-
gesting that progression of focal athero-
sclerosis Is more prominent in anglo-
graphically new lesions that begin to
encroach on the vessel lumen, Most
subgroups showed gradual progression
of both diffuse and focal atherosclerosis




over time. However, segments located in
the LCX progressed mainly in the first 2
years and segments in the LAD between
2 and 4 years. The categorical classifica-
tion of progression / regression per seg-
ment showed that 87% of segments did
not change substantially over 4 years and
that only 1 out 12 lesion progressed and
1 out 25 regressed. For the per patient
classification, however, changes were
more pronounced, with 36% of patients
stable and 48% progressor or mixed
responder, There was a gradual worsen-
ing of coronary disease over time in both
the per segment as the per patient classi-
fication.

Limitations of the study

The results of our study were biased, as
in all angiographic trials,” since follow-
up angiography was not available in
patients who had a clinical event or
refused anglography which in some
cases might be related to their clinical
status. The rate of progression found swilt
therefore underestimate the actual tempo
of atherosclerosis progression.

We only included patients with proven
coronary artery cisease of a severity not
requiring revascularization and with
moderately elevated cholesterol levels.
Studies on the angiographic course of
coronary atherosclerosis in patients with-
out or with severe disease are not feasi-
ble since it is unethical to perform angi-
ography in the former and to withhold

therapy in the latter.
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Angiograpbic methods

The use of validated quantitative coro-
nary analysis techniques has become
mandatory in assessing coronary athero-
sclerosis change from cineangiograms.”
We used orthogonal multiple matched
views” which is different from other
studies in which only the projection in
which the stenosis was most severe was
used.” Our method will therefore be
more specific though less sensitive to
angiographic changes of the lumen. The
selection of coronary segments was made
at baseline where, when possible, or-
thogonal projections of 11 proximal
segments were taken. Other investigators
selected frames for quantitative analysis
at the end of the study with both the
baseline and follow-up angiograms avail-
able.*™ The latter method of selection
will result in a bias towards projections
and segments that are changed and
might therefore result in an overestima-
tion of the rate of atherosclerosis change.

Clinical Relevance

The rate of progression of coronary ath-
erosclerosis measured by QCA was small.
Combining the information of the-
prospective angiographic trials yielded an
annual loss of .04 mm in minimum
lumen diameter, and a loss of 0.03 mm
in mean lumen diameter. However, all
angiographic studies were short relative
to the time course of coronary athero-
sclerosis,”’ and one should keep in mind
that when this progression rate is taking
place over 10 to 20 years impostant re-
ductions in vessel lumen will occur.
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Albeit the angiographic changes are
small, two prospective studies, one ana-
lyzed visually®® and the other using
QCA? have shown that these small
angiographic changes are clinically im-
portant because they are predictive of
subsequent clinical coronary events as
was the absence of angiographic progres-
sion for an uneventful course.

Conclusion

The rate of angiographic progression of
coronary atherosclerosis in this cohort of
patients with mild coronary artery disease
was relatively small and more prominent
in focal than in diffuse disease, with an
annuatl loss of 0.03 mm in minimum and
0.02 mm in mean lumen diameter, re-
spectively. Only a small minority of le-
sfons progressed and few new lesions
developed. The distribution of pro-
gressed lesions, however, was equally
distributed over patients, so that the
number of patients classified as pro-
gressor was substantial. Spontaneous
regression was rare both on a segmental
as on a patient level. Serial quantitative
angiography showed that diffuse and
focal coronary atherosclerosis gradually
progressed over time in non-stenosed
and stenosed coronary segments.
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Chapter 5

DIFFUSE CORONARY ATHEROSCLEROSIS AND FOCAL
NARROWING ARE CORRELATED WITH SIMILAR CLINICAL,
LIPID AND ANGIOGRAPHIC VARIABLES:

A 4 YEAR ANGIOGRAPHIC STUDY
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ABSTRACT

BACKGROUND Coronary atherosclerosis is a not onfy a focal process prodtcing
stenoses, but even more a diffiise disease tnvolving the whole coronary arlery.
Quearniitative coronary angiography can describe the Inminal encrocching stages
of both focal and diffise coronary atherosclerosis, Predictors of progression of
diffuse coronary atherosclerosis bave not yet been identified. PATIENTS AND
METHODS In 345 patients with mild coronary atherosclevosls quantitative
coronary anglography was performed at baseline and after 4 years. Clinical, lipid
and angiographic variables were entered in a multiple linear regression model to
select predictors of focal and diffitse coronary atbevosclerosis change. Smoking, a
larger vessel diameter and a less severe sfenosis resitlted in more progression for
both focal and diffuse coronary atherosclerosis as were a higher total cholestero!
during the stiudy and a lower HDL cholesterol at baseline. Previous successfil
PTCA was associated with less progression of focal bt not diffise disease.
CONCLUSIONS Clinical, lipid and angiographic variables predicting angiographic
progression are similar for both focal and diffuse coronary atherosclerosis.




INTRODUCTION

B oth visual and quantitative analyses
of coronary angiograms have
focused on discrete coronary lesions.'
However, more recently, post-mortem
studies™ and in vivo investigations with
intracoronary ultrasound®’ have shown
that coronary atherosclerosis is a diffuse
process which insidiously narrows the
entire coronary vascular tree. Yet, the
significance of diffuse coronary athero-
sclerosis in the reduction of coronary
flow capacity is often not appreciated.®
The majority of previous angiographic
regression trials has investigated changes
in focal coronary atherosclerosis,”'? while
few have paid attention to changes in
diffuse coronary discase.”"’ There are no
studies available that describe predictors
of progression of diffuse coronary athero-
sclerosis. The Mutlticentre Anti-Atheroma
Study (MAAS)Y investigated both focal
and diffuse disease in a large number of
patients, and the results provide a unique
opportunity to compate these manifesta-
tions of coronary artery disease. We
studied therefore the relationship Dbe-
tween angio-
graphic parameters and lipid measure-

patient  characteristics,
ments and the change over 4 years, in
both diffuse and facal coronary athero-
sclerosis in patients with mild disease.
Treatment with simvastatin resulted in
retardation of progression of both focal
and diffuse coronary atherosclerosis.”
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METHODS

The patients in this study were originally .
enroled in a 4 year angiographic trial of
lipid-lowering therapy (MAAS) which
was reported previously.” Male and
female patients with a total cholesterol
between 5.5 and 8.0 mumol/l (213 and
310 mg/dl) and triglycerides below 4
mmol/l (354 mg/dl), who had at least 2
coronary segments involved with athero-
sclerosis, were enroled from 11 clinics in
6 European countries. All patients re-
ceived dietary counselling and were
randomized to simvastatin 20 mg daily or
matching placebo. Of 404 randomized
patients, 23 were excluded. Of the re-
maining 381, 5 died before a follow-up
angiogram was made and 31 refused
follow-up angiography. Thus, 345 pa-
tients had a follow-up angiogram. Before
entering the tifal all patients gave in-
formed consent.

Coronary Angiography and Quantitative
Coronary Andalysis

Coronary angiography was performed
according to standards for quantitative
analysis at baseline after 2 and 4 years.”
Prior to angiography all patients received
5 mg isosorbide dinitrate sublingually to
induce standardized vasodilation. Angi-
ography was performed via the femoral
route, on a fixed table system, and 35
mm cineangiograms were recorded at a
minimum speed of 25 frames per second.
In each projection the catheter tips not
filledt with contrast medium were filined
and sent with the angiogram to the QCA
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core laboratory for calibration. At base-
line all relevant aspects of the angiogra-
phy procedure were recorded on a case
report form to enable exact repetition of
the procedure at follow-up. Analyses of
the angiograms were performed centrally
in the QCA core laboratory using the
Coronary Angiography Analysis System
(CAAS)." From the baseline angiograms
orthogonal projections of a maximum of
11 large proximal coronary segments
were selected, including both angio-
graphically diseased and non-diseased
segments: right coronary artery: proximal,
mid, distal; left main coronary artery; left
anterior descending artery: proximal,
mid, distal; left circumflex artery: proxi-
mal, obtuse marginal, distal, posterior
fateral.” Previous dilated segments were
included but totally occludecd segments
not. For all segments mean lumen diame-
ter (mun) and segment length {(mm) were
calcufated. Furthermore, minimum lumen
diameter {mm), reference diameter (mm)
and percentage diameter stenosis (%)
were estimated for all angiographically
diseased segments. The available multi-
ple matched projections were used for
the assessment of change over time.

Angiographic Definitions

The mean lumen diameter of all seg-
ments was interpreted as measure of
diffiise coronary atberosclerosis, and the
minimum lumen diameter was used as a
measure of focal coronary atherosclero-
sis? A negative change in diameter
represents a decrease of vessel lumen

(progression), a positive change repre-

sents widening of the vessel lumen (re-
gression). A segment was considered
angiographically diseased when there
wias a percentage diameter stenosis
2 20% at baseline or at follow-up.

Statistical Aspects

The unit of analysis in this study is the
patient, hence the segmental measure-
ments were averaged by patient. Contin-
uous variables were reported as mean
standard deviation, discrete variables as
numbers-and percentages. Patient charac-
teristics, baseline angiographic parame-
ters and lipid measurements at baseline
and during follow-up, which might be
related with progression of diffuse and
focal coronary atherosclerosis, were first
entered in univariate linear regression
analysis. This univariate analysis was
stratified for simvastatin or placebo. To
select independent predictors of athero-
sclerotic change, stepwise multivariate
linear regression analysis was per-
formed.” This multivariate analysis was
performed on both treatment groups
combined. The treatment and its interac-
tion terms were included in the multi-
variate analysis. Variables predictive in
univariate analysis and variables that on
the basis of other studies might be re-
lated to atherosclerotic change were
entered in the multivariate madel. Con-
tinuous variables were entered as such in
the multivariate analysis. For all calcula-
tions the SAS statistical software package
was used.”” The changes in mean lumen
diameter, representing diffuse disease
and minimum lumen diameter, represent-




ing focal disease, were used as depend-
ent variables.

RESULTS

In 345 patients (167 placebo, 178 sim-
vastatin) follow-up angiography was
available. In 69 patients in stead of a 4
year angiogram a 2 year angiogram was
used as follow-up, The mean age was 55
years, most were males (89%), and 70%
had angina pectoris (Table 1). Almost
haif of the patients had undergone per-
cutaneous transluminal coronary anglo-
plasty (PTCA). Eleven percent of the

Table 1. Baseline characteristics
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patients were women, all were post-
menopausal and none were on estrogen
replacement. Approximately 40 percent
of the patients did not have a narrowing
of > 50% in any of the epicardial arteries
at the baseline angiography, indicating
that the patients enroled had mild coro-
nary artery disease. Total cholesterol
averaged 6.4 mmol/l (248 mg/dl), LDL-
cholesterol 4.5 mmol/l (174 mg/di).
These values were reduced by sim-
vastatin by 23% and 30% respectively.
HDL-cholesterol averaged 1.1 mmol/l (43
mg/dl) and increased by 9% in the sim-
vastatin group.

Placebo (N=167)

Simwvastatin (N=178)

Age (years} 55
Systolic Blood Pressure (mmbig) 132
Diastolic Blood Pressure (mmHg) 80
Male 148
Angina Pectoris 117
Smoker 32
Vessel disease’: none 70
one 60
two 26
three 11
Previous MI 59
Previous PTCA 77
Total Cholesterol (mmol/1) 6.4
LDL-Cholesterol (mmol/1) 4.5
HDE-Cholesterol (mmol/1) 11
Triglycerides (inmol/D 1.8

6.4 95 7.3
+15.0 132 +16.3

+7.8 81 +8.2
(8990} 159 (89%)
(70%%) 116 (65%%6)
(19%%) 48 27%)
(42%) 69 {(39%)
(36%) 68 (38%)
(16%) 33 (1990)
(7% 8 (59
(359} 70 (399%)
(46%) 87 (49%)
+0.83 6.3 +0.72
+0.78 4.4 +0.67
+0.27 11 +0.30
+0.84 19 +0.95

Values are means * standard deviations and numbers, with percentages in brackets, * visual
assessment, a vessel was considered diseased when there was a stenosis of > 50% at baseline
angiography. To convert mmol/l values to mg/dl multiply the cholesterol values with 38.7, and

the triglycerides values by 88.5.
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Stmvastatin reduced progression of focal
disease over 4 years by (.08 mm (99%
confidence interval 0.03, 0.14) and pro-
gression of diffuse coronary atherosclero-
sis by 0.06 mm (95% confidence interval
0.02, 0.10).”

Univariate Analysis: focal coronary ath-
erosclerosis

Table 2 and 3 present the univariate
relationships between clinical, lipid and
anglographic variables and changes in
mean Jumen diameter and minimum
lumen diameter for the placebo and
simvastatin groups, respectively, In the
placebo group a relatively high diastolic
blood pressure, a low total cholesterol
and LDL-C at baseline, a rise in total
chiolesterol and LDL-C during the trial, a
low HDL-C, and a low Apo-Al were all
significantly associated with a greater loss
in minimum lumen diameter with time.
In the simvastatin group a relatively
greater mean and minimum lumen diam-
eter and percentage diameter stenosis at
baseline, a low HDL-C, female sex, sys-
tolic blood pressure, and smoking were
all associated with more progression.

Univariate Analysis:  diffuse coronary
atherosclerosis

In the patients receiving placebo a rela-
tively low HDIL-C and Apo-Al, a high
Apo-B, a higher systolic blood pressure,
and smoking were associated with more
progression. In the simvastatin group
patients with 4 large mean lumen diame-
ter, and smokers showed more progres-
sion of diffuse disease.

Multivariate analysis: focal and diffuse
disease

Independent predictors for atherosclero-
sis change in both groups combined are
listed in Table 4. Smokers had more
progression of both focal and diffuse
coronary atherosclerosis. A decrease in
total cholesterof during the study and a
higher HDL-C at baseline were associated
with less progression of both focal and
diffuse disease. A larger vessel diameter
and a less severe sienosis at baseline
resulted - in more progression of both
focal and diffuse coronary atherosclero-
sis. The successtul performance of PTCA
prior to the study was associated with
less progression of focal but not diffuse
disease.

DISCUSSION

Coronary artery cisease is commonly
regarded as a focal problem, with single
or multiple lesions in a single or several
coronary arteries. The angiographically
focal lesion is the basis for surgical inter-
vention (bypass of discrete lesions) or
angioplasty. However, it should be ap-
preciated that coronary atherosclerosis
can also be a diffuse process affecting
the whole coronary tree.” Some patients
exhibit predominantly diffuse disease
with narrowed coronary arteries with or
without more severe focal stenoses,
while in others the clinical picture is
dominated by a single severe stenosis
resulting in unstable angina pectoris or a
sudden large myocardial infarction. Most
patients with ischemic heart disease,
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Table 2, Results of Univariate Linear Regression Analysis for the placebo group.

Mean Lunien Diameter Mininnin Lummen Diameter
Coefficient se P-value Coefficient  se P-value
Citnical variables.
Age (years) 0.001 0.003 0.62 0.005 0.002 0.06
Systolic Blood Pressure (immHg) -0005 0003 0.03 0.0009  0.001 0.50
Diasystolic Blood Pressure (mmtlg)  -0.001 0.001 .24 -0.005 0.002 0.04
Smokers (no=0, yes=1) -0.12 0.05 0.01 0.09 0.05 0.07
Sex (female=0, male=1) -0.02 .06 0.49 -0L07 0.06 .29
Angina Pectoris (no=0, yes=1} 0.02 0.04 0.67 0.007 0.04 0.86
PTCA (no=0, yes=1) 0.04 0.04 0.27 0.04 .04 .32
Myocardial Infarction (no=0, yes=1)  4.006 0.04 0.15 0.005 0.04 0.89
Lipid variables:
Total Cholesterol baseline (mmol/l) (.05 002 0.04 0.06 0.02 .01
Total Cholesterol change (%) 0005 0002 003 -0.006 .002 0.004
LDL-Cholesterol baseline (nmot/D 0.04 0.02 0.11 005 0.02 0.06
LDL-Cholesterol change (%) -0.603 0002 Q.06 0004 0.001 0.01
HDL-Cholesteral baseline (nunol/1) 0.18 0.07 0.02 0.17 0.07 0.01
HDL-Cholesterol change (%) 0.002 0002 017 -).002 0.001 0.17
Triglycerides baseline (nunol/1) 0.03 0.02 017 -(L01 0.02 0.69
Triglycerides change (%) 000 0000 094 -04004 00005 041
Apo-B baseline (g/1) 0.09 0.07 0.19 0.11 0.06 0.09
Apo-B change (%) -(L002 0.001 .17 0,002 0.001 009
Apo-Al baseline (g/1) 0.10 0.05 0.06 0.12 .05 0.03
Apo-Al change (%) 00002 0001 0.78 -0.0009 0.001 0.39
Angiographic variables:
Mean lumen diameter baseline () -0.08 0.04 0.08 -0.09 0.04 0.07
Minimuim lumen diameter
baseline (mm) -0.06 .05 (.24 h11 0.05 0.03
Diameter stenosis baseline (06) 00002 0005 094 X 0.003 a.87

Coefficient: linear regression coefficient; se: standard error.

The linear regression model allows first, to test whether relations hetween predictors and the lumen change
dre statistically significant, second it permits to quantify the relation between the predictive value and the
chunge in lumen diameter which is expressed in the regression coefficient. Fhe relation between the change
in lumen diameter and the predictive variable is defined as : Y = A + R * X, where Y is the change in mean
or minimum lumen diameter, A is the intercept, R is the regression coefficient, and X is the value of the
predictive varizble. Por example (the intercept has been deleted from this example): the presence of smoking
represents an increase in progeession of diffuse disease of 1 *-0.12 mm = -0.12 mm for mean lumen dianteter,

and a decrease in total cholesterol of 10% represents a -10 * -0.005 mm = +0.05 mum change.
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Table 3. Results of Univariate Linear Regression Analysis for the simvastatin group.

Mean Lunien Diameter Mintnion Lumien Diameter
Coefficient se P-value Coefficient  se P-value
Clinical variables:
Age (years) 0.0007 0002 078 -0.601 0.002 0.62
Systolic Blood Pressure (mmHg) 0.0008 0001 045 0.6003 0001 075
Diasystolic Blood Pressure (munHg) — 0.001 0.002 0,52 -0.00007 0,002 0.97
Smokers (no=0, yes=1) 0.10 .03 0.01 011 0.04 0.005
Sex (femaule=0, male=1} -0.04 0.05 0.44 -0.08 0.06 0.17
Angina Pectoris (no=0, yes=1) 0.01 0.03 0.66 -0.008 0.03 0.82
PTCA (no=0, yes=1) 0.02 0.03 0.49 0.06 0.03 0.12
Myocardial Infirction (no=0, yes=1)  -0.004 0.03 0.90 -0.1 0.03 0.78
Lipid variables:
Total Cholesterol baseline (mmol/l})  0.02 0.02 0.51 .02 0.02 .36
Total Cholesteral change (9%) 0.001 0001 055 -0.002 0.001 0.30
LDL-Cholesterol baseline (nunol/1} 0.001 0.02 .96 (.007 .02 079
LDL-Cholesterol change (56) 00009  0.001 0.50 (1002 0.001 .32
HDL-Cholesterol baseline (nunol/1) 0.08 0.05 0.10 .09 0.05 .11
HDL-Cholesterol change (06 00007 0.001 062 0.001 0.001 0.38
Triglycerides baseline (mmol/b) 0.001 0.1 0.93 0.008 0.01 196
Triglycerides change (%) -0.0009 Q.0006 0.19 -0.001 00007 017
Apo-B baseline (g/1) 0.003 0.06 0.96 0.03 .06 (166
Apo-B change (%) 00009 0001 049 -0.001 0.001 041
Apo-Al baseline (g/D) 0.02 0.04 0.78 0.02 0.04 0.63
Apo-Al change (%) 0.0003  0.0008 070 0.0005 04009 060
Aunglographic variables:
Mean lumen diameter baseline (mm)  -0.13 0.04 0.004 £.11 0.04 0.01
Minimum lunien dizmeter
baseline (mn) -0.10 0.04 003 -0.27 0.04 0.0001
Diameter stenosis baseline (30) -L003 0002 090 0.01 (.002 0.0001

To convert mmol/l values to mg/dl multiply the cholesterol values with 38.7, and the triglycerides values by
88.5.
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Table 4. Results of Multivariate Linear Regression analysis of placebo and simvastatin
groups combined.
Mean Lumen Diameter Minimine Lumen Diameter
Coefficient se P-value Coefficient se P-value
Intercept 0.12 010 025 0.10 0.08 0.25
Smokers (no=0, yes=1}) -0.09 0.03  0.002 -0.08 0.03 0.01
PTCA {(no=0, yes=1) 0.05 0.02 0.04
Total Cholesterol change (%)} -0.002  0.0009 0.007 -0.004  0.0008 (.0001
HDL-C baseline (mmol/1) 0.10 005 002 0.05 0.04 0.009
Mean lumen diameter at
baseline (mm) -0.10 003  0.002
Minimum lumen diameter
at baseline (mm) -0.18 0.03 0.0001

Coefficient: linear regression coefficient; se: standard error. To convert mmol/l values to mg/dl

multiply the cholesterol values with 38.7, and the triglycerides values by 88.5.

