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ABSTRACT
Negative pressure therapy has been successfully applied to clean, closed incisions in patients at high-risk for wound
complications. Using laser Doppler flowmetry, we evaluated peristernal perfusion after cardiac surgery via median
sternotomy, assessing the influence of mammary artery harvesting and the impact of negative pressure therapy.
Twenty adult patients underwent median sternotomy for cardiac surgery followed by routine closure. Negative pres-
sure was applied at 125 mm Hg for 4 days postoperatively in patients with increased risk for wound complications
(n = 10, negative pressure group); standard dressings were applied to control incisions postoperatively (n = 10).
Presternal perfusion was determined at baseline and daily for 4 days postoperatively using laser Doppler flowmetry.
Results within and between groups were compared with analysis of variance. No wound complications were
encountered in either group. Perfusion increased among the patients who underwent negative pressure therapy
and decreased among the controls (P = 0·004). Mammary artery harvesting reduced peristernal perfusion by
25·7% in the controls, but negative pressure increased perfusion by 100% after mammary harvesting (P = 0·04).
Negative pressure therapy increased perfusion relative to controls and compensated for reduced perfusion rendered
by mammary artery harvesting, providing additional support for ‘well wound therapy’ in high-risk patients.
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Key Points

• median sternotomy is the
most versatile surgical approach
for performing cardiac surgery,
allowing access to all important
structures of the heart, great
vessels and both pulmonary hila

• however, there is a well-defined
incidence of sternal wound
complications, which can be
lethal in cases of deep sternal
wound infection or mediastinitis
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INTRODUCTION
Median sternotomy is the most versatile sur-
gical approach for performing cardiac surgery,
allowing access to all important structures of
the heart, great vessels and both pulmonary
hila (1). However, there is a well-defined inci-
dence of sternal wound complications, which
can be lethal in cases of deep sternal wound
infection or mediastinitis (2–7). Although sev-
eral mechanisms for sternal wound complica-
tions are proposed, it is widely accepted that
reduced sternal perfusion by virtue of internal
mammary artery (IMA) harvesting for use as
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a vascular conduit in coronary artery revas-
cularisation is an important cause of sternal
non healing and infection (1–6,8). Augmenting
sternal perfusion in the postoperative setting
may improve outcomes in high-risk patients.

We recently reported our experience with
negative pressure therapy (NPT) as applied to
the clean, closed sternotomy incision following
median sternotomy for cardiac surgery (9).
This form of ‘well wound therapy’ appears
to improve wound healing and to prevent
incisional complications after sternotomy and
other wounds in high-risk patients (9–11).
However, physiologic data to support these
clinical observations and to document im-
proved wound healing characteristics with
NPT are lacking.

Key Points

• augmenting sternal perfusion in
the postoperative setting may
improve outcomes in high-risk
patients

• we recently reported our expe-
rience with negative pressure
therapy (NPT) as applied to
the clean, closed sternotomy
incision following median ster-
notomy for cardiac surgery

• this form of ‘well wound
therapy’ appears to improve
wound healing and to prevent
incisional complications after
sternotomy and other wounds
in high-risk patients

• the present evaluation assessed
peristernal perfusion after
median sternotomy for cardiac
surgery using laser Doppler
flowmetry (LDF), which has
been used extensively for mon-
itoring wound perfusion includ-
ing sternal perfusion

• in addition, the effect of NPT
on peristernal blood flow was
assessed across varying degrees
of residual native sternal perfu-
sion, rendered by IMA harvest-
ing for coronary artery revascu-
larisation

• the study cohort was divided
into two groups: the treatment
group (NPT group, n = 10)
had NPT instituted upon the
clean,closed sternotomy inci-
sion

• the control group (n = 10)
had standard dressings applied
after routine sternal closure and
were considered not to have
increased risk for sternal wound
complications

The present evaluation assessed peristernal
perfusion after median sternotomy for car-
diac surgery using laser Doppler flowmetry
(LDF), which has been used extensively for
monitoring wound perfusion including ster-
nal perfusion (12–16). In addition, the effect of
NPT on peristernal blood flow was assessed
across varying degrees of residual native ster-
nal perfusion, rendered by IMA harvesting for
coronary artery revascularisation.

