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Angiographic Characteristics and Predictors of Coronary Artery
Disease Progression

Ick-Mo Chung, M.D,, Seung-Yun Cho, M.D., Se-Joong Rim, M.D,,
Han-Soo Kim, M.D., Seung-Tae Lee, M.D,, Yang-Soo Jang, M.D,,
Nam-Sik Chung, M.D., Won-Heum Shim, M.D., Sung-Soon Kim, M.D.
Cardiology Division, Yonsei Cardiovascular Center, Yonsei University, Seoul Korea

Background : Progression of coronary artery disease(CAD) is highly unpredictable, and fol-
lows a nonlinear course. In previous reports, progression was related to acute myocardial infarc-
tion and cardiac death.

The present study was designed to assess the characteristics of progression of CAD and
to determine the predictors for progression.

Method : The present study included 41 patients(age 55+ 9 years ; male/female=36/5) with
CAD who underwent coronary angiography at least twice(interval : mean 26 months), and
patients who underwent coronary angioplasty or coronary bypass surgery before the 2nd angiog-
rams were excluded from analysis. The coronary arterial bed was divided into 15 segments
according to American Heart Association(AHA) committee report. We measured both % steno-
sis and minimal diameter of the lesions, and divided the lesions into four Ambrose’ s morpholo-
gical categories. Progression was considered to be present if one of the following changes had
occurred : increase in % stenosis of lesions by==20%, decrease in minimal diameter by=0
.Smm, or any new occlusion. For the purpose of detecting predictors we investigated clinical
history(smoking, hypertension, obesity, and DM), angiographic findings(numbers of diseased
vessels and lesions), and biochemical study (total cholesterol, LDL, HDL, triglyceride, uric
acid, and albumin).

Results © Altogether, 32 patients(78%) showed progression, and regression was present in 11
patients(27%). Six patients had both progressed lesions and regressed lesions. Progression
occurred most frequently in segments with stenosis of 1% to 25% at initial arteriogram. Progres-
sion occurred in increasing order in proximal right coronary artery, mid-LAD,and proximal-
R EES 19948 s AMUEE o FHofE 2F project ATH| A PS WS
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LAD. There was no significant differences in progression among four Ambrose’ s morphologic

categories. 59(10% ) of the analyzable 589 segments had progressed, 19 of them upto occlusion,

and 7 segments became infarct related artery. In 5(71%) of 7 cases of new myocardial infarction

it occurred in segments with==75% stenosis at initial arteriogram. The analysis selected two

independent predictors for progression -

uric acid and numbers of lesions==20% stenosis.

Conclusion . The present study suggests that progression of CAD occurred most frequently

in minimally stenotic lesions and that about two thirds of acute myocardial infarction occurred

from insignificantly stenotic lesion.

Uric acid level and numbers of lesions=>20% stenosis were selelcted as the independent

predictors of coronary disease progression.

KEY WORDS : Progression * Coroanry artery disease * Predictors.
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Table 1. Clinical Profiles at Initial and Follow up
Study

First  Second

Clinical Diagnosis
Stable angina

without MI 12 11
with old MI 1 3
Unstable angina
without MI 8 7
with old MI 1 9
Acute or recent MI 17 2
Old MI without angina 1 3
Acute and old MI 5
Silent ischemia 1 1
Numbers of CAD
1 VD 17 10
2 VD 14 18
3 VD 5 7
Minimal 5 6

