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Clinical Investigations

Prospective Comparison of Coronary Artery Remodeling between Acute
Coronary Syndromeand Stable Anginain Single-Vessal Disease;
Corrdation between C-Reactive Protein and Extent of Arterial Remodeling
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Summary

Background: Retrospectiveintravascular ultrasound (IVUS)
studiesshowed that positive remodeling of coronary artery was
associated with unstable clinical presentation. However, no
prospective IVUS study has been performed to demondtrate
such relationship. Therelationship between C-reective protein
(CRP) and coronary artery remodding isunknown.

Hypothesis Positive remodding might be related with acute
coronary syndromeinthepraspectivel V USsudy. C-reactivepro-
teinlevelsmight beassociated with coronary artery remodeding.

Methods. Preintervention IV USimageswere prospective-
ly obtained in 93 patients with single-vessdl disease (30 for
acute coronary syndrome and 63 for stable angina). Serum
sample for CRP measurement was collected 24 h prior to
coronary intervention. Theremodding index wasdefined asa
ratio of (lesion/average reference) external dastic membrane
area. Positive remodeling was defined asaremodeling index
>1.05 and negativeremodeling asaremodeling index < 0.95.

Results: The remodeling index was 0.99 + 0.13 in acute
coronary syndrome versus 0.95 + 0.12 in stable angina (p =
0.048). Positive remodeling was associated with acute coro-
nary syndrome (43 vs. 19%), whereas negative remodeling
was more frequent in stable angina (49 vs. 33%) (p = 0.047).
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C-reective protein levels were significantly higher in acute
coronary syndromethan in stableangina(1.4+ 2.0vs. 0.5+
0.6 mg/dl, respectively, p=0.002). However, therewasno sig-
nificant correlation between CRPlevel sand remodeling index
(r=0.078,p=0.475).

Conclusions. Positive remodeling may be related with
acute coronary syndrome in the prospective IVUS analysis.
C-reactive protein levelsmay not predict the extent of arterial
remodding.
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Introduction

Arteria remodeling of the coronary artery was originally
described in anecropsy study by Glagov et al.1 and later con-
firmed in vivo with intravascular ultrasound (IVUS).2 Com-
pensatory enlargement or positiveremodeling of the coronary
artery might delay the progression of lumen narrowing in-
duced by expanding atheromatous plaque. Arteria remodel-
ing, ot plaque s ze, hasbeen identified asamajor determinant
of lumensize3$

The rupture of atheromatous plague exposes subintimal
tissueto coronary blood flow and resultsinitialy inthrombus
formation and findly in coronary artery occlusion.” The
plagueruptureisassoci ated with plague vulnerability and in-
flammation. The results of several studies, taken together,
suggest aprominent role of inflammation in acute coronary
syndrome. 9 The histol ogic analysis demonstrated the pres-
enceof inflammatory cell in atheromatous plague obtained at
autopsy in patientswith acute coronary syndrome. 1211 There-
fore, thebiologic markersof inflammation, such asC-reactive
protein (CRP), have been proposed as potential indicators of
unstable coronary lesions. Several clinical studies have dem-
ongtrated that CRPisapotent predictor of mortality in acute
coronary syndrome.12 13 Recently, it has been suggested that
compensatory enlargement or positiveremodeling may beas-
sociated with anincreased risk of plaquerupture, theunderly-
ing cause of acute coronary syndrome and sudden cardiac
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death.1* However, the rel ationship between the degree of in-
flammatory activity (i.e., CRP level) and the extent of coro-
nary arterial remodeling has not been sufficiently evaluated.

Previous|VUS studies showed that positive remodeling of
the coronary artery was associated with unstableclinica pre-
sentation. However, most of the previous1VUS studies eval u-
ating therelationship between clinical presentation and coro-
nary artery remodeling wereretrospectively performedinthe
patientsfrom their 1IVUS database, 1517 and those studiesin-
cluded the patients with multivessdl disease. Therefore, de-
spitethefact that the cul prit esion wasidentified by coronary
anatomy and | ocalization of ST-T segment changeontheelec-
trocardiogram, it was sometimes difficult toidentify thecul prit
lesion clearly. To clarify therelationship between clinical pre-
sentation and coronary artery remodeling, thelVUSanaysis
should be prospectively performed in patientswith Sngle-ves-
e diseaseand single-culpritlesion.

