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Purpose: To assess vancomycin paste effect on poststernotomy healing in high-risk cor-
onary artery bypass grafting (CABG) patients compared to bone wax using the 6-point
computed tomography (CT) score. Additionally assessed the reliability of this score and its
relationship to the occurrence of infection.

Patients and Methods: A prospective comparative analysis included 126 high-risk CABG
patients. The patients were randomly assigned into bone wax or vancomycin paste for sternal
haemostasis. All patients were submitted to CT examinations 6-months postoperative. Two
radiologists independently reviewed all CT scans to assess sternal healing using the 6-point
CT score. The CT healing score of the two groups was compared. The kappa statistics were
used to calculate the inter-reader agreement (IRA) of the 6-point CT score.

Results: The final analysis included 61 patients in each group. The main CT score for sternal
healing was 3.9+0.4 in the vancomycin group and 3.3+0.8 in the bone wax group. Patients in
the vancomycin group had a higher statistically significant improvement in CT healing score
than those in the bone wax group (p<0.001). There was no statistically significant relation-
ship (p = 0.79) between the occurrence of infection and the 6-point CT score in the
vancomycin group. The overall IRA of the 6-point CT score was good in two groups (k =
0.79 in the vancomycin group and = 0.78 in the bone wax group).

Conclusion: Vancomycin paste had a better CT healing score and can be used as a sternal
haemostatic material instead of bone wax. The 6-point CT healing score is a reliable
diagnostic tool for evaluating sternal healing.

Keywords: computed tomography, sternal healing, poststernotomy, vancomycin paste, CT

Introduction

Sternal bone instability after median sternotomy is a predisposing factor for
developing deep sternal wound infections and mediastinitis. Bleeding from the
sternal wound is a major contributing factor for sternal and mediastinal infection
leading to mortality and morbidity."* Different materials were developed to
effectively control the bleeding, including cement and paste, but did not receive
a wider application. Bone wax is a commonly used material for haemostasis, but
it has been associated with impaired sternal healing, infection, and chronic
inflammatory reactions.>> Vancomycin paste is comparably cheap, easily pre-
pared and applied, and shows no significant side effects. It is a bactericidal and
bacteriostatic agent for gram-positive bacteria. It can replace the bone wax
application.®
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The evaluation of sternal bone instability depends on
palpation, a straightforward technique often used in clin-
ical practice.” However, this form of assessment is sub-
jective and vulnerable to misinterpretations. Computed
tomography (CT) is currently the most valuable and
insightful imaging tool for evaluating sternotomy healing.
It can show gaps and steel wire displacement.® Few pre-
vious studies have been performed to assess sternal heal-
ing using CT.** Recently, Stacy et al developed a simple
scoring algorithm for evaluating sternal bone healing after
sternotomy using the basic CT imaging features of the
various sternal healing patterns. This score comprised a
6-point scale ranging from non-union (Score 0) to com-
plete healing (Score 5).'°

Strict following of the guidelines will reduce post-
operative infections and complications and improve survi-
val. Particularly in patients infected with COVID-19, bone
wax should be avoided [class III] and replaced by vanco-
mycin paste in all heart surgeries [class I].'" Therefore, we
conducted this prospective study using the 6-point CT
score of sternal healing to assess the effect of vancomycin
paste on poststernotomy healing in high-risk coronary
artery bypass grafting (CABQG) patients compared to
bone wax. Additionally assessed the reliability of this
score and its relationship to the occurrence of infection.

Materials and Methods
Ethical Statement

The institutional review board of Zagazig University
approved the study (approval number, 5247-23-2-2019;
Date, February 23, 2019), and written informed consent
was taken from all patients involved in the study. The
study was conducted according to the ethical principles
of the declaration of Helsinki.

