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Background: The influence of sternal size and of inadvertent paramedian sternotomy
on stability of the closure site is not well defined.

Methods: Data on 171 consecutive patients undergoing cardiac surgery through a
midline sternotomy were prospectively collected. Intraoperative measurements of
sternal dimension included thickness and width at the manubrium, the third and fifth
intercostal spaces; paramedian sternotomy was defined as width of one side of the
sternum equaling 75% or more of the entire width, at any of the three levels. The
chest was closed with simple peristernal steel wires and inspected to detect deep
wound infection and/or instability for 3 postoperative months. The sternal factors
and several patient/surgery—related factors were included in a multivariate analysis
model to identify factors affecting stability. An electromechanical traction test was
conducted on 6 rewired sternal models after midline or paramedian sternotomy and
separation data were analyzed.

Results: Chest instability was detected in 12 (7%) patients and wound infection in
2 (1.2%). Patient weight (P = .03), depressed left ventricular function (P = .04),
sternum thickness (indexed to body weight, P = .03), and paramedian sternotomy
(P = .0001) were risk factors of postoperative instability; paramedian sternotomy
was the only independent predictor (P = .001). The electromechanical test showed
more lateral displacement of the two rewired sternal halves after paramedian than
midline sternotomy (P = .002); accordingly, load at fracture point was lower after
paramedian sternotomy (220 = 20 N vs 545 = 25 N, P = 0.001).

Conclusions: Inadvertent paramedian sternomoty strongly affects postoperative
chest wound stability independently from sternal size, requiring prompt reinforce-
ment of chest closure.

idline sternotomy, introduced by Julian and associates' in 1957, is the

preferred access for operations on the heart and great vessels, allowing

good surgical exposure and rapid postoperative wound healing. Never-
theless, wound complications may occur, particularly in patients with concomitant
pathologic conditions affecting wound healing, such as chronic obstructive pulmo-
nary disease, diabetes, obesity, or peripheral arterial disease, or after extensive
sternal devascularization owing to bilateral internal thoracic artery harvesting.” %
Deep wound dehiscence and consequent instability of the chest closure undoubtedly
represents the most feared complication, facilitating tissue infection and mediasti-
nitis.”"'® Reinforcement of the chest closure, as proposed with different techniques
by Robicsek, Daugherty, and Cook'' and by other authors,'*'* may prevent post-
operative dehiscence in patients at high risk of wound complications; also, titanium
plates,'* stainless steel coils, or cables'>'® have been proposed in substitution of
simple steel wires and have been tested to improve postoperative sternal stability.
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TABLE 1. Clinical characteristics of patients with and
without postoperative instability of the chest closure site

Instability Stability
Variables (n=12) (n = 159) P value
Age (y) 68.3 = 6.1 66.5 = 10.2 .58
Age >70 y 7 (58%) 65 (41%) 23
Sex (M/F) 1/5 108/51 A9
Diabetes mellitus 4 (33%) 44 (28%) .67
COPD 4 (33%) 45 (28%) WAl
Renal dysfunction 1(8%) 23 (14%) .55
LVEF < 50% 5 (42%) 28 (18%) .04
Weight (kg) 824 + 105 73.8+133 .03
Weight > 80 kg 7 (58%) 45 (28%) .03
Obesity* 5 (42%) 36 (23%) A3
CABG procedure 8 (67%) 91 (57%) 52
BITA use 4 (33%) 43 (27%) 63
CPB time (min) 89 = 25 77 =28 .20
Use of inotropic drugs 6 (50%) 44 (28%) 10
Transfusion of blood units 8 (67%) 101 (63%) .82

COPD, Chronic obstructive pulmonary disease; LVEF, left ventricular ejec-
tion fraction; CABG, coronary artery bypass grafting; BITA, bilateral inter-
nal thoracic artery; CPB, cardiopulmonary bypass. *QObesity is defined as
body mass index (weight/height?) > 30.0.

Indeed, routine application of time-consuming techniques
and/or costly materials depends on the precise identification
of patients who would clearly benefit from reinforcement of
the chest closure. Despite the numerous reports on several
risk factors of wound complications, the influence of
sternum-related variables in comparison with the other fac-
tors has been poorly investigated. The purpose of this study
was to analyze the impact of size of the sternum and
inadvertent performance of a paramedian sternotomy on
stability of the closure site.

