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FIGURE 5. Comparisons of QTc between effective group
(closed circles) and torsade de pointes (TdP) group (gray
circles). *In one patient in the TdP group, ECC measurement
before NIF administration was not performed.

undergone valve replacement, | patient had dilated cardio-
myopathy, and 1 patient had OMI.

DISCUSSION

The major findings of the study are as follows. The
intravenous administration of NIF at low doses effectively
suppresses VT/VF refractory to conventional therapy, including
oral amiodarone or sotalol by prolonging repolarization (QT).
However, these class III antiarrhythmic agents also have
a proarthythmic potential to induce TdP probably owing to an
increase in transmural dispersion of repolarization (Tp-€).

Efficacy of NIF for Preventing VT/VF

The patients were considered to be high risk, including
those with acute anterior myocardial infarction and those who
had been already treated with oral amiodarone, oral sotalol,
and/or ICD. Moreover, left ventricular function was depressed;
the averaged ejection fraction was less than 30%. In these
particular patients, intravenous administration of amiodarone
may induce hypotension through its negative inotropic actions,
as demonstrated in the previous studies.”'*!?

As shown in Figure 1, without hemodynamic de-
terioration, NIF was sufficiently effective inhibiting refractory
VTI/VE Note that NIF does not significantly alter cardiac
function. In the open-chest anesthetized canine model, left
ventricular pressure was significantly decreased by sotalol and
amiodarone, but not by NIE®’ Also, in the canine myocardial
infarction model, NIF at neither a low nor a high dose
significantly changed the maximum rate of increase in left
ventricular pressure (LV dp/dt).” Moreover, organ toxicity,
which can be induced in the lung, liver, or thyroid by
amiodarone, is low in NIF treatment.
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FIGURE 6. Comparisons of cTp-e between effective group
(closed circles) and TdP group (gray circles). *In one patient in
the TdP group, ECG measurement before NIF administration
was not performed.

Factors for Antiarrhythmic Effect of NIF

Fipure 2 shows that QT prolongation is associated with
the antiarrhythmic effects of NIF. Also, in the present study, all
the patients with ACS responded well to NIE Action potential
duration and effective refractory period were shortened in an
ischemic region compared with those in a nonischemic region,
which may induce heterogeneous ventricular repolarization in
the heart.'* It is speculated that NIF can prolong action poten-
tial duration sufficiently to improve electrical heterogeneity
and therefore exert an antiarthythmic effect.

On the other hand, all 4 patients in whom NIF was
ineffective in preventing VI/VF may have fixed and chronic
substrates. The response of QT prolongation to NIF in these
patients was not as sensitive as that in effective patients, even
at almost comparable doses. Because the numbers of non-
responders are small and the pre-treatment of amiodarone is
a confounding variable, further studies are needed to clarify
why NIF failed to prolong the QT interval in some patients.

Factors for Proarrhythmic Effect of NIF

While proarrhytmic properties of amiodarone are rela-
tively minor as demonstrated in the previous studies,’®
proarthythmic TdP is the major adverse effect of NIF.'S In
this study, 4 (17%) of 30 patients developed TdP (Figure 7).
However, TdP was transiently induced and disappeared after
discontinuing the administration of NIF because the T1/2 B of
NIF is refatively short, 1.53 % 0.23 hr?

Figure 6 shows that NIF increased ¢Tp-e more signifi-
cantly in the TdP group than in the effective group, suggesting
that Tpeak-ead interval reflecting transmural dispersion of
repolarization (TDR) plays a significant role in the develop-
ment of TdP.'' The increase in ¢Tp-¢ was induced at low dose
of NIF, indicating that the response of Ik, channels to NIF
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(A) Before administration (QTc 520msec)

(B) Original VT

(C) NIF 0.2mag/kg/hr (QTc 760msec)

(D) Torsade de pointes (TdP)
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FIGURE 7. Representative patient with NIF-induced TdP. An 83-year-old male with acute myaocardial infarction in whom LVEF was
depressed to 21%. ECG recording, (A) Before NIF administration {QTc 520msec), (B) sustained VT (rate 167/min) with
hemodynamic collapse, (C) during NIF administration at maintenance dose of 0.2 mg/kg/hr (QTc 760msec), and (D)

proarthythmic TdP.

appears to be sensitive, particularly in patients developing TdP.
The previous study demonstrated that the sensitivity of Iy,
channels could be modified by its genetic polymorphism or
surroundings such as catecholamine, potassium, and pH."”

The present findings indicate the importance of cTp-e
measurement in predicting the risk for TdP. However, in the
clinical setting, QT¢ measurement seems to be more practical.
Also, as shown in Figure 5, QTc prelonged for more than 600
msec in all 5 patients developing TdP. Therefore, caution is
suggested when QTc is prolonged for this length of time
during NIF administration.

Clinical Implications of NIF

According to the Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care,'®

278

intravencus amiodarone should be considered for VF or
puiseless VT patients after 3 unsuccessful direct
countershocks.

Compared with a class III agent of amiodarone, NIF has
several advantageous characteristics particularly for emer-
gency care. First, NIF is easily soluble and applicable to secure
golden time for resuscitation. Second, its half life is relatively
short, achieving rapid action and clearance. Third, NIF has
only a small cardiac depressant effect and may improve the
defibrillation threshold. Fourth, an extracardiac adverse event
is not usual. Accurmnulating evidence in future studies may
prove the therapeutic potential of this pure K'channel
biocker.'®

In conclusion, the present findings indicate that the
intravenous administration of NIF is useful in the emergent
treatment of inhibiting drug-refractory VT/VE, although

© 20006 Lippincott Williams & Willins
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FIGURE 8. Serial changes in QT< and cTp-¢ in individual patient 14
of TdP group.

proarthythmia that induces TdP owing to an increased
transmural dispersion of repolarization should be taken into
account. 16
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Functional Angiographic Evaluation of Individual,

Sequential, and Composite Arterial Grafts
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Background. To help optimize graft arrangement, we
examined the effects of target vessel characteristics, con-
duit type, and interactions between the target vessels on
the occurrence of flow reversal or occlusion.

Methods. The postoperative angiograms of 458 patients
after total arterial revascularization with an off-pump, no
aortic manipulation technique beginning in December
2000 were reviewed. Reverse flow was defined as the lack
of opacification of a distal anastomotic site during graft
anglography, but clear retrograde graft opacification dur-
ing native coronary angiography. We analyzed character-
istics of the target coronary branches, and bypass con-
duits. The potential interactions between coronary
branches and sequential anastomoses were categorized
as those with two 75% stenotic branches (situation 1); one
75% stenotic branch at the end of the graft and a 99% to
100% stenotic branch at the middle of the graft (situation
2); and a composite Y (or K) graft with one end to a 75%

ff-pump corenary artery bypass grafting (CABG)
combined with a “no aortic touch” technique has
been accepted as an effective procedure to avoid early
morbidity and mortality from neurologic events or aortic
injury. A recent prospective randomized study showed
that a composite Y graft, consisting of an in-situ internal
thoracic artery (ITA) and a radial artery, permitted total
arterial revascularization with excellent graft patency,
and improved clinical cutcomes. Importantly, there were
fewer late cardiac events with this technique compared
with the conventional technique [1-3].

In these procedures, sequential anastomoses or com-
posite grafts are necessary for multivessel revasculariza-
tion. However, when two or more distal anastomoses
share a single in-situ graft for inflow, there are concerns
over the risk of reduced antegrade flow in the in-situ
graft and the potential for segmental flow reversal in
sequential grafts, Because bypass grafts with reverse flow
do not contribute to coronary perfusion, these grafts may
be counterproductive. In addition, reduced blood fow in
some segments may cause narrowing or occlusion of arte-
rial grafts, because of the tendency for arteries to adapt to
flows in their run-off territory [4, 5]. These potential disad-
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stenotic branch and the other to a 99% to 100% stenotic
branch (situation 3).

