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Purpose: To assess the efficacy of primary sternal closure technique compared to vacuum-assisted closure technique in treatment of 
post-cardiac surgery mediastinitis in paediatric age group. Additionally, assessed postoperative need for IV drug use, hospital stay 
length, wound and sternal healing and survival. Hypotheses: primary sternal closure is a reliable technique for treatment of 
poststernotomy mediastinitis following cardiac surgery in paediatric age group.
Materials and Methods: A prospective randomized controlled trial included 217 pediatric patients developed post-cardiac surgery 
mediastinitis from 2016 to 2022. They were randomly divided into primary sternal closure group (A) and vacuum-assisted closure 
group (B) and operated by two cardiothoracic surgeons. Follow-up of the patients was done for 6-months duration following treatment 
of mediastinitis to assess postoperative need for hospitalization, IV drug use, wound complications, sternal stability and survival.
Results: The final analysis included 101 patients in each group. The chance of survival over 6 months after surgery was more for 
primary sternal closure group (175.2) days versus (157.6) days for the vacuum-assisted closure group, with significant difference Log 
Rank test p-value (0.005). Duration for IV antibiotics use in the primary closure group was 8.55±3.57 and it was 32.61±8.39 showing 
high statistically significant difference (p<0.001). Patients in the primary closure group had earlier discharge from hospital 15.77±4.18 
than vacuum assisted group 42.61±8.39, with high statistically significant difference (p<0.001). Primary closure group showed better 
sternal stability and sternotomy wound healing on clinical follow-up.
Conclusion: Primary sternal closure technique is a favorable technique over vacuum-assisted closure technique for treatment of 
paediatric mediastinitis following cardiac surgery. The reinforced sternal closure technique is a reliable technique with promising 
results regarding IV drugs need, hospitalization duration, survival and sternotomy wound healing.
Keywords: pediatric mediastinitis, post-cardiac surgery, primary closure, vacuum-assisted closure, interrupted mattress wires

Introduction
Postcardiac surgery mediastinitis is a serious complication.1 Mediastinitis in pediatric age group is annoying for patients 
and it is unacceptable by parents.6 It is associated with significant morbidity leading to significant longer hospital stay 
and higher costs. Mortality may occur in 10% to 25% of the mediastinitis cases.11

Documented risk factors for postoperative mediastinitis in the pediatric group are younger age, preoperative pneumonia and 
other respiratory tract infections, prolonged surgery duration, malnutrition, longer time on the mechanical ventilator and for and 
prolonged intensive care stay.5 Additionally, immunity is affected by operative manipulations and used materials like bone wax3 

cardiopulmonary bypass, perioperative factors like postoperative bleeding and exploration, blood transfusion and anesthesia.2

Favorable prognosis of mediastinitis is detected in pediatric rather than adult patients.6 Although there are multiple 
procedures described for mediastinitis treatment, no concurrency about the optimal treatment strategy for pediatric 
mediastinitis. Protocols should be developed to help surgeons to manage this devastating complication.1
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Surgical drainage with debridement8 and appropriate antibiotic regimen are considered as the corner stone for mediastinitis 
treatment. However, the best treatment strategy to fasten the healing of the wound is still controversial. There are some agreed 
points: 1) Surgical exploration for debridement of the infected tissues, foreign material removal and curettage of sternal halves 
edges until normal bleeding are essential; 2) Laboratory microbial tests for the collected purulent fluid and antibiotic 
susceptibility testing to confirm the diagnosis and antibiotic regimen needed; finally 3) Empirical antibiotics should be 
injected intravenously before surgery and modified according to microbial testing of the collected fluid. Following surgery, 
multiple conventional treatments were described like open dressing or closed irrigation, showing good results.6

Currently, the conventional treatments of mediastinitis include a debridement followed by sternotomy closure using 
vascularized soft tissue (omentum and muscle flaps for example), and a primary closure followed by several days of closed 
suction drainage, with or without antimicrobial irrigation. However, the details of the surgical treatment are still controversial.1