METHODS
Following local Institutional Review Board
approval for retrospective comparison and
reporting of two study groups, records of 20
adult male patients who underwent cardiac
surgery via median sternotomy were reviewed.
IMA harvesting for coronary artery surgery
was performed as a pedicle: the accompanying
mammary veins and surrounding chest wall
muscle and fascia were mobilised with the
artery (8). The study cohort was divided into
two groups: the treatment group (NPT group,
n = 10) had NPT instituted upon the clean,
closed sternotomy incision. Application of NPT
in this group was based on higher risk profiles
for sternal wound complications and has been
described previously (9). The control group
(n = 10) had standard dressings applied after
routine sternal closure and were considered
not to have increased risk for sternal wound
complications. Sternal closure techniques were
identical in each group and consisted of ster-
nal wire circlage to re-approximate the sternal
halves followed by layered re-approximation
of the presternal soft tissues. The skin was

re-approximated with either skin staples or
by an absorbable, subcuticular suture at the
surgeon’s discretion.

The protocol for NPT application and dura-
tion has been previously reported (9). Briefly,
a narrow strip of non adherent gauze was
placed directly on the closed incision, followed
by a strip of Granufoam Silver® foam (Kinetic
Concepts, Inc. San Antonio, TX). An occlusive,
transparent, plastic dressing covered the foam.
Negative pressure was applied to the dressing
and maintained at −125 mm Hg continuously.
Typically, a single dressing change was per-
formed 2 days after surgery to allow for wound
inspection and supportive device (chest tubes
or temporary pacing wires) removal.

Wounds were monitored postoperatively by
the primary surgical team for complications
including dehiscence or infection. Wound
complications were considered to occur if
inpatient hospital readmission was required
for wound care or medical therapy directed at
cellulitis, drainage, dehiscence or infection was
required. When necessary, wound infection
was classified as described by Jones et al. for
sternal wound infection (17).

Data acquisition and management
Initial LDF measurements were obtained after
induction of general anesthesia and prior to the
surgical incision (Laserflo BPM2, Vasamedics,
St Paul, MN). LDF assessment was per-
formed with 10-second averaging and a P-430
right-angle probe, as has been reported (12).
LDF data are unit less, although some have
reported the data in ‘perfusion units’ or
‘LDF units’ (12,13). After surgical completion,
4–6 hours were allowed for re-warming and
for physiologic stabilisation prior to record-
ing the initial postoperative LDF. Importantly,
NPT was not applied to the incision in the NPT
group until initial postoperative LDF assess-
ment was made. Subsequently, daily LDF
recordings were made for a total of 4 days
(Figure 1).

LDF data were recorded at each time point on
a diagram as depicted in Figure 2. As the tech-
nique of LDF measurement assesses a relatively
small volume of tissue (approximately 1 mm3),
data were collected at four separate stations
on each side of the anterior chest, relative to
the midline sternotomy incision. Baseline LDF
and daily postoperative LDF values were aver-
aged across the four stations per hemisternum
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Figure 1. The data acquisition time line of the study
shows baseline laser Doppler flowmetry (LDF) values were
recorded immediately after anesthetic induction and prior to
surgical incision. Initial postoperative LDF values were obtained
4–6 hours after surgery, and daily LDF values were recorded on
the first 4 postoperative days.

Figure 2. Each dataset was recorded on the template
depicted. As laser Doppler flowmetry (LDF) assesses a relatively
small volume of tissue (1 mm3), data were collected at four
stations per hemisternum relative to the midline sternotomy
incision. Average values for each hemisternum were determined
for each data collection point. Baseline values for each
hemisternum and the maximum postoperative LDF recording
were also noted for each hemisternum.

at each time point, which was felt to most
accurately reflect perfusion to each side of the
sternum. Furthermore, each hemisternum was
evaluated separately as perfusion was thought
to be impacted independently by the state of
the ipsilateral IMA. For example, if the left IMA
was harvested and the right IMA was intact,
it is assumed that perfusion to each hemis-
ternum is inherently different, based on IMA
harvesting.