Results. A total of 18 bypasses (1.1%) were occluded
while reverse flow was found in 4.5% (74 of 1,627). In a
multivariate analysis of the 521 bypass conduits having
more than two distal anmastomoses, the predictors of
reverse flow or occlusion were a right coronary artery
target with 75% or less stenosis (¢ = 0.006), more than
three distal anastomoses with a conduit (p = 0.005),
situation 1 (p = 0.04), situation 2 (p<0.0001}, and situation
3 (p < 0.0001).

Conclusions, Interactions between coronary branches
and graft arrangement play important roles in flow dis-
tribution. Graft arrangement should be adjusted for each
patient to minimize reverse flow,

{Ann Thorac Surg 2006;81:807-14)
© 2006 by The Society of Thoracic Surgeons

vantages to sequential arterial grafting may outweigh the
possible reduction in complications for some patients.
The direction of flow in a graft is dependent upon the
differential pressures in the bypass conduit and the
coronary branches, rather than the graft type perse.Ina
bypass conduit with two or more distal anastomoses,
such as sequential or composite grafts, the determinants
of flow distribution are more complex than that in an
individual graft. For individual bypasses, postoperative
evaluations have assessed the graft type, target coronary
characteristics, and degrees of angiographic patency.
This type of analysis, however, is not sufficient for various
configurations of bypass conduits to several coronary
branches [6]. In the present study, we made the assump-
tion that the optimal graft arrangement would maximize
antegrade bypass flow. Thus, our angiographic evaluation
was aimed at determining the dominant flow direction in
each segment of a bypass graft, as well as the anatornic
patency of the graft overall Multivariate analyses were
performed, including as variables the possible configura-
tions of both the conduits and the target coronary branches.

Patients and Methods

Definitions of the terms used in this study are as follows,
An in-situ graft is either an ITA or right gastroepiploic
artery, which was divided only at its distal portion. A

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.09,021
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Table 1. Baseline Patient Characteristics

Characteristic

Number of patients 458
Age (years) 65.6 + 9.3
Male/female 380/78
Hypertension 234 (51.1%}
Hyperlipidemia 228 (49.8%)

Diabetes mellitus 176 (38.4°%)

Left ventricular end-diastolic volume index 88.2 = 31.0
(mL/m?)

Left ventricular ejection fraction (%) 481+ 121

Total distal anastomoses 1627

Distal anastomoses per patient 3.55 £ 0.94

composite graft is a bypass conduit consisting of one
im-situ graft and a free graft anastomosed to it {either end
to side, side to side, or end to end). A combination of
composite Y grafts, K grafts, and sequential composite
grafts were used in this study. An individual bypass was
defined as a bypass consisting of one in-situ graft with
one distal anastomosis. That includes straight composite
grafts where a linear extension of the ITA was made with
the radial artery, but was limited to one distal anastomo-
sis. A bypass conduit having one in-situ graft and two or
more distal anastomoses, such as a sequential graft or a
composite Y {or K) graft, was not individual.

A patent graft was defined as one with complete
continuity of the lumen for its entire length from the
origin of the in-situ graft to the anastomosis with a
coronary branch, irrespective of the flow direction. When
the confinuity of a graft lumen was interrupted at any
level, or when a bypass graft was not visualized by either
native coronary angiography or graft angiography, that
was defined as an occlusion, which was regarded as a
no-flow situation with closure of the lumen. Reverse flow
was defined as a situation in which at least one of the
distal anastomotic sites was not opacified from the graft
injection, but did fill clearly by retrograde flow from the
native coronary imjection. Any bypass graft graded as
occluded or having reverse flow was considered not
functioning, because it did not contribute to coronary
perfusion and relief of ischemia in the target region. A
patent bypass without reverse flow was graded as func-
tioning, and the rate of functioning grafts in a given
patent was defined as the proportion of functioning
bypasses to the total number of bypassed vessels. The
functioning rate for bypass conduits was defined as the
proportion of entirely patent conduits without reverse
flow to the total number of bypass conduits.

Patients

The coronary angiograms of 458 patients who underwent
off-pump CABG using only arterial grafts with avoidance
of aortic manipulation between December 2000 and
March 2004 were reviewed. There were 380 men and 78
women with a mean age of 65.6 = 9.3 years (Table 1).
Patients who failed to complete postoperative coronary

Ann Thorac Surg
2006;81:807-14

angiography, had individual coronary grafts only, or had
one or more saphenous vein grafts were excluded. Cor-
onary and graft angiography was performed at a median
of 14 days after surgery. The angiograms were indepen-
dently evaluated by cardiologists. The severity of stenosis
was determined in each coronary branch. Stenoses were
grouped as 51% to 756%, 76% to 90%, and 91% to 100% by
a precise measurement of the luminal diameter and
labeled as 75%, 90%, and 99% to 100%, respectively, for
purposes of statistical analysis. The grade of maximal
stenosis was recorded for each target coronary branch.
In our 458 patients, there were 1,627 distal anastomoses
from 643 bypass conduits. Of these, 122 bypass conduits
were individual, and 521 bypass conduits had more than
two distal anastomoses (Table 2). The average number of
distal anastomotic sites was 3.55 = 0.94 per patient.

Off-Pump CABG Technique and Pharmacologic
Management

Our standard technique of off-pump CABG has been
reported previously [7]. We routinely assessed the ITA
and the subclavian artery by angiography, computed
tomography, or magnetic resonance imaging before op-
eration. An adequately sized ITA after harvest was en-
sured by insertion of 1.5-mm flexible probe, and all of the
ITA grafts in this series had a luminal diameter of 1.5 mm
or more. While suturing the anastomosis, the surgical
field was maintained by an intracoronary shunt (Anasta-
flo; Edward Lifescience, Irvine, California [for 1.5-mm
and 2.0-mm vessels], or Clearview; Medtronic, Minneap-
olis, Minnesota [for 1.0-mm and 1.25-mun vessels]). The
size of the inmtracoronary shunt was recorded as the
diameter of the target coronary branch. Technical ade-
quacy of each anastomosis was confirmed by flow mea-

Tabie 2. Bypass Conduits Used

Distal Anastomoses Number
Individual 122
In-situ ITA 92
In-situ ITA + RA extension 24
In-situ GEA 6
Nonindividual 521
Conduits with one branch (Y graft) 307
In-situ ITA + free RA 288
In-situ ITA + free ITA 16
In-situ ITA + free GEA 2
In-situ [TA + free [EA i
Conduits with two branches (K graft) 64
Ir-situ ITA + free RA 63
In-situ ITA + free ITA : 1
Conduits with no branch (straight} 150
In-situ ITA + free RA extension 98
In-situ ITA + free GEA extension 2
In-situ ITA sequential 43
In-situ GEA sequential 7

GEA = gastroepiploic artery;  IEA = inferior epigastric astery;  ITA
= internal thoracic artery;  RA = radial artery.
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Fig 1. In situation 1, a bypass conduit had sequential anastomoses to more than two coronary branches each with 75% or less stenosis. In sit-
uation 2, a bypass conduit had sequential anastomoses to one coronary branch with 75% or less stenosis located at the distal end of the con-
duit and @ more proximal anastomosis to a coronary branch with 99% fo 100% stenosis. Presence of the severely stenotic branch may provoke
reverse flow at the end of the conduit. In sifiation 3, one end of a composite Y {or K) graft was connected to a 75% stenotic branch and the
other end fo a 99% fo 100% stenotic branch. The antegrade flow from the in-situ graft and the retrograde flow from the 75% stenotic branch
can be directed to the severely stenotic branch. Arrows indicate direcion of flow.

surements using a transit time Doppler (BF2004; Medis-
tim AS, Oslo, Norway).