Study Design and Population

The study was carried out in a tertiary health institution
between March 2019 and February 2021. Initially, 156
CABG patients were screened for the study; they were
categorized as high-risk patients for poststernotomy
wound complications. Inclusion criteria were: 1) adult
patients with CABG surgery; 2) patients operated through
median sternotomy with the harvesting of the left internal
thoracic artery (LITA); 3) on-pump open heart surgery;
and 4) patients at high risk for postoperative sternal com-
plications, e.g., old age >60 years, diabetes mellitus, obe-
sity (BMI >30 Kg/m2), osteoporosis of the sternum,

chronic obstructive pulmonary disease (COPD), steroid
therapy or immunosuppression, intraoperative intra-aortic
balloon pump (IABP) use, re-exploration for bleeding,
long time of cardiopulmonary bypass time (CBP) (>180
minutes). Exclusion criteria are detailed in Figure 1. The
exclusion process resulted in a final cohort consisting of
126 patients. There were no patients of bilateral ITA
harvest, and no patients had immunosuppressed status or
a diagnosis of osteoporosis. All patients had not smoked
for at least one year. Our patients were randomized to
either bone wax or vancomycin groups by one of the
authors using serially numbered containers. Vancomycin
group (n = 62), patients in this group had local sternal
vancomycin paste for sternotomy haemostasis. Preparation
of vancomycin paste was as follows: 2.5 gm of powdered
vancomycin was mixed with 3 mL of normal saline and
stirred until a paste was formed. It was applied to both
sternal halves, similar to bone wax, if significant bleeding
spots from the bone marrow after sternotomy. Also, It was
used for sternal haemostasis in all patients in the vanco-
mycin group just before sternal wiring. Bone wax was not
used for haemostasis at any step of the operation. The
sternum was closed by eight simple steel wires. A figure
of eight wires was added as judged by the surgeon.
Reinforced sternal closure with Robicsek technique in
each half of the divided sternum, in addition to simple
sternal wires in cases with thin sternum. Bone wax group
(n = 64), patients in this group received sternal wires as
mentioned above in the vancomycin group. Bone wax was
used for haemostasis on the divided edge of the sternum
for haemostasis. The author used SPSS version 20.0 to
generate the random allocation sequence. Randomization
was done in blocks of two, four, and six. To implement the
random allocation process, the author randomized the con-
secutively numbered containers filled with vancomycin
paste and bone wax in a location removed from the opera-
tive room and inaccessible to the surgeons. Each container
was identical in size, shape, and weight. The numbered
containers were held in the operation pharmacy and deliv-
ered sequentially to surgeons at operation time. Our ana-
lysts were not the same surgeons who performed the
operations, and they analyzed the data set blinded to
group assignment.

Surgical Technique

Two surgeons (N.E and E.S.A, with over 10 years of
experience in cardiothoracic surgery) operated all patients.
N.E operated 33 patients in the vancomycin group and 34
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Assessed for eligibility

(n=156)

c.ﬂm.o-.hs».w.-‘\

Open-heart surgery for valve operations (n=7).
Reported allergy to vancomycin (n= 1).
Paramedian sternotomy (n= 2).

Elevated serum creatinine level (n= 3).
Emergency surgery and cardiogenic shock (n= 5).
Pregnant patents (n= 3).

Hemodynamic or respiratory instability (n= 5).
. Obese patients more than 200 Kg (n= 4)

o

Excluded (n= 30)

J

Allocated to intervention
(n=126)

Lost to follow up
(n=4)
Analysis -
Vancomycin group
(n=61)
Analyzed (n= 122)
Excluded from analysis (n=4)

Bone wax group
(n=61)

Figure | Flow chart of the study.

patients in the bone wax group. E.S.A operated 29 patients
in the vancomycin group and 30 patients in the bone wax
group. All operations were performed under standard gen-
eral cardiac anaesthesia through a median sternotomy.
Immediately after median sternotomy, electrocautery was
enough to control bleeding from the periosteum in all
cases. Bleeding from the bone marrow was controlled by
applying a sterile towel on each cut sternal edges under the
sternal retractor. Initially, the left internal thoracic artery
was harvested in all patients. Simultaneously, venous
grafts were obtained by harvesting the great saphenous
vein if indicated for other targets. Standard cannulation
for CBP. All procedures were performed on heparin-
bonded CBP circuits with a membrane oxygenator.
arrest achieved by antegrade blood

Cardiac was

cardioplegia. LITA was anastomosed as a pedicle graft to
the diseased left anterior descending lesion artery. Venous
grafts were anastomosed to other indicated diseased cor-
onary arteries depending on each case. The muscle, fascia,
and subcutaneous layer were closed carefully in an anato-
mical fashion with the standard technique. Finally, the skin
layer was closed with running, monofilament absorbable
sutures. Then all patients were transferred to our post-
cardiac surgery intensive care unit on mechanical ventila-
tion and inotropic support or other drug infusions (s) if

needed.

