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2 The Journal of Thoracic and Cardiov
bjective: In human patients the influence of skeletonized internal thoracic artery
arvesting on the sternal microcirculation in the perioperative phase has not been
ell investigated.

ethods: Twenty-four consecutive male patients who were scheduled for isolated
oronary artery bypass grafting were prospectively randomized into 2 groups. The
eft internal thoracic artery was harvested by using the skeletonized technique in
roup 1, and it was harvested with a pedicle in group 2. Superficial (2 mm) and deep
8 mm) tissue oxygen saturation and blood flow were measured presternally and
etrosternally in the upper, middle, and lower sternal parts with a novel laser
oppler flowmetric and remission spectroscopic system (Oxygen-to-See; LEA
edizintechnik, Giessen, Germany).

esults: Presternal tissue oxygen saturation deteriorated at the upper and middle
ternum, and presternal blood flow deteriorated at all measurement points after
nternal thoracic artery harvesting in both groups. Skeletonization had no advantage
n maintaining presternal microcirculation. Retrosternal microcirculation also dete-
iorated at all measurement points after internal thoracic artery harvesting in both
roups. However, the deterioration of the retrosternal microcirculation was signif-
cantly less in group 1 at the middle and lower sternum; values of oxygen saturation
o the baseline were 86% � 3.8% versus 60% � 4.3% (P � .001) at 2-mm depth
nd 82% � 4.2% versus 61% � 6.1% (P � .009) at 8-mm depth at the middle
ternum and 95% � 3.2% versus 78% � 1.3% (P � .001) at 2-mm depth and 94% �
.2% versus 78% � 4.6% (P � .004) at 8-mm depth at the lower sternum in groups
and 2, respectively.

onclusion: The damage of the tissue microcirculation in the middle and lower
etrosternal area is significantly less after internal thoracic artery skeletonization
ompared with that after the pedicled internal thoracic artery harvesting technique.

everal studies have demonstrated that the use of the left and bilateral internal
thoracic artery (ITA) for coronary revascularization was a major risk factor
for sternal wound infections, especially after bilateral ITA harvesting.1-3

revious animal and clinical studies have demonstrated that skeletonized ITA
arvesting improves the blood supply to the sternum4-6 and thus might reduce the
ncidence of postoperative sternal infections and morbidity, especially in patients
ith additional risks for sternal wound complications. However, in human subjects

he influence of the skeletonized ITA harvesting method on the microcirculation of
he sternum in the perioperative phase has not been investigated because of technical
ifficulties.

A novel laser Doppler flowmetric and remission spectroscopic system (Oxygen-

o-See; LEA Medizintechnik, Giessen, Germany) enables an exact, direct, contin-
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ous, quantitative noninvasive evaluation of real-time pa-
ameters of tissue microcirculation in vivo with high time
esolution and low costs.7,8 The aim of this study was to
valuate the influence of the skeletonized ITA-harvesting
echnique on the sternal microcirculation compared with the
edicled ITA-harvesting technique in a randomized study
ohort.

aterials and Methods
wenty-four consecutive male patients who were scheduled for

solated coronary artery bypass grafting were enrolled in the study.
he patients were prospectively randomized into 2 groups. In
roup 1 (12 patients; age, 62.3 � 8.4 years) the left ITA (LITA)
as harvested by using the skeletonized technique with mobilizing
f the artery only. Group 2 consisted of 12 patients (age, 60.9 �
.6) who underwent LITA harvesting with a pedicle that included
he tissue around the artery, accompanying veins, and a portion of
he parietal pleura. Exclusion criteria in our investigation were
iabetes; diseases, deformation, or both of the sternal bone; obesity
body mass index �30 kg/m2); low ventricular function with an
jection fraction of less than 40%; New York Heart Association
lass III and IV; dialysis; female sex; and emergency or redo
rocedures. Only male patients were included in the present study
o minimize study variables. The review board of our institute
pproved this prospective randomized study, and informed consent
as obtained from all patients.

