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Negative Pressure Wound Therapy in the Treatment of Sternal Infection
after Cardiac Surgery: a Case Report and Literature Review

Abstract

The aim. To assess the effectiveness of negative pressure wound therapy (NPWT) in the treatment of sternal
infection following heart surgery.

Materials and methods. During 2019-2022, six patients aged from 46 to 69 years underwent NPWT for sternal
infection which occurred within 2 to 24 weeks after complete median sternotomy. For the purpose of temporary
wound closure, standard dressing kits with sorption sponge were used. Negative pressure was created by electric
vacuum pump with a constant vacuum mode at a range of -75 to -115 mm Hg and a duration of 4-5 days per
session. In all cases determination of serum procalcitonin, bacteriological examination of wound discharge,
computed tomography (CT) of the chest were performed in dynamics.

Results. The study revealed that NPWT in all cases promoted wound cleansing, gradual closing of fistulas and non-
grooving pockets, termination of inflammatory process, reduction of the wound cavity, thus accelerating complete
wound healing. A significant reduction in the level of wound contamination was revealed after the first NPWT
session (below the critical level of 10®° CFU), compared to that before treatment (107-108 CFU). Normalization
of the level of procalcitonin in the blood serum was determined by day 5-7 of NPWT. CT showed the signs of
sternum stability and reduction of inflammatory process in surrounding tissues after treatment. Each treatment
case required from 2 to 4 sessions. The duration of hospital stay ranged between 25 and 35 days. A treatment case
of one of the 6 patients included in the study is described.

Conclusions. NPWT has proven to have positive clinical effect in the local treatment of postoperative sternal
infection and can be applied as an ultimate or a transitional option. Methodology of its clinical application needs
further elaboration.

Keywords: complete median sternotomy, infectious complications, postoperative mediastinitis, methods of wound
managing, wound healing.

Introduction. The first median sternotomy as surgical by Milton. Julian and associates popularized it in 1957 [1].
access to the heart and large vessels was described in 1897 Despite the current trend towards the active introduction
- of minimally invasive technologies into surgical practice,
© 2023 The Authors. Published by Professional Edition Eastern complete median sternotomy remains the main approach
Europe. This is an open access article under the CC BY-SA license in most heart surgery hospitals worldwide. According to

(https://creativecommons.org/licenses/by-sa/4.0/).
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the Adult Cardiac Surgery Database of the Society of Tho-
racic Surgeons (USA), of 217,829 cardiac procedures in
2013, less than 1% of cases of deep sternal wound infec-
tion occurred. At the same time, mortality, according to
different literature sources, can reach 50% [2]. Treatment
costs for patients with sternal infections are 2.8 times
greater compared to patients without complications. Lee
et al. pointed to an additional cost of $500,000 per each
case of treatment for such patients [3, 4].

Infectious wound complications after median sternot-
omy are collectively referred to in the literature as medias-
tinitis, although the infection may be limited to superficial
tissues and may not necessarily involve the mediastinum
(superficial sternal wound infection). Other terms are al-
so used: “sternal dehiscence,” “sternal wound infection,”
“poststernotomy infection,” and “sternomediastinitis”.

A large number of prospective and retrospective stud-
ies have been published to identify risk factors for sternal
infection, over 20 predictors have been identified. The
most prognostically significant are obesity, prolonged
mechanical ventilation, diabetes mellitus, previous car-
diac surgery, postoperative blood transfusion, and the use
of the internal mammary artery as a bypass conduit [5].
A number of studies point to the predictable nature of a
combination of risk factors. The relative risk for sternome-
diastinitis related to diabetes mellitus combined with obe-
sity is 5.0. Bilateral use of internal breast arteries for coro-
nary bypass surgery in patients with diabetes mellitus also
significantly increases the risk of postoperative complica-
tions [5]. Sternal risk assessment scales have been devel-
oped but they are not widely used in common practice [6].

Available documents describe the mechanisms that ex-
plain the appearance of diastasis between the bone frag-
ments of the dissected sternum and the appearance of
wound infection. One theory suggests that local ischemic
osteomyelitis is a causal factor in wound complications.
Against the background of local changes, the wire sutures
in the area of the altered bone weaken and this causes in-
stability of the sternum, and then the divergence of the
overlying soft tissues, which creates an infection gate. Ex-
perimental work on the study of the anatomical features
of the internal mammary artery confirms the ischemic
genesis of the deterioration of sternum consolidation af-
ter mobilization of the mammary conduit [7]. Similar data
were obtained in the study of post-operative blood supply
to the sternum with microspheres labelled with radionu-
clides [8]. However, the study by Green et al. (n=24) using
intraoperative laser Doppler monitoring to measure ster-
nal blood flow before, during and after mobilization of the
internal mammary artery did not show a significant reduc-
tion in blood flow after artery harvesting [8, 9].