The objective of the current study was prospectively (1) to
evaluate the relationship between clinical presentation and
coronary artery remodeling, and (2) to evaluate the rel ation-
ship between CRPlevel sand theextent of coronary artery re-
modeling in patients with single-vessel disease and single-
culpritlesion.

Materialsand Methods
Study Population

Preintervention IVUSimages of 93 denovo lesionsof na-
tivecoronary artery (mean lesionlength 12.2 + 2.4 mm) were
obtained in 93 patientswith single-vessel diseaseand single-
culprit lesion. All patients had objective evidence of myocar-
dial ischemiaand =50% angiographic diameter stenosis by
visud estimate. Theexclusion criteriawereasfollows:. (1) os
tial lesion, (2) bifurcation lesion, (3) multivessdl disease, (4)
chronic total occlusion, (5) diffuselesion (lesionlength= 20
mm), (6) lesion at left maintrunk or bypassgraft, (7) restenot-
iclesion, (8) severdly calcificlesons, (9) multiplelesionsina
singlenative artery, and (10) history of old myocardial infarc-
tion (M1). Theacute coronary syndromeincluded the patients
with acute M| (Q-wave and non-Q-wave M|, elevated level of
creatinekinase [CK]-MB isoenzyme and/or ST-segment ele-
vationwithin 24 h of chest pain) and unstableanginawith rest-
ing chest pain (Class I1I1B or |11C by Braunwald classifica-
tion18) and ST-segment depression. Preintervention IVUS
image was obtained within 7 daysin acute M1 and 3 daysin
unstableanginaafter onset of theevent. Stableanginawasde-
fined asaclinicaly constant pattern of severity being treated
inan outpatient clinicfor > 2 months. Patientswerestudied af -
ter giving written informed consent as part of ongoing proto-
colsapproved by our Ingtitutional Review Board.

Serum samplesin the fasting State were collected 24 h be-
forecoronary intervention. C-reactive proteinwasanalyzed by
turbidimetric assay on a Cobas Integra (Roche Diagnostics,
Indianapolis, Ind., USA). Norma value of CRP level using
thismethod was< 0.6 mg/dl.

Intravascular Ultrasound I maging Protocol

Thepreintervention 1V USstudy wasperformed after intra-
coronary administration of 0.2 mg nitroglycerin. The ultra-
sound catheter was advanced approximately 10 mm beyond
thetarget lesion, and animaging run was performed from be-
yondthetarget lesiontotheaorto-ogtia junction. Studieswere
performed with a commercialy available system (Boston
Scientific Corporation/Cardiovascular Imaging System, Inc.,
Natick, Mass., USA) which used a 30 MHz single-element
beveled transducer mounted on the end of aflexible shaft and
rotated at 1,800 rpm within a 3.2 F short monorail imaging
shegth. With this system, the transducer was withdrawn auto-
matically at 0.5 mmy/sto perform theimaging sequence. Ultra-
sound studieswere recorded on 1/2" high-resolution ssVHS
tapefor off-lineandyss.

Quantitativel ntravascular Ultrasound M easurements

Validation of cross-sectional area (CSA) measurements of
externa eastic membrane(EEM), lumen, and plague+ media
(P+M) by IVUShasbeen reported previoudy.19 20 The EEM
CSA (that representstota arteria CSA) wasmeasured by trac-
ing the leading edge of the adventitia. The P+ M CSA (that
represents atherosclerotic plaque) was cdculated as EEM
CSA minuslumen CSA. The plaque burden was measured as
100 X (P+ M CSA/EEM CSA). Thetarget lesion and both
proximal and distal reference segmentswere assessed quanti-
tatively. The preintervention lesion site was the image dice
with the smallest lumen CSA; among image dices with the
same minimum lumen CSA, the one with the largest plague
burden (and, therefore, thelargest P+ M CSA) wasmeasured.
The proximal and distal reference segments were the most
normal-looking segmentswithin 5 mm proximal and distal to
thelesion. At each image dice, EEM and lumen CSA were
measured withacommercially available program for compuit-
erized planimetry.