For example, the relation between change in diffuse disease and the independent predictors is:
change in mean lumen diameter (mm) = 0.12 + smoking (no=0, yes=1} * -0.09 + change
total cholesterol (%) * -0.002 + baseline HDL-C (mmol/D * 0.10 + mean diameter at
baseline (mm) * -0.10.

A patient who smokes (1), has a reduction in total cholesterol of 20%, a HDL-C of 1.0 mmol/

at baseline, with a mean lumen diameter at baseline of 2.80 mm, has a predicted change in mean

hunen diameter of:
012 + 280*-0.10 + 1*-010 + -20*-0.002 + 1.0*0.10 =-0.12

a reduction in mean lumen diameter of 0.12 mm over 4 years.

however, exhibit both focal and diffuse focal atherosclerosis the mean and mini-

disease when studied by appropriate
methods such as intracoronary ultra-
sound.* To the human observer, coronary
angiography reveals predominantly focal
narrowings. However, with the introduc-
tion of quantitative coronary angiography
both focal and diffuse corenary athero-
sclerosis can be investigated.”

We used as measures of diffuse and

mum lumen diameter, respectively. The
mean lumen diameter also includes in
diseased segments a focal narrowing and
therefore gives information on focal
disease also. However, since the mean
lumen diameter is determined in both
angiographically diseased segments and
non-diseased segments, and it embodies
the whole coronary segment and not
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only the narrowest point of a stenosis, it
predominately represents diffuse dis-
ease.” In a secondary analysis, which is
not presented here, predictors of categor-
ical per patient change" were similar as
in the present analysis.

In the MAAS trial, the minimum and
mean lumen diameter were used as
measures of focatl and diffuse disease,
respectively.  Effective  lipid-lowering
therapy with simvastatin caused retarda-
tion of both disease measurements,” as
has been shown in other angiographic
trials."*'%"7 The present analysis conlirms
that changes in focal and diffuse discase
measurements are related to some of the
same clinical characteristics: smoking and
baseline HDL-C, and to the same treat-
ment effects, in particular changes in
total cholesterol (Table 4). This supports
the concept that focal and diffuse athero-
sclerosis are manifestations of the same
pathological process. Pathologic studies
have demonstrated that the latter is a
continuum ranging from endothelial
dysfunction, to plaque formation without
encroachment upon the vessel lumen, to
diffuse thickening of the coronary arter-
ies over (almost) afl segments, but partic-
ularly the proximal parts, to advanced
atherosclerotic  plaque
upon the vessel lumen.*”** We found
that the predictors of focal and diffuse
change were similar, suggesting that the
pathological processes associated with

encroachment

progression of focal and diffuse disease
are tdentical.

Prediciors of coronary atherosclerosis
change
Patients enroled in MAAS had on average
mild coronary artery disease (Table 1). A
large proportion of the patients was
selected after successful PTCA without
angiographic restenosis at ¢ months
follow-up, These patients were younger,
and represented a subpopulation with a
single significant stenosis and probably
litle diffuse disease. This may explain
why PTCA was associated with absence
of focal disease progression (Table 4).
The changes in total cholesterol and
baseline HDL-C were independent pre-
dictors of progression. LDL-C and
apolipoprotein-B showed a much less
strong relationship, which is somewhat
unexpected as simvastatin predominantly
influences LDL-patticles. No relation was
found between the baseline total choles-
terol and the angiographic course. This
may reflect the limited range of choles-
terol level at baseline (between 5.5 and
8.0 mmol/l, 213 and 310 mg/dl) and the
marked reduction of total cholesterol in
half of the patients. A large baseline
diameter was associated with more pro-
gression a fincling as in the INTACT
study,” suggesting that the rate of pro-
gression might be higher in patients in
whom diffuse coronary disease has not
yet resulted in a substantial overall nar-
rowing of the coronary tree.

Limitations of the study

The early stages of coronary atheroscle-
rosis are accompanied by a compensa-
tory enlargement of the vessel lumen.*®



Contrast angiography provides a sha-
dowgram of the vessel lumen, and does
not yield information on the vessel wall,
as intracoronary ultrasound does. Coro-
nary angiography is therefore hampered
in the assessment of the early stages of
coronary atherosclerosis.

In an angiographic study of coronary
atherosclerosis change, follow-up should
be available for all patients. Incomplete-
ness of follow-up will introduce a bias
towards less progression of disease when
reasons for not performing follow-up
angiography are related to a worsening
in clinical status." In this long-term angio-
graphic study 91% of patients had a
follow-up angiogram, which is relatively
high for a 4 year follow-up study, the
low drop-out rate would exert minimal
effects on the outcome. Because patients
with diabetes mellitus and uncontrolled
hypertension were excluded from the
trial, the influence of these powerful risk
factors on progression of coronary ath-
erosclerosis could not be established. As
in other trials relatively few women were
included in this study and their number
was to small to draw any firm conctu-
sions.

The univariate analysis was stratified
for treatment allocation since treatment
with simvastatin resulted in less progres-
sion of coronary atherosclerosis. In multi-
variate analysis the two treatment groups
were pooled since the effect of sim-
vastatin was included in the multivariate
model.”* Since the unit of clinical practice
is the patient, we performed a per patient
analysis, Consequently, the influence of
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lesion characteristics on angiographic
change is not reported.

Clinical implications

The risk of developing coronary disease
in the population is related to the level
of total cholesterol, LDL-C and HDL-C.**
However, in the present study of patients
with known coronary atherosclerosis,
turther disease progression was not sig-
nificantly related to baseline levels of
total cholesterol or LDL-C. In an analo-
gous manner the Scandinavian Sim-
vastatin Survival Study (48)” showed that
treatment with simvastatin  improves
survival and reduces non-fatal cardiovas-
cular events over the entire range of
cholesterol levels in the patients selected
for the trial (total cholesterol between 5.5
and 8.0 mmol/t, 213 and 310 mg/dD.>
Accordingly, treatment with a HMG-CoA
reductase inhibitor should be considered
in all patients with coronary artery dis-
ease and mild to moderately elevated
cholesterol levels.

Coronary atherosclerosis is a diffuse
disease, which often is associated with
angiographically focal narrowings. Symp-
toms caused by these stenoses are often
treated by angioplasty or coronary by-
pass surgery, but these interventions do
not affect the underlying ditfuse discase
process. In contrast, effective lipid maodi-
fication reduces progression of both focal
and diffuse coronary atherosclerosis.'*"
Development and clinical evaluation of
agents which induce even larger lipid
changes should thus be encouraged.
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Chapter 6

INCIDENCE OF ANGIOGRAPHIC PATTERNS OF
PROGRESSION OR REGRESSION OF CORONARY
ATHEROSCLEROSIS: THE IMPORTANCE OF
DIFFUSE ATHEROSCLEROSIS. A QUANTITATIVE SERIAL
2-4 YEARS ANGIOGRAPHIC STUDY
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ABSTRACT

BACKGROUND The diffiise natire of atherosclerosis is often not appreciated in clinical
practice. Clinical decision making is mainly based on the preserce and severity of
lesions and angiographic studies of coronary atherosclerosis predominanily repont
about lesions. With quantitative coronary angiography it Is possible to study changes

ir coronary artery lumen diamelers that also reflect diffuse atherosclerosis. METHODS
AND RESULTS Angiograms made at baseline, 2 and 4 years follow-up from 272

patients were analyzed using quantitative angiographic lechniques. Progression or
regression of a coronary stenosis was defined as a change of > 0.4 mm I misimum

fumen diameter. A fotal of 924 lesions were analyzed. Progression occiirved in 134

lesions, regression fn 90 lesions and 700 lesions were stable, The incidence of
progression or regression of lestons was similar within O and 2 years and within 2 and
4 years (50806). Afler progression or regression of a lesion at 2 years the majorily of these

lesions remained siable in the next 2 years. Progression of lesions was both the result

of art Increase in placquie size and progression. of difftise atherosclerosis of the segmenis
coniaining these lesions. Regression of lesions was the residt of both a decrease in

Dlaque size and regression of diffiise atherosclerosis, CONCLUSIONS The incidence of
progresston or regression of lestons and magnitude of change during the first and
second 2 year interval was similar. Coronary stenosis progression is accompanied by
progression of diffiise atherosclerosis and coronary stenosis regression is accompanied
by regression of diffitse atherosclerosis. This emphasizes the imporiance of diffiise
coronary atherosclerosis.



INTRODUCTION

S erial angiographic trials have shown
both progression as well as regres-
sion of lesions in patients with coronary
artery disease.’ Most studies were de-
signed with two angiograms of 2 to 5
year intervals. In the Multicentre Anti-
Atheroma Study (MAAS), angiograms
were made at baseline after 2 and again
after 4 years follow-up.*’ In order to
assess the elfect of drug intervention, the
data in MAAS were presented on a per
patient basis, In patients treated with diet
and placebo a gradual progression of
atherosclerosis was observed. Changes in
the per patient averaged minimal and
mean lumen diameter after 4 years were
approximately twice as large as those
after 2 years. Patients receiving simvas-
tatin showed less progression and more
often regression of the disease. The
MAAS database offers an unique oppor-
tunity to assess the serial changes (0-2
years and 2-4 years) of individual athero-
sclerotic lesions. The current analysis in
272 patients with three serial angiograms
(at baseline, after 2 years and after 4
years) specifically addresses two ques-
tions. First, what is the relation between
changes occurring over time of focal
lesion (>20% diameter stenosis) and the
lumenal changes of the coronary seg-
ment (diffuse coronary atherosclerosis)
containing that focat lesion, and second,
whether progression or regression of a
lesion are gradual processes, with similar
changes in the first and second two year
period or rather ranclom occurring events.
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METHODS

Patients

The patients were originally enroled in
the Multicenter Anti-Atheroma Study
{MAAS), a coronary angiographic trial of
lipid-lowering with the HMG-reductase
inhibitor simvastatin 20 mg daily com-
pared to placebo. The design and results
of the trial have been described and
reported  elsewhere.””  Two-hundred-
forty-seven male and 25 female patients
with mild coronary artery disease in a
stable clinical condition and a total cho-
lesterol between 5.5 and 8.0 mmel/! with
three serial angiograms were included.
The study was approved by the ethical
review board of all participating hospitals
and all patients gave informed consent
before entering the trial?

Coronary Angiography and Quantitative
Analysis

Coronary angiography was performed at
baseline and after 2 and 4 years. Prior
to each procedure patients received 5
mg isosorbide dinitrate sublingually to
induce standardized vasodilation. Coro-
nary angiography was performed via the
femoral route, on a fixed table system,
and 35 mm cineangiograms were re-
corded at a minimum speed of 25 fra-
mes per second. Catheter tips not filled
with contrast medium were filmed in
each projection and stored with the
angiogram for calibration. All relevant
aspects of the angiography procedure
were recorded on a4 case report form to
enable exact repetition of the procedure
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at 2 and 4 year follow-up.

Quantitative analysis of the angiograms
was performed centrally in the Cardialysis
Core Laboratory for Quantitative Coronary
Angiography (QCA) using the Coronary
Angiography Analysis System (CAAS).
Eleven large proximal coronary segments
were selected for analysis. From the right
coronary artery (RCA): the proximal, mid
and distal segment, the left main coronary
artery (LM), the left anterior descending
artery (LAD} proximal, mid and distal
segment; left circumflex artery (LCX):
proximal segment, the obtuse marginal
and the posterior lateral ®

Of the available views, only the pro-
jection in which the stenosis was most
severe (the largest percentage diameter
stenosis) was used. Totally occluded
segments at baseline or at follow-up and
segments that previously underwent
percutaneous coronary
angioplasty were excluded. The unit of
analysis for this study was the coronary

transluminal

lesion.

Quantitative Angiographic Paramelers

For all lesions and segments the mini-
mum lumen diameter (), interpolated
reference . diameter (mm), percentage
diameter stenosis (%), and plaque diame-
ter (mm) were measured or computed as
appropriate (Figure 1a). The minimum
lumen diameter was defined as the part
of the stenosis with the smallest diame-
ter. The interpolated reference diameter
is the value of the reference diameter
Function taken at the site of the stenosis;
this is an automated procedure without

any user interaction (Figure 1b).% The
reference diameter function is the com-
puter estimation of the original diameter
values of the vessel segment, assuming
there was no coronary disease present,
and derived from the available diameter
data. To this end, a first degree least
squares polynomial is determined
through all the diameter values proximal
and distal to the obstruction; this polyno-
mial allows the vessel to taper. Next the
polynomial is translated upwards until 80
percent of the diameter values are below
the polynomial. The resulting polynomial
values are then assumed to be a measure
for the normal size of the artery at the
corresponding  points; this polynomial
function is denoted the reference diame-
ter and displayed in the diameter func-
tion by a straight line. The change of the
interpolated reference diameter reflects
the change of diffuse atherosclerosis
proximal and distal of a lesion in the
coronary segment of interest. The per-
centage diameter stenosis was calculated
as: {interpolated reference diameter -
minimum fumen dizameter) / interpolated
reference diameter * 100%. The plaque
diameter was defined as the difference
between the interpolated reference diam-
eter and the minimum lumen diameter
and represents the portion of a plaque
that encroaches on the vessel lumen.
Focal disease (the lesion) was defined
as stenosis with a percentage diameter
stenosis of more than 20%.° Coronary
segments with a narrowing less than 20%
were defined to be anglographically
normal and not included in the present
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vessel confour
|

~

-+ Interpolated
Reference Diameter

Minimum
Lumen Diameter

Plaque Diameter

---- DIAMETER FUNCTION CURVE
e LUMINAL DIAMETER CONTOUR DETECTED

, DETECTION OF PROXIMAL AND DISTAL ENDS OF LESION
USING THE CURVATURE ANALYSIS

Figure 1b: Graphic representation of the CAAS measurement of the interpolated reference
diameter. The actual luminal contour is detected by the edge detection technique. ‘The
proximal and distal extremities of the obstructive lesion are determined from the
curvature analysis of the detected contour and the thus identified lesion is then
excluded from the determination of the interpolated reference diameter. A second
degree polynomial function is applied to diameter measurements made from each
scanline {every 0.1 mm) of the segment proximal and distal to the lesion, anatomical
vessel tapering is taken into consideration and the vessel contours in the area of the
lesion are "reconstructed" (as it should appear in the disease free state) and
interpolated into the diameter function. The interpolated reference diameter used then
Is the diametric measurement from the diameter function curve at the poiat of the
minimal luminal diameter.
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analysis.

A negative change in minimum lumen
diameter is a decrease of vessel lumen
and therefore indicates progression of
coronary atherosclerosis. Progression of
focal disease (of a lesion) was defined as
a decrease of > 0.4 mm in minimum
lumen diameter, regression as an in-
crease of > 0.4 mm between baseline
and 4 years. Progression or regression of
diffuse disease (the segment containing
the lesion) was defined as a decrcase or
an increase in the interpolated reference
diameter, respectively. Progression of a
coronary plaque was deflned as an in-
crease, regression as a decrease in the
plaque diameter.

Data Analysis

Baseline characteristics are presented as
number and percentages, and as mean
plus or minus standard deviation. Aver-
age changes of quantitative measure-
ments are reported as mean plus or
minus standard deviation. The percent-
age change from baseline was calculated.
For each individual lesion the categorical
class of change between 0-2 years and 2-
4- years is reported. The angiographic
changes were evaluated by means of a
paired T-test. A P-value < 0.05 was con-
sidered statistically significant, Data are
reported for the stucly population as a
whole and stratified by treatment alloca-
tion. The SAS statistical software package
was used for all analyses.’®

RESULTS

The baseline characteristics of the whole
study group are shown in Table 1. There
were no significant differences between
the placebo group and the simvastatin
group. Nine-hundred-tsenty-four lesions
were available for analysis. Of these 134
progressed, 90 regressed and 700 re-
mained stable (Table 2).

Relation between focal and diffitse disease
The measurements of interpolated refe-
rence-, plaque-, and minimum lumen
diameter and percentage diameter steno-
sis are tabulated at baseline, at 2 years
and at 4 years {(Table 2). The absolute
and relative changes from baseline to 2
years and from baseline to 4 years are
tabulated in Table 3.

The magnitude of progression and
regression of atherosclerosis is almost
similar in the time interval from 0-2 years
and from 2-4 years. Lesions that progress
have a larger baseline minimum lumen
diameter and are located in larger sized
coronary segments compared to stable
lesions and lesions that regress. The
relative magnitude of progression or
regression is not statistically different
{Table 3). The coronary segments which
contained a lesion that progressed also
showed a decrease of their entire lumen
size which is reflected in a decrease of
the interpolated reference diameter (Fig-
ure 2), The reverse is seen in coronary
segments containing a lesion that re-
gressed, where the entire size of segment
increased reflected by an increase in the



Table 1. Baseline characteristics
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Placebo (N=129)

Simvastatin (N=143)

Age (years)

Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
Total Cholesterol (mmol/L)
LDL-Cholesterol (mmol/1)
HDL-Cholesterol (mmol/L)
Triglicerides {mmol/L)

Male

Angina Pectoris

Smoker

Vessel disease’: none
oite
two
three

Previous Ml
Previous PTCA
Aspirin
ACE-inhibitor
Betablocker
Calcium Antagonist

55.3 6.6 55.5 7.5
132 +15.3 132 +16.8
80 +8.0 80 +8.3
640 0.8 6.3 10.7
4.93 10.8 4.8 +0.7
11 0.3 1.1 0.3
1.8 0.8 1.8 0.9
117 (91%) 130 (91%%)
90 (70%) 97 (68%6)
22 (179%) 35 (25%)
59 (4690) 55 (39%)
44 (34%) 6O (42%)
19 (15%) 21 {15%)
7 (5%0) 7 (5%
42 (3390 60 42%)
67 (52%%) 71 (503
70 (5493 96 G790
18 (149%) 22 {(15%)
54 (42%) 55 (39%)
82 (44%) 94 (499)

Figures are means t standard deviations and numbers with percentages in brackets, * visual

assessment, o vessel was considered visually diseased when there was a stenosis of > 50%

interpolated reference diameter (Figure
3). Stable lesions did not, by definition
progress or regress, and the coronary
segment containing a stable lesion also
remained stable (Figure 4). The baseline
measurements and absolute and relative
changes of 2 and 4 years of the sub-
groups of patients who were assigned to
placebo or simvastatin are tabulated in
Tables 4 and 5. By and large the coro-

nary diameter changes occurring in either
subgroup were similar to those occurring
in the entire study group.

