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Coronary Collaterals Function and Clinical Outcome
Between Patients With Acute and
Chronic Total Occlusion

Lee JH, et al. JACC Cardiovasc Interv. 2017 Mar 27;10(6):585-593.

OBJECTIVES This study sought to demonstrate how changes in the collateral function and its clinical
significance before and after percutaneous coronary interventions (PCls) are compared between patients with
acute coronary syndrome and total or nearly total occlusions (ATOs) and chronic total occlusions (CTOs).

BACKGROUND The functional relevance of the collateral circulation in patients with ATOs and CTOs
has not been fully investigated.

METHODS The pressure-derived collateral pressure index (CPI), myocardial fractional flow reserve (FFRmyo),
and coronary fractional flow reserve (FFRcor) at maximum hyperemia induced by intravenous adenosine were
evaluated in occluded vessels at baseline, after the PCI, and at 1 year in 23 ATO and 74 CTO patients.

RESULTS The FFRmyo and FFRcor were significantly lower, but the CPI was significantly higher in the
CTO than ATO patients at baseline and after the PCI. There were significant increases in the FFRmyo (p
< 0.001) and FFRcor (p < 0.001), whereas there was no significant change in the CPI immediately after the
PCI in both ATO and CTO patients. In the CTO patients, a post-PCI FFRmyo <0.90 (p = 0.01) and post-
PCI CPI <0.25 (p = 0.033) were independent predictors of the clinical outcome. Patients with a high post-
PCI CPI had better clinical outcomes in CTO patients with a low post-PCI FFRmyo (log-rank p = 0.009),
but not a high post-PCI FFRmyo (log-rank p = 0.492).

CONCLUSIONS Recruitable coronary collateral flow did not regress completely immediately after the
PCI both in patients with ATOs and CTOs. Despite good collaterals in CTO patients, aggressive efforts to
reduce the ischemic burden might improve the clinical outcome.



BREALIA (1V)

ISR EN RS 2 HEF B 2 B 1EIRTh A i
ER PR TR RAYMERAIE

fma= - BIEAKEARE R ORAT B EIEEET

1=
H 5

IR " S MsE 2HZE | (ATOs @ fES M WE & BHERBIIRSE 2 HZE 86 Foe 202 ) A1 T 181%
efHZE ; (CTOs) BE » HUKERITIREZ SR - MTERAVHBIE: - HAETERIBR AN - B E0T 5T
W EZEHAIFER T ## ATOs 2 CTOs [EHETERESERBINK T A (PCIs) flapiflfitk - BIRIEERThRERY 2L

gl

T3tk

AT SR T 23 {f ATO FBE K 74 {[fl CTO 5 » #EHAERIKAET adenosine DA E & AR H)
IRIMGTEIARRE T - S FHZER AT PCL o Rl ~ Tt K fli e —4F - {8 HAR TG IR BE JIF5 8 (pressure-derived
collateral pressure index, CPI) LI (5384 (pressure-derived collateral pressure index, FFRmyo )
A6k AR Bl BIR 01 37 £5% 65 73 84 ( coronary fractional flow reserve, FFRcor) [ F¥FRfEE] » A0 FF(L H B ER PR TER

HOFHRATE -
i
1. CTO FFHETE PCI flifHi K ffif% - H FFRmyo 1 FFRcor FEALL ATO BE(K - {H CPI AL -
2. ATO J¢ CTO fE7E PCI{iif#% » H FFRmyo (p <0.001) FlFFRcor (p <0.001) 577 R[I4F B 8 1 -

{H CPI Al EEE AL,

3. 1£ CTO E¥& » PCI fiif#2 FFRmyo < 0.90 (p = 0.01) 1 PCI fiif#% CPI <0.25 (p = 0.033) 2L
i PR TE 2% TR Rl F-

4. CTO JEJKIE PCI itk » { FFRmyo YR FE % & 5 CPI{H (log-rank p = 0.009) - HEFRFEKREIE -

EE
& R ER BRI 8
1. SERE—{EF FHEIRENK Pressure wire ( PressureWire, St. Jude Medical, St. Paul, Minnesota ) 2K LL#&
ATO K CTO B EE MR TEERIIGERIIISE - (R /NEIEE PCL FEIME TR » IR EIR IR A8 (L K
HHERRTHER RS2 -
2. B—EEBFEEE - B CTO BEH RIFHIET GRS - (EI N R LA IR ARKE AR L
MEBFRIFEE - REEEMFERITEEMEE - BT @ CTO ik - s B ERIERIRTER -

BB IR S
i& (B FE BRI TUEG -
1. Single center * DU IR B E KD -
2. 1E Hemodynamic parameters /7 * K5 {5 Pressure wire [fi3F Doppler wire » At 1L & 2 1%
FH JTHIAHRR 22 B it B -



BREAZIA (1V)

3. CVPWBEJJ{EBE A E (H 10 mmHg A% AGHE - iMIEE EREIE - #HY ATO B HY CPI {H A HEX

PR HIRR S

4. £ PCL{ly #%& » ilfi R 41T Donor vessels I I & 4% 52 + [A] [tk i 7 Fb #8¢ ffi #2 CPI {H B2 angiographic

collateral grade BRI

5. ffk ° PCIffite —FEHERY CPIE - A TERRE © A H Ml ] RERY A 3R f B S 252 % FFR & CPI{H

