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Diagnosis of Coronary Restenosis Using Coronary Flow Reserve Measurements
Obtained Through Transthoracic Doppler Echocardiography
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Donghoon Choi, MD, Yangsoo Jang, MD and Namsik Chung, MD
Division of Cardiology, Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea

ABSTRACT

Background and Objectives: Coronary flow reserve (CFR) decreases in the presence of significant coronary ste-
nosis. Hence, CFR can be used for the detection of restenosis after percutaneous coronary intervention (PCI).
However, because CFR can also be affected by other conditions such as endothelial dysfunction, microvascular
damage, and left ventricular hypertrophy, the absolute value of CFR is not routinely used for detection of
coronary restenosis. We hypothesized that changes in the value of CFR, rather than the absolute CFR value, are
better correlated with restenosis in various clinical settings. Subjects and Methods: We studied 99 patients (71
males/28 females, mean age 58 = 11 years) who underwent successful PCI of the left anterior descending artery.
Pre-PCI diagnoses were as follows: 37 unstable angina, 35 stable angina, 27 acute myocardial infarction. CFR using
transthoracic Doppler was measured at 48 hours after PCI and at the time of follow-up angiography (6.0 1.5
months later). Coronary flow velocity was measured in the distal left anterior descending artery with a 7 MHz
transducer (HDI 5,000, Philips, The Netherlands) at baseline and during intravenous infusion of adenosine (140

rg - kg

min™). Mean diastolic coronary flow velocities from at least three cardiac cycles were averaged. Results:

CFRs in 69 patients without restenosis were 2.55%0.99 at 48 hours after PCI and 2.93£1.00 at follow-up
(p<0.005). CFRs in 30 patients with restenosis (>50% in diameter stenosis) decreased significantly from 2.70 =+
1.01 at 48 hours after PCI to 1.98+0.91 at follow-up (p<0.001). There was a significant difference in CFR change
(ratio of CFRgjiowupy’/ CFRiia) between the two groups. CFR change had a better receiver operating characteristics
(ROC) curve than absolute CFR for prediction of restenosis [area under the curve (AUC) for absolute CFR=
0.76, AUC for CFR change=0.82]. Conclusion: Restenosis after PCI leads to a significant decrease in CFR, even
in the presence of variable baseline CFR values. Serial measurements of CFR can be used to detect restenosis

after PCI. (Korean Circ J 2008;38:325-330)
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1) 2 999 32} (g 71, o] 28)2 o g slgal 3

Tt Lol= 58+ 1A STk (Table 1),

2) BAe] BABUNRE Hely BegE A
35%g0llA MY FAF, 27N BT AFol

3) & ghatollA stegx]of F5Ael SAAES Al
35191l stent (bare—metal)E AYdtH o 19 ThE
bl ofulgls WAL A

4) Percutaneous coronary intervention (PCI 3484
o] AFHAZETE olgsiol BReluEES 24
A, A e 29e dRuEHAE 6.0£1571¢Y

5 3 2YEA A FZF (diameter stenosis)50%)+

i 0999 ol pol

AT 2.93+1.000] 34 T‘% (<
0. 005) E Ajgzto| zkE Otﬂ_J BR}o Al PCI & 48
AlZEel 2,70 £1,01001 4 A HAMA] 1,98+0.9102 oJu|q]

6) g ZH@?—.LOI
)

= A4S B9t (p<0.001). PCI 48A)7o &+ 27tof &
Foulee] Kol giglot FA7AIC] BReujele
5 27kl ool Aol 2 Bt (Fig. 1.

7 Ae FANE thRE FAPAATIA ) Hipelu]2o)

S % [coronary flow reserve (CFR)f/u/CFRinitial]+=
kel ool Apol7t 9Isict (Fie. 2)

§) ABE 455 el Sls) Arelvle ol
=¥ 9] ¥t AT E receiver operating characteristics

o w Wst Ao} o 9t Az

Table 1. Baseline patient characteristics

Bl e

(ROC) curve® H| WSR-S

Restenosis No restenosis

(n=30) (n=69) p

Sex
Male 15 56 <0.05
Age (age) 61.3£10.1 573*X114 NS
Diagnosis NS
Unstable angina 14 23
Stable angina 9 26
Acute myocardial infarction 7 20
Risk factor
Hypertension 10 39 NS
Smoking 10 21 NS
Diabetes mellitus 6 17 NS
Hyperlipidemia 9 21 NS
Medication
ACEi 17 35 NS
Nitrates 25 68 NS
Beta blockers 21 64 NS
Calcium channel blocker 14 34 NS
ARB 1 11 NS
LV hypertrophy (EKG) 2 23 <0.05
LV dysfunction (EF <50 %) 4 13 NS

ACE;i: angiotensin-converting enzyme inhibitors, ARB: angiotensin-
receptor blockers, LV: left ventricular, EF: ejection fraction



£ Ho]FQc) [area under the curve (AUC) for absolute
CFR =0.76, AUC for CFR change=0,82] (Fig. 3).
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Fig. 1. CFR at baseline and follow-up in patients with restenosis
and patients without restenosis. CFRs in 69 patients without re-
stenosis were 2.55+0.99 at 48 hours after PCl and 2.93+1.00
at follow-up (p<0.005). CFRs in 30 patients with restenosis (>50%
in diameter stenosis) decreased significantly from 2.70+1.01 to
1.98+0.91 (p<0.001). There was a significant difference of CFR
in f/u study between two groups. CFR: coronary flow reserve.

200

CFR change (% of baseline)
=
o
o
T

p<0.001

Restenosis No restenosis

Fig. 2. The change of CFR in patients with restenosis and pa-
tients without restenosis. There was a significant difference of
CFR change (ratio of CFRf/u/CFRinitial) between two groups.
CFR: coronary flow reserve.
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Fig. 3. ROC curves for prediction of restenosis using absolute
CFR and CFR change. CFR change has better ROC curve than
absolute CFR. CFR: coronary flow reserve, AUC: area under
the curve, ROC: receiver operating characteristics.
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Fig. 4. Serial CFRs in patients with restenosis. In patients with

relatively high initial CFR, f/lu CFR was still high (>2.0) even with

restenosis. CFR: coronary flow reserve.

CFR

Baseline Follow-up
Fig. 5. Serial CFRs in patients with no restenosis. In patients with
relatively low initial CFR, CFR was still low (<2.0) even without
restenosis. CFR: coronary flow reserve.
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