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Xiphoid-sparing midline sternotomy reduces wound infection risk
after coronary bypass surgery
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Background: Because of its advantages, full midline sternotomy has remained the main approach for
cardiac surgery. However, the development of post-sternotomy wound infections is its primary disadvantage.
We evaluated the impact of xiphoid process (XIP)-sparing midline sternotomy regarding reducing the risk of
deep sternal wound infections (DSWIs).

Methods: Data from 446 patients who underwent coronary artery bypass grafting by one surgeon, from
January 2007 through May 2017, were retrospectively analyzed. Patients were divided into preliminary
(from 2007-2011; n=202) and contemporary (January 2012-May 2017; n=244) groups. Traditional midline
sternotomy was performed in the preliminary group, while xiphoid-sparing midline sternotomy was
performed in the contemporary group. To adjust for differences in baseline and operative characteristics,
the inverse probability of treatment weighting (IPTW) was applied. The generalized linear model was used
to compare xiphoid-sparing and conventional sternotomy regarding the development of sternal wound
infections.

Results: The sternal infection rates were 0.8% and 4.5% in the xiphoid-sparing and standard sternotomy
groups, respectively (P=0.014). After adjustment for the IPTW, the xiphoid-sparing group showed a
decreased risk for DSWIs (odds ratio 0.171, 95% confidence interval, 0.036-0.806, P=0.026) compared to
the traditional sternotomy group.

Conclusions: XIP-sparing midline sternotomy may be an alternative approach in coronary artery bypass

surgery and seemed to reduce the risk of post-sternotomy wound infections in this study.
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Introduction and to all branches of the coronary system. Moreover, it

is easily performed and learned by younger surgeons, and

Midline sternotomy was first described by Milton in is well tolerated by patients. In the last two decades, many

1897 (1). The Milton procedure remained unused until it
was recommended by Julian ez /. in the 1950s (2). Since
then, midline sternotomy has become the most common
approach for coronary artery bypass surgery (1-3). It
provides full access to almost all mediastinal structures
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surgeons have applied partial sternotomy (upper or lower)
for minimal access cardiac surgery; however, the role of this
approach in reducing sternal wound infections is unclear
(4,5). Midline sternotomy is also preferred by many thoracic
surgeons (6). Manubrium-sparing midline sternotomy is
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less utilized and is usually performed to provide better
cosmetic results compared to standard sternotomy (7).
Mainly due to biomechanical factors, physical activity after
midline sternotomy always results in varying amounts
of lateral distraction between the sternal edges. Because
immobilization is mandatory for bony union, the wound
healing of full midline sternotomy is likely to be less
optimal compared with that of orthopaedic fractures (8).
Additionally, the wound healing of this approach majorly
depends on many risk factors, which may affect the
stabilization or circulation state of the healing sternum (9).
The cartilaginous xiphoid process (XIP) is usually avascular.
Consequently, wound healing in the region of the xiphoid
could be slower compared to other segments of the sternum.
A study of cadaveric humans showed a greater displacement
at the xiphoid region than at other segments of the sternum,
with lateral distraction after midline sternotomy (10). In
this study, we aimed to clarify if the preservation of XIP
with its muscular attachment may play a role in improving
the healing process after midline sternotomy and reducing
the risk of deep sternal wound infections (DSWIs).

Methods
Study design

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the regional
ethics committee (approval No. 10/2018). Clinical data
were collected from the hospital record system at St. Rafael
Zala County Hospital, Zalaegerszeg, Hungary. We included
only patients who underwent coronary artery bypass
grafting by one surgeon, with the use of the left internal
thoracic artery via midline sternotomy. We excluded all
patients who underwent harvesting of the right or bilateral
internal thoracic artery, minimally invasive direct coronary
artery bypass grafting, coronary revascularization alone with
venous conduits, surgeries other than coronary artery bypass
grafting, and redo operations. A preliminary retrospective
analysis of data from 202 cardiac surgical patients that
underwent coronary bypass grafting with the left internal
thoracic artery by one surgeon from 2007-2011 (preliminary
group) was conducted to ascertain the prevalence of DSWI.
Following, we conducted a cohort study to estimate the
impact of the preservation of XIP unit integrity on the
development of DSWI; data from 244 patients, who were
operated by the same surgeon and met the criteria for
inclusion in the period between January 2012 and May 2017
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(contemporary group) were prospectively collected and
retrospectively analyzed.