Vacuum-assisted closure is a technical innovation in wound care. However, the validity of its use for the management 
of post-sternotomy mediastinitis in pediatrics is unclear.9 Moreover, there is still controversy about the mechanism by 
which the vacuum technique improves wound healing.3 Negative pressure application shows several advantages: 1) 
Negative pressure enhances wound drainage; 2) Negative pressure application avoids any mediastinal cavity residual and 
ensures that the mediastinum contains healthy tissue; 3) Negative pressure aids in approximation of the wound edges and 
stabilization of the chest; and 4) Favorable improvement in local microcirculation have been described, which stimulates 
the formation of granulation tissue by maintaining a moist environment.4

A recent approach with early primary closure of post-sternotomy wound over a single chest tube for mediastinal 
drainage, mostly removed in 1 or 2 days was described. This simple technique offers comfort for the patient with 
interestingly high rate of success. However, this approach has failed in small number of patients. They needed surgical 
re-exploration due to prolonged sepsis and suspected ongoing mediastinitis. Moreover, there was a need for long course 
of intravenous antibiotics.6

We conducted this study to assess the efficacy of primary sternal closure with a modified wiring technique compared with 
vacuum-assisted sternal closure in the treatment of mediastinitis following cardiac surgery. We assessed postoperative IV drug 
use duration, hospitalization period, sternotomy wound stability and survival in both groups.

Materials and Methods
Ethical Statement
The Institutional review board of Zagazig University approved the study. The registration number of the study is (ZU- 
IRB#9859/28-1-2016). A written informed consent was taken from all parents of the patients included in the study. The 
study was conducted according to the ethical principles of the declaration of Helsinki.

Study Design and Population
During seven years duration from 2016 to 2022, 4720 pediatric patients were operated by open heart surgery in three 
tertiary hospital institution (Zagazig University Hospitals, Atfal Misr Hospital and 6th October University Hospital). 
The study was performed in the aforementioned tertiary hospital institutions, as a prospective randomized controlled 
trial, to include all pediatric patients complaining from mediastinitis (Figure 1) after open heart surgery. The sample 
size in our study was calculated using open Epi to be 202 patients, 101 patients in each group. Assuming that 
difference in mortality rate was 2.4% following primary closure versus 14.3% following vacuum assisted closure, at 
CI 95% and study power 80%. Patients who developed mediastinitis were 217 patients (4.5%) initially screened for 
the study.

Inclusion criteria were: 1) pediatric age group from 6 months to 14 years old. 2) patients operated for congenital heart 
lesions through the median sternotomy. 3) patients developed mediastinitis within 60 days post-cardiac surgery. 4) 
Haemodynamically stable patients.

Exclusion criteria were: 1) adult patients having mediastinitis. 2) pediatric mediastinitis not related to open heart 
surgery. 3) patients who developed mediastinitis after 60 days post cardiac surgery. 4) patients who had congenital lesion 
needing surgical intervention in addition to congenital heart lesions.
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15 cases were excluded from the study. The final number of studied cases was 202. The studied cases were 
randomized by serially numbered closed envelopes by one of the authors other than surgeons who operated the cases 
into 2 equal groups. The envelopes that were serially numbered 1,3,5,…., for primary closure technique. The envelope 
was delivered to the surgeon at the day of the operation after the patient was in the operating room.

Group A (n=101) had primary closure technique for mediastinitis treatment and Group B (n=101) had vacuum- 
assisted closure for mediastinitis (Figure 2).

Surgical Technique
Two surgeons with over 10 years experience operated all patients. Complete aseptic precautions were followed in all 
patients. Debridement of all infected and devitalized bone, cartilage, muscle and soft tissue was done. Irrigation of the 
pericardial space with warm saline mixed with povidone iodine 7.5% concentration in a ratio of 2:1 was done. Chest tube 
was added in the mediastinum as a mediastinal drain.

In Group A, the sternum was primarily closed with stainless steel wire over a single chest tube. The technique of stainless 
steel wires was modified to add more support and reinforcement to the friable sternal halves and guarantee fixed closed 
sternum, thus preventing mediastinal dehiscence and bacterial tracking into the mediastinum. We used interrupted horizontal 
mattress sutures overlapped by interrupted simple wires. First we started with the horizontal mattress sutures, the wire was 
passed from left sternal half, from outside to inside, sliding on the lateral edge of the sternum. Then it was passed in the right 

Figure 1 A case of mediastinitis. It shows necrotic and devitalized soft tissue with involved sternal infection.
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sternal half from inside to outside on the same level opposite the left one. Then the wire was passed longitudinally on the right 
sternal half for about 2 Intercostal spaces and it was inserted from outside to inside to enter the adjacent intercostal space. Then 
the wire was passed to the left sternal half from inside to outside opposite the same level of the right one. That would result in 
formation of a horizontal (U) shaped suture with its base at the right of the sternum. Then a simple wire was passed at the 
middle of the base of (U) shaped suture lateral to from outside to inside. It was then passed from inside to outside at the same 
level in the right sternal half the opposite half, making sure that it is lateral to the two free arms of the U shaped suture.

