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Abstract: Background: Despite various observational studies having been performed regarding the supposed ad-
vantages of skeletonization of the internal thoracic artery (ITA), its impact, especially on reducing the microscopic 
injury, remains unclear. Methods: Sixty patients (45 males, mean age 67.2 ± 8.6 years) undergoing isolated CABG 
surgery were enrolled into the study and randomized into skeletonized (n = 33) and pedicled (n = 37) groups. Intra-
operatively, the left ITA was harvested according to the group to which the patient was assigned to, and ITA free flow 
was assessed directly with an ultrasonic flow meter both before and after anastomosis was completed. ITA harvest 
time and conduit length were also recorded. A blinded assessment of pain and dysesthesia was performed. Sternal 
perfusion was assessed preoperatively and during the 6-month follow-up using SPECT fusion imaging (n = 33), by 
measuring active microcirculation in the Volume of Interest (VOI). Results: The harvest time was longer for skeleton-
ized ITA (27.1 versus 24.1 minutes; P = 0.06). There was a trend toward increased ITA length in the skeletonized 
group (18.2 ± 0.3 versus 17.7 ± 0.3 cm; P = 0.09). In situ ITA flow was higher in skeletonized arteries upon direct 
measurement (10.1 ± 1.0 versus 7.4 ± 0.9 mL/min; P = 0.01) upon harvesting, but not on post-anastomotic ultra-
sonic flow meter measurement (7.1 ± 0.8 versus 6.3 ± 1.7 mL/min; P = 0.19) after anastomosis was completed. 
Skeletonization was associated with decreased pain at the 6-month follow-up (0.79 ± 0.17 versus 1.47 ± 0.25; P = 
0.05) and a reduction in major sensory deficits at the 6-month follow-up (17% versus 50%; P = 0.002). There was no 
significant difference between either group in the baseline adjusted sternal perfusion. Conclusions: Skeletonization 
results in reduced postoperative pain and dysesthesia, improved conduit free flow and graft length, while signifi-
cantly increasing the duration required for ITA harvest. Additionally, there was no significant difference in the extent 
of damage to the microcirculation of the sternum between both pedicled and skeletonized groups, suggesting that 
skeletonization is not advantageous for maintaining sternal circulation.

Keywords: Coronary artery bypass graft surgery, internal thoracic artery, skeletonization, pedicle, sternal perfusion

Introduction

It is well established that the internal thoracic 
artery (ITA) is the most reliable graft in patients 
undergoing coronary artery bypass grafting 
(CABG) due to its excellent long-term patency 
rate [1, 2]. Despite these long-term benefits, 
certain characteristics of the ITAs limit their use 
in certain settings. Harvest of the ITAs is asso-
ciated with impairment in sternal perfusion [5] 
and increased deep sternal wound infections 
[6], particularly in diabetic patients receiving 
bilateral ITAs. The length of usable conduit av- 
ailable can be limited in the setting of sequen-
tial grafting. In addition, ITA harvest has been 

associated with increased and persistent post-
operative pain [7-9].

The skeletonization of the ITA, first described by 
Keeley [10] in 1987, has been proposed as a 
solution to many of the problems associated 
with ITA harvesting, such as decreasing the in- 
cidence of sternal infection [11, 12]. Although 
this technique requires meticulous dissection 
and carries the theoretical risk of increased 
arterial injury, studies have not demonstrated 
any differences in microscopic injury or vascu-
lar function when skeletonized and pedicled 
ITAs are compared [13, 14]. Proposed benefits 
of skeletonization include increased flow [15] 
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and length [13], decreased sternal infection 
rates [16, 17], and reduced pain [18]. There is 
also experimental evidence suggesting that the 
harvest technique may affect sternum blood 
supply after harvesting of the ITAs [11]. By con-
trast, other studies suggest no difference in  
the incidence of sternum infection between 
patients with skeletonized ITA and conventional 
pedicled ITA [19, 20]. The main factor that le- 
ads to sternal wound infection after CABG has 
been proposed to be the reduction in sternal 
perfusion postoperatively, which makes the 
region more susceptible to infection. 