Postoperative Follow-Up
Early postoperative follow-up in-hospital stay included

clinical examination of the poststernotomy wound, routine
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laboratory investigations, and follow-up plain chest X-ray.
Follow-up kidney function tests were performed for the
patients in the vancomycin group. Patients in the vanco-
mycin group were followed up for allergy, rash, renal, and
hearing problems. Late postoperative follow-up included
routine full clinical evaluation of the patients with special
focusing on sternotomy wound healing progress and pre-
sence of any criteria of wound infection through clinical
and laboratory data. Frequent analysis was done to detect
the presence of markers of sternotomy wound infection in
the form of leucocytosis, elevated C-reactive protein
(CRP), eclevated erythrocyte sedimentation rate (ESR)
and elevated serum procalcitonin level. A swab from the
discharge or infected wound was taken to detect the cau-
sative organism and apply appropriate antibiotics.
Measurement of procalcitonin level if there were any
clinical signs or symptoms of sternotomy wound infection.
CT examination of the chest without contrast was done for

evaluation of sternal healing.

Antibiotic Prophylaxis

Within 60 minutes before the skin incision, 50 mg/kg
cefepime was given for the patients as an intravenous
infusion over 30 minutes. A second dose of 1 gm cefepime
was given if the surgical incision remained open for more
than 3—4 hours. Two gm of cefepime were used daily for
48 hours postoperatively for prophylaxis against postster-
notomy infections.

CT Examination

All CT examinations were performed 6-months postopera-
tive wusing 128-multidetector computed tomography
(MDCT) scanner (Philips ingenuity 128). The following
parameters were used: detector row configuration, 128 x
1 mm; collimation, 1 mm,; slice thickness, 1.25 mm; pitch,
1.375; reconstruction interval, 1 mm; 300 mAs; and 120
Kv. No specific patient preparation was required apart
from quiet breathing. Patients were scanned in a supine
position with the head first without gantry tilt. The scan
started below the diaphragm and ended at supraclavicular
regions. Bone window (window level, 300 HU; window
width, 1500 HU) was specified to evaluate the sternal
healing.

Image Interpretation

All CT images were moved to the workstations, and
image processing and interpretation were carried out on
the picture archiving and communication system (PACS)

(PaxeraUltima-paxeramed), or a dedicated platform
Extended Brilliance Workstation (Philips Medical
System, Best, The Netherlands). Multiplanar reconstruc-
tion (MPR) was obtained using the machine software in
sagittal and coronal planes. The thin axial slices were
used to reconstruct 3D images. Two radiologists (A.Z
and R.E with over five years of experience in cardiac
imaging) independently reviewed all CT images. The
radiologists were blinded to any clinical data and
patients’ group but used the 6-point CT score developed
by Stacy et al (Table 1)'%'%!3 to detect the degree of
sternal healing. Before the study began, each radiologist
received several clinical sessions of lecture-based on the
details of the 6-point CT score in addition to hands-on
instruction sessions with some practical cases that were
not part of the study community. The axial source images
(bone window) and post-processing images of each
patient were reviewed for the following features: gap
mineralization between the sternal halves, sternal approx-
imation and alignment, and imaging characteristics of the
osteotomy margins (i.e., contour irregularity, absence or
presence of sclerosis, or resorption).'” Five anatomic
levels (Table 2) are used to assess healing over the
whole length of the sternum. If an accurate scoring was
difficult at the original level due to a streak artifact from
wires or sternal plates, a level within two cuts of the
original level could be chosen for scoring.'® Finally,
each radiologist independently assigned a sternal healing
score for each patient using the 6-point CT score.'%'%!3
The score was calculated at each level, and then the
overall score and mean were calculated. The inter-reader
agreement (IRA) was first determined between two inde-
pendent radiologists regarding the overall CT score of
each patient. In cases of disagreement on the score
between the two radiologists, images were re-reviewed
together, and a consensus scoring was achieved.

