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Amag: Kalp cerrahisi sonrast gelisen mediastinit po-
tansiyel olarak yikici bir komplikasyondur. Bu klinik du-
rum igin gesitli tedavi modaliteleri dnerilmistir ve vakum
yardimli kapatma bunlardan biridir. Bu ¢alismada yikama-
1 ve yikamasiz yontemlerle gergeklestirilen vakum des-
tekli kapatmanin sonuglarini karsilagtirmayr amaglanmis-
tir.

Materyal ve Metot: Ocak 2015-Haziran 2019 tarihleri
arasinda sternotomi ile kalp cerrahisi gergeklestirilen ve
sonrasinda mediastinit gelisen toplam 60 hasta ¢alismaya
dahil edildi. Grup 1 ve Grup 2, sirasi ile yikamasiz ve
yikamali negatif basingl yara tedavisi uygulanan 30 hasta-
dan olusturuldu. Gruplar arasinda demografik 6zellikler ve
tedavi sonuglari karsilagtirildi.

Bulgular: Hastalarin demografik verileri benzerdi.
Bakteriyolojik kiiltiirler, her iki gruptaki hastalarin biiylik
¢ogunlugunda stafilokok varligini gosterdi (Grup 1, %
61,6; Grup 2, %70). Tedavi, enfeksiyon eradikasyonu,
yara kapanma ve hasta taburculugu siireleri Grup 2'de
istatistiksel olarak daha diisiiktii (p<0,05) Yara kapanma
orani Grup 2'de istatistiksel olarak daha yiiksekti (p<0,05).
Sonug: Yikama metodu kullanilarak uygulanan vakum
destekli negatif basing tedavisi, mediastinit tedavisinde
uygulanabilen bir yontemdir ve yikamasiz yonteme gore
iistiinliikleri mevcuttur.

Anahtar Kelimeler: Enfeksiyon, mediastinit, negatif
basingli yara tedavisi, vakum yardimli kapatma, yara iyi-
lesmesi

ABSTRACT

Objective: Mediastinitis following cardiac surgery is
potentially devastating complication. Various treatment
modalities were suggested for this clinical situation and
vacuum assisted closure is one of them. In the study it was
aimed to compare outcomes of vacuum assisted closure
performed with instillation and non-instillation methods.
Materials and Methods: From January 2015 to June
2019, a total of 60 patients who had mediastinitis after
cardiac surgery performed via sternotomy were included
to the study. Both Group 1 and Group 2 was consisted of
30 patients to whom negative pressure wound therapy
performed without and with instillation, respectively. De-
mographic characteristics and treatment outcomes were
compared between the groups.

Results: Demographic data of the patients were simi-
lar. Bacteriologic cultures showed the presence of staphy-
lococci in the majority of the patients in both groups
(Group 1, 61.6%; Group 2, 70%). Duration of treatment,
eradication of the infection, wound closure and patients
discharge were statistically lower in Group 2 (p<0.05).
Rate of the patients with healed wound was statistically
significantly higher in Group 2 (p<0.05).

Conclusion: Vacuum assisted negative pressure thera-
py via instillation is a reliable method that can be per-
formed in the treatment of mediastinitis and has superiori-
ty over non-instillation method.

Keywords: Infection, mediastinitis, negative pressure
wound therapy, vacuum-assisted closure, wound healing
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INTRODUCTION

Deep sternal wound infections (DSWI), known as
mediastinitis, is a major complication after cardiac
operations performed with sternotomy. Mediastinal
fascia and the deep-seated retrosternal tissues are the
involved areas.' The incidence of the mediastinitis
was reported between 0.6% and 5% in different se-
ries and despite adequate medical and surgical treat-
ments it has mortality rates ranging from 10% to
45%.* Multifactorial process involves in the patho-
genesis of the mediastinitis that includes various risk
factors and pathogenic microorganisms. These fac-
tors related to either patient characteristics or the
procedure.’

Different treatment modalities can be performed for
mediastinitis. Prophylactic and/or microorganism-
oriented antibiotherapy is one of the most important
tools in the treatment regimens. Besides, surgical
revision with primary closure or open dressings,
closed irrigation, reconstruction with soft tissue
flaps, and negative pressure wound therapy (NPWT)
are the other treatment alternatives for mediastinitis.*
NPWT can be performed with instillation method or
standard method without instillation.’