Thus, in order to assess the advantages in sk- 
eletonized versus pedicled ITA harvest, we not 
only evaluated the quantitative changes in ster-
nal microcirculation prior to and after harvest-
ing of the ITA using these two harvesting meth-
ods, but also analyzed whether skeletonization 
of the ITA leads to differences in ITA flow, length, 
and postoperative pain and dysesthesia.

Methods

We conducted a prospective, randomized, dou-
ble-blind study in which patients isolated CABG 
using ITA harvest were randomized into the 
skeletonized and pedicled groups. And the in- 
clusion and exclusion of all patients were sub-
ject to the following criteria:

Inclusion criteria: Patients undergoing isolated 
CABG using ITA harvest.

Exclusion criteria: 1. There were other cardiac 
surgeries added during operation such as val-
vular replacement, ventricular septal defect 
repair; 2. The left ITA can not be used as bypass 
graft for a variety of reasons; 3. Patients re- 
fused to participate in the study; 4. Patients 
were unable to return for follow-up visit; 5. 
Patients participated in another research study, 
and planned use of the ITA for sequential 
grafting.

We performed a preoperative SPECT bone scan 
for selected patients (n = 33) from both groups 
in order to obtain a baseline reading for these 
patients’ normal sternal microcirculation, and 
this scan was repeated for all these patients at 
6 months postoperatively. Intraoperatively, the 
left ITA was harvested in all these cases, with 
the surgical technique being selected accord-
ing to the patient’s assigned group. Then we 

performed a blinded clinical examination of sur-
gical wound pain (visual analog scale) and dys-
thesia (physical examination) at discharge, 2 
weeks postoperatively, and at the 6-month fol-
low up. This design eliminated the variation 
resulting from interpatient differences by using 
patients as their own controls and therefore 
sensitively capturing the differences attribut-
able to harvesting technique. Sternal perfusion 
was assessed preoperatively and during the 
6-month follow-up using SPECT fusion imaging 
(n = 33), by measuring active microcirculation 
in the VOI.

Patient characteristics

This single-center study was approved by the 
Hospital Ethics Committee of Nanjing First 
Hospital, and written informed consent was 
obtained from all participating subjects. From 
March 2015 to August 2016, 176 patients 
undergoing nonemergent, isolated CABG re- 
quiring ITA grafting in our department at Nan- 
jing First Hospital were screened for eligibility 
for this study, out of which 80 patients were 
enrolled. However, 8 of those patients were 
excluded post-operatively due to protocol viola-
tions and 12 more were excluded later due to 
loss of follow-up and incomplete data sets. 
Hence, for the purposes of this study, the com-
plete data of seventy patients was utilized (53 
males and 17 females, mean age 67.2 ± 8.6 
years; range 46-81 years). The patients were 
divided randomly into the pedicled left ITA (LITA) 
harvesting group (pedicled group, n = 37; mean 
age 69.7 ± 7.4 years) and the skeletonized LITA 
harvesting group (skeletonized group, n = 33; 
mean age 71.3 ± 8.5 years), according to the 
surgeons’ decision. In pedicled patients, the 
LITA was harvested using electrocautery (coag-
ulation power 25 W) and hemoclips were used 
to ligate the ITA branches. In skeletonized pa- 
tients, the LITA was harvested by the skeleton-
ized technique using a combination of electro-
cautery (coagulation power 18 W) and scissors, 
and hemoclips were used to ligate ITA branches 
with mobilization of the artery only [21]. Ba- 
seline characteristics of the patients were re- 
corded from the detailed patient history and in-
patient charts before their discharge and are 
listed in Table 1.

We employed propensity-score matching (using 
SPSS version 24.0) to balance the distribution 
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of risk factors between both groups. The only 
statistically significant differences between bo- 
th groups was found to be that there was a 
higher proportion of diabetics in the skeleton-
ized group, which is likely due to the surgeon’s 
preference of using skeletonization harvesting 
technique in these patients. The average num-
ber of diseased vessels was also found to be 
significantly higher in the skeletonized group, 
as compared to the pedicled group.