Statistical Analysis

Microsoft Excel was used to code, enter, and interpret the
data. The data was then analyzed using the SPSS version
20.0. The Chi-square test was applied to compare between
two groups. The correlation was done by the Pearson
correlation test. The IRA of 6-point CT score was calcu-
lated using kappa statistics. The resulting k values were
interpreted as follows: poor agreement = 0.00-0.20; fair
agreement = 0.21-0.40; moderate agreement = 0.41-0.60;
good agreement = 0.61-0.80; and very good agreement =
0.81-1.00. P-value was set at <0.05 for significant results.
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Table | Parameters of 6-Point Scale to Evaluate Sternal Bone Healing

Score | Definition Description
0 No signs of healing (non- No contact between sternal halves, absence of gap mineralization, and sclerotic osteotomy margins
union) similar to that of cortical bone
| Indeterminate No contact or mineralization between the sternal halves, but osteotomy margins were nonsclerotic,
concave, or irregular
2 Signs suggesting minimal or | Faint mineralization between non-contacting sternal halves, a thin (I mm) bridge of bone connecting the
early healing sternal halves anteriorly or posteriorly, or near bone-on-bone contact between the sternal halves, with
sclerotic osteotomy margins
3 Mild synthesis Bridging bone (i.e., no perceptible gap) along with less than 50% of the anteroposterior dimension of the
sternal halves, with the sternal halves either offset in the anteroposterior dimension or aligned in the
anteroposterior dimension
4 Moderate synthesis Bridging bone (i.e., no perceptible gap) along 50% or more of the anteroposterior dimension of the
sternal halves, with the sternal halves either offset in the anteroposterior dimension or aligned in the
anteroposterior dimension, with visible remnants of the previous osteotomy
5 Complete synthesis Sternal halves were well-aligned, and the appearance was that of essentially normal bone, without a gap or
visible osteotomy margin

Notes: Adapted from: Stacy GS, Ahmed O, Richardson A, Hatcher BM, MacMahon H, Raman J. Evaluation of sternal bone healing with computed tomography and a
quantitative scoring algorithm. Open Med Imaging | 2014;8;29-35. doi:10.2174/1874347101408010029."° © Stacy et al; Licensee Bentham Open. Creative Commons

Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/3.0/).

Table 2 Sternal Levels Used for Assessment of Sternal Bone Healing by 6-Point Scale

Level Description

Level | | Manubrium at the first sternocostal articulation, using the first slice that does not show the clavicles (scrolling from cranial to caudal)

Level 2 | Upper end of sternal body, using first slice below the second costal cartilage that does not show the sternomanubrial junction (scrolling
from cranial to caudal)

Level 3 | Mid-upper sternal body, using the slice through the lowest margin of the third costal cartilage

Level 4 | Mid-lower sternal body, using the slice through the lowest margin of the fourth costal cartilage

Level 5 | Lower end of sternal body, using the first slice at the level of the fifth costal cartilage that does not show the xiphoid process or xiphoid-
body junction (scrolling from caudal to cranial)

Notes: Adapted from: Stacy GS, Ahmed O, Richardson A, Hatcher BM, MacMahon H, Raman J. Evaluation of sternal bone healing with computed tomography and a
quantitative scoring algorithm. Open Med Imaging | 2014;8;29-35. doi: 10.2174/1874347101408010029.'° Creative Commons Attribution Non-Commercial License (http://

creativecommons.org/licenses/bync/3.0/).