Progression or regression of lesions
Most lesions remained stable between 0
and 2 years (79%), a minority progressed
(12%) or regressed {9%) (Figure 5).
Eighty-five percent of the stable lesions
at 2 years remained stable at 4 years. The
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baseline 2 yoears 4 years
refarence :
331 mm 308 mm 207 mm
ralnimum
2.14 mm 1,73 mm 1.49 mm

1.35 mm 147 mm
plaque
: 117 mm

Figure 2. Alteration of minimum lumen-, plague- and interpolated reference diameter at 2 and

4 years associated with progression of lesions.

baseline 2 years 4 years
';’;gen'f.f:: 2.78 mm 262 mm
'1"'6"7'";1‘:1’1" 167 mm 1.69 mm
f:iq:,'em 1.11 mm 1.14 mm

Figure 3: No change of minimum lumen-, plaque- and interpolated reterence diameter at 2 and

4 years associated with stability of lesions.

haseline 2 years 4 years
reference 297 mm 3.16 mm
2.85 mm
minimum
1.46 mm 1.76 mm 203 mm
pagque
139 mm 120 mm
[ /—\ : 113 mm

Figure 4: Alteration of minimum lumen-, plaque- and interpolated reference diameter at 2 and

4 years associated with regression of lesions.
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Table 2. Results at baseline, 2 years and 4 years stratified by class of change at 4 years.

Variable baseline 2 years 4 years
Progression (N=134)
Minimum lumen diameter (mm) 214 + 0.53 173 = 0356 149 = 053
Interpolated reference diameter (mm)  3.31 £ 0.83 3.08 + 086 297 = 083
Plaque diameter (mm) 117 £ 045 1.35 =+ 0.60 1.47 + 0.56
Percentage diameter stenosis (%0) 347 777 432 x128 492 116
Stable (N=700)
Minimum lumen diameter (mm) 1.67 £ 0.48 1.67 + 0.48 1.68 £ 045
Interpolated reference diameter {mm)  2.80 + 0.74 278 + 0.74 282 = 075
Plaque diameter (mm} 1.14 + 0.47 1.11 £ 0.47 1.14 £ 0.50
Percentage diameter stenosis (%6} 401 1035 393 +104 398 =+104
Regression (N=90)
Minimum lumen diameter (mm) 1.46 + 0.51 1.78 £ 0.56 203 = 0.54
Interpolated reference diameter (mm)  2.85 + 0.68 297 + 0.65 316 = 0.65
Plaque diameter (mm) 1.39 + 0.45 120 + 0.46 1.13 = 0.33
Percentage diameter stenosis (%) 489 121 403 +12.4 261 * 884

Figures are means + standard deviation. Progression: decrease » 0.4 mm in minimum lumen

diameter, Regression: increase in > 0.4 mm in minimum lumen diameter.

majority of lesions that progressed after 2
years was stable in the second 2 years
period (76%), and only few also pro-
gressed between 2 and 4 years (5%).
Most of the lesions that regressed be-
tween (¢ and 4 years did so in the first 2
years and stabilized in the second study
period (67%), and only few also
regressed between 2 and 4 years (2%).
The overall incidence of lesion progres-
sion and regression was similar in both
study periods. Between 0-2 years and 2-4
years 12% and 10% progressed, respec-
tively. For regression the incidence was

O% at 2 years and 8% at 4 years. The
differences between the two study peri-
ods were not statistically significant.
Between 0 and 4 years 134 lesions pro-
gressed, 49% of these changed between
0 and 2 years, 51% between 2 and 4
years (Figure 6). Of the 90 lesions that
regressed after 4 years, 41% regressed in
the first study period, 59% in the second
period.

There was no difference in the angio-
graphic patterns of progression or regres-
sion in patients on placebo or on simvas-
tatin treatment, with the exception that
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baseline 2 years 4 years
progressen_x 5 (5%)

111 (12%) 84 (76%)

progression
regression

22 (20%)
58 (8%)

progression

924 731 (79%) 622 (85%)
51 (7%)

25 (31%)

regression

prograssion

regrassion

82 (9%) 55 (67%)

2 (2%)

ragrassion

Figure 5. Flowchart of the categorical class of change for individual lesions over and describes
the serial changes between 0-2 years and 2-4 years. Numbers of lesions that remain

stable, progress or regress with percentages in brackets are depicted.

baseline 4 years 2 years

progression 65 ( 49% )
slable

134 (15%) 68 (51%)

progression

regression 0 (0%)
44 (6%)

progression

924 700 (76%) 611 (87%)
regression 45 (6%)
progression 1 (0~1%)

52 (58%)

regression

90 (10%)
37 (41%)

Figure 6. As figure 5. The class of change after 0-2 years is stratified for the class of change

regression

after 0-4 years.



75

Table 3. Changes over time stratified by class of change at 4 years.

Variable

baseline - 2 years

baseline - 4 years

Progression (N=134)

Minimum lumen diameter (mm) -0.42 £0.36  (-199%) -0.65 £0.22  (-30%)
Interpolated reference diameter (mm) -0.23 +0.42  (-7%) -0.34 043 (-10%)
Plaque diameter {mm) 0.19 044  (15%) 0.31 042 (269%)
Percentage diameter stenosis (96) 85 %1112 (24%) 14.48 £9.62  (42%)
Stable (N=700)
Minimum lumen diameter (mm) 0.00 £0.27 (%) 0.01 £0.20 (19%)
Interpolated reference diameter {mm) -0.03 2042 (-1%0) 0.01 £0.39 (1%)
Plague diameter (mm) -0.03 2036 (-3%) 0.00 £0.37 (096)
Percentage diameter stenosis (%) -0.79 £898  (-2%) -0.31 +8.53 (-19%)
Regression (N=90)
Minimum lumen diameter (mm} 032 2035  (22%) 0.57 +0.15 (399
Interpolated reference diameter (mm) 0.13 +0.46 (490) 0.31 +0.42 (11%)
Plagque diameter {mm) -0.19 £0.49  (-149%) -0.26 20.44  (-19%)
Percentage diameter stenosis (96) -8.6£12.00 (-18%) -12.8 19.61  (-26%)

Figures are means + standard deviation, percentage change from baseline in brackets.

Progression: decrease > 0.4 mm in minimum lumen diameter, Regression: increase in > 0.4 mm

in minimum lumen diameter. For progression and regression al repeated changes were

statistically significant at the 0.05 level.

more lesions regressed in the simvastatin
group compared to the placebo group
34/430 versus 50/488 (relative risk (.08,
95% Confidence Interval 0.45, 1.02).

DISCUSSION

Progression and regression of focal coro-
nary atherosclerosis measured as the
angiographically determined change in
minimum lumen diameter is the resultant
of alterations of the size of the lesion,
remodelling of the coronary artery wall

and endothelial function with its effect
on basal vasomotor tone.”™ In animal
experiments it has been shown that
regression of coronary atherosclerosis is
caused by a) a reduction in the volume
of the lesion, b) further remodelling of
the arterial wall so that the artery be-
comes wider and ©) restoration of endo-
thelial function with improvement of

L1245
? In humans,

vascular relaxation.
serial angiographic trials have shown that
cholesterol moditying interventions can

induce a reduction in the size of a coro-
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Table 4. Results at baseline, 2 years and 4 years stratified by class of change and treatment at

4 years,
Variable baseline 2 years 4 years
PLACEBO
Progression (N=61}
Minimum lumen diameter (mim) 226 + 052 182 £ 054 1.60 + 0.5t
Interpolated reference diameter (nm) 3.46 £ 0.89 3.24 = 093 3.08 + 0.84
Plague diameter (mm) 1.20 + 0.52 1.42 = 073 1.48 % (.59
Percentage diameter stenosis (%6) 340 & 7.05 422 +13.8 47.3 111
Stable (N=341}
Minimum lumen diameter (num) 165 + 046 165 £ 046 1.65 + 0.44
Interpolated reference diameter (mnm) 2.75 + 0.69 274 + Q.73 2.75 + 0.73
Plaque diameter (mm) 1.10 = 0.44 F09 £ 045 1.10 = Q.50
Percentage diameter stenosis (96) 394 £+ 992 39.1 x 952 390.2 104
Regression (N=34)
Minimum lumen diameter (mm) 136 + 047 1.72 + 060 1.94 + 047
Interpolated reference dizmeter (mm) 283 = 0.69 296 £ 0.62 3.05 = 0.54
Placue diameter (mm) 1.47 + 0.46 124 + 0.49 111 + 0.31
Percentage diameter stenosis (36) 520 113 422 +13.2 36.7 £ 9.08
SIMVASTATIN
Progression (N=73)
Minimum lumen diameter (mm) 205 £ 051 1.65 + (.58 1.40 + 0.53
Interpolated reference diameter (mm) 3.18 + 0.76 294 + 078 2,87 + 0.81
Plaque dtameter {(mm) 113 + 0.40 1.29 + 0.47 1.47 + 0.53
Percentage diameter stenosis (%0) 353 + 7.88 440 +11.9 50.7 +11.9

Stable (N=359)

Interpolated reference dinmeter (mm) 2.86 + 0.78 281 + 075 2.88 £ 0.77
Minimum fumen diameter (mm) 1.68 = 0.50 1.68 + 0.49 1.70 = 0.47
Percentage diameter stenosis (96) 408 +11.0 305 +11.2 404 £ 997
Plaque diameter (mm}) 1.18 * 0.49 1.13 + 0.49 1.18 + .50
Regression (N=56)
Minimum fumen diameter (inm) 1.51 + 053 1.81 £+ 0.54 2.08 + 0.58
Interpolated reference diameter mm) 2.85 & 0.68 298 + 0.67 3.23 + 0.71
Plague diameter (mm) 134 + 0.44 117 + 045 1.14 + 0.34
Percentage diameter stenosis (%6) 471 £12.2 39.2 119 358 + 8.75

Figures are means + standard deviation. Progression: decrease > 0.4 mm in minimum lumen
diameter, Regression: increase in > 0.4 mm in minimum lumen diameter.



nary lesion.' Preliminary data suggest that
regression of atherosclerosis is associated
with restoration of endothelial func-

16,1 .
17 No data are available on remod-

tion
elling of the coronary wall during regres-
sion.

We found that clinically significant
progression of a coronary obstruction,
defined as a decrease of the minimum
lumen diameter with at least 0.4 mum was
not entirely due to an increase of plaque
size but also due to progression of dif-
fuse disease of the coronary segment
containing that lesion. The magnitude of
both components of progression was
almost similar, over the time course from
0-2 and 2-4 years. The contribution of
each component to the decrease of the
minimum lumen diameter was almost
equal. Regression of coronary obstruction
was due to both a decrease of plagque
size and regression of diffuse disease of
the coronary segment containing that
lesion. The magnitude of both compo-
nents was almost equal over the time
course from 0-2 and 2-4 years. The con-
tribution of each component to the in-
crease of the lumen was by and large
equal.

The magnitude of the changes which
took place over a 2 years and 4 years
time interval may not entirely represent
the naturat course of coronary atheroscle-
rosis because roughly one half of the
patients was taking a cholesterol-lower-
ing drug, which could have intluenced
the outcome. However, in a separate
analysis of patients not taking cholesterol
lowering drugs and those with statin
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therapy we found a similar, although not
statistically significant, trend at 2 years
and at 4 years interval in both groups.

Our findings are partly in agreement
with Gould et al™ who found that in
their placebo patients progression of mild
lesions was also associated with a de-
crease of the reference diameter. How-
ever, in their treated patients they found
that regression of severe lesions was
associated with a decrease of the refer-
ence diameter which is opposite to our
findings. This may be explained by dif-
ferences in quantitative methods, dura-
tion of intervention (1 year versus 2 and
4 year in our study) or manner of inter-
vention (life-style changes versus lipid-
lowering).

in this stucdy a change in the mini-
mum lumen diameter of at least 0.4 mm
was considered clinically significant.
Although this may appear somewhat
arbitrarily, we have chosen this level
because it represents almost twice the
standard deviation of the variability of
repeated measures of the quantitative
algorithm used in this study.” The same
threshold was also chosen by Waters et
al,"” but other investigators have selected
fower levels ranging from 0.1 mum to 0.2
mm, !
It appears that the majority of lesions
remains stable, Lesions that have pro-
gressed or regressed at 2 years, remain
stable over the next two years. The inci-
dence of lesions that progress or regress
is similar in the two subsequent time
intervals from 0 to 2 years and 2 to 4
years.
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Table 5. Changes over time stratified by class of change at 4 years and stratified by treatment.

Variable baseline - 2 years baseline - 4 years
PLACEBO
Progression (N=61)
Minimum lumen diameter {(mm) 044 + 036 (-18%) -0.60 £ 0.21  (-29%)
Interpolated reference diameter (mm) -0.22 + 049 (-6%) -0.38 £ 043 (-10%)
Plagque diameter {(mm) 0.22 + 052 (18%) 0.28 + 043  (23%)
Percentage diameter Stenosis (%) 818 £11.4  (249%) 13.34 + 911  (399%)
Stable (N=341)
Minimum lumen diameter (mm) -0.00 = 0.25 (099 -0.01 £ 0.20 (1%
Interpolated reference diameter (mmy) -0.01 £ 0.40  (-0%) -0.00 £ 0.41 (0%
Plague diameter (mm) <001 + 035 (19 0.00 £ 037 (0%)
Percentage diameter stenosis (%4} -0.30 + 8.82 (-19% -0.22 + 8.60 (-1%)
Regression (N=34)
Minimum lumen diameter (mm) 0.35 + 043 Q7% 057 £ 013 (43%)
Interpolated reference diameter (mm} 012 £ 0.54  (5%) 0.22 + 0.48 (8%0)
Plaque ciameter (inrmn) .23 1 0.56 (-16%) -0.36 + 047 (-25%)
Percentage diameter stenosis (96) 07 +1250 (-19%) -153 t 9.58 (-30%)
SIMVASTATIN
Progression (N=73)
Minimum lumen diameter (mm) -0.40 + 0.34 (-209%) 064 £ 0.23 (-32%)
Interpolated reference diameter (mm) -0.24 £+ 0.35 (-8%) -0.31 £ 043 (-10%)
Plaque diameter (mm) 0.16 £ 038 (14%) 033 + 041  (30%)
Percentage diameter stenosis (%) 87 1093 (25%) 1542 + 999  (44%)
Stable (N=359)
Minimun lumen diameter (mm) 0.00 + 0.29 (0.0%) 0.02 = 0.20 (1%}
Interpolated reference diameter (mm) -0.05 + 0.43 (-1.79) 0.03 £+ 0.38 (1%}
Plaque diameter {mn) -0.05 £ 037 (-4.2%) 0.60 £ 0.36 (0%}
Percentage dizmeter stenosis (%) -1.25 £ 9.1 (3.1%) -0.39 + 848  (-1%)
Regression (N=50)
Minimum lumen diameter (mm) 030 £ 030 (20%) 0.57 £ 017 (38%)
Interpolated reference diameter (mm) 0.13 + 040 (5% 037 * 038 (13%)
Plaque diameter (mmy) 017 £ 0.44 (-13%) -0.19 = 042 (-15%)
Percentage diameter stenosis (96) 2729 1174 (17%) 113 = 938 (-24%)

Figures are means t standard deviation, percentage change from baseline in brackets.
Progression: decrease > 0.4 mm in minimum himen diameter, Regression: increase in > 0.4 mm

in minimum lumen diameter.




Limitations of the study
Coronary angiography has important
limitations to study progression and
regression. Coronary angiography Is a
silhouette technique and detects only
coronary lumen changes which are cau-
sed by disease of the atterial wall. Re-
modelling of the coronary arteries result-
ing in outward growth or displacement
of the developing coronary plaque in the
earlier stages of the disease preserves the
arterial lumen, and therefore occurs
unnoticed by angiography. Remodelling
falls short when atherosclerosis is pro-
gressing and encroachment on the vascu-
lar lumen takes place. Thus, angiography
allows indirect study of advanced athero-
sclerosis. Obviously, angiography cannot
determine whether an increase or de-
crease of a coronary segment is due to
remodelling of the arterial wall, or due to
a change of vasomotor tone subsequent
to endothelial dysfunction. In this angio-
graphic study the potential effects of
progression and regression on endothe-
lial function and basal vasomotor tone
have been masked by the preceding
administration of the endothelial-inde-
pendent vasodilator nitroglycerine to
induce standardization of basal coronary
vasomotion. It has been shown that in
atherosclerotic arteries the ¢GMP-medi-
ated relaxation to nitrates usually is nor-
mal or only modestly impaired. How-
ever, extensive arteriosclerotic damage of
the artery may produce mechanical dys-
function.*

In our study the extent and severity of
atherosclerosis was modest, however, we
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cannot completely rule out the possibility
that altered vasomotion may have played
a role In the mechanism of progression
and regression such as has been shown
after cholesterol-lowering treatment.”>*
Also alterations of local haemodynamic
rheological forces associated with signifi-
cant progression or regression {change of
> (.4 mm in a minimal luminal diameter)
of a coronary narrowing may have influ-
enced the endothelial dependent vaso-
motor tone. Progression of a lesion may
increase the local shear rate which in-
duces endothelial dependent vasodila-
tion, whereas regression may show the
reverse effect.” However, in our study
plaque progression was assoclated with
additional coronary lumen narrowing and
regression with additional coronary lu-
men widening, thus shear rate effects, if
at all present, were obscured.

Conclusion

Progression or regression of atherosclero-
sis appears to be characterized by tong
intervals of lesion stability interspersed
with periods of change. The majority of
lesions remains stable. The incidence of
progression or regression of lesions is
similar during the subsequent time inter-
vals from 0-2 years and 2 to 4 years. The
majority of lesions that has progressed or
regressed after 2 years remains stable
thereafter. The increase of plaque size is
associated with diffuse coronary lumen
narrowing which further reduces the
obstruction lumen. These data suggest
that the coronary artery wall remodels in
different fashion during the development
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of a plaque. Initially, in the earlier stages
of disease, remodelling, with outward
growth of the plaque, preserves the
vascular lumen diameter. At later stages,
after development of a more advanced
plaque, this preservation effect is insuffi-
cient, and apparently is overruled by
progression of diffuse disease which
further decreases the vascular lumen
diameter.

Of interest is the finding that regres-
sion of an advanced plaque is associated
with widening of the coronary lumen
which further widens the obstruction
fumen. This is particular relevant for
patients with far advanced coronary
atherosclerosis who may benefit from
interventions aimed at inducing regres-
sion of coronary plaques.
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Chapter 7

OVERALL REPRODUCIBILITY OF QUANTITATIVE
CORONARY ANGIOGRAPHY FOR THE ASSESSMENT OF
CORONARY ATHEROSCLEROSIS CHANGE
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ABSTRACT

BACKGROUND The purpose of ithis study was to assess the overall re-
producibility of quantitative coronary angiography in the setting of a mult-
icenter clinical trial. METHODS AND RESULTS From ten patients from different
clinics in G European countries, baseline and 4 year angiograms were ana-
Iyzed. ANl steps of the analysis, selecting corondry segmenis and projections,
computer analysis of cineframes and finally calcilating the angiographic
otifcome paraineler, twere performed by hwo different analysis teams. A total of
712 projections, of 170 segments from 20 angiograms were analyzed. CONCLU-
SIONS Variability decreased from the per profection io the per patient variables.

INTRODUCTION

S everal studies have been reported'
which described the variability of
quantitative coronary angiography (QCA)
with reference to coronary angiographic
tfals. These studies yielded useful infor-
mation on sources of measurement varia-
tion and provided guidelines to minimize
variability.” None of these investigations,
however, assessed the reproducibitity of

QCA measurements in the same setting
as it is performed during a multicenter
atherosclerosis trial, where
angiograms are made by different physi-

coronary

cians using different equipment, which in
most cases are analyzed in a central QCA
core laboratory. Furthermore, only the
variability of the analysis of coronary
lesions was addressed and no data are
available on the reproducibility of the
quantitative analysis of non-stenosed




coronary segments. To assess the overall
variability of the QCA derived endpoints
in a multicenter coronary atherosclerosis
trial (MAAS)Y'""? the baseline and 4 year
follow-up angiograms from 10 patients
were analyzed by 2 diiferent analysis
reams, which selected the cineframes,
petformed the computer analysis and
approved the QCA analyses. The mea-
surement variability was assessed on a
per projection, on a per segment, and on
a per patient level.