Another hypothesis is that inadequate sternorrhaphy
with or without asymmetrical sternotomy, with a similar
development of the pathological process, is assumed to be
a causal factor. In this case, a secondary infection of the

wound occurs, and the exudation of the wound spreads to
the mediastinum and pericardium, implicating them in the
inflammatory process [10, 11].

One more triggering mechanism can be the accumula-
tion of blood and serous exudate in the mediastinum which
is an excellent nutritive medium for microorganisms. Fluid
build-up can be caused by improper drainage of the sur-
gical site or post-cardiotomy exudative pericarditis while
the penetration of the infection takes place through a sore
on the skin [6, 10].

Several classifications of sternal wound contamination
have been proposed. The first was published by Pairolero
and Arnold in 1984. The criterion was the term of com-
plication occurrence after operation. The same parameter
was used by El Oakley in his 1996 classification. As addi-
tional criteria, the author used the presence of risk factors
and previous treatment for wound infection. Yet, none of
the above classifications describe the existing anatomy of
the infection, making it difficult to choose the proper treat-
ment method [12, 13]. In accordance with the criteria of
the US Center for Disease Control and Prevention, wound
contamination after sternotomy can be divided into 3
types: a) superficial one, limited to the skin and subcuta-
neous fat; b) one with the infectious process reaching the
sternum but not affecting it; c¢) cavernous/organ contami-
nation, in which there is osteomyelitis of the sternum and/
or infection of the mediastinum. The most recent classifi-
cation proposed Anger et al. in 2015 [14] reposes also on
anatomical criteria thus being comprehensive and objec-
tive, according to the authors (Table 1).

The generally accepted method for preventing compli-
cations of post-sternotomy wounds in heart surgery is a
perioperative antibiotic therapy. In most cases of postster-
notomy infectious complications, the flora of the wound is

Table 1
Classification of wound contamination by Anger et al.

Type Tissue injury Wound localization
Skin and Partial* Upper
| subcutaneous Lower
tissue Complete
. Upper
Exposed sternum Partial PP
Il . Lower
or ribs
Complete
Osteoporosis of Partial Upper
Il the sternum or Lower
ribs Complete
. Upper
Mediastinum Partial PP
v Lower
exposed
Complete

Note: * - the border separating the upper and the lower regions is the
lower edge of the pectoralis major muscle.
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represented by different types of Staphylococcus aureus.
Most pathogens migrate from patients’ own nasal flora.
20-30% of the general population are carriers of Staph-
ylococcus aureus, which trebles their risk of developing
wound complications caused by this pathogen [3]. Meas-
ures to prevent sternal infection include exact median
sternotomy, avoiding the use of the internal mammary
artery as a bypass in high-risk patients, avoiding the use
of wax and local hemostatics that interfere with consolida-
tion of the sternum and are “traps” for infection, accurately
matching the halves of the sternum, and compliance with
sanitary and anti-epidemic rules in the hospital [3, 5].

Aunified concept of surgical treatment for sternal infec-
tion has not yet been developed. The choice of the optimal
treatment method remains in the hands of the clinic and
is determined by the accumulated practical experience.
Along with the development of heart surgery, the treat-
ment tactics for post-operative sternomediastinitis have
improved. The modern arsenal comprises several optional
techniques, each of which has its own pros and cons. At the
formation stage, the treatment of post-operative sterno-
mediastinitis consisted of surgical debridement followed
by resternorrhaphia or wound healing by secondary ten-
sion. Managing open wounds often required mechanical
ventilation because the chest was unstable. Prolonged bed
rest resulted in complications such as pneumonia, throm-
bosis and thromboembolism, as well as asthenia, causing
mortality of 45% [10, 11]. In some cases, management
of open wounds has led to a complication as daunting as
breaking the right ventricle through the edge of the ster-
num, often with a fatal result [15].

A new method of treating deep sternal infection pro-
posed by Shumaker et al. in 1963 was a major advance. The
method involved constant irrigation of the mediastinum
with an antibiotic. A closed wound and a stable sternum
are the indisputable advantages of this method; however,
some researchers published data on a high level of suppu-
ration relapses and mortality [4, 11, 12]. As a cause for the
recurrence of wound infection, the authors cite a decrease
in susceptibility of the bacterial flora to antibacterial drugs
and devascularization of the chest wall associated with the
harvesting of the internal mammary artery for coronary
artery bypass grafting (CABG).

An alternative technique for the treatment of sternal
wound infection is based on closed drainage of the medi-
astinum with Redon catheters without continuous irriga-
tion. This method of treatment of post-sternotomy wound
complications was adopted from orthopedic practice, in
which it proved excellent in the treatment of osteomyeli-
tis of tubular bones. Redon’s drainage ensures the outflow
of infected wound discharge and thus reduces the resid-
ual wound cavity [16]. The successful application of this
strategy was first demonstrated in 1989 by Durandy et
al. [16] and confirmed by further studies [12, 13, 17]. The
main goal of the above described treatments is to close the

wound after debridement. This guarantees the immediate
postoperative stability of the sternum, creates the prereq-
uisites for patient’s quick weaning from a ventilator and
activation.