Maximum postoperative LDF values were
noted for each sternal half in each patient.
Mean baseline and maximum postoperative
LDF data were used to determine the percent
change in LDF as depicted in Equation (1).

% Change LDF

= Maximum postoperative − baseline LDF
Baseline LDF

(1)

Data are presented as mean ± standard
deviation unless otherwise noted. Data within

Table 1 Composition of study groups relative to surgical
procedure performed

Procedure performed
NPT group
(n = 10)

Control group
(n = 10)

CAB/single IMA 6 8
CAB/both IMA 4 0
Other procedure (no CAB/IMA) 0 2

CAB, coronary artery bypass; IMA, internal mammary artery; NPT,
negative pressure therapy.

and between groups were analysed using
analysis of variance (ANOVA), and statistical
significance was considered at <0·05.

RESULTS
The composition of both groups with respect
to surgical procedure is shown in Table 1. In
the NPT group, six patients underwent coro-
nary artery revascularisation using a single
IMA, while four patients underwent bilateral
IMA harvesting, introducing differing degrees
of postoperative sternal perfusion. Among con-
trols, eight patients underwent coronary artery
surgery using a single IMA, and two patients
had procedures which did not require IMA
harvesting. All cases were completed success-
fully, and all patients were discharged from
the hospital in good condition. Importantly,
no patients in either group experienced sternal
wound complications as defined previously.

Baseline LDF and maximum postoperative
LDF for both groups are shown in Figure 3.
There was no difference in baseline peristernal
perfusion between groups (NPT group baseline
LDF 3·12 ± 2·4 versus control group base-
line LDF 3·76 ± 2·4, P = 0·33). Postoperatively,
peristernal perfusion improved in the NPT

0

2

4

6

NPT
p = ns

Baseline LDF Max Postoperative LDF

Control

Figure 3. Mean baseline and maximum postoperative laser
Doppler flowmetry (LDF) values for the negative pressure therapy
(NPT) group (white bars) and the control group (grey bars) are
shown. Increased LDF among the NPT group and decreased
LDF among controls approached but did not reach statistical
significance (P = 0·09).
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group (baseline LDF 3·02 ± 2·4 versus
max postoperative LDF 3·88 ± 2·6, P = 0·13;
Figure 3), whereas perfusion worsened in the
control group (baseline LDF 3·76 ± 2·4 versus
max postoperative LDF 2·86 ± 1·8, P = 0·09,
Figure 3). When data were analysed in terms of
percent change in LDF across the study time-
line, the difference between the two groups
for percent change in LDF was statistically
significant (NPT group 100 ± 150% versus con-
trol group −12·7 ± 70%; P = 0·004, ANOVA,
Figure 4).

Key Points

• improving perfusion to the ster-
num rendered ischemic by IMA
harvesting is very appealing, but
a few such treatment modalities
exist

• the present evaluation assessed
peristernal perfusion after
median sternotomy and under
various degrees of reduced
native sternal perfusion as a
result of IMA harvesting

• these data show that after
median sternotomy and IMA
harvesting, peristernal perfu-
sion is significantly reduced and
recovers little in the time-frame
studied

• however, NPT increases peris-
ternal perfusion compared with
controls regardless of the status
of the ipsilateral IMA, provid-
ing a rare piece of physiologic
evidence for the efficacy of NPT
and supports the use of NPT
as a form of ‘well wound ther-
apy’, particularly in patients at
high-risk for sternotomy compli-
cations

• these findings are clinically
important and relevant, imply-
ing that NPT can augment
peristernal soft tissue perfusion
made relatively ischemic by IMA
harvesting

LDF data were also analysed with respect
to IMA harvesting and whether or not NPT
was applied, allowing assessment of 20 sternal
halves in each group (Table 2). When the IMA
was intact, NPT (n = 6) improved perfusion
(% change LDF) by 101 ± 66%, whereas
perfusion decreased by 1·99 ± 20% among
controls (n = 12). The difference between these
two groups approached statistical significance
(P = 0·08 ANOVA, Table 2). When the IMA
was harvested, perfusion was reduced by
25·7 ± 22% among controls (n = 8) but was
increased by 100 ± 43% with NPT (n = 14). The
difference in these two groups was statistically
significant (P = 0·037 ANOVA, Table 2).