Methods

From June 2004 to November 2004, data on 171 consecutive
patients undergoing median sternotomy for coronary artery bypass
grafting (n = 99) or valve replacement (n = 72) at our institution
were prospectively collected. Also, a laboratory electromechanical
test was conducted on 6 sternal models to simulate influence of
inadvertent paramedian sternotomy on resistance of the rewired
sternum to lateral distraction forces.

Preoperative and intraoperative characteristics of patients are
shown in Table 1. Patients undergoing primary reinforcement of
the closure site were not included in the study. In coronary pa-
tients, bilateral internal thoracic arteries were harvested in a skel-
etonized fashion. After skin disinfection with 10% povidone-
iodine (Betadine) solution and intravenous antibiotic prophylaxis
with 2 g of ceftizoxime, sternotomy was performed with an oscil-
lating saw. Sternal measurements were taken at the end of the
surgical procedure, before closure of the chest: width and thickness
of the two sternal halves were measured with a sterile calibrated
ruler at the manubrium, the third and fifth intercostal spaces. Full
bone width at the three levels was obtained by addition of mea-

surements of the two halves; the average individual sternal width
and thickness were then determined for each patient. Sternal mea-
surements were also indexed to the patient’s body weight. Para-
median sternotomy was defined as width of one side of the sternum
equaling 75% or more of the full sternum width, at any of the three
measurement levels. Reapproximation of the sternum was then
achieved by 6 to 10 (approximately 1 for each 10 kg of patient
weight) single interrupted stainless steel wires, 2 to 3 through the
manubrium and the others in the peristernal position at the inter-
costal spaces. The fascia and the subcutaneous layers were rou-
tinely closed with 2 continuous absorbable 0-0 polyglycolic acid
suture lines, and the skin was closed with an intradermic absorb-
able 4-0 polyglycolic acid suture line. Instability of chest closure
was defined as instability of the two rewired halves detected at
palpation over the sternum during a brief alternating arm extension
exercise; additional deep wound infection was diagnosed, accord-
ing to the “Guideline for Prevention of Surgical Site Infection” of
the Hospital Infection Control Practices Committee,!” in case of
visual evidence of mediastinitis, isolation of an organism from
culture of mediastinal tissue or fluid, fever, or instability of the
sternum associated with purulent drainage from the mediastinum.
The sternotomy site was inspected monthly for 3 months after
discharge from the hospital. Follow-up was 100% complete.

Electromechanical Test

The electromechanical test was conducted on 6 artificial sternal
models formed from 20 1b/ft*~density polyurethane foam (Pacific
Research Labs, Inc, Vashon Island, Wash), a material that has been
characterized as a model for human cancellous bone'® and used to
construct sternal models, which have been validated for studies of
closure methods'® and are widely adopted in electromechanical
studies.'*'® The models were longitudinally divided at the midline
(n = 3) or at the paramedian (75% asymmetrical) line (n = 3) with
an oscillating saw, rewired by a cardiothoracic surgeon with 5
peristernal No. 5 steel wires (AE Medical Corporation, Farming-
dale, NJ) placed in simple interrupted fashion, and then mounted
onto an electromechanical testing system (model 8055; Instron
Corp, Canton, Mass) (Figure 1). In particular, 6 lateral anchoring
holes were made in each side of the sterna, 5 at the costal junctions
and 1 in the manubrium, and lateral distraction forces were applied
through pairs of steel cables secured across the holes through small
metal hoses. Three strain gauges (Vishay Intertecnology Inc,
Malvern, Pa) were applied over the closure line on the posterior
surface of the manubrium, midsternum (at the third intercostal
space), and xiphoid, and separation of the two sternal halves was
measured with a Spider 8 apparatus in half-bridge configuration
(HBM, Marlborough, Mass) during a continuously increasing ten-
sile test at 2 mm/min, to generate a load-displacement curve until
the construct would break.

Statistical Analysis

Influence of variables on stability of the closure site was assessed
by the unpaired Student  test, the x* test, or the Fisher exact test,
as appropriate. Sternum-related risk factors included sternal width
and thickness at the three sternal levels, the mean individual
patient width and thickness, and occurrence of inadvertent para-
median sternotomy. Other patient- and surgery-related factors in-
cluded age, sex, New York Heart Association functional class
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Figure 1. Photograph of the electromechanical testing system
providing lateral distraction forces to the anchoring points on the
rewired polyurethane sternal model.