MI=myocardial infarction: CAD=coronary artery
disease ; VD =vessel disease ; Minimal=stenoses<
50%
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Wzdes BF ASAE o] &3t BEEA
oz AgsPon, dej7kA FHeAAR Al
ofo| A &4 3ta 35mm cine ilme 2 7|23} ).
FABENZRIEY AT T4 W5t 194,
ARAZT 14, AAR] olFaol 14, 49
“‘ﬁr"} 1A% 9] ool glo] Wl o
2E AQF71E B3o] 200 o] tHTable 2). 715€
cine film-g Tagarmo 35 AXE ©]-&3}o] 108)] &gt
FAE 209 A AFHT A& F3tel
A5 -2 American Heart Association(AHA) o A
13 Qg sEAE TR Hristn, Y]
HHEE gcreendl] Fo]E i I3 A vHln 4
SAH(Fig. 1). B35 Huo] BAL AP =9
a"fﬂi—‘}ﬂ"] EHo A olFojHt WHEE A
224414 (orthogonal projection) o} A 715 g
—74‘3“—4 gRue dested, Hogoz AW ¥
o] FAIHOA FUd FF7IAHAAN TAEH
S vl BT #EW AP = BHL ca
liper o] &3l P HAUWA S F&HHY
ZYF =t U9¥Y FAAHES Hole 4l

Ao g AR HES(% stenosis) T ATt
A73g ol gt dAe HAWAEAE FEATH
Aorta
Main LCA

Table 2. Indications for Repeat Coronary Angiogra-

phy
Group 1  Group 2 Total
Change of Symptom 16 3 19
CHF 1 0 1
ECG abnormality 1 0 1
Reevaluation 14 6 20
32(78%) 9(22%) 41

CHF= congestive heart failure ; ECG abnormality=
abnormality was found on ECG or treadmill test :
Reevaluation= padents without worsening of symptom
or ECG annormality who were restudied to assess co-
ronary artery disease progression

dEH o] Wl(lesion) & FHHETF 20% 01 ¥
B2 Aoy, A5 WS ¥ F==
AHASIA Fute} go] 75F o2 FRIAGY
10%, 25%, 50%, 15%, 90%, 99%, 100%. &%
W o] Fejstd TEL AmbroseT V0] BEFE
% 4] #4 (concentric lesion), ¥4 2] ¥ (eccen-
tric lesion) 13 ¥ 28, 8L 3 ¥ (muldple irre-
gularities) 8] 4714 Y2 FEIH N (Fig. 2).
#EAd ol A (progression) 2 YNtFHO B
S85E 7E & HEE FHFTIT 20% 014
Z7F =5 W7ol 0.5mm °3 ZAIAAY, &
T ShAH YL 2o TS B2 A
FEsH8d] E 3 (regression) HA] HEE FF

LAD
D1
7 9
D2
10
8

15

Fig. 1. Fifteen segments of coronary artery bed according to the American Heart Association classification(13).
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Fig. 2. Schematic drawings of the four morphologic ca-
tegories according to Ambrose classification

(14).

Type Il

=7} 20% o 28 AY 7ol 0.5mm o]
Z7He A$2 RSP0, JIAAF T
oA AEo AT E ol I dAAHe=
AP T ANFY A2 53ty GAAH 2
Aol &3HA A0,

o2 VEoR F 41“’4 #2E F groupl 2
ERFAE, group | & BFH Y JPo] Hojx
7] o]2de] BAoAl B FA7} ol &3},
group 2 MPE BFALHo] gle &7} ol
&3t

2) TS ol Xigo| 25t HERol B4

HeUEe] o] HAE gF2RS Yl
2 q27kA A4 H4E ARG dHx #

FUzgdE BAIY HFEE #A o], A,
F4 V5 HZEF T (acute coronary syndrome), ILE
o, Fd, @, v, 28n ExYE 4
A 50% o] FEAS 2= "%‘““’QQS’J k=Ris
29} 20% olde] ¥ BH F5& TN
Atk FAL FA7NF FAFY T(CUITCD(
smoker)g} A7 oe $9% B9 (exsmoker)

EFgen, obgd F&ATF(pack-years) &

]