Assessment of sternal microcirculation

A subgroup of patients (n = 33) were randomly 
chosen to undergo assessment of sternal per-
fusion. Before and after the operation, each 
patient underwent a SPECT bone scan of the 

chest to evaluate sternal vascularity. We chose 
SPECT due to its non-invasive nature, and also 
because the recent advances in SPECT tech-
nology that allow us to quantify the perfusion of 
a specified region with great sensitivity using 
VOI. 

Each patient received 925 MBq technetium-
99m methylene diphosphonate intravenously 
for each study. The images were acquired with 
a hybrid dual-head gamma SPECT/CT (Symbia 
TruePoint T6, Siemens Medical Solutions, Ger- 
many) having a crystal thickness of 15.8 mm 
and a 40 cm axial by 50 cm diameter SPECT 
field of view (FOV). Containing low-energy high-
sensitivity collimators, and a 15% energy win-
dow centered at 140 KeV with 15% lower scat-

Table 1. Patient characteristics
Characteristic Skeletonized Group (n = 33) Pedicled Group (n = 37) P-Value
Age, y (mean) 71.3 ± 8.5 69.7 ± 7.4 0.42
Male sex, n (%) 25 (75.7%) 28 (75.7%) 0.35
Diabetes, n (%) 16 (48.4%) 13 (35.1%) 0.02*
Hypertension, n (%) 20 (60.6%) 20 (54.5%) 0.14
Hypercholesterolemia, n (%) 24 (72.7%) 26 (70.2%) 0.23
Previous MI (%) 5 (15.2%) 6 (16.2%) 0.26
Dialysis (%) 4 (12.1%) 5 (13.5%) 0.44
Cerebrovascular disease (%) 3 (9.1%) 3 (8.1%) 0.90
Peripheral vascular disease (%) 7 (21.2%) 7 (18.9%) 0.55
LVEF (mean) 54 ± 15.7 51.6 ± 12.2 0.20
Preoperative IABP (%) 3 (9.1%) 3 (8.1%) 0.81
No. of diseased vessels (mean) 3.37 ± 0.71 2.61 ± 0.64 0.017*
BMI, kg/m2 26.1 ± 0.7 kg/m2 25.4 ± 0.5 kg/m2 0.73
NYHA heart function class III, n (%) 22 (66.7%) 23 (62.2%) 0.85
Left main disease, n (%) 16 (48.5%) 16 (43.2%) 0.17
Legend: The p-values marked with a * are statistically significant. Data are presented as mean ± standard error of the mean 
or number of patients and percentage. NYHA, New York Heart Association; LVEF, Left Ventricular Ejection Fraction; BMI, Body 
Mass Index; IABP, Intra-Aortic Balloon Pump.

Table 2. Intraoperative data
Skeletonized Group  

(n = 33)
Pedicled Group  

(n = 37) P-Value

Off-pump coronary bypass, n (%) 8 (24.2%) 9 (28.1%) 0.14
Cardiopulmonary bypass time, min 92.4 ± 5.1 min 97.3 ± 4.8 min 0.51
Cardiac anoxia time, min 70.7 ± 2.9 min 65.7 ± 3.6 min 0.19
ITA harvest time, min 27.1 24.1 0.06
ITA length, cm 18.2 ± 0.3 17.7 ± 0.3 0.09
ITA flow (direct measurement), mL/min 10.1 ± 1.0 7.4 ± 0.9 0.01
ITA flow (ultrasonic flow meter measurement), mL/min 7.1 ± 0.8 6.3 ± 1.7 0.19
Legend: Data are presented as mean ± standard error of the mean or number of patients and percentage. Statistically signifi-
cant p-values are marked with the * symbol.
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ter window. For SPECT studies, 16 projections, 
20 seconds for each camera head over a 180° 
arc, were acquired in a 128 × 128 matrix. Im- 
ages were reconstructed with the iterative re- 
construction algorithm ordered subset expec-
tation maximization (OSEM), Syngo MI applica-
tion version 7.5, and the reconstructed coronal 
images were realigned along the sternal axis.