III-1V, patient weight as a continuous variable and as weight
greater than 80 kg, obesity (body mass index = 30 kg/m?),
echocardiographic left ventricular ejection fraction lower than
50%, diabetes mellitus, chronic obstructive pulmonary disease,
peripheral vascular disease, renal failure (serum creatinine value >
1.5 mg/dL), type of surgical procedure (bypass grafting or valve
replacement), resident or attending surgeon, bilateral internal tho-
racic artery harvesting, time of cardiopulmonary bypass, postop-
erative use of inotropic drugs during the intensive care stay,
reopening for bleeding, and transfusion of blood units. Factors
with a probability (P) value less than .1 were then included in a
stepwise logistic regression prediction model.

Separation data of the electromechanical test were compared by
2-way repeated-measures analysis of variance to detect influence
of type of sternotomy and increasing loads on lateral displacement
of sternal halves. Ultimate load values at the time of fracture of the
sternal models were compared by the unpaired Student’s 7 test.
Variables are presented as mean * 1 standard deviation. Statistical
analysis was done by the SPSS statistical software package (SPSS
Inc, Chicago, IL).

Results

No hospital mortality occurred. Instability of the chest clo-
sure was detected in 12 (7%) patients; wound infection was
diagnosed in 2 (1.2%) patients. Surgical treatment included
chest reopening, debridement of nectrotic tissue, rewiring of
the sternum according to the Robicsek method'' in 3 pa-

TABLE 2. Sternum-related variables in patients with and
without postoperative instability of the chest closure site

Instability  Stability P

Variable (n =12) (n =159) value

Sternum width, mean (mm) 36.1+65 329+58 .09

Sternum width/body weight 043 +0.07 046 =011 .49
(mm/kg)

Sternum thickness, mean (mm) 108 =14 11.2+22 48

Sternum thickness/body 0.13 +£0.03 0.16 = 0.03 .03
weight (mm/kg)

Paramedian sternotomy 6 (50%) 10 (6.2%)  .0001

tients or with plain steel wires in 5 patients, or sternal
reapproximation by use of bilateral “pectoralis major” mus-
cle flaps in 4 patients; primary closure of subcutaneous and
skin layers was then accomplished by absorbable sutures, as
previously reported in patients with superficial wound de-
hiscence,?® and wide-spectrum intravenous antibiotic ther-
apy was instituted. All patients recovered completely. At
univariate analysis, significant predictors of instability in-
cluded patient body weight (P = .03), body weight greater
than 80 kg (P = .03), preoperative depressed left ventricular
function (P = .04), the mean individual sternal thickness
indexed to patient’s body weight (P = .03), and inadvertent
paramedian sternotomy (P = .0001); no other measurement
of sternal size was related to wound instability (Tables 1 and
2). At multivariate analysis, the paramedian sternotomy was
the only risk factor affecting stability of the closure site,
independently of the other variables (P =.001, odds ratio
11.4, 95% confidence limits 2.5-51.7). All surgeons were
right-handed: paramedian sternotomy occurred to the right
in 11 (69%) and to the left in 5 (31%) patients; correlation
of the paramedian incision with the side on which the
internal thoracic artery was mobilized did not increase the
chance of wound instability, which occurred in 2 of 6 (33%)
patients with correlation and in 4 of 10 (40%) of the other
patients. No patient- or surgeon-related factor influencing
occurrence of the off-center incision could be identified,
including patient sex (P = .67), weight (P = .32), obesity
(P = .18), sternal width (P = .16) and thickness (P = .81),
or resident or attending surgeon (P = .27).

All traction tests were interrupted for transverse fracture
of one of the two halves of the rewired sternal models, at the
sternoxiphoid junction in 5 and the lower third in 1; break-
age of the construct occurred after steel wires cut through
the casts for a variable extent. Ultimate load values inducing
fracture were lower after paramedian sternotomy (220 = 20
N vs 545 = 25 N, P = .001). Lateral displacement at 200
N tensile force (shortly before fracture) after median or
paramedian sternotomy was 9.5 = 0.4 versus 11.2 = 0.8
mm at the xiphoid (P = .016), 1.5 = 0.3 versus 2.7 £ 0.4
mm at the midsternum (P = .008), and 3.8 = 0.6 versus 4.7
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Figure 2. Separation data of the rewired sternal models after
midline (n = 3) or paramedian (n = 3) sternotomy, up to forces
causing fracture. Displacement differs significantly from other
group (P = .02). Fracture occurred earlier in models divided by
paramedian sternotomy (220 = 20 N vs 545 = 25 N, P = .001).