This technique was repeated to involve all the sternal length. Then the U shaped sutures were pulled carefully one by 
one to re-approximate the sternal halves and were cabled on the left sternal half. After that, the simple wires were cabled 
lateral to the cabled horizontal mattress sutures (Figure 3A and B). Antesternal submuscular silicone suction drain was 
inserted. Running absorbable suture was used to close the soft tissue of the chest. The skin was closed with interrupted 
nonabsorbable suture. The mediastinal drain was managed as a routine and was removed when postoperative output had 
decreased generally after 24–48 hours. Subcutaneous drain It was removed, generally in 5 to 7 days.

Antibiotic Regimen for Primary Closure Group
Sensitive antibiotics were given intravenously for 7 to 12 days. It ranged from 4th generation cephalosporin (cefepime) to 
vancomycin if there is methicillin-resistant staphylococcus aureus bacteria.

Group B patients had one silicone round drain placed in the mediastinal space for drainage. The skin was 
reapproximated and covered, then the vacuum was applied. Suction drainage at about –70 mmHg was applied. The 
drain was followed up daily and repetitive cultures were done. The chest was closed when negative cultures were 
achieved in the mediastinum.

Figure 2 Flow chart of the study (CONSORT flow chart).
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Antibiotic Regimen for Primary Closure Group
Sensitive antibiotics were given to patients, during vacuum as well as 2 to 4 weeks after closure of the chest. It ranged from 
4th generation cephalosporin (cefepime) to vancomycin if there is methicillin-resistant staphylococcus aureus bacteria.

Nutrition of the Patients
Patients were appropriately fed either enterally or orally as much as possible according to age, weight and general 
condition.

Postoperative Follow Up of the Patients
During hospital stay, patients were followed up clinically and by laboratory investigation in the form of WBCS, ESR, 
CRP, and procalcitonin was done every 3 days to follow up the infection and detect sepsis early if present. Cultures were 
done from the drainage if present.

Plain CXR (anteroposterior and lateral views) was done for each patient before discharge and after 3 months of 
discharge. Plain CXR was assessed by a radiologist with over 5 years experience in cardiac and thoracic imaging. All 
images were processed and interpretation was carried out on the picture archiving and communication system (PACS) to 
detect if there is sternal gapping, antesternal and retrosternal collection if present.

The patients were followed up after they were discharged from hospital for 6 months in our outpatient clinic to record 
postoperative sternal stability, sternotomy wound infection and survival.

Statistical Analysis
Microsoft Excel was used to code, enter, and interpret the data. The data were then analyzed using the SPSS version 20.0. 
Data represent number and percentages of patients. Other data represent the mean ± standard deviation and range in 
parenthesis. The Chi-square test was applied to compare between the two studied groups. The correlation was done by 
the Pearson correlation test.

Figure 3 Primary sternal closure using a modified wiring technique for treatment of mediastinitis: (A) This figure is showing a single transverse mattress wire suture and an 
encircling simple wire in the manubrium and upper sternal body. (B) The figure is showing the final picture of the closed sternum using the modified wiring technique for 
treatment of mediastinitis. Sternal edges are well coated with no gapping nor fractures. Sternal wires are shown cabled.
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Results
Patients Characteristics
Our study enrolled 204 patients from the pediatric group complaining from mediastinitis after cardiac surgery. 2 cases 
lost to follow up, one patient in each group. Then the final analysis enrolled 202 patients, divided equally and randomly 
into 2 group; the primary closure group A and the vacuum-assisted closure group B. The flow chart of the studied 
patients is clarified in (Figure 2). The general characteristics of the studied patients in both groups are described in 
Table 1. There was no significant difference (P>0.05) between both groups regarding age and weight.