Purpose of this study is to evaluate the treatment
outcomes of the NPWT with and without instillation
methods in patients with mediastinitis after cardiac
surgery performed via sternotomy.

MATERIALS AND METHODS

Ethical Status: Written informed consent was taken
from all participants and this single center retrospec-
tive study was approved by Gaziantep University
Ethics Committee of Clinical Trials (Date:
03/07/2019, decision no: 2019/196) and complies
with the declaration of Helsinki.

From January 2015 to June 2019, hospital records of
the patients who were treated with NPWT after car-
diac operation performed via sternotomy were inves-
tigated. Patients performed emergent surgery, re-do
surgery, beating heart surgery, underwent thoracic
aortic surgery extended to the descending aorta,
more than one valve interventions, coronary artery
bypass with valve interventions, under 18 years old,
diagnosed any kind of neoplasia, had evidences re-
lated to the infection but with negative substernal
bacterial wound culture or without mediastinitis
were not included to the study. A total of 60 patients
diagnosed with mediastinitis after cardiac surgery
and treated with NPWT with or without instillation
methods were involved to the study.

Study was consisted of two gruops. Both Group 1
and Group 2 were consisted of 30 patients to whom
NPWT was performed without or with instillation
method. Demographic data, laboratory findings and
echocardiographic results in terms of ejection frac-
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tion of the patients, comorbidities, kind of opera-
tions performed (coronary artery bypass graft opera-
tion, aort valve replacement, mitral valve replace-
ment), classification of the wound, duration of oper-
ation and aortic cross-clamp, results of bacterial
wound cultures and treatment outcomes of NPWT
were compared. Cefazolin sodium lgr was adminis-
tered to the patients during induction of anesthesia
via venous way and ordered three times a day after
postoperative period. Antibiotherpay was revised to
suitable one which of the detected pathogen in the
surgical site was sensitive. Sternum was closed in
classical way after operation but Robitschek method
was performed for sternal fixation in the necessity of
revision surgery.

Mediastinitis was defined according to Centers for
Disease Control and Prevention guidelines.® Diagno-
sis of mediatinitis requires at least one of the follow-
ing criteria; presence of organisms cultured from
mediatinal fluid or tissue, evidence of mediastinitis
on histopathological and gross anatomical examina-
tion, and at least one of the signs or symptoms in-
cluding fever (>38°C), sternal insitability or chest
pain and additionally at least one of the following;
mediastinal widening on imaging or purulent drain-
age from mediastinal site. El Oakley’ classification
was used for post-sternotomy mediastinitis.
Statistical Method: The normality of distribution of
continuous variables was tested by Shaphiro Wilk
test. Mann-Whitney U test was used for comparison
of two independent groups of variables with a non
normal distribution. Chi-square test was used to as-
sess relation between categorical variables. The cate-
gorical variables were expressed as percentages and
continuous variables were expressed as the mean
SD. SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was
used for data analysis. Statistical significance was
defined as p<0.05 with a two tailed test.

RESULTS

Both groups were consisted of 30 patients and there
were no statistically differences in demographic,
laboratory and clinical data prior to the treatment
(Table 1).

In addition to the data above, there were no statisti-
cally significant differences in body mass index
(BMI) (Group 1, n=17; Group 2, n=18) and immu-
nosuppressive treatment between the groups.

All the patients were underwent open heart surgery
by using cardiopulmonary bypass pump. Type of
operations, duration of cross-clamp and operations
were given in Table 2.

Post-sternotomy wound classification was evaluated
according to the recommendations of El-Oakley et al
and summarized in Table 3.
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Table 1. Comparison of pre-treatment status between groups.
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Variables* Group 1 (n =30) Group 2 (n=30) p

Age (years) 59.40 +£10.29 5713 +£11.64 0.571
Gender (male/female) 13/17 12/18 0.835
Patients with DM 11 10 0.837
Patients with COPD 6 7 0.726
Patients with renal failure 2 2 >(.99
EF (%) 47+2.3 49+2.7 0.784
Wound area (cm®) 173.00 + 123.73 127.33 £ 137.87 0.341
Albumin (gr/dL) 2.364 £0.325 2.350£0.823 0.954
CRP (mg/L) 42.4448.52 46.56+7.61 0.896
WBC count/ml 13.9 13.7 0.965

NPWT; negative pressure wound therapy, DM; diabetes mellitus, WBC; white blood cell ¥*Mean + SD.