T FHVFASFT L 2 JAFx
€ 3EH2AAFY 9 e #xrt ol
FE, vgtse REAFT 120% oA 73
2 A3tk A3EE HAZE F cholesterol,
triglyceride, HDL, LDL, LDL/HDL, % cholesterol/
HDL, uric acid, albumin$<$ X 2 33 #%
Nxgde ANFA 1579 oWl 2zt Ao,
LDLE &3 e F4& ol g3y
LDL=total cholesterol— HDL— triglyceride/ 5

3) BAZEA

FAxRANE NAE AFE A HFE SPsSE o
$stgen, BE AR YAy REUAE R
Alates, dA &ze] FFAEE S £48HA
AZE A 3ol whE PR =9 M3b= paired t-test2
ZABA R, #EN A APLH v YL
Hia o} b WA o] YAl AT FNF o LA

7o vl BEY W49 vlaolE Chi-square
Ao R, A4 ¥ vlaols Mann-Whit-
ney MR AT #F Y AG e Yo
3]s GFe 9 £ BMDPE o] 434 step-
wise logistic regression HAY o2 ZTALEYTH F
A FY95EL p<005 E VIR Y.

ASE

1. HSYEEo| Fl 9 Elgdlz

Z 4194 26+30(3~138) NEF 4 BAF
Wz e Al 27 Jojx g BHANA IP S
B #x(group DE 328 (78%)010eH, A
ge 2ds de 2o 123 Ao] 174, 284
o] 100, 384 o)) o] soelA B
=31 (Fig. 3), A3Po] EA3A Z& #x}(group
2)+= 98(22% ) ol (Table 2). Sl 20% ©]’
P e WHEEe 115718 32+ 3470 $9
FHAANAM HES HAFEE 61+ 24% A 67
+27% 2 oA F7Ht 2 (p<0.01), WAL
1.1% 0.8mmo] A 0.9+ 0.8mmE oo UA #As}
QA (p<0.01), 5 Age] 22 3884 (33%)
ol BAEH =, AP BTN 142 -2
%) AR YL dojxken, o] F 4EHB%)

e §4 ASANE AN H, #EHE
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o] HPe 3R HU1%) oA ZA3ATH(Table
3).

Hx BNz oA S0l JAd 4
o] AAF 268 -L MG £Ho] 7Hs F 589
A 0) 26+ 3070 Y 2A 2N BEH AR 2
o 598 -(10% )0l A wrAsg T, APg By
Fol A 192 HB%) M AN dojton,
o] F7EAHU%)NA 4 AT AL FHAIA T,

%
45, 41(17 cases)
40
35
30

24(10 cases)
25 KA

(2 cases) (2 cases)

5 5

2 (1 case)

1 2 3 4 >
number of progressed segments

Fig. 3. Distribution of patients having progressed seg-
ments according to the number of progressed
segments.

Table 3. Angiographic Changes and Incidence of
Coronary Artery Disease Progression

Preexistent Lesion® Total Segments

(115) (589)
Interval (mo) 32+ 34 26+ 30
Progression 38(33%) 59(10%)
Occlusion 14(12%) 19(8%)
With AMI 4( 3%) 7(1%)
Without AMI 10( 9%) 12(2%)
Nonocclusion 24(21%) 40(7%)
Regression 13(11%) 18(2%)
No Change 64(56%) 517(88%)
Changes in Stenoses
% Stenosis
st 611+ 24
2nd 674 27%*
Minimal Diameter(mm)
Ist 1.1+ 0.8
2nd 0.94+0.8**

*stenoses 20% or occlusions s mo=months ;
AMI=acute myocardial infarcton ; **p< 0.01 versus

Ist study

R A HYL2 13 FH(Q2%)ANA TG
(Table 3).

#EAAR HYL 1199 FAF 119(27%)
oA #FAHJEH, HEHAY o] Yot
BT 329 F 6HAX(19%) HAHEY R, o)
B3R ke AT 9HF 5H(56%)N A LAY
3 oH(Table 4).