Operative and Postoperative Data Following the Cardiac Surgery
Operative data are described in Tables 2 and 3. There was no significant difference (p>0.05) between both groups 
regarding surgical procedure, use of prosthetic material, Cardiopulmonary bypass time, ischemic time, need for re- 
exploration and ICU stay duration. All the above mentioned data are considered as risk factors for mediastinitis.

Postoperative Data Following Mediastinitis Treatment
These results are illustrated in Table 4. We noted a high statistically significant increase (P <0.001) in the time of intravenous 
antibiotics use and hospitalization period in the vacuum-assisted group compared to the primary closure group.

Postoperative Survival and Mortality
We found that the mean time of survival over 6 months duration for patients operated with primary closure was 175.2 
days, versus 157.6 days for patients operated with vacuum assisted closure (Table 5). This means that the chance of 

Table 1 Patients Charcteristics

Group N=202 Range Mean S.D MW test

Age/ months Primary closure (Group A) 6–168 96.4 45.99 0.78 NS

Vacuum assisted (Group B) 6–168 96.55 43.99

Wt/Kg Primary closure (Group B) 5–55 23.6139 12.55326 0.73 NS

Vacuum assisted (Group B) 5–55 22.9059 12.38764

Notes: Unless otherwise indicated, data represent the mean ± standard deviation and range in parenthesis. 
Abbreviations: SD, standard deviation; N, number; Wt, weight; Kg, kilogram; NS, nonsignificant.

Table 2 Surgical Procedures Performed for the Studied Groups Before Occurring of Mediastinitis

Operative Details Studied Group N=202 X2 P

Primary Closure (Group A) Vacuum Assisted (Group B)

Surgical Procedure N (%) N (%) 0.445 0.921
TOF repair 12 (11.9%) 13 (12.9%)

ASD closure 7 (6.9%) 7 (6.9%)
VSD closure 10 (9.9%) 10 (9.9%)

Konno 13 (12.9%) 14 (13.9%)

Mitral repair 7 (6.9%) 6 (5.9%)
CAVC repair 10 (9.9%) 9 (8.9%)

Partial AV 4 (4.0%) 5 (5.0%)
SAM removal 1 (1.0%) 1 (1.0%)

Glenn shunt 23 (22.8%) 23 (22.8%)

Combined lesions 14 (13.9%) 13 (12.9%)

Use of prosthetic materials 54 (53.5%) 54 (53.5%) 0.00 1.000

Notes: Unless otherwise indicated, data represent the number of patients and percentage in parenthesis.
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survival is more for patients in the primary closure group, showing a significant difference Log Rank test p-value (0.005), 
clarified in Kaplan-Meier survival analysis (Figure 4). In the primary closure group, there were 3 cases of mortality (3%). 
One patient died before discharge due to aspiration pneumonia that needed mechanical ventilation followed by septic 
shock. Mortality occurred in another 1 patient 20 days after discharge from hospital due to pneumonia. The patient had 
aspiration pneumonia that needed mechanical ventilation and resulting septic shock. One patient died due cachexia, 
however, sternotomy wound cultures were negative. It is important to mention that the sternum was clinically stable, 
sternotomy wound showed no discharge, CXR showed no collection and negative laboratory results were confirmed 
before discharge.

Table 3 Operative Data for the Studied Groups Following the Cardiac Surgery

Group N=202 Range Mean S.D MW test

CPB time/minutes Primary closure 25–110 48.1188 24.74724 1.0 NS

Vacuum assisted 25–110 48.1188 24.74724

Ischemic Time/ minutes Primary closure 13–90 34.5743 21.69624 1.0 NS

Vacuum assisted 13–90 34.5743 21.69624

ICU stay / days Primary closure 1–4 2.0792 0.79603 0.66 NS

Vacuum assisted 1–4 2.1287 0.80825

X 2 test

Need for re-exploration due to bleeding /case Primary closure N (%) 4 (4.0%) Fisher 
0.562 NS

Vacuum assisted N (%) 3 (3.0%)

Notes: Unless otherwise indicated, data represent the mean ± standard deviation and range in parenthesis. 
Abbreviations: CPB, cardiopulmonary bypass; SD, standard deviation; N, number; NS, nonsignificant.

