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Regional myocar dial ischemia during anastomosisin off-pump coronary artery bypass (OPCAB)
can occasionally cause hemodynamic instability. To prevent regional myocardial ischemia and
stabilizethe hemodynamics during the procedure, perfusion of thedistal coronary artery tothe
anastomotic siteis necessary asthe only reliable method. We have applied an active coronary
perfusion method using a servo-controlled pump in selected patientsin place of conventional
passive perfuson methods (intraluminal shunt and external shunt). We present a casein which
the active perfusion method proved useful in avoiding regional myocardial ischemia. A 74-year-
old male patient with triple-vessel coronary disease underwent OPCAB for unstable angina.
During revascularization of the main right coronary artery, the hemodynamics collapsed dueto
regional myocardial ischemia. Assoon asthedigtal coronary artery was perfused at a high flow rate
around 80 ml/min, the hemodynamics stabilized and the oper ation was completed successfully.
This active coronary perfusion method in OPCAB isparticularly useful in casesin which re-
gional myocar dial ischemia cause hemodynamic ingtability. (Ann Thorac Car diovasc Surg 2004;
10: 198-201)
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I ntroduction

With the development of suction-type mechanical stabi-
lizers and positioners, off-pump coronary artery bypass
(OPCAB) isincreasing in popularity. Currently the pro-
cedureisindicated even for patients with multivessel coro-
nary artery disease or poor ventricular function.*® For
successful OPCAB in these casesit isimportant to avoid
regional myocardial ischemiaduring coronary artery oc-
clusion, which can cause hemodynamic deterioration.?
Perfusion of the distal coronary artery to the anastomotic
siteisthe only reliable way to prevent regional myocar-
dial ischemia. For this purpose we have adopted an ac-
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tive coronary perfusion method. We present here a case
in which the active distal coronary perfusion method
proved highly effective against regional myocardial is-
chemiain OPCAB.

Technique of Active Distal Coronary Perfusion

A target coronary artery was exposed, and a pair of su-
tures were passed around the target coronary artery proxi-
mally and distally to the anastomoatic site. The proximal
suture is used for coronary occlusion, and the distal su-
ture for snaring around a coronary perfusion cannula. A
servo-controlled pump (MPS, Myocardial Protection
System, Quest Medical, Inc., Allen, TX, USA) was used
to perfuse arterial blood actively into the distal coronary
artery (Fig. 1). A 10 Fr cannulawas inserted percutane-
oudly into the femoral artery for inflow of the pump cir-
cuit, and a coronary perfusion cannula (Coronary perfu-
sion catheter, Sumitomo Bakelite Co., Ltd., Tokyo, Ja-
pan, or Elongated arteriotomy cannula, Medtronic DLP,
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Fig. 1. Servo-controlled pump used for active distal coronary
perfusion during coronary occlusion in off-pump coronary ar-
tery bypass.

Grand Rapids, M1, USA) was connected for outflow (Fig. 2).
This MPS pump monitors the delivery line pressure and
the delivery flow rate. We also monitored and displayed
the perfusion pressure of the coronary perfusion cannula.
The pump is servo-controlled and has a mode that main-
tains a desired perfusion pressure. Since the pressure is
constant, the delivery flow becomes predominantly dias-
tolic. The pump incorporates a chamber which usually
contains isosorbide nitrate solution, so that intracoronary
medication delivery is possible. A heat exchanger isaso
incorporated, and it is possible to keep the delivered blood
temperature constant. We maintain the delivery blood tem-
perature at 38°C.

Case Report

A 74-year-old male patient was admitted to our hospital
for surgery for unstable angina. Anginal pain was due to
proximal 99% stenosis of the large right coronary artery
(RCA). The left anterior descending artery (LAD) was
totally blocked and the left circumflex artery (LCx) was
75% stenotic. OPCAB was performed for revascul ari-
zation of thethree coronary arteries. The chest was opened
through a median sternotomy. Heparin was given, and
the activated clotting time was kept above 400 seconds.
The RCA was bypassed first with the right internal tho-
racic artery. A pair of elastic sutures was passed round
themain RCA, proximally and distally to the anastomotic
site. The heart was stabilized mechanically with a suc-
tion type stabilizer (Octopus 3, Medtronic, Inc., Minne-
apolis, MN, USA). Remarkabl e elevation of the ST-seg-
ment was observed on the monitor immediately after the
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Fig. 2. Intraoperative findings. A coronary perfusion cannula
connected for outflow of the perfusion circuit is being inserted
into the distal left anterior descending artery. The perfusion
pressure is monitored directly.

