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ABSTRACT

Background and Objectives : Noninvasive measurements of the coronary vasomotion are important for evaluating
patients with coronary artery disease (CAD). The aim of this study was to investigate the efficacy of free-hand
3D echocardiography (3DE) with rotational geometry for assessing epicardial coronary artery vasodilation. Sub-
jects and Methods : Forty-five subjects were studied: 29 subjects (age 51 12 years, M : F=14 : 15, Control
group) with a normal coronary angiogram and 16 patients with multivessel CAD (age 60+ 12 years, M : F=9 : 7,
CAD group). After obtaining the tubular color flow signals of the distal left anterior descending coronary artery
(LAD) using an ultra-band transducer (5-12 MHz) with a special preset program in the low velocity range, the
peak (PDV), mean diastolic velocity (MDV) and velocity time integral (VTI) were measured before and after ad-
ministering sublingual nitroglycerin (NTG) (0.6 mg). In all subjects, 3DE image acquisition and reconstruction
of the distal LAD flow was performed before and after sublingual nitroglycerin (NTG) using a 3DE unit with a
magnetic tracking system (TomTec Imaging Systems) linked to the conventional 2D ultrasound system (Sonos
7500). Quantitative analysis of coronary vasodilation was performed on cross-sectional images. Results : The %
change in the PDV, MDV and VTI after NTG administration was 41.3 £ 14.0%, 37.9 =13.8% and 40.3£18.2%
in the control group and 23.0%13.9%, 19.1 % 11.5% and 26.1 = 12.4% in the CAD group (p<0.05, versus Control
group, respectively) The distal LAD diameter on the coronary 3DE after NTG administration increased from
2.28£0.79 mm to 3.32+1.07 mm (52.3128.5%) in the control group and from 2.360.65 mm to 2.89 £0.81
mm (23.7£23.9%) in the CAD group (p<0.005 versus Control group). The magnitude of vasodilation correla-
ted with the % change in the PDV (r=0.516, p<0.005), MDV (r=0.519, p<0.005) and % VTI (r=0.392, p=0.008).
Conclusion : These results suggest that level of vasodilation after NTG administration is reduced in advanced
atherosclerosis and can be measured noninvasively. A 3D reconstruction of the distal LAD flow using free-hand
3DE with rotational scanning is a promising noninvasive technique for examining the coronary vasomotor function.
(Korean Circulation ] 2005;35:921—-927)
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ral, VTI, cm)o] S4=|SItHFig. 1B).
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Fig. 1. Demonstration of color (A) and pulsed Doppler (B) signals of coronary artery flow using TTE. TTE! transthoracic Doppler echocardiography.
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Fig. 2. The magnetic tracking system and the position sensor. Trans-
ducer position and orientation were recorded with a magnetic tracking
system. The position sensor rigidly attached to the echocardiographic
transducer. M: magnetic tracking system, CF: distal left anterior des-
cending coronary artery flow, S: position sensor.
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Fig. 3. An example of reconstructed coronary artery flow using freehand 3D echocardiography with rotational scanning.
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Fig. 4. Quantitative analysis of coronary vasodilation on cross-sectional 3D image. A’ X-axis image of coronary artery flow before and after NTG
administration. B: Y-axis image of coronary artery flow before and after NTG administration. C: Z-axis image of coronary artery flow before and
after NTG administration. D: 3D reconstructed image of coronary artery flow. NTG: nitroglycerine.

Table 1. Clinical characteristics

Control group CAD group

(n=29) (n=16)
Age (yrs) 51+12* 60+12
Sex M : F) 1415 9:17
HTN (%) 10 (34.5) 10 (62.5)
NIDDM (%) 6 (20.7) 6 (37.5)
Smoking (%) 5(17.2) 6 (37.5)
TC (mg/dL) 177+36 168 =47
TG (mg/dL) 136 =68 133168
HDL (mg/dL) 40112 39+10
LDL (mg/dL) 109 £28 106 =46

CAD: coronary artery disease, HTN: hypertension, NIDDM: nonin-
sulin-dependent diabetes mellitus, TC: total cholesterol, TG: trigly-
ceride, HDL: high density lipoprotein cholesterol, LDL: low density
lipoprotein cholesterol. *: p<0.05

NTGEO! 3 BY5Y 37 452 1l

NTG o] $2] PDV, MDV ¥ VTIS] Hsk= o zsof|A]

ZV¥Zk 41,34+14,0%, 37.9+13,8%, 40,3+18.2% {43+,

CADZOA= 23.0+13.9%, 19.1+11.5%, 26.1+12.4% 7+
ABFATHZEZE p<0.05)(Fig. 5).

NTGEC ¥ 3ARA Aty UYFU BT B AF2 Mt

32k A s A9 ERe] TS NTG
Eo] I fjzFoA= 2.28+0.79 mmollA] 3.32+1.07 mm
2. 52.3+928.5% 271814131, CADZOA= 2.36+0.65 mm
oA 2.89+0.81 mmE 23.7+23.9% Z7}5FTHp<0.005)
(Fig. 6).
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9] PDV(r=0.516, p<0.005)(Fig. 7), MDV(r=0,519, p<0.005)
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Table 2. Hemodynamic changes of systemic and coronary artery af-
ter NTG administration

Control group CAD group
Sys Pre-NTG (mmHg) 115.6£20.0 123.7+27.2
Diast Pre-NTG (mmHg) 67.4119.5 73.7t16.9
HR Pre-NTG (BPM) 63.8110.2 69.3+18.3
Sys NTG (mmHG) 110.1£19.3 114.4£23.7
Diast NTG (mmHg) 65.1%+15.7 69.7%t12.1
HR NTG (BPM) 65.81+12.9 71.9+18.0
PDV Pre-NTG (cm/s) 24.5+10.2 36.31+30.8
MDV Pre-NTG (cm/s) 18.9+17.3 26.91+22.8
VTI Pre-NTG (cm) 11.1+5.4 14.6 8.7
PDV NTG (cm/s) 14.1+6.3* 28.1%25.3*
MDV NTG (cm/s) 11.7+£5.4* 21.71+18.6*
VTINTG (cm) 6.41+3.1* 10.8 =7.1*

CAD: coronary artery disease, NTG: nitroglycerine, Sys: systolic blood
pressure, Dias: diastolic blood pressure, HR: heart rate, BPM: beat
per minute, PDV: peak diastolic velocity of coronary artery, MDV:
mean diastolic velocity of coronary artery, VTI: velocity time integral,
#: p<0.05 versus Pre-NTG

4l VTI(r=0,392, p=0.008)2] ¥gle} £2 AJAAAE &
oAk
MR

2710 AE3 2SS olgt B PR S
FapEle) Su) 4sby B Weehor] ol e’
I3y 6—-MHz oAFe] 115mu} g2} digital image, cine—
loop 50 AHEIRA ZER HESTE o}8alol FHu
Fu 9 2ol HTEUS 28 AT Ao}
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Fig. 5. % changes of pulse Doppler indices after NTG administration.
NTG: nitroglycerine, PDV: peak diastolic velocity of coronary artery,
MDV: mean diastolic velocity of coronary artery, VTI: velocity time
integral, CAD: coronary artery disease. *: p<0.05 versus control group.
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Fig. 6. Changes of distal LAD diameter after NTG administration.
NTG: nitroglycerine, CAD: coronary artery disease. *: p<0.05 versus
before NTG administration.
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after NTG administration. PDV: peak diastolic velocity of coronary
artery, NTG: nitroglycerine.
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