Diagnostic-quality CT images were obtained 
using the same FOV as SPECT, voltage of 130 
kV, 0.6 s rotation, 3 mm slice thickness, colli-
mation of 6 × 3.0 mm, a pitch of 1.0, automatic 
exposure control depending on the body habi-
tus and a current of 70 mAs.

The quantitative analysis was performed by a 
nuclear medicine physician blinded to pati- 
ents’ operative status and clinical presenta-
tions. A region of interest was drawn manually 
over the transverse sternum using the VOI tool 
slice by slice, and the compiled data gave the 
values of maximum, minimum and average 
counts as well as the standard deviation. The 
total counts of the sternum of both skeleton-
ized and pedicled subjects were compared to 
their preoperative scans to obtain their base-
line values.

Statistical analysis 

Data were analyzed with the SPSS 24.0 pro-
gram (IBM Corporation, New York, United Sta- 
tes). All values are expressed as mean ± stan-
dard deviation. Fisher’s exact test was used for 
comparison of frequencies between the groups. 
Changes in bone blood flow after ITA harvest- 

ing compared with baseline were compared 
using Wilcoxon signed-rank test, while differ-
ences in sternal perfusion after ITA harvesting 
between the pedicled ITA group and the skele-
tonized ITA group were assessed using the 
Mann-Whitney U-test, and a p-value of less th- 
an 0.05 was used to select variables to enter in 
the multivariate model. Statistical significance 
was defined by a p-value of 0.05 or less.

Results

A total of 176 patients were screened for eligi-
bility. Of the 80 patients who met the inclusion 
and exclusion criteria, the data of 70 patients 
was included in the study (see study flow chart). 
Eight patients were excluded due to violations 
in protocol, and two more patients were exclud-
ed due to incomplete data sets or failure to fol-
low-up. All other patients underwent the experi-
mental protocol. Intraoperative, and postope- 
rative data for the study patients are shown in 
Tables 2 and 3 respectively.

Intraoperative outcomes

There were no gross ITA injuries during harvest. 
ITA harvest time was slightly longer for skele-
tonized vessels (27.1 versus 24.1 minutes; P = 
0.06). Skeletonized ITAs demonstrated a trend 
toward increased length (18.2 ± 0.3 versus 
17.7 ± 0.3 cm; P = 0.09). Immediately after  
harvest, flows in the situ ITAs were lower in the 
pedicled vessels (10.1 ± 1.0 versus 7.4 ± 0.9 
mL/min; P = 0.01). Post anastomotic flows 

Table 3. Post-operative data
Skeletonized Group (n = 33) Pedicled Group (n = 37) P-Value

30-day mortality, n 0 0 -
In-hospital mortality, n 0 0 -
Intensive care unit length of stay, d 1.7 ± 0.4 1.4 ± 0.5 0.65
Blood transfusions, n (%) 11 (33.3%) 14 (37.8%) 0.28
Chest tube drainage in 24 h, mL 781 ± 94 ml/24 h 696 ± 74 ml/24 h 0.19
Postoperative MI 0 0 -
Re-exploration for bleeding, n (%) 0 1 (2.7%) 0.31
Cerebral vascular accident, n (%) 0 1 (2.7%) 0.31
Deep sternum infection, n (%) 0 1 (2.7%) 0.31
Average VAS pain level (6-month follow-up) 0.79 ± 0.17 1.47 ± 0.25 0.05
Average dysesthesia rate (6-month follow-up) 17% 50% 0.002
Legend: Data are presented as mean ± standard error of the mean or number of patients and percentage. Statistically signifi-
cant p-values are marked with the * symbol.
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were not significantly different in skeletonized 
and pedicled vessels (7.1 ± 0.8 versus 6.3 ± 
1.7 mL/min; P = 0.19).