Table 4 Postoperative Data After Treatment of Mediastinitis in the Studied Groups

Group N=202 Range Mean S.D MW Test

Hospitalization period /days Primary closure 14–20 15.77 4.18779 <0.001 HS

Vacuum assisted 35–55 42.61 8.39044

Time of IV abs use/ days Primary closure 7–12 8.55 3.57 <0.001 HS

Vacuum assisted 30–50 32.61 8.39

Notes: Unless otherwise indicated, data represent the mean ± standard deviation and range in parenthesis. 
Abbreviations: IV, intravenous; HS, high significant; SD, standard deviation; N, number.

Table 5 Estimated Survival and Mortality of the Patients of Both Group

Estimated 
Mean of 
Survival Per 
Days

Total 
Number 
of 
Patients

Mortality 
No (%)

Survival p

No Percent

Primary closure 

(Group A)

175.2 101 3 (3.0%) 98 97% 0.005S

Vacuum assisted 

(Group B)

157.6 101 14 (13.9%) 87 86.1%

Notes: Unless otherwise indicated, data represent the number of patients and percentage in parenthesis. 
Abbreviation: S, significant; No, number.
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In the vacuum-assisted closure group, there was 14 cases of mortality (13.9%). Seven patients died early within 15 
days after surgical debridement and application of vacuum system due to septic shock. Four patients died within 35 days 
due to resultant haemodynamic unstability due to prolonged duration of vacuum-assisted use. Two patients died due to 
ventilator associated pneumonia (VAP) and septic shock. One patient died after he was discharged from hospital and 
negative cultures due to cachexia and poor general condition.

Discussion
Surgical site infections following cardiac surgeries result in increased morbidity, prolonged ICU and hospital stay as well as an 
increase in the cost of care on health institutions. Although there are multiple studies had evaluated the incidence and risk factors 
of sternotomy wound infections in the pediatric population, the optimum treatment of such infections is not documented yet.10,12

This study compared the postoperative outcome of primary closure of sternum with vacuum-assisted closure in 
pediatric mediastinitis following open heart surgery.

Primary sternal closure following debridement of the necrotic tissue had gained interest by cardiothoracic surgeons. 
This technique could overcome the need for plastic reconstructive surgery with acceptable results.7 Ohye et al found that 
primary closure is a simple and effective treatment for mediastinitis in children. It is appropriate for the majority of cases, 
more comfortable for the patient and achieves a high rate of success. They used simple stainless steel wires.13

We improved the simple sternal wiring technique to the reinforced wiring technique. In adults, reinforced sternal 
closure by different techniques by Robicsek, Daugherty, and Cook, titanium plates; stainless steel coils; or cables were 
suggested to be used in high-risk patients for wound complications and mediastinitis to minimize the incidence of sternal 
dehiscence and thus prevents bacterial tracking to the mediastinum.4,18 We supposed that reinforced wiring technique 
used in our study has the following advantages: 1) the transverse mattress sutures add more support to the devitalized 
friable sternum. 2) the added simple wires guarantee tight approximation of both sternal halves. 3) stable sternum 
prevents bacterial tracking into the mediastinum and recurrence of mediastinitis. 4) the interrupted sutures were intended 
to preserve the vascular blood supply of the sternum to allow fast, stable and appropriate sternal healing in the pediatric 
age group.

Figure 4 Kaplan-Meier survival analysis of studied cases according to type of intervention (n=202) over six months duration (180 days).
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Plain CXR (posteroanterior and lateral views) was done before discharge (Figure 5A and B) and after 3 months 
(Figure 6A and B) on follow-up in our outpatient clinic. There was no sternal gapping, no retrosternal nor antesternal 
collections on serial follow-up of the patients included in primary closure group.

The hospital survival rates in Group A and Group B were 97% and was 86.1%, respectively. Patients were followed 
up after they were discharged from hospital for six months. The mean time of survival for cases operated with primary 
closure was 172.2 days, versus 157.6 days for the cases who had vacuum assisted closure. This means that the chance of 
survival was likely better for the primary closure group than vacuum-assisted group, with a significant difference Log 
Rank test p-value (0.02). Mortality was 3% in Group A and 13.9% in Group B.