Graft Selection and Strategy

The choice of bilateral or unilateral ITA was based on a
consideration of the potential operative risks. Bilateral
ITAs were preferentially used for patients less than 75
years of age who maintained an active lifestyle and did
not have either severe chronic obstructive pulmonary

,disease or diabetes mellitus requiring insulin therapy.
‘This choice was based on studies showing that bilateral
ITAs provide more abundant flow than a single ITA [8],
and improve late outcomes after surgery [9]. For elderly
patients, we used at least one ITA to bypass the left
anterior descending artery (LAD), and the radial artery
was our first choice for a free graft. We harvested only a
single radial artery from the nondominant forearm. One
radial artery was divided into two pieces when necessary.
The gastroepiploic artery was harvested in patients who
had significant cardiomegaly, a subclavian artery steno-
sis, or inadequate ulnar collateral flow.

We utilized the various bypass conduits as summa-
rized in Table 2. The arrangement of the grafts was
determined primarily by the spatial relationships of the
target coronary arteries.

Analysis 1: Bypass Grafting to 1,627 Coronary
Branches

We first conducted a univariate analysis of the data for
bypass conduits and target coronaries for all 1,627 anas-
tomoses to determine those factors that predicted a
functioning graft at 2 weeks postoperatively. Variables in
the univariate analysis included the territory of the target
coronary distribution (divided into LAD, left circumflex
[L.CX], or right coronary artery [RCA]); the severity of the
native coronary stenosis (75%, or 90% or greater); the
diameter of the target coronary (1.0 mm, 1.25 mm, 15

mm, or 2.0 mm as determined by the shunt used); the
type of bypass graft (ITA, or other); the number of
branches for the bypass conduit (composite Y graft = 1,
composite K graft = 2, or straight conduit = 0); the
number of distal anastomoses for the bypass conduit
(more than 3, or 3 or fewer); and the type of anastomosis
(end to side, or side to side).

Analysis 2: 521 Conduits With Two or More Disfal
Anastomoses

Data for the 521 bypass conduits with two or more distal
anastomoses were evaluated separately. Variables as-
sessed by univariate analysis included the number of
distal anastomoses (three or fewer, or more than three);
the number of revascularized territories {(one, two, or
three territories), the number of branches for the bypass
conduit (composite Y graft = 1, composite K graft = 2, or
straight conduit = 0); and the presence (or absence} of a
coronary branch with 75% stenosis in the LAD, LCX, or
RCA territory.

In addition, we examined the effect of potential inter-
actions between target coronary branches that were con-
nected to each other by a composite or sequential graft.
Based on these preliminary analyses, we hypothesized
three situations at high risk for occlusion or reversal flow
states as follows (Fig 1). The first is a graft with sequential
anastomoses to more than two coronary branches each
with 75% or less stenosis (situation 1). The second was a
graft with a sequential anastomosis to one coronary
branch with 75% or less stenosis located at the distal end
of the graft and a more proximal anastomosis to a
coronary branch with 99% to 100% stenosis (situation 2).
The third was when one end of a composite Y (or K} graft
was connected to a 75% stenotic branch and the other
end to a 99% to 100% stenotic branch (situation 3). The
presence or absence of these situations in each bypass
conduit was entered into the analysis.
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Table 3. Graft Function as Assessed by Angiography (Reverse Flow / Occlusion / Anastomoses)

Number of
Distal Anastomoses per
Bypass Conduit I 2 3 4~ 2 3 4~
End-to-Side / Total
Side-to-Side End-to-Side Side-to-Side Functioning Rate (%)
Overall
LAD
LAD branch 0/0/86 1/0/113 2121170 9/1/85 0/0/4 0/0/2 — 12/3/460 96.7
Diagonal branch 0172 0/0/31 1/0/39 6/0/48 1/0/35 0/0/53 0/0/35 8/1/243 96.3
LCX 0/0/4 413173 11/1/85 5/0/20 0/0/16 6/1/142 1/0/162 27/51502 93.6
RCA 0/0/30 3/2/5] 9/3133 1413199 0/0/55 1/1/27 /0727 27191422 915
Total 0/1/122  8/5/268 23161427 34/4/252  1/0/110  7/2/224  1/0/224 74/18/1627 94.3
Functioning rate (%) 99.22 95.1° 93.2¢ 84.9¢ 99.1 96.0 99.6
75% stenosis
LAD
LAD branch 0/0/43 1/0/41 1/1/84 5/0/40 ofon 0/0/2 _— 7014211 96.2
Diagonal branch 0/0/1 6/0/12 1/0/16 5/0/24 1/0/23 0/0s27 0/0/21 710/124 944
LCX 0/0/2 4/1/39 10/1/44 3/0/12 0/0/10 6/0/71 1/0/82 24/2/260 90.0
RCA 0/0/15 3/121 8/2142 1171732 0020 1/0/9 0/0/8 23141147 81.6
Total 0/0/61 8/2/113 20/4/186 24711108 1/0/54 7101109 1/0M111 61/71742 90.8
Functioning rate (%) 100¢ 91.2f 87.18 76.9" 98.1 93.6 99.1
90, 99-100% stenosis
Total 0/1/61 0/3/155 3121241 10/3/144  0/0/56 0/2/115 0/0/113 13/11/885 97.3
Functioning rate {%) 98.41 98.1f 97.9% g1.0t 100 98.3 100

2 versus "p = 0.07,
0.99,

“versus p = 033,  “versus “p = 0.0008.
Tversus 'p = 0.99,  *versus 'y = 0.002

LAD = left anterior descending =~ LCX = left cireumflex artery;

Statistical Analysis

Continucus variables are expressed as the mean values +
5D. Data between two independent groups were compared
by Fisher's exact probability test We considered both
reverse flow and occlusion to be equivalent adverse out-
comes, and used the existence of a functioning graft at 2
weeks postoperatively as our primary outcome measure.
Multivariate analyses were performed using the logistc
regression method. A cut-off p value of 0.20 in a univariate
analysis was used to select variables for inclusion in multi-
variate models. Differences in outcomes were considered
statistically significant at p value less than 0.05.

Results
Analysis 1

Results of the analysis of all 1,627 anastomoses are shown
in Table 3. Since 18 bypasses (1.1%) were occluded and
reverse flow was found in 74 bypasses (4.5%), a total of
1,535 (94.3%) bypasses were functioning. The functioning
rate in the LAD territory was 96.7% (679 of 703), and was
significantly higher than the 93.6% (470 of 502; p = 0.02) of
grafts found to be functioning in the LCX territory, or the
91.5% (386 of 422; p = (.0003) in the RCA territory (Table 3).

In the univariate analysis, neither the diameter of the
coronary branch nor the conduit type correlated with
graft function. In the multivariate analysis, an end-to-

° versus ‘p = 0.02,

fversus Bp = 034,  Sversus "p = 003. !versusip =

RCA. = right coronary artery.

side anastomosis (p < 0.0001), a 75% or less stenosis of
the target branch (p < 0.0001), a graft to the RCA (p =
0.002) or LCX territory (p = 0.0003), and more than three
distal anastomoses for the conduit (p = 0.0006) correlated
significantly with graft function (Table 4).

Analysis 2

Results of the analysis of the 521 bypass conduits having
more than two distal anastomoses are shown in Table 5.
Reverse flow or occlusion was found in 74 conduits
{14.2%) and 17 conduits (3.7%), respectively. The func-
tioning rate for bypass conduits to a single-vessel terri-
tory was 96.8% (91 of 94) and was significantly higher
than that of bypass conduits to two-vessel territories,
which was only 82.3% (190 of 231, p = 0.0003; Table 5). For
bypass conduits to the LCX and RCA territories (whether
or not a diagonal branch was also grafted) the function-
ing rate for straight conduits was 80.2%, which was
significantly higher than that of composite Y or K grafts
(57.6%; p = 0.02).

