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ABSTRACT

Sternal wound infections are a terrible complication that require long and complex treatment.

The aim of the study was to evaluate the results of using the modified method of vacuum therapy to treat purulent-

septic complications of post-sternotomy wounds in clinical practice.

Materials and methods. According to the applied method of vacuum therapy, all patients with infectious
complications of post-sternotomy wounds were divided into two groups (n = 25, average age 56.6 years). The
classical vacuum therapy was used in the first group consisting of 12 patients. In the second group, 13 patients were

treated with the help of the modified method of vacuum therapy.

Results. In the first group, 1 patient (8.3%) experienced osteomyelitis of the sternum, following a partial resection
of'bone plates; 1 patient (8.3%) developed sternal fistulas, which required long-term treatment; 1 patient (8.3%) had
bleeding due to the injury of the left brachiocephalic venous trunk because of the direct contact of the polyurethane
pad with the blood vessel wall. The bleeding was eliminated by fixing the damaged area of the vascular wall
with U-shaped sutures using polytetrafluoroethylene pads. In the second group, no complications of this nature
were observed. The modified method of vacuum therapy allows for the effective evacuation of the hemorrhagic
discharge of the wound surface, the reduction of the degree of pathogen contamination in the adjacent tissues, and

the elimination of bleeding risk.

Conclusion. The modified method of vacuum therapy in combination with effective algorithms for treating
purulent-septic complications of post-sternotomy wounds allows physicians to avoid fatal complications and

achieve good clinical results.
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PE3IOME

AKTyanbHOCTb. PaHeBas cTepHanmbHast HHGEKIUS SBISETCS TPO3HBIM OCIOXKHEHHEM, TPEOYyIOMUM JIUTEIEHOTO
U CIIOKHOTO JICUCHUSI.

Henp uccienosanus. OlLeHKa pe3yNbTaTOB IMPUMEHEHUS MOAU(UIMPOBAHHOIO METO/A BaKyyM-TEpamuu IMpH
JIEUEHUH THOMHO-CENTHYECKUX OCIIOKHEHHI IOCTCTEPHOTOMHBIX paH.

Marepuajbl 1 MeToabl. Bce mamueHTH ¢ MHQEKIHMOHHBIMH OCIOXXHEHUSIMH IIOCTCTEPHOTOMHBIX paH (n =
25, cpenumii Bo3pacT 56,6 yeT) pasmeneHbl HA ABe Tpynmbl. B 1-1o rpynmy Bomuti 12 mamueHTOB, y KOTOPBIX
HCIIOJIb30BAJICS KJIACCUYECKUI METOJ BaKyyM-Tepanuu. Bo 2-# rpynmne ais nedeHus 13 manueHTOB NPUMEHSICS
MOANGHUIUPOBAHHBII METOJ] BAaKyyM-TEpaIiH.

PesyabTatel. B 1-if rpymme y 1 (8,3%) GonpHOro Habmomancss OCTEOMUETHT TPYIMHBI, BHIIIOIHEHA JaCTUYHAS
pe3eKus KOCTHBIX miacTuH, y 1 (8,3%) BOSHUKIHN CTEPHO-KYTadbHBIE CBHUIIH, YTO MOTPEOOBATIO JIUTEILHOTO
neuenus, y 1 (8,3%) BcienacTBHe TpaBMaTH3alUHM JEBOTO BEHO3HOTo OpaxuoredanbHOro CTBONAa Ha (oHE
HPSIMOTO KOHTAaKTa MOJINYPETAHOBOT'O HAMIOJIHHUTENS CO CTEHKOM cocyia — KpoBoTeueHue. KpoBoreueHue ynanoch
JMKBHMPOBATh, YIINB IOBPEKACHHBIH Y4aCTOK COCYAMCTOH CTEHKU M-00pa3sHBIMU IIBAMM C MCIIOJIb30BaHHUEM
MPOKIAZ0K U3 monuterpadTopaTiieHa. Bo 2-if rpynmne ocnoxHeHHH MOJOOHOTO XapakTepa HE HaOII0Ialoch.
ITpumeHeHHe MOAMMDHULIMPOBAHHOTO METOJAa BAaKyyM-TEpaluu IO03BOJsAeT 3(Q(EKTUBHO 3IBAKyHPOBAThH
reMOpparnieckoe OTACNSIEMOEC PAaHEBOW IOBEPXHOCTH, YMEHBIIHTh CTCNEHb KOHTAMUHALMM I[AaTOTCHOM
NPHISKALIMX TKAaHeH, HCKIII0YaeT PUCK BOSHUKHOBEHHUSI KPOBOTCUCHUS.