A relatively recent technical innovation in the manage-
ment of deep sternal wound infection is negative pressure
wound treatment (NPWT), or vacuum assisted closure
(VAC) therapy, which allows continuous removal of exu-
date and reduction of edema, also increases tissue perfu-
sion, maintains a moist environment by stimulating granu-
lation growth [18]. In recent years, NPWT has been widely
used as a primary strategy to treat sternomediastinitis in
cardiothoracic surgery.

A retrospective analysis of the treatment of 192 pa-
tients with deep sternal wound infection by Assmann et
al. (2011) demonstrated significant reduction in the terms
of hospitalization in patients who undergone NPWT com-
pared to those after primary resternorrhaphy or irriga-
tion-aspiration drainage (45.6+18.5 days versus 55.2+23.6
days). However, 39% of cases required secondary rester-
norrhaphy and 12% required complex flap surgery follow-
ing NPWT.

In 2005, Fuchs et al. evaluated the effectiveness of
NPWT compared to other methods and came to the con-
clusion that the time needed to achieve sterile result of
bacteriological investigation of the wound discharge and
the duration of hospitalization decreased. In 2007 Raja
and Berg released data on shortening the time between
suture removal with surgical debridement and complete
wound closure. Petzina et al. in a retrospective analy-
sis (2010) of 118 cases indicated lower mortality in the
management of poststernotomy mediastinitis by negative
pressure compared to that by providing dressings and de-
bridement (6% vs. 25%) [2, 25].

Another strategy for treating purulent complications
after median sternotomy is the primary or delayed closing
of the wound with vascular soft tissue flaps [19]. The use
of the main pectoral muscle strip was described in 1980.
Subsequent studies showed a mortality rate of 5.1-8.1%
and a recurrence of sternal infection of 5.1-44%. Other
authors insist on the plastics with a strand of the greater
omentum, first described by Lee et al.,, to cover mediasti-
nal defects, or with a reversed musculus rectus abdominis
flap [10, 20]. The results of these studies indicate relatively
high post-operative survival, although they all carry addi-
tional surgical trauma and the risk of further complica-
tions. In the literature, there are publications devoted to
the closure of chest wall defects with other autologous
materials. The authors used musculus tensor fasciae latae,
iliac crest, and fibula [13, 17]. The main disadvantage of
these methods is the limited volume of tissues, which al-
lows only small defects to be repaired. The plastics with
open flaps using microsurgical techniques to apply vascu-
lar sutures as a treatment method for this category of pa-
tients is currently seldom used.
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The use of allografts and xenografts in surgery for large
chest wall deformities has been documented in the litera-
ture [20]. After implantation, the material is progressively
revascularized and reshaped in patients’ own tissue. The
material is infection-resistant and is also replaced with
autologous cells, even in the area affected by radiothera-
py. The properties of modern synthetic materials enable
them to be used to replace large defects in the sternum
and rib cage. Titanium plates, stainless steel mesh, syn-
thetic polymer mesh and polymethylmethacrylate are also
used [20, 21]. They can be fastened onto bony structures
with screws or rods.

Thus, the literature data indicate that, despite signifi-
cant progress in the prevention and treatment of post-
operative sternal wound complications, this problem is
also relevant for modern cardiac surgery. Due to the ab-
sence of strict recommendations, the choice of treatment
strategy for these complications is the responsibility of
the surgeon.

The aim. To assess the effectiveness of NPWT in the
treatment of sternal infection following heart surgery.

Materials and methods. In the period from 2019
to 2022, 6 patients underwent treatment at the Depart-
ment of Surgical Infections of V.T. Zaitsev Institute of
General and Emergency Surgery of the National Acad-
emy of Medical Sciences of Ukraine due to postoperative
sternal infection which occurred after surgical interven-
tion through complete median sternotomy approach. The
patients varied in age from 46 to 69 years. Two patients
underwent prosthetic valve replacement, and 4 patients
underwent CABG (autovenous and/or mammarial). The
time of onset of complications varied from 2 to 24 weeks
after surgery. According to the classification of Anger et
al,, the distribution of patients by type of sternomedias-
tinitis was as follows: type [ in 3, type Il in 1, and type III
in 2 patients.

All the patients underwent standard range of diag-
nostic procedures, including history collection, clinical,
biochemical, and coagulation tests, determination of the
level of serum procalcitonin in dynamics. In the presence
of fistulas with the discharge, they were examined through
a tube while assessing the depth, length and direction of
the fistular tract. Bacteriological examination of wound
discharge prior to surgical treatment was conducted to
determine the types of bacteria and their susceptibility to
antibacterial medicines. Among the instrumental studies,
all the patients underwent a chest radioscopy in two pro-
jections, chest X-ray, echocardiography to determine the
presence of fluid in the mediastinum and pleural cavities,
and computed tomography (CT) of the chest.

