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Early Angiographic and Clinical Results of Branch Conduits
Attached Proximally to Left Internal ThoracicArteries

Mitsuharu Hosono, MD, Yoshihiro Shimizu, MD, Syuichiro Takanashi, MD,
Hirokazu Minamimura, MD, Takumi Ishikawa, MD, Tadahiro Murakami, MD,
Ken-u Fumimoto, MD, and Hiroyuki Nishi, MD

Background: We assessed the char acteristics of composite branch conduits attached proxi-
mally to an in-situ left internal thoracic artery (LI1TA).

Methods: Sixty nine patients underwent coronary artery bypass grafting (CABG) using
composite branch conduits. Overall 35 distal LITAs, 4 RITAs, 18 radial artery grafts (RAG),
and 13 inferior epigastric artery grafts (IEA) (both thedistal LITA and IEA wereused in
one patient) were used. Clinical and angiographic results wer e assessed.

Results: Patency of branch conduit was 97.1% in distal LITAs, 100% in RITAs, 100% in
RAGs, and 90.9% in IEAs. All in-situ LI TAswere patent. Ten branch conduits exhibited the
string sign. The string sign was caused by competitive flow in seven patients. In three of
seven patients with competitive flow, the string sign had resolved at one year after operation
asthe proximal stenosis of the native coronary artery increased in severity.

Conclusions: Theresultsof CABG using branch conduitswere satisfactory. It isfeasibleto
observe and follow patients with composite grafts exhibiting the string sign in the absence of

ischemia. (Ann Thorac Cardiovasc Surg 2002; 8: 145-50)
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Introduction

Since arterial grafts for coronary artery bypass grafting
(CABGQG), particularly the left internal thoracic artery
(LITA) have demonstrated excellent long-term patency,
various arterial grafts have been utilized for CABG, in-
cluding the radial, inferior epigastric, and right gastro-
epiploic arteries. The aortic anastomosis is acritical
issue for elderly patients, who are progressively increas-
ing in number and whose aortic wall is often severely
diseased. On occasion, we have to use a“no-touch” tech-
nique to manage the diseased ascending aortain these
patients when performing CABG. Moreover, the proxi-
mal caliber of the arteria graft isoften small and the anas-
tomosisto the aortaistechnically moredemanding. There-
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fore, free arterial grafts have often been used as compos-
ite grafts of thein-situ LITAsin CABG.*9

We have also used various composite arterial graftsas
side branches of thein-situ LITA in CABG, such asthe
right internal thoracic (RITA), radia (RAG), inferior epi-
gastric (IEA), and the distal internal thoracic artery
(dLITA; thedistal portion of the LITA obtained after dis-
tal anastomosis of the in-situ LITA). In this study, we
assessed the early angiographic and clinical results of
arterial grafts used as branch conduits attached proximally
toanin-situ LITA.

Patients and M ethods

Patients

From January 1995 to December 2000, 69 patients (58
men and 11 women with a mean age of 62.7+8.8 years)
underwent CABG using composite arterial grafts as
branches of an in-situ LITA in our hospital. Comorbid
conditionsincluded hypertension (n=38), hyperlipidemia
(n=34), diabetes (n=27), smoking (n=35), and hemodi-
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Table 1. Anastomotic sites of branch conduits

dLITA (n=35) RITA (n=4) RAG (n=18) IEA (n=13) Total (n=70)
No. of branch conduit used 5/35 (14.3%) 0/4 (0%) 11/18 (61.1%)" 0/13 (0%) 16/70 (22.9%)
for sequentia bypass
Total number of anastomosis 41 4 31 13 89
of branch conduits
Anastomotic site
LAD branch 34/41 (82.9%)" 2/4 (50%) 10/31 (32.3%) 2/13 (15.4%) 48/89 (53.9%)
LAD 2 1 1 0 4
Dx 32 1 9 2 44
Cx branch 7141 (17.1%) 2/4 (50%) 21/31(67.7%)"  11/13 (84.6%)" 41/89 (46.1%)
oM 5 0 10 7 22
PL 2 2 11 4 19
LAD=left anterior descending artery, Dx=diagonal branch, Cx=circumflexure artery, OM=obtuse marginal branch, PL=postero-
lateral branch
" p<0.05

alysis (n=7). Forty-eight patients underwent elective sur-
gery. Preoperative coronary angiography revealed single-
vessel disease in 3 patients, double-vessel diseasein 19,
and triple-vessel disease in 46; left main trunk stenosis
wasfound in 9 patients, including 1 patient who only had
diseaseintheleft maintrunk. Overall 35dLITAS, 4RITAS,
18 RAGs, and 13 IEAs were used (one patient had both
the dLITA and |EA used) as branch conduits of anin-situ
LITA.

