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ABSTRACT
The present study was performed to examine pressure transduction to the thoracic cavity during topical negative
pressure (TNP) therapy of a sternotomy wound. Seven pigs underwent median sternotomy. Pressure transduction
catheters were placed on the anterior surface of the heart (under the foam), in the pericardium (under the heart),
in the left pleura and in the oesophagus at the level of the heart. The wound was sealed as for TNP therapy. The
vacuum source was set to deliver negative pressures between �50 and �200 mmHg. The pressure on the
anterior surface of the heart changed in a linear relationship with the applied negative pressure and was slightly
lower than the applied negative pressure (�102 � 9 mmHg at delivered �125 mmHg). Further down in the
thoracic cavity, in the pericardium (under the heart), in the left pleura and in the oesophagus, the wound pressure
was only slightly affected by TNP therapy. In conclusion during TNP therapy, negative pressure is effectively
transmitted to anterior portions of the heart. This may explain our recent findings that TNP increases
microvascular blood flow in the myocardium. The pressure difference between the anterior and the posterior
portions of the heart causes the right ventricle to be sucked up towards the posterior parts of the sternum, where
it might be exposed to the sharp edges of the sternal bone, which may result in heart injury.
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INTRODUCTION
Cardiac surgery is complicated by poststernot-

omy mediastinitis in 1–5% of all procedures (1),

and this is a potentially life-threatening compli-

cation (2). The reported early mortality in

poststernotomy mediastinitis following coro-

nary bypass surgery grafting is between 8% and

25% (3,4). Established treatment of poststernot-

omy mediastinitis includes surgical debride-

ment, drainage, irrigation and reconstruction

using pectoral muscle flap or omentum trans-

position. In 1999, Obdeijn et al. described a new

mode of treatment for poststernotomy media-

stinitis using a vacuum-assisted closure tech-

nique (5), which is based on the principle of

applying subatmospheric pressure by con-

trolled suction to a sealed, airtight wound

through a porous dressing. The technique, also

known as topical negative pressure (TNP)

therapy, has resulted in excellent clinical out-

come (1–5). Scientific evidence regarding the

mechanisms by which TNP promotes wound

healing has started to emerge. The suction force
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created by TNP therapy enables the drainage of

excessive fluid and debris, which leads to the

removal of wound oedema, reduction in bacte-

rial count and enhanced granulation tissue

formation (6–9). Knowledge of the effects of

TNP in a sternotomy wound is limited (10).

It is known that blood flow to the muscle

tissue of the wound edge is increased by TNP

therapy (7–9). We recently show that TNP of

a sternotomy wound stimulates blood flow to

the myocardium (10). The present study was

designed to examine to which extent negative

pressure is transduced to the anterior portions

of the heart and also to deeper parts of the

thoracic cavity. A porcine sternotomy wound

model was used, and pressure was recorded on

the anterior portions of the heart, in the

pericardium (behind the heart), in the left pleura

and in the oesophagus during the application of

TNP therapy at pressures between �50 and

�200 mmHg.

MATERIALS AND METHODS

Animals
A porcine sternotomy wound model was used.

Seven domestic landrace pigs with a mean weight

of 70 kg were fasted overnight with free access to

water. The study was approved by the Ethics

Committee for Animal Research, Lund Univer-

sity, Sweden. The investigation complied with the

‘Guide for the Care and Use of Laboratory

Animals’ as recommended by the US National

Institutes of Health and published by the

National Academies Press (1996). The anaesthe-

sia was induced, and the surgical procedure was

performed as previously described (11).

Anaesthesia and surgical preparation
An intramuscular injection of ketamine (Ketami-

nol vetTM 100 mg/ml; Farmaceutici Gellini S.p.A,

Aprilia, Italy) 15 mg/kg body weight, in combi-

nation with midazolam (Dormicum 1 mg/ml;

Roche, Stockholm, Sweden) and xylazine (Rom-

pun vet.TM 20 mg/ml; Bayer AG, Leverkusen,

Germany) 2 mg/kg, was used for premedication.

Anaesthesia was induced by continuous intrave-

nous infusion of propofol (DiprivanTM 20 mg/

ml; AstraZeneca, Södertälje, Sweden) at a dosage

of 0�1–0�2 mg/kg/minute in combination with

intermittent fentanyl (LeptanalTM; Lilly, France)

and atracurium besylate (TracriumTM; Glaxo,

Täby, Sweden) at doses of 0�02 mg/kg and 0�2–

0�5 mg/kg, respectively. Before surgery, a trache-

otomy (Portex endotracheal tube 7�5 mm internal

diameter) was performed.