R -

i

PCIflik - 32 ATO 8L CTO Ry - HIEE IR BRI M il A & T2 A58 IR - ARIBITFE -
CTO EHHIHIEAEER L ATO EFBIAIEFEERHRE B Reidok 5 2811 > BI(E CTO BB i RAF ARG -
PR 1Y i B 2 Y o L I P 25 ey o S [ 5F 4 B R P LR PR 7% » & CTO SE&& 1E PCT ik » %5 H FFR
ARIRIE - SERF—(E BRI RESE S HIHIBEER - FFAHR B RITER A RAEE) -

fitiz¥ [ Adapted from Tobias Traupe et al. Circulation. 2010;122:1210-1220 ]

Guiding catheter
= Pao

Pv

The hemodynamic parameters needed for quantitative collateral assessment
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FFRmyo = Pd/Pa

FFRcor = (Pd-Pw)/(Pa-Pw) {{3% the maximum recruitable antegrade perfusion

CPI = (Pw-Pv)/(Pa-Pv)
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TABLE 1 Baseline Characteristics of Study Subjects TABLE 2 Angiographic Findings of Study Subjects
ATO CTO ATO CcTO
(n=23) (n =74) p Value (n=23) (n=74) p Value
Age, yrs 56 + 10 59+ M 0.319 Measured vessel lesion, % 0.460
Male, % 19 (82.6) 62 (83.8) 0.894 Left anterior descending artery 12 (52.2) 39 (52.7)
Body mass index (kg/m?) 251 +19 24.8 + 2.7 0.616 Left circumflex artery 5(21.7) 9 (12.2)
Coronary risk factors Right coronary artery 6 (26.1) 26 (35.1)
Hypertension, % 13 (56.5) 37 (50.0) 0.585 Vessels diseased, % 0.716
Diabetes mellitus, % 6 (26.1) 25 (33.8) 0.489 1 13 (56.5) 38 (51.4)
Hypercholesterolemia, % 11 (47.8) 27 (36.5) 0.331 2 6 (26.1) 17 (23.0)
Current smoking, % 14 (60.9) 38 (51.4) 0.424 3 4 (17.4) 19 (25.7)
Previous CHD, % 5(21.7) 30 (40.5) 0.101 Collateral flow grade 0.071
Left ventricular ejection 571 +£71 51.6 £12.7 0.0m 1 8 (34.8) 13 (17.6)
fraction, % 2 6 (26.1) 19 (25.7)
Medications 3 9 (39.1) 42 (56.8)
Antiplatelet agents, % 10 (43.5) 38 (55.1) 0.355 Anatomic collateral pathway 0.002
Beta-blocker, % 5(21.7) 32 (47.1) 0.033 Epicardial 521.7) 16 (21.6)
ACEIS/ARBs, % 5@ 12 17.6) 0.663 Intramyocardial 15 (65.2) 24 (32.4)
Statin, % 6(26.1) 2 (36.2) OIFE Coexistence 3 (13.0) 34 (45.9)
Stent type, % 0.471
Values are mean £ SD or n (%).
ACEI = angiotensin-converting enzyme inhibitors; ARBs = angiotensin receptor Slralllus el st viee U0
blockers; ATO = acute coronary syndrome with total or nearly total occlusion; Zotarolimus-eluting stent 5(21.7) 25 (33.8)
CHD = coronary heart disease; CTO = chronic total coronary occlusion. Everolimus-eluting stent 9 (39.1) 18 (24.3)
Biolimus-eluting stent 9 (39.1) 30 (40.5)
A ?E 1 Total number of stents 1.3+0.6 1.8 +1.0 0.003
Stent size, mm 3.19 +£0.29 2.98 +£0.33 0.009
Stent length, mm 26.0 + 8.6 36.4 +£13.5 <0.001
Values are n (%) or mean + SD.
Abbreviations as in Table 1.
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FIGURE 1 Temporal Changes in the Fractional Flow Reserve
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Temporal changes in the myocardial fractional flow reserve (A) and coronary fractional flow reserve (B). ANOVA = analysis of variance;
ATO = acute coronary syndrome with total or nearly total occlusion; CTO = chronic total occlusion; FFRcor = coronary fractional flow
reserve; FFRmyo = myocardial fractional flow reserve.
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FIGURE 2 Temporal Changes in the Collateral Pressure Index
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Temporal changes in the collateral pressure index. CPI = collateral pressure index;
other abbreviations as in Figure 1.
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FIGURE 3 Cumulative Major Adverse Cardiac Events-Free Survival Rates
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Cumulative major adverse cardiac events free-survival rates according to the collateral
pressure index immediately after percutaneous coronary intervention in patients with
chronic total occlusions. PCI = percutaneous coronary intervention; other abbreviations as
in Figure 2.
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TABLE 3 Cox Proportional Hazards Model for Major Adverse
Cardiac Events

Hazard Ratio 95% ClI p Value

CPI post-PCl <0.25 3.73 1.11-12.5 0.033
FFRmyo post-PCl <0.9 7.07 1.60-31.2 0.01

Body mass index =25 kg/m? 2.99 0.95-9.38 0.061
Left ventricular ejection fraction 1.03 0.98-1.09 0.246
Statin use 0.30 0.08-1.09 0.068

Cl = confidence interval; CPl = collateral pressure index; FFRmyo = myocardial
fractional flow reserve; PCl = percutaneous coronary intervention.
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CENTRAL ILLUSTRATION Cumulative Major Adverse Cardiac Events-Free Survival Rates
by Subgroup
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Lee, J.H. et al. J Am Coll Cardiol Intv. 2017;10(6):585-93.
Cumulative major adverse cardiac event-free survival rates according to the myocardial fractional flow reserve and collateral pressure index
immediately after percutaneous coronary intervention in patients with chronic total occlusions. CPI = collateral pressure index; FFRmyo =
myocardial fractional flow reserve.
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