Baseline and in-hospital data were collected from each pa-
ient. Baseline characteristics included age, body mass index,
eft ventricular ejection fraction, cardiac risk factors (eg, smok-
ng status), hypertension, and hyperlipidemia. Operative data
ncluded ITA harvest time, number of grafts, crossclamp time,
nd operative time. During intraoperative measurements, the
ystemic blood pressure was continuously recorded. In the
ostoperative observation period, intubation time; time to hos-
ital discharge; incidence of deep, superficial, or both sternal
ound infections; myocardial infarction; and in-hospital mor-

ality were recorded.

easurement Protocol
he median sternotomy was performed in a conventional fash-

on. Immediately after median sternotomy, the probe was se-
uentially placed presternally and retrosternally in the upper,
iddle, and lower sternal part for measurements of superficial

2 mm) and deep (8 mm) tissue oxygen saturation (SO2) and
lood flow (Figure 1, A ).

For the measurements, the Oxygen-to-See system, a novel
aser Doppler flowmetry and remission spectroscopic system
LEA Medizintechnik) was used in this study (Figure 1, B ).

Abbreviations and Acronyms
ITA � internal thoracic artery
LITA � left internal thoracic artery
SO2 � oxygen saturation
his equipment enables the measurement of both tissue blood f

The Journal of Thorac
ow by means of laser Doppler spectroscopy and tissue SO2 and
emoglobin concentration by means of white-light spectromet-
ic techniques. The mechanism was described in detail in our
revious study that used this technique.7,8

The LITA was dissected in both groups in full length from
ts cranial origin to the bifurcation. Side branches were cut by
sing standard techniques with low-energy electrocautery, titan
lipping, or both in both groups. The pedicled LITA was
arvested with an approximately 2-cm-wide pedicle, including
he parietal pleura, accompanying veins, and surrounding tis-
ue. In the skeletonized group only the artery was mobilized.
efore clamping the distal part of the ITA, the patient received
00 IE heparin/kg body weight intravenously.

tatistics
he data are presented as means � standard error of the mean

igure 1. Measurement of microcirculation parameters of the
ternum (oxygen saturation and blood flow) at the presternal and
etrosternal sides (A) in the upper, middle, and lower parts
arrows) by using a special probe of the laser Doppler flowmetric
nd remission spectroscopic system (B).
or continuous variables or numbers and percentages for dichot-

ic and Cardiovascular Surgery ● Volume 135, Number 1 33
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mous variables. Univariate analysis of categorical data was
arried out by using the �2 and Fisher exact tests. Changing
alue of SO2 and blood flow after ITA harvesting to baseline
ere compared by using paired t tests. Baseline and percentage
alues of SO2 and blood flow of the 2 groups were compared by
sing unpaired t tests. The SPSS statistical software package
1.0 for Windows (SPSS, Inc, Chicago, Ill) was used for
tatistical analysis.

esults
emographic data and baseline characteristics of studied
atients are listed in Table 1. There were no significant
ifferences between the 2 groups. Table 2 shows the intra-
perative and postoperative variables. The harvesting dura-
ion was significantly longer in group 1 compared with that
n group 2 (P � .003); however, there were no statistical
ifferences in operative time or postoperative ventilation
ime. Serious complications did not occur, and length of
ospital stay was similar in both groups.

ternal Tissue SO2
aseline presternal and retrosternal SO2 was measured on

he left sternal part, and the results are listed in Table 3.
here were no significant differences in baseline values
etween the 2 groups. After ITA preparation, SO2 decreased
ignificantly at the presternal side in both groups, except for
he lower sternum. At the retrosternal side, the decrease of
O2 in group 1 at the middle sternal part was significant in
oth depths and at the lower sternum only at the 8-mm
easurement point. On the other hand, the SO2 parameters

t the retrosternal side in both depths decreased significantly
t any measurement point in group 2.

