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Objectives. This study investigated the tissue characterization of human coronary artery plaque using
Virtual Histology™ intravascular ultrasoundl VH-IVUSCand temperature guide wire.

Methods and Results. Between August 2005 and December 2005, VH-IVUS examination and guide
wire based measurement of coronary temperature were performed in 66 patients: 39 with stable angina
pectoris] SAPL] and 27 with unstable angina pectoris] UAPL Patients in the acute myocardial infarction
with necrotic tissue and thrombus were excluded. After measurement of distal coronary pressure and coro-
nary temperature, the following tissue types of atherosclerotic plaque were evaluated by VH-IVUS: fibrot-
ic, fibro-fatty, dense calcium and necrotic core. Occurrence of fibro-fatty tissue was significantly higher in
UAP patients than in SAP patients] 17.4+ 7.0% vs 11.2+ 5.2%, p[J 0.040] and coronary temperature was
significantly higher in UAP patients than in SAP patients] 0.08+ 0.05 vs 0.03+ 0.02°C, p 0.010

Conclusions. These results suggest that the combination of VH-IVUS analysis and measurement of
coronary temperature may be able to predict the progression of lesions.
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Table 10 Baseline patient characteristics

SAP UAP p value

No. of patients 39 27

Agél yr[J 713+ 114 69.5+ 9.8 NS
Male 26] 66.70 151 55.600 NS
Diabetes mellitus 6l 15.40 0133.30 NS
Hypertension 281 59.00 8 29.60 NS
Hyperlipidemia 121 30.800 61 22.20 NS
Current smoker 151 38.500 &1 29.60 NS
LAD/LCX/RCA 19/10/10 12/10/5 NS
ACE-I or ARB 17 43.60 0133.30 NS
Beta-blocker 51 12.80 3 NS
Calcium antagonist 10 28.20 51 18.50 NS
Statin 121 30.80 72590 NS
CRP] mg/di[] 0.13+ 0.12 0.16x 0.10 NS

Continuous values are mean+ SD.[J O [: % .

SAPO stable angina pectoris; UAPO unstable angina
pectoris ; LADU left anterior descending artery ; LCX0 left
circumflex artery ; RCA[O right coronary artery; ACE-I[]
angiotensin converting enzyme inhibitor ; ARB[ angiotensin
receptor blocker ; CRPO C-reactive lipoprotein.

goboobobooboboooboobbooboaon
goboooon

3. 0000

oobocobOoobo+xD0O0000000000O0002
000000 Swdentd r000000x?0000D0
poo0s000000000O0O

gooo

1. 0000o0O0o00ooooooooooon

gbooooos3yoooobooo227robooooon
gobooooooooooocoooooobooOooon
gobooooooooooocoobooooboooon
gcoooooooooooooobboooooon
OTable 1l 0000000000 O0O0O0O0O0O0OO
ooboooooooooooooobooooboooon
O0000000000DO0O000Od Table 2013

2. 0000b00bO0DbOoDbo
gobooboobbooboobboooboon
goooobobbbooddd T Table3u OO0 OOO
gobbooobobOooobesdx 9.6200 0000

J Cardiol 2006 Aug; 48] 21 85-92

gooooooooooooooooo 87

Table 2] Quantitative coronary angiography analysis

SAP UAP p value

Lesion length] mm[] 132+ 42 152+ 5.6 NS
Reference diametet] mm[] 2.82+ 0.40 2.81+ 0.44 NS
Minimal lumen diametet] mm1.22+ 0.46 1.14+ 0.41 NS
Diameter stenosik] %[ 752+ 11.6 76.6x 12.6 NS

Values are meant SD
Abbreviations as in Table 1.