DISCUSSION
Sternal wound complications following car-
diac surgery are costly, morbid and lethal (2–6).
Despite advancements in most aspects of peri-
operative care, rates of sternal wound com-
plications, including mediastinitis, following

-50%
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% Δ LDF
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Figure 4. When mean baseline and maximum postoperative
laser Doppler flowmetry (LDF) data were analysed as percent
change in LDF (% �LDF), the difference in postoperative
presternal perfusion was significant. Perfusion increased by
100% when wounds were treated with NPT, whereas perfusion
decreased by over 12% relative to baseline among controls.

Table 2 Impact of negative pressure therapy on presternal
perfusion with respect to internal mammary artery (IMA)
harvesting

Status of IMA
Intact Harvested

Negative
pressure
therapy used

Yes 101 ± 66%
(n = 6)

100 ± 43%
(n = 14)

No −1·99 ± 20%
(n = 12)

−25·7 ± 22%
(n = 8)

P = 0·037; ANOVA.

adult cardiac surgery have varied little over
the past 30 years (2–6). Several different factors
have been implicated in the development of
sternal wound infection, most consistently
obesity and diabetes mellitus (5,6). In addi-
tion, using the IMA as a conduit for coro-
nary artery bypass, which has significantly
improved short- and long-term results of the
procedure (18,19), has been shown to impact
sternal wound healing, particularly when both
IMAs are used (18,20). In fact, most models
or hypotheses regarding etiologies of medi-
astinitis invoke decreased sternal perfusion
induced by IMA harvesting, in addition to vari-
ous patient characteristics (8,21–25). Therefore,
improving perfusion to the sternum rendered
ischemic by IMA harvesting is very appealing,
but a few such treatment modalities exist.

The present evaluation assessed peristernal
perfusion after median sternotomy and under
various degrees of reduced native sternal per-
fusion as a result of IMA harvesting. These
data show that after median sternotomy and
IMA harvesting, peristernal perfusion is sig-
nificantly reduced and recovers little in the
time-frame studied. However, NPT increases
peristernal perfusion compared with controls
regardless of the status of the ipsilateral IMA
(Table 2), providing a rare piece of physiologic
evidence for the efficacy of NPT and supports
the use of NPT as a form of ‘well wound
therapy’, particularly in patients at high-risk
for sternotomy complications. These findings
are clinically important and relevant, implying
that NPT can augment peristernal soft tissue
perfusion made relatively ischemic by IMA
harvesting.

Over the past several years, several groups
have gained experience with application of
NPT to clean, closed incisions as a mechanism
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to support wound healing physiology (9–11).
This approach appears to be effective in
preventing wound complications, is easily
applied, and well-tolerated. In addition, it
appears to be a cost-effective strategy when
applied to patients at higher risk for wound
complications (9,11). For example, as previ-
ously reported, based on estimated costs of
NPT for 4 days ($490) and the known impact
on hospital costs of poststernotomy infection
required to treat sternal infection (26), preven-
tion of one case of mediastinitis per 100 cases
wound provide a cost advantage to the hospi-
tal system (9). In order to maintain this fiscal
advantage, we have applied NPT to cardiac
surgical patients determined objectively to be
at increased risk for sternal wound infection,
including obese diabetic patients and in those
undergoing bilateral IMA harvesting for coro-
nary artery bypass surgery (7). However, the
results of the present study may argue for
wider application of NPT by showing physi-
ologic advantages that may benefit a broader
cohort of patients.

Previous studies suggest that NPT improves
sternal perfusion when applied to the open
sternotomy incision, but it is unclear if this
occurs via augmented flow through the intact
IMA or its branches (14–16). Negative pres-
sure application appears to improve wound
microvascular blood flow particularly in mus-
cular tissue (27), which corroborates the find-
ings of the present study. In the context of
chest surgery, improved soft tissue perfusion
as shown in the present study is certainly clini-
cally relevant because at least one-half of cases
of suspected deep sternal wound infection are
actually superficial infections without pene-
tration of the pectoralis fascia (28,29). In fact,
one prospective study found superficial ster-
nal infection to be three times as common
as deep sternal infection (30). Furthermore,
Fokin et al. have proposed that substrate dif-
fusion through peristernal and soft tissues
may be an important mechanism for resid-
ual sternal perfusion after IMA harvesting
until collateral blood supply to the sternum
is well-established (20,25). On the basis of this
mechanism, NPT may indeed augment ster-
nal and/or periosteal perfusion via improved
peristernal ‘diffusion’ through improved soft
tissue perfusion as shown in the present study.