2. 23Y 23 U FE gl Helel HEY
Lo mE Tigerat

HFNE AHAN A g vle} o] F 15EHR
TEIHNE o 7Y #AFHAP] APL Wi
22 Y A1 £A(SBFY 29N 22
%, A7 - (FA}YA FHHE)ANA 17%, A6
A (FAs YA FHR)AA 15%9 &2 24
34 cH(Fig. 4).

Hx A2 F3NA A EE-S A 23 100
Mol e Fejol] E AFHAY AP FAH
Hatol 418HF 15EE7%) oA, HAH ¥y
1¥0] 302dF 138H43%)dA, BAZ I
o] $24Z 32 24(38%) oA, EFEFHY §
Zto] 21EAF 9¥H(43%)NA LTAdF ey,

Table 4. Distribution of Patients Having Regressive-

Segments
Regressive S ents
8T cgm Total
one two
Group 1(n=32) 5 1
Group 2(n=9) 4 1

L Progression ¥ Occlusion ]

1 2 3 4 6 7 8 9 10 11

arterial location

Fig. 4. Distribution of segments with progression in re-
lation to arterial location.
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Fed AYPRxeE xol7t gilon, A==
8P 344‘47-3‘ CERISGE 25%01]*1 Ay 3o H

2A g Yo vsly viEs) =& AT 5y
(Fig. 5).

Hzx dAxGFAMY e Bz e #
THAY) AP Nixeos B HXYPFE |
% o)1 25%0]313] 14 AF 1284 (86 %) A, 26
% 0] 50% 013k 358 AF 158 H(43%) oA &
Aste] §AAF=I A daEg FAAPEIE A
o) gk HoA AWe] o] v &3] HAIHTH
(Fig. 6).

3. DIAHEGHO| SIXm|AQ} Al
417 o] A Y o %91 % A 2 g 2

=
B’ Occlusion J

{ #  Progression

M.

Conc. Ecc. | Ecc. |

Morphology of Initial Lesion

Fig. 5. Relation between morphology of initial lesion
and progression. Conc.=concentric lesion ;
Ecc.=eccentric lesion ;5 multi. irr.=multiple irre-
gularities.

%
90, i | gn:gressfon
8ot W Obstruction

0 25 50 75 90 99

Initial Percent Stenosis

Fig. 6. Relation between the severity of stenosis and
progression.

5808 HF 199FoA F3 FHAVE A sL
AMZo] LA H, o]FodA 78D FAH4HT
73S HAYAZH(Table 3). BFEH] oA
H7F DR S W A2ENE DA TR &
128837 A2 Mo] AR 7EH Alol9] F3
ZAPIZE, HEE AR dsl, aE3n A
WX e e foe 27 gl o (p>0.05),
Hz AAA ZAZolAY 20%viwte] FEE 4
NE AT Hzxwdo Jussy EFEE v
st R 4712 el wizte] A AA 4]
SRR =7t {8 Aol Yo, HAH
HaA nEe FAHHA T2 ATAYLH NEE

Table 5. Comparison of Angiographic Findings Bet-
ween Infarct Related Arteries and New Oc-
clusive Lesions Without Infarction

Occlusion
IRA .
_ without P
=7 i (a=12)
Interval(mo) 25+ 22 53+ 45 NS
Changes in Stenoses
% Stenosis 52+ 43 37+ 30 NS
Minimal Diameter 1.7+£1.6 0.95+059 NS
(mm)
Initial Morphology
Concentric 0(0%)  6(100%)
Eccentric Type I 1(25%)  3(75%)
Type 11 2(100%) 0(0%)  <0.05
Multiple Irregular 2(67%) 1(3%)

IRA=infarct related artery : MI=myocardial infarc-
tion 5 NS=not significant

severity of initial stenosis

0% 25% ¥ 50% M75% 199%]

29%

14%

14%
14%

Fig. 7. Relation between the severity of initial stenosis
and the occurrence of new myocardial infarc-
tion.
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B g} (Table 5). 3 7]71-
F 792 ATAA fH
75% 0|87} 58 (71%) & AAFQRLH, o)lF Hx
AAA] BN s B ZA9eT 29(29%) AU
KA cH(Fig. 7).