METHODS

Coronary angiography procedtire

Angiography was performed according to
standards for quantitative analysis.” Be-
fore angiography patients received 5 mg
isosorbide dinitrate sublingually to in-
duce standardized vasodilation. Coronary
angiography was performed via the
femoral route, on a fixed table system
and 35 mm cineangiograms at a mini-
mum speed of 25 frames per second
were recorded. Patients were asked to
hold breath in mid-inspiration during
filming. In each projection the catheter
tips not filled with contrast medium were
filmed, cut off and sent with the angio-
gram to the QCA core laboratory for
calibration.” The beginning of each an-
giogram was labelled with a cross to
label the zero frame. All relevant aspects
of the angiography procedure, sequence
of injections, projections, angulation and
rotation with frame numbers, type and
size of the catheters, were recorded on
the case report form to enable exact
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repetition of the procedure at follow-up.

Selection of projections and coronary
segments for quantitative analysis

For this reproducibility study 10 patients
were randomly selected from the cohort
that participated in the MAAS trial." All
patients gave informed consent before
patticipating in the study. [n the QCA
core laboratory the angiography commit-
tee, formed by cardiologists with special
expertise in QCA, selected from the
baseline anglograms orthogonal projec-
tions of 11 large proximal coronary seg-
ments both angiographically diseased
and non-diseased.” Right coronary ar-
tery: proximat (1), mid (2), distal (3); left
main (5); left anterior descendent: proxi-
mal (6), mid (7}, distal (8); left circum-
flex: proximal (11), obtusis marginalis
(12}, distal (13), posterior lateral agpH
Totally occluded segments and segments
that previously underwent percutaneous
transluminal coronary angioplasty were
not included in the baseline selection.
For each projection one end-diastolic
frame was selecied for quantitative analy-
sis. The segments were drawn and the
proximal and distal borders were indi-
cated together with the numbers of the
selected cineframes. For the follow-up
angiogram the same projections and
segments were selected as in the baseline
angiogram if available. At follow-up the
end-diastolic frames were not chosen by
a member of the angiography committee
but by the senior QCA analyst at the core
laboratory. All QCA analyses, baseline
and follow-up, were checked by a mem-
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ber of the angiography committee. Analy-
ses could be approved, rejected, or re-
analysis could be requested. After ap-
proval the data were given free for statis-
tical analysis.

In this study the baseline selection of
the 11 proximal segments and projections
by the angiography committee was per-
formed once. All subsequent procedures
were performed by two different teams
(A and B) independent of each other. An
analysis team was formed by a senior
QCA analyst, a CAAS analyst and one
member of the angiography committee.

Quantitative Covonary Analysis

For quantitative analysis the Coronary
Angiography Analysis System (CAAS) was
used which was extensively described
and validated previously.”™* In short, the
region of interest from a cineframe is
optically magnified and converted to
analog video which is subsequently
digitized in a matrix of 512 x 512 pixels
with a grey resolution of 256 levels. The
cathetertip is digitized and the actual
micrometer measurement is combined
with the number of pixels into a calibra-
tion factor in mm/pixel. The CAAS ana-
lyst indicates the centerline of the seg-
ment which is then smoothed by the
computer. Perpendicular on the center-
line the digital data of the pixels are re-
processed and the weighted sum of the
first and second derivatives of the bright-
ness function defines the edge of the
vessel. An interpolated reference diame-
ter indicating the non-diseased vessel
contour is determined after a first degree

least square polynomial which is trans-
lated upwards until 80% of the diameter
values is below the polynomial. The
pincushion distortion is corrected. So,
the CAAS vields absolute vessel dimen-
sions using the catheter tip as scaling
device and relative percentage diameter
stenosis from the computer defined inter-
polated reference diameter. New occlu-
sions at follow-up were assigned a mean
and minimum lumen diameter of 0 mm
and a percentage diameter stenosis of
100%. Angiographically diseased seg-
ments were defined as segments with a
percentage diameter stenosis = 20% at
baseline or at follow-up. The following
CAAS parameters are reported. For all
segments: mean lumen diameter (mm),
length (mm); for angiographically dis-
eased segments also: mininmum lumen
diameter (mm), percentage diameter
stenosis (%). The available multiple mat-
ched views were used for the assessment
of change over time."”

Angiograpic Definitions

Coronary atherosclerosis change was
assessed by 2 methods. First, from a
continuous approach: the absolute differ-
ence in change between baseline and 4
year follow-up in mean and minimum
lumen diameter and percentage stenosis.
Second, from a categorical approach,
where segments were classified accord-
ing the percentage diameter stenosis at
baseline, the change between baseline
and 4 year follow-up, and the direction
of the change. A segment was considered
angiographically diseased when there




was a percentage diameter stenosis =
20%. A true change in disease status was
defined as a change = 15% in percentage
diameter stenosis, which is approximately
two times the standard deviation of the
long-term difference measured on a per
projection basis.”* Segments were classi-
fied as (1) non-diseased, (2) new lesion,
(3) progressed lesion, (4) regressed le-
sion, (5) disappeared lesion. The categor-
ical per patient classification is not dis-
cussed because the small number of
patients.

Statistical Aspects

Variability was described by the mean
difference and the standard deviation of
the differences.” The absolute measure-
ments of A and B were plotted against
each other, and the mean of A and B
was plotted against the difference be-
tween A and B to illustrate discrepancies
between measurements. To allow com-
parison of the variability of different QCA
parameters with different units coeffi-
cients of variation were computed. The
following differences were calculated.
First, the differences between A and B at
baseline: interobserver variability for the
same frame. Second, the differences
between A and B at follow-up: in-
terobserver variability for the same seg-
ments but different frames. Third, the
differences between A and B in change
between baseline and follow-up: inter-
observer variability for the endpoint in a
clinical trial of atherosclerosis change.
The results are reported at three levels: a
per projection level, a per segment level
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for which the available per projection
data were averaged, and a per patient
level for which the available per sepment
data were averaged.

RESULTS

From the 10 baseline angiograms 186
projections of 90 segments were selected
(Table 1). At 4 year follow-up 170 projec-
tions of 86 segments were approved by
team A. These figures were 175 and 87
for team B. Sixty-two versus 60 segments
were diseased at baseline, and 53 versus
56 at 4 years for teams A and B, respec-
tively. Table 2 depicts the QCA results
per projection, per segment and per
patient at baseline and 4 years follow-up
for both analysis teams. Both teams ana-
lyzed per patient approximately 18 4.3
cm of the coronary tree at baseline and
follow-up. For team A the mean lumen
diameter at baseline was 3.05 £0.93 mm,
2.99 +0.91 mm, and 3.00 £0.35 mm per
projection, per segment and per patient,
respectively. The results at baseline of
the minimum lumen diameter for team B
were, 1.98 £0.57 mm, 2.00 £0.59 mun,
and 1.96 £0.30, respectively. For cliame-
ter stenosis the figures were 39.4 +£10.1
%, 32.8 +10.9 %, and 33.4 +6.4 %. The
results of team B were similar. The coef-
ficients of variation were for all QCA
parameters smallest in the per patient
analysis, with for team A at baseline for
0.12 for mean lumen diameter , 0.15 for
minimum lumen diameter, and 0.19 for
diameter stenosis. The results for team B
were comparable, The coefficients of var-
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Table 1. Angiography and QCA logistics for both analysis teams

Team A Team B

Patients 10 10
Number of projections approved

Baseline 186 186

Follow-up 170 175
Number of segments

Baseline 90 90

Follow-ugp 86 87
Number of non-diseased segments

Baseline .62 60

Follow-up 53 56
Number of diseased segments

Baseline 28 30

Follow-up 33 31

A segment was defined as diseased when it had a percentage diameter stenosis = 20%.

iation were for all analyses larger at
follow-up. Figure 1 shows scatterplots of
the measurements at baseline and follow-
up combined of team A versus team B
for the per projection, the per segment,
and the per patient analysis. It can be
appreciated that the scatter around the
line of identity is smallest for mean and
minimum lumen diameter and largest for
diameter stenosis.

The differences between team A and
team B at baseline, at follow-up, and the
differences in change between baseline
and 4 year follow-up are listed in table 3.
On a per projection basis the differences
between team A and B were -0.06 £0.24
mm, 0.03 £0.26 mm, and -0.03 £0.29 mm
at baseline, at follow-up, and for the

change over time, respectively. For the
per segment analysis these figures were
0.04 £0.20 mum, 0.01 £0.20 mm, and -0.03
+0.23 mm. For the per patients analysis
the results were 0.04 x0.09 mm, 0.01
+(.08 mm, and -0.03 £0.08 mm. There
was a gradual decrease of variability for
all 4 QCA variables from the per projec-
tion to the per segment and to the per
patient analysis. In figure 2 the differ-
ences between analysis teams is shown
as a function of the average absolute
value for the measurements at baseline
and follow-up combined. It can be con-
cluded that the variability decreases from
the per projection to the per patient
analysis. The number of measurements
outside the range of mean = 2 std’s is
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Figure 2.

percentage diameter stenosis. Results are shown per projection (A), per segment (B)

and per patient (C), respectively.

Differences of measuremients between Team A and Team B against mean of both
measerements for mean diameter, segment length, minimum diameter, and
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Table 2. Reproducibility results for measurements at baseline and at 4 year follow-up; per
projection, per segment and per patient in multiple matched views.

Team A Team B
n  mean std cv n  mean std cv
Per profection
Mean Lumen Diameter (mm) B 170 305 093 030 170 299 086 0.29
E 170 309 106 034 170 3.06 099 0.32
Minimum Lumen Diameter (mm) B 59 198 057 029 50 196 074 0.28
F 59 195 074 038 59 194 075 039
Percentage Diameter Stenosis (%) B 59 3639 1010 0.26 50 3954 895 0.23
F 59 41.37 1651 039 59 41.15 17.17 042
Segment Length (mm) B 170 21.78 11.8% 0.54 170 21.17 11.22 0.53
B 167 2196 1217 054 167 21.18 11.54 0.55

Per segment

Mean Lumen Diameter (nmm) B 8 299 091 031 86 294 085 030
F 8¢ 302 106 035 86 3.01 101 031
Minimum Lumen Dizmeter (mm) B 61 200 059 030 59 1.98 059 030
F 61 204 075 037 59 203 074 037
Percentage Diameter Stenosis (3 B 6l 3283 1091 033 59 3258 10.34 0.32
F 61 3378 1561 0.40 59 34.6 1622 047
Segment Length (mm) B 86 21.15 1079 0.1 86 21.26 10.60 0.1
F B4 2126 1114 052 84 2065 1087 0.53
Per patient
Mean Lumen diameter (mm) B 10 300 035 012 16 297 029 0.10
F 10 304 043 0.14 10 3035 042 014
Minimum Lumen Diameter (inm) B 10 19 030 015 10 196 030 0.15
F 10 2.00 041 021 10 1.99 041 0.21
Percentage Diameter Stenosis (%) B 10 3343 G639 0.19 10 3285 440 0.14
F 10 3421 645 0.19 10 3513 603 0.17
Total Length (mm) B 10 181.89 4277  0.24 10179.38 39.84 0.22
F 10 178.60 44.62 (.25 10175.28 41.13 0.24

B: at baseline, F: at 4 year follow-up, n: number, std: standard deviation, cv: coefficient of

varigation (std / mean)
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Table 3. Reproducibility results for differences between Team A and B.

Difference A -B

n mean std
Per pirofection
Mean Lumen Diameter (mm) B 170 -0.06 0.24
F .03 0.26
EF-B -0.03 0.29
Minimuni Lumen Diameter (mm) B 59 0.02 0.22
F 0.01 0.25
F-B -0.01 0.35
Percentage Diameter Stenosis (36) B 59 -0.15 6.75
F 0.22 7.10
F-B 0.37 10.47
Segment Length (mm) B 170 0.61 2.71
F 0.76 2.05
F-B 0.19 2.27
Per segment
Mean Lumen Diameter {mm) B 86 0.04 0.20
F 0.01 0.20
F-B -0.03 (1.23
Minimum Lumen Diameter (mm) B 56 -0.01 0.20
F -0.01 (.19
F-B 0.01 .25
Percentage Diameter Stenosis (36) B 56 0.84 8.12
F -0.68 5.66
F-B -1.52 9.38
Segment Length {mm) B 86 0.52 2.27
F 0.62 2.50
F-B 0.12 1.77
Per patient
Mean Lumen Diameter (i} B 10 0.04 0.09
F 0.01 .08
F-B -0.03 0.08
Minimum Lumen Diameter {mm) B 0.00 0.15
F 0.02 0.14
F-B 0.02 0.09
Percentage Diameter Stenosis (%) B 0.58 4.29
B -0.92 2.98
F-B -1.52 4.04
Total Leagth (mim) B 2.61 7.46
F 3.32 10.39
F-B 0.06 0.65

B: at baseline, F: at 4 year follow-up, F - B: change between baseline and 4 year follow-up, n:
number, std: standard deviation.
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Table 4. Categorical change between baseline and 4 year follow-up for both teams per segment.

Team A Team B
n (96) n (%0)
Per segment:

Non-diseased 29 33.7D 30 (34.5)
New lesion 2 (2.3 3 (3.4)
Stable 46 (53.5) 45 51.7)
Progression 3 3.5) (4.6)
Regression 4 4.7 3 3.4
Disappearence 2 (2.3) 2 (2.2)
Total 86 87

largest for segment length in the per
projection analysis and all measurements
are within the limits for minimum lumen
diameter in the per patient analysis.
Table 4 shows the results for categorical
change over 4 years per segment. Over-
all, only minor differences were found
between team A and B.

DISCUSSION

In a quantitative coronary angiographic
teial 5 factors contribute to the overall
variation of the measurements. First, the
computer analysis of the cineframe deter-
mined by the QCA system used. Second,
differences in the X-ray equipment used
in the different centers participating in
the trials. Third, the angiography proce-
dure: coronary vessel motion, vasomotor
tone, respiration phase, projections fil-
med, contrast agent used. Fourth, the

performance of the angiographic core
laboratory: differences between analysts,
calibration from catheter tips. Fifth, the
angiographic commitiee: selection of
projections and coronary segments.

A previous study by Reiber et al”® has
estimated the variability of the CAAS
measurements themselves by repeated
analysis of the same cineframe and the
longest interval of which variability data
were published is 90 days. These mea-
surements were obtained in the same
QCA laboratory, while only one analyst
performed the analysis of all coronary
anglograms. The variability of the CAAS
itself was 0.11 mun for mean lumen diam-
eter, 0.10 mm for minimum himen diam-
eter, 2,75 % for diameter stenosis and
0.97 mm for segment length. We as-
sessed the overall variability of QCA
measurements in the setting of a core
laboratory in a long-term multicenter
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study of 4 year duration. Coronary angio-
grams were obtained by 10 investigators
from 6 different countries. In this study
the varability of the QCA analysis of the
same frame and different CAAS analysts
was larger with 0.24 mm, 0.22 mm, 6.75
% and 2.71 mm, respectively (Table 3).
The variability for the baseline and 4
year angiograms was identical, indicating
that the different selection of cineframes
for the 4 year angiograms did not result
in additional variability. This might be
explained by the finding that selection of
an end-diastolic frame is not very
critical.'” Furthermore, the variability in
this multicenter 4 years study was com-
parable with that reported previously
after 90 days, with a variability for mini-
mum lumen diameter of (.23 mm versus
0.36 mm, and for diameter stenosis of 9.4
% versus 0.5 %. for this study and the
study of Reiber et al, respectively.” The
absolute differences in measurements
were relatively small when we petformed
the analysis per projection, per segment
or per patient. The measurement variabil-
ity expressed as the standard deviation of
the mean differences gradually decreased
from the per projection analysis to the
per patient analysis for all variables. Thus
averaging the available projections re-
duced measurement varability of the
quantitative parameters,

A reproducibility study will always be
limited by the fact that the analysts in-
volved, being aware of the nature of the
study, will therefore perform differently
than during daily routine, which will
result in less vartability than during nor-

mal practice. Furthermore, in this study
only 4 CAAS analysts and 2 cardiologists
were involved, who analyzed all angio-
grams during a 4 week period. In a long-
term multicenter coronary atherosclerosts
trlal that was recently completed by our
core laboratory,'? angiograms were ana-
Iyzed over a 6 year period by approxi-
mately 10 CAAS analysts supervised by 5
cardiclogist. Also, in such a setting =2
learning effect will occur during the
startup phase of the study. The variability
in this multicenter trial was therefore
larger than in this reproducibility study.
Although in angiographic multicenter
trials much attention has been addressed
to the standardization between centers
and exact repetition of angiographic
procedures, and to standardization of
analysis procedures in the QCA core
laboratory, measurement variability re-
mains an important issue in the conduc-
tion of these trials. This reproducibility
study indicates that reduction of mea-
surement variability is still feasible when
analysis procedures are performed in a
highest standardized manner, and under-
scores the necessity of an angiographic
core laboratory.
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RETARDATION OF ANGIOGRAPHIC PROGRESSION OF
CORONARY ATHEROSCLEROSIS
RESULTS IN AN IMPROVED CLINICAL OUTCOME
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Retardation of angiographbic progression of coronary athero-
sclerosis results in an improved clinical outcome

Jeroen Vos, Peter N. Rutigrok, and Pim J. de Feyter.

Thoraxcenter, University Hospital Dijkzigt, Erasmus University Rotterdam, The
Netherlands.

ABSTRACT
BACKGROUND Several angiographic ivials of lipid-lowering therapy and of
lifestyle changes bave shown beneficial effects on the angiographic course of
coronary daiberosclerosis. Most of these Wials were to small to study the effect on
clinical outcome. METHODS AND RESULTS All published randomized angfo-
graphic trials were pooled using meta-analysis technigties fo estimate overall
effects on angiographic and clinical outcome, Mean changes in the lipid profile
were determined. The overall relative risks for progression and regression of
coronary atheroscierosis were calculated. Also, the overall effect on cardiac death
and non-fatal myocardial infarction, and on all cardiac events combined
including revascularisation procedures, were estimated. A total of 3768 patients
were pooled from 15 irials, On average total cholesterol decreased by 23%, LDL-C
by 31%, and triglycerides by 8%. HDL-C increased by 8%. In the reference group
44%, and m the lipid-lowering group 32% of the patients bad progression of
~ coronary atherosclerosis. A relative reduction of 28% (95% Confidence Interval:
0.66, 0.78). For regression these figures were 10% and 18%, respectively. A relative
increase of 84% (95% Confidence Interval: 54, 119). FProgression of focal
atherosclerosis (minimum fumen diameler) was reduced: 0.05 mm/year versus
0.02 nmmtyear, Also, diffuse disease (mean lumen diameter) was refarded: 0.03
muyyear versus 0.01 mm/year. The occurrence of death and non-fatal myocardial
infarction was rediced by 26% in the lipid lowering group: 5.4% versus 7.3%
(95% Confidence Interval- 0.59, 0.94). All cardiac evenis combined were reduced
by 34%: 14% versits 2296 (95% Confidence Interval: 0.58, 0.76). CONCLUSIONS
Amelioration of the lipid-profile improves the angiographic cowrse of coronary
atherosclerosis, which is accompanied by a beiter clinical outcome. Also, the
relationship between lipids, coronary anglography and clinical course is affirmnmed.