RCA was occluded, and distal active coronary perfusion
was immediately started. The initial perfusion pressure
was 60 mmHg, with a delivery flow rate around 20 ml/
min; the ST-segment did not subside and the systemic
arteria pressure continued to decline. We therefore sus-
pected that a greater delivery flow was necessary to im-
prove the myocardia ischemia, and we increased the flow
rate to around 80 ml/min; the required perfusion pressure
proved to be 120 mmHg. Soon after thisincrease in flow
rate, the ST-segment returned to the baseline and systemic
arterial pressure stabilized (Fig. 3). The perfusion pres-
sure was then maintained at 80 mmHg (corresponding to
adelivery flow rate around 40 ml/min), and the anasto-
mosis was completed with no myocardial ischemic
changes. Next, the LAD was grafted with the left internal
thoracic artery, with the assistance of active coronary
perfusion at approximately 80 mmHg. Finally, a saphen-
ous vein graft was placed onto the obtuse marginal branch
of the LCx, and the proximal end was anastomosed to the
aorta.

The creatine kinase-MB value on the first postopera-
tive day was 10 IU/L, and the postoperative course was
uneventful. Prior to discharge from the hospital, coro-
nary angiography showed that all grafts were widely
patent.

Discussion
Major issues when the OPCAB procedure was revived

were how to obtain good visualization of target vessels,
and how to prevent regional cardiac motion. Suction-type
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Fig. 3. Monitoring of electrocardiography during the anastomo-
sis, showing remarkable elevation of the ST-segment due to
coronary occlusion (above) and return to the baseline follow-
ing active distal coronary perfusion at a high flow rate (below).

stabilizers allowed effective immobilization of the anas-
tomotic site. Suction-type heart positioners have recently
been devel oped that allow the posterolateral or inferior
part of the heart to be exposed without compressing the
heart. Given good visualization and stabilization, fur-
ther issues are how to maintain cardiac function during
the procedure and how to protect the myocardium, since
OPCAB has been indicated for patients with multivessel
disease or cardiac dysfunction.*® Myocardial ischemia
due to coronary occlusion during the anastomosis may
lead to hemodynamic collapse.? Asin the present case,
occlusion of the main RCA frequently causes abrupt he-
modynamic deterioration and bradycardiac arrhythmias
such as atrioventricular block. When alarge coronary ar-
tery that supplies collateral blood flow to other blocked
arteriesis occluded, the heart may be intolerant to myo-
cardia ischemia. If the hemodynamics becomes unstable
during the procedure as aresult of myocardial ischemia,
the surgeon must work quickly or revise the operative
strategy in real time, tending to cause poor quality anas-
tomoses or incomplete revascul arization. Perfusion of the
coronary artery distal to the anastomotic site then becomes
areliable method.

Distal coronary perfusion using an intraluminal can-
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nula or external shunt catheter is now used to prevent
myocardial ischemia and to maintain cardiac function
during the procedure.®® Here, both shunts depend on
passive flow. When there is severe stenosis at the proxi-
mal site of the coronary artery, the blood flow through
the intraluminal shunt cannula may be inadequate. In an
external shunt with arelatively long catheter, the shunt
flow may be restricted. Whatever type of shunt isapplied,
the arterial pressure remainsthe driving force for the shunt
flow. Displacement of the heart due to exposure of atar-
get vessel may cause hypotension. Once the systemic ar-
terial pressure drops—especialy the diastolic pressure—
the shunt flow decreases and becomes inadequate. This
may then cause myocardial dysfunction and further sys-
temic hypotension, resulting in a downward spiral of the
hemodynamics.

Although the simpler flow delivery methods currently
available usualy overcome the ischemic problems aris-
ing due to coronary occlusion in OPCAB, active perfu-
sion into the distal coronary artery has great advantage
over passive perfusion. Muraki and associates found ex-
perimentally that an intraluminal shunt caused regional
myocardial ischemia during systemic hypotension, but
that active coronary perfusion with the same servo-con-
trolled pump used here provided adequate oxygen sup-
ply whatever the systemic blood pressure.' Kamiya and
associates devel oped an active coronary perfusion sys-
tem for OPCAB and found experimentally that active
coronary perfusion during coronary occlusion helped pre-
vent myocardial ischemia.*? Vassiliades and colleagues
used the same servo-controlled pump as here for active
coronary perfusionin aclinical setting, and confirmed its
superiority in myocardial protection and performance
during OPCAB.*® Though it is not always easy to deter-
mine which coronary arteries should be perfused actively
instead of passively, we believe that active perfusion of
the main RCA and large LAD is beneficial, particularly
when these supply collateral blood flow to other coro-
nary arteries. We have performed active coronary perfu-
sion with the servo pump in 16 cases and consistently
find that the pump provides precise control of distal coro-
nary perfusion without direct influence on the systemic
hemodynamics.

The present case shows that coronary occlusion dur-
ing OPCAB can cause abrupt hemodynamic deteriora-
tion dueto regional myocardial ischemia. The active coro-
nary perfusion system described here is a useful system
for achieving sufficient distal coronary perfusion to pre-
vent regional myocardial ischemia.
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