For the purpose of temporary wound closure, stand-
ard dressing kits for NPWT were used, KCI VAC Granu-
foam (KCI Manufacturing Unlimited Company, USA) and
HEACO dressing kit DK10 (HEACO Medical Technologies,
UK). The size and configuration of the sorption sponge

were selected depending on the view of the wound de-
fect in such a way that the sponge completely filled not
only the sac but also pockets in the subcutaneous tis-
sue. Negative pressure was created with vacuum pump
HEACO NP32S (HEACO Medical Technologies, UK). We
used a constant vacuum mode with a range of -75 to -115
mm Hg and a duration of 4 to 5 days. The decision to stop
the therapy was made on an individual basis after the re-
duction of the wound area and its cleansing, as well as
in the absence of non-grooving pockets. After the termi-
nation of NPWT, topical treatment was continued using
ointments and powder formulations.

Results. All the patients complained of fistulas with
purulent discharge in the area of the postoperative scar,
pain in the sternum while walking or during other exer-
cise. Local manifestations of the purulent process were
the presence of external fistulas with purulent discharge
in the projection of the metal sutures of the sternum, local
inflammatory reaction, pain on palpation of the postoper-
ative wound of the sternum, and signs of instability of the
sternum. On admission, a soft tissue review of the postop-
erative wound was performed, the sternum condition was
assessed, and the material was collected for microbiologi-
cal examination. The microbiological characteristics of the
wound discharge were as follows: gram-positive microflo-
ra (Staphylococcus aureus, Enterococcus faecalis) in mono-
culture was identified in 3 cases, gram-negative microflora
(Acinetobacter baumannii and Pseudomonas aeruginosa)
in monoculture was identified in 2 cases; and microbial as-
sociation (Staphylococcus aureus and Pseudomonas aerugi-
nosa) in 1 patient. The number of microbes before treat-
ment initiation greatly exceeded the critical level (107-108
CFU). De-escalation systemic antibiotic therapy was pre-
scribed.

Taking into account the results of the CT scan and the
wound review, the sternum condition was evaluated and
NPWT was initiated. In all the patients studied, after the
first NPWT session, the microbiological control studies
showed a reduction in the level of contamination of the
wound below the critical level (103 CFU). In the dynamics
of the studies, normalization of the level of procalcitonin
in the blood serum was determined (by day 5-7 of treat-
ment). Treatment required 2-4 sessions of NPWT. Patients
with post-operative sternomediastinitis spent between 25
and 35 days in the hospital. In one patient, the evolution of
the disease was complicated by the development of osteo-
arthritis of the sternoclavicular joint.

Clinical case. Patient S., a 62-year-old man, was ad-
mited to the clinic with complaints of pain in the upper
1/3 of the sternotomy scar, the presence of fistulas in the
upper and middle 1/3 with a moderate amount of turbid
discharge. Thirty days before admission, he underwent
aortocoronary and mammary coronary bypass grafting.
When examining the patient, instability of the sternum
was revealed in the upper 1/3. Through an instrumental
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revision, a fistulous tract deep down to the sternum in the
upper 1/3 of the scar, as well as fistulous tract extended
upward along the sternum for 5 cm in the middle 1/3 of
the scar were detected, no connections between these two
tracts were revealed. According to CT, in the condition af-
ter CABG the contours of the sternum edges were fuzzy,
with the presence of marginal foci of destruction; gas bub-
bles were determined between the fragments of the ster-
num and also in the parasternal soft tissues; the fatty tis-
sue of the mediastinum was compacted, the pericardium
in the anterior sections was thickened and the mediastinal
lymph nodes were not enlarged (Fig. 1A, 1B). According
to the microbiological study, methicillin-resistant Staphy-
lococcus aureus (MRSA) x 107 CFU was identified. A deci-
sion was made to install a “double” VAC system (Fig. 2).
Its parameters were as follows: vacuum level from -75 to
-115 mm Hg, mode: constant, change of sorption spong-
es: once every 4 days. NPWT was discontinued on day 8.
The level of microbial contamination after the first ses-
sion was found to be below the critical value (< 103 CFU)
(Fig. 3A), and after the second session decontamination of
the wounds was achieved.

As the control CT study has shown, foci of the destruc-

Fig. 1B. Sagittal CT scan of the sternum

tion of the sternum edges remained, the rest of the ster-
num contours were clearer, gas bubbles were not detected,
infiltrative changes in the subcutaneous tissue and medi-
astinal tissue were not detected, yet the pericardium was
still thickened in the anterior sections.

The wounds healed by secondary tension 14 days after
the start of NPWT (Fig. 3B).