Results

Patient Characteristics

This study initially enrolled 126 patients. Of these 126
patients, four were lost to follow-up (one in the vancomy-
cin group and three in the bone wax group) and excluded
from the final analysis. Hence, the final analysis included
122 patients. The flow chart of our study is illustrated in
Figure 1. The general characteristics of the studied patients
are described in Table 3. No significant difference (p >
0.05) was observed between the two groups regarding age,

sex, and risk factors.

Perioperative Data
The perioperative data are illustrated in Table 4. There was
no significant difference (p >0.05) between the two groups

regarding perioperative data.

Poststernotomy Wound Infection

Figure 2 shows the prevalence of poststernotomy wound infec-
tion. We noted a statistically significant increase (p = 0.006) in
the prevalence of superficial sternotomy infection among
patients in the bone wax group compared to vancomycin

group patients. In two groups, patients with superficial serous
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Table 3 General Characteristics of the Studied Patients

Variables Vancomycin Group (n= 61) Bone Wax Group (n= 61) P-value
Age, years 57.3 £ 5.5 (45-67) 58 + 5.1 (48-67) 0.15
Sex, n (%) 0.84
Male 45 (73.8) 46 (75.4)
Female 16 (26.2) 15 (24.6)
Risk factors
BMI 35.8 £ 2.5 (30.2-39) 35.2 £ 2.2 (30.1-38) 0.24
HbAIC 7.8 £ 0.5 (7-8.6) 79 £ 0.5 (7.2-8.5) 0.27
COPD, n (%) 10 (16.4) 9 (14.8) 0.80
Notes: Unless otherwise indicated, data represent the mean * SD and range in parenthesis.
Abbreviations: SD, standard deviation; BMI, body mass index; HBAIC, haemoglobin A1C; COPD, chronic obstructive pulmonary disease.
Table 4 Perioperative Data in the Two Groups
Vancomycin Group (n= 61) Bone Wax Group (n= 61) P-value
Ischemic time (minutes) 56.6 = 14.3 (20-80) 59.7 = 14.7 (20-90) 0.25
CBP time (minutes) 94.1 + 24.7 (45-150) 100.7 + 27.3 (45-160) 0.16
Number of grafts 29 +06 (14) 3+07 (14 0.89
Total operation time (minutes) 190 + 34.7 (135-300) 205 £ 39.1 (135-300) 0.16
IABP use, n (%) I (1.6) I (1.6) 1.0
Re-exploration for bleeding, n (%) 5(8.2) 4 (6.6) 0.52
Mechanical ventilation period\ hours 7+94 (3-72) 6.2 + 5.4 (3-36) 0.82
Blood transfusion units (Packed RBCs) 29+ 1.3 (1-8) 28 £ 1.3 (1-8) 0.68
Total tube drainage/mL 418.9 + 263.97 (200-1500) 412.4 + 224.8 (200-1200) 0.77
Vasopressor duration (days) 1.3 £ 0.7 (I-5) 1.2 £ 0.5 (1-3) 0.61
Postoperative ICU stay (days) 25+ 1 (2-7) 23 %07 (2-4) 0.47
Total hospitalization period Il + 3.6 (8-26) 10.3 + 2.3 (8-18) 0.23

Notes: Unless otherwise indicated, data represent the main * standard deviation and range in parenthesis.
Abbreviations: CBP, cardiopulmonary bypass time; IABP, Intra-Aortic Balloon Pump; RBCs, red blood cells; ICU, intensive care unit.

discharge were improved with frequent sterile wound dressing
once or twice daily as required according to the amount of
discharge in every patient. Patients in two groups who had
early sternal rocking detected at discharge time in two groups
had a follow-up of the wound and thoracic support vest. In the
bone wax group, the seven patients with infected purulent
discharge had frequent sterile dressing twice daily. The two
patients who had late sternal dehiscence with deep mediastini-
tis were submitted to exploration, debridement of infected
tissues, rewiring with reinforced sternal closure and mediast-
inal wash with vancomycin and cefotaxime till lavage is clear.