INTRODUCTION

A_ series of angiographic trials has
shown that 2 substantial ameliora-

tion of the lipid-profile, especially lower-
ing LDL-C, results in retardation of the
angiographic progression of coronary
atherosclerosis.” Most of these trials,
however, were too small to demonstrate
an effect on the clinical course. We
therefore performed a meta-analysis to
investigate whether the angiographic
benefit found in these studies, is accom-
panied by an improved clinical outcome.
In this chapter, we present the trials
published since 1992. Furthermore, a
novel classification of the angiographic
trials is made. The trials are classified
according to the lipid-lowering treatment
applied, and to the method by which the
coronary angiograms were analyzed, Five
categories were defined. First, lipid-modi-
fying therapies: visual assessment”*
Second, lipid-moeditying
quantitative  coronary angiography.””
Third, statin monotherapy: quantitative
coronary angiography.'™" Fourth, fibrate
monotherapy:  quantitative  coronary
angiography.m Fifth, lifestyle changes:
quantitative coronary angiography.””"

therapies:

METHODS

All randomized angiographic trials that
compared an effective lipid-lowering
therapy or a lifestyle modification pro-
gram, with conventional treatment were
selected. For each of the studies relative
risks for progression and regression of
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coronary atherosclerosis were calculated.
The definitions of disease progression
and regression used in each individual
trial were applied. To obtain an overall
measure of effect the studies were pool-
ed and an adjusted Mantel-Haenszel
Relative Risk (RR) was estimated as was
described previously.” In the same man-
ner the relative risk for the occurrence of
clinical events are presented for each trial
apart and for all trials combined. The
BECAIT™ study is not included in this
quantitative overview, because treatment
was not primarily targeted at lowering
cholesterol but on reducing triglycerides
and fibrinogen,

DESCRIPTION OF THE TRIALS

The studies published before 1992°7 are
described in chapter 2 and in Tables 1
and 2.

Lipid-modifying therapies: quantitative
coronary angiograpby

The SCRIP® study (Stanford Coronary
Risk Intervention Project) tested the
effect of low-fat diet, lipid-lowering
drugs, smoking cessation and exercise on
coronary atherosclerosis relative to usual
cate (Table 1), Three-hunderd males and
females with angiographically proven
CAD were included, 145 patients in the
risk reduction group and 155 patients in
the usual care group. Quantitative coro-
nary angiography of both diseased and
non-diseased coronary segments was
performed at baseline and after 4 years
(Table 2). Total cholesterol was reduced
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Table 1. Descriptions of angiographic coronary atherosclerosis trials.

Study  Treatment Number  Duration ‘Type of Patients

Lipid-modifying therapies: Visual Assessment

NHLBI R}  placebo® 57 5years  type I hyperlipoproteinemia
(1984) 1)  cholestyramine® 59 mean age 46 years

CLAS R}  placebo® 82 2 years post-CABG, Total-C 4.8 - 9.1 mmol/]
(1987) I}  colestipol/ntacin® 80 mean age 54 years

POSCH R)  usual care® 333 3Zyears  post-MI, Total-C » 5.7 mmol/]
(1990) D partial ileal bypass surgery® 363 mean age 51 years

Lipid-modifying therapies: Quantitative Coronary Auglography

FATS R)  conventional 46 2.5 years apolipoprotein B » 125 mg/d!
(1990) 1) lovastatin/colestipol® 38 family history of CAD, 67% angina

1)  niacin/colestipol® 36 mean age 47 years

SCOR R}  placeho/resin® 32 2yecars  familial hypercholesterolemia
(1990) B colestipol/niacin/lovastatin® 40 mean age 42 years

STARS R)  usual care 24 3 years  Total-C between 6.0 - 10.0 mmol/1
(1992) 1) lipidlowering diet 26 mean age 51 years

1) diet/cholestyramine 24

SCRIP R}  usual care 127 4 years  coronary atery disease
(1994) 1 multiple riskfactor reduction 119 mean age 56 years

HARF R}  placebo® 39 25years mild CAD, Total-C 4.7 - 6.5 mmol/l
(1994) D) multiple drug therapy 40 mein age 58 years

Statin Monotherafry: Quantitative Coronary Anglography

MARS R)  placebo” 124 2 years  Tolal-C between 4.9 - 7.6 mmol/]
(1993} 1 lovastatin 123 mean age 58 years

CCAIT R)  placebo® 153 2years  Total-C between 5.7 - 7.8 mmol/]
(1994) 1) lovastatin 146 mean age 52 years

MAAS R)  placebo® 167 4 years  Total-C between 5.5 - 7.8 mmol/l
(1994) D simvastatin 178 men and women, medan age 55 years
REGRESS R)  placeho® 330  2years  CAD, Totl-C between 4.0 - 8.0 mmol/l
(199%) D pravastatin 323 mean age 56 yeuars

PLACI R}  placebo 202 3years  CAD, LDL-C between 34 - 4.9 mmol/l
(1993 D pravastatin 200 mean age 57 years

Flbrate Monotherapy: Quantitative Covonary Anglography

BECAIT R}  usual care 45 5 years young survivors of myocardial infarction
{19%6) I bezofibrate 47 median age 42 years

Lifestyle Changes: Quantitative Coronary Angiography

Lifestyle R)  usual care 19 1 year no lipid-modifying drugs
(1550 D lifestyle changes 22 mean age 58 years

STARS R) usual care 24 3 years Total-C between 6.0 - 10.0 mmol/l
(1992) D lipid-lowering diet 26 mean age 51 years

Heidelberg R} usual care 52 1 year stable angina
1992 D) lifestyle changes 40 mean age 53 years

R: Reference Group; I: Index Group;®: Dietary Counselling; Total-C: total cholesterol; TG: triglycerides;
Number: patients with angiographic follow-up
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Table 2. Definitions of progression and regression of coronary atherosclerosis.

Study  Definition

Lipid-modifying theraples: Visual Assessment

NHLBI  definite progression: = 1 lesion with definite progression and no lesion with regression
probable progression: » T lesion with probable progression and no lesion with regression or
definite progression
probable regression: » 1 lesion with probable regression and no lesion with definite regression
or any progression
definite regression: 2 1 lesion with definite regression and no progression
mixed response: regression and progression: lesion progression and regression in the same
patient, whether definite or probablem, no change: no lesion observed as changed by at least
2 pancls

CLAS CLAS consensus global change score: 0 = no change, 1 = definitely discernable,
2 = moderate, 3 = extreme; - regression, +: progression

POSCH CLAS consensus global change score: 0 = no change, 1 = definitely discernable,
2 = moderate, 3 = extreme; +: regression, -: progression

Lipid-modifying theraples: Quantitative Coronary Augtography

FATS progression: 10% increase in percentage diameter stenosis; regression vice versa

SCOR 10% increase in percentage diameler stenosis; regression vice versa; change in percentage
arey stenosis

STARS  progression: loss of > 0.17 mm in mean absolute width; regression: vice versa

SCRIP  progression: a decrease of > 0.2 mm in minimum lumen diameter; regression: vice versa

HARP  progression: a increase of > 7.8% in percentage diamcter stenosis; regression: vice versa

Statin Monotherapy: Quantitative Coronary Angilograp by
MARS progiession: change > 129 in diameter percenlage stenosis; regression: vice versa, CLAS consensus
global change score: 0 = no change, 1 = definitely discemable,
2 = moderate, 3 = extreme; -: regression, +: progression
CCAIT  progression: a decrease of > 0.4 mm in minimum lumen diameter; regression: vice versa
MAAS  progression: a increase of > 15% in percentage diameter stenosis; regression: vice versa
REGRESS progression: a decrease of » 0.4 mm in mininwim lumen diameter; regression: vice versa
PLACI progression: a decrease of > 0.4 mun in minimum lumen diameter; regression: vice versa

Fibrate Monotherapy: Quantitative Coronary Auglography
BECAIT progression: a decrease of > 0.4 mm in minimum lumen diameter; regression: vice versy

Lifestyle Chauges: Quaniitative Coronary Anglography

Lifestyle change in percentage diameter stenosis as 4 continuous measuse; positive: progression,
negative: regression

STARS  progression: loss of 2 (.17 mm in mean absolute width; regression: vice versa

Heidelbery progression: decrease in minimum lumen diameter of » 0.18 mm; regression vice versa
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by 14% and LDL-C by 26%. HDL-C was
increased by 14% (Tables 3 and 4). Pro-
gression of CAD was found in 50% of
patients in both treatment groups. Re-
gression was seen in 10% and 20% in the
usual care and the intervention groups,
respectively (Tables 5 and 6), The mini-
mal luminal diameter of the diseased
segments decreased by 0.05 mm and 0.02
mm per yeats in the usual care and the
intervention groups, respectively. In the
non-diseased segments a narrowing of
0.02 mm per years was found in both
groups. Fewer patients in the interven-
tion group experienced a cardiac event
34 (22%) and 20 (14%), respectively
(Tables 7 through 9).

In the Harvard Atherosclerosis Revers-
ibility Project’” (HARP) the effect of lipid-
lowering treatment on the angiographic
course of coronary atherosclerosis was
studied in normocholesterolaemic pa-
tients with a total cholesterol between 4.7
- 6.5 mmol/l. Patients were allocated to
placebo (44 patients) or to a stepwise
multi-drug  treatment (44 patients) to
induce a total cholesterol level less than
4.2 mmol and a LDL-cholesterol / HDL-
Cholesterol Ratio of less then 2.0. Pravas-
tatin, nicotinic acid, cholestyramin and
gemfibrozil were prescribed. Quantitative
angiography was performed at baseline
and after 2.5 years. In 39 control patients
and 40 drug treated patients follow-up
angiography was available. Total choles-
terol, LDL-C, and triglycerides decreased
with 28%, 41%, and 20% respectively.
HDL-C increased with 13%. The mini-
mum lumen diameter decreased with

0.14 mm and 0.15 mm in the drug and
the placebo groups, respectively. Also no
important difference was found for the
percentage diameter stenosis with an
increase of 2.1 % and 2.4 %, respectively.
Ten patients (21%) in the placebo group
and G patients (14%) in the drugs group
experienced a clinical event.

Statin monotherapy: quantitative coro-
nary angiography

In the Monitored Atherosclerosis
Regression Study (MARS)" Blankenhorn
et al assessed the effect of monotherapy
with lovastatin on coronary atherosclero-
sis relative to placebo. Patients with at
least two stenoses of which 1 = 50% and
with cholesterol levels between 4.9 and
7.6 mmol/l were recruited for the 2 year
trial. A total of 270 patients was enroled
of which 124 in the placebo group and
123 in the lovastatin group had a follow-
up angiogram. Angiograms were ana-
Iyzed both visually using the global
change score” and quantitatively.” In the
lovastatin group total cholesterol, LDL-C,
and HDL-C changed by -30%, -37%, and
7%, respectively, Progression of CAD as
assessed by quantitative coronary anglog-
raphy was seen in 41% and 29% in the
placebo and lovastatin groups, respec-
tively. For regression of CAD these fig-
ures were 12% and 23%. Percentage
diameter stenosis increased for the pla-
cebo treated patients by 2.2 percentage
points and for patients who used lovas-
tatin by 1.6 percentage points. For the
lesion > 50% stencsed an increase of 0.9
percentage points was seen in the pla-
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Table 3. Lipid results of coronary angiographic atherosclerosis triats.

Study Group Total-C LDL-C HDL-C HDL/LDL Triglycerides
B C B C B Cc B C B C

Lipid-modifying therapies: Visual Assessment

NHLBI R 7.59 -1% 593 5% 1.01 1% 0.17 6% 148  26%
L 8.03 -17% 6.27 -26% 098 8% 016 44% 176 28%
CLAS R 628 4% 436 5% 113 2% 0.26 8% 1.74 5%
I 6.35 -20% 442 430% 115 37% 0.26  142% 171 -22%
POSCH R 648 5% 462 7% 1.05 -1% 0.23 4% 226 4%
1 6.50 -36% 4,062 -42% 103 5% 0.22  82% 233 12%
Lipid-modifying theraples: Quantitative Coronary Anglography
FATS R 679 -4% 453 7% 098 6% 022 14% 259 15%
Fsa 7.06 -29% 500 -39% 096 23% 0.19 1169 223 -18%
SCOR R 949 -8% 711 -12% 13t % 018 17% 1.24 4%
I 9.79 -31% 732 -30% 1.22  25% 0.17 100% 149 -21%
STARS R 7.07 2% 482 -3% 1.22 -1% 0.25 4% 2.32 1%
Lisa 7.31 -20% 512 -26% 118  -2% 0.23  35% 225 -10%
SCRIP R 587 -2% 404 4% 110 6% 027 11% 1.75 0%
[ 6.03 -16% 407  -30% 119 12% 0.29 48% 177 -19%
HARP R 543 2% 3.49 3% 167 0% 031 3% 193 1%%
[ 5.5% -26% 3.62  -38% 108 13% 030  83% 184 -20%
Statin Monotherapy: Quantitative Coronary Anglograpby
MARS R 601 2% 400 1% 111 2% 0.28 4% 1.80 2%
I 5.97 -32% 391 -38% 110 9% .28  79% 180 -22%
CCAIT R 643 1% 444 2% .07 3% 0.24 4% 222 A%
I G646 -21% 4.47  -29% 107 7% 024  50% 222 -8%
MAAS R 643 0% 4.47 1% L1l 3% 0.25 -4% 1.84 4%
I 635 -22% 438 -31% 110 7% 025 50% 192 -13%
REGRESS R 6.05 5% 4.31 1% 0.93 4% 0.22 0% 1.80 8%
i 6.02 -20% 4.30  -29% 093 13% 0.22  59% 1.77  -10%
PLACI R 597 2% 424 1% 106 2% 187 9%
i -19% -28% 7% -8%
Fibrate Monotherapy: Quantitative Coronary Angiograply
BECAIT R 6.90 6% 462 2% 100 -1% 019 13% 1.98 3%
I 6.87 -14% 466 -4% 089 9% 0.22 1% 244 -26%
Lifestyle Changes: Quantitative Coronary Anglography
Lifestyle R 634  -5% 432 -6% 135 3% 031 3% 245 9%
I 5.88 -24% 392 3% 1.00 -3% 026  54% 238 22%
STARS R 707 2% 482 3% 1.22 -1% 0.25 454 232 1%%
1, 7.19 -14% 500 -16% .14 0% 023 17% 231 -20%
Heidelberg R 606 0% 4.25 2% 091 0% (.21 0% 216 17%
[ 605 -10% 424 9% 094 2% 0.22 9% 197  -24%

All values in mmol/[; R: Reference Group; I: Index Group; B: at baseline; C: percentage change; Total-C:
total cholesterol; *: no other data reported
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Table 4. Treatment Effect on lipid parametess.

Study number Change

Total-C LDL-C HDL-C TG
Lipid-modifying therapies: Visual Assessment
NHLBI 116 ~16% -21% 7% 2%
CLAS 162 -22% -38% 35% ~17%
POSCH 734 -31% -35% 6% 16%
All 1012 -28% -34% 11% 9%
Lipid-modifying therapies: Quantitative Coronary Angiography
FATS 120 -25% -32% 17% -33%
SCOR 72 -23% -27% 25% -25%
STARS 74 -18% -23% -1%% -11%
SCRIP 245 -14% -26% 6% -19%
HARP 7% -28% -41% 13% -21%
All 590 -20% -30% 11% -22%
Statin Monotherafry: Quantitative Coronary Angiography
MARS 247 -30% -37% 7% -24%
CCAIT 331 -22% ~27% 4% -4%
MAAS 373 -22% ~32% 10% ~17%
REGRESS 653 -209% -29% 10% 7%
PLAC 408 -21% -29% 5% -17%
All 2012 -22% -30% 6% -13%
Lifestyle Changes: Quantitative Coronary Angiography
Lifestyle 41 -19% -31% 0% 31%
STARS 50 -16% -13% 1% -21%
Heidelberg 113 -10% -11% 2% -7%
Al 204 -13% -15% 1% -3%
OVERALL 3768 -23% -31% 8% -8%

Total-C: total cholesterol; TG: triglycerides.

cebo group, but in the lovastatin group a
decrease by 4.1 percentage points was
found. The mean minimal luminal diame-
ter worsened by 0.06 mm and by 0.03
mm after treatment with placebo and

lovastatin, respectively. Cardiac events
were moere frequent in the placebo
group, 31 (25%) versus 22 (18%0).

In the CCAIT"* (Canadian Coronary
Atherosclerosis Intervention ‘Trial) pa-



tients with mild, diffuse coronary athere-
sclerosis and cholesterol levels between
5.7 and 7.8 mmol/i received dietary
counseliing (American Heart Association
Phase 1 diet) and lovastatin (N = 165} or
matching placebo (N = 166) for 2 years.
Coronary anglograms were analyzed
quantitatively. Total cholesterol de-
creased by 20%, LDL-C by 27%, and
HDL-C increased by 4% in the lovastatin
group relative to placebo. Progression
and regression of CAD were noted in
50% and 33% and in 7% and 10% in the
placebo and lovastatin groups, respec-
tively. The change in mean minimal
luminal diameter was -0.09 mm and -0.05
mm in the placebo and lovastatin groups,
respectively. These figures were for sten-
oses of > 50% 0.01 mm and (.02 mm and
for stenoses < 50% -0.11 mm and -0.06.
Eighteen patients (11%0) on placebo and
14 patients (9%) randomized to lovastatin
experienced a cardiac event.

The Multicentre Anti-Atheroma Study
(MAAS)™ studied the effect of sim-
vastatin on the progression of both focal
and diffuse coronary atherosclerosis in
patients with mild to moderate coronary
artery disease. Patients were randomized
to placebo (188 patients) and simvastatin
20 mg once daily (193 patients). At base-
line and after 2 and 4 years quantitative
coronary angiography was performed,
allowing to assess the changes in coro-
nary atherosclerosis over time. A follow-
up angiogram was available in 167 pla-
cebo and 178 simvastatin patients, Treat-
ment with simvastatin reduced total
cholesterol by 23%, LDL-C by 31%, and
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increased HDL-C by 9%. Triglycerides
decreased with 18%. Both the progres-
sion of diffuse and focal coronary athero-
sclerosis were reduced in the simvastatin
group. With a reduction in loss of mean
lumen diameter of 0.06 mm and of 0.08
mm in minimum lumen diameter. There
were fewer patients with progression of
disease (23% versus 32%) and more
patients with regression of disease (19%
versus 12%) in the simvastatin group.
Fifty-one patients in the placebo group
had a cardiac event compared to 40
patients allocated to simvastatin.

The REGRESS" (Regression Growth
Evaluation Statin Study) investigated the
effect of cholesterol lowering treatment
in 885 patients with symptomatic coro-
naty artery disease and normal to moder-
ately elevated cholestercl levels (between
4.0 and 8.0 mmol/D). For 330 placebo and
323 pravastatin _patients quantitative
coronary follow-up angiography was
available after 2 years. Total cholesterol
decreased by 20%, LDL-C by 209, and
triglycerides by 7% in the patients treated
with pravastatin 40 mg once daily relative
to the placebo patients. HDL-C increased
with 10%. The loss in mean lumen diam-
eter was 0.04 mm less in the chotesterol
lowering group. The difference for mini-
mum lumen diameter was 0.06 mm,
again in favour for the pravastatin group.
Angiographic progression was found in
43% of the placebo group and in 37% of
the pravastatin group. For regression the
figures were 9% and 17%, respectively.
There were fewer dinical events {death,
non-fatal myocardial infarction, revas-
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Table 5. Angiographic results: Progression of Coronary Atherosclerosis.