Table 30 Tissue characterization

SAP UAP p value

Fibroukl %0 66.4+ 9.6  61.0+ 14.2 NS
Fibro-fattiy] %0 112+ 5.2 17.4%+ 7.0 0.04
Dense calciurhl %0 9.7+ 6.4 8.1+ 7.7 NS
Necrotic corél % 11.9+ 6.2 14.1+ 10.3 NS

Values are meant SD.
Abbreviations as in Table 1.

o112+ 52%00009.7+ 64%0000000
119+ 62%00000000000000000O0
61.0+ 14200000000 17.4+x 7.0%0000
8.1+ 77%0 000000 141+ 103%0 00000
gboooobooboobobobobooobooogo
Oo00o0o0ooOoo174x 7.0% vs 11.2+ 52%0p0
oo4DDOIOO0DbOOODODbDOUObODbDOOOO
gbooooooooobobobooon

3. 00000000

00000000000000000000000
0000000000 000.08+ 0.05vs 0.03+ 0.02°CO
p0 0.01; Fig. 100

4. J00O00O0O0O0O0O0O0OO0OO0DOOO0O0O
goooooooooooobooob200000
cbooooooobooobooooooooooo
AQTDDDDDDDDDDDDDDDDDDDDD
OO0

5. 00bo0boobobooboooboon
gobodbobooboobobooboooboboo
gobooboobbooboooboobbooo
OOooobDOoobobogoosccOoobDOononOogi0%bO0



88 oooooooo Ood

AT (C) — p=0.01 —
0.15
0.08%0.05
0.1
0.030.02
0.05
0

SAP UAP

Fig. 1 Temperature of coronary arterial wall in stable
angina pectoris and unstable angina pectoris
AT: Maximal increment from temperature of lesion to
proximal temperature of lesion.
Abbreviations as in Table 1.
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Fibrous 63 %
Fibro-fatty 37 %
Dense calcium 0 %
Necrotic core 1 %

Pa mean —

Pd mean

Fig.2 Coronary angiogram and VH-IVUS datal upper(] and coronary pressure and temperature
O lowerlin a case of unstable angina pectoris

Upper: A 70-year-old man with unstable angina pectoris. Coronary angiography showed severe stenosis of
the proximal left anterior descending artery. VH-IVUS was performed in the culprit lesion. Fibrous plaque
occupied 63%, fibro-fatty plaque occupied 37%, dense calcium occupied 0%, and necrotic core occupied
1%.
Lower: The pressure sensor showed a pressure gradient across the stenoses registered. Temperature of
coronary arterial wall rose, and A 7' was 0.06 °C.
VH-IVUS O Virtual History™ intravascular ultasound ; Pa[l aortic pressure; Pd [ intracoronary pressure.

0000000000000 00000®m0o0o0on gobbo0ges»0000095%00000000
gooooooobobobobbb3poooogo oo 0000000 0000000000000I1vVUS
gogboboobooobooobboooboon goboobogoobbuooboooboobbooo
IVUSI40MHzI OO ODO0OO00OO0O00O0DOO000O0 00000000000000000*0

J Cardiol 2006 Aug; 48] 21 85-92



90 oooooooo Ood

cOooOooOoDrvusoooooOoooOooooo
O radio frequency: RFLIO OO OOOOOOOOODOO
oooooOoOoooOoOoboOoOoboboooboooo
oooOoboOooOooOOobDOoOooOooOoboOoooogoo
OO0O0OO0ORFOOODOOOOOOOODODODOO
oooooOooooOooDbocOoOooboooboooo
oO0oO0ooOoocOoooOovHIVUSOOOOooDoo
oooooOooooOooDboOooboboooboooo
ooboooooooooOobooOoboo400000O
ooooooooooobooooboooboooo
oo0ooooooo

0000000ooooooooooooooog
O000D0o00oooooDooooooooooon
0000D00000o0oooooooogoooooon
0000000000 0o00ooooooo®oon
0000ooO00ooo0o0oDoOoOooooooboooo
gooobooboooboorvusocoobogooogo
oobb0ooboboooobboooobOog vHe-IVUS
gopoooobovH-IVUSOUOooogoooooooo
o00ooOd0oooOoOopooOoOooboooboooo
o00ooOd0oooOoOopooOoOooboooboooo
o00ooOd0oooOoOopooOoOooboooboooo
oo0ooO00oooO0OoboDoOoOoboboooboooo
o0o0oo0ooOoDOO0bDOoOooOooOoogogooo
oo0oooO00oooOoOopooOoOooboooboooo
oo0ooO00ooOo0O0obDmoooooomooo
OOo0oOOOoO0o0ODOOoO0oO0oDoOoOOOooOn VHe-
IvisOoooDOOO@Mversion 13O0 0000000
oooooOooooOoOoDocOoOoboboooboooo
oooooOooooOoOobDOoOoobooOooDo

