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Coronary artery bypass grafting without cardiopulmonary bypass (OPCABG) as a minimally invasive cardiac surgery
(MICS) procedure has been used increasingly to treat coronary artery disease. We present our experience using
off-pump minimally — invasive direct coronary artery bypass grafting (OPMIDCAB) and fractional flow reserve
(FFR) — guided percutaneous coronary interventions (PCI) strategy for coronary revascularization.

Purpose. Presentation of our experience in FFR — guided hybrid coronary revascularization in patients with multi —
vessel coronary artery disease.

Conclusion. A hybrid procedure that changes a conventional CABG of all stenotic arteries, into a FFR — guided PCI
is an appealing way to minimize the risk of complex heart surgery, combining positive outcomes of CABG along with
low stent restenosis and thrombosis rates compared to venous grafts.

Key words: coronary artery bypass grafting, multi-vessel coronary disease, surgical revascularization, atherosclerosis,
ischemic heart disease, hybrid coronary revascularization, off-pump coronary artery bypass grafting, percutaneous

interventions, minimally invasive direct coronary artery bypass grafting, fractional flow reserve.

Coronary revascularization provides symptomatic relief
from coronary artery disease (CAD) and improves short
and long-term outcomes in patients with CAD. The opti-
mal revascularization strategy is still controversial among
interventional and conventional approaches for coronary
revascularization, although coronary artery bypass graft-
ing (CABG) remains the standard of care for patients with
three-vessel or left main coronary artery disease, since the
use of CABG, as compared with percutaneous interventions
(PCI), resulted in lower rates of the combined end point of
major adverse cardiac or cerebrovascular events (MACE) at
1 year according to SYNTAX study (SYNergy Between PCI
With TAXus and Cardiac Surgery). The optimal revascular-
ization strategy should combine a minimally invasive surgi-
cal procedure that reduces perioperative risk, while maxi-
mizing long- term patency of conduit for CABG along with
patient’s survival rates.

Hybrid coronary revascularization (HCR) was first in-
troduced in 1996 [1] as a promise to full coronary artery
revascularization minimizing surgical trauma and adverse
cardiovascular events. The initial concept was launched by
Dr. Gianni from Imperial college of London and includ-
ed small number of patients, who received favorable out-
comes in terms of hospital stay, duration of extubation and
6-month period survival. The hybrid approach refers to the
combination of CABG and PCI, namely providing anasto-
mosis of left internal mammary artery (LIMA) to left ante-
rior descending artery (LAD), typically via minimally inva-
sive technique and PCI for remaining (non-LAD) vessels.

The rationale for HCR lies in the well-established survival
benefit conferred by LIMA-to-LAD grafts and the use of
new DES-stent platforms featuring low stent restenosis
and thrombosis rates compared with venous graft stenosis
and occlusion rates [2]. The superior patency of LIMA-
to-LAD graft provides prophylaxis against future proximal
LAD lesions, which translates into better event-free survival
and relief of angina. The benefits of bypassing other non-
LAD coronary vessels are much less clear. Conduits for a
non-LAD vessel may include other arterial grafts (complete
arterial revascularization), but the saphenous vein is by far
the most commonly used. A major limitation of CABG with
great saphenous vein grafts (GSV) lies in the high graft failure
rates with reports ranging from 13% to 29% at 1 year and
up. Newer drug-eluting stent (DES) platforms with (e.g.,
everolimus-eluting stents (EES) or zotarolimus-eluting
stents (ZES) or without (bioresorbable polymer-based
or polymer-free stents) durable polymers show favorable
outcomes, with 1-year target lesion revascularization
(TLR) rates as low as 3% to 3.25% [4]. Even in high-risk
patients and complex lesions, ZES and EES maintain very
low 1-year TLR rates of 4.4% and 4%, respectively [5].
Thus, PCI and stenting provide strong competition for SVG
revascularization because, unlike an LIMA-LAD graft,
disease progression in the proximal native coronary segment
occurs alongside GSV deterioration. Moreover, significant
angiographic GSV stenosis occurs at least twice as frequently
as in-stent restenosis using the latest technology platforms.
Furthermore, even though GSV occlusion occurs at a
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higher rate compared with stent thrombosis, the clinical
consequences of the latter are more dramatic, as it is more
frequently associated with MACE [6] to 50% at 10 years
after surgery [2].

