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Abstract
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compared with conventional cold dissection. The study ait
efficiency, safety, and early graft outcomes of skel

2duced harvest time (24.6 £ 6.1 vs. 32.8
proved free-flow volume (78 £ 21 vs. 65

Introduction

The internal mammary artery (IMA) remains
the gold standard conduit for coronary artery
bypass grafting (CABG), particularly for
revascularization of the left anterior descending
artery, owing to its superior long-term patency
and survival compared with saphenous vein

repeat revascularization, and mortality when
an IMA graft is used [3].

Skeletonized harvesting of the IMA was
introduced to enhance conduit length, increase
free-flow volume, reduce postoperative pain, and
preserve sternal perfusion [4]. Meta-analyses

including more than 30 studies have
demonstrated significantly lower rates of sternal

grafts [1, 2]. Long-term studies have consistently
demonstrated reduced myocardial infarction,
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wound infection (SWI) with skeletonized
compared with pedicled harvesting, particularly
in diabetic and obese patients [5, 6].

Despite these advantages, skeletonization is
technically demanding and raises concerns
regarding endothelial injury, vasospasm, and
thermal damage depending on the harvesting
instrument employed [7]. Conventional cold
dissection avoids thermal injury but requires
extensive branch ligation and mechanical
manipulation, potentially prolonging operative
time and increasing trauma. Electrocautery,
although  efficient, can generate tissue
temperatures exceeding 300°C and has been
associated with endothelial denudation and
medial necrosis [8]. Harmonic ultrasonic shears
use high-frequency mechanical vibration to divide
tissue while limiting thermal spread to
approximately 60-80°C, thereby preserving
endothelial integrity [9]. Experimental and clinical
studies have demonstrated excellent early
patency and favorable endothelial preservation
with ultrasonic harvesting; however, randemized
comparisons between harmonic ultra
and cold dissection remain limited

This study was designed to p
compare these two techniques with re
operative efficiency, safety, and early
outcomes.

Patients and

This pro i i i was
conducted at
included 200 patien
CABG.

Inclusion criteria:
e Age>18years
e Elective isolated CABG
e Planned use of at least one IMA graft

Exclusion criteria:
e Emergency or redo surgery
e Concomitant valve or aortic surgery
e Severe chest wall deformity
e End-stage renal disease on dialysis
e Active infection or immunosuppression

Serag M

Patients were randomized 1:1 using computer-
generated block randomization into: (1) HS group:
skeletonized IMA harvested with harmonic
ultrasonic shears; and (2) CD group: skeletonized
IMA harvested using cold scissors and metallic
clips.

Surgical Technique
All  operations were performed through
median sternotomy by experienced surgeons.

Harmonic-shear technique: The pleura was
gently swept off the en acic fascia. The IMA
was skeletonized usi ic ultrasonic shears
(Ethicon Endo-Surg anches were
sealed using th ice; clips were
. The device was
he arterial wall to avoid
ommended in prior
Papaverine-soaked

gPUsing fine scissors. Side branches were
ivided and ligated with metallic clips. Mechanical
ion was minimized. Papaverine was applied
ilarly. The IMA was anastomosed to the target
coronary artery using continuous polypropylene
sutures.

Sample Size Calculation

Based on Kieser et al. [12], harmonic
harvesting reduced mean harvest time by
approximately 6 minutes (SD =12 minutes). With a
= 0.05 and power = 90%, the required sample size
was 90 patients per group. Allowing for attrition,
100 patients per group were enrolled.

Ethics

The study was conducted after approval from
the Ethics Committee of Benha University
Hospitals and was performed in accordance with
the Declaration of Helsinki. Written informed
consent was obtained from all patients prior to
enrolment.