3.0000
1) 0ooooooo
00000000D000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

0000000000000 0000000000

gobooobooooboooooooooooooon
gobooobooooboooooooooooooon
boooobooboooocooooOoobooooobooo
goboooooOoooooboocooboOooooooo
goooooooboooooboATOoOooOooOoan
gobooobooooboooooooooooooon
gobooobooooooooooooooooon
gobooobooooooooooooooooon
gobooobooooooooooooooooon
oo

2) 0000000000

goOovH-IvUSOOogogoogsooooooDg
gobooooooooooooooooooooon
goooIivusooboooooooooooogoon
goboooooobpobbooobooooboooooo
goboobooooboseonnenboOonoooon
ooboooooooooooooooooooon
goboooobooooooooooboooooooon
gboooooooboobooooooooassFon
goboooooooooooooooooooon
goboooooooooooooooooooon
goboooooooooooooooooooon
gobooobooooooooooooooooon
gobooooboooooooooooooooooon
gobooooboooooooooooooooooon
oo0d VH-IVUSsO 20MHzOOOOOOOOOOOO
goboooboooobooooOooOoooooboooon
goboooboooobooooOooOoooooboooon
goboooooooooooobOoomooooon
VH-IVUSOOOOOoOOoooooooooooooo
goboooooooboooooooooobooon
gobooooood

goooo

gbooooooobobobobooooogog
gobooogvH-IVUSOoooooooooobooo
godbooooboobbooboobbooboon
goooooboooo

J Cardiol 2006 Aug; 48 2[1 85-92



gooooooooooooooooo

gogoog

00O : Virtual Histology™O O ODO0OOO I VH-IVUSO OOOODODOOODODODOOODOO
ooobooooooooobooooooooboOoooooooooOoooDbbOooooOoOoooon
ooooooooooooboooo

gbogd:2005080 1200 0000000000D00DO00OO00OOeeLOOODOODODODOO
Oobo0ob200b00bO0o3000ooooboooboooooooooo0ooooooooDo
goobooooboooooooooooooobooooooooooooobbo0oooooooon
OobOooooogooboooveH-IvusSOooooooooooooooooooooooooo
gooboboooboooooooooooOooobooooon

oob:000000000O0C000000DOO00OCO00O00ODOOOOO0OODOOODbObO
CobobO0o0oboooobobocOooOoO0OoOo0oOobOOo00oDOboO00ODOOo0Ob0Oo0n0m174+ 7.0% vs
112+ 52%0p0 0040 000000000000CO0OO0O0OO0OOOO0OOOOOOOOOC
OO00000M00.08+ 0.05vs0.03+ 0.02°CO p0 0.0103

cobO:00000000000DO0bOO0O00O0O0OC0O0OO0O0O00OO0OvVH-IVUSOOOOOO
ooboboboooboooobooOoooooOooOoobObo0obOobOoOoobooOoOoooOoOOoOoOoDOOoOooDn

J Cardiol 2006 Aug; 48] 2[F 850 92

91

[EERN

10 Ambrose JA, Winters SL, Arora RR, Eng A, Riccio A,
Gorlin R, Fuster V: Angiographic evolution of coronary
artery morphology in unstable angina. J] Am Coll Cardiol
1986; 7: 4720478

200 Little WC, Constantinescu M, Applegate RJ, Kutcher MA,
Burrows MT, Kahl FR, Santamore WP : Can coronary
angiography predict the site of a subsequent myocardial
infarction in patients with mild-to-moderate coronary artery
disease? Circulation 1988 ; 78: 11570 1166