Chest wall pain and dysesthesia

There were no significant differences in VAS 
scores between skeletonized and pedicled 
groups at discharge and at the 2-week follow-
up. However, at the 6-month follow-up, VAS 
pain scores were significantly lower for patients 
in the skeletonized group (0.79 ± 0.17 versus 
1.47 ± 0.25; P = 0.05).

Differences in sensory abnormalities were not 
significant at discharge but were accentuated 
during follow-up. The occurrence of major sen-
sory deficits (defined as deficits measuring at 
least 50 cm2 in < sensory modalities) was sig-
nificantly greater in pedicled group at 6 months 
(17% versus 50%; P = 0.002).

Sternal perfusion

The skeletonized cases demonstrated sternal 
perfusion similar to pedicled cases in all but 1 
patient. As shown in Figure 1, total sternal per-
fusion (along the left length of the sternum) 
was similar in both cases. To determine the 
region most affected, the sternum was divided 

reflected by the radiotracer uptake changes in 
the VOI, were recorded both preoperatively as 
well as at the 6-month follow-up. That means a 
higher uptake in the VOI count implies a better 
blood flow into the sternal microcirculation.

After ITA harvesting, blood flow declined signifi-
cantly at the middle part of the sternum in all 
cases. However, after analyzing the data us- 
ing Wilcoxon signed-rank test and the Mann-
Whitney U-test, we found that there was no sig-
nificant difference in deterioration of the ster-
nal blood flow of the sternum between the 
pedicled group and the skeletonized group  
(P = 0.27).

Discussion

Although the use of ITA for coronary revascular-
ization is the gold standard due to its excellent 
long-term patency [1, 2], harvest of the ITA can 
also cause postoperative complications due  
to deterioration of the sternal circulation [3-6]. 
This is considered a cause of postoperative 
deep sternal wound infections. With respect to 
the technique used for harvesting of the ITA, 
several reports have examined the incidence of 
postoperative sternal wound infection with vari-
ous harvesting techniques. The use of the skel-

Figure 1. Representative SPECT images of postoperative sternal perfusion 
at 6-month follow-up in two patients, of which the patient on the left un-
derwent skeletonized ITA harvest, while the patient on the right underwent 
pedicled ITA harvest. Although slight differences in sternal perfusion are 
discernible in the manubrium and lower third of the sternum, the total ster-
nal perfusion as measured in the VOI showed that there was no significant 
difference between the microcirculation & the radiotracer uptake activity in 
either case.

into 3 equal regions of inter-
est. Mild differential increase 
in perfusion was observed in 
the middle third of the sternum 
(an average 9.8% increase in 
skeletonized cases compared 
with the pedicled cases), but 
the difference in perfusion in 
the upper third and lower third 
of the sternum was not signifi-
cantly different between skel-
etonized and pedicled cases. 

VOI counts were obtained us- 
ing the OSEM algorithm via 
Syngo MI application version 
7.5. As shown in Table 4, the 
per-operative and post-opera-
tive results obtained for the 
uptake counts of the upper, 
lower and middle parts of the 
sternum in both pedicled and 
skeletonized groups. Blood fl- 
ow changes to the sternum in 
patients due to ITA harvest, 
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etonization procedure for ITA harvesting was 
reported to be effective for preventing postop-
erative wound infection, especially in patients 
with bilateral ITA and diabetes [21, 26], while 
other studies suggest no relationship between 
harvest technique and the incidence of postop-
erative wound complications in patients with-
out diabetes [19, 20].