Percentage value of SO2 to the baseline value was com-
ared at each measurement point, and the results are dem-
nstrated in Figures 2 and 3. At the presternal side, there
as no difference between the 2 groups at any measurement
oint. At the retrosternal side, however, the decrease in SO2

as not significant at the upper sternum in both groups and
ignificantly greater at the middle and lower sternum in

ABLE 1. Baseline characteristics of the patients
Group 1

(skeletonized)
Group 2
(pedicle) P value

ge (y) 62.3 � 2.4 60.9 � 3.1 .651
MI (kg/m2) 24.3 � 1.0 23.5 � 0.9 .723
VEF (%) 55.3 � 2.2 59.6 � 1.2 .467
isk factors (n)

Current smoking 7/12 (58%) 6/12 (50%) .682
Hypertension 8/12 (67%) 9/12 (75%) .653
Hyperlipidemia 7/12 (58%) 8/12 (67%) .682

ata are presented as means � standard error of the mean or number of
atients. BMI, Body mass index; LVEF, left ventricular ejection fraction.
roup 2 than it was in group 1. e

4 The Journal of Thoracic and Cardiovascular Surgery ● Janua
ternal Blood Flow
he sternal blood flow significantly decreased at both sides

n both groups (Table 4). The percentage value of post–ITA
arvest sternal blood flow to the baseline value is demon-
trated in Figures 4 and 5. At the presternal side, there was
o difference between the 2 groups at any measurement
oint, except for the 8-mm depth presternally at the upper
ternum. At the retrosternal side, however, the decrease of
ternal blood flow was significantly greater at the middle
nd lower sternum in group 2 than it was in group 1, as
imilar to SO2 measurements.

iscussion
he crucial findings of our study are as follows. First,
resternal tissue SO2 deteriorated at the upper and middle
ternum, and presternal blood flow deteriorated at all mea-
urement points after ITA harvesting with both techniques
skeletonized and pedicled). Skeletonization had no advan-
age in maintaining presternal microcirculation. Second,
etrosternal microcirculation deteriorated at all measure-
ent points after ITA harvesting with both techniques.
owever, the deterioration of the retrosternal microcircula-

ion was significantly less with the skeletonized ITA at the
iddle and lower sternum.
The use of the LITA for coronary revascularization has

een recognized as mandatory because of its excellent long-
erm graft patency,9 and the use of both ITAs has been
uggested to have an advantage in terms of patient long-
erm survival over the single-ITA strategy.10 However, it
as also been well known that the use of double ITAs can
orsen the sternal microcirculation and therefore cause
ostoperative mediastinitis with a significantly higher rate
ompared with that seen with the single ITA strategy.1-3

ome study groups have advocated that the risk of postop-

ABLE 2. Operative and hospital stay characteristics of the
atients

Group 1
(skeletonized)

Group 2
(pedicle) P value

TA harvest time (min) 22 � 2.0 13.6 � 1.5 .003
peration time (min) 168 � 6.7 176 � 5.4 .363

ntubation time (h) 11.5 � 2.1 10.3 � 2.1 .526
ospital stay (d) 10.5 � 1.3 9.8 � 1.7 .741
ound dehiscence

or infection
Deep 0 0 .999
Superficial 0 0 .999
yocardial infarction 0 0 .999

troke 0 0 .999
ortality 0 0 .999

ata are presented as means � standard error of the mean or number of
atients. ITA, Internal thoracic artery.
rative mediastinitis after the use of double ITAs can be

ry 2008
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inimized with the skeletonized harvesting technique be-
ause it has a great advantage in the preservation of the
ternal microcirculation over conventional pedicle tech-
iques.11-13 Nevertheless, the influence of ITA-harvesting
echniques on sternal microcirculation in human subjects
as not been studied enough because of absence of adequate
easurement methods in the past.
In a canine model, Parish and colleagues6 demonstrated

hat a minimized retrosternal tissue mobilization by means
f skeletonized harvesting of the ITA was associated with a
ignificantly greater residual retrosternal blood flow com-
ared with that of the conventional pedicle preparation
echnique performed on the corresponding ITA on the other
ide. Moreover, Fokin and associates14 investigated sternal
icrocirculation with a thermographic camera in a swine

igure 2. Tissue oxygen saturation (SO2) of the sternum at the
resternal side. White column, Group 1 (skeletonized); gray col-