30 Libby P: Molecular bases of the acute coronary syn-
dromes. Circulation 1995; 91: 2844[1 2850

40 Fuster V, Badimon L, Badimon JJ, Chesebro JH: The
pathogenesis of coronary artery disease and the acute coro-
nary syndromels] 100 N Engl J Med 1992; 326: 2420 250

50 van der Wal AC, Becker AE, van der Loos CM, Das PK:
Site of intimal rupture or erosion of thrombosed coronary
atherosclerotic plaques is characterized by an inflammatory
process irrespective of the dominant plaque morphology.
Circulation 1994 ; 89: 360 44

60 Arbustini E, Dal Bello B, Morbini P, Burke AP, Bocciarelli
M, Specchia G, Virmani R: Plaque erosion is a major sub-
strate for coronary thrombosis in acute myocardial infarc-
tion. Heart 1999 ; 82: 2690 272

70 Falk E, Shah PK, Fuster V: Coronary plaque disruption.
Circulation 1995; 92: 6570671

80 Ridker PM, Rifai N, Rose L, Buring JE, Cook NR:
Comparison of C-reactive protein and low-density lipopro-
tein cholesterol levels in the prediction of first cardiovascu-
lar events. N Engl J Med 2002 ; 347: 15570 1565

90 Casscells W, Hathorn B, David M, Vaughn WK,
McAllister HA, Willerson JT, Krabach T, Bearman G:
Thermal detection of cellular infiltrates in living atheroscle-
rotic plaque: Possible implications for plaque rupture and

J Cardiol 2006 Aug; 48] 21 85-92

thrombosis. Lancet 1996 ; 347: 14470 1451

1000 Stefanadis C, Diamantopoulos L, Vlachopoulos C, Tsiamis
E, Dernellis J, Toutouzas K, Stefanadi E, Toutouzas P:
Thermal heterogeneity within human atherosclerotic coro-
nary arteries detected in vivo: A new method of detection
by application of a special thermography catheter.
Circulation 1999; 99: 19650 1971

110 Braunwald E, Antman EM, Beasley JW, Califf RM,
Cheitlin MD, Hochman JS, Jones RH, Kereiakes D,
Kupersmith J, Levin TN, Pepine CJ, Schaeffer JW, Smith
EEO, Steward DE, Theroux P, Gibbons RJ, Alpert JS,
Eagle KA, Faxon DP, Fuster V, Gardner TJ, Gregoratos G,
Russell RO, Smith SC Jr: ACC/AHA guidelines for the
management of patients with unstable angina and non-ST-
segment elevation myocardial infarction: Executive sum-
mary and recommendations: A report of the American
College of Cardiology/American Heart Association task
force on practice guidelinel] committee on the management
of patients with unstable anginall Circulation 2000; 102:
11930 1209

120 Klingensmith JD, Tuzcu EM, Nissen SE, Vince DG
Validation of an automated system for luminal and medial-
adventitial border detection in three-dimensional intravas-
cular ultrasound. Int J Cardiovasc Imaging 2003 ; 19: 930
104

130 Nair A, Kuban BD, Obuchowski N, Vince DG: Assessing
spectral algorithms to predict atherosclerotic plaque com-
position with normalized and raw intravascular ultrasound
data. Ultrasound Med Biol 2001 ; 27: 13190 1331

140 Stefanadis C, Toutouzas K, Tsiamis E, Mitropoulos I,
Tsioufis C, Kallikazaros I, Pitsavos C, Toutouzas P:
Thermal heterogeneity in stable human coronary athero-
sclerotic plaques is underestimated in vivo: The* cooling
effect” of blood flow. J Am Coll Cardiol 2003 ; 41: 4030
408



92 oooooooo Ood

150 ten Have AG, Gijsen FJ, Wentzel JJ, Slager CJ, van der
Steen AF: Temperature distribution in atherosclerotic
coronary arteries: Influence of plaque geometry and flow] a
numerical study[] Phys Med Biol 2004 ; 49: 44470 4462

lfdb0o0od00:00b00b0o00oboobooooooboDbo
0.:0000000000000000bOoobOoo
0000 2005; 13: 2030211