The multivariate analysis demonstrated that more than
three distal anastomoses (p = 0.005), a stenosis of 75% or
less in an RCA territory branch (p = 0.006), and any of the
interactions between the coronary branches in situation 1
(p = 0.04), situation 2 {p < 0.0001), and situation 3 (p <
0.0001) had significant effects on the occurrence of re-
verse flow or occlusion in the conduit (Table &).
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Table 4. Predictors of Graft Nonfunction in 1,627 Anastomoses

Variables QOdds Ratio 95% CI p Value

Univariate analysis
End-to-side anastomosis 4.065 (2.147-7.698)} <0.0001
Distal anastomoses of conduit > 3 1.849 (1.205-2.837} 0.005
Number of branches of conduit 1.431 {1.036-1.977} 0.03
75% stenosis 3.610 (2.242-5.812) <0.0001
Location, RCA territory (versus LAD territory) 2.639 (1.551-4.489) 0.0003
Location, LCX territory (versus LAD territory) 1.926 (1120-3.313) 0.02
Graft material, ITA (versus the others®) 0.666 {0.416-1.067) 0.09
Diameter of coronary branch 0422 (0.106-1.683) 0.22

Multivariate analysis
End-to-side anastomosis 8.064 {3.861-16.840) <0.0001
Distal anastomoses of conduit > 3 2465 (1.469-4.134) 0.0006
Number of branches of conduit 1.061 {0.729-1.545) 0.76
75% stenosis 4.316 {2.629-7.087) <0.0001
Location, RCA territory {versus LAD territory) 3.570 (1.606~-7.935) 0.002
Location, LCX territory (versus LAD territory} 4.008 (1.878-8.553) 0.0003
Graft material, ITA (versus the others®) 1.062 (0.511-2.209) 0.87

* The others included radial artery, GEA, and [EA.

CI = confidence interval;  LAD = left anterior descending artery; ~ LCX = leftcircumflexartery; ~ RCA = right coronary artery;  ITA = internal
thoracic artery.

Comment mined by two factors: its flow capacity, and its pressure
capacity. In previous reports, construction of a composite

graft to three-vessel territories may result in an increased Y 8raft has been shown to increase free flow in a single
risk of functional insufficiency of the graft, with hypoper- ITA pedicle by. 7_5% and leave a .su{ﬁcxent flow reserve for
fusion or even reversal of flow in some segments of the the graft after it is connected to its target distribution [12,
graft. Ventricular hypertrophy, a large LAD (greater than ~ 13]. In addition, follow-up studies have shown rapid
.2.5 mm), a small diameter of the ITA, technical problems ~ growth of the in-situ ITA composite Y graft to produce
ith the anastomosis to the LAD, interruption of an old ~ increases in the amount of graft flow [14].

The use of an in-situ ITA, especially as a composite Y

vein graft and replacement by in-situ ITA, and baseline For predicting the dominant direction of biood flow in
left ventricular dysfunction have all been reported tobe  a given segment of a graft, the pressure differential
predictors of a hypoperfusion syndrome [10, 11]. between the graft segment and the native coronary will

The functional adequacy of a bypass conduit is deter-  outweigh the overall flow capacity of the graft. Interest-

Table 5. Graft Function in 521 Bypass Conduits: Reverse Flow (+} / Occlusion (+} / No. of Conduits (Functioning Rate %)

Shape of Bypass Conduit

Revascularized Territories Y or K Graft Straight Valie Total
One-vessel territory 0/1/33 (97.0) 210161 {96.7) 0.99 211194 {96.8)
LAD 0/1/33 (97.0) 1/0/37 {97.3) 0.99
LCX — —_ 0/0/4 (100) —
RCaA — — 1/6/20 (95.0) —
Two-vessel territories 22/4/158 (83.5) 12/3173 (79.5) 0.46 34/7/231 (82.3)
LAD + LCX 14/2/109 {(85.3} 01012 (100) 0.99
LAD + RCA 5/1/40 {85.0) 0/0/1 (100} 0.99
LCX + RCA 3119 {55.6) 1213170 (78.6) 0.21
Three-vessel territories
LAD + LCX + RCA 37181180 {75.0) 17116 (87.5) 0.36 38/9/196 (76.0)
Diagonal branch + LCX + RCA 9/1/24 {58.3) 1/1/16 (87.5) 0.08
LCX + RCA * diagonal 12/2/33 (57.6) 13/4/86 (80.2) 0.02
Total 59/13/371 {80.6) 15/4/150 (87.3) 0.07 741171521 (82.5)

LAD = left anterior descending artery;  LCX = left circumnflex attery;  RCA = right coronary artery.
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Table 6. Prediciors of Graft Nonfunction in 521 Bypass Conduits
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Qdds
Variables Ratio 95% CI  p Value
Univariate analysis
Distal anastomoses of conduit > 3 3.287 (2.026-5.334} <0.0001
No. of branches of the conduit 1.681 (1.160-2.435)  0.006
Revascularized territories 2.006 (1.402-2.872)  0.0001
75% stenosis in LAD territory 0.739 (0.461-1.184) 0.21
75% stenosis in LCX territory 2195  (1.388-3470) 0.0008
75% stenosis in RCA territory 3.539 (2.188-5.727) <0.0601
Interactions befween the sequential anastomoses
End of the graft to 75% stenotic branch + proximal to 75% stenotic branch (situation 1) 2365  (1.421-3935) 0.0009
End of the graft to 75% stenotic branch + proximal to 90% stenotic branch 0737  (0.214-2547)  0.63
End of the graft to 75% stenotic branch + proximal to 99-100% stenotic branch {situation 2) 6339  (2.970-13.532) <0.0001
Interactons in the composite Y {or K) graft
One end to 75% stenotic branch + the other end to 99%~100% stenotic branch (situation 3) 4.795 (2.781-8.269) <0.0001
Multivariate analysis
Distal anastomoses of conduit > 3 2523 (1.333-4.776)  (L.O0S
No. of branches of the conduit 0.958 (0.601-1.557)  0.89
Revascularized territories 1.270 (0.786-2.p52) 033
75% stenosis in LCX territory 1507  (0.825-2.753) 0.18
75% stenosis in RCA. territory 2.434 (1.285-4.609)  0.006
End of the graft to 75% stenotic branch + proximal to 75% stenotic branch (situation 1) 2.139 (1.006—4.545) (.04
End of the graft to 75% stenotic branch + proximal to 99-100% stenotic branch {situation 2) 7.704 (3.076-19.292) <0.0001
One end to 75% stenotic branch + the other end to 99-100% stenotic branch {situation 3) 6.352 (3.234-12.477) <0.0001

CI = confidence interval;  LAD = left anterior descending artery;

ingly, these two factors (pressure and flow} do not always
vary proportionally, Diastolic graft pressure is regarded
as a significant predictor of bypass flow, because the left
ventricular myocardium is perfused exclusively in dias-
tole [15, 16]. In spite of similar flow capacities, diastolic
pressures in ITA grafts have been found to be signifi-
cantly higher than in gastroepiploic artery grafts. This
finding has been implicated as a major cause of insuffi-
cient antegrade flow in gastroepiploic artery grafts
[17, 181

Royse and colleagues [19] have demonstrated that the
cut-off for a stenosis in the target coronary that will leave
graft occlusion was higher for a composite ¥ graft than
for a noncomposite in-situ graft. Thus, despite an in-
creased flow capacity, composite Y and K grafts have
lower pressure capacities than straight conduits. Pres-
sure capacity of a given conduit may be determined by
certain anatomic characteristics of the conduit, such as its
shape and length. We hypothesize that the number of
branches created in a conduit should correlate with the
pressure capacity of the graft, because the Y and K graft
has a following relative stenosis. The proximal part of a
composite Y graft consists of an in-situ ITA and the distal
part is either an ITA or a free radial artery.

