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Ischemia-guided Revascularization for Stable Ischemic Heart Disease

Young-Hak Kim

Division of Cardiology, Department of Internal Medicine, Seoul Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Current evidence and guidelines support the strategy of ischemia-guided revascularization for treatment of patients with stable
coronary symptoms. However, anatomical stenosis is often targeted in revascularization treatment using percutaneous coronary in-
tervention or coronary artery bypass surgery without seriously considering objective evidence of myocardial ischemia.
Angiographic complete revascularization was traditionally considered to be an ideal objective of revascularization treatment, par-
ticularly for patients with multivessel disease. However, recent observational studies have contradicted the concept of angiographic
complete revascularization and have, instead, supported the benefits of ischemia-guided selective revascularization based on non-
invasive and invasive functional evaluation for detection of ischemia-producing coronary lesions. No trials have been specifically
designed to assess the relative benefits of either strategy. Therefore, the present review explores current concepts of the strengths
and weaknesses of anatomical versus functional revascularization. (Korean J Med 2014;87:675-685)

Keywords: Coronary artery disease; Stent; Bypass graft; Ischemia

N B

MR Al SRfollA 7 u] A ks mE A Al (percutaneous 4
coronary intervention, PCI)o|u} 3HAg-2-3]<x(coronary artery computed tomography (CT)U &2 P& A|Ystal FEef&

bypass graft, CABG) A3 o5 Asl= 22 obA7kA & Ql Hlo] WHHY Ao QYuF A'E Sh= Bl
oheFt ool Qi ml=olv 71 A9 4% AR dA ATk F ofE 2HIE(drug-eluting stent) 7} 7= o] A H 2}
AFE-L QM E FAZQl AHSoli= 27129 PCIL} CABG £ 9] 7ks/dol EolEdA olHd A2 v HetE o =2
AT A=2S S WAL FE ARl HheS 5lA] = A 83 Algo] S7HEAL Ymn|o] Asolu Al ik 3

Correspondence to Young-Hak Kim, M.D., Ph.D.

Department of Internal Medicine, Seoul Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43-gil,
Songpa-gu, Seoul 138-736, Korea

Tel: +82-2-3010-3955, Fax: +82-2-486-5918, E-mail: mdyhkim@amc.seoul.kr

Copyright © 2014 The Korean Association of Internal Medicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



— The Korean Journal of Medicine: Vol. 87, No. 6, 2014 —

B39 WAo] S7HEAL 9= ARl Adnt A 2 =
olA= sleE Ak 7154 A AARe] 8300 st
o] AHET o5 HAE TAR BE A 'S F9 o
A R840l dish op Al gtk

Zz(complete revascularization)
o] Fxee W] Qi R
B RS Teojol 28] A
ME oJAFEo] A

A|aL lek 3—31"} ':}014 oulE 25 4 7‘:']°H He
AN EEo] ofudt = A7hEEAA 1 Aol
e = e
717F 1.5 mm oJAto|aL 50% o)At a‘ﬂx]—o] A= e Hoi]%%
A&sh= Zolehs A AUAAL34], oA A
FBhal sho] 70% o4 @2ko] = X A ®ohd Frh=

Asf[s], &= & EHOo R 2.5 mm oY He= HHE X'
sk %E}% 947:15 ASIEH6,7].

=0] A olof wzt A A7 & AHE

ATEE thefslch PCI A4S 1.5 mm o)At
ol 50% o) F2re g X‘IQJE}— A5 AEEE 50%
njgtojn] 2 ko] %3t A9 ATES 60% O o R B
A=Al QITH3,5-12]. ¥HH CABGO 9= &9 544 oF
70% o)/4e] AEER HiEal §lo] PClEchs S EH
Meeo] Bt woi13] M54 98 AAk= @ =5
(intravascular ultrasound) 5-©] ©]- & HA] I i
WA v o & e = A HSlaL, FEieH |
Hol Folw T thfsiAA SdHANEE E
A A = Wk loi14].

Jl

o
2

1o
o,
CJJ

FApe] Ael7t £A4 ghot ot

RE A
AsAloll SR E 0] E7VsT 5ol g 2eler X
2517] Slste] AlejHow A EERRPEYS

EECE
ATl 4 Al Whals)
x| 2HH4>(confounding
factor) 5ol oJsto] F7gstal U Bk oStk Table 1)
[3.8,15-21].

