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Abstract: The purpose of this retrospective review was to examine the morbidity and mortality associated with the routine
use of skeletonized bilateral internal thoracic arteries (BITA) in coronary bypass surgery (CABG). The current rate of BITA
use is reported to be 5% in the US. The literature reflects an increased incidence of wound complications, especially in obese,
diabetic, and female patients. Our policy has been to use skeletonized BITA in patients regardless of comorbidities. Using the
Society of Thoracic Surgery (STS) database, the postoperative markers of prolonged ventilation (PV), length of stay (LOS),
wound infection, death, and 30 day readmission were evaluated for all isolated coronary bypass operations (isocab) to allow
comparison of bilateral and single internal thoracic artery (ITA) use during this four year period. The incidence of BITA use
was 60%. The groups had similar comorbities and postop complications were similar regardless of single or bilateral thoracic
artery use. Specifically, there were no wound complications in the BITA group. Adjuncts such as ITA skeletonization, platelet
rich plasma, negative pressure wound dressing, and absence of bone wax were utilized in all cases. The added expense is
justified to allow the expanded use of BITA.

Keywords: Coronary Bypass, Skeletonized Internal Thoracic Arteries, Bilateral Internal Thoracic Arteries,
Wound Complications, Platelet Rich Plasma, Negative Pressure Wound Dressing

offset this risk, several adjuncts were utilized. In addition to
skeletonizing all internal thoracic arteries (ITA), no bone wax
was used, platelet rich plasma (PRP) was applied to the
sternal edges prior to closure, and negative wound pressure
dressings were used. (PrevenaTherapy, Kinetic Concepts Inc.
San Antonio Texas, USA). All of these add expense. This
was felt to be acceptable if they permitted safe extended use

1. Introduction

It is recognized that multiple arterial grafts are preferable
in coronary operations. [6, 7] Despite this, bilateral thoracic
artery (BITA) use occurs in approximately 5% [1] of isolated
coronary operations performed in the US. This is felt to be
due to concerns for surgical complications, primarily wound

infection. Furthermore, it adds time to the procedure, and of BITA grafting.
there is no quality metric associated with it. It has been our
policy to use BITA grafting in all patients for whom we can 2. Methods

use both in continuity, not as a free graft. This is without
regard to obesity, diabetes, or female sex. All factors
associated with increased wound complications. [2-5] To

With IRB approval, from the STS database we reviewed a
single surgeon’s isocab cases from 2104 to 2017. The
patients were placed in two groups, single and bilateral
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internal thoracic artery use. Their preoperative characteristics
of diabetes, sex (male/female), and obesity were identified.
Postoperative complications of death, wound infection,
prolonged ventilation (PV), 30 day readmission, and length
of stay (LOS) were all retrieved from the STS database
according to the established definitions. [8] We then
evaluated the two groups for preoperative comorbidities, and
postoperative outcomes.

3. Results

During this period from 2014 through 2017, 225 patients
underwent isocab (Figure 1). Males were 88%, 41% were
diabetic and 30% were obese (Figures 2, 3). Of this group,
61% received BITA (Figure 4).
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Figure 1. Isocab BITA/SITA.
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Figure 2. Isocab Diabetic/Non-Diabetic.
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Figure 3. Isocab BITA/SITA.
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Figure 4. Isocab 2014-2017.

There was one mortality and one sternal infection, both
occurred in the single ITA group. There were no differences
in prolonged ventilation (PV) or length of stay (LOS)
(Figures 35, 6).
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Figure 5. Prolonged ventilation.
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Figure 6. Average post-op length of stay.
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Figure 7. Isocab readmit count.
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The 30 day readmission rate was 6.1% for BITA and 9%
for single thoracic artery (SITA). (Figure 7)

4. Discussion

Unlike left internal thoracic artery use in CABG, it has not
been proven that the use of BITA adds further patient
longevity. [6, 7, 9] Nonetheless, there is sustained and
growing enthusiasm for use of multiple arterial grafts. In
spite of this, in the United States, the utilization is low at 5%.
Most of the concerns are due to the incidence of wound
complications and the associated morbidity, mortality, and
expense associated with this problem. [10, 11] CABG is one
of the most scrutinized operations in the history of surgery,
not to nmention the advent of public reporting.
Understandably, few surgeons want to invite the potential for
increased complications especially in light of the fact that the
STS does not attach an improved quality metric for BITA and
there is no financial incentive. In fact it can have a negative
incentive as it adds more operative and anesthesia time to the
case. To mitigate the risks of wound complications several
modifications were made to the procedure. Specifically, four
additions were incorporated.

Figure 8. Skeletonized bilateral internal thoracic arteries.

The use of internal thoracic arteries as skeletonized
conduits versus pedicle grafts is felt to be helpful with regard
to sternal healing. Studies have demonstrated reduced sternal
devascularization in multiple evaluations. [12, 13] The
technique involved dissecting the internal thoracic artery as a
single arterial conduit from the chest wall without taking the
surrounding tissue pad or accompanying veins. As opposed
to the use of a monopolar cautery, this is accomplished with
metallic clips, a bipolar device and scissors. Due to proximity
to the arterial graft, a monopolar device results in excess heat
transfer and possible subsequent injury to the conduit.
Papaverine is used topically to minimize vaso-spasm. At the
termination of the internal thoracic artery takedown, prior to
heparinization, it is clipped distally and wrapped in
papaverine soaked sponge to allow it to dilate while

preparations for bypass are carried out. They appear as
shown in figure 8. Additional benefits of skeletonization are
increased length and flow. [14, 15]

If our goal is to provide the safe and increased use of
multiple arterial grafts and skeletonization would seem to be
fundamental to this effort. In addition to the observed benefit
of increased sternal vascularity post harvest, the clinical
outcomes using skeletonized conduits also support the use. In
diabetics, often best served with coronary bypass surgery,
especially young patients, the reduced risk of sternal
complications associated with skeletonization seem to
support the extra time and care required for this technique.
Except for the potential increased operative time there is no
additive expense for this adjunct.