ZhatESWE Ete] Tigol o Felx}
&%%@,‘7&%4 o] Holx g FEA &
g AT (Group D& TPo] LAYsA &G
AL (Group 1D Hl3l 20% 0]/F2] H&EE 2
= EUE EEs7E §2AA(p<0.05) %
FAHARA (p<o.00D) FoJEA F7HE Yo

Table 6. Comparison of Clinical Profiles Between
Group | and Group |l

(Table 6), 85 2AX7} Az AAA o f-25HA)
%78t A H(p<<0.05) (Table 7).

Hx HAA 84 #59FFZ(acute coronary
syndrome) 2.2 e Y $z}o] v¥]-&L Group
1914 Group 220} H %2 A& BHY o} fod
T2 P AHp=0.06) (Table 6). Logistic regre-
ol g% £4Z% #EHAHY A
Poll FFE FE FHAHA I FAAE Fx FAA
EF A7 A=A, Hx 231‘}"] 20% ]

ssion anlysis&

4] BFMEUEASFE BAA fYFFie o
& mlEsioy gFo] od=Ax Air: Aoz

98] H cH(Table 8).

Table 7. Comparison of Blood Biochemical Study
Between Group | and Group i

Group I Group 11 Group I Group 11 p
(n=32) (n=9) (32) (9)
Age(yr) 55£9 56£10 NS T.Chol. Ist 194128 190t 41 NS
Sex(M/F) 29/3 7/2 NS (mg/dD 2nd  191+31 188149 NS
Interval(mo) 31+383 11%6 NS TG Ist  175£87 169+88 NS
Acute Coronary SD 23(74%) 3(33%) NS(0.06) (mg/dD) 2nd 180+ 113 201+127 NS
Hypertension 18(56%) 4(44%) NS HDL Ist 35+ 11  85%5 NS
Smoking Habit (mg/dD) 2nd 33+7 36t 8 NS
Non Smokers 6(19%) 4(44%) NS LDL Ist 125481 126%29 NS
Current Smokers 15(47%) 4(44%) NS . (mg/dD) 2nd  120+£30 112+ 38 NS
Exsmokers 11(84%) 1(11%) NS LDL/HDL Ist 40+19 3.6+0.6 NS
Pack-years 24+ 19 24927 NS o2nd 8710 32+09 NS
DM 4 (13%) 3(83%) NS T.Chol/HDL, st 62+24 55+07 NS
Obesity 9(28%) 4(44%) NS 2nd  59+14 53%+11 NS
Angiographic Findings Uric Acid Ist 68+14 54+1.6 <0.05
Vessel Disease 1.5+1.0 1.2+ 04 NS$ (mg/dD) 2nd 6.3+1.9 57%1.9 NS
Lesions Albumin Ist 4.1+03 45104 NS
Ist 3.0+ 1.4 1.9+ 1.1 <0.05 (g/dl) ond  4.3+04 43%03 NS
2nd 38+1.7 1.8+1.1 <0.001 T.Chol.=total cholesterol ; TG=triglyceride ; HDL

M/F=male/female 5 SD=syndrome ; DM =diabetes
mellitus

=high density lipoprotein ; LDL=low density lipop-
rotein

Table 8. Independent Predictors of Progression of Coronary Artery Disease Assessed by Stepwise Logistic

Regression Analysis

Selected Variables P Coef/SE Odds Ratio 95% Confidence Limits
for Odds Rato

Uric Acid 0.0198 2.25 2.13 1.08 to 4.23

Numbers of Lesions 0.0470 1.90 2.32 0.94 to 5.71

Coef= coefficient ; SE=standard error
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