AHBRANEES] YA ol P Alge] 29 ol
=< AH E(bare metal stent)Q} OFE AHIEE ALESH= A
7)ol Wzt g ke 4 ik i B AHES] A9 Ar-
erial Revascularization Therapies Study 1-1of|4]+= 1,205 2]
B2 AL 15 mm o4} FOA 5% o]4Fe] ol
S BE MG Amel AL VA NEEol 4
913}l a1 PCl= 71%, CABGE= 98%°l| 4] A|3Y =] ItH3]. PCI
Tol Al 1 23k A-A] AR, AN, 4EF 52 A
A Alge] HlEs} BT SR HIsko] 23.4% vs.
30.6%= 2u] QA EhtHp < 0.05). CABG-9| 7-f-ofl= ¢
At E2bd Al AR EA80] 10.1% vs. 122%= 2¢
o7} gl3ltk. ol2fgt A¥f= 2T & PCI HALEL] A
ol A= pHEE| Rl e m 21,9457 9] PCI SAFE ez 513l

= SPAATNEES 69%0] Aol A AR E o HY
off whe} of 52%071 4] 88%2] AJ5-E0] AATHE]. 39 =&
= NS0l 91.4% Rl EAA NSl A= 27 @
T SN B 89.5%, ST AR H A 88.8%, 17 B &

LA NET} LHAHMEEPEHALo| 88. 7%= TJ—ZLE] At
A EAF o2 HAE 93 = (hazard ratio)= E-2Ho] ¢
o]l wlslo] 1.154) 57}0} TH95% A&7 h 1.01-1.30).

oFE AFIE Al&o ol Al sEe] dE T
o] 345 HQltk= Hilgo] Stk s &5 HAILE
g dAtolA e oFE AHIEE AET 113949 tides
SIS wf LA NEEo] 39%0A AlEE o HFER
A Azgo| AN EE 94.9%, LA EE 93.8%=
Zpo)7F GATHS]. 1L propensity scoreS E-8-3F 3,8034%
matchingtol| A= SAANEES 89 WEE0] =0Tt
(80.8% vs. 78.5%; Y=, 1.12; 95% AlZ|7E, 1.01-1.26; p =
009 (9], %4 sl U1 gL 3 A e
oA 17] E¥t oS SN S 5ol 59 AMGE

o] Z7hErH: Bisk ALHSIE, 182; 95% A=k



— Young Hak Kim. Ischemia-guided revascularization —

‘A193mS orIpI) pue snxe] YIAL [Dd uoamidg ASIOUAS ‘XVINAS UOHUOAINUT ATEUOIOD
snosuenored ‘[Hd UONOTRJUL [BIPIBOOATL ‘Tl ‘SIUAD Te[NOSBAOIPIED ISIOAPE Jofewl ‘GOVIA (SIUAD JB[NOSEAOIGRIS PUB JBIPIED 9SIOAPE Jofewr ‘GOOVIA Uondey uonodld Jenomuda Yo JIAT A1ore
ATeuoIod Urew P AT “Ioqunu ‘ON SUONEZLIBNOSEAI d3o[diiodur ] uels Sunna-3nip ‘SH ‘Aloue ATeuoIod V) TUONEZLIBMISEAI R[dwioo ) “ud)s [ejow-areq ‘SN UONEIIISSe[d AS0[o1pIe)
Jo 939[0D) uBOLIOUIY /UONRIOOSSY MESH UBOLIDWY ‘DDV/VHY A301ens a3erl], UONUIAIIU] JUdSIN) Pue UONeZLdPRYER) Aoy ALINDV ‘I ApmS soideidy], UOnEZLBNOSEAYY [eLOMY ‘I] SIMV
D s I weamaq G0 > d)
“K1o)Ie. ATRU0I00 JOfetl PISsEISIp [[B JO UONBZLIBNOSEAdI y)) JOfewl (SJuSw3as PIseasip [[B JO UONBZLIB[NOSBASI SUBW JUSWSAS,
*Apnys oed Ul pasn SJusides Aok AIRuolod JO SUONIULSP UedW Sasoyjuared Ul SWD], “IOJOWRIP UIBLAD B JO [9SSOA B UI SISOUS)S Jojourelp jo d3ejudored e se pajuasald,
"Ansi3ax yoed Jo josqns payopew-Aysuadord,