In previous studies, the measured diameter of the ITA
was reported to be smaller than that of the radial artery:
213 mm (1.8 to 2.6 mm) versus 2.75 mm (2.5 to 3.0 mm) [4,
20-22]. Using these size estimates, the ratio of the cross-
sectional area of an average radial artery to an [TA would
calculate to be 1.67. The ratio of the cross-sectional area

LCX = left circumflex artery;

RCA = right coronary artery.

of the entire outflow of a compuosite Y graft to its inflow
would be 2.67 (= 1 + 1.67). Thus, at its creation there is a
relative stenosis proximal to the radial artery portion of a
composite Y graft of 63% (= 1 — 1 / 2.67). Since the
outflow of a composite K graft consists of an ITA and two
segments of radial artery, a K graft would have an 77% (=
1 -1/l + 167 + 1.67]) stenosis. On the other hand,
linear extension of an in-situ ITA with a radial artery
would produce only about 40% (= 1 — 1/ 1.67) stenosis,
which is not significant. The length of the conduit (ie, the
distance from the proximal origin of the ITA to the target
coronary anastomosis) may correlate with pressure ca-
pacity. It is also true that the middle portion of the
conduit has a higher pressure potential than the end of
the conduit. In our multivariate analysis, the location of
the target branch {ie, RCA territory) and an anastomosis
at the end of the conduit were significant predictors of
reverse flow or occlusion, whereas creation of branches
on the in-situ ITA did not correlate significantly with
graft function.

The results of this study suggest some strategies for
graft arrangement when multiple distal anastomoses are
planned with one graft. For the LAD territory, the iso-
lated in-situ ITA to LAD has been widely accepted as the
“gold standard” bypass graft, providing both long-term
durability and improved survival. For management of the
diagonal branch, it is necessary to construct grafts so as
not to interfere with the ITA to LAD bypass. The func-
tioning rate for sequential anastomoses with an in-situ
ITA to both the diagonai and LAD was satisfactory, even
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when both branches had only 75% stenoses, and compa-
rabie with that of a composite Y graft to the diagonal and
LAD. Therefore, either of these bypasses are equivalent
options and the choice should depend upon the relative
positions of the planned anastomotic sites fo prevent
graft kinking beyond the diagonal. Either configuration
can help avoid having more than four anastomoses
arising from the opposite ITA.

We have several recommendations for sequential
grafting of the LCX and RCA territories. First, it is
recommended that the number of distal anastomoses for
each conduit be kept to less than three, especially when
a branch with stenosis of 75% or less is present. As the
number of the coronary branch connections increase, the
total amount of cross-sectional area in the distal graft
increases, and the pressure potential per target vessel
decreases. As shown in Table 3, when a conduit had four
or more distal anastomoses, even branches with 90%
stenoses were associated with reverse fiow. Second, end-
to-side anastomoses should be minimized. Utilization of
straight composite grafts is preferable, because they have
only one end whereas composite Y and K grafts have two
and three ends, respectively. Third, we have to pay
special attention to the management of target branches
with 99% to 100% stenoses. As shown in situations 2 and
3, when the middle portion of a graft is connected to a
severely stenotic branch, reverse flow can be provoked
more distally in the end of the graft. The overall graft
arrangement for a given patient should be designed to
create a favorable pressure slope from proximal to distal.
That can be accomplished by selecting an appropriate
orientation {clockwise or counterclockwise), or harvest-
ing another in-situ graft to provide a separate inflow for
additional bypass grafts.

A sequential bypass to two coronary branches having
moderate stenosis (situation 1) was also associated with
reverse flow or occlusion. In our experience, the inci-
dence of reverse flow and occlusion can be reduced by
the use of bilateral ITAs. However, harvesting more
in-situ grafts to separate inflow sources and avoid mul-
tiple sequential anastomoses, or utilizing an aortic con-
nection (which should provide the highest driving pres-
sure), may be reasonable options. However, high
pressures can promote atherosclerotic graft disease, and
spoil the long-term durability of the graft [23].

A moderately stenotic branch of the RCA as a target
vessel was one of the most significant predictors of
reverse flow. There is an ongoing controversy regarding
the management of a moderately stenotic branch in the
RCA territory [5, 19, 24]. In the present study, bypass
grafting with a composite arterial graft to an RCA branch
in a side-to-side fashion provided a satisfactery patency
rate, even when the native coronary stenosis was mod-
erate. These results suggest that arterial composite graft-
ing might be an effective solution for this situation.

The purpose of this study was not to prove the supe-
riority of totally arterial off-pump CABG without aortic
manipulation, but to examine strategies for optimal se-
quential graft arrangement and minimizing the potential
disadvantages of this technique. In the present study,
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occlusion and reverse flow were assessed as a composite
outcome variable, The reasons for this were the follow-
ing: (1) both occlusion and reverse flow are unfavorable
results with at least segments of nonfunctioning grafts;
(2) it is impossible to distinguish occlusion from reverse
flow when flow velocity is extremely low; and (3) as
reverse flow mainly affects coronary branches with mod-
erate stenoses, this analysis would not be applicable to
bypass grafts to severely stenotic coronaries. The flow
demands of the myocardium, the vascular resistance in
the supplied coronary bed, and the effect of a phasic
delay in flow from the in-situ grafts to composite Y or
K-grafts may each play a role in determining the direc-
tion of flow through a composite graft.- However, we do
not have reliable methods for quantifying each of these
factors. An additional factor may be the luminal size at
the anastomotic site itself. This factor is not precisely
measurable, especially when a side-to-side anastomosis
is performed at a near 90-degree angle to the coronary
{diamond shape) or the anastomotic site is not cleatly
visualized because of mixed bloed flow from the native
coronary and the bypass graft. These factors are limita-
tions to this study.

In conclusion, off-pump CABG with all arterial grafts
and no aortic manipulation provided Satisfactory graft
patency in our hands, but the incidence of nonfunction-
ing grafts was not negligible. Since interactions between
the target coronary branches played a distinct role in the
occurrence of reverse flow, the arrangement of sequen-
tial grafts needs to be adjusted according to each pa-
tient’s anatomy in order to minimize the occurrence of
reverse flow and occlusion.

We thank Dr Yoshiko Kada for her assistance with the statistical
analysis, and Dr Thomas Sharp for meaningful suggestions.
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Objective: We sought to delineate the effects of competitive and reverse flow on the
intermediate-term patency of arterial conduits and examined graft arrangements for
maximizing antegrade bypass flow.

Methods: The angiograms of 2083 bypass grafts in 570 patients who underwent
off-pump total arterial revascularization without aortic manipulation since Decem-
ber 2000 were reviewed. The blood flow in the bypass grafts were graded A
(antegrade), B (competitive), C (reverse), or O (occlusion). The mean number of
distal anastomoses was 3.65 = (.94 per patient.

Results: In the early angiography 91.3% (190172083} of the bypasses were grade A.
Thirty (1.4%) bypasses were grade O, whereas 2.9% (61/2083) were grade B, and
4.49%(91/2083) were grade C. In the multivariate analysis the end-to-side anasto-
mosis (P < .0001), 4 or more distal anastomoses of the conduit (P = .01}, native
coronary stenosis of less than 75% (P < .0001), and target branch location of the
right coronary artery territory (P << .0001) and left circumflex artery territory (P =
.02) significantly correlated with grade non-A. The patency rate in the late angio-
graphy of the bypasses graded B or C in the early angiography was 7 (28.0%) of 25,
whereas that of the bypasses graded A was 164 (89.1%) of 184 (P < .0001). The
actuarial graft patency rate of the bypasses graded A was 72.3% at 3 years and was
significantly higher than that of the bypasses graded B or C (28.6% at 3 years after
surgical intervention, P << .0001).