Theremoddingindex wasdefined as(lesion/averagerefer-
ence segment) preintervention EEM CSA. Theaveragerefer-
ence EEM CSA was calculated as (proximal reference EEM
CSA + diga reference EEM CSA)/2. Positive remodeling
was defined asaremodeling index > 1.05, negative remodel -
ing asaremodelingindex < 0.95, andintermediateremodeling
asremodeling index between 0.95and 1.05.15

Satigtical Analysis

Stetistical analysiswasperformed with SPSSsoftware pro-
gram (Statistica Package for Social Sciences, SPSS, Inc.,
Chicago, I1l., USA). Categoricd dataare presented asfrequen-
cies. Continuousdataare presented asmean + 1 standard devi-
ation (SD). Comparison was performed with chi-square or
Fisher's exact test and unpaired t-test. The linear regression
analysiswas performed to eval uate the relationship between
CRPlevelsand theextent of coronary artery remoddling. A p-
value< 0.05wasconsidered statisticaly significant.
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TaBLE | Basdinecharacteristicsin 93 patients

TaBLE Il Intravascular ultrasound andlysisin 93 patients

Acute coronary Stable p Acute coronary Stable p
syndrome angina Vaue syndrome angina Vaue
Number of patients 30 63 Number of lesions 30 63
Age(years) 56+8 57+9 0.607 Proximal reference segment
Males (%) 22(73) 45(71) 0.956 EEM CSA (mm?) 149+ 40 150+46 0986
Hypertension (%) 9(30) 23(37) 0.701 Lumen CSA (mm?) 88+26 88+29 0980
Diabetesmellitus (%) 2(7) 6(10) 0491 P+M CSA (mn?) 6.1+18 61+21 0997
Hypercholesterolemia Plague burden (%) 41+6 41+6 0.936
(>240 mg/dl) (%) 6(20) 13(21) 0.838 Culprit segment
Cigarettesmoking (%) 15(50) 31(49) 0.881 EEM CSA (mnm?) 146+46 134+x46 0254
Coronary artery lesions 0.896 Lumen CSA (mm?) 18+04 18+04 0.707
Left anterior descending (%) 21 (70) 47 (75) P+M CSA (mm?) 128+45 116+44 0260
Left circumflex (%) 4(13) 7(11) Plague burden (%) 86+6 85+5 0.422
Right coronary (%) 5(17) 9(14) Remodeling index 099+013 095+0.12 0.048
Digtd reference segment
EEM CSA (mm?) 141+45 133+43 0462
Lumen CSA (mm?) 82+26 80+28 0.698
P+M CSA (mm?) 6.9+21 54+20 0280
Results Plagueburden (%) £2+6 40+7 0398

Basdlineclinical and angiographic characteristicsof 93 pa-
tientsarepresentedin Tablel. Therewereno significant differ-
ences in basdine characteristics between 30 patients with
acute coronary syndrome and 63 patients with stable angina.
The IVUS findings between the two groups are shown in
Tablell. Theremodelingindex was 0.99 + 0.13 in acute coro-
nary syndromeversus0.95+ 0.12in stableangina(p=0.048).
Positive, intermediate, and negative remodeling were ob-
servedin 13 (43%), 7 (23%), and 101esions (33%), respective-
ly, in patientswith acute coronary syndromeandin 12 (19%),
20 (32%), and 31 |esions (49%), respectively, in patientswith
stable angina (p = 0.047). The CRP level swere significantly
higher inacute coronary syndromethanin stableangina (1.4 +
2.0vs. 0.5+ 0.6 mg/dl, respectively, p = 0.002). However,
there was no significant difference of remodding index be-
tweenlesonswith devated (> 0.6 mg/dl) and normal CRPlev-
€ls(0.96+ 0.13vs. 0.96 £ 0.12, respectively, p=0.837). The
CRPlevel was0.8 + 1.5 mg/dl in negative, 0.7 £ 1.3mg/dl in
intermediate, and 0.7 + 0.8 mg/dl in positiveremodeling (p=
0.830). Therewasno significant correl ation between CRPlev-
esand remodelingindex (r = 0.078, p=0.475).

