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Table 1
Baseline characteristics in both groups
Charactenstics BITA ITA/SY p value
Number of patients b4 245
Age 598+ 8.7 61.2+89 0.30
Follow-up pariod (years) 46+44 7.3=49 <0.0001
Male/female 59 (92%)/5 (8%) 204 (82%)/45 (18%) 0.046
Hypertension 40 (63%) 117 (47%) 0.03
Hyperlipidemia 18 (59%) 126 (52%) 0.34
Diabetes mellitus 30 (47%) 109 (44%) 0.66
LVEF (X) 50.4+12.2 52.8+13.5 0.26
Operative procedure

On-pump/olf-pump 29 [(45%)/35 (55%) 248 (99.6%)/1 (0.4%) «<0.0001
Second target branch in the left coronary artery

Dx/LEX 6 (9%)/58 (91%) 37 (15%)/212 (B5%) 0.26

+ Bypass graft to RCA 19 (30%) 201 (B1%) <0.0001
Mean + standard deviation. LVEF: left ventricular ejection fraction; CABG: coronary artery bypass grafting; LAD: left anterior d jing artery; Dx: diagonal branch;

LCX: left circumflex artery; ITA: internal thoracic artery; RCA: right coronary artery; SV: saphenous vein.

32°C and 34 “C. Intermittent tepid blood cardioplegia was
infused antegradely and retrogradely.

The ITA was harvested in either conventional (combined
with vein and fascia), semiskeletonized (partially combined
with vein) or skeletonized fashion [14). All distal portions of
ITA grafts were greater than 1.5 mm in diameter assessed by
insertion of a 1.5-mm flexible probe.

4, Long-term patency rate of the ITA to LAD bypass

We analyzed the long-term patency of the ITA to LAD
bypass and examined the effects of graft materials
anastomosed to the second target site in the left coronary
artery and severity of the native coronary stenosis between
two distal anastomotic sites.

5. Statistical analysis
The continuous variables are expressed as mean values + -

standard deviations and compared between the two groups by
using Wilcoxon rank-sum test. The data of two independent
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Fig. 3. Patients in the ITA/SV group were divided Into two subgroups in regard
to severity of the native coronary stenosts between two anastomatic sites
{solid line: ITA; dash line: 5V graft). ITA: intemnal tharacle artery; 5V: saphenous
vein; LMT: left main trunk,

groups were compared using Fisher’s exact probability test.
The Kaplan—Meier method was used to determine the
cumulative graft patency rate and log-rank test was used to
compare two groups. The differences in the outcomes were
considered statistically significant at a probability value of
<0.05.

6. Results

The baseline rate of off-pump CABG in the BITA group was
significantly higher than that in the ITA/SY group. Male and
hypertensive patients were included in the BITA group with a
significantly higher rate as compared to the ITA/SV group. On
the other hand, the population of CABG with three distal
anastomoses was significantly higher in the ITA/SV group than
in the BITA group.

In the ITA/SY group, 14 bypass grafts were occluded
during the follow-up period (5.6%; 14/249), whereas, all
the ITA-LAD bypasses remained patent in the BITA group.
The cumulative patency rate of the ITA-LAD bypass in the
ITA/SY group was 94.9% at 5 years and 81.4% at 10 years
(Fig. 4).
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Fig. 4. The cumulative patency rate of the ITA to LAD bypass grafls, The
cumulative patency rates at 10 years were 100% in the BITA group and 81.4% in
the TA/SV group, Number at risk is described below the x-axis,
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Fig. 5. The cumulative patency of the ITA to LAD bypass grafts. The cumulative
patency rates at 10 years were 91.2% in the subgroup S and 45.6% in the
subgroup M [ p < 0.0001). Number at risk is described below the x-axis

In a comparison of two subgroups of the ITA/SV group, the
ITA to LAD bypass graft was occluded in five patients of the
subgroup § (2.6%; 5/189) and in nine patients of the subgroup
M (15%; 9/60). The cumulative patency rate of the ITA to LAD
bypass in the subgroup S were 98.6% at 5 yearsand 91.2% at 10
years, whereas those in the subgroup M were 82.3% at 5 years
and 45.6% at 10 years (p < 0.0001) (Fig. 5).