Table 2. Type of operations and duration of operations and cross-clamp.

Duration of Duration of
CABG(n) AVR(n) MVR(n) Operation (min) cross-clamp
(min)
Group 1 18 5 7 160.3+12.4 45.243.7
Group 2 19 4 7 156.6+11.7 43.4+4.1
P 0.844 0.786 >0.99 0.934 0.925

CABG; coronary artery bypass graft, AVR; aortic valve replacement, MVR; mitral valve replacement.

Table 3. Post-sternotomy El-Oakley mediastinitis classification.

El Oakley Class Group 1 (n=30) Group 2 (n=30)

N % N %
1 N N _ -
11 6 20.0 5 16.6
1A 9 30.0 9 30.0
111B 15 50.0 16 534
IVA - - - -
IVB - - - -
\Y N

Bacteriologic wound cultures revealed the presence
of staphylococci in the majority of the patients in
both groups and results were given in Table 4.

Duration of treatment, bacterial eradication, wound

(Table 5).

closure, and hospital discharge were statistically

Table 4. Culture-verified deep sternal wound infection pathogens.

significantly lower in Group 2. Wounds of all pa-
tients totally healed in Group 2 however, 66.7% of
the patients had totally healed wounds in Group 1

Bacterial strains

Group 1 (n=30)

Group 2 (n=30)

N % N %
Staphylococcus aureus 12 40.0 13 43.3
Escherichia coli 1 33 - -
Staphylococcus epidermidis 6 20.0 7 233
Metisin resistance 6 20.0 5 16.6
Staphylococcus aureus
Pseudomonas aeruginosa 3 10.0 2 6.6
Acinetobacter baumannii 2 6.6 3 10.0
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Table 5. Comparison of treatment outcomes between groups.

Outcomes Group 1 Group 2 p

(n =30) (n=30)
Days treated* 36.47 £ 13.07 9.87+431 0.001**
Days wound eradicated from clinical infection*® 26.40 + 6.58 6.05 +1.48 0.001**
Wound healed (%) 65.7 100 0.006**
Days to wound closure* 28.65 + 6.62 13.24 + 6.58 0.001**
Days to patient discharge* 39.28+12.14 14.76 £ 9.25 0.001**

NPWT, negative pressure wound therapy. *Mean + SD. ** p < 0.05 compared with control group.

DISCUSSION AND CONCLUSION

Mediastinitis is a life-threatening complication after
median sternotomy. Several risk factors have been
defined in the literature and of those obesity and
diabetes remain the most important.® Most of the
participants in our study were involved in over-
weighted and obesity class I groups according to the
BMI classification and DM was the most prevalent
concomitant disease. Besides, advanced age, COPD,
left ventricular dysfunction, female sex and renal
failure were additional preoperative risk factors
mentioned in the literature.” Most of the patients
were female and had decreased EF and advanced
age in our study. COPD was the second prevalent
concomitant disease and there were four patients
with renal failure. Prolonged duration of surgery and
aortic-cross clamp time was accepted as intra-
operative risk factors for mediastinitis.” Duration of
operation and aortic cross-clamp time was within
normal limits parallel with the literature in our
study, because of exclusion of surgeries required
more than one cardiac structure interventions and re-
do.

Use of bilateral internal mammarian artery for vas-
cular graft in coronary artery bypass graft operations
is also associated with postoperative mediastinitis.
Harvesting of both mammarian arteries damages to
sterna collateral blood supply and increases the vul-
nerability to infections.'” In our study only left inter-
nal mammarian artery was used in patients who un-
derwent coronary artery bypass graft operation.
Mediastinitis was classified into five categories ac-
cording to time of presentation and presence of risk
factors by El-Oakley et al.” All of the participants in
both groups in our study were involved in group II,
IIIA and IIIB.

The most common microorganism detected in
wound infections is staphylococcus aureus and caus-
ing up to 80% of mediastinitis after cardiac sur-
gery.'" Similarly, S.aureus was the major pathogen
detected in the bacteriologic wound cultures of the
patients in both groups in our study.

Various treatment modalities were defined in the

literature for mediatinitis. Despite the choice of anti-
biotic, optimal dose, duration and timing remain
controversial, preoperative antibiotic prophylaxis is
one of the most important tools in the treatment.'?
Surgical debridement, drainage, irrigation, plastic
reconstruction and NPWT are the other techniques
established previously."