No structural differences were made or observed between
the preliminary and contemporary groups. Prophylactic
antibiotic therapy was the same in both groups.

Definitions

DSWIs were defined in accordance with the Centers
for Disease Control and Prevention guidelines (11). We
defined the “XIP unit” as the anatomical unit, which
consists of the bony-cartilaginous anatomical XIP and
its muscular attachments, the bifurcation of the internal
thoracic artery and the skin overlying the XIP. XIP-sparing
sternotomy was defined as midline sternotomy with the
preservation of the XIP unit. Standard midline sternotomy
was defined as midline sternotomy without the preservation
of the XIP unit.

Surgical technique

During XIP-sparing midline sternotomy, a skin incision
was made from the jugular notch to just above the border
of XIP. Soft tissue between the right 7'h costal cartilage
and XIP was bluntly dissected to ensure the hooking of the
power saw. The sternum was then cut first to the midline
of the sternum, then upwards till the jugular notch, in a “J”
shape. The left internal thoracic artery was harvested from
its origin to just above its bifurcation. Sternal closure was
performed with eight sternal wires in a crisscross formation
without introducing wires through the XIP (Figures 1,2).

In the standard longitudinal midline sternotomy, the
skin incision ended below the lower edge of XIP. Midline
sternotomy was initiated at the jugular notch and continued
downwards to cut XIP in the middle. The left internal
thoracic artery was then harvested from its origin to the level
below its bifurcation. Sternal wires were also introduced into
XIP to reunite the split XIP halves (Figure I).

Statistical analysis

Continuous variables are expressed as mean = standard
deviations and categorical variables as percentages. The
Chi-square test was used to compare the prevalence of
DSWTI between the XIP-sparing and traditional sternotomy
group. The differences in the baseline and operative
characteristics of the patients in both groups were compared
using the independent sample #-test for continuous variables
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I) Standard midline sternotomy without sparing of
the xiphoid process. The left thoracic internal
artery was harvested to the level below its bifurcation.

1) Xiphoid-sparing sternotomy. The left thoracic
internal artery was harvested to the level
just above its bifurcation.
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Ill) criss-cross sternal IV) criss-cross sternal
wiring with the wiring with sparing
involvement of of the xiphoid process.

the xiphoid process.

Figure 2 XIP-sparing midline sternotomy; intraoperative view. XIP, xiphoid process.

and the Chi-square test for categorical variables. To
reduce the impact of treatment selection bias and potential
confounding, we balanced the distribution of covariates
between the XIP-sparing and traditional sternotomy
groups with the inverse probability of treatment weighting
(IPTW). Using XIP unit sparing as a dependent variable,
related outcomes and confounding (related to treatment)
covariates (obesity, diabetes mellitus, chronic obstructive

pulmonary disease, peripheral vascular disease, red blood
cells transfusion, combined procedures, fresh frozen plasma
transfusion) were included in the binary logistic regression
analysis to compute the propensity score. The model was
well calibrated according to the Hosmer-Lemeshow test
(P=0.912). During the calculation of weighted samples,
the weight for patients in the XIP-sparing group was
inverse propensity score; and the weight for patients in the
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traditional sternotomy group was the inverse of 1-propensity
score. The mean weight was 2.27+0.97. For adjusting the
inflating effect of sample size to original sample size, a
robust method, the Generalized Linear Model was applied
in order to calculate variance and covariance in the weighted
sample. To estimate the treatment effect of XIP sparing
on the development of DSWI, a binary logistic model was

Percent (%)

Traditional stemotomy  XIP-sparing sternotomy

Figure 3 Differences in DSWI rates between the traditional and
XIP-sparing midline sternotomy groups (P=0.014). DSWI, deep

sternal wound infection; XIP, xiphoid process.