The early and late coronary angiograms of 14 patients with
occlusions of the ITA to LAD bypass were carefully reviewed.
In 4 out of 14 patients, there were no stenoses of the ITA-LAD
bypasses in the early angiograms. However, through SV graft
injection of the late angiograms, strang bypass flow from SV
graft opacified not only the left circumflex artery but also
LAD. In addition, the ITA grafts were visualized by retrograde
flow and exhibited ‘string sign’ (Fig. 6).

7. Discussion

Significant differences in hemodynamic characteristics
between the ITA graft and the SV graft have been reported.

Fig. 6. The distal portion of the ITA graft was visualized by retrograde flow
from the SV graft injection (arrows), ITA: internal thoracic artery; SY: saphe-
nous vein; LAD: left antenor descending; OM: obtuse marginal branch
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The SV graft as the aorto-coronary bypass has higher flow
capacity than the in situ ITA graft [13] owing to higher blood
pressure directly from the ascending aorta and its greater
diameter of the SV graft, as compared with those of the in
situ ITA graft. Therefore, we presumed that if the patent SV
graft to the left coronary artery was present, it might
decrease the blood flow in the in situ ITA graft, and diminish
its advantage as arterial materials.

In the present study, we attempted to prove the
interactive effect between the individual bypass grafts with
the different blood source, investigating from a viewpoint of
bloed flow and patency of arterial grafts, To minimize a bias
assoclated with the bypass grafts and coronary arteries, only
patients who had a simple graft arrangement and coronary
artery lesions were included. In particular, to eliminate
procedural differences, such as on-pump versus off-pump
and technical failure, which would be one of the most
fundamental biases, patients who had early occlusion of the
bypass graft to the left coronary artery were entirely
excluded. We focused on the patency of the ITA to LAD
bypass, because it is clinically important for survival after
CABG.

The results of this study demonstrated that the presence
of the patent SV graft anastomosed to the second target site
in the left coronary artery reduced the patency rate of the
ITA to LAD graft, particularly when the native coronary
stenosis between the two distal anastomoses in the left
coronary artery was not severe. It was suspected that a
mechanism of occlusion of the ITA-LAD bypass was associated
with competitive flow from the SV graft by our careful
observation of the late coronary angiogram about string of
the ITA-LAD bypass.

We previously investigated competitive and reversal flow
in sequential and composite arterial grafts, and identified
that some specific situations, which were related to two or
more coronary branches and arrangement of bypass grafts,
significantly increased the incidence of competitive and
reversal flow [15]. Moreover, we reported that the graft
arrangement with maximized antegrade bypass flow in the
arterial grafts played an important role in achieving the
advantages of arterial materials and minimizing the inci-
dence of cardiac events after CABG [16]. Since arterial graft
occlusion due to insufficient bypass flow mostly occurs within
1 or 2 years [10,16], the long-term prognosis could be
jeopardized. We believe that this interactive effect from the
SV graft should be avoided as far as possible to achieve the
advantage of the arterial graft.

Schmidt and colleagues recommended the use of arterial
graft to the second target branch in the left coronary artery
because of the superior survival rate [17]. Importance of the
circumflex artery over the right coronary artery and inferior
patency of the venous graft [18] are considered as primary
reasons for the superiority, Results of our study may suggest
that interactions of the SV graft on the in situ ITA may be
another possible explanation for the superiority of arterial
grafting to the second target site in the left coronary artery.
We suppose that the use of the SV graft in the right coronary
artery region hardly affects the bypass flow in the ITA to LAD
graft.

Implications of this study are as follows: patency rate of
the ITA to LAD bypass had been believed similar, irrespective
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of graft arrangement for the second target branch in the left
coronary artery. However, the results of this study strongly
suggested that the in situ ITA to LAD bypass only, bilateral ITA
grafting, sequential grafting and the composite Y graft to the
LAD and the second target branch will provide the higher
patency rate of the ITA to LAD bypass than the use of the SV
graft to the circumflex or diagonal branch, when the stenosis
between the two anastomotic sites in the native left coronary
artery is moderate or less. Even in patients unsuitable for
bilateral [TA harvest, the avoidance of the SV graft from
ascending aorta should be considered.