* 0.5 mm at the manubrium (P = .1). Comparison between
mean lateral displacement of sternal halves during traction
at increasing loads showed significantly more separation
after paramedian than midline sternotomy (P = .002) (Fig-
ure 2).

Discussion

Midline sternotomy is widely used in cardiac surgery, pro-
viding prompt access and good surgical exposure at low risk
of postoperative wound complications; moreover, sternal
closure can be accomplished quickly and efficiently by
reapproximation of the two sternal halves with inexpensive
simple steel wires. Nevertheless, postoperative sternal in-
stability occurs in some patients, causing deep wound de-
hiscence and favoring mediastinitis, the most serious wound
complication, still producing high morbidity and mortality
in up to 2% of patients after cardiac surgery.”'® Several
studies focus on the influence of concomitant pathologic
conditions and of surgery-related factors on wound healing:
advanced cardiac disease, diabetes, peripheral vascular dis-
ease, smoking, and bilateral internal thoracic artery harvest-
ing are known risk factors.>®?! Also, factors increasing
forces acting on the sternum, such as patient overweight,
chronic obstructive pulmonary disease, and prolonged me-
chanical ventilation, have been frequently related to an
increased risk of wound complications.?> Accordingly, dif-
ferent techniques and materials have been proposed to en-
hance stability of sternal closure in high-risk patients.''~'®
Interestingly, the impact of the anatomic characteristics of
the sternum on wound complications has been poorly in-
vestigated; also, the precise influence of inadvertent para-

median sternotomy, a technical drawback of longitudinal
chest opening, has not been well defined in comparison with
other known risk factors of wound complications. We hy-
pothesized that a better knowledge of these aspects might
also help to clearly identify those patients who would ben-
efit from routine application of a reinforcement technique of
chest closure. Indeed, the various techniques and materials
for sternum reinforcement are somewhat time-consuming
and more expensive than the usual closure with simple
wires, and surgeons may hesitate to adopt routinely one of
these techniques in all categories of patients at risk.

We found that sternal size did not independently affect
chest wound stability; in fact, sternal thickness affected
postoperative stability if indexed to the patient’s body
weight, which is a widely known risk factor for wound
complications. That finding is presumably related to the
great variability of sternal width and thickness that is nor-
mal between patients. We found, instead, that inadvertent
performance of paramedian sternotomy strongly affected
postoperative stability at the closure site, as also suggested
previously.?* As expected, other known risk factors of deep
wound dehiscence were identified, such as patient weight
and depressed left ventricular function. Interestingly, at
multivariate comparisons, paramedian sternotomy was the
most powerful risk factor of postoperative chest instability,
suggesting that this technical drawback might be as impor-
tant as or more important than other already widely known
risk factors; of note, that influence occurred independently
of sternal size and the other analyzed variables. That finding
was enhanced by the observations at the electromechanical
test on the rewired sternal models, showing more separation
of the two sternal halves during lateral traction and a con-
sistently lower ultimate load inducing the model break after
paramedian than midline sternotomy. As already shown in
previous reports,'*'® the higher lateral displacement was
detected at the xiphoid.

These findings have practical implications on the intra-
operative choice of the method of chest closure; indeed,
occurrence of inadvertent paramedian sternotomy is easily
identified by inspection at the time of chest opening and
may therefore promptly suggest reinforcement of chest clo-
sure by use of one of the proposed methods. Imperfect
sternal opening may not simply depend on surgical skill and
experience; for instance, we found the same impact of
residents versus attending surgeons on the occurrence of
sternal instability, as already reported by others.>® Also,
precise sawing at the midline may easily be compromised if
the outer sternal border is hardly detectable, as in over-
weight patients, or when the bone is narrow; nonetheless,
patients significantly at risk for a paramedian incision could
not be identified in the present study.

In conclusion, occurrence of inadvertent paramedian
sternotomy, independently of sternal size or other factors,
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appears highly significant among factors jeopardizing a

successful chest closure and may promptly induce surgeons
to routine application of a sternal reinforcement technique.
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