Conclusions: The sufficient antegrade bypass flow had a favorable effect on the graft
patency of arterial conduits. The graft arrangement should be adjusted for each
patient so as to maximize the antegrade bypass flow and to confirm the advantage
of arterial grafts.

he use of the in situ internal thoracic artery (ITA) graft to the left anterior
descending artery {LAD) is widely accepted as a standard strategy that
provides long-term patency and improves late survival, The radial artery is
also useful as a free graft for coronary artery bypass grafting (CABG). For the radial
artery, the graft patency mostly depended on the severity of the native coronary
stenosis rather than on the proximal anastomotic site’? and was equivalent to that
of ITA, even when the target coronary branch was small in diameter or had severe
atherosclerosis.™
In the bypass conduits having 2 or more distal anastomoses, dominant reversal flow
is not quite rare. Because the bypass grafts with reverse flow do not contribute to the
coronary perfusion in the grafted territory, the efficacy of CABG might be unpromising,
even when the bypass graft is anatomically patent. In addition, as a consequence of
inappropriate graft flow, graft failure, such as diffuse narrowing or occlusion, can occur
because it has been reported that the arterial materials have shown adaptability of their
own diameter to the circumstances of the blood flow in the graft lumen.™
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Abbreviations and Acronyms
CABG = coronary artery bypass grafting
ITA = internal thoracic artery

LAD = left anterior descending artery
LCX = left circumflex artery
RCA = right coronary artery

Despite the various graft configurations that have previ-
ously been reported,'®'? the optimal strategy for graft ar-
rangement remains unknown. Because an excellent early
graft patency rate can be highly expected when arterial graft
materials are exclusively used, the patency rate of the by-
pass grafts might not necessarily be useful for evaluation
and comparison of the graft arrangements.

The objectives of this study were to delineate the effect
of the graft flow in the sequential and composite arterial
grafts on the late graft patency and to establish the optimal
strategy for the graft arrangement of the arterial conduits for
minimizing competitive and reverse flow.

Materials and Methods

The coronary angiograms of 570 patients who underwent off-
pump coronary revascularization with single or bilateral ITA grafts
and the radial artery without aortic manipufation between Decem-
ber 2000 and June 2005 were reviewed. There were 473 men and
95 women with a mean age of 66.0 £ 9.3 years (Table 1), and ail
patients provided written informed consent. These patients were
consecutive after eliminating those who had a bypass of the
saphencus vein, gastroepiploic artery, or inferior epigastric artery:
underwent no early postoperative coronary angiography: or had
bypass grafting in an individual fashion only. During the same

TABLE 1. Baseline characteristics

Mo. of patients 570

Age {y} §6.0 £ 9.3

Male/female sex 475/95

Hypertension 301 {52.8%)

Hyperlipidemia 270 {48.9%)

Diabetas 218 (38.2%)

Left ventricular end-diastolic volume index 86.2 = 29.7

{ml/m?)

Left ventricular ejection fraction (%) 478 = 11.9

Total distal anastomoses 2083

Distai anastomoses per patient 365 + 095

Bypass conduits used 830
Individual in situ iTA 151
Individual composite |-graft 28
Compesite Y-graft 358
Composite [-graft 173
Composite K-graft 63
In situ ITA sequential 57

ITA, Internal thoracic artery.

TABLE 2. Concept of flow grading system

Grade
A B C 1
Flow direction Antegrade Competitive Reverse No-flow
Patency Patent Patent Patent Occluded
Function Functioning Functioning Nonfunction Nonfunction
Durability Durable {7} (7} {7 No

A, Antegrade; 8, competitive; C, reverse; 0, acclusion.

period, off-pump CABG was performed for 821 patients. Early
corcnary angiography was performed for all 570 patients at about
2 weeks after the operation. The native coionary artery stenosis
and the graft patency were independently evaluated by cardiolo-
gists. The degrees of stenosis in the precise measurement of the
luminal diameter were graded as 51% 1o 75%, 76% to 90%, and
91% to 100%. The maximal severity of stenosis was recorded for
all coronary branches.

The definitions of terms in the present study are as follows. An
in site ITA graft is an ITA that was divided only at its distal
portion. A compasite graft is a bypass conduit consisting of one in
situ graft and a free graft anastomosed to-it (in end-to-end, end-
to-side, or side-to-side fashion). A combination of Y-grafts, K-
grafts, and I-grafts and the individual conduit were used in this
study. An individual bypass was defined as a conduit having one
distal anastomosis and one in situ graft. This included an in situ
graft that was extended by a free graft and bypassed to one target
coronary branch. A bypass conduit having one in situ graft and 2
or more distal anastomoses, such as a sequential graft or a com-
posite Y-graft (or K-graft), was defined as nonindividual.

Flow Grading

The concept of determining grading of the graft flow focused on 2
factors: (1) the function as a blood supply to the ischemic myo-
cardium and (2) the possibility of graft failure in the future (Table
2). A patent graft meant that the graft had a complete coniinuity of
the graft lumen in the overall length from the subclavian artery to
the anastomotic site with the coronary branch, irrespective of the
fiow direction. When the continuity of the graft [umen from an in
situ ITA graft to the anastomosis with the target coronary branch
was interrupted at any level, it was defined as grade Q (occlusion),
which was regarded as a no-fiow situation with closure of the
lumen of the bypass graft. Grade A was defined as a siteation in
which antegrade graft Bow (ie. from the in situ graft to the target
coronary branch) was found in most of the multiplane ITA an-
giography. Grade B (competitive} was defined as a situation in
which the target vessel was barely opacified from the ITA graft
injection and the bypass graft was filled by retrograde flow from
the native coronary injection. In the worst of muitiplane angiog-
raphy. the contrast medivm from the in situ ITA did not surely
reach ihe target branch. Grade C (reverse) was defined as a
situation in which the distal anastomeotic site was not opacified
from the ITA graft injection at all but was filled clearly by
retrograde flow from the native coronary injection. The ditference
between grades B and C was whether the contrast medium from
the in situ ITA finally reached the target branch in the best frame
of multiplane examinations. Grades C and O meant that the bypass

1024 The Journal of Thoracic and Cardiovascular Surgery « November 2006

—289 -



Nakajima et al

Surgery for Acquired Cardiovascular Disease

TABLE 3. Early angiographic results

Characteristics of No. of Grade
coronary branches anastomoses A (%) B {%]) C (%} 0 {3%}
Location LAD main trunk 574 541 (94.3} 17 (3.0} 11{1.9) 5(0.9)
Diagonal 314 296 (94.3} 71{2.2) 71(2.2) 4(1.3)
LEX 646 587 (30.9} 16 (2.3} 351{5.4) 9(1.4)
RCA 549 477 (86.9} 2214.0) 381{6.9) 12 (2.2)
Stenosis 51%-75% 957 815 (85.2} 53 {5.5) 76 11.9) 13 (1.4}
76%-90% 553 521 {94.2} 8{1.4) 154{2.7) 9(1.6}
91%-100% 573 565 {98.6} 0 0 8 (1.4}
Overall — 2083 1801 {91.3} 611{2.9) 91 (4.4} 30(1.4)

A, Antegrade; B, competitive; L, reverse; 0, occlusion; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.

graft did not contribute to the increase of corenary perfusion in the
grafted territory. Grade B bypass grafts probably contributed to the
coronary perfusion, but the durability of graft patency was con-
sidered uncertain because the retrograde flow from the pative
coronary branch was almost comparable with that of grade C. The
flow grade was recorded for each target coronary branch.

Graft Selection and Strategy

The details of cur standard technique and pharmacologic manage-
ment were reported previously.'® The bilateral ITAs were prefer-
ably used for patients aged less than 75 years with neither severe
chronic obstructive pulmonary disease nor diabetes requiring in-
sulin therapy for improvement of the late outcome.'"**'® All of
the ITA grafts in the present series had a luminal diameter of 1.5
mm or farger. In the side-to-side anastomosis we made a longitu-
dinat.incision of approximately 6 to 10 mm in the native coronary
artery and arterial graft to achieve a sufficient luminal size without
turbulence. The angle of placement of the graft was adjusted to
save the graft length and avoid kinking.