We suggest that, on the contrary, the in situ ITA to LAD
bypass concomitant with the aorto-coronary bypass is
suitable when the left coronary and circumflex artery is
remarkably large or a large mount of bypass flow is required.
The isolated ITA to LAD can be a reasonable option of choice
in patients with a localized lesion in the left main trunk. For
the concomitant diagonal branch, Dion and colleagues
reported excellent long-term patency of sequential grafting
with the in situ ITA [19]. According to our previous study,
when the circumflex artery is almost occluded and the
stenosis in LAD is moderate, the composite Y graft is not
recommended, because of the high incidence of competitive
flow in the ITA to LAD bypass graft [15]. The severity and
location of stenoses in the native coronary artery, the size of
the target branch, the distance between and positional
relationship of the two target sites, quality of the ITA graft,
anticipated flow demand and atherosclerosis of the aorta,
etc., should be taken into account for decision of strategy for
the second target branch in the left coronary artery.

Limitations of the present study are as follows: first,
because this study was retrospective and non-randomized,
some differences regarding the characteristics of the BITA
and ITA/SV groups were noted. Furthermore, the sample size
was considered relatively small. However, the influence of
these differences on the late angiographic results could be
minimized, because early angiography confirmed that all 313
patients had patent grafts to the left coronary artery, and 133
(42.5%) patients underwent late angiography. Since more
than 85% of patients after CABG underwent early angiography
in our institution between 1986 and 2006, we considered that
the selection bias for angiography was not so significant.
Second, although the follow-up period was not enough for
development of vein graft disease and ischemia in the left
coronary artery region, it would be sufficient for examining
correlations between the insufficient flow and arterial graft
occlusion, as compared with previous studies [10,16]. In
addition, progression of native coronary artery disease during
the follow-up period, the length and the location of the
stenotic lesion, the size of the circumflex coronary artery
could not be taken into account. Moreover, peripheral
vascular resistance in the myocardial tissue, and flow
demands could also have important roles in the coronary
perfusion. However, these factors could not be quantified by
reliable methods. The effects of diabetes, hypertension,
hyperlipidemia, aspirin and statin medical therapy may be
the next concemn in the future.

It may be controversial in management of ‘string sign’,
which differs from graft occlusion. Several previous reports
documented that the ITA graft with string sign could recover
its own lumen when the native coronary artery disease

became severe [20,21]. In the statistical analyses of this
study, graft occlusion probably associated with string sign
was not separated from the other graft occlusion. The
reasons for this were as following: (1) contrast medium from
the ITA injection did not reach LAD, (2) reversibility is not
guaranteed for all ITA grafts presenting string sign, (3) the
purpose of this study is to delineate the effect of the
abundant blood flow from the SV graft, and (4) it is generally
accepted that both graft occlusion and string sign are
commonly associated with the abundant native coronary
flow.

When we use the combination of the in situ arterial and
in situ aorta-coronary venous grafts, it would be necessary
to pay attention not to place influence on the patency of
the important bypass especially created with the in situ ITA
graft, This study is not conclusive in nature and is hypothesis
generating only. Further investigations for interactive
effects and considerations for the appropriate usage of
the 5V graft are necessary to establish the strategy for graft
arrangement.
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I read with interest the article by Kawamura et al. entitled
'Patency rate of the internal thoracic artery to the left
anterior descending artery bypass is reduced by competitive
flow from the concomitant saphenous vein graft in the left
coronary artery' [1]. The authors proved that long-term
patency of the internal thoracic artery (ITA) left anterior
descending (LAD) coronary bypass was affected by the
presence of the patent saphenous vein graft (SVG) to the left
coronary artery, particularly when the native coronary
stenosis between the two anastomotic sites was not severe.

| agree that the greater diameter of the SVG as compared
with the in situ ITA graft can be associated with lower flow
resistance. It was proved by pressure wire measurements by
Glineur et al. who found significantly higher resistance in left
ITA compared to venous grafts [2].