Surgical technique

In-situ LITAs were harvested using the semi-
skel etonization technique (L1 TA was harvested with its
veins, but the muscle and fascia were left on the chest
wall) using eectrocautery. Thein-situ LITA and itsbranch
conduit were anastomosed using 8-0 polypropylene at
various angles in order to avoid kinking and to obtain a
smooth line to the distal anastomosis. The anastomosis
between the in-situ LITA and branch conduit was con-
structed after the distal anastomoses. In off-pump CABG,
this anastomosis was constructed prior to distal anasto-
mosis. All nine patients undergoing CABG without car-
diopulmonary bypass had RAGs as branch conduits. The
mean (+SD) number of anastomoses by all grafts was
4.1+1.3 per patient. Mean (xSD) extracorporeal circula-
tiontimewas 171.7+52.2 min, and aortic clamp time was
124.3+31.9 min (off-pump caseswere not included in this
data). Anastomotic sites of branch conduits are summa-
rized in Table 1. The dLITAs were used more often for
the diagonal branches than the others, and less for the
branch of circumflexure artery. The RAG was used sig-
nificantly more often for the sequential anastomosis
than other grafts.
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Follow-up

Sixty-six patients underwent early postoperative coronary
angiography with informed consent. Early postoperative
angiography was performed on average 26.4 days after
operation. Follow-up datawas collected annually or more
frequently as was necessary, through direct patient con-
tact, or by telephoneinterview. Mean follow-up time was
23.7 months (range from 0.9 to 61.2 months).

Statistical analysis

Patients with RITA were excluded from statistical analy-
sis, since the number of patients was too small. Continu-
ous variables were expressed as mean+SD. Direct vari-
ables expressed as the number or percentage of patients
were compared using the X2 test. A p<0.05 was consid-
ered significant.

Results

Operativeresults

The mean intensive care unit stay was 2.4+1.3 days. Only
one patient required an intra-aortic balloon pump to wean
from cardiopulmonary bypass, and two patients died of
mediastinitisin the hospital. Postoperative complications
included two perioperative myocardia infarctions, one
cerebral infarction, and the two cases of mediastinitis.

Angiographic findings

Sixty-six patients underwent postoperative coronary an-
giography with informed consent. Patency of composite
graftswas 97.1% (34/35) indLI TAs, 100% (4/4) inRITAS,
100% (17/17) in RAGs, 90.9% (10/11) in IEAS. Patency
of in-situ LITA is 100% (66/66). Seven dLITAS, 2 |IEAS,
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Fig. 1. Postoperative angiography revealed string sign in both the inferior epigastric artery and distal internal thoracic artery used as a

branch conduit.

A: Preoperative angiogram. Arrowheads indicate the target vessels of the branch conduits.
B: Postoperative angiogram. White arrows indicate the in-situ left internal thoracic artery. White arrowheads indicate the inferior
epigastric artery. Black arrows indicate the distal internal thoracic artery used as a branch conduit.

Table 2. Details of the patients with string branch conduits

Case Branch conduit Anastomotic site

Proximal stenosis (%)

Angiographic finding

Reason for string sign at 1 year after the operation

1 dLITA Dx 75

2 dLITA LAD 90

3 dLITA Dx 90

4 dLITA Dx 99

5 dLITA oM 90

6 dLITA Dx 90

7 dLITA Dx 90
IEA oM 50

8 IEA Dx 75

9 RAG Dx-PL 100-100

Competitive flow String sign
Competitive flow Unknown
Competitive flow Resolved
Competitive flow Resolved
Competitive flow String sign
Other Occluded
Poor run-off String sign
Competitive flow Occluded
Competitive flow Resolved
Poor run-off Unknown

LAD-=left anterior descending artery, Dx=diagonal branch OM=obtuse marginal branch, PL=postero-lateral branch

and 1 RAG exhibited the string sign (patent but diffuse
narrowing) (Fig. 1). In seven of these grafts, the string
sign was caused by competitive flow and in two by poor
run-off (Table 2). All in-situ LITAs were patent (66/66).
Onein-situ LITA, which was anastomosed with RAG,
exhibited string sign in this study. This string sign was
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observed only in the distal side of in-situ LITA after the
anastomoatic site with the composite RAG.