ABLE 3. Oxygen saturation
Group 1 (skeleton

Before
harvesting

After
harvesting

resternal
Upper sternal part, 2 mm 95 � 2 79 � 2.4
Upper sternal part, 8 mm 92 � 1.4 81 � 2.5
Middle sternal part, 2 mm 86 � 1.1 75 � 2.3
Middle sternal part, 8 mm 85 � 2.7 71 � 5.5
Lower sternal part, 2 mm 80 � 4.7 74 � 2.1
Lower sternal part, 8 mm 75 � 3.9 76 � 2.0

etrosternal
Upper sternal part, 2 mm 83 � 4.6 74 � 1.9
Upper sternal part, 8 mm 85 � 2.2 78 � 2.0
Middle sternal part, 2 mm 93 � 1.0 80 � 3.3
Middle sternal part, 8 mm 89 � 1.0 73 � 3.5
Lower sternal part, 2 mm 83 � 2.9 78 � 2.3
Lower sternal part, 8 mm 86 � 1.7 81 � 1.8

ata of oxygen saturation in percentages are presented as means � sta
mn, group 2 (pedicled). c

The Journal of Thorac
odel and demonstrated that skeletonized and semiskel-
tonized ITA-harvesting techniques caused a similar acute
eduction in sternal perfusion during the early postoperative
eriod, and this effect lasted for at least 5 hours. In human
ubjects Cohen and coworkers4 studied sternal vascularity
sing single photon emission computed tomography after
TA harvesting in detail. In their randomized study bone
ingle photon emission computed tomography was per-
ormed during 4 to 9 days after the operation to evaluate the
ternal vascularity. They found that the sternal blood flow
ecreased only when the LITA was harvested as a pedicle
nd that it was maintained with the skeletonized harvesting.

In short, the greatest limitation of previous studies is that
he human sternal microcirculation in the perioperative
hase has remained unclear, especially from the aspect of

igure 3. Tissue oxygen saturation (SO2) of the sternum at the
etrosternal side. White column, Group 1 (skeletonized); gray

Group 2 (pedicle)

P value
Before

harvesting
After

harvesting P value

.001 92 � 2.1 78 � 4.0 .005

.001 90 � 1.8 77 � 3.3 .003

.001 90 � 2.1 71 � 2.6 .001

.038 83 � 2.6 70 � 2.2 .001

.182 76 � 3.7 71 � 2.4 .132

.769 71 � 2.9 72 � 2.5 .872

.103 87 � 2.9 75 � 1.5 .005

.061 86 � 2.0 73 � 2.0 .003

.005 94 � 1.4 56 � 4.0 .001

.002 89 � 1.4 55 � 5.4 .001

.099 90 � 2.4 70 � 1.8 .001

.023 90 � 1.9 69 � 3.6 .001

error of the mean.
ized)
olumn, group 2 (pedicled).

ic and Cardiovascular Surgery ● Volume 135, Number 1 35



t
o
n
t
h
t
m
a
t

o
p
m
n
e

s
s
fi
t
t

s
n
s
e
f
f
t
o
b
s

F
c

F

T

P

R

D n.

Surgery for Acquired Cardiovascular Disease Kamiya et al

3

A
CD
issue oxygenation. Generally, wound healing is possible
nly through restoration of the microcirculation and the
utrition to the tissue, and because the main component of
he nutrition is oxygen, local hypoxia results in delayed
ealing and increased risk of infection.15 To our knowledge,
he present study is the first to demonstrate the sternal
icrocirculation including the tissue oxygenation in the

cute phase after ITA harvesting in regard to skeletonized
echnique.