3akisoueHue. HpI/IMeHeHI/Ie MO}II/I(bPIHI/IpOBaHHOFO METO/Zla BakKyyM-TE€pallii B COYETAHHUU C 3(i)(l)eKTI/IBHI)IMI/I
aJIropyTMaMu  JICUCHU THOMHO-CENTUYCCKUX OCJIOKHEHUMN IOCTCTEPHOTOMHBIX PpaH IO3BOJIAOT n30exarh
Q)aTaHBHI)IX OCJIOKHEHUH U ,Z[OGI/ITLCH XOpOLIHX KIMHUYIECKUX PE3YJILTATOB.

KiroueBble cjioBa: cpefilMHHAs CTEPHOTOMUS, CTEPHAIbHAS MH(EKIHUS, TOCICONEePALMOHHBII MEIMaCTHHHT, Ba-
KyyM-TEpaIHus, PEOCTEOCHHTE3 IPYAUHBI.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKaIKeil HACTOSIIEH CTaThH.

HUcTounuk q)HHaHCHpOBaHI/ISI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpoBaHI/ISI IpyU OPOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE NPHHIMNIAM 3THKH. Bce marnuenTs! moanucany Aani HHGOPMHUPOBAHHOE IIMCBMEHHOE COTJIacHe.
HccnenoBanne 0om00peHO pEIICHHEM JIOKAIBHOTO STHYECKOTO KOMHUTETa YIBSHOBCKOTO TOCYAApPCTBEHHOTO
YHHBEpPCHTETA.

Jst uutupoBanus: Yapeimkun A.JL, ['ypesiaos A.A. [IpumeneHne MoaAN(HUIIMPOBAHHOTO METOAA BAKyyM-Tepa-
IIUH TIPY JICYCHUH MHQHUIUPOBAHHBIX TOCTCTEPHOTOMHBIX paH. browiemens cubupckoii meduyunwvt. 2020; 19 (3):
89-94. https://doi.org: 10.20538/1682-0363-2020-3-89-94.

90 Bulletin of Siberian Medicine. 2020; 19 (3): 89-94



Original articles

INTRODUCTION

More than 57,000 open heart operations to treat car-
diac pathology are performed annually in Russia [1]. A
tendency to increase the total number of cardiac surgery
interventions remains due to the development of large
medical centers and the establishment of new cardiac
surgery departments. Despite the proliferation of min-
imally invasive and interventional technologies, open
heart surgery using median sternotomy as a surgical ac-
cess remains one of the main treatment methods.

The active use of sternotomy as an access is due to
this method being relatively simple and effective, as it
provides visualization of all the main cardiac structures
and vessels. However, despite the advantages of medi-
an sternotomy, the main disadvantages are the degree of
traumatization and risks of infectious complications.

In order to prevent purulent-septic complications af-
ter sternotomy, guidelines for the elimination of sternal
infection were developed and introduced into clinical
practice [2]. Despite this fact, the incidence of post-ster-
notomy infectious complications remains quite high and
ranges from 0.25 to 10% [3].

Vacuum therapy is among the most effective treat-
ment methods of postoperative sternomediastinitis.
However, the complex architectonics of post-sternotomy
wounds, heterogeneity of tissues, and spread of bacterial
strains resistant to antibiotics and antiseptics do not al-
low for complete cleansing of the wound cavity in 100%
of cases.

The aim of the research was to evaluate the results of
using the modified method of vacuum therapy in clin-
ical practice to treat purulent-septic complications of
post-sternotomy wounds.

MATERIALS AND METHODS

From January 2015 to December 2018, 379 open
heart surgeries were performed using median sternotomy
as a surgical access in the Department of Cardiac Surgery
and Heart Rhythm Disorders of the Ulyanovsk Regional
Clinical Hospital. In 10 cases (2.65%) the postoperative
period was complicated by bleeding due to coagulopa-
thy. In 3 cases (0.8%) the postoperative period was com-
plicated by acute myocardial infarction. Purulent-septic
complications of the wound surface of various severity
developed in 25 cases, which is 6.6% of the total number
of patients operated on.

Patients with infectious complications of the sternal
wound were divided into two groups according to the
method of vacuum therapy used for treatment. Patients
were comparable by gender and age in both groups. The
average age was 56.6 years old. The number of elderly
patients (over 60 years old) was 10 people (40%) (Table

1). The first group (comparison group) included 12 pa-
tients whose purulent-septic complications of the sternal
wound were treated with the standard method of vacuum
therapy. The second group (main group) included 13 pa-
tients who underwent a course of the modified vacuum
therapy (RF patent No. 183866, authors A. L. Charysh-
kin, A. A. Guryanov) (Fig. 1).