Discussion

Inarecent IVUS study of 131 patients by Schoenhagen et
al., positiveremodeingwasmorefrequent in unstablethanin
stablelesions (51.8 vs. 19.6%), whereas negative remodeling
was more frequent in stable lesions (56.5 vs. 31.8%) (p =
0.001).15 Nakamura et al.1® and Smits et al.17 reported the
similar resultsthat positive remodeling was more frequently
observed in acute coronary syndrome than in stable angina.
Thoseprevious!VUSstudieswereretrospectively performed
andincluded patientswith multivessel disease. Therefore, the
angiographic and e ectrocardiographic findings should have
been used to determine the selection of cul prit lesions. How-
ever, itwould bedifficult to determinethe cul prit les onswhen

Abbreviations; CSA = cross-sectiona area, EEM = externa eladtic
membrane, P+M = plaque+ media.

there were no specific changesin the e ectrocardiogram and
there was asimilar degree of diameter stenosisor Similar le-
sion morphology by angiography in patientswith multivessel
disease. Another limitation of the retrospective study wasthe
heterogeneous nature of unstable angina: because of someun-
certainty in thelocation of plaguerupture, observer biasmay
be difficult to avoid in those kinds of retrospective studies.?
To overcome the limitations, the current study was prospec-
tively performedinsingle-vessdl disease and single-culprit le-
sion. Therefore, the possibility of mismatching between clin-
ical presentation and culprit lesion should not exist in this
study. Thefindingsof the current prospective study confirmed
those of the previous retrospective studies:1>17 positive re-
modeling or compensatory enlargement might be associated
with acute coronary syndrome.

Histopathologic study showed alinear increase in athero-
matouslipid core and inflammatory infiltrateswithincreasing
cross-sectional narrowing in patientswho died with unstable
angina2 Thisimpliesthat positiveremodeling may havemore
vulnerable properties and may be associated with inflamma:
tion. A postmortem study withfemord artery reveded that the
lesionswith positiveremodeling had significantly moremark-
ersof plaguevulnerability (morematrix metalloproteinase-se-
creting macrophage and T-lymphocyte) than the les onswith
negative remodeling.1* Thosefindings congtitute the concept
of the remodeling paradox that positive remodeling prevents
lumina narrowing on one hand, but may be associated with
vulnerable plagueson the other hand.4

The acute-phase reactant CRPisavery senditive, athough
nonspecific, marker of inflammation. Circulating levels of
CRP may congtitute an independent risk factor for cardio-
vascular disease 2 Theselevel shave been considered torefl ect
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the severity and progression of atherosclerotic processin the
vessdl.2* The macrophages tend to be more prevaent in the
plagues of segments with positive remodeling than in those
with negative remodeling.2> Immunohistologic staining for
matrix metalloproteinase-2 and matrix metaloproteinase-9
were more prevaent in the plagues of segmentswith positive
remodeling than in those with negative remodeling.?> These
findingsmeanthat inflammation and matrix metalloproteinase
may play arolein both inward plague vulnerability and out-
ward positive remodeling.2® Therefore, therole of CRP asa
marker predicting the extent of arterid remodeling wasevalu-
ated in this study; however, CRP levels might not prediict the
extent of coronary artery remodeling. Thedifferent levelsof in-
flammatory process (tissue vs. system level) might in part
explainthe negative results between CRPlevel sand the extent
of coronary artery remoddling. TheCRPlevelsasasystem|lev-
e indicator of inflammation might not predict theinflammato-
ry process of thetissueleve (i.e., the extent of macrophageor
T-lymphocyteinfiltrationin theatheromatous plague).

Limitations

Thisstudy has severa limitations. Firgt, the number of pa
tients was relatively small to suggest clinical implications.
Second, thelesionswith severe calcificationswereexcludedin
this study becausethe calcium interfereswith the exact evalu-
ation of EEM. Therefore, thefindings of this study could not
be applied to severecdcificlesions.

Conclusions

The prospective IVUS andysis of single-vessdl disease
confirmed that positive remodeling might be associated with
acute coronary syndrome. C-reactive protein levelsmight not
predict the extent of coronary artery remodeling.
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