Discussion. NPWT became widespread in the 20 cen-
tury and is now widely used to treat large, chronic wounds
and necrotizing fasciitis worldwide. The theoretical sub-
stantiation, elaboration of modern approaches to vacuum
wound treatment and the actual formation of the whole
field of NPWT belong to the American scientists Morykwas
and Argenta (1997).

In 2019, Kim et al. formulated and published new rec-
ommendations for the use of NPWT [22]. Despite many
years of experience in the use of vacuum therapy in clini-
cal practice, there is still no single generally accepted ter-
minology, that indirectly indicates the continuing contra-
dictions in the concept of the essence of the method [23],
while clinical publications on the use of NPWT in sternal
infection are very limited.

The mechanism of influence of NPWT in patients with
complications after sternotomy is similar to its influence
when used for the treatment of soft tissue defects. Among
the main efficiency factors of NPWT are macro-deforma-
tion, micro-deformation, changes in perfusion, control of

NG / s

Fig. 2. Installation of a “double” VAC system
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Fig. 3. Views of the wound at the stages of treatment: A, on the 8th day; B, on the 14th day of the treatment

exudation, and bacterial decontamination [24]. Macro-de-
formation is generally understood as the impact of the neg-
ative pressure on the wound edges, which converge under
its effect. Apparently, in the case of sternomediastinitis, a
decrease in the area of the wound contributes to a conver-
gence of the sternum edges and a decrease in its defect.

Microdeformation is understood as microscopic
changes in the cytoskeleton of tissues that are affected
by the negative pressure. As a result of these changes,
signaling systems are triggered leading to the release of
growth factors that regulate cell proliferation and mi-
gration, an increase in the expression of extracellular
matrix components and constriction elements neces-
sary for healing.

The use of NPWT leads to temporary hypoperfusion at
the edges of the defect, resulting in an increase in the local
concentration of hypoxia-induced factor 1a and vascular
endothelial growth factor, which enhances neoangiogene-
sis. In addition, increased local blood flow helps to improve
the supply of oxygen and nutrients to tissues in the defect
area, while simultaneously removing waste products.

Reducing tissue exudation improves healing by reduc-
ing the severity of interstitial edema, which contributes
to the development of chronic defects due to the local
compression of cells and tissues. Despite the fact that the
mechanism of influence of the removal of excess fluid from
the extracellular space has not been completely studied, it
is believed that the positive effect of NPWT is associated
with a decrease in compression by excess fluid of the mi-
crovascular bed and, accordingly, an improvement in blood
flow in it. A decrease in the bacterial charge of the wound
is also associated with its accelerated healing thus being a
rather important factor in its final closure.

To summarize, NPWT in the treatment of deep sternal
infection after cardiosurgical interventions can reduce the
duration of treatment and can be used as a transitional or,
in some cases, the ultimate method for the treatment of in-
fectious complications after sternotomy [22, 23, 25].

Conclusions

1. NPWT has proven to have a positive clinical effect in
promoting the healing of poststernotomic infected
wounds.

2. In most cases of deep sternal infection, NPWT should
be considered as a primary option due to its availability
and non-traumatic approach.

3. Methodology of clinical application of NPWT, as an
ultimate or a transitional method for deep sternal
infection, needs further elaboration.

4. As the innovation in the complex treatment of
postoperative sternal infection with big tissue defects,
it may be worth considering the additional use of
tissue engineering and cell therapy methods along
with NPWT.

Funding sources

This research was part of the research work of the
Kharkiv National Medical University “Improvement and
development of methods for diagnosis and surgical treat-
ment of diseases and injuries of the abdominal cavity and
chest, vessels of the upper and lower extremities using
mini invasive techniques in patients at high risk of post-
operative complications” The number of state registra-
tion is 0116u00499. This research received no external
funding.

Informed consent statement
Not applicable.

Compliance with ethical standards

The work has been approved by the Ethics Committee
of Kharkiv National Medical University, Ukraine (Protocol
No. 6, November 11, 2022). The number of state registra-
tion is 0116u00499.

Conflicts of interest
All the authors declare no conflicts of interest.



Yulia V. Ivanova / Negative Pressure Wound Therapy in the Treatment of Sternal Infection after Cardiac Surgery... 55

Informed consent process
Informed consent was obtained from all participants
included in the study:.

Data availability statement
All data associated with this study are present in the

paper.