Statistical analysis

Data processing was performed using SPSS v26
(IBM Inc., Armonk, NY, USA). The normality of data
distribution was assessed using the Shapiro—Wilk
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Table 1: Baseline Characteristics
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Variable HS (n=100) CD (n=100) P value
Age (years) 65.1+9.6 64.8 +10.2 0.831
Male sex, n (%) 69 (69%) 71 (71%) 0.758
Diabetes mellitus, n (%) 33 (33%) 35 (35%) 0.765
BMI (kg/m?) 28.4+4.1 28.6+4.3 0.737
EuroSCORE Il 29+1.2 3.0+1.1 0.540

HS: harmonic shear group; CD: cold dissection group; BMI: body mass index; EuroSCORE II: European System for Cardiac

Operative Risk Evaluation Il

test and visual inspection of histograms.
Continuous variables are expressed as mean * SD
and were compared using the unpaired Student’s
t-test. Categorical variables are reported as
frequencies and percentages, with associations
evaluated via the Chi-square test or Fisher’s exact
test as required by the data distribution. Statistical
significance was set at a two-tailed p < 0.05.

Results

There were no statistically significant
differences in age, sex distribution, prevalence of
diabetes mellitus, body mass index, or operative
risk as assessed by EuroSCORE Il betw
harmonic shear (HS) and cold diss
groups (Table 1).

The HS technique resulted in a
shorter harvest time, greater condui
higher free-flow volume, and fewer
compared with the CD (all p < 0.08).
Importantly, the inciden injury was low
and comparable betw,

There significant
differences in rates ion for bleeding,
perioperative myoca infarction (Ml), or

stroke. Although superfi€éfal and deep sternal
wound infection (SWI) rates were numerically
lower in the HS group, these differences were not

Table 2: Intraoperative Outcomes

statistically significant (Table 3). Six-month CT
angiography demonstrated IMA graft patency
rates of 98% in the HS and 96% in the CD
group, with no stati y significant difference
between groups (p =

Discussion
tive randomized study
onized IMA harvesting
nic shears significantly
efficiency and conduit flow
hile maintaining excellent safety

graft patency compared with
al cold dissection.

arvest time was significantly reduced in the
hafmonic  group, consistent with large
observational series demonstrating progressive
time reductions with ultrasonic technology [12].
Reduced clip usage further simplifies the
procedure and may theoretically reduce foreign-
body-related inflammation.

Preservation of endothelial integrity is critical
for graft durability. Electrocautery-based
harvesting generates excessive heat and risks
endothelial injury [8], whereas ultrasonic devices
limit thermal spread to 60—80°C [9]. Experimental
studies have confirmed superior endothelial
preservation with ultrasonic skeletonization [10].

Variable HS (n=100) CD (n=100) P value
Harvest time (min) 24.6+£6.1 328+7.4 <0.001*
Conduit length (cm) 184+19 176121 0.005*

Free-flow volume (mL/min) 78 £21 65+ 18 <0.001*
Clips used (n) 1.2+0.8 6.7%+19 <0.001*
IMA injury, n (%) 1 (1%) 2 (2%) 1.00

HS: harmonic shear group; IMA: Internal mammary artery; CD: cold dissection group; * statistically significant (p < 0.05)
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Table 3: Early Postoperative Outcomes
Variable HS (n=100) CD (n=100) P value
Re-exploration for bleeding, n (%) 2 (2%) 3(3%) 1.00
Superficial SWI, n (%) 2 (2%) 6 (6%) 0.279
Deep SWI, n (%) 0 (0%) 1 (1%) 1.00
Perioperative Ml, n (%) 1(1%) 2 (2%) 1.00
Stroke, n (%) 0 (0%) 1 (1%) 1.00

HS: harmonic shear group; CD: cold dissection group; SWI: sternal wound infection; MI: myocardial infarction

The higher free-flow volume observed in the
harmonic group likely reflects reduced vasospasm
and preserved endothelial function.

IMA injury rates were low and comparable,
consistent with modern series reporting injury
rates below 2% when skeletonization is performed
by experienced surgeons [12]. Postoperative
bleeding and re-exploration rates were similar,
reinforcing the safety of ultrasonic branch sealing.

Skeletonization itself remains the dominant
factor in reducing sternal wound infection [5, 6].
Although SWI rates were numerically lower in the
harmonic group, the study was underpoy
detect statistical significance.
excessive thermal injury has been jg
independent risk factor for SWI
that harmonic technology may o
protective effects.

skeletonized IM
demonstrated th are highly
dependent on surgeon

Harmonic ultrasonic shears may be
particularly advantageous in minimally invasive
and bilateral IMA harvesting, where limited
operative exposure amplifies technical challenges
[13]. Reduced operative time and tissue trauma
may facilitate broader adoption of arterial
revascularization strategies.