Table 1 Clinical characteristics of the study population

3571

used. All reported P values are two-sided, and P<0.05 was
considered statistically significant. Statistical analysis was
performed using SPSS for Windows version 20.0 (IBM
Corp., Armonk, NY, USA).

Results

There were no significant differences in the rates of
DSWI in our institution between all patients, underwent
coronary bypass grafting by all surgeons, in the preliminary
and contemporary groups, 3.8% (72/1,903) and 4.8%
(68/1,412), respectively (P=0.162). Among the study
population, the DSWI rates decreased from 4.5% (standard
sternotomy, preliminary group) to 0.8% (XIP-sparing
sternotomy, contemporary group) (P=0.014), (Figure 3).

Baseline and operative characteristics and clinical
outcome data of the patients in the XIP-sparing and
standard sternotomy groups are shown in Tuble 1. The
number of freshly frozen plasma transfusions and combined
procedures was higher in the XIP group. These variables
were included as confounding variables in the binary
logistic regression analysis during the computation of the
propensity score.

Based on the binary logistic model using inverse
propensity score-weighted samples, the XIP-sparing

Characteristics XIP-sparing sternotomy (n=244) Standard sternotomy (n=202) P value
Age (years) 63.9+8.9 63.3+8.8 0.473
Gender (male, %) 78.3 72.8 0.177
DM (%) 41.2 43.1 0.683
COPD (%) 13.2 12.9 0.962
Obesity (BMI >30 kg/mz, %) 18.9 13.9 0.153
PVD (%) 28.0 20.8 0.080
EuroSCORE Il 1.8+1.1 2.0+1.1 0.069
Operative time (minutes) 153+78 150+43 0.636
CABG + other procedures 11.5 5.4 0.025
RBCs transfusion (units) 1.1+£2.0 1.1+2.3 0.956
FFP transfusion (units) 0.12+0.6 0.02+0.3 0.019
ICU time (hours, mean + SD) 57+50 56+44 0.932

BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus;
EuroSCORE I, European System for Cardiac Operative Risk Evaluation Il; FFP, freshly frozen plasma; ICU, intensive care unit; PVD,
peripheral vascular disease; RBCs, red blood cells; SD, standard deviation; XIP, xiphoid process.
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approach had a significant therapeutic impact on DSWI
rates after coronary artery surgery compared to standard
sternotomy. The adjusted odds ratio of DSWI in the XIP
sparing-group was 0.171 (95% confidence interval, 0.036-
0.806, P=0.026).

Discussion

In our surgical experience, discharge from the sternal
wounds appears, in most cases, at the lower part of
these wounds. This observation led us to suspect the
possible role of XIP in the development of these wounds.
Instead of traditional midline sternotomy, patients in the
contemporary group underwent XIP-sparing sternotomy.
Although DSWI rates among all patients underwent
coronary bypass grafting via midline sternotomy in our
institution did not differ significantly in the preliminary
and contemporary period, XIP-sparing sternotomy in this
study population contributed to significant decrease in
DSWI rates.

The prevalence of midline sternotomy as the most
commonly used surgical approach in open heart surgery
has resulted in post-sternotomy deep wound infections
remaining a major challenge. Recently, there have been
several efforts to reduce the prevalence of wound infections.
These preventive measures were initially introduced in
other fields of surgery and were subsequently employed
in cardiac surgery. Platelet-rich autologous plasma,
gentamycin-coated sponge or vancomycin paste, or
incisional negative pressure wound therapy are among
those approaches that reportedly reduce the risk of wound
infections (12-18). However, these measures do not target
the surgical technique, which is a non-negligible risk
factor, but are rather aimed at reducing microbiological
contamination or promoting wound granulation. It is well
known that surgical technique can markedly affect the risk
of wound infection (19). In this respect, wound infections
after sternotomy can be distinguished from infections
that develop at the sites of other surgical incisions. The
peculiarities of median sternotomy show that risk factors
such as chronic pulmonary disease, obesity, or peripheral
vascular disease have a greater impact on the healing process
of sternal wounds compared to other wounds.