The present study has several limitations,
including wide variability of individual LDF

values. Several explanations exist for this. For
example, patients recovered from surgery at
differing rates and expressed differing degrees
of physiologic recovery at the time of LDF data
acquisition. Temperature differences, hemody-
namic perturbations, presence of vasoactive
medications and intravascular volume status
could have affected LDF measurements. To
overcome inherent data variability, multiple
measurements were taken along each hemis-
ternum at each data collection timepoint. Aver-
aging the individual values at each of the four
stations per hemisternum was felt to most accu-
rately represent the aggregate perfusion of each
hemisternum and account best for the potential
physiologic differences previously noted. Scan-
ning laser Doppler assessment, which provides
a broader image and quantitative informa-
tion concerning regional perfusion could have
helped to overcome the heterogeneity of indi-
vidual LDF data (31), but this was not available
for the present study. In addition, subtle differ-
ences in IMA harvesting techniques or in IMA
anatomical variations could have influenced
residual sternal perfusion (22). For example,
skeletonised or semi-skeletonised harvesting
of IMA has been shown to preserve sternal per-
fusion relative to pedicled IMA harvesting (23)
while pedicled IMA harvesting reduces ret-
rosternal blood flow (24). Finally, sternal cir-
clage may have also impacted local peristernal
perfusion by interruption or reduced flow
through IMA perforators or other branches.
Once again, this should be overcome by use of
mean LDF values at each time point.

Key Points

• over the past several years,
several groups have gained
experience with application of
NPT to clean, closed incisions as
a mechanism to support wound
healing physiology

• this approach appears to be
effective in preventing wound
complications, is easily applied,
and well-tolerated

• in addition, it appears to be
a cost-effective strategy when
applied to patients at higher
risk for wound complications

• the results of the present study
may argue for wider application
of NPT by showing physiologic
advantages that may benefit a
broader cohort of patients

• negative pressure application
appears to improve wound
microvascular blood flow partic-
ularly in muscular tissue, which
corroborates the findings of the
present study

• the present study has several
limitations, including wide vari-
ability of individual LDF values

• to overcome inherent data vari-
ability, multiple measurements
were taken along each hemis-
ternum at each data collection
timepoint

• in conclusion, assessment of
peristernal perfusion following
median sternotomy for cardiac
surgery using LDF, showed
that applying NPT to the
clean, closed incision results in
improved perfusion relative to
baseline conditions and controls

• importantly, NPT appears to
compensate for the reduced
peristernal blood flow induced
by ipsalateral IMA harvesting

• these data provide further sup-
port for the use of NPT
in patients undergoing cardiac
surgery via median sternotomy
who are at high risk for sternal
healing complications based on
their comorbidities or the pro-
cedure performed

These data lack randomisation, but this
should have favoured the control group. For
example, patients in the control group had
reduced risk factors for sternal complications
after cardiac surgery, including decreased inci-
dence of diabetes and obesity, and theoretically
had better residual sternal perfusion following
surgery by virtue of reduced rates IMA harvest-
ing and no cases of bilateral IMA harvesting.

In conclusion, assessment of peristernal per-
fusion following median sternotomy for car-
diac surgery using LDF, showed that applying
NPT to the clean, closed incision results in
improved perfusion relative to baseline condi-
tions and controls. Importantly, NPT appears
to compensate for the reduced peristernal
blood flow induced by ipsalateral IMA har-
vesting. These data provide further support
for the use of NPT in patients undergoing
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cardiac surgery via median sternotomy who
are at high risk for sternal healing compli-
cations based on their comorbidities or the
procedure performed.

DISCLAIMER
The views expressed are those of the authors
and do not represent official policy of the
Department of Defense, the Department of
Veteran Affairs, or the US Government.
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