Limitations

Several limitations of this study merit
consideration. First, the single-center design and
use of a limited number of experienced surgeons

may restrict generalizability; multicenter trials are
needed to confirm these findings across
institutions and operator skill levels. Second, the
hs is insufficient to
y and survival;
ranted. Third,
e effect may
injury rates, as
ic shears may improve

experience. Fourth,

evaluate long-term
extended follow-up
a potential o
have influe
performan
further

prphology between techniques.
, e assessors were not blinded to
alfé€ation, introducing a potential source of
sessment bias. Future randomized controlled
with  long-term  follow-up, blinded
assessment, and histopathological endpoints are
needed to fully characterize the advantages of
harmonic skeletonization.

Conclusion

Skeletonized IMA harvesting using harmonic
ultrasonic shears is a safe, reproducible technique
that improves conduit quality and operative
efficiency without compromising early clinical or
graft outcomes. Broader adoption of this
approach may facilitate wider application of
arterial revascularization strategies.

Funding: Self-funded
Conflict of interest: Authors declare no conflict of

References

1. Loop F, Lytle B, Cosgrove D, et al. Influence of
the internal-mammary-artery graft on 10-year
survival and other cardiac events. N Engl J
Med. 1986; 314: 1-6.

2. Cameron A, Davis K, Green G, Schaff HV.
Coronary bypass surgery with internal-
thoracic-artery grafts—effects on survival over


https://www.nejm.org/doi/abs/10.1056/NEJM198601023140101
https://www.nejm.org/doi/abs/10.1056/NEJM198601023140101
https://www.nejm.org/doi/abs/10.1056/NEJM198601023140101
https://www.nejm.org/doi/abs/10.1056/NEJM199601253340402
https://www.nejm.org/doi/abs/10.1056/NEJM199601253340402

The Egyptian Cardiothoracic Surgeon

a 15-year period. N Engl J Med. 1996; 334:
216-219.

3. Harskamp R, Lopes R, Baisden C, De Winter RJ,
Alexander JH. Saphenous vein graft failure
after coronary artery bypass surgery:
pathophysiology, management, and future
directions. Ann Surg. 2013; 257: 824—-833.

4. Boodhwani M, Lam B, Nathan H, et al.
Skeletonized internal thoracic artery harvest
reduces pain and dysesthesia and improves
sternal perfusion after coronary artery bypass
surgery: a randomized, double-blind, within-
patient comparison. Circulation. 2006; 114:
766-773.

5. Farghaly AM, Nady MA, El-minshawy A.
Skeletonized versus pedicled left internal
mammary artery harvesting and risk of sternal
wound infection after coronary artery bypass
surgery. Egypt Cardiothorac Surg. 2020; 2(4):
126 —133.

6. Deo S, Shah I, Dunlay S, et al. Bilateral internal
thoracic artery harvest and deep sternal
wound infection in diabetic patients. Ann
Thorac Surg. 2013; 95: 862—-869.

7. Shafig A, Maniya M, Duhan S, Jamj
Skeletonized versus pedicled
internal mammary artery: a sys
and meta-analysis. Curr Probl Ca
49: 102160.

complete arterial grafti

9. Higami T, kezawa

10.

11.

12.

15.

104

Skeletonization and harvest of the internal
thoracic artery with an ultrasonic scalpel. Ann
Thorac Surg. 2000; 70: 307-308.

Matsumoto K, Tsuneyoshi |, Iguro Y, et al.
Effects of ultrasonic skeletonization on
internal thoracic and gastroepiploic arteries
for coronary artery bypass grafting. Eur J
Cardiothorac Surg. 2006; 30: 592-596.