170 Klingensmith JD, Vince DG, Kuban BD, Shekhar R, Tuzcu
EM, Nissen SE, Cornhill JF: Assessment of coronary com-
pensatory enlargement by three-dimensional intravascular
ultrasound. Int J Card Imaging 2000; 16: 870 98

180 Nissen SE, Gurley JC, Grines CL, Booth DC, McClure R,
Berk M, Fischer C, DeMaria AN : Intravascular ultrasound
assessment of lumen size and wall morphology in normal
subjects and patients with coronary artery disease.
Circulation 1991 ; 84: 10870 1099

190 Schoenhagen P, Ziada KM, Kapadia SR, Crowe TD,
Nissen EM, Tuzcu EM: Extent and direction of arterial
remodeling in stable versus unstable coronary syndromes:
An intravascular ultrasound study. Circulation 2000; 101:
5980 603

200 Tuzcu EM, Hobbs RE, Rincon G, Bott-Silverman C, De
Franco AC, Robinson K, McCarthy PM, Stewart RW,
Guyer S, Nissen SE: Occult and frequent transmission of
atherosclerotic coronary disease with cardiac transplanta-
tion: Insights from intravascular ultrasound. Circulation
1995; 91: 17060 1713

210 von Birgelen C, de Vrey EA, Mintz GS, Nicosia A,
Bruinigg N, Li W, Slager CJ, Roelandt JR, Serruys PW, de
Feyter PJ: ECG-gated three-dimensional intravascular
ultrasound : Feasibility and reproducibility of the automat-
ed analysis of coronary lumen and atherosclerotic plaque
dimensions in humans. Circulation 1997 ; 96: 29442952

2200 Nissen SE, Yock P: Intravascular ultrasound: Novel

pathophysiological insights and current clinical applica-
tions. Circulation 2001 ; 103: 6040616

2300 Prati F, Arbustini E, Labellarte A, Dal Bello B, Sommariva
L, Mallus MT, Pagano A, Boccanelli A: Correlation
between high frequency intravascular ultrasound and histo-
morphology in human coronary arteries. Heart 2001 ; 85:
5670570

240 Palmer ND, Northridge D, Lessells A, McDicken WN, Fox
KA In vitro analysis of coronary atheromatous lesions by
intravascular ultrasound: Reproducibility and histological
correlation of lesion morphology. Eur Heart J 1999; 20:
17010 1706

2500 Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S,
Rumberger J, Badimon JJ, Stefanadis C, Moreno P,
Pasterkamp G, Fayad Z, Stone PH, Waxman S, Raggi P,
Madjid M, Zarrabi A, Burke A, Yuan C, Fitzgerald PJ,
Siscovick DS, de Korte CL, Aikawa M, Juhani Airaksinen
KE, Assmann G, Becker CR, Chesebro JH, Farb A, Galis
ZS, Jackson C, Jang IK, Koenig W, Lodder RA, March K,
Demirovic J, Navab M, Priori SG, Rekhter MD, Bahr R,
Grundy SM, Mehran SM, Colombo A, Boerwinkle E,
Ballantyne E, Insull W Jr, Schwartz RS, Vogel R, Serruys
PW, Hansson GK, Faxon DP, Kaul S, Drexler H,
Greenland P, Muller JE, Virmani R, Ridker PM, Zipes PM,
Shah PK, Willerson JT: From vulnerable plaque to vulner-
able patients: A call for new definitions and risk assess-
ment strategies: Part[]. Circulation 2003 ; 108: 16640
1672

260 Verheye S, De Meyer GR, Krams R, Kockx MM, Van
Damme LC, Mousavi Gourabi B, Knaapen MW, Van
Langenhove G, Serruys PW: Intravascular thermography :
Immediate functional and morphological vascular findings.
Eur Heart J 2004 ; 25: 1580 165

J Cardiol 2006 Aug; 48] 21 85-92