A ventilator (Servo-Ventilator 900; Elema-

Schönander, Stockholm, Sweden) was used for

mechanical ventilation. The same settings were

used for all animals: volume-controlled, pres-

sure-regulated ventilation, 8�5 l/minute,

15 breaths/minute and an inhaled oxygen

fraction of 35%. A lower midline abdominal

incision was made over the urinary bladder. The

urinary bladder was exposed, and a urinary

catheter (Silicone Foley Catheter; Tyco Health-

care, Tullamore, Ireland) was inserted, sutured

and connected to a urinary bag (Unomedical a/

s, Haarlev, Denmark). The abdominal incision

was continuously sutured with Dermalon 2.0

(Davis-Geck, Hampshire, UK).

A midline sternotomy was performed. The tip

of a saline-filled pressure catheter was placed in

the left pleura, in the pericardium (under the

heart) and on the surface of the heart (under

foam) through the sternotomy wound. A fourth

pressure transduction catheter was inserted into

the oesophagus, through the mouth, so that the

tip was positioned at the level of the heart. The

pressure catheters were connected to a calibrated

custom-built pressure gauge. For probe posi-

tions, see Figure 1. A layer of polyurethane foam

(KCI, Copenhagen, Denmark) was placed

between the sternal edges. A second layer of

foam was placed over the first layer and secured

to the surrounding skin. The wound was sealed

with a transparent adhesive drape (KCI), and the

Figure 1. Magnetic resonance image illustrating a cross-

section of the pig thoracic cavity with an open sternotomy.

First, the pressure transduction catheters were placed on the

anterior surface of the heart (under the foam), in the

pericardium (under the heart) and in the left pleura. A

polyurethane foam dressing was placed between the sternal

edges, and non collapsible drainage tubes were connected to

the foam. The open wound was sealed with transparent

adhesive drape, and drainage tubes are connected to

a purpose-built vacuum source. A fourth pressure transduction

catheter was placed in the oesophagus at the level of the heart.
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two evacuation tubes connected the foam with

the vacuum source (V.A.C.� pump unit; KCI).

Experimental protocol
Wound pressures were recorded on the anterior

surface of the heart (under the foam), in the

pericardium (under the heart), in the left pleura

and in the oesophagus. Wound pressures were

measured both with the respirator on and with

the respirator turned off at the end of inspira-

tion. In order to eliminate systemic errors, both

the sequence of applying negative pressure

(�50, �75, �100, �125, �150, �175 and �200

mmHg) and the order in which the experiments

were performed with the respirator turned on

and off were varied between the animals in

a randomised design.

Calculations and statistics
The experiments were performed on seven pigs.

Calculations and statistical analysis were per-

formed using GraphPad Prism� 4�0 software

(GraphPad Software Inc, San Diego, CA). Sta-

tistical analysis was performed using Kruskal–

Wallis test with Dunn’s test for multiple com-

parisons. Significance was defined as P , 0�05.

Values are presented as means � SEM.

RESULTS
TNP was applied to the sternotomy wound at

negative pressures between �50 and �200

mmHg. The pressure over the anterior surface

of the heart (under the foam) changed in a linear

relationship with the applied negative pressure

and was slightly lower than the applied

negative pressure (�102 � 9 mmHg in the

wound at delivered �125 mmHg; Figures 2

and 3). The pressure difference between the

wound space and the vacuum source was larger

at higher negative pressures (�39 � 3 mmHg

in the wound at delivered �50 mmHg and

�163 � 12 mmHg at delivered �40 mmHg).
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Figure 2. Wound pressures measured with the respirator on. The vacuum source was set to deliver negative pressures between

�50 and �200 mmHg. Wound pressures were recorded using pressure transduction catheters on (A) the anterior surface of the

heart (under the foam), (B) in the pericardium (under the heart), (C) in the left pleura and (D) in the oesophagus. Values are

presented as means � SEM from seven experiments. Note how the pressure under the foam changed in a linear relationship with

the applied negative pressure, while the pressure further down in the thoracic cavity was not altered.
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Further down into the thoracic cavity, in the

pericardium (under the heart), in the left pleura

and in the oesophagus, the wound pressure was

not significantly affected by TNP therapy

(Figures 2 and 3). The pressure recordings were

similar with the respirator turned on as with the

respirator turned off at the end of inspiration

(Figures 2 and 3).