The division of the sternum by an oscillating saw is
usually standardized; however, the methods for reuniting
the sternal halves are diverse. Sternal reunion can be
performed by wires or plates. Wires can be used as simple
or figure-of-eights and passed transsternally or peristernally,
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and in the horizontal or longitudinal direction (20,21). The
main endpoint is to reach an unimpaired ossification of the
divided sternum, which will result in a biomechanically
stable thorax and uncompromised wound healing. To reach
this goal, sternal wound infection should be prevented
because if infection ensues, the bone healing process would
be interrupted and dehiscence of the sternal halves would
develop. Sternotomy closure with wires may not provide a
perfectly stable osteosynthesis and sternal plating may be
one of the preventive approaches that target the surgical
technique, and it reportedly reduces the risk of sternal
wound infections in high-risk patients (22).

XIP is usually cartilaginous in the adult. If it ossifies, the
ossification process is usually more visible at the margins,
with the core remaining cartilaginous (23,24). The healing
process of cartilage tissue usually differs from that of
bone. This is mainly because cartilage is avascular and the
repair process after damage of this tissue type is slow (25).
Lachman et al. reported the existence of a xiphoid branch
deriving from a trifurcation of the internal thoracic artery (26).
However, in most cases, the cartilage still has no or little
direct blood supply. We considered that dividing XIP in
the middle would possibly result in poor cartilage healing
and cartilage necrosis may develop. This may be one of the
initial steps that trigger infections of sternal wounds. We
supposed that sparing the cartilaginous XIP with its muscle
attachments, anteriorly to the linea alba and abdominal
rectal muscle and posteriorly to the diaphragm, during
midline sternotomy, would assist in reducing the risk of
sternal wound infections.

Unfortunately, patients whose bilateral internal
thoracic arteries were harvested were excluded from
our study as they composed only 1% of the total patient
population that underwent coronary bypass grafting in our
institution. In our opinion, apart from the basic factors of
bacterial colonization and risk factors, both biomechanical
and microvascular conditions are responsible for the
development of DSWI.

DSWIs are rare but serious complications after coronary
artery bypass surgery performed via midline sternotomy. In
addition to its impact on morbidity, mortality, and hospital
costs, DSWI reduces the survival rate after coronary bypass
surgery (27). This is an especially important issue in the
era when long-term survival after surgical revascularization
has been emphasized as the main goal in almost all
reports dealing with complete arterial revascularization
(28,29). Sternal wound infections, as other surgical wound
infections, have also a significant impact on patients’
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psychological and social status (30). Thus, we suggest that
applying a combination of measures to prevent DSWIs is
a substantial step towards maintaining the advantages of
surgical revascularization.

Recently, we considered XIP as a complex anatomical
unit, which consists of the bony-cartilaginous anatomical
XIP and its muscular attachments. Conversion from
traditional to XIP-sparing midline sternotomy led to
significant decrease in DSWI rates in this study population.

Limitations

In addition to the known limitations of retrospective studies,
the following should be considered when interpreting
the above results. First, the exclusion of patients who
underwent bilateral internal thoracic artery harvesting and
coronary bypass grafting with only venous conduits may
limit the generalizability of the above findings. Second, the
study lacked randomization; however, inverse probability
weighting was used to minimize this bias. These methods
allowed us to account for only the measured variables and
the estimates of treatment effect may be susceptible to bias
due to unknown and unmeasured confounding variables.
Third, the data were derived from a single institution. A
prospective randomized study to assess the role of XIP unit
preservation in reducing DSWI rates with broader inclusion
criteria should provide more accurate information regarding
our findings.

Conclusions

The decrease in DSWI rates after XIP-sparing midline
sternotomy underpins the important of XIP unit
preservation during midline sternotomy. In our patients,
midline sternotomy with XIP unit preservation did not
restrict access to any anatomical structure during surgery.
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