Number of patients

Study Progression / Total Rate Relative Risk (95% CI)

Lipid-modifying theraples: Visual Assessment

NHLBI R 28/57 49% 0.66 (0.42, 1.03%)
I 19/59 32%

CLAS R 50/80 61% 0.64 (0.46, 0.88)
1 32/82 39%

POSCH R 138/333 41% (.68 (0.55, 0.84)
1 102/363 28%

All R 216/472 30% 0.67 (057, 0.78)
r 152/502 46%

Lipid-modifying therapies: Quantitative Coronary Auglograpby

FATS | LON 21/46 46% 0.50 (0.30, 0.85)
L, 17/74 23%

SCOR R 13/32 41% 0.50 (0.23, 1048
I 8/40 20%

STARS R 11/24 46% 0.31 0.14, 0.69
| F. 7/50 14%

SCRIP 0.2 mmi R 63/127 50% .02 .79, 130
1 60/119 50%

HARP R 13/39 330 0.98 052, 1.83%)
1 13/40 33%

All R i121/268 45% 0.77 (0.63, 094}
I 105/323 33%

Statin Monotherapy: Quantftative Coronary Augiographby

MARS R 51/124 41% 0.7% (0.50, 1.01)
I 36/123 20%

CCAIT R 76/153 50% 066 (0.50, 0.88)
I 48/146 33%

MAAS R 54/167 32% .71 0,50, 1.00)
I 41/137 23%

REGRESS R 140/327 43% 0.86 071, 1.04)
I 115/314 37%

PLAC 1 R 79/157 S0% 0.73 0.57, 0.94)
I 60/163 37%

Alt R 400,928 43% 0.76 (0.67, 0.85)
I 300,924 33%

Lifestyle Changes: Quantitative Coronary Angiography

Lifestyle R 10/19 53% 0.35 .13, 092)
1 4/22 18%

STARS R 11/24 46% 0.34 0.12, 09D
L 4/20 15%

Heidelberg R 9/40 48% 0.47 .25, 089
[ 25/52 23%

All R 46/95 48% 0.40 (026, 0.63)
1 17/88 19%

OVERALL R 772/1739 44% 072 (0.66, 0.78)
I 570/1811 32%

R: Reference group; I Index group; 95%

ClI: 95% Confidence Interval



Table 6, Angiographic results: Regression of Coronary Atherosclerosis.
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Numiber of patients

Relative Risk (93% CI)

Studly Regression / Total Rate
Lipid-inodifying theraples: Visual Assessment
NHLBI R 4/57 7%
I 4/59 7%
CLAS R 2/80 2%
I 13/80 16%
POSCH R 24/333 b
I 33/363 9%
Al R 30/472 6%
I 50/502 10%
Lipid-modifying therapies: Quantitative Coronary Angilography
FATS R 5/46 11%
Lz 26/74 35%
SCOR R 4/32 13%
I 13/40 33%
STARS R 1/24 4%
L 18/50 306%
SCRIP 0.2 mm R 13/127 10%
I 24/119 20%
HARP R 7/39 18%
i 5/40 13%
All R 3o/268 11%
I 86/323 27%
Statin Monotherapy: Quantitative Coronary Angiography
MARS R 15/124 12%
I 28/123 23%
CCAIT R 10/153 736
1 14/156 10%
MAAS R 20/167 12%
I 33/178 19%
REGRESS R 30/327 9%
I 54/314 17%
PLACI R 24/157 15%
I 34/163 21%
Al R 99/928 1%
I 163/924 18%
Lifestyle Changes: Quantitative Coronary Angiography
Lifestyle R 8/19 42%
I 18/22 82%%
STARS R 1/24 4%
i 10/26 38%
Heidelberg R 9/52 17%
1 13/40 33%
All R 18/95 19%
I 41/88 47%
OVERALL R 176/1739 10%
I 330/1811 18%

097
6.67
1.26

157

3.20
2.60
8.64
1.97
0.70

2.03

1.88
1.47
1.55
1.88
1.37

164

1.90
9.23
1.88

235

1.84

©.25, 3.68)
(1.55, 28.89)
0.76, 1.09)

(1.02, 2.40)

(1.34, 7.82)
0.94, 7.20)
(1.22, 61O
(105, 3.69
(0.24, 2.01)

(158 335)

(L.0G, 3.35)
(0.67, 3.20)
©.93, 2.59)
(1.23, 2385
(0.85, 2.19

(131, 2.06)

(1.11, 34D
(1.28, 66.8)
(089, 3.95)

(154, 3.58)

(154, 219}

R: Reference Group; I Index group; 95% CL: 95% Confidence Interval
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cularization and stroke) in the monostatin
group with 59 events compared to 93.
‘The PLAC I trial'® (Pravastatin Limita-
tion of Atherosclerosis in the Coronary
arteries) reported the effect of pravastatin
40 mg once daily on the progression of
coronary atherosclerosis over a perod of
3 years was assessed. Four-hundred-eight
patients with mildly elevated cholesterol
levels were included. In 157 placebo and
163 pravastatin patients follow-up angi-
ography was available. Total cholesterol,
LDL-C decreased by 21% and 29 % re-
spectively. HDL-C rose by 5%. The tri-
glyceride level was lowered by 17%. The
loss in mean lumen diameter and in
minimum lumen diameter was decreased
by 0.02 mm / year. In the placebo group
more patients had progression of disease,
5096 versus 37%. Regression occurred less
in the placebo patients, 15% versus 21%,

Fibrate monotherapy: quantitative coro-
nary angiography

The Bezafibrate Coronary Athero-
sclerosis Intervention Frial (BECAIT)'
studied the effect of lipid-modifying and
fibrinogen-lowering therapy with beza-
fibrate 200 mg three times daily in young
survivors of an acute myocardial infarc-
tion. For 39 placebo patients and 42
bezafibrate patients gquantitative coronary
angiography was available at baseline
and after 2 and 5 years. Total cholesterol,
LDL-C, triglycerides, and fibrinogen were
reduced by bezafibrate by 9%, 1%, 30%
and 14%, respectively. HDL-C increased
by 9%. Both the loss in mean lumen
diameter and minimum {nmen diameter

was less in the bezafibrate with a treat-
ment effect of 0.07 mm and 0.11 mm,
respectively. More patients had regres-
sion and less progression in the lipid-
lowering group, 21% versus 13%, and
74% versus 85%, respectively. Eleven out
of 45 placebo patients and 3 out of 47
bezafibrate patients suffered a clinical
event.

Lifestyle changes: quantitative coronary
angiography

For the STARS’ (St Thomas’ Athero-
sclerosis Regression Study) we compared
in this analysis the usual care group (N =
24) with the diet group (N = 26). Blood
lipids did not change in the usual care
group. In the diet group total cholesterot
and LDL-C were reduced by 14% and
16%, respectively; HDL-C remained con-
stant. Progression of CAD was noted in
46% and 15%, regression was seen in 4%
and 38% of the usual care and the diet
groups, respectively. The change in mean
coronary diameter was -0.20 mm, and
0.03 mm in the usual care, and the diet
groups, respectively.

The Heidelberg study
tients with stable angina and proven
coronary atherosclerosis with usual care
(N = 57) or with a low-fat diet and inten-
sive physical exercise (N = 56). The diet
applied was the American Heart Associa-
tion phase 3 diet with < 200 mg choles-
terol and fat < 20% energy. Also, they
were asked to exercise daily for at least

819 treated pa-

30 minutes on a cycle ergometer at 75%
of their maximal heart rate and to partici-
pate in twice-weekly group training
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Table 7. Changes in QCA measurements per year.

Study Group Number of Change MLD Change DS Change MD
patients (mm / year) (% / year) (mm / year}

Lipid-moadifying theraptes

FATS R 46 -0.020 0.8
(2.5 yrs) I, 38 0.005 03
I, 36 0.014 0.4
STARS R 24 0.077 1.9 -0.067
(3 yrs) I, 26 0.010 0.4 0.001
I, 24 0.039 -0.6 0.034
SCRIP R 127 -0.046 0.7 -0.016
(4 yrs) 1 119 -0.024 0.5 -0.015
HARP R 39 -0.068 1.0
(2.5 yrs) I 40 -0.048 08
All R 236 -0.048 0.9 -0.024
I 283 -0.010 0.3 -0.006
Statin Monotherapy
MARS R 124 -0.030 11
(2 yrs) 1 123 -0.015 0.8
CCAIT R 153 -0.045 15
(2 yrs) I 146 -0.025 0.9
MAAS R 167 -0.033 09 -0.020
4 yrs) [ 178 -0.010 0.3 -0.005
REGRESS R 330 -0.050 -0.045
{2 yIs} [ 323 -0.030 -0.015
PLAC I R 157 -0.050 11 -0.040
1 163 -0.030 0.7 -0.020
All R 931 -0.043 12 -0.037
I 933 -0.023 0.7 -0.014
Lifesiyle Changes:
Lifestyle R 19 3.4
(1 yn) I 22 -2.2
STARS R 24 -0.077 i.9 -0.067
(3 yrs) I 26 0010 -0.4 0.001
Heidelberg R 52 -0.130 3.0
1 vyr) I 40 -0.010 -1.0
Al R 95 0113 2.8 -0.067
I 85 -0.002 -1.f 0.001
OVERALL R 1262 -0.047 1.2 -0.034
I 1301 -0.019 0.4 -0.011

R: Reference group; I: Index group; MLD: minimum lumen diameter, DS: percentage diameter stenosis,
MD: mean lumen diameter.
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Table 8. Cardizc mortality and non-fatal myocardial infarction.

Number of patients

Study Event / Total Rate Relative Risk (95% CI)

Lipid-modifying therapies: Visual Assessment .

NHLBI R 12/72 17% 0.68 (0.29, 1.55)
1 8/71 1194

CLAS R 5/94 5% 0.20 (0.02, 1.68)
H 1/94 1%

POSCH R 42/417 10% 0.99 (0.66, 1.49)
I 427421 10%

Al R 59/583 10% 0.86  (0.60,1.23)
I 51/586 9%

Liptd-modifying therapies: Quantitative Coronary Anglography

FATS R 0/52 0% ‘6 (8%, 5%
Lse 2/94 2%

SCOR R 1749 2% Yo (6%, 20
I 0748 0%

STARS R 5/28 18% 0.34 009, 1300
i:&z 5/ 50 6%

SCRIP R 13/155 8% 0.49 (0.19, 1.26)
I 6/145 4%

HARP R 1/40 5% 2.05 (0.19, 2L.7}
i 2/39 3%

All R 20/324 6% 056 (029 1.11)
I 13/376 4%

Statin Monoitherapy: Quantitative Coronary Angiography

CCAIT R 7/166 4% 1.01 (0.36, 2801
I 7/165 4%

MAAS R 16/188 9% 0.85 043, 1.70)
I 14/193 %

REGRESS R 19/434 4% .61 (0.30, 1.24)
1 12/450 3%

PLACI R 19/202 9% 0.52 (0.25, 1.08)
1 10/206 5%

Al R 60/989 6% 0.70  (0.48, 1.02)
I 43/1014 4%

Lifestyle Changes: Quaniitative Coronary Auglography

Lifestyle R 0/19 0%
| 0/22 0%

STARS2 R 5/28 18% 0.42 0.09, 1.96)
I 2/27 7%

Heidelberg R 3/57 5% (1.83 (0.14, 4.74)
I 2/46 4%

Al R 8/77 4% 0.56  (0.18 1.73)
I 4/69 6%

OVERALL R 143/1954 7% 0.74 (059, 0.94)
I 109/2002 5%

R: Reference group; I: Index group; 95% CI: 95% Confidence Interval®; risk difference; MARS: not reported



sessions for at least 60 minutes." No
lipid-lowering drugs were used. Angio-
grams were assessed quantitatively after
1 year. Total cholesterol, LDL-C, and
triglycerides were reduced by 10%, 119%,
and 7%, respectively; HDL-C increased
by 3%. Body weight decreased by 5% in
the intervention group; blood pressure
remained constant. Five patients in the
intervention group and 4 in the control
group experienced a cardiac event. In an
additional analysis® a relation was found
between the magnitude of the leisure
time physical activity and the progression
of coronary atherosclerotic lesion. It was
found that > 1.400 kcal/week of exercise
was necessary to improve cardiovascular
fitness and that > 1.530 kcal/week and >
2.200 kcal/week were needed to halt
progression or to induce regression,
respectively.

POOLED RESULTS

The effects of the different therapies
applied in the angiographic trials on the
lipid profile are depicted for each indi-
vicdual trial, for each group of trials and
for all groups combined.

Treatment effect on lipid profile

Overall the reduction in total cholesterol
was 23%, in LDL-C 31% and triglycerides
8%, whereas HDL-C increased by 8%. The
average treatment effect in the trials with
monostatin therapy was a reduction in
total cholesterol of 22%, in LDL-C of 30%,
in triglycerides of 13%, and an increase in
HDL-C of 6%. (Tables 3 and 4).
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Treatment effect on progression and re-
gression

The reduction of the number of patients
with progression was significant in al-
most alf of the individual trials and in all
five tiial groups. Overall progression was
reduced by approximately 30%, and
regression increased by about 80% {(Ta-
bles 5 and 6). Monostatin therapy re-
sulted in a relative risk for progression of
0.76 (95% Conlidence Interval: 0.67,
0.85). For regression this figure was 1.64
(95% Confidence Interval: 1.31, 2.06).

Treatment effect on focal and diffuse
coronary atherosclerosis

Quantitative coronary angiography al-
lows the assessment of both the changes
in focal (minium lumen diameter and
diameter stenosis) and diffuse coronary
atherosclerosis {mean lumen diameter).
Progression of diffuse coronary athero-
sclerosis is often not noted, or underesti-
mated because coronary angiography,
particulatly when visually evaluated, is
an unreliable technique for the detection
of diffuse disease. However, the intro-
duction of quantitative coronary angio-
graphy allows the accurate measurement
of changes caused by diffuse coronary
atherosclerosis. The quantitative coronary
angiography trials clearly demonstrate
that diffuse changes do occur and can be
slowed by lipid-lowering interventions
(Table 7). The overall treatment effect on
the progression of coronary atherosclero-
sis is small. The minimum lumen diame-
ter {a measure of focal disease) de-
creased by 0.047 mm per year in the
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Table 9. All Cardiac Events: mortality, non-fatal myocardial infarction, CABG and PTCA.

Number of patients
Study Event / Total Rate Relative Risk (95% CI)

Liptd-modifying theraples: Visual Assessment

NHLBI R 12/72 17% 0.68 0.29, 1.55)
I 8/71 11%

CLAS R 22/94 22% 0.96 057, 1.61)
| 21/94 25%

All R 34/166 21% 086  (055,1.34)
I 297165 18%

Lipid-modifying therapies: Quantitative Coronary Angiography

FATS R 11/52 21% 0.25 (0.09, 0.68)
Tigs 5/94 5%

SCOR R 1/49 29% Y20 (6%, 20
i 0/48 0%

STARS R 10/28 36% 0.21 .07, 0.61)
| 4£/50 8%

SCRIP R 34/155 22% 0.63 €0.38, 1.04
| 20/145 14%

HARP R 4/40 10% 1.03 (0.28, 3.82)
I 4/39 10%6

Al R 60,324 19% 048 (033 0.70)
I 33/376 9%

Statin Monotherapy: Quantitative Coronary Anglography

MARS R 31/124 25% 072 0.44, 1.16)
I 22/123 18%

CCAIT R 18/166 11% 0.78 (0.40, 1.52)
I 14/165 9%

MAAS R 50/188 27% 0.78 0.54, 1.12)
1 40/193 21%

REGRESS R 93/434 21% .58 (0.43, 0.79
I 56/450 12%

PLACI R 81/202 40% 0.67 (0.50, 0.88)
1 55/206 27%

All R 272/841 24% 0.67 (057,0.79)
I 187/1137 17%

Lifestyle Changes: Quantitative Coronary Anglography

Lifestyle R 0/19 0%
I 0/22 0%

STARS2 R 9/28 32% 0.35 (0.11, 1.14)
I 3/27 11%

Heidelberg R 4/57 7% 1.55 (0.44, 5.44)
I 5/46 11%

All R 13/85 7% 0.09 (031, 1.53)
I 8/73 11%

OVERALL R 371/1661 22% .66 (0.58 0.76)
I 25471724 15%

R: Reference group; I: Index group; 95% CI: 95% Confidence Interval®: risk difference; POSCH: not reported



placebo group versus 0.019 in the treat-
ment group. The mean lumen diameter
(a measure of diffuse disease) decreased
by 0.034 mm per year in the placebo
group versus 0.011 in the lipid-lowering
group. Treatment with a HMG-CoA re-
ductase inhibitor reduced the progression
of focal disease: minimum lumen diame-
ter by 0.02 mm per year, percentage
diameter stenosis by 0.6% per year. Also
the progression of diffuse coronary
atherosclerosis  decreased: treatment
effect on mean lumen diameter of 0.03
mm per ycdr.

Treatment effect on clinical events

The treatment effects on mortality and
non-fatal myocardial infarction and on all
cardiac events including death, myocar-
dial infarction, revascularization proce-
dures, or hospitatization for unstable
angina, are presented in Tables 8 and 9.
Treatment with a lipid-lowering regime
induced a reduction of 26% (95% Confi-
dence Interval: -41%, -6%) of death and
non-fatal myocardial infarction. For all
cardiac events combined the risk reduc-
tion was 34% (95% Confidence Interval:
-42%, -24%) (Table 9). For the mono-
statin group the relative risks were 0.70
(95% Confidence Interval: 0.48, 1.02),
and 0.67 (95% Confidence Interval: 0.57,
0.79), respectively.

CONCLUSION
The use of coronary angiography as an

end point for a trial studying progression
or regression of coronary atherosclerosts
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is attractive. First, it is a safe, widely
available method of studying changes in
the vessel lumen in humans. Second, an
angiographic trial needs fewer patients
and the study duration can be shorter,
yet vield insufficient power compared to
a trial with clinical endpoints. However,
serial coronary angiography to study
progression or regression only provides
a surrogate endpoint, albeit useful. Slow-
ing of progression or frank regression of
a lesion is not necessarily linked with a
lesser occurrence of coronary events.
Yet, the pooled results of the angio-
graphic trials provide sufficient evidence
that retardation of coronary atherosclero-
sis is associated with an improved prog-
nosis. In the over 3500 patients included
in this review, the LDL-C was reduced by
31%, this resulted in a retardation of
coronary athero-sclerosis with a reduc-
tion of approx-imately 30% in progres-
sion and a relative increase of 80% for
regression. This angiographic benefit was
associated with a reduction of 33% in all
cardiac events. These randomized angio-
graphic coronary atherosclerosis trials
have demonstrated the beneficial effects
of different lipid-lowering treatment
regimes on the angiographic course of
the disease. Varlous lipid-modifying
therapies were applied, from life-style
changes, monodrug and multidrug thera-
pies, to ileal bypass surgery. All of these
resutted in substantial improvements of
the lipid profile with a reduction in LDIL-
C as common denominator. The mono
statin therapies are the most promising
since the use of these compounds
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relative risk
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Figure 1. Overview of the lipid, angiographic, and clinical treatment effect in the monostatin
trials in over 2012 patients. An average reduction of LDL-C of 3096 (range 37% - 27%),
results in a reduction of patients with progression of 24% (95% Confidence Interval:
-33%, -15%) and an increase of patients with regression of 64% (95% Confidence
Interval: 319, 106%). The improved angiographic cousse is accompanied by a
reduction in death and myocardial infarction of 3096 (95% Confidence Interval: -52%,
29%), and of all cardiac events combined (monality, non-fatal myocardial infarction,
CABG and PTCA) of 33% (95% Confidence Interval: -43%6, -21%), over an average time

period of approximately 3 years.

result in a major amelioration of the
serum lipids almost without side-ef-
fect.? Amelioration of the lipid profile,
especially lowering LDL-C, induced by
the different treatment regimes, resulted
in a retardation of progression of coro-
nary atherosclerosis and improved the
clinical outcome. At the same time the
overview illustrates the relationship be-
tween lipids, coronary angiography and
clinical course.
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T he relationship between serum
cholestero!l levels and the develop-
ment of coronary artery disease is sup-
ported by an overwhelming amount of
evidence, so that it has become irrefut-
able. In animal experiments it has been
shown that a diet induced hypercholes-
terolemia causes atherosclerosis.'” Ob-
servational studies in humans, both in-
between population studies® and within-
population studies,*® have clearly dem-
onstrated the association between choles-
terol and coronary artery disease. The
lipic-hypothesis furthermore maintains,
that a reduction of serum cholesterol can
retard the progression or can even in-
duce regression of coronary atherosclero-
sis, which will consequently improve
clinical outcome.,

Angiographic trials

In recent years a series of angiographic
trials has been performed to verify
whether interventions aimed at lowering
serum cholesterol or otherwise ameliorat-
ing the lpid-profile and lifestyle changes,
do really result in retardaton, atrest or
regression of coronary atherosclerosis in

humans.*” The use of angiography as an
endpoint is appealing, because it is not
only able to demonstrate progression or
arrest, but can actually show regression
of disease. Quantitative coronary angio-
graphy can demonstrate changes in focal
and diffuse coronary atherosclerosis.”
Also, fewer patients and a shorter time
period are needed to show the effect of
an intervention.”* A clear relationship has
been demonstrated between angio-
graphic course and clinical outcome.?*
Coronary angiography also has limita-
tions. angiography  provides
shadow images of coronary lumina
formed by roentgen ray absorption of
contrast medium dissolved in blood, it
only yields information on the vessel
lumen and not on the vessel wall. Angi-
ography therefore, is unable to study the
early stages of the atherosclerotic plagque
where remodelling of the wvessel pre-
serves the vessel lumen dimensions or
even causes an increase of the vessel

Since

diameter measured with contrast angio-
graphy.”"?