Table 1

The distribution of patients by age

Age (years old) | The 1* group (n=12) | The 2™ group (n=13)
18-39 1(8.3%) 0 (0%)
40-59 7 (58.4%) 7 (53.8%)
60-74 4 (33.3%) 6 (46.2%)

Note. The number of patients — n.

Figure 1. General view of the modified system

The developed vacuum system provides effective
vacuum drainage of wounds using a device that con-
sists of an air-tight dressing connected to a container
for collecting wound discharge and a vacuum source
(creating alternating negative pressure) though a vac-
uum-wire port. The vacuum-wire is placed in the cen-
ter of the porous pad along its entire length beforehand
(Fig. 2, a, b). In places where the pad comes into contact
with potentially dangerous wound sites (the aortic wall,
myocardium, coronary bypass grafts, left brachiocephal-
ic vein, etc.), the polyurethane pad is covered with a film
of synthetic material that is perforated with a 21G injec-
tion needle, 6 to 9 holes per 1 cm? are made throughout
the film (Fig. 3).

The vacuum-wire located in the middle of the porous
pad, as well as a special structure of the tube provides a
uniform, more effective wound drainage. The synthetic
film protects the porous pad from the granulation tissue
germination. Moreover, the risk of bleeding during the
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pad removal is eliminated. The film also prevents vulner-
able sections of the wound from direct vacuum exposure.
The perforated surface of the film retains adhesive prop-
erties of the pad.

To determine nature, extent and localization of the
pathological process in the postoperative period, patients
underwent chest CT with 3D reconstruction, ultrasound
of soft tissues, wound culture test, and antibiotic sensi-
tivity test.
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Fig. 2. Installation of the drainage in the pad

-,

Fig. 3. Perforated protective film

RESULTS

In both groups of patients, the same phasing of treat-
ment was observed. Initially, the prevalence of infection
was determined. When the infection was localized within
the skin and subcutaneous tissue (8 patients (66.6%) in
the first group; 8 patients (61.5%) in the second group),
soft tissues were expanded to the sternum. Ligatures
from the skin and subcutaneous tissue were removed,
consistency of sternal sutures and their involvement in
the inflammatory process of the sternum and retrosternal
space were evaluated. If the sternal sutures were consis-
tent, and the sternum and retrosternal space were intact,

the wound was debrided with antiseptic solutions and a
vacuum system was installed.

If sternal sutures were inconsistent, meaning that
there was severe diastasis of the sternal edges or pres-
ence of an infection on the anterior mediastinum (4 pa-
tients (33.4%) in the first group; 5 patients (38.5%) in the
second group), wire ligatures were removed and the ster-
nal edges were spread. After that, the wound was debri-
ded with antiseptic solutions and a vacuum system was
installed. Removing sternal sutures in these conditions is
a mandatory procedure, since otherwise they contribute
to the destruction of the sternal edges during breathing
and coughing. In addition, fragments of a wire suture can
damage nearby structures, such as the lungs, heart, and
great vessels [4].

When using vacuum systems in the Department of
Cardiac Surgery of the Ulyanovsk Regional Clinical
Hospital, both standard and modified methods were
employed. In the modified system, a four-channel sili-
cone tube, located in the center of the polyurethane pad
throughout the wound, was used for drainage. Given the
size of the wound surface, the complex structure of the
wound and the heterogeneity of tissues, this arrange-
ment of drainage made it possible to evacuate wound
discharge as efficiently as possible and create a uniform
rarefaction in all areas of the wound cavity. Considering
that the polyurethane pad quite often comes into contact
with such surfaces as the aortic wall, myocardium, su-
ture area, mammary-coronary and aortocoronary bypass
grafts, as well as their anastomoses, there is a risk of
damage to these structures from direct vacuum exposure.
It is also important that the polyurethane pad can tightly
adhere to tissues after a prolonged contact, making fur-
ther removal of the pad from the wound extremely dan-
gerous (Fig. 4), since it can cause damage to the above
structures.

In both groups the duration of vacuum therapy
ranged from 48 to 72 hours, after that the system was
removed, and the wound cavity was carefully debrided
with antiseptic solutions before the vacuum system was
reinstalled. This algorithm was followed until the wound
cavity was cleansed and the level of contamination by
the infectious agent reduced to acceptable parameters,
less than 10° CFU [5]. These drugs were used as antisep-
tics in both groups: 3% hydrogen peroxide solution; 10%
betadine solution; 1% dioxidine solution; Baneocin.