The various configucations of the bypass conduits used in our
patients are listed in Table 1. The arrangement of the bypass
conduits was determined primarily on the basis of the special
relationship of the target coronary arteries. Since March 2003, we
have introduced our current strategy. Qur current graft arrange-
ment consisted of the left ITA to LAD grafting concomitant with
an I-graft of the right ITA and radial artery to the left circumflex
artery (LCX) and right coronary artery (RCA) in a sequentia
fashion. In addition, we selected appropriate orientation (clock-
wise or counter clockwise) to avoid bypass grafting to a coronary
branch with 51% to 75% stenosis at the end of the I-graft as much
as possible because the terminal end of the conduit was commonly
associated with reverse Aow.'™!7 Before March 2003, the I-graft
was used only in a counterclockwise orientation for all patients.

Early Angiography of 2083 Coronary Branches

To determine the factors that predicted the grade non-A bypass
grafts in the early angiography, we collected detailed data regard-
ing the target coronary branch, the bypass conduit, and anasto-
motic fashion. The variables in the univariate analysis included the
territory of the target coronary branch (LAD, LCX, or RCA), the
diameter (1.0, 1.25, 1.5, or 2.0 mm, as determined by the intra-
coronary shunt used), the severity of the native coronary stenosis

(51% to 75% or 76% to 100%), the kind of graft material (in situ
ITA, free ITA, or radial artery), the type of conduit {in situ ITA,
Y-graft, K-graft, or I-graft), the number of distal anastomoses of
the conduit (3 or less, or 4 or more), and the type of anastomoses
{end-to-side or side-to-side).

Analysis of Clinical Qutcome in 57} Patients

We examined the effects of the bilateral in situ ITA grafts, total
distal anastomotic sites, vessel disease, presence {or absence) of
bypass graft grade non-A in the early angiography, and day of the
operation in the period of our current strategy of graft arrangement.
The mean follow-up period was 22 = 16 months.

Statistical Analysis

The continuous variables are expressed as the mean values =
standard deviation. The univariate and multivariate analyses were
pecformed by using the logistic regression method. The Kaplan-
Meier method was used to determine the actuarial graft patency
rate. Cox regression analysis was used to examine the significance
of the clinical and angiographic variables in predicting the cardiac
event—free time.

Results

The results of analysis of 2083 anastomoses are shown in
Table 3. The overall early patency rate was 2053 {58.6%) of
2083. Sixty-one (2.9%) bypasses were graded B, 91 (4.4%)
were graded C, and 1901 {91.2%) were graded A.

In the univariate analysis, the end-to-side anastomosis (P
< .0001), conduit type (Y-graft, P = .002; K-graft, P =
002; L-graft, P = .02), native coronary stenosis of less than
T5% (P < .0001), location (RCA territory, P < .0001; LCX
territory, P = .02), and graft material (radial artery, P =
.04} were correlated with grade non-A. In the multivariate
analysis, the end-to-side anastomosis (P < .000I), 4 or
more distal anastomoses of the conduit (P = .01), native
coronary stenosis of less than 75% (P << .0001), and target
branch location (RCA territory, P << .0001!; LCX territory,
P = 02} significantly correlated with grade non-A (Table
4). Neither the type of the conduit nor the graft material
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TABLE 4, Predictors of grade non-A in the early angiogra-
phy

TABLE 5. Early and late angiographic results of 216 bypass
grafts

Variables Odds ratio 85% CI P value
Univariate analysis
End-to-side anastomosis 451 2.88-7.04 <.0001
Distal anastomoses of 1.27 0.92-1.76 14
conduit >3
Tyoe of conduit, 2.80 1.44-543 002
Y-graft {vs in situ ITA)
Type of conduit, 321 1.52-6.78 002
K-graft {vs in situ ITA)
Type of conduit, 2.30 1.14-4.68 02
I-graft {vs in situ ITA)
51%-75% stenosis 473 3.29-5.80 <0001
Location, RCA territory 251 1.73-3.65 <0004
{vs LAD territory)
Location, LCX territory 1.62 1.10-2.40 .02
{vs LAD territory)
Graft material, free ITA 0.98 0.29-3.28 97
{vs in situ ITA)
Graft material, free RA 1.44 1.02-2.03 04
{vs in situ ITA)
Diameter of coronary 0.62 0.23-1.89 35
branch
Multivariate analysis
End-to-side anastomosis 8.18 4.82-13.87 <0001
Distal anastomaoses of 1.73 1.17-2.55 01
conduit >3
Type of conduit, 1.91 0.91-4.05 09
Y-graft (vs in situ 1TA)
Type of conduit, 1.1 0.70-4.17 24
K-graft {vs in situ ITA)
Type of conduit, 1.77 0.76-4.14 19
|-graft {vs in situ ITA}
51%-75% stenosis 8.19 4,22-9.09 <0001
Location, RCA territory 3.49 1.82-6.69 0002
(vs LAD territory)
Location, LCX territory 318 1.71-5.81 0002
{vs LAD territory)
Graft material, free 1TA 0.60 0.15-2,35 A6
{vs in situ ITA)
Graft material, free RA 0.89 0.47-1.72 73
{vs in situ ITA

Cl, Confidence interval; /TA, internal thoracic artery; BCA, right coronary
artery; LAD, left anterior descending artery; LCX, left circumfiex artery; AA,
radial artery.

anastomosed with the coronary branch correlated with grade
nomn-A.

Intermediate-term Results

In the follow-up period 10 patients died (cardiac death, &;
stroke, 2). Repeated angiography was carried out for 216
bypass grafts in 61 patients, who had some symptoms,
including angina, or an ischemic region detected by means

Late angiography

Flow grade in early  Bypass Patency rate
angiography graits Patent  Qccluded {%])
A 184 164 20 89.1
B 12 4 8 333
C 13 3 10 23.1
1] 7 0 7 0.0
Total 216 173 45 79.2

A, Antegrade; B, competitive; C, reverse; J, occlusion.

of efectrocardiography or scintigraphy. Thirty-eight patients
underwent percutaneous coronary intervention. The early
and late angiographic results of these 216 bypass grafts are
shown in Table 5. The patency rate in the late angiography
of bypasses that were graded B or C in the early angiogra-
phy was 7 (28.0%) of 25, whereas that of bypasses graded
A was 164 (89.1%) of 184 (P < .0001}.

The actuarial graft patency rates at 3 years were 72.3%
for bypasses graded A and 28.6% for bypasses graded B or
C (P < .0001, Figure 1). There was no significant difference
between grades B and C in the actuarial graft patency rate
(P = .20). The multivariate Cox regression analysis dem-
onstrated that the presence of bypass grafts graded non-A (P
= 007) was a significant predictor of cardiac events in the
intermediate-term outcome, and the period (March 2003-
June 2005) was inversely correlated (P = .008; odds ratio,
0.32, Table 6).

Discussion

A composite graft, which consists of the left ITA and radial
artery, provided total arterial revascularization with an ex-
cellent graft patency raie and less incidence of late cardiac
events compared with those seen with conventional
CABG.'®*'® Various arrangements of the in situ and free
arterial grafts have already been practiced and reported. %2
Because an excellent early patency rate with less incidence
of complications can be highly expected when arterial graft
materials are exclusively used, the optimal strategy for graft
arrangement remains unknown. For comparison of these
graft arrangements and establishmeat of the optimal strat-
egy, it is necessary to assess this with criteria more specific
than “patent” or “occluded.”