A greater residual retrosternal blood flow after 
minimized retrosternal tissue mobilization us- 
ing the skeletonization technique has been 
shown in animal models of sternal microcircula-
tion [11, 25]. However, there are also data sug-
gesting that the skeletonized and semi-skele-
tonized ITA-harvesting techniques caused a 
similar acute reduction in sternal perfusion dur-
ing the early postoperative period [20]. In our 
study, the blood flow decreased significantly in 
the middle part of the sternum, and to a lower 
extent in the upper and lower parts of the ster-
num on the left side. Anatomical studies indi-
cate that the sternal and anterior intercostal 
branches of the ITA originate either directly or 
as a common trunk of the ITA [27]. It is gener-
ally considered that the substantial collateral 
flow developed to maintain the sternum blood 
flow. The pectoris major is the main collateral 
source for the pre-sternal area, while there are 
no surrounding tissues in the retrosternal area. 
When the sternal-anterior intercostals trunk is 
left intact, it can also become a collateral 
source. The number of branches at the upper 
and lower part of the ITA is larger than that of 
the middle part. Therefore, it is valid to suggest 
that the blood flow to the sternum would be the 
least at the middle part of sternum after har-
vest of the ITAs.

the arterial branches of the graft proximal to 
the bifurcation of the internal thoracic artery 
are all severed. Since the same arterial branch-
es are severed in both pedicled and skeleton-
ized conduits, their impact on sternal micro- 
circulation is largely similar. Another potential 
reason for the comparable sternal microcircula-
tion between both skeletonized as well as pedi-
cled groups is the actual technique used for 
pedicled ITA harvesting technique in our hospi-
tal, in which we leave as much fat tissue as 
possible to achieve minimum dissection. As a 
result, the sternal-anterior intercostals trunk is 
left intact even after the pedicled harvest of the 
ITA. In addition, the length of the skeletonized 
ITA also tends to be longer as we always use  
ITA as an in-situ graft to the left anterior 
descending artery or circumflex artery. This 
may be related to the decreased sternal flow at 
the middle and lower retrosternal parts. As the 
length of harvested ITA influenced sternal blo- 
od flow even when using the skeletonized ITA 
technique, we consider that the harvest tech-
nique did not have a major impact on sternal 
microcirculation, and that the harvest itself 
affected blood flow of the middle sternum.

Several studies have proposed various benefits 
of ITA skeletonization. These include increas- 
ed conduit flow [15], increased conduit leng- 
th [13], decreased deep sternal infections [16, 
17], and reduced postoperative pain [18]. The- 
se assertions are supported primarily by obser-
vational studies that suffer from selection bias 
and residual confounding. The randomized tri-
als in this area have evaluated sternal perfu-
sion [30], vessel wall integrity [14], and vaso-
reactive profiles [31] while studying small gr- 
oups of patients. All the randomized studies 

Table 4. Sternal microcirculation recordings
Pre-operative 6-month follow-up P-value

Pedicled Group
    Upper 24.1 ± 8.1 29.1 ± 13.7 0.09
    Middle 23.3 ± 16.2 21.6 ± 7.5 0.18
    Lower 19.7 ± 7.9 22.5 ± 6.3 0.33
Skeletonized Group
    Upper 37.1 ± 21.4 28.9 ± 16.5 0.86
    Middle 33.4 ± 16.0 27.4 ± 13.9 0.003*
    Lower 31.1 ± 14.4 26.5 ± 17.9 0.35
Legend: Data are presented as mean ± standard error of the mean or 
number of patients and percentage. Statistically significant p-values are 
marked with the * symbol.

In the present study, there was no 
improvement of preservation of sternal 
microcirculation using the skeletoniza-
tion technique compared with the pedi-
cled technique. These data contrast to 
a previous study using a laser Ultrasonic 
flow meter showing that deterioration 
of the sternal microcirculation was sig-
nificantly less with the skeletonized 
technique than with the pedicled tech-
nique [28]. One important reason for 
these contrasting data lies in the ITA 
harvesting technique. Irrespective of 
whether we use the pedicled or skele-
tonized technique to harvest the ITA, all 
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evaluated patients assigned to receiving a sk- 
eletonized or pedicled left ITA. Major limitations 
of these randomized studies are the small sam-
ple sizes that may lead to unbalanced distribu-
tion of confounders in the 2 groups and the 
limited clinical relevance of the end points 
studied.