The 2011 American College of Cardiology Foundation/
American Heart Association guidelines for CABG state that
the “primary purpose of performing HCR is to decrease the
morbidity rate of traditional CABG in high-risk patients”.
The role of the heart team in guiding appropriate patient
selection for HCR is crucial [7]. All hybrid procedures are
staged, the only distinction being the duration of the staging.
For purposes of this discussion, 2-staged will be defined as
PCI and CABG performed in 2 different operative suites,
the 2 procedures separated by hours, days, or weeks,
whereas 1-stop refers to hybrid HCR can be performed
either simultaneously or as a “2-staged” procedure. The
former implies concurrent CABG and PCI in a single
operative suite, with PCI following CABG within minutes.
In the “2-staged” approach, the optimal order-PCI first
versus CABG first — is debated because each approach has
advantages and disadvantages. Often, CABG is performed
first, allowing the interventional cardiologist to study the
LIMA — LAD graft before stent implantation. Thus, PCI to
high-risk, non-LAD Ilesions is performed with a protected
LAD territory. In case of unsuccessful stent implantation,
surgical implantation remains an option. Additionally,
the simultaneous HCR approach can be cost effective by
reducing intensive care unit and general term length of stay.
The two-stage HCR approach is recommended in high-
risk patients with acute coronary syndrome in multi-vessel
CAD with multiple comorbidities. In this case, stenting of
symptom — related coronary artery performed followed by
CABG.

Fractional flow reserve (FFR) utilizes a specialized
guide wire to measure blood pressure within a

Fig. 1. LIMA to LAD graft patency check
before PCI

coronary artery. The original description of FFR required
the induction of maximal hyperemia to achieve near linear
correlation between coronary pressure and blood flow
[8]. PCI guided by FFR was associated with a 54 percent
reduction in the composite endpoint of death, myocardial
infarction and urgent revascularization when compared to
medical therapy alone, according to five-year data from
the FAME 2 trial presented in May at EuroPCR 2018 and
published simultaneously in the New England Journal of
Medicine. Coronary physiology is an important tool that
can guide management decisions for intermediate lesions
and multivessel coronary artery disease (CAD), determining
whether the patient would benefit from revascularization
or medical therapy. Despite long-term data showing
improved outcomes with FFR-guided decision-making,
its use remains significantly underutilized in practice, with
FFR being used in 6.1% of interventions for intermediate
coronary lesions (40—70% stenosis) [9]. FFR measurement
is an effective way to determine which patients with stable
angina may benefit from revascularization. Although, the
use of FFR is most established among patients presenting
with stable angina, revascularization of non-infarct-
related coronary arteries at the time of an acute myocardial
infarction (AMI) remains controversial. Nevertheless,
the concern is that patients with AMI may have multiple
ruptured plaque and thus target lesions that may be
underestimated by the use of FFR [10]. Recent evidence
suggests that culprit lesions of patients presenting with a
non-ST-segment elevation myocardial infarction (non-
STEMI) that were deferred based on a «negative» FFR have
a relatively high event rate, calling into question the use of
FFR in that patient population [11].

Patient selection and indications for HCR in multi-vessel
CAD:

1. A proximal complex LAD lesion with optimal distal
anatomy amenable for LIMA — LAD grafting.

2. Non-LAD lesions amenable to PCI in patient with no
contraindications to dual — antiplatelet therapy (DAPT).

3. High-risk of achieving “incomplete revascularization”
with conventional CABG using median — sternotomy.

In the National institute of cardiovascular surgery we
perform 2-stage HCR procedure. OPMIDCAB, followed
by FFR — guided PCI.