References

1. Dalton ML, Connally SR, Sealy WC. Julian’s Reintroduction
of Milton’s Operation. Ann Thorac Surg. 1992;53(3):532-
533. https://doi.org/10.1016/0003-4975(92)90293-D

2. Perezgrovas-Olaria R, Audisio K, Cancelli G, Rahouma M,
Ibrahim M, Soletti G, et al. Deep Sternal Wound Infection
and Mortality in Cardiac Surgery: A Meta-analysis.
Ann Thorac Surg. 2023;115(1):272-280. https://doi.
org/10.1016/j.athoracsur.2022.04.054

3. Downing M, Modrow M, Thompson-Brazill KA, Ledford
JE, Harr CD, Williams ]B. Eliminating sternal wound
infections: Why every cardiac surgery program needs
an I hate infections team. JTCVS Tech. 2023;19:93-103.
https://doi.org/10.1016/j.xjtc.2023.03.019

4. Singh K, Anderson E, Harper JG. Overview and
Management of Sternal Wound Infection. Semin
Plast Surg. 2011;25(1):25-33. https://doi.org/10.1055/
s-0031-1275168

5. Balachandran S, Lee A, Denehy L, Lin KY, Royse A, Royse C,
et al. Risk Factors for Sternal Complications After Cardiac
Operations: A Systematic Review. Ann Thorac Surg.
2016;102(6):2109-2117. https://doi.org/10.1016/j.
athoracsur.2016.05.047

6. Buja A, Zampieron A, Cavalet S, Chiffi D, Sandona P, Vinelli
A, et al. An update review on risk factors and scales for
prediction of deep sternal wound infections. Int Wound
J. 2012;9(4):372-386. https://doi.org/10.1111/j.1742-
481X.2011.00896.x

7. Knobloch K, Lichtenberg A, Pichlmaier M, Mertsching H,
Krug A, Klima U, et al. Microcirculation of the Sternum
Following Harvesting of the Left Internal Mammary
Artery. Thorac Cardiovasc Surg. 2003;51(5):255-259.
https://doi.org/10.1055/s-2003-43083

8. Cheng K, Rehman SM, Taggart DP. A Review of Differing
Techniques of Mammary Artery Harvesting on Sternal
Perfusion: Time for a Randomized Study? Ann Thorac Surg.
2015;100(5):1942-1953. https://doi.org/10.1016/j.
athoracsur.2015.06.087

9. Barner HB. The continuing evolution of arterial
conduits. Ann Thorac Surg. 1999;68(3 Suppl):S1-S8.
https://doi.org/10.1016/S0003-4975(99)00812-7

10.Sjogren ], Malmsjo M, Gustafsson R, Ingemansson R.
Poststernotomy mediastinitis: a review of conventional
surgical treatments, vacuum-assisted closure therapy and
presentation of the Lund University Hospital mediastinitis
algorithm. Eur ] Cardiothorac Surg. 2006;30(6):898-905.
https://doi.org/10.1016/j.ejcts.2006.09.020

11. Al-Ebrahim K, Al-Ebrahim E. Prevention, Classification and
Management Review of Deep Sternal Wound Infection.
Heart Surg Forum. 2020;23(5):E652-E657. https://doi.
org/10.1532/hsf.3153

12. Elassal AA, Al-Ebrahim KE, Al-Radi 00, Jabbad HH, Eldib OS.
Sternal Wound Complications: Objective Reclassification
and Surgical Reconsideration. Heart Surg Forum.
2020;23(1):E076-E080. https://doi.org/10.1532/hsf.2649

13.Song Y, Chu W, Sun J, Liu X, Zhu H, Yu H, et al. Review on
risk factors, classification, and treatment of sternal wound
infection. ] Cardiothorac Surg. 2023 May 19;18(1):184.
https://doi.org/10.1186/s13019-023-02228-y

14.Anger ], Dantas DC, Arnoni RT, Farsky PS. A new
classification of post-sternotomy dehiscence. Rev
Bras Cir Cardiovasc. 2015;30(1):114-118. https://doi.
org/10.5935/1678-9741.20140033

15. Niclauss L, Delay D, Stumpe F. Right ventricular rupture
due to recurrent mediastinal infection with a closed chest.
Interact Cardiovasc Thorac Surg. 2010;10(3):470-472.
https://doi.org/10.1510/icvts.2009.223891

16.Vos RJ, van Putte BP, Sonker U, Kloppenburg GT. Primary
closure using Redon drains for the treatment of post-
sternotomy mediastinitis. Interact Cardiovasc Thorac Surg.
2014;18(1):33-37. https://doi.org/10.1093 /icvts/ivt385

17. Sharif M, Wong CHM, Harky A. Sternal Wound Infections,
Risk Factors and Management - How Far Are We? A
Literature Review. Heart Lung Circ. 2019;28(6):835-843.
https://doi.org/10.1016/j.h1c.2019.01.008

18. Huang C, Leavitt T, Bayer LR, Orgill DP. Effect of negative
pressure wound therapy on wound healing. Curr Probl
Surg. 2014;51(7):301-331. https://doi.org/10.1067/].
cpsurg.2014.04.001

19.Kubat E, Abaci M, Unal CS. Z-plasty as an alternative
choice for the treatment of recurrent local sternal wound
infections. Gen Thorac Cardiovasc Surg. 2019;67(6):518-
523. https://doi.org/10.1007 /s11748-018-1052-5

20.Kitano D, Takahashi H, Nomura T, Okada K, Terashi
H, Sakakibara S. A new clinical classification and
reconstructive strategy for post-sternotomy surgical site
infection. Regen Ther. 2022;21:519-526. https://doi.
org/10.1016/j.reth.2022.10.007