NPWT is a newer method consists of an open-cell
foam dressing covered with an adhesive drape. Sub-
atmospheric pressure is created and maintained by
the dressing connected to a vacuum pump.'* It can
be used in different wound types including acute
wounds such as traumatic or dehisced surgical
wounds and flaps and grafts, and chronic wounds
such as diabetic, pressure and vascular ulcers."
Wound drainage, stabilization of the chest wall, iso-
lation of the chest cavity to prevent contamination,
granulation stimulation, maintenance of a moist en-
vironment, and increased blood flow to the tissues
can be achieved by using NPWT when applied for
the mediastinitis after sternotomy.'® It also plays a
critical role in cell proliferation, modulation of in-
flammation and decreasing in bacterial levels."
NPWT with antibiotic was suggested as a first line
therapy for mediastinitis in a study conducted by
Kaul.'” In addition, initiation of NPWT is a class II
recommendation by the guidelines of American As-
sociation of Thoracic Surgery (AATS) in patients to
whom delayed sternal closure is planned following
mediastinitis.'® Cefazolin sodium (iv) was adminis-
tered to the patients before operation and antibiotic
therapy was regulated according to the microorgan-
isms detected in the bacterial wound culture in post-
operative period in our study.

NPWT can be performed by a standard way without
instillation or with instillation method which allows
automated, intermittent, volume controlled instilla-
tion of a topical wound solution during the therapy.
Although several solutions were recommended in
the literature for instillation, saline was the preferred
one because of the outcomes similar to other types
of solutions."” Saline was used for instillation in our
study.
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NPWT with instillation has been suggested in the
treatment of infected or contaminated wounds in
necrotizan fasciitis, upper and lower extremity
wounds, ulcers, breast reconstruction and other com-
plex wounds as well as mediastinitis.”” Singh et al.!
compared the outcomes of patients with mediastini-
tis treated with NPWT with and without instillation.
Control of wound infection and early granulation
tissue formation was better in patients treated with
NPWT with instillation. Similarly, in a study de-
signed by Chowdhry et al.”’, days to wound closure
and the number of therapy days were fewer in
NPWT with instillation group. In our study, days to
wound closure were significantly fewer and the du-
ration of the treatment were significantly lesser in
the patients treated via NPWT with instillation. Ka-
raca et al.” reported a case of mediastinitis caused
by Mycoplasma hominis. NPWT with instillation
method was performed and patient was treated with
a success in that study. Gabriel et al.”* emphasized
that NPWT with instillation has a positive impact on
decreasing the bacterial colonization in acute or
chronic wounds. Thus, this method can be useful for
the eradication of infection in mediastinitis with ap-
propriate antibiotics. Duration of the eradication of
the wound was lesser in NPWT with instillation
group in our study. According to the study designed
by Hehr et al.**, successful clearance of infection and
healed wounds in 89% of the patients were achieved
with sternal, spinal and extremity infections via
NPWT with instillation. Sternal wounds were healed
in all of the patients treated via NPWT with instilla-
tion in our study. NPWT with instillation has also
been shown to shorten the overall hospital stay.”
Patients were statistically significantly discharged
earlier to whom NPWT with instillation method was
performed in our study.

Underlying mechanism of NPWT with instillation
on wound healing and bacterial eradication can be
explained as follows; NPWT with instillation allows
to lower wound fluid viscosity, enabling the washout
of necrotic tissue, clots and fibrin in addition to re-
moval of excess fluid and increased granulation.
NPWT alone supplies a mechanical stress for stimu-
lation of underlying cell proliferation, while NPWT
with instillation allows new cells to be set on healthy
tissue. It removes inhibitory factors such as metallo-
proteases and destroys glycocalyx responsible for
resistance to antisepsis.?**’

In conclusion, efficiency of NPWT on the treatment
of mediastinitis after sternotomy was known previ-
ously. NPWT with instillation is a recently intro-
duced treatment modality and performed NPWT
with irrigation solution. Evidences are available in
the literature related to its positive effects on cell
proliferation and granulation which maintain wound
healing and prevention of drug resistance. It has su-
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periority over NPWT without instillation in the
terms of duration of the therapy, wound closure,
eradication of the infection and patient discharge.
Further studies with larger population are required
for additional effects of this therapy.
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