Method of hybrid surgery

First stage — Coronary artery bypass grafting without
cardiopulmonary bypass (OPCABG) as a minimally inva-
sive cardiac surgery (MICS) — LIMA to LAD.

Second stage — on the third day following the surgery
(after drain removing and stable hemostasis) — PCI.

PCI specificities — check LIMA-LAD patency (fig. 1).
After that, following standard clinical protocol, FFR mea-
surement with PCI on significant lesions (fig 2, a, b, c, d).

Conclusions. A hybrid procedure that changes a conven-
tional CABG of all stenotic arteries, into a FFR — guided
PCI is an appealing way to minimize the risk of complex
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Fig. 2. PCI with FFR measurement: a) Baseline angio-significant stenosis of distal Cx.
b) PCl result on Cx - TIMI 3 flow. ¢) Baseline angio-significant stenosis of mid RCA.
d) PCI result on mid RCA - TIMI 3 flow.

heart surgery, combining positive outcomes of CABG along
with low stent restenosis and thrombosis rates compared to
venous grafts. Our report of a consecutive series of patients
undergoing staged HCR demonstrates a low cumulative
complication rate for a short length in intensive care unit
and overall hospital stay. In selected institutions with a heart
team comfortable for a staged approach of OPMIDCAB
followed by FFR- based PCI may be an effective approach
for selected patients with suitable coronary anatomy. Phys-
iology-guided decision-making revascularization on non-
LAD lesions adds objective evidence on improving clinical
setting of CAD.
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®yHKUiOHaNbHA ribpuMaHa peBacKynspu3aLia 3 BUMipIOBaHHAM (paKuUiiHOro
KOPOHAapHOro KPOBOTOKY Y NaLi€HTIB i3 6araToCyAMHHUM YPaXKeHHSIM KOPOHapHUX apTepin

CrykoB 1. 1., Pynenko C. A., TaBpunuwumnH A. 1O., Pyaenko M. J1., Cano C. B., PyaeHko A. B.
Y «HauioHanbHWM iHCTUTYT cepueBo-CyAMHHOI Xipyprii imeHi M. M. AMocoBa HAMH» (KwiB)