The angiographic luminal size, which was reported by
FitzGibbon and colleagues,”®*' might not be feasible for
evaluation of arterial graft arrangements. At first, the fumi-
nal size of the anastomotic site is not precisely measurable
in the sequential fashion, especially when the angle of the
graft and coronary branch is near 90° or when the contrast
medium fiils only incompletely because of mixture with the
blood flow from the native coronary artery. Additicnally,
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Grade B+C p<0.0001
5
1.
(1901) 94% (123) 72% (17)
0 _(152) 88% (20) 29% (4)
0 1 2 3 (yrs)

Figure 1. The actuarial graft patency rate.

inadequate surgical maneuvers during the operation can ailso
strongly affect the luminal size as a result of unsuccessful
anastomosis or graft kinking. Furthermore, regression of the
stenosis and increase or growth of the diameter were rela-
tively common findings in the arterial grafts.”*** There
were 2 issues associated with insufficient bypass flow in the
arterial conduits. These might be potential disadvantages of
the strategy with aorta no-touch off-pump CABG using
totally arterial grafts. One issue is the subject of bypass
function as a blood supply to the myocardial tissue. A
bypass graft presenting reverse flow, which means an ob-
viously dominant native coronary flow, will not increase the
blood supply to the myocardium in the region of the grafted
coronary branch. We previously reported that not only the
severity of the native coronary stenosis but also the inter-
actions of the target coronary branches, which were con-
nected with a composite Y-graft or sequential anastomoses,
played a crucial role in the occurrence of reverse flow.'>!’
Our current graft arrangement was established to avoid
development of graft nonfunction.

The other issue is the thinning or closure of the graft
lumen in the postoperative period. If the flow velocity is
extremely low, even when its direction is antegrade, the
bypass graft might not be durable. Previously, there have
been a few studies of early and late angiographies concern-
ing physiologic characteristics of arterial grafts but only in
small series.”® Hashimoto and associates® reported serial
changes of 33 arterial grafts in 38 patients after conven-
tional CABG and demonstrated a significant correlation
between “the severity of the native coronary stenosis” and
“arterial graft thinning” in the early and follow-up
angiographies.

In the present study it was necessary for us to demon-
strate the effect of the graft flow in the composite and
sequential grafts on graft patency and clinical cutcomes and

TABLE 6. Predictors of cardiac events in 570 patients

Variables Qdds ratio 95% Cl P value
Univariate analysis
Total distal anastomoses 1.04 0.77-1.40 .82
Period, March 0.30 0.13-0.70 005
2003~June 2005
Biiateral in situ JTA 1.10 0.61-1.97 .78
Presence of grade non-A 1.97 1.12-3.45 02
Vessel disease 1.02 0.61-1.69 94
Ejaction fraction <40% 1.78 0.95-3.30 07
Hypertension 0.88 0.50-1.55 86
Hyperlipidemia 1.01 0.63-1.93 J4
Diabetes 0.93 0.72-1.68. B1
Multivariate analysis
Period, March 0.32 0.14-0.74 .008
2003~June 2005
Presence of grade non-A 1.85 1.05-3.24 .007
Ejection fraction <40% 1.84 0.98-3.40 .055

ITA, Internal thoracic artery.

to rationalize the use of the flow grading system in discuss-
ing an optimal strategy for graft arrangement because there
was no previous report that had been performed to delineate
significant correlations between the *“bypass flow” in the
early angiography and the “graft patency” in the follow-up
angiography after totally arterial off-pump CABG with the
composite and sequential grafts. Early occlusion caused by
a technical problem, which might be the most significant
bias, was eliminated by the early angiography. The
follow-up perod in this study is considered sufficient and
suitable for examining the influence of flow condition on the
graft patency because physiologic changes in the luminal
diameter were found at approximately 14 to 24 months” or
earlier.”>?* The results of our current study demonstrated
that bypass grafts of not only grade C but also grade B were
prone to close the graft lumen within the intermediate term.
Therefore the flow grading system could be considered
suitable and useful for discussing the optimal strategy for
graft arrangement of arterial materials.

We found that the significant predictors of grade non-A
were native stenosis of 75%, 4 or more distal anastomoses
from a single ITA, RCA and LCX territories, and the end of
the conduit. The implications of these results were as fol-
tows. The sufficient antegrade flow had a favorable effect on
the intermediate-term patency of the arterial grafts. When
we plan the graft configuration, especially for the muitiple
coronary branches in the RCA and LCX territories, we have
to be conscious of the anticipated graft flow in the created
bypass conduit. The most important factor in determining
the antegrade flow was the appropriate pressure slope in the
bypass conduit, being highest at the proximal portion of the
conduit and lowest at the distal end. The Y-graft has 2 ends,
and the K-graft has 3 ends, and competitive and reverse flow
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was commonly found at the end of the conduit anastomosed
with the moderately stenotic branch. To achieve an adequate
pressure slope for 2 or 3 ends is less easy than for | end of
the [-graft. On the other hand, the Y-gratt is advantageous in
terms of increased flow capacity® and availability to distant
target branches compared with the I-graft. For the diagonal,
LCX, and RCA branches, the Y-graft or K-graft might be
preferred when all target branches have severe stenosis, the
target diagonal branch is located at the anteroapical portion,
or remarkable cardiomegaly exists. Therefore we carefully
examine the indications for the Y-graft and K-graft.

Our current arrangement would be one of the simple and
useful methods that can be adjusted for each coronary
system. The risk of the injury during reoperation in the
future is a possible disadvantage of the I-graft in a clock-
wise orientation. On the contrary, the evident advantage of
the I-graft in clockwise orientation is that the total length of
the I-graft to the LCX and RCA territories could be mini-
mized compared with that in a counterclockwise orienta-
tion. In previous reports the right ITA to the left coronary
artery, which also crosses the midline like the clockwise
I-graft, is a generally accepted and often recommended
procedure of choice.?® The clockwise I-graft is considered
justifiable.

Selection of suitable candidates for this procedure would
be a major concern. When graft nonfunction or occlusion at
a relatively early peried is highly predicted, an alternative
strategy, such as aortocoronary bypass, hybrid therapy with
- drug-eluting stent impilantation, and conservation of the
arterial graft for the redo operation in the future, might be a

reasonable option of choice. In our experience sequential
anastomoses with more than 2 moderately stenotic coronary
branches were highly associated with flow insufficiency and
late occlusion. Aortocoronary bypass would be reasonable
because it has higher pressure potential than the in situ
ITAZ

The present study has several limitations. First, the study
is not randomized. Furthermore, the sample size of the late
angiography is considered relatively small. The follow-up
angiography was performed for 10.7% of the patients who
were biased toward clinically evident graft failure. How-
ever, all 61 patients underwent both early and late angiog-
raphies. Early graft occlusion caused by obviously technical
failure, which might be the most significant bias, was
eliminated.

Second, the quality of the target branch, the amount of
myocardium, peripheral vascular resistance in the myocar-
dial tissue, and flow demands can also have important roles
in the coronary perfusion. However, we do not have reliable
methods for quantifying each of these factors.

The third limitation is regarding the capacity of the ITA
graft. The margin of the pressure potential of the in situ ITA
might alse play an important role in the occurrence of

competitive and reverse flow.”® However, there is no alter-
native graft material for the ITA graft.

The fourth limitation might be the subject of the repro-
ducibility of the flow grading system. Grades O and C are
relatively easy to designate. Assigning grade B might be
less so. Grade B probably includes both insufficient graft
flow because of the strength of the native coronary flow and
because of poor vascularity with high resistance in the
severely impaired myocardium. Although no bypass graft
might be required for the latter, we could not separately
predict the insufficient antegrade flow caused by the criti-
cally damaged vasculature. In the present series there was
no anastomotic stenosis, which restricted the blood flow and
caused grade B bypass flow. In spite of these factors, the
flow grade and angiographic data were prospectively col-
lected and significantly correlated with the graft patency and
clinical outcome. We therefore believe that the results of
this study at least imply meaningful suggestions for estab-
lishing an optimal strategy for graft arrangement in the
future.

In conclusion, the flow grading system was considered
feasible as a criterion used for evaluation and comparison of
the graft arrangements. Because the sufficient antegrade
flow had a favorable effect on the durable patency of the
arterial grafts, graft arrangement should be adjusted for each
patient’s coronary system to minimize competitive and re-
verse flow and to enhance the advantage of the arterial
materials.

We thank Dr Yoshiko Kada for her assistance with the statis-
tical analysis.
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