The use of negative wound pressure dressings has been
reported to reduce sternotomy infection in a high risk group
of obese patients. [17, 18] The incidence of wound infection
was significantly reduced in negative pressure wound
dressing patients with BMIs equal to or greater than 30. The
theory is that skin breakdown allows incisional seepage of
skin flora and subsequent infection. Negative pressure
dressing support the healing incision to minimize separation
and prevent the accumulation of surrounding fluids with
associated skin bacteria. Furthermore, it is felt to improve
microcirculation, promote tissue proliferation, improve
lymphatic drainage and reduce wound stress. The device
used, Prevena Therapy, (Kinetic Concepts Incorporated, San
Antonio Texas, USA) is applied in the operating room, prior
to drape removal on a sterile closed incision. It is removed to
discharge or at 8 days. The dressing is connected to a battery-
powered device, small enough to place in a hospital gown
pocket, with a fluid collection canister incorporated. It
applies approximately -125 mmHg pressure to the incision.
We have not noticed any device related complications. The
hospital cost is $386.10.

Other modalities utilized to mitigate wound complications
include platelet rich plasma. Platelet rich plasma requires 50
cc of blood to be withdrawn then placed in a centrifuge
where it is separated into 3 layers, platelet rich plasma,
platelet poor plasma, and red blood cells. Prior to application
topical bovine thrombin is added to produce a platelet gel.
This is aerosolized over the cut edges of the sternum at the
termination of the procedure. This gel has a platelet
concentration 3-5 times that of native plasma. [19, 20] In
addition to having a role in hemostasis, this is a source of
growth factors. This includes platelet derived growth factor,
insulin like growth factor, vascular endothelial growth factor,
and transforming factor beta. [21] In addition, platelets
release other substances such as fibronectin and vitronectin
both important in wound healing. Due to the nature of the
preparation it is felt these factors are found in increased
concentrations. All of these facilitate wound healing by
increased chemotaxis, proliferation, differentiation, and
angiogenesis. [22] This is an autologous preparation which
eliminates concerns of cross-reactivity, immune reaction and
disease transmission. Most of the studies regarding clinical
use of platelet rich plasma are from the orthopedic and oral
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maxillofacial specialties. [23, 24] In these specialities the
addition of platelet rich plasma has been felt to support
angiogenesis and osteogenesis. Furthermore platelet rich
plasma has been felt to enhance bone regeneration in dental
and maxillofacial procedures. [25] There are no controlled
trials to prove a positive impact. The goal of this evaluation
was to augment local wound healing in what has been
considered a relatively hostile environment, obese, diabetics
with bilateral internal mammary artery harvesting. We have
not noticed a negative impact from the use of platelet rich
plasma and due to the low expense and ready availability we
will plan to continue its use while awaiting other scientific
support. The hospital cost is $50.88 and it is prepared by the
perfusionists prior to commencing bypass.

As an aid to sternal edge hemostasis bone wax has been
used extensively in the past. Made from softened beeswax, it
is easy to use and effective at tamponading bleeding sternal
edges. However it has been shown to inhibit bone healing,
stimulate chronic inflammatory reactions, increased infection
rates inhibit the ability to clear bacteria. [26] To that end, in
an expert consensus review the recommendation is that bone
wax not be used in a sternotomy patient. [27] In this series,
Hemasorb (Abyrx, Irvington, NY) was utilized for sternal
edge hemostasis. It has a putty-like consistency, easy to
apply, with reabsorption in 30 days. It provides hemostasis
throughout the procedure. It is one of several absorbable
hemostatic products on the market for sternal edge
hemostasis.

The purpose of this retrospective review was not to
support longevity benefits of BITA, but to demonstrate that
with certain adjuncts it is possible to safely perform BITA on
what are considered to be high risk patients. These additional
components come at a cost. The addition of PRP, Hemasorb,
and negative wound dressings add approximately $750 to
each case. In this review 132 patients received BITA. The
incidence of wound complications for this group is reported
to be from 2%-5%. [6] The BITA group did not have any
wound complications. Assuming a conservative wound
complication rate of 2%, at a cost of at least $60,000 for each
sternal complication, the unreimbursed cost for this
predominantly Medicare population would be $158,000. [10]
This is a conservative estimate that would nonetheless cover
the cost of above mentioned wound precautions.

5. Conclusion

Two things are clear. There should be more of an incentive
to use both thoracicarteries or at least multiple arterial grafts.
The STS database should recognize this effort with a quality
metric. Secondly, surgeons are often evaluated on a cost basis
without giving clear thought to the rationale and quality
benefits these costs can accrue. If multiple arterial grafts are
our goal as coronary surgeons, this review supports their use
in a wider spectrum of patients, previously thought to be high
risk. The added expense justified with the goal of providing
superior coronary surgery for our patients.
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