DISCUSSION
Mediastinitis is a devastating complication in

open heart surgery. TNP is a recently introduced

technique that promotes the healing of difficult

wounds, including poststernotomy mediastini-

tis (4,5,8). The technique entails application of

a negative pressure to a sealed, airtight wound.

The suction force created by TNP therapy is

known to stimulate blood flow to the wound

edge and facilitate the drainage of excessive

fluid and debris, which leads to the removal of

wound oedema, reduction in bacterial count

and enhanced granulation tissue formation

(6–9). Scientific evidence regarding of the effects

in a sternotomy wound is still limited (10).

The present study was performed to explore

to which extent negative pressure is transduced

to the anterior portions of the heart and also to

deeper locations in the sternotomy wound. We

show that the pressure during TNP therapy is

effectively delivered to the anterior portions of

the heart. This may explain our recent findings

that TNP at �50 mmHg increases microvascu-

lar blood flow in the myocardium (10). The

blood flow effects by TNP are believed to be

through mechanical stress and a pressure gra-

dient across the tissue, which causes a surge of

blood to the area (8,9,12–14). TNP is known to

stimulate blood flow to the wound edge that is

exposed to negative pressure, while tissue

further from the vacuum source remains unaf-

fected (8,9). This is in accordance with the
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Figure 3. Wound pressures measured after the respirator had been turned off at the end of inspiration. The vacuum source was

set to deliver negative pressures between �50 and �200 mmHg. Wound pressures were recorded using pressure transduction

catheters on (A) the anterior surface of the heart (under the foam), (B) in the pericardium (under the heart), (C) in the left pleura and

(D) in the oesophagus. Values are presented as means � SEM from seven experiments. Note that the pressure recordings are

similar to those with the respirator on.
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current findings that pressure is not transduced

far beyond the locations of the open-pore

structure dressings of TNP therapy, for example

to the pericardium (behind the heart), the pleura

or the oesophagus.

The present results show negative pressure on

the anterior portions of the heart, at similar

levels as set on the vacuum source, while there is

no negative pressure beneath the heart. This

pressure difference may explain the finding

that, upon the delivery of negative pressure, the

anterior portion of the right ventricle is sucked

up towards the anterior thoracic wall. The

pressure causes the right ventricle to bulge into

the space between the sternal edges, which

deforms the anterior portion of the heart (15).

We believe that this may have two negative

effects.

First, pressure on the right ventricle may

mechanically hinder venous return and cardiac

pumping. Indeed, cardiac output and end

diastolic volume are known to be slightly

decreased upon application of negative pressure

(15). Interestingly, interposition of four layers of

paraffin gauze dressing over the heart during

TNP therapy resulted in a lesser decrease in

cardiac output (15). It is known that the interface

dressings prevent the delivery of TNP (16).

Second, the pressure difference between the

anterior and the posterior portions of the heart

causes the right ventricle to be sucked up

towards the posterior parts of the sternum

where it might be exposed to the sharp edges of

the sternal bone. This may result in right

ventricle rupture, which is an uncommon but

feared complication of TNP therapy in post-

sternotomy mediastinitis (17). Development

of TNP therapy for sternotomy wounds by

facilitating pressure transduction to the bot-

tom of the wound may be beneficial in

hindering the strong suction force on the heart.

It is known that motion between the sternal

edges in combination with adherent heart

structures to the thoracic wall are factors that

predispose for heart rupture. It is important to

use surgical techniques to minimise these risk

factors (18). In summary, adherences below the

sternal edges must be released, and three or

four layers of interface dressing should be

placed over the anterior portions of the heart in

order to cover and protect visible parts of the

right ventricle from the sternal edges. The

interface dressing reduces the formation of

adherences between the sternum and the right

ventricle, and the paraffin content facilitates

movement.

In conclusion, the pressure over the anterior

surface of the heart (under the foam) changed in

a linear relationship with the applied negative

pressure. These results may explain the positive

effects on myocardial blood flow by TNP (10).

Further down into the thoracic cavity, in the

pericardium (under the heart), in the left pleura

and in the oesophagus, the wound pressure was

not affected by TNP therapy. The effect of

negative pressure can therefore only be antici-

pated to be effective in superficial parts of the

wound, for example on the sternotomy wound

edges and on the anterior surface of the heart

and not in deeper parts of the wound. The

pressure difference between the anterior and the

posterior portions of the heart during TNP

therapy causes the right ventricle to be sucked

up towards the posterior parts of the sternum

where it might be exposed to the sharp edges of

the sternal bone, which may result in heart

injury.
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