Interestingly, some discrepancies between the decrease
f the tissue SO2 and of the blood flow were observed in the
resent study. Although blood flow decreased at almost all
easurement points with both techniques, the tissue SO2 did

ot decrease at the lower sternum on the presternal side with
ither technique, and the decrease of tissue SO2 at the lower

igure 4. Blood flow of the sternum at the presternal side. White

ABLE 4. Blood flow
Group 1 (skeleton

Before
harvesting

After
harvesting

resternal
Upper sternal part, 2 mm 151 � 21 62 � 5.8
Upper sternal part, 8 mm 174 � 29 105 � 16
Middle sternal part, 2 mm 149 � 10 71 � 10
Middle sternal part, 8 mm 215 � 18 69 � 8.9
Lower sternal part, 2 mm 151 � 13 82 � 3.8
Lower sternal part, 8 mm 213 � 21 109 � 9.0

etrosternal
Upper sternal part, 2 mm 243 � 22 92 � 9.0
Upper sternal part, 8 mm 310 � 30 136 � 19
Middle sternal part, 2 mm 200 � 17 152 � 16
Middle sternal part, 8 mm 239 � 20 146 � 11
Lower sternal part, 2 mm 172 � 9 90 � 5.1
Lower sternal part, 8 mm 205 � 26 125 � 9

ata of blood flow are presented as means � standard error of the mea
olumn, Group 1 (skeletonized); gray column, group 2 (pedicled). c

6 The Journal of Thoracic and Cardiovascular Surgery ● Janua
ternum on the retrosternal side was not significant with the
keletonized technique, as shown in Tables 3 and 4. These
ndings might have resulted from the collateral flow from

he inferior epigastric artery. However, the clinical implica-
ions of these discrepancies remain unclear.

One of the major findings in the present study was that
keletonization had no advantage in preserving the prester-
al microcirculation, whereas the deterioration of the retro-
ternal microcirculation was significantly less with the skel-
tonized technique. This finding fits with published risk
actor analyses, except for showing slightly distinct risk
actors for superficial and deep sternal wound infec-
ions.12,16 Pevni and colleagues16 demonstrated that the use
f the skeletonized bilateral ITA was predictive for deep,
ut not superficial, sternal wound infections, whereas obe-
ity and an age of greater than 75 years were mainly

igure 5. Blood flow of the sternum at the retrosternal side. White

Group 2 (pedicle)

P value
Before

harvesting
After

harvesting P value

.002 132 � 10 60 � 4.4 .001

.026 190 � 21 92 � 9.0 .001

.001 124 � 12 73 � 7.7 .007

.001 169 � 20 65 � 5.6 .001

.001 172 � 10 79 � 4.0 .001

.003 225 � 32 104 � 7.6 .003

.001 284 � 26 79 � 5.0 .001

.001 263 � 37 122 � 12 .005

.038 231 � 16 93 � 6.0 .001

.002 256 � 26 102 � 5.4 .001

.001 178 � 12 69 � 8.2 .001

.017 215 � 22 98 � 10 .001
ized)
olumn, Group 1 (skeletonized); gray column, group 2 (pedicled).

ry 2008
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redictive for superficial sternal infections. De Paulis and
ssociates12 analyzed the effect of bilateral ITA harvesting
n superficial and deep sternal infections, and they found a
lightly lower odds ratio for superficial sternal infection
han for deep sternal infection. The technique of artery
arvesting was an independent predictor for deep sternal
nfection, with an odds ratio of 4.1 (95% confidence inter-
al, 1.4–12.1), whereas it was an independent predictor of
uperficial sternal infection, with an odds ratio of 3.0 (95%
onfidence interval, 1.6–5.4). The findings of our present
tudy and the clinical results of previous relative large
tudies suggest that skeletonized ITA harvesting can reduce
he risk of deep sternal infection.

In conclusion, skeletonization had no advantage in main-
aining presternal microcirculation, whereas the deteriora-
ion of the retrosternal microcirculation was significantly
ess when the skeletonized technique was used. Although
here was no clinical difference in infection rates between
tudy groups because of the small study cohort, our results
ight suggest that the skeletonized ITA harvesting can

educe the risk of deep sternal infection.
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