However this lower resistance could cause significant
competitive flow only in case of non-significant flow limitation
between the two distal anastomoses, Kawamura et al. drew
attention to the anticipated flow demand of the second target
branch in the left coronary artery, but they doubted that this
factor could be guantified by reliable methods. Here | would
like to argue for the intracoronary pressure wire measurement
during induced maximal hyperemia as a practical tool for
reliable assessment of the functional severity of coronary
stenoses. Botman et al. evaluated the patency of bypass grafts
in relation to the preoperative angiographic and functional
severity of the coronary lesions assessed by fractional flow
reserve (FFR) determination. They found 21.4% occlusion rate
of the bypass grafts on functionally non-significant lesions
(FFR > 0.75) in contrast to 8.9% among those on functionally
significant lesions (FFR < 0.75) [3].

In our institute we plan the surgical revascularization
strategy on the basis of extensive consultation with the
invasive cardiologists. In our routine the FFR measurements
give valuable information in the decision about grafting vessels
with intermediate lesions [4]. Integrating these functional
data into bypass strategy helps to avoid the inappropriate use
of grafts [5]. In my opinion, careful evaluation of functional
consequences of coronary lesions can contribute to find the
right strategy in multiple coronary grafting.
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We thank Dr Maros [1] for his meaningful comments, and
agree with the importance of fractional flow reserve (FFR) in
coronary revascularization strategy. FFR is calculated as the
ratio of blood pressure in the proximal and distal sites of the
coronary stenosis after induced hyperemia [2], and has
been generally accepted as a reliable method for detecting
myocardial ischemia and assessing functional severity of
coronary stenosis. Particularly, FFR is considered useful for
decision making of bypass grafting tothe intermediate stenosis
lesion to avoid creating non-functioning bypass, which will be
occluded in association with flow insufficiency [2].

One of the major issues regarding selecting graft material is
that the situations, which truly necessitate the saphenous vein
graft, have not been fully delineated, The venous graft as the
aorto-coronary bypass has higher intraluminal pressure and
lower resistance of the conduit itself than the in-situ internal
thoracic artery (ITA) graft [3]. It is widely considered that [TA
grafting can give rise to hypoperfusion syndrame and residual
myocardial ischemia in spite of graft patency when its flow
capacity is insufficient for huge flow demand of the myocar-
dium. We, therefore, believe that assessment of peripheral
vascular resistance and flow demands in the myocardium
would be valuable for appropriate usage of the venous graft.

Most of previous studies about FFR focused on manage-
ment of the intermediate stenosis, not on predicting shortage
of flow capacity of the ITA graft, nor necessity of the venous
graft. In addition, we suggested complicated mechanism of
competitive flow, which was found in the ITA to left anterior
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descending artery graft and caused by the venous graft to the
circumflex branch [4]. As Botman and colleagues mentioned
previously [5], we consider that usefulness of FFR in selection
of graft materials, including in patients with left main trunk
or proximal left coronary artery disease, has not been
proved, and may be the next concern in the future.
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| have read with interest the work by Loeffelbein et al.
regarding the use of high colloid pressure priming on
cardiopulmonary bypass (CPB) [1].

The benefits of such therapeutic actions are important.
However | would disagree with some of their conclusions.

The authors state in the conclusion that ' does not
affect renal function more severely than in paediatric
patients undergoing cardiac surgery on CPB with blood
priming’, moreover in the discussion they mention that
'According to our results, renal damage on CPB may be a
temporary effect, which normalises quickly'.

It has been reported that in some paediatric populations
undergoing CPB with blood priming, renal function does not
deteriorate; on the contrary some of the specific tests used to
study renal function in those patients show that renal
function is well preserved [2].

As in adults, CPB in paediatric patients has not been shown
to be an independent risk factor for renal dysfunction or
acute renal failure [3]. The focus should be the postoperative
period with all the haemodynamic changes and the
therapeutic manoeuvres that patients go through. To our
knowledge there is no study, so far, showing specific data
from that complex surgical period.
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