Ohye et al found that hospital survival for the group of patients undergoing primary closure for mediastinitis was 97%.15 

However, the patients require prolonged intravenous antibiotics course. The disadvantage of six weeks intravenous antibiotic 
treatment is the necessity of presence of a central venous line, because of small-sized patients and the poor peripheral venous 

Figure 5 Chest radiographs for a patient in primary closure group at time of discharge from hospital, (A) anteroposterior view and (B) lateral views. Both are early images 
taken at time of discharge from hospital after treatment of mediastinitis. They Show median sternotomy closure with interrupted mattress and simple stainless steel wires. 
Clear operative bed No sternal gapping. No retrosternal nor antesternal pathological collection. Additionally, clear both lung fields are noted with clear both costo-phrenic 
angles, normal cardiac size and great vessels with intact thoracic bony cage. Central venous line (CV line) is noted.

Figure 6 Chest radiographs were taken for follow up of a patient in primary closure group 3 months after discharge from hospital, (A) anteroposterior and (B) lateral 
views. Both were done for follow up 3 months after discharge from hospital. They Show median sternotomy closure with interrupted mattress and simple stainless steel 
wires. No sternal gapping denoting good wound healing with no retrosternal or antesternal pathological collection.
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tolerance to antibiotics.13 In our study, patients in the primary closure group had shorter duration of hospitalization (10–20 
days) and shorter duration of IV antibiotics (7 to 12 days) guided by laboratory results and cultures. Moreover, the sternum 
was stable on clinical examination and there was no discharge in the mediastinal and antesternal drains. It was well tolerated 
by the patients, allows early mobilization of the patients and earlier discharge from the hospital.

The newly emerging vacuum-assisted closure technique showed success in small cohorts of pediatric patients.2,7 

During the follow-up in the postoperative period of VAC group in our study, we found that there are constraints for the 
patient and medical team: 1) the vacuum-assisted closure system must be changed every 2 or 3 days, 2)repetitive cultures 
from the drains and laboratory indicators of infection were needed that remained positive for long time up to 45 days, 3) 
It was not tolerated by the patient, delayed patient mobilization, 4) Need for delayed closure after negative culture results 
was worrying to the parents, 5) Haemodynamics should be carefully monitored, 6) Additionally, prolonged ICU stay pre 
and post surgery was needed.

Durandy described limitations to the patients treated by vacuum-assisted closure that minimizes its efficacy.3 On the 
contrary, Onan et al found that vacuum systems ensure prevention of wound contamination, while the negative pressure 
applied prevents fluid retention in the mediastinum and prevents tissue edema. It also allows simultaneous stabilization of 
the chest. The overall mortality rate was 14.2% in their study.14 Additionally, patients can be mobilized early and can 
receive physiotherapy to minimize further complications.4

Ugaki et al suggest that there were limitations for VAC use. It should be preferably used when negative pressure has 
little effect on cardiac function like localized mediastinitis or steady circulation after recovery from a severe infection. 
Strong negative pressure in the mediastinum can be a risk for direct compression of cardiac cavities, causing decreased 
cardiac output, especially in cases of severe mediastinitis and/or marginal cardiac function resulting in deterioration of 
the circulatory system.17

During negative pressure application in adults, cardiac ruptures were described by the authors. The optimum negative 
pressure applied in pediatric patients is not determined yet. The risk of hemodynamic instability during negative pressure 
application is really worrying, especially in patients with Fontan- or Rastelli-type procedures; experimental data remains 
conflicting, and the best site for foam placement should be importantly localized.1,15,16

It is important to mention that the prevention of poststernotomy mediastinitis is the corner stone in all cardiac surgery 
operations. Strict follow-up to the guidelines and appropriate timing and dosage of prophylactic antibiotics should be considered.

Conclusion
Primary sternal closure technique is the favorable technique over vacuum-assisted closure technique for treatment of 
pediatric mediastinitis following cardiac surgery. The reinforced wiring technique using interrupted mattress sutures with 
added interrupted simple wires is a reliable wiring technique for sternal closure with promising results regarding the need 
of IV drugs and hospitalization need, wound and sternal healing and survival.

Abbreviations
CXR, chest x-ray; ICU, intensive care unit; IV, intravenous; VAC, vacuum-assisted closure.
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