Six-Point CT Healing Score

Assignment of the 6-point CT score for sternal healing in
the two groups stratified by readers is shown in Table 5.
The majority of the patients in the vancomycin group had
better sternal healing (score 4) than those in the bone wax
group (86.9% vs. 52.5%). The main CT score for sternal

healing was 3.9 £ 0.4 (range = 3-5) in the vancomycin
group and 3.3 £ 0.8 (range = 2—4) in the bone wax group.
There was a high statistically significant improvement (p
<0.001) in CT healing scores among patients in the van-
comycin group than in the bone wax group.

We found a statistically significant relationship (p =
0.003) between the occurrence of infection and the 6-point
CT score in the bone wax group. In contrast, there was no
statistically significant relationship (p = 0.79) between the
occurrence of infection and the 6-point CT score in the
vancomycin group (Table 6).

Reproducibility of 6-Point CT Healing
Score

The overall IRA of the 6-point CT score was good in two
groups (k = 0.79, 95% CI: 0.66—-0.93 in vancomycin group
and « = 0.78, 95% CI: 0.68-0.88 in the bone wax group).

https:

9292

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Basha et al

# Bone wax group

M Vancomycin group
3
el —
Not infected Serious Purulent Early sternal Late sternal
discharge discharge rocking dehiscence
and deep

Figure 2 Bar chart shows the poststernotomy wound infection in both groups.

Representative cases of our study are shown in Figures
3 and 4.

Discussion
The main objective of any material used for sternal hae-
mostasis is to be safe and effective. This study radiologi-
cally investigated the impact of two haemostatic materials
on sternal bone healing in high-risk CABG patients — the
vancomycin paste and the bone wax. Although the safety
and efficacy of these materials have been investigated,*'*!”
up to date, the imaging comparison between the effect of
vancomycin paste and bone wax on sternal healing has not
been tested. The present study prospectively compared the
6-point CT score of sternal healing of vancomycin paste to
that of bone wax.

In comparing vancomycin paste to bone wax, our study
found a highly statistically significant improvement (p
<0.001) in CT healing score among patients of the

mediastinitis

vancomycin group, reflecting better sternal bone healing
with vancomycin paste in comparison to bone wax. These

16-18 \which recom-

findings support the previous literature,
mends using local vancomycin paste in patients with
comorbidities like diabetes mellitus and morbidly obese
patients. However, these studies did not use imaging in the
assessment of sternal healing.

Interestingly, a statistically significant relationship was
found between the occurrence of infection and the 6-point
CT score in the bone wax group (p = 0.003). In contrast,
no statistically significant relationship was found between
the occurrence of infection and the 6-point CT score in the
vancomycin group (p = 0.79). Moreover, patients with
sternal rocking in the vancomycin group did not show a
progression of infection. They also showed better healing
scores than patients with early sternal rocking in the bone
wax group. This supports the point that vancomycin paste
prevents poststernotomy infection and offers better sternal

Table 5 Assignment of 6-Point CT Score for Sternal Healing in the Two Groups Stratified by Readers

Score Vancomycin Group (n = 61) Bone Wax Group (n = 61)
Reader | Reader 2 Consensus Reader | Reader 2 Consensus
0 1 (1.6) 0 0 2 (3.3) 1 (1.6) 0
| 0 2 (3.3) 0 3 (4.9 1 (1.6) 0
2 2 (3.3) 1 (1.6) 0 13 (21.3) 12 (19.7) 12 (19.7)
3 4 (6.6) 8 (13.1) 6 (9.8) 19 (31.2) 17 (27.8) 17 (27.8)
4 52 (85.2) 48 (78.7) 53 (86.9) 24 (39.3) 30 (49.1) 32 (52.5)
5 2 (3.3) 2 (3.3) 2 (33) 0 0 0
Mean #SD (range) 3.8+0.7 (0-5) 3.8+0.7 (1-5) 3.9+0.4 (3-5) 3x1.1 (04) 3.2+0.9 (04) 3.3+0.8 (24)
Notes: Unless otherwise indicated, data represent the number of patients and percentage in parenthesis.
Abbreviation: SD, standard deviation.
International Journal of General Medicine 2021:14 htps: 9293
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Table 6 Relation Between the Occurrence of Infection and 6-Point CT Score for Sternal Healing Among Patients of the Two Groups