When the wound reached the optimal condition, fur-
ther tactics were determined according to the size and
location of the defect. If infection was limited to soft tis-
sues, in both groups the wound was closed with vicryl
No. 1 thread through all layers, using MacMillan — Do-
nati sutures. In the case of retrosternal space involvement
in the pathological process and the need for reosteosyn-
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thesis of the sternum, the strategies of defect closure in
the first and second groups were slightly different.

Fig. 4. Germination of the pad into adjacent tissues

Good revascularization of granulation tissue and ster-
nal edges facilitate bleeding of different severity when
sternum reosteosynthesis and re-closure of a postoper-
ative wound are being performed. To reduce the risk of
re-development of purulent-septic complications after
sternum reosteosynthesis and soft tissue approximation
in the first group of patients with deep sternal infection,
the method of flow-washing drainage was used, and in
the second group the method of gradual closure of the
wound using vacuum therapy was employed.

During gradual closure of the wound, the first stage
was reosteosynthesis of the sternum and suturing of the
soft tissues of the upper half of the postoperative wound.
A negative pressure system was installed at the lower
part of the wound. Vacuum therapy was carried out for
3 days, after that the defect of the lower wound segment
was closed.

This method made it possible to effectively evacuate
the hemorrhagic discharge of the wound surface, pre-
venting the formation of extensive hematomas, which
subsequently lead to a relapse of infectious complica-
tions. In addition, the modified vacuum therapy allows
the reduction of pathogen contamination of the adjacent
tissues, diminishing risks of a relapse. While using this
method in our department, we did not register a single
case that required additional surgical hemostasis.

According to the results of treatment, in the first
group, one patient (8.3%) suffered from sternal osteomy-
elitis that subsequently required a partial resection of the
bone plates. One patient (8.3%) developed sternal fistu-
las in the long-term postoperative period, which required
further prolonged treatment. One patient (8.3%) had
bleeding due to the injured left venous brachiocephalic
trunk because of the direct contact of the polyurethane
pad with the vessel wall. The bleeding was eliminated

by suturing the damaged part of the vascular wall with
P-shaped sutures using polytetrafluorethylene pads. In
the second group, complications of this nature were not
observed. Mortality was absent in both groups.

DISCUSSION

According to many authors, the use of vacu-
um therapy in the treatment of infected post-sternotomy
wounds is an effective method to achieve good results.
However, experience of using such systems shows that it
is not always possible to achieve complete cleansing of
the wound. The large size, complex and heterogeneous
structure of the wound cavity, as well as the infectious
agent resistance greatly complicate the task.

To increase the operating efficiency of the vacuum
system in our hospital, a non-standard way of arran-
ging the evacuation drainage in relation to the polyure-
thane pad was used. We used the silicone drainage with
a four-channel structure that was located in the center of
the pad equidistant from all wound sections, which, in
our opinion, ensured more effective elimination of the
infectious agent and wound discharge.

One of the problems of using vacuum therapy in the
treatment of deep sternal infection is the risk of damage
to structures such as the great vessels walls, myocardium,
coronary bypass grafts due to direct exposure to vacuum,
or a combined effect of infection and negative pressure
on tissues [6, 7, 8]. In order to prevent such problems in
our hospital, we used a synthetic film to cover the poly-
urethane pad, while the adhesive properties of the pad
due to perforation of the film were maintained.

Early detection of purulent-septic complications of
post-sternotomy wounds allows to resort to active sur-
gical tactics in a timely fashion, thereby to prevent the
spread of infection and deeper structures from being in-
volved in the pathological process [9, 10]. This contrib-
utes to effective treatment with less aggressive surgical
tactics in the future. If sternal sutures become incon-
sistent and a patient with sternomediastinitis develops
diastasis of the sternal edges, it is necessary to remove
sternal sutures and expand the post-sternotomy wound
completely. This allows to adequately sanitize the ret-
rosternal space, and also to avoid further destruction of
the sternal edges and damage to nearby organs by wire
fragments.

CONCLUSION

The modified structure of a vacuum system allows
to provide a more efficient evacuation of exudate and
to create uniform rarefaction in all parts of the wound
cavity. Coating the polyurethane pad with a film at the
places of contact with the most vulnerable areas allows
the avoidance of such terrible complications as damage
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to

the myocardium, walls of large vessels, and coronary

bypass grafts. The gradual closure of the wound using
vacuum therapy reduces the risk of septic complications
relapse, because it prevents hematoma formation in soft
tissues and further reduces the contamination degree of
the wound until it is completely closed.
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