Hong Y, Zhu Y, Ling Y. Utilizing the ultrasonic
shear for internal mammary artery harvesting
in minimally invasive coronary artery bypass
grafting surgery is worth considering. J Thorac
Dis. 2024; 16: 7225—
Kieser T, Rose
Quicker yet saf
internal m

Five-year outcomes after off-pump or on-
ump coronary-artery bypass grafting. N EnglJ
Med. 2016; 375: 2359-2368.

Gaudino M, Audisio K, Rahouma M, et al.
Comparison of long-term clinical outcomes of
skeletonized vs pedicled internal thoracic
artery harvesting techniques in the Arterial
Revascularization Trial. JAMA Cardiol. 2021; 6:
1380-1386.


https://www.nejm.org/doi/abs/10.1056/NEJM199601253340402
https://journals.lww.com/annalsofsurgery/fulltext/2013/05000/saphenous_vein_graft_failure_after_coronary_artery.7.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2013/05000/saphenous_vein_graft_failure_after_coronary_artery.7.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2013/05000/saphenous_vein_graft_failure_after_coronary_artery.7.aspx
https://journals.lww.com/annalsofsurgery/fulltext/2013/05000/saphenous_vein_graft_failure_after_coronary_artery.7.aspx
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.106.615427
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.106.615427
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.106.615427
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.106.615427
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.106.615427
https://journals.escts.net/ects/article/view/144
https://journals.escts.net/ects/article/view/144
https://journals.escts.net/ects/article/view/144
https://journals.escts.net/ects/article/view/144
https://www.sciencedirect.com/science/article/pii/S000349751202694X
https://www.sciencedirect.com/science/article/pii/S000349751202694X
https://www.sciencedirect.com/science/article/pii/S000349751202694X
https://www.sciencedirect.com/science/article/pii/S0146280623005777
https://www.sciencedirect.com/science/article/pii/S0146280623005777
https://www.sciencedirect.com/science/article/pii/S0146280623005777
https://pmc.ncbi.nlm.nih.gov/articles/PMC325496/
https://pmc.ncbi.nlm.nih.gov/articles/PMC325496/
https://pmc.ncbi.nlm.nih.gov/articles/PMC325496/
https://www.sciencedirect.com/science/article/pii/S0003497500014363
https://www.sciencedirect.com/science/article/pii/S0003497500014363
https://academic.oup.com/ejcts/article-abstract/30/4/592/507061
https://academic.oup.com/ejcts/article-abstract/30/4/592/507061
https://academic.oup.com/ejcts/article-abstract/30/4/592/507061
https://journals.lww.com/jtd/fulltext/2024/11000/utilizing_the_ultrasonic_shear_for_internal.1.aspx
https://journals.lww.com/jtd/fulltext/2024/11000/utilizing_the_ultrasonic_shear_for_internal.1.aspx
https://journals.lww.com/jtd/fulltext/2024/11000/utilizing_the_ultrasonic_shear_for_internal.1.aspx
https://journals.lww.com/jtd/fulltext/2024/11000/utilizing_the_ultrasonic_shear_for_internal.1.aspx
https://academic.oup.com/ejcts/article-abstract/45/5/e142/407411
https://academic.oup.com/ejcts/article-abstract/45/5/e142/407411
https://academic.oup.com/ejcts/article-abstract/45/5/e142/407411
https://journals.lww.com/jtd/fulltext/2024/06000/clipless_internal_mammary_artery_harvesting_for.16.aspx
https://journals.lww.com/jtd/fulltext/2024/06000/clipless_internal_mammary_artery_harvesting_for.16.aspx
https://journals.lww.com/jtd/fulltext/2024/06000/clipless_internal_mammary_artery_harvesting_for.16.aspx
https://journals.lww.com/jtd/fulltext/2024/06000/clipless_internal_mammary_artery_harvesting_for.16.aspx
https://www.nejm.org/doi/abs/10.1056/NEJMoa1601564
https://www.nejm.org/doi/abs/10.1056/NEJMoa1601564
https://jamanetwork.com/journals/jamacardiology/article-abstract/2784330
https://jamanetwork.com/journals/jamacardiology/article-abstract/2784330
https://jamanetwork.com/journals/jamacardiology/article-abstract/2784330
https://jamanetwork.com/journals/jamacardiology/article-abstract/2784330