Conventional coronary angiography
without the administration of vasoactive




compounds, does not yield information
on the vasomotor qualities of the coro-
nary artery, a reflection of endothelial
function.® Therefore, classic visual and
quantitative angiography does not give
data on the effects of lipid-lowering
treatment on endothelial function in
patients with coronary artery disease.”"”
Several studies of lipid-lowering, of anti-
oxidant therapies, and of angiotensin-
converting enzyme inhibition with quan-
titative coronary angiography before and
after administration of vasoactive com-
pounds, have shown the restoration of
normal vasomotor response, which indi-
cates improvement of endothelial func-
tion, %

Apart from the beneficial effect of
lipid-lowering interventions on corornary
atherosclerosis, several trials have shown
advantageous effects on development of
atherosclerosis in the carotid®™* and
femoral arteries.>* This salutary indi-
cates that the favourable effects are not
only limited to the heart, but extend
throughout the arterjal system.

Coronary angiography and clinical events
Acute coronary syndromes are caused by
rupture of atherosclerotic plagues caus-
ing thrombosis with possibly subsequent
spasm.” Not only the retardation of the
development or growth of these lesions
detectable by serial angiography, but also
the reduction of the propensity of
plaques for rupture e.g. plague stabiliza-
tion, may be responsible for a part of the
reduction of clinical events after lipid-
lowering.® Figures 1 and 2 illustrate the
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possible relationship between the angi-
ography of focal and diffuse coronary
atherosclerosis and  clinical coronary
events.

Trials with clinical endpoints

To apply a new treatment in clinical
practice, data from trials with intermedi-
ate endpoints or results from meta-analy-
ses are not considered sufficient, in addi-
tion, direct evidence from larger random-
ized trials, with a sufficient number of
patients to show a beneficial effect on
the clinical course, should be available.
Before the development of HMG-CoA
reductase inhibitors several large trials of
lipid-lowering therapy were reported.
The primary prevention studies, but also
some secondary prevention studies per-
formed, showed a decrease in cardiac
morbidity and mortality,”* but were not
able to confirm an irrefutable beneficial
effect of these lipid-ltowering interven-
tions on fotal mortality.”* Concemn
about an Increase in non-cardiac mortal-
ity emerged. Mechanism that refated the
excess non-cardiac mortality found in
these studies with the treatment used or
with the actual lipid levels, were not
found.®® Recently, only a small increase
in risk for haemorraghic stroke has been
associated with a tower serum choles-
terol, but no other major unwanted ef-
fects were found.” Furthermore, Gould
et al. have demonstrated using meta-
analysis techniques, that cholesterol-
lowering itself is associated with a lower
mortality, and that the excess of non-
cardiac mortality is related to specific
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Figure 1. Figure llustrating the possible natural course of focal coronary atherosclerosis, plague
progression, plaque fissure, thrombosis, and ensuing clinical events. Phase 1: no
abnormalities, the endothelium is normal. Phase 2 a focal atherosclerotic leslon is
present, but the internal elastic lamina is less than 40% occupied by atheroma, and
because of remodelling does not encroach upon the vessel lumen, making this lesion
angiographically undetectable. However, plaque rupture and ensuing clinical events
may occur. Phase 3: The plaque occuples more than 40% of area of the internal
elastic lamina, remaodelling falls short and the lesion encroaches upon the vessel
lumen making this lesion angiographically recognized. Clinically this lesion is silent,
but plaque rupture and ensuing acute coronary syndromes may occur. Phase 4:
Plaque growth cccurs, which may still be clinically silent. The coronary blood flow
reserve {CBFR) is impaired and plaque rupture and it's sequelae may occur. Phase
5: Plaque growth to an obstruction of more than 50% causes angina pectoris. plaque
rupture may occur. The gradually increasing severity of this lesion induces collaterals
which may exert protection in the case of plaque rupture and occlusive thrombosis,
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Figure 2. Figure illustrating the possible natural course of diffuse coronary atherosclerosis.
Phase 1: Normal vessel wall, normal endothelium. Phase 2: Intimal wall abnormali-
ties, undetected by angiography. Endothelial dysfunction may be present as can be
demonstrated by abnormal vasoconstrictor response to acetylcholine. Phase 3
Progression of diffuse disease, still angiographically undetected, may cause
endothelial dysfunciion and impaired coronary blood flow reserve (CBFR). This may
cause angina: Syndrome X, or may be associated with diabetes mellitus. Phase 4:
Further progression of diffuse disease results in the presence of abnormally smali
caliber epicardial vessels, raising high-suspicion angiographic diffuse disease.
Endotheliat dysfunction and impaired coronary blood flow are more pronounced.
This is often seen in syndrome X and diabetes mellitus.
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interventions e.g. fibrates and hor-
ﬂ'lOI'l(ES.S'2

Recently three large trials with clinical
endpoints were reported. The West of
Scotland Coronary Prevention Study
(WOSCOPS) is a prospective randomized
double-blind primary prevention study in
men with hypercholesterclemia (LDL-C
between 4.5 and 6.0 mmol/I) that were
allocated to placebo or to treatment with
the HMG-CoA reductase inhibitor pra-
vastatin 40 mg once daily.” For an aver-
age time period of 4.9 years 6595 men
{placebo 3293, pravastatin 3302) were
followed.” Mean age at enrollement was
55 years and the mean total cholesterol
was 7.0 mmol/l. Pravastatin lowered total
cholesterol by 20%, LDL-C by 26%, and
triglycerides by 12%. HDL-C increased by
.5%. The primary endpoint, cardiac death
and non-fatal myocardial infarction com-
bined, occurred in 7.9% versus 5.9% of
the patients in the placebo and lipid-
lowering groups, respectively. This is a
reduction of 31% (95% Confidence Inter-
val: -43%, -17%). Death from any cause
was seen in 4.1% versus 3.2%, a reduc-
tion of 22% (95% Confidence Interval;
- 4004, 09%). Non-carcdiac death and stroke
were more frequent in the placebo
group. Coronary angiography, percutane-
ous transhuminal coronary angioplasty
and coronary artery bypass surgery were
reduced by approximately 35%. When
patients were dichotomized for smoking
status, presence of multiple risk factors,
total cholesterol, LDL-C, HDL-C and
triglycerides level, no difference was
found in the treatment effect. Only in

patients aged below 55 years lipid lower-
ing was more effective than in those
above 55 years,

The Scandinavian Simvastatin Survival
Study (48)” is a prospective randomized
double-blind secondary prevention study
of both males and females with moder-
ately elevated cholesterol levels (totat
cholesterol between 5.5 and 8.0 mmol/|,
triglycerides beneath 2.5 mmol/l), who
were allocated to placebo or simvastatin
20 mg or 40 mg once daily. For a median
time period of 5.4 years 4444 patients
(placebo 2223, simvastatin 2221} were
followed,” Mean age was 60 years, mean
total cholesterol was 6.75 mmol/l. The
goal of treatment was a serum total cho-
lesterol between 3.0 en 5.2 mmol/l. The
initial dose was 20 mg of simvastatin but
when total cholesterol remained above
5.2 mmol/l the dosage was doubled,
which occurred in 37% of the patients.
Simvastatin reduced total cholesterol,
LDL-C and triglycerides by 25%, 35%, and
10%, respectively. HDL-C increased by
8%. The primary endpoint of the trial was
all cause mortality. Twelve percent of the
patients in the placebo group died and
8% in the simvastatin group, a reduction
of 30% (95% Confidence interval: -42%,
-15%4). The combined endpoint of cardiac
death, non-fatal myocardial infarction
and resuscitated cardiac arrest was found
in 28% and 18% in the control and lipid-
lowering groups, respectively. A risk
reduction of 34% (95% Confidence Inter-
val: -41%, -25%). Furthermore, a reduc-
tion in the incidence of stroke was ob-
served in the simvastatin group. In sub-




group analyses no difference in efficacy
was found for use of aspirin, of beta
blockers or of calcium antagonists or
not.”” Also for presence of hypertension
or smoking status, gender, and age a
similar treatment effects were seen. Only
patients with diabetes had a more sub-
stantial reduction in risk than non-diabet-
ics. Furthermore, when the baseline
cholesterol level was divided in quartiles
no difference in treatment efficacy be-
tween groups was found, indicating that
treatment with simvastatin lowered the
risk for clinical events independent of
baseline cholesterol within the range of
5.5 to 8.0 mmol/1.*®

The Cholesterol and Recurrent Events
trial (CARE) is a prospective randomized
double-blind secondary prevention trial
of men and women who experienced a
myocardial infarction and with average
serum total cholesterol levels (total cho-
lesterol beneath 6.2 mmol/l, LDL-C be-
tween 3.0 and 4.5 mmol/l, and triglycer-
ides below 4.0 mmol/l) who were allo-
cated to placebo or pravastatin 40 mg
once daily.” A total of 4159 patients
(placebo 2078, pravastatin 2081) entered
the trial and were followed for 5 years.®
Mean age was 59 years, mean total serum
cholesterol was 5.4 mmol/l. Total choles-
terol was reduced by 20%, LDL-C by
28%, and triglycerides by 14%. HDL-C
rose 5%. The primary endpoint was the
combination of cardiac death and non-
fatal myocardial infarction. Two hundred
sixty nine patients 13.2% in the placebo
group and 206 patients (10.2%) in the
lipid-lowering group suffered such an
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event. This represents a reduction of 24%
(95%  Confidence interval:  -36%,
-9%). Revascularization procedures were
less frequent in the pravastatin group,
with 294 (14.1%) versus 391 (18.8%)
patients. A reduction of 27% (95% Confi-
dence interval: -37%, -15%). In a sub-
group analysis patients were trichomized
according to the baseline level of LDL-C,
below 3.2 mmol/l, between 3.2 and 3.9
mmol/l, and between 3.2 and 4.5
mmol/l. In the highest stratum a reduc-
tion in cardiac events of 35% was seen,
in the middle of the range this was 26%,
below 3.2 mmol/l, however, no reduc-
tion was found. Apart from the beneficial
effect on cardiac events, a reduction in
stroke was found in the tlipid-lowering
group, 2.6% versus 3.8%.,

Implications for clinical practice

The combined angiographic {rials, and
the three large trials with clinical end-
points have consistently shown the bene-
ficial effect of predominantly LDL-C
lowering in patients with established
coronary artery disease with average or
moderately elevated cholesterol levels,
and for subjects with elevated cholesterol
levels in primary prevention. The treat-
ment effect found in the 45, CARE and
WOSCOPS with monostatin therapy is
comparable to the risk reduction esti-
mated in the meta-analysis of the angio-
graphic trials presented in chapter &
(Table 1), These studies did not include
patients with elevated triglyceride levels,
so that an extrapolation of results must
be made in patients with a combined
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Table 1. Summary of results from the angiographic trials and 48, CARE and WOSCOPS.

Variable Angiographic 45 CARE WOSCOPS
trials
Number 3768 4444 4159 6595
Mean duration (years) 3.0 5.4 5.0 49
Treatment different lipid simvastatin pravastatin pravastatin
lowering regimes 20 - 40 mg/d 40 mg/d 40 mg/d
Total cholesterol (mmol/1) 6.5 6.3 5.4 7.0
Lipid changes:
Total Cholesterol -23% -25% ~20%6 -20%
LDL-C -31% -35% -28% -20%
HDL-C +8% +8% +5% +5%
Triglycerides -8% -10% -14% ~12%
Angiographic changes:
Progression -28%
Regression +84%
Non-diseased segments (mm/year) 0.02
Focal disease {(mm/year) 0.03
Diffuse disease (mm/year) 0.02
Death and AMI 5% vs 7% 8% vs 12% 10% vs 13% 6% vs 8%
Relative reduction -26% -26% -24%% -31%

15% vs 22%
-34%

All Cardiac events’
Relative reduction

18% vs 28%

7% vs 10%
-32%

21% vs 26%

-34% -22%

Non-diseased: mean lumen diameter data from MAAS, Focal disease: minimum lumen diameter,
Diffuse disease: mean lumen diameter; *: duration of follow-up differed between groups.

hyperlipidaemia. Also, patients with a
poor left ventricular function were ex-
cluded from these studies. A group in
which the lipid-level is not of special
prognostic significance, but where left
ventricular function is by far the most
important predictor for clinical out-
come.”

In 48 and WOSCOPS the improve-
ment of the clinical course was found to
be independent of the initial cholesterol
level. This was also observed in the
MAAS™ (Chapter 5) and REGRESS™ trials.
in the CARE study, however, the treat-
ment effect was less strong in patients
with a baseline LDL-C between 3.2 and



3.9 mmol/l, while no reduction in events
was seen in those with a LDL-C below
3.2 mmol/l. It might be concluded that
the treatment effect of lipid-lowering
therapy in patients with clinically overt
coronary atherosclerosis and a baseline
cholesterol level LDL-C > 3.9 mmol/l, is
not dependent on the baseline choles-
terol as long as this is decreased substan-
tially, e.g. a reduction of LDL-C of ap-
preximately 3084. The treatment effect for
patients with a baseline LDL-C between
3.2 and 3.9 mmol/l was still a reduction
of 26% in cardiac death and non-fatal
myocardial infarction. This suggests that
apart from current guidelines for lipid-
lowering aiming at certain absolute levels
of lipid-values, ™ also a substantial
relative reduction In cholesterol should
be accomplished. Furthermore, the CARE
study showed that the beneficial effect of
cholesterol lowering decreased with the
baseline LDL-C, and is absent in those
patients with a LDL-C below 3.2 mmol/l.
This implies that also for secondary pre-
vention there might exist a cut-off level,
below which lipid-lowering does not
result in a better clinical outcome.

The results of these monostatin trials
with clinical endpoints have initiated a
series of statements underlining the im-
portance of lipid-lowering for clinical
practice.(’ﬁ"f’6 When prevention with lipid-
lowering drugs is being considered, cost-
benefit data give important information.
When the primaty prevention WOSCOPS
and secondary prevention 4§ are com-
pared, almost identical relative reductions
in coronary events by the comparable
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lipid reductions achieved in these stud-
ies, are seen. Since the absolute risk for
development of clinical events was sub-
stantiaily higher in 4S8 than in WOSCOPS,
the effectiveness of treatment was con-
siderably larger. For 100 patients treated
in 45 during 6 yeais, 4 deaths, 7 non-fatal
myoecardial infarctions, and 6 revascu-
larization procedures were prevented.
For CARE these figures were 1.1, 2.6, and
6.2 respectively, over a 5 years period.
For 100 patients in WOSCOPS approxi-
mately 1 death, 2 non-fatal myocardial
infarctions, and 1 revascularization proce-
dure were prevented. This Hlustrates, that
treatment with statins has a better cost-
benefit ratic in persons with a high risk
for developing coronary events {Figure
3). A cost-effective analysis based on
data from 4S reported a cost per life year
gained of approximately 14,300 Dutch
guilders, a figure which is comparable
with other well accepted therapies for
established coronary artery disease.”
Cost-benefit analysts analyses for primary
prevention based on WOSCOPS have not
yet been published, however one can
estimate that these will be a factor 3 to 4
less fFavourable.

Apart from lipid-levels, several other
risk factors for developing of progression
of coronary artery disease that can be
influenced, have been identified. Among
these, diabetes mellitus, arterial hypesten-
sion, tobacco smoking, obesity, a seden-
tary lifestyle, and a diet rich of calories
and unsaturated fat are most prominent
Reduction of all of these factors is desir-
able, and lifestyle changes should always
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Figure 3. Figure illustrating the theoretical effect of a 20% reduction of total cholesterol
(horizontal arrows pointed to the left) on the 10 year cardiac mortality (arrows
pointed downward) based on data from MRFIT. It can be appreciated that the same
relative reduction in total cholesterol yields a much larger decrease in mortality in the
higher range of total cholesterol, with a higher absolute risk on cardiac death, than
a similar relative reduction in total cholesterol in the lower range.



be advised when one decides to apply
drug therapy. Both European® and

? recommendations for risk

American’
reduction in patients with or without
signs of coronary artery disease have
stressed the importance of such inte-
grated approach to prevention.

The results from the monostatin trials
have demonstrated a clear beneficial
effect of lipid-lowering on the occurrence
of cardiac events, although in patients
with a fow LDL-C no clear benefit has
been shown. In patients with a moderate
or elevated cholesterol level at baseline,
who are treated with a HMG-CoA reduc-
tase inhibitor, a reduction in clinical
events of approximately 30% over 5 years
can be expected. When lipid-lowering
drugs would be prescribed to all patients
with coronary artery disease, those with
a low absolute risk on new coronary
events would stilt have a small chance to
benefit from Cost-benefit
analyses can provide data to select pa-
tient groups that have "sufficient risk", so
that the individual patient has a reason-
able chance to benefit from drugtherapy.
‘The findings indicate that treatment with
a statin should be considered in all pa-
tients with established coronary artery
disease and applied in most of these,
always as part of an integrated program
of risk reduction.

treatment.

Conclusion

Serial coronary angiography is a reliable
tool to study the course of coronary
atherosclerosis. Quantitative coronary

angiography has unquestionably demon-

127

strated it's value for studying the coro-
nary lumen, aithough specific limitations
remain. A clear relationship between
angiography and clnical course has been
established. The angiographic coronary
atherosclerosis trials have shown that a
substantial amelioration of the lipid pro-
file results in retardation of progression
of coronary atherosclerosis. Meta-analysis
of these studies has demonstrated, that
the improved angiographic course is
accompanied by a better clinical outcome
with a reduction in deaths, non-fatal
myocardial infarctions and revas-
cularization procedures. Three large,
long-term, prospective, randomized trials
with clinical endpoints have definitively
shown, that statin monotherapy substan-
tially improves the clinical course. The
Hpid hypothesis, which postulates that an
elevated cholesterol level causes coro-
nary atherosclerosis and that lipid-lower-
ing therapy will retard progression of the
disease, has been confirmed.
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Summary

In this thesis the effect of cholesterol-
lowering therapy on the angiographic
progression of coronary atherosclerosis is
described.

In chapter 1 as an introduction a brief
summary is given of the epidemiologic
aspects and the treatment of the clinical
sequelae of coronary atherosclerosis.
Furthermore, the cholesterol-atheroscle-
rosis link and the lipid hypothesis are
introduced.