21.Kamel M, Port ], Altorki NK. Sternal Resections: New
Materials for Reconstruction. Curr Surg Rep. 2015;3:16.
https://doi.org/10.1007/s40137-015-0094-1

22.Kim PJ, Attinger CE, Constantine T, Crist BD, Faust E,
Hirche CR, et al. Negative pressure wound therapy with
instillation: International consensus guidelines update. Int
Wound J. 2020;17(1):174-186. https://doi.org/10.1111/
iwj.13254

23.Poteet S], Schulz SA, Povoski SP, Chao AH. Negative
pressure wound therapy: device design, indications, and
the evidence supporting its use. Expert Rev Med Devices.
2021;18(2):151-160. https://doi.org/10.1080/1743444
0.2021.1882301

24.Normandin S, Safran T, Winocour S, Chu CK, Vorstenbosch
], Murphy AM, et al. Negative Pressure Wound Therapy:
Mechanism of Action and Clinical Applications.
Semin Plast Surg. 2021;35(3):164-170. https://doi.
org/10.1055/s-0041-1731792

25.Hever P, Singh P, Eiben I, Eiben P, Nikkhah D. The
management of deep sternal wound infection:
Literature review and reconstructive algorithm. JPRAS
Open. 2021;28:77-89. https://doi.org/10.1016/j.
jpra.2021.02.007



Tom 31,N2 4 = 2023

1 )XypHan cepueso-CyauHHOI Xipyprii =

B YKpaiHCbKu

56 Ha6yTi Baau cepusa

Tepanis paH i3 3aCTOCyBaHHSAIM HEraTUBHOIO TUCKY B liKyBaHHi CTePHaNbHOI iHDeKLii
nicnsa KapaioxipypriyHMX BTpyvaHb: KJiHiYHE CNOCTEPEXEHHSA Ta OMNAA, NiTepaTtypu

IeaHoea 0. B.1, Ph.D., npodecop kacdeapm xipyprii N2 1
Kpueopyuko . A, o-p Mea. Hayk, npodecop, 3aBiayBay kadeanpu xipyprii N2 2
Yeeepaa B. M., Ph.D., npodecop kadenpu xipyprii N2 2
Minyxin [. B.%, Ph.D., poueHT kadeapu xipyprii N2 1
fpamariok C.23, Ph.D., npe3naeHT YkpaiHCbKoi acouiauii 6iobaHKy, BUKIaaay 3 6io6aHkiHry
Ectpin C. 1.4, o-p Men. Hayk, cepLeBo-CyAMHHUIA Xipypr
Koeanbuyk A. 0.4, Ph.D., cepueBo-CyanMHHUI Xipypr
1XapKiBCbKMiA HALiOHaNbHUIA MEAUYHWIA YHiBepCuTeET, M. XapkiB, YkpaiHa
2[HCTUTYT BigHOBNEHHS BiOCTOBOYPOBMX KAITUH, M. XapkiB, YkpaiHa
*MixkHapoaHuii 6iobaHKiHT Ta ocBiTa, MeouuHuii yHiBepcuTeT lpauy, M. [pau, ABCTpis
*IHCTUTYT 3aranbHoi Ta HeBiakNasLHoi xipyprii iMeHi B. T. 3aiiuesa HAMH Ykpainu, M. XapkiB, YkpaiHa

Pesiome

MeTa - OLliHUTH epEeKTUBHICTb MeTOAY Teparii paH HU3bKUM TUCKOM (TPHT) y manieHTiB i3 cTepHanbHOIO iHPEKI-
€10 MicJIA KapAioXipypriyHUX BTPy4YaHb.