IlyHTyBaHHS KOpOHApHUX apTepili 63 BUKOPUCTAHHS alapary IITyYHOTO KPOBOOOITy 3 MiHiMaJIbHO iHBa3UBHUX J0-
CTYIiB CTa€ HOBMM HAIIPSIMOM Yy XipypriYHOMY JIiKyBaHHI illleMi4HO1 XBOPOOM cepliis. Y CTaTTi MpeAcTaBIeHO JOCBi/ IIIyH-
TyBaHHSI KOPOHApHUX apTepiii 6€3 BUKOPUCTAHHS amapaTy IITYYHOro KpOBOOOIry 3 MiHiMaJbHO iHBa3MBHOIO JOCTYILY,
MOEIHAHOTO 3 TIOPUIHOIO PEBACKYJ/ISIPU3ALIiE€I0 3 BUMipIOBaHHSIM (DpaKIliiHOr0 KOpPOHAPHOTO KPOBOTOKY Ta CTEHTYBaH-
HsIM (YHKIIOHAJBHO 3HAUYIIMX CTEHO3iB KOpOHapHUX apTepiii. KomGiHallist XipypriyHoi peBacKy/sipu3aillii 3 iHTepBeH-
LiAHMM METOIIOM JOJa€ 00’ €KTUBHI 03HAKM MOJIIIEHHS KIiHIYHOI KAPTUHM Y MAIIi€HTIB 3 illIeMiYHOIO XBOPOOOIO CepIIs
MOpsiA i3 HU3BKUM piBHEM pecTeHo3y Ta TpoM003y cTeHTiB I1—111 mokomiHHS mOpiBHSIHO 3 ayTOBEHO3HUMHU TPAHCIUIAH-
Ttatamu. ['iOpunHa peBacKyasipu3ailis IPOBOAUTLCS Y ABa €TaIll: IEepIIMM €TarloM 31iCHIOETHCS IIIYHTYBaHHS ITepeaHbO1
MIXIILTYHOUYKOBOI1 apTepii (aHacTromo3 LIMA-LAD), npyrum eTanom (Ha TPeTiil IeHb Mic/sl eKCTpaklilii ApeHaxkHOi TpPYOKHU
Ta HalliltHOTO TeMOCTa3y) BUKOHYETHCS iHTepBeHIliliHe BTpy4yaHHs. Ilicis aHriorpadivyHo miaTBepakeHoro hyHKIIiOHY-
BaHHs myHTa LIMA-LAD, 3rinHO 3 TOKaJIbHUM TTPOTOKOJIOM, BUKOHYETHCS BUMiprOBaHHS (DpaKilifHOr0O KOPOHAPHOTO
KPOBOTOKY Ta CTEHTYBaHHS (DYHKITIOHATHbHO 3HAYYIIMX CTEHO3iB KOPOHAPHUX apTepiil. TAKUM YMHOM BUKOHYETHCS T10-
NBIAHWI KOHTPOJIb (DYHKIIIOHYBAHHS IITyHTA: IEPIINM €TaIlloM B OIlepalliiiHiil — IIJISIXOM BUMipIOBaHHS IIBUAKOCTI KpO-
BOTOKY Ta BiICYTHOCTi CYAMHHOIO CIIPOTUBY (hJIOYMETPOM, IPYTHUM €TalloM — aHriorpacgiyHo.

Merta pob60oTH — IIpeaCTaBAeHHS OCBiLY (PYHKIIIOHATIBHOI riOpUAHOT peBacKyIsIpu3allii 1IJISIXOM BUMipIOBaHHS (hpak-
LIiTHOrO KOPOHAPHOTO KPOBOTOKY Y MAIliEHTIB i3 MYJIBTUCYIMHHUM YpakeHHSIM KOPOHAPHUX apTepiii.

BucHoBku. [iOpugHa peBacKynsipusallis Miokap/a 3MiHIOE «CTaHIAPTHUI» MiNXia 00 IIYHTYBaHHS apTepiil i3 Bupa-
KEHUM CTEHO30M Ha PeBacKyJISIpU3alliio 3 BUMIpIOBAaHHAM (PpakilifHOTO KOPOHAPHOTO KPOBOTOKY Ta CTEHTYBAaHHSIM
(¢GYHKIIIOHAJIBHO 3HAYYIIMX CTEHO3iB, 110 A€ MOXJIMBICTh 3HM3UTH PU3HUK OIlepallii Ha ceplli, ITIOETHYI0UM Oe33anepedHi
repeBaru KOpOHapHOTO IITYHTYBAHHSI, IMOPSIA i3 HU3bKUM PiBHEM PECTEHO3Y Ta TPOMOO3Y, ITOPIiBHSIHO 3 BUKOPUCTAaHHSIM
ayTOBEHO3HUX LIYHTIB.

Karouogi cao6a: aopmokopornapre wyHmyeants, MyabmucyOuHHe YpalcenHs KOPOHAPHUX apmepiil, iulemiuna xeopoba cep-
Ys, XipypeiuHa peeackyiapusauyis, amepockaepos, eibpudHa peeackyiapusayis, aopmoKopoHapHe WYHMYG8aHHs 6e3 8UKopuc-
MaHHA anapamy Wmy4Hoeo Kpogoooiey, MIHIMANbHO [HEA3UBHE WYHMYBAHHS KOPOHAPHUX apmepiil, QpaKyiiinuili KOpOHapHULL
Kpo8omik.