Similar to the results of previously published 
observational studies [13, 15, 32, 33], we 
found that skeletonization did in fact result in 
increased ITA flow, at least as far as conduit 
free flow was concerned. Conduit flow was lo- 
wer in the skeletonized vessel immediately 
after harvest, probably because of vasospasm 
resulting from closer vessel manipulation, and 
was similar between groups after distal divi-
sion. There was a trend toward increased con-
duit length of 0.5 cm in skeletonized ITAs, in 
contrast to previous nonrandomized studies 
that have reported an increase up to 2.5 cm 
[13]. The discordance between published stud-
ies and this trial may be due to variations in  
the skeletonization technique, biases in patient 
selection, and other variables related to out-
come that may have been unequally distributed 
between treatment groups in these observa-
tional comparisons. Interestingly, in our study, 
female subjects with a BMI of 28 kg/m2 or 
above were found to have the shortest ITA 
length, irrespective of the surgical technique 
used. Skeletonization in such cases provided a 
modest increase in conduit length of approxi-
mately 0.9 ± 0.3 cm, suggesting that using  
the skeletonized ITA harvest technique may be 
beneficial in this subset of the population.

The impact of postoperative pain and dyses-
thesia on the quality of life and functional sta-
tus of patients undergoing cardiac surgery is a 
relatively understudied area. The ITA syndrome, 
defined by Mailis and colleagues [8], is associ-
ated with pain, allodynia, and dysesthesia after 
ITA harvest and can persist for up to 15 months. 
We found that patients did not discern any sig-
nificant differences in postoperative pain be- 
tween sides early after surgery. However, at the 
6-month follow-up, skeletonization resulted in 
significantly reduced postoperative pain. The 
inability to identify differences early postopera-
tively may be due to competing sources of pain 
from the midline skin incision and sternotomy. 

Consistent with the finding of reduced pain, the 
areas of sensory deficits to light touch, pinprick, 

and temperature also were substantially re- 
duced on the skeletonized side. These differ-
ences were present at discharge but further 
accentuated at follow-up because of improve-
ments over time in the skeletonized group rath-
er than worsening of deficits in the pedicled 
group. The absolute risk difference in the inci-
dence of major sensory deficits between skel-
etonized and pedicled patients was 13% at dis-
charge, 32% at the 2-week follow-up, and 33% 
at the 6-months follow-up. Overall, these find-
ings support the idea that preservation of inter-
costal nerves through ITA skeletonization can 
reduce morbidity after ITA harvest.

This study was designed to evaluate the early 
effects of skeletonized versus pedicled ITA har-
vest using a randomized, double-blind study 
design. Furthermore, long-term effects of skel-
etonization on graft flow, patency, and function 
were not assessed.

Several observational studies have reported 
early and midterm angiographic patency after 
ITA skeletonization. Excellent early patency 
rates (between 97% and 100%) have been 
reported by a number of groups [37-39] in skel-
etonized left and right ITAs. Bical et al. [37] also 
have reported good skeletonized ITA patency 
(95.2%) at a midterm follow-up of 22 months. 
Calafiore et al. [40] compared patency rates 
between skeletonized and pedicled ITAs in a 
subset of patients enrolled in an observational 
study and found similar patency between skel-
etonized and pedicled ITAs both early (98.2% 
versus 97.5%) and at midterm follow-up (96.8% 
versus 94.3%; mean follow-up, 9.1 month) [40]. 
A number of studies have also reported late 
clinical outcomes similar to that reported with 
pedicled ITAs [37, 39, 41].

Conclusions

In conclusion, although our data result from a 
small cohort and should be interpreted with 
caution, tissue microcirculation, especially in 
the middle part of the sternal area decreased 
significantly after harvesting the ITA. We were 
not able to find any difference in damage to the 
sternal microcirculation between patients with 
skeletonized ITA and pedicled ITA, suggesting 
that skeletonization is not advantageous for 
maintaining sternal circulation. However, we fo- 
und that skeletonized harvest of the ITA results 
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in reduced pain and dysesthesia postopera-
tively. Additionally, it increases free graft flow 
and also significantly improves the usable con-
duit length.
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