In chapter 2 an overview is provided
of the angiographic coronary and angio-
graphic femoral atherosclerosis trials. The
trials of cholesterol lowering therapy,
medical and surgical, the studies of life-
style changes, and the trals of dihy-
dropyridin  calciumanatagonists com-
pleted before 1992 are described. By
means of meta-analysis techniques an
overall measure of effect of the treatment
is calculated. It was found that the differ-
ent cholesterol lowering treatments show
a relative reduction of the number of
patients with progression of disease of
approximately 35%, and a relative in-
crease in the number of patients with
regression of approximately 85%. Very
intensive lifestyle changes had a similar
effect. No strong evidence was found for
a beneficial effect of dihydropyridin
calciumanatagonists on the progression
of coronary atherosclerosis. The choles-
terol lowering treatments also appear to
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retard the evolution of femoral athero-
sclerosis. Finally, the epidemiologic as-
pects of anglographic coronary athero-
sclerosis trials are discussed, as well as
the relation between coronary angiogra-
phy, stable and unstable angina, and the
acute myocardial infarction.

In chapter 3 the effect of cholesterol
lowering treatment with the HMG-CoA
reductase inhibitor simvastatin on the
angiographic progression of coronary
atherosclerosis is presented. This is a
report of the Mult Centre Anti-Atheroma
Stucly: MAAS. Three-hundred-and-eighty-
one patients with mild coronary artery
disease, in stable clinical condition, and
with a total cholesterol between 5.5 and
8.0 mmol/], received a cholestercl lower-
ing diet and were randomized to treat-
ment with simvastatin 20 mg once daily
or placebo. After 2 years an interim anal-
ysis was performed, after which it was
decided to prolong the study for another
2 years. Before the start of the study
medication, after 2 and after 4 vyears,
quantitative coronary angiography was
performed. Treatment with simvastatin
resulted in a reduction of total choles-
terol of 23%, LDL-C of 31% and triglycer-
ides of 18%. HDI-C increased by 9%. For
167 placebo patients and 178 simvastatin
patients a follow-up angiogram was
available after 4 years. Simvastatin re-
duced both the progression of diffuse
coronary atherosclerosis, a decrease of
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the mean lumen diameter of 0.02 mm
versus 0.08 mm, as the progression of
focal disease, a decrease of minimum
lumen diameter of 0.04 mm versus 0.13
mm. The number of patients with pro-
gression was lower in the simvastatin
group: 41 versus 45 patients. The number
of patients with regression was higher: 33
versus 20 in the placebo group. Sim-
vastatin retards both the progression of
diffuse and focal coronary atherosclero-
sis.

In chapter 4 the angiographic course
of coronary atherosclerosis in the pla-
cebo group of the MAAS trial is des-
cribed, for which 3 serial quantitatively
analysed coronary angiograms, at base-
line, after 2 and after 4 years, were used.
The progression of diffuse coronary
atherosclerosis, expressed as a decrease
in mean lumen diameter, was 0.02 mm/
year (0.7%) The progression of focal
disease, expressed as a decrease in mini-
mum lumen diameter, was 0.03 mm/year
(1.3%). Progression of focal disease was
most prominent in new and mild steno-
ses and in the right coronary arery. In
most of the subgroups progression oc-
curred gradually over time. Diffuse and
focal coronary atherosclerosis progress
gradually over time. Progression of focal
atherosclerosis is approximately twice as
large as progression of diffuse disease.

In chapter 5 predictors of both diffuse
and focal atherosclerosis changes are
described. For 345 patients of which half
were treated with simvastatin, both inde-

pendent predictors of progression of
diffuse disease, represented by mean
lumen diameter, and predictors of focat
disease, expressed in minimum lumen
diameter of stenosed segments, were
selected using multiple linear regression
analysis. First, univarizate linear regression
analysis was performed with clinical,
lipid and angiographic parameters. Sec-
ond, those variables predictive in uni-
variate analysis were entered in a multi-
variate linear regression model to select
independent predictors of disease ad-
vancement. Progression of both diffuse
and focal coronary atherosclerosis was
associated with smoking, a larger mean
or minimum lumen diameter at baseline,
a higher total cholesterol and a low HDL-
C. Also a previous successful PTCA with-
ott restenosis was related fo less progres-
sion of focal disease. The predictors of
diffuse and focal coronary atherosclerosis
are identical.

In chapter 6 the incidence and angio-
graphic patterns of progression and re-
gression are addressed. In 272 patients
924 stenoses were quantitatively ana-
lyzed at baseline, at 2 and at 4 years.
Both stenosis parameters and parameters
of the whole coronary segment were
measured. As a measure of width of the
whole coronary segment the interpolated
reference diameter was used. To describe
changes of the coronary lesion, the min-
ium lumen diameter and the plaque
diameter (the difference between inter-
polated reference diameter and minimum
himen diameter) were used. Most of the



stenoses did not change (79%). After 4
years 12% had progressed, and 9% of the
lesions had regressed. Progression, a
decrease of the minimum lumen diame-
ter, was equally caused by a reduction of
the interpolated reference diameter of the
whole coronary segment, as by an in-
crease of the plague diameter. Regres-
sion, an increase of the minimum lumen
diameter, was equally caused by an
increase of the interpolated reference
diameter of the whole coronary segment,
as by a decrease of the plaque diameter.
Progression is caused by an advancement
of both diffuse and focal coronary ath-
erosclerosis. Regression is induced by
reversement of both ditfuse and focal
disease.

In chapter 7 the reproducibility of the
quantitative analysis of coronary angio-
grams as it is performed in a multicenter
study with a central analysis laboratory is
presented. OF 10 patients from the MAAS
trial, baseline and 4 years angiograms
were analyzed by 2 different analysis
teams. For each team coefficlents of
variation were calculated for a per pro-
jection analysis, a per segment analysis
(mean of the projections), and a per
patient analysis (mean of the segments).
Also the mean differences between teams
were calculated. Each team analyzed of
10 patients, 90 coronary segments and
186 projections. The difference between
teams for mean lumen diameter was
-0.06 +0.24, 0.04 +0.20, and 0.04 +0.09
mm, per projection, per segment and per
patient respectively. For mininnum lumen
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diameter these figures were 0.02 £0.22,
0.01 £0.20, and 0.00 +£0.15 mm. The
measurement variability decrease from
the per projection analysis to the per
patient analysis.

In chapter 8 a meta-analysis is pre-
sented of the clinical endpoints in the
angiographic trials, Also, the angio-
graphic trials are discussed, that were
published after 1992 and that were not
included in chapter 2. The mean effects
on the lipid profile were a reduction in
tofal cholesterol of 23%, in LDL-C of 31%
and in triglycerides of 8%. HDi-C in-
creased by 8%. The improvement in the
lipid-profile resulted in a reduction of
28% in the number of patients with pro-
gression, and an increase of 84% in the
number of patients with regression. The
beneficial effect on the angiographic
course was accompanied by a reduction
of 26% of patients who died or suffered
an acute myocardial infarction, and a
reduction of 34% in death, acute myocar-
dial infarction, CABG, PTCA or hospital-
ization for unstable angina. This benefi-
cial effect on both angiographic and
clinical course was also found for the
group of monostatin trials alone.

In chapter 9 the results of the angio-
graphic trials are summarized and com-
pared with large clinical endpoint stud-
ies. The most important trials with clini-
cal endpoinis are discussed. In the first
half of this decade the lipid hypothesis
has been proven, which postulates that a
cholesterol reduction results in a retarda-
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tion, arrest of progression or indeed
regression of coronary atherosclerosis,
which will eventually result In an im-
proved clinical outcome. A large number
of angiographic trials with cholesterol
lowering therapy has consistently shown,
that amelioration of the lipid profile
results in 2 reduction of the number of
patients with progression of disease and
increase in the number with regression.
The improved angiographic course is
accompanied with a lower morbidity and
mortality, and with a reduction of re-
vascularisation procedures. Three large,
long-term studies with clinical endpoints

have definitively shown that statin mono-
therapy substantialty improves the clini-
cal course. Examplary in this context are
the MAAS and 4S. Treatment of patients
with established coronary atherosclerosis
and a total cholesterot between 5.5 and
8.0 mmol/I with simvastatin, resulted in
the first angiographic trial in a substantial
reduction of the number of patients with
progression of disease, and in the second
study, a large long-term trial with clinical
endpoints, in an important reduction in
mortality, non-fatal myocardial infarctions
and revascularisation procedures,



Samenvatting

Dit proefschrift beschrijft het effect
van cholesterol verlagende behandeling
op de angiografische progressie van
coronaitlijden.

In hoofdstuk 1 wordt een korte in-
troductie gegeven van de epidemiclogi-
sche aspecten en de behandeling van de
kiinische gevolgen van coronairsclerose.
De cholesterol-atherosclerose link en de
lipiden hypothese worden geintrodu-
ceerd.

In hoofdstuk 2 wordt een overzicht
gegeven van de angiografische coronaire
en de angiografische femorale athe-
rosclerose trials verricht tot 1992. Zowel
de studies met cholestercl verlagende
behandelingen,
chirurgische, de studies met levensstijl
aanpassingen, als de trials met dihy-
dropiridine calciumantagonisten worden
beschreven. Met behulp van de meta-

medicamenteuze en

analyse techniek wordt een globale
effectmaat van de behandelingen op de
progressie van coronairsclerose bere-
kend. Het blijkt dat verschillende chole-
sterol vertagende behandelingen gepaard
gaan met een relatieve vermindering van
het aantal patiénten dat progressie van
de ziekte heeft met ongeveer 35% en een
relatieve toename van het aantal pa-
tignten met regressie van 85%. Tevens
zijn er aanwijzingen dat hetzelfde geldt
voor zeer stringente levensstijlveranderin-
gen. Er werd geen overtuigend bewijs

139

gevonden dat behandeling met een
dihydropiridine calciumantagonist een
belangrijk effect heeft op de progressie
van coronairsclerose. De  cholesterol
verlagende behandelingen lijken ook een
gunstig effect te hebben op de athero-
sclerose van de femoraalarterien. De
epidemiologische angiografische aspec-
ten van coronairsclerose trials worden
besproken, en het verband tussen coro-
nairangiografie, stabiele en onstabiele
angina pectoris en het acute myocardin-
farct wordt behandeld.

in hoofdstuk 3 wordt het effect van
cholesterol verlagende behandeling met
de HMG-Co reductase remmer sim-
vastatine op de angiografische progressie
van coronairsclerose besproken, Dit is
een verslag van de Multicentre Anti-
Atheroma Studie: MAAS. Driehonderd-en-
een-en-tachtig patiénten met mild co-
ronaitlijden, in klinisch stabiele conditie,
met een totaal cholesterol tussen de 5.5
en 8.0 mmol/l werden naast een dieet
behandeld met simvastatine 20 mg per
dag of placebo. Na 2 jaar vond een in-
terimanalyse plaats, waarna besloten
werd de studieperiode met 2 jaar te
verlengen. Voor het begin met de stu-
diemedicatie, na 2 en na 4 jaar werd
kwantitatieve coronairangiografie ver-
richt. De behandeling met simvastatine
resulteerde in een reductie van het totaal
cholestercl met 23%, het LDL-cholesterol
van 31%, en triglyceride van 18%. Het
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HDL-cholestercl gehalte steeg met 9%.
Yoor 167 patiénten in de placebogroep
en 178 met simvastine behandelde pa-
tiénten was een 4 jaars vervolgangiogram
beschikbaar. Simvastatine vertraagde
zowel de progressie van diffuse coro-
nairsclerose, een afname van de gemid-
delde lumen diameter van 002 mm
tegenover (.08 mm, als die van focale
coronairsclerose, een afhame wvan de
minimum lumen diameter van 0.04 te-
genover 0.13 mm in de placebo groep.
Het aantal patiénten met progressie was
lager in de simvastine groep, 41 tegen-
over 54 patiénten. Het aantal patiénten
met regressie was hoger, 33 tegenover 20
pati¢nten in de placebogroep. Simvastati-
ne veriraagt de progressie van zowel
diffuse als focale coronairsclerose.

In hoofdstuk 4 wordt het angiografi-
sche beloop van coronairsclerose be-
schreven in de placebo groep van de
MAAS. Hiervoor werden drie kwantitatief
geanalyseerde  coronairangiogrammen
van het begin van het onderzoek, na 2
en na 4 faar gebruikt. Zowel de veran-
deringen in diffuse en focale atheroscle-
rose op segment niveau worden gerap-
porteerd. De toename van diffuse ziekte,
uitgedrukt in een afname van de gemid-
delde lumen diameter, was 0.02 mm per
jaar (0.7%). De voortschrijding van focale
ziekte, uitgedrukt in een afname van de
minimum fumen diameter was 0.03 mm
per jaar {1.4%). Progressie van diffuse
ziekte was het grootst in ernstig ver-
nauwde segmenten en in de rechter
coronairarterie. Progressie van focale

ziekte was het meest uitgesproken in de
nieuwe en milde stenosen en in de rech-
ter coronairarterie. In de meeste subgrae-
pen was er een geleidelifke progressie
over de tijd. Diffuse en focale coronair-
sclerose schrijden beide geleidelijk voort
over de tijd. Progressie van focale ziekte
is ongeveer 2 maal zo groot als de voort-
schrijding van diffuse coronairsclerose.

In hoofdstuk 5 worden factoren die
van invloed ziin op de progressie van
coronairsclerose beschreven. Voor 345
patiénten, waarvan de helft met simvast-
atine behandeld was, werden de voor-
spellers van progressie van diffuse coro-
nairsclerose, uitgedrukt in de gemiddelde
lumen diameter per patiént, en die van
het verloop van focale atherosclerose,
vastgelegd in de minimum lumen diame-
ter van de gestenoseerde segmenten per
patiént, geidentificeerd met behulp van
lineaire regressie analyse. Hiertoe wer-
den eerst klintsche -, lipiden - en angiog-
rafische variabelen ieder afzonderlik in
een linealr regressie model ingevoerd.
Vervolgens weirden die factoren, die van
invioed bleken bij de univariate analyse,
ingevoerd in een multivariate analyse om
onafhankelijke voorspellers van progres-
sie te identificeren. Progressie van zowel
diffuse als focale coronairsclerose was
geassocieerd met roken, een groter vat of
een minder ernstige stenose, een hoog
totaal cholesterol en een laag FIDL-chole-
sterol. Daarnaast ging een eerder onder-
pane succesvolle PTCA zonder restenose
gepaard met minder progressie van foca-
le atherosclerose. De voorspellers van



diffuse en focale coronairsclerose zijn
dezelfde.

In hoofdstuk 6 worden de incidentie
en de angiografische patronen van pro-
gressie en regressie behandeld. Voor 272
patignten werden 924 stenosen kwantita-
tief geanalyseerd bij begin van het onder-
zoek, na 2 en na 4 jaar. Zowel stenose
parameters als parameters van het hele
segment waarin de vernauwing gelegen
was, werden berekend. Als maat voor de
dimensies van het hele segment, diffuse
atherosclerose, werd de gelnterpoleerde
referentie diameter gebruikt. Om de
veranderingen in de lesie te beschrijven
werden de minimum [umen diameter en
de plaque diameter, het verschil tussen
de referentie- en minimum lumen diame-
ter, bepaald. De meerderheid van de
stenosen veranderde niet (79%). Na 4
jaar was er progressie van 12% en regres-
sie van 9% van de vernauwingen. Pro-
gressie, een afname van de minimum
lumen diameter, werd in gelijke mate
veroorzaakt door een afname van de
geinterpoleerde referentie diameter van
het gehele segment, als van een toename
van de plaque diameter. Regressie werd
in gelijke mate veroorzaakt door een
toename van de geinterpoleerde referen-
tie diameter van het gehele segment, als
van een afname van de plaque diameter.
Deze veranderingen traden gelijkmatig
op tussen 0 en 2 jaar en tussen 2 en 4
jaar. Progressie is het resultaat van voort-
schrijding van zowel focale als diffuse
atherosclerose. Regressie wordt veroor-
zaakt door afname van focale en diffuse
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coronairsclerose.

In hoofdstuk 7 wordt de reproduceer-
baarheid van de kwantitatieve analyse
van coronairangiogrammen zoals deze
plaatsvindt in een multicenter onderzoek
met een centraal analyse laboratorium
beschreven. Van 10 patiénten werden het
coronairangiogram bij aanvang en na 4
jaar geanalyseerd door 2 verschillende
analyse teams. Voor ieder team werden
variatie coeflicienten berekend voor alle
projecties, per segmenten {gemiddelde
van de projecties van een segment) en
per patiént (gemiddelde van de segmen-
ten). Tevens werd de gemiddelde ver-
schillen tussen beide teams berekend.
Per team werden van 10 patiénten 90
segmenten van 180 projecties geanaly-
seerd, Het verschil tussen beide teams
voor gemiddelde lumen diameter was
-0.06 +0.24, 0.04 +0.20, en 0.04 +0.09
mm, achterecenvolgens per projectie, per
segment en per patiént. Voor de mini-
mum lumen diameter waren de cijfers
0.02 £0.22, 0.01 0.20, en 0.00 £0.15 mm.
De de meetvariabiliteit neemt af van de
per projectie naar de per patiént analyse.

In hoofdstuk 8 wordt een meta-analy-
se van de klinische eindpunten in de
verschillencle angiografische trials gerap-
porteerd. Tevens worden de angiografi-
sche onderzoeken die sinds 1992 zijn
gepubliceerd en niet in hoofdstuk 2 zijn
behandeld, beschreven. Het gemiddelde
effect van de verschillende angiografi-
sche wials is een verlaging van het totaal
cholesterol met 23%, het LDL-C met 31%,
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en het triglyceride gehalte met 8%. Het
HDE-C steeg gemiddeld 8%. Deze verbe-
tering van het lipidenspectrum resulteer-
de in een reductie van 28% van de pati-
enten met progressie van coronairsclero-
se en een toename van het aantal pati-
enten met regressie van 84%. Het gunsti-
ge effect op de ontwikkeling van coro-
nairsclerose ging gepaard met een reduc-
tie van 26% van het aantal patiénten dat
overleed of een niet fataal myocardinfarct
kreeg, en een reductie van 34% in sterfte,
myocardinfarcten, revascularisatie proce-
dures en opnames in verband met onsta-
biele angina pectoris. Dit gunstige effect
op het angiografische en klinische be-
loop gold ook voor de groep van mono-
statine trials alleen.

In hoofdstuk 9 worden de resultaten
van de vetschillende angiografische en
kiininische onderzoeken samengevat. De
belangrijkste trials met klinische eind-
punten worden besproken. Begin jaren
negentig is de lipiden hypothese bewe-
zen, die stelt dat door cholesterol verla-
ging progressie van coronairsclerose ver-
traagd, gestopt of dat zelfs regressie
geinduceerd kan worden, wat uiteinde-
lijk een gunstiger klinisch beloop ten

gevolge zal hebben. Een groot aantal
angiografische studies met cholesterol
verlagende behandeling heeft aange-
toond, dat deze verbetering van het
lipiden profiel resulteert in een vermin-
dering van het aantal patiénten met pro-
gressie en een vermeerdering van het
aantal met regressie van coronairsclerose.
Meta-analyse van deze studies toont aan
dat het verbeterde angiografisch beloop
van de ziekte gepaard gaat met een
lagere mortaliteit en morbiditeit, en met
een vermindering van het aantal revascu-
larisaties. Een drietal grote, lange termijn
studies heeft definitief aangetoond dat
cholesterol verlaging met statine mono-
therapie het klinisch beloop aanzienlijk
verbeterd. De MAAS en de 48 tral zijn
hiervoor exemplarisch. Behandeling van
patiénten met bewezen coronalirlijden en
een totaal cholesterol tussen 5.5 en 8.0
mmol/l met simvastatine leidde in het
eerste, angiografische, onderzoek tot een
substantiele afname van progressie van
atherosclerose en in het tweede, een
lange termijn studie met klinische eind-
punten, tot een belangrifke reductie in
sterfte, in niet-fatale infarcten en revascu-
larisatie procedures.
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