vee  Sve 991  Vec - - €L ,E9C - - ¥'6 L'T1 - - - - €0C  66¢ % ‘AOVIN
- - - - 14 pS€E - - - - 1 £9C 124 I'1e - - - - % HAIOVIN
AXU
- - [4V) Y | 8¢Sl pIvC (44! ,0C - - - - 691 'S¢ - - S91 L8 ‘uonezLIe[oseAdl Jeadoy
- - - - - - - - - - - - (4% I'e - - - - % ‘ong
- - oC8 4! 9 I'8 ¥'C 6¢ - - - - 8 L - - - - % ‘TN
9¢ ¥'9 Cl L'l - - - - - - - - - - - - 8T o8 % Yreap oeIpIE)
L ¥91 (44 I'e YL ol 6'S 8 cel ST 9 88 4% 9 S 9 - - % RSp OSIed-[[Y
QWOoINO ULI)-3U0]
8 8 91 ST L1 oc€ - - el el 91 g4 - - - - € oIS % ‘UOISN[O00 [e10],
I (44 8¢ LS 12 oL8 oy |84 9 9 [44 oS - - 01 oCE Sl S % ‘oseasip [assoA-ojdury,
0 0 - - oSV [43 6 I 0 0 81 €l 0 0 0 0 0l 6 % ‘SISOUNS AT
- - - - 9¢ ol Ic €C - - Sl 01 61 1 - - - - 9lI00s XVINAS
9¢ 3% 8¢ I€ (44 0¢ LE 6¢ €C €C 0¢ 33 44 LT 8C o€ [43 93 % ‘saqelq
- - - - 1A €1 - - 9 9 - - 0 0 8 o<l I oSl % ‘S€ > AAAT
8¢ 8¢ - - - - 8¢ 8¢ - - 09 8 - - - - IS oY % ‘ddAT
79 S9 65 19 S9 99 S9 S9 - - 19 €9 9 €9 - - 19 €9 IK o8y
SLT SLT IS8T €0I°T 805 83¢ SY4 Y4 €08°c  €08°€ €LS LT8 09¢ 8CC 66v°c  S6L'L [4x4 96¢ sjuoned jo ‘oN
ko) I k) Al O Al L I k) Al ko) Al k) I k) I ko) Al
Sad Sdd 1o SNd Sad Sad SN Sad Sad SH3d 10 SN Sad wals Jo adAT,
ssaudpardwiod
V) JIofewr Juowi3os Juowios V) lIofewr V) Iofewr Juowies juow3os V) Iofewr juowi3es Jo uonmuyeq
(XVINAS) (XVINAS) (Oov/vHY)
w67 < RS s ¢ < w ¢ < w ¢ < i ¢T°T <
ur %0S < ur %08 < ur 908 < %0S < %0L < ur 908 < ur 9608 < %0L < ur 908 < (UOIS3] JUBOYIUSIS
Ansigax Ansigar Ansidar [Dd Ansidar Ansida1 1Dd Ansidar
101U Q[3urs  Apmis ALINDV  APmS XVINAS  I10Judo 9[Suis  0je)S JI0A MON  IJudd o[durs  Ansidar [[-SIMV 9IS JIOA MON  Iojuao o[duls u3iso(g
K 6¢ K1 1K ¢ uowr G¢ K g K g K g uow 8| uowr /g uonemq
(4174 (414 (414 110C 110C 110C 010T 600¢ 800C ed
[81] e [1z] e w» [s1] e w
Suny) Jousoy [o1] Te 30 peoH  [L1] e 30 Suog  [6I] 210 nm  [99] Te w wry  [g] e 1 oures [¢] e 10 ueuuey ouLmqure],

swoydwiAs Lreuarod moe-uou P spudped 10j uopezuemoseaal ddwodur *sa 3)9jduiod snjdeisorsue Sumeduiod SAPMS *| dqBL

- 677 -



— gt EA]: A 87 E A6 & T Al 652 F 2014 —

1.15-2.85) [11]. 18} & dAFoA= giE SAdANE<
W IE TAA7IA = FoFATEH3.6,101. 2+
R Alge detolA PCI9F CABGE| 8= vl
3l Synergy between PCI with TAXUS and Cardiac Surgery
(SYNTAX) A+Lol| A= PCIE] A9 AT IAINES Al
A AR AT, WES B AR As0) aaEn
A7 (major adverse cardiac and cerebrovascular events, MACCE)
9] W=7} FRITH66.5 vs. 76.2%, p < 0.001) [16]. 12t CABG
FollA= Zol7h 919l