Marepia/im Ta Metoam. 3a nepiog 2019-2022 pp. 3 npuBoay nicasionepaniiiHoi ctepHanbHOI iHdekii, ska pos-
BUHYJIacAd B CTPOKU 2-24 THXKHI Mic/4 MOBHOI cepeJMHHOI CTEPHOTOMII, IPOXOAUJIM JiKyBaHHA 6 NaLiEHTIB BikoM 46—
69 pokiB. Y Bcix joc/nipKyBaHUX BiZj3HaYaIMCh XapaKTepHi MiclieBi Ta 3ara/ibHOKJIiHiYHI IPOABU 3ana/ibHOTO THiHHOTO
npoiecy nicJsCTepHOTOMHOI paHHy, AAKi BBaXKa/IM oKa3aHHAMMU A1 nodyaTky TPHT. YciM xBopuM BUKOHYBaJIY JjiarHoc-
TUYHI 3aX0/11 B AUHAMIIli, BKJIFOUHO i3 BU3HAYEHHSM pPiBHS MPOKaJbIUTOHIHY CHPOBAaTKU KPOBi, 6aKTepioJIOTiYHUM /10-
CJIiPKEHHSIM BHU/IiJIEHb 3 PaHU, KOMIT'IOTEPHOI ToMorpadiero rpysHoi kiaiTku. [Ipu npoBeaenni TPHT pss 3akpuTTs
PaHOBOI MOPOKHUHU BUKOPUCTAHO CTAaH/AAPTHI nepeB’si3yBasibHI HA60pH i3 copb1LiiHOI0 ry6Kot0. [Jisi CTBOPEHHS He-
raTUBHOTO TUCKY J10 IepeB’I3yBaJIbHUX HAa0O0PiB MiK/1104a/ly eJleKTPUYHI BAKYyMHI anapaTy, sIKi IpauioBaay B HOCTiH-
HOMY pexxuMi po3pimkeHHs B fiana3oHi -75...-115 MM pT. cT. TpuBaIicTh KOXXKHOTO CeaHCy [J10 3MiHU I'YOKH CTAaHOBUJIA
4-5 ni6. Kpurtepissmu npununenuss TPHT Oysnu: 3MeHIIeHHS TJIOILI paHH, i1 OYMILeHHS], 3HUKHEHHS CJIMUX KUIIEeHb i
HOPHILIEBUX XOZiB.

PesynbraTtn. Y Bcix nanientiB TPHT cnpusiia moBHOMy 3aro€eHHI0 iHQiKOBaHOI MNiC/JICTEPHOTOMHOI paHU
LIJITIXOM OYMIeHHs il MOPOXHWHH, MOCTYNOBOI JIIKBiJaLil CAINKMX KHIIeHb | HOPUILIEBUX XOAIB, 3MEHIIEeHHS pa-
HOBOTO JedeKTy, KyNnipyBaHHfl 3alla/IbHOTO THIMHOTO Inponecy B TPyAUHI I NpuW/Ierjux M'KUX TKaHUHaxX. fk-
mo MiKpo6He YMCJI0 A0 MOYaTKy JIKYBaHHA Yy BCIX BUNAJKax CYTTEBO IMepebilbIIyBaJo KPUTHYHHUHA piBeHb
(107-10® KOE), To micast nepiioro ceancy TPHT BifjaHaueHO 3HWKEHHS PiBHs KOHTaMiHalii paH HHXYe KPUTHUYHOTO
piBHa (10 KOE). Ilpu pocaimkeHHi CHpOBaTKH KpOBi Ha MPOKa/IbIMTOHIH BiZiI3HaueHO HOpMaJi3allito Horo 3HayeHb
Ha 5-7-y no6y Big nouyatky TPHT. Komn'toTepHa ToMorpadisi B fuHaMini BUsSBU/IA 03HAKU MOKpPALeHHs KOHCOJiganil
KpaiB rpyiNHY, 3MEHILEHHS BUPAXKEHOCT] 0CTEOMIEJIITY Ta 3anasieHHs NPUJIEIJINX M IKUX TKaHUH. Y poLeci JIiKyBaHHS
3Hano6unocs Big 2 1o 4 ceanciB TPHT. Ilicas npununenHs TPHT npogoBKyBasiocst MiclieBe JliKyBaHHS 3aJUILIKOBUX pa-
HOBUX ZieD€eKTiB Ma3eBUMHU i MOPOILIKOBUMH 3aCO6AMHU JJ0 TOBHOTO 3ar0OEHHSI BTOPUHHUM HATAroM. CTpOKH nepeGyBaH-
Hsl XBOpUX Y cTalioHapi ctaHoBuM Bif 25 o 35 #i6. HaBejeHo KJliHIYHWN BUNIAZ0K JIIKYBaHHS OJTHOTO 3 6 MalliEHTIB,
3aJly4eHHUX Y JOCIiPKeHHs.

BucHoBku. TPHT Mae kiiiHi4YHO Ta J1abopaTOPHO AOBEAEHUN MO3UTUBHUM ePeKT y MicLieBOMY JIiKyBaHHI mic/siorne-
paniiiHoi crepHasnbHOI iHeKLil. CTaHOBJAYM TEXHIUHO JOCTYIHY Ta MaJOTpPaBMaTHU4HY a/lbTePHATUBY pecTepHopadii,
TPHT Moxxe po3riisaTUCh IK He3aMiHHUM nepexiZiHui abo 0CTaTOYHUM MeTo/ MiclieBoi Teparii 11boro yck/aaZHeHHs. Me-
TozoJioris 3actocyBaHHs1 TPHT, i30/1b0BaHO a60 B KOMILIEKCI 3 iHIIMMU MeTOJjaMH, IOTPeBYE MOAaNbLIOT0 YTOUHEHHS.

Kamwuoei cnoea: nosHa cepeduHHa cmepHomomisi, iHekyitiHi yckaadHeHHs, nicasonepayiliHuti mediacmuHim, memo-
0u NiKY8AHHS paH, 320€HHS PAH.
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