At oneyear after operation, seven of nine patients with
string branch conduits underwent coronary angiography
with informed consent. The string sign of composite grafts
had resolved in three string branch conduits, three were
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Fig. 2. Angiography of adistal internal thoracic artery graft used for the branch conduit (black arrow) demonstrating the string sign due
to competitive flow in the early postoperative period, which was resolved at 1 year after operation.
A, B: Early postoperative angiography. Stenosis of the diagonal branch (white arrowhead) was mild and the diagonal branch filled
with contrast medium from the in-situ left internal thoracic artery through the stenosis of the left anterior descending artery (black

arrowhead).

C, D: Angiography at 1 year after operation demonstrating that the stenosis in the diagonal branch (white arrowhead) and the left
anterior descending artery progressed (black arrowhead), and the string sign had resolved (black arrow).

unchanged, and two were totally occluded. In al resolved
cases, the stenoses of the native coronary arterial anasto-
mosed with a branch conduit had increased in severity
and competitive flow was not observed at one year after
operation (Fig. 2). None of the patients whose branch
conduits showed the string sign devel oped perioperative
myocardial infarction.

Follow-up

During a mean follow-up time of 23.7 months after the
operation one patient died of acute aortic dissection, and
two patients had cardiac events: one was angina pectoris
due to progression of native coronary disease, and the
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other died of arrhythmia. However, none of the patients
whose graft showed the string sign developed angina or
myocardial infarction during the follow-up period.

Discussion

Recently, CABG using composite grafts as branches of
anin-situ LITA has been adovocated by some authors.*®
In this study, we assessed the early angiographic results
of various arterial grafts used as branch conduits of anin-
situ LITA, and examined the clinical characteristics of
these grafts. The overall operative and angiographic re-
sultsof CABG using composite branch conduits have been
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satisfactory in our hospital. Some authors have reported
similar resultsfor RAGs, RITAS, and |EAs used as branch
conduits.2> Tector et al.” reported that hypoperfusion
was rarely observed even when complete bypasswithaT
graft was performed for patients with triple-vessel dis-
ease. |n our study, hypoperfusion was also not observed
with good follow-up resultsin al kinds of graft evenin
sequential grafting. Our results strongly suppport these
successful reports.

Ten composite grafts exhibited the string sign in this
study. The main cause of string sign was competitive flow.
Some authors have demonstrated that the in-situ LITA
can exhibit the string sign and its reversibility.’**? |t has
been suggested that the string sign is the result of com-
petitive flow from a native coronary artery and results
from the ability of the LITA to regulate blood flow ac-
cording to myocardia demand.**¥ The |EA hasalso been
reported to exhibit the string sign.®® ITA and |EA were
similar in histologic characteristics, and may aso have
similar characteristics.’**” We suggest the dLITA, when
used as a branch conduit, also has this characteristic.
He'® mentioned that the target vessel for the IEA must
be one that is completely occluded or severely stenatic,
with low coronary resistance to avoid string sign. Taking
these factsinto account, composite dLITA and | EA should
also be used for such target vessels, in order to avoid the
development of string sign. In this present study, some
IEAs and dLITAs exhibited string sign caused by com-
petitive flow, even when these grafts were used for the
target vessels with stenosis of 90% or more. Thus, it is
difficult to make an accurate estimate about string sign
preoperatively. However, the string sign due to competi-
tive flow can be resolved. It is supposed that the ability to
regulate blood flow according to flow demand still re-
mains even when these arterial grafts are used as afree
graft. Since blood flow through branch conduits with the
string sign may increase over time as the native coronary
artery stenosis progresses, it may be feasible to observe
and follow patients with branch conduits exhibiting the
string sign in the absence of ischemia.

The patency of in-situ LITA was excellent in this
present study. Only onein-situ LITA exhibited string sign
in this study. This string sign was observed only in the
distal side of in-situ LITA after anastomotic site with the
composite RAG in sequential grafting. Some authors re-
ported the steal phenomenon caused by an undivided large
branch of in-situ ITA.* According to this report, thein-
situ I'TA became thinned after bifurcation of the large
branch with alarge flow demand. Since composite branch
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RAG conduit, in sequentia grafting, may have ahigh flow
demand, it can function in the same way as an undivided
large branch.

In summary, the early clinical and angiographical re-
sults of CABG using composite grafts as branches of the
in-situ LITA were good. Branch conduits should be used
for target vessels that are completely occluded or are se-
verely stenotic with alow coronary resistancein order to
avoid the development of the string sign. Since the string
sign in the branch conduits can resolve over time as the
proximal stenosis increases in severity, it is feasible to
observe and follow the patientsin the absence of ischemia.
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