T 2,6867 2] HISTEYSHT AT A4S ez g
ACUITY (Acute Catheterization and Urgent Intervention Triage
Strategy) AN A% 3 o} Q= WMo FEg A4st
3l ZFo] SYNTAX F<>(residual SYNTAX score)7} 832 %
Tk A9 1 F Ak A2z F7hEgs Bt
QITH20]. A Aol A Zro] SYNTAX A7) 091 ehda
AN E-2 404%l 4] AlWEI QT FHE zho] SYNTAX 4
E=0,>02, >28 >89 47402 FLH3FE uf A7)
BoSE A, 2R, AR ALY et ARpHos
7Ksheieh. @ ol SYNTAX 347k AFS(eh 9,
1.05; 95% A1Z]7171, 1.03-1.08; p < 0.001), A1ZZAMAN S
=, 1.02; 95% A2 7L, 1.01-1.04, p = 0.003), 97|51 -2
AN2F A SRS, 1.04, 95% A7 1.02-1.05; p <
0.001) 5:2] QAAATHE A4l Qlglch ThigE Aol A
= 2.0 mm oA e BN ES= Aol AP, A4
A, S/ AR g W] BY o SAGACHAHS)
e, 1.36; 95% Al=ZE7E 1.12-1.64; p = 0.002) [21].

o] HF=A]

;

olx u

A+ 7347} Oqﬂ% %Xlﬂ& HIEA] BE A Ayt o
= ofyth Ao ohdyt HIAAER A
TolAs I EEC] AFHEIE on] QA SAA|
712 Zetdeh7]. chEd Heko g ok AHIE(1,400%)4
CABG (5148)2 A3) Bk 1914 32} 3 917(47.9%) 2] 3
A7} 1.5 mm o4 50% oA Fzhg oA A EE
& AJ3) HRofrh o] & PCIRto)| Al 57315(40.9%), CABG
ol A= 3447(66.9%)oll A LA GEo] AP 5|
741} § MACCE:= &4, E9PAi7lgat Tl Zfol7h ¢l
ATH22.4% vs. 24.9%; BAYFE, 091; 95% AZ77E, 0.75-
1.10; p = 0.32). AN ELL] AHOl= 2.5 mm oA} o]
U Z9RE H36lelE ti= MACCE 913%9] Zol= ¢l

Zsk= A

ek ohek o Ao EehINEel H 3688(19.2%)
< YA 92 of| HIste] MACCE®] W=7} #&8kth(30.3%
vs. 22.1%; AR, 1.27; 95% A&7 0.97-1.66; p = 0.079).
A Arenict 254 o dapt vehde At

o] zo], Al HH o] zfo], MR FE2] )9 zfo] F
ChFsHA siAle o= Qlont FEfehA Rl el Fabo| vie
Al 38e oulsiAl= 7] dliEolete AWk 7hssitt
[7,10,13]. AA| 2+F 7ho]| =ehlof A Fejsha Q] wslvte

=l
2 ABF ARE o A4S 443 Fshu ok

11[22,23], E¢ Xlﬁ 8 AARE AAsh= mi¢ 8%
31 Abgro|tH24]. A5 4 single-photon emission to-
mography (SPECT) XS ©]8-3F ¢1-tol|A] 14375 9] AEt
A% B F TR FAUL AL B9 S 9 B
A7t AY &2 ot dat FjollAnt T QIcH2s]. T2
SPECT d-tollA%= 6732 thda 23k 34} 5 507 0] 2
& B9VE gAY & A A Seiu BaEginie) £
Y 2 of|H] H(fractional flow reserve, FFR) HAS &35t Flow
Reserve versus Angiography for Multivessel Evaluation (FAME)
AolM= FeEidez Aldd Hgho] Sl Ak A FFR
A A}, DA 14%0l ARt A oA s do] HEE
9% AR A17]0] 50| Ha] PREA) UITHT], B
AEAr 2ol 50-70%, 71-90%, 91-99%<1 B of| A FFREE]
0.8 o4} Bl AAF AAFo] 65%, 20%, 4% THe AL 3
k4] @2kl A 715 S At A B wHlelA] o
AEA] etk AG ARl adolth o] AT ATk
17 ‘jo“ﬂr% Ut 7152 sEs AuHor Hds