CT Score for Sternal Healing P-value
Infected Patient Non-Infected Patient
Vancomycin group 4 £ 0.6 (3-5) 3.9 £ 0.3 (3-5) 0.79
Bone wax group 32 £ 0.6 (24) 3.8+ 05 (34) 0.003

Notes: Data represent the main * standard deviation and range in parenthesis.

healing even in patients with postoperative superficial
wound complications.'*'” In contrast, Lander et al*°
reported that the application of vancomycin paste to the
sternal edges of patients undergoing cardiac surgery was
not associated with a reduced risk of deep sternal wound
infection. However, it was a single-centre, retrospective
study with limited data about systemic perioperative anti-
biotics administration. Furthermore, not all surgeons in
this study used vancomycin paste, and there were changes
in practice during the study period. These limitations may
significantly impact the findings of this study.

To evaluate the safety of local sternal vancomycin
paste on the kidney, we made follow-up kidney function
tests of the patients in the vancomycin group. In our study,

we did not find a significant increase in kidney function
tests with its use. Desmond et al*' found that after topical
sternal vancomycin use, vancomycin shows a significant
therapeutic systemic level six hours post-surgery, but it
does not persistently elevate serum vancomycin levels. It
may be measured in urine for up to 5 days after surgery.
However, Lazar et al** demonstrated that vancomycin
paste does not affect serum vancomycin levels or renal
function.

Our results showed an overall good IRA of the 6-point
CT score regardless of whether vancomycin paste or bone
wax was used as a haemostatic material for sternal healing
(k = 0.79, and 0.78, respectively). This result is consistent
with Stacy et al,'® which reported that the 6-point CT score

Figure 3 A 60-year-old-diabetic-male patient with sternotomy and received local sternal vancomycin paste. (A) Axial (bone window) images at the five fixed anatomic levels
show the sternal halves are well-aligned. The appearance is that of essentially normal bone without gap or obvious osteotomy margin at all five levels. The mean 6-point CT
score of sternal healing is 5, denoting complete healing. (B and C) A reformatted 3D image confirms the complete healing.
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Figure 4 A 62-year-old-diabetic-male patient with sternotomy and received bone wax on the divided edge of the sternum. (A) Axial (bone window) images at the five fixed
anatomic levels show level 1, partial synthesis (significant bridging bone) (score 4). Level 2, no sign of healing (sternal separation, non-union, clear lack of healing) (score 0).
Level 3, minimal healing (lack of bridging bone, sternal separation) (score ). Level 4, moderate healing (partial bridging bone) (score 3). Level 5, complete synthesis
(complete bridging bone) (score 5). The mean CT score of sternal healing is 2.6, denoting incomplete healing. (B and C) A reformatted 3D image confirms the incomplete

healing.

of sternal healing has moderate to substantial agreement
for inter-observer reliability.

Finally, this study expands the literature by offering an
insight into the promising potential of vancomycin paste in
improving sternal healing in high-risk CABG patients and
confirms the high reproducibility of the 6-point CT score
in evaluating sternal healing after sternotomy. Moreover,
establishes the basis for future studies to evaluate the value
of a 6-point CT score in assessing sternal healing.
Nevertheless, the current study had some limitations.
First, the small size of study population. Second, the
duration of the follow-up is short. Third, the CT imaging
data were collected only six-months postoperative, rather
than using multiple records: three, six, and 12 months.
However, Vestergaard et al*® concluded that CT could
not be used in the diagnostic criteria for sternal instability
up to six months postoperatively. Fourth, the lack of refer-
ence standard with which we can compare the images.
Despite these limitations, the study findings illustrate the

imaging effects of vancomycin paste on improving sternal
healing.

Conclusions

Vancomycin paste had a better CT healing score and can
be used as a sternal haemostatic material instead of bone
wax. The 6-point CT healing score is a reliable diagnostic
tool for evaluating sternal healing after sternotomy in
high-risk CABG patients.
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