- 678 -



7} 9leH22). o)
A AFHES Slof glofm oabe] Hakol
1

o] 915k o] A2 st A QA Aolet 54
ZAAL, Fiok AZE T} AL R} CT A4 32 55 magnetic
resonance imaging (MRI) AR} -2 t}okst HAFHE©] o
A Az AXE ek
M1 ZAL FollA] SPECT ZAks H7kA = 7h |

2 AR glom JAF At FHSTH30,31]. & 19,000
B S o AR Aol SASE e oo
A e e v
S=ealoin) Z ol AJaist 2,287 9] oMY FAS SAE
Ao 2 FEX RS} PCI Al&2] a3HE Y]aldt Clinical Out-
comes Utilizing Revascularization and Aggressive Drug Evalu-
ation -5 QAR A of 23t 2 & S ACH22] T
7} % 314199) $110 4] SPECT A} AlHE| 900 5%
ool o F9 s FEAELNA 19%, PCltofA
33%7} WEE A THp = 0.004). 3E F-919] vt U™ &
o Abgelut ALl ’mAle] | A QiTHp = 0.037).

SPECT7} 7P 2] ARg-H= w54 318 Aol &
Aoz e = BAH o RE XHE| o] gt E3]
AT WSO} B AT Sol Y= B o
TR T F917F AofA] AtAIQ] ‘balanced ischemia’ &/

o5 sfel 24 Asph o &

=9rom 67t =&

rﬂ“

10

zz2 Ak

AF7} SP ECTHE} > o]—l:]-__ A At
ZL2ul= SPECTS} nlz7t A2 3F5 A%

)
5
X
(e
2

i

Lo

2 =) - O
Y A e

S
oN.
o
2
e
1
=
o o
0%, ©
o

)

2 K

2 2

P fooxe e
N
N

o]
=
[
i)
v
_1
_<;
jakad
B
y do
_k;.

P
r’i
it
=2
>,
()
o
o

7F AAbell HEEA] Zrofstofol gtth= 59
o] sl
Z|Zoll= A% MRI2} positron emission tomography (PET)

>
o,

ANE 38 Achol| o]gEw ‘E} T HeHREAoA =
MRIL} PETO] SPECTHT} Xt Hhwr} Sssiris o1t
A7} QH33]. PETo|Y MRI= SPECTEE]- AT =01
29 87 5elo] Frhz Aol Utk T} Wizkel 5
ol&7} F5olk &5kl MRIY PET= 7140] | HIK
A A Aol A g ffstAl ARgsl]ol= AR el Sl
T o2 A2 AApHo R A CTE 2835 3d Agk
RSl AQHE T glekFie 1), BARATNE 3-8t
FFRE uv|2]<&52 0 72 AAFSE Fractional flow reserve based on
computed tomography (FFRcr) ¥#o] 31QFE|Qlom 2+ 1
AAFA G8Ad0] HI1E] T QI 34-36]. T2 WIH O 2= CT
2 olgalo] SPECT Aol fzle} Po] g Z4ai:
25 A 63 ZALS] tieko i AAIE Ti37-39]
5t AAR=s E3E4A ¢l adenosine, regadenoson, dipyr-
idamole 5-& Fofalo] oFE AEFA SolH AT TR}
A31EL BRe Basle] S8 ekl wrolth. o} o
AR §-8400] el & o A7k Basht 347 FRR,
SPECT, MRI S} v| 1l HLoj|A] 43t Agt A E 1
o TR CT QAP A58 Ausis s dotow
I:H_":_Q_T_Y_ 3}\1:]-, SFH CT &5 AARR} FFRcr= AFR & 0 72 &+

o)

3 9

Blood flow map
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Figure 1. CT-based functional imaging. Use of CT perfusion
(left panel) and CT-FFR (right panel) to detect inducible my-
ocardial ischemia. CT, computed tomography; CT-FFR or
FFRcr, Fractional flow reserve based on computed tomography.
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Figure 2. CT-FFR, CT perfusion, and invasive FFR. Upper and lower figures: abnormal and normal CT-FFR (left panel),
CT perfusion (central panel), and invasive FFR (right panel), respectively. CT, computed tomography; FFR, fractional flow

reserve; CT-FFR or FFRcr, fractional flow reserve based on computed tomography.
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