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Abstract: The “open sternum” acts like a medical and surgical “compromise” situation, used in 

pediatric cardiac surgery when the hemodynamic status, the hemostasis or respiratory parameters are 

unsatisfactory. At Târgu-Mureș Emergency Institute for Cardiovascular Diseases and 

Transplantation, between 2006-2016, 172 patients with transposition of great arteries underwent 

“arterial switch” operation at 6-24 days postpartum. The periprocedural factors, the number of 

“open sternum” days, infectious complications and location of the secondary sternum closure were 

studied. Secondary sternum closure was performed at a mean age of 15 days, a mean weight of 3.4 

kg., mostly in the intensive care unit (93%) within 3-5 days postoperatively. The risk of infection was 

12,7% compared to the clinics risk of 5,1%. The need for “open sternum” was proven to be a 

“lifesaving procedure” for patients with complex cardiovascular pathology. Risks related to local or 

systemic infection are minimized by the benefits of this procedure. 
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INTRODUCTION 

 The “open sternum” represents the medical 

and surgical situation of compromise that is used in newborn’s 

and small baby’s heart surgery when hemodynamic status, 

hemostasis, or respiratory parameters are not optimal. 

The advantage of this open chest condition involves 

having access to the mediastinum for evacuating blood, clots, 

thereby avoiding cardiac tamponade or the possibility of 

performing internal cardiac compressions. 

This needful procedure was first introduced in the 

adult’s heart surgery in the early 1970s by Riahi.(1) Afterwards, 

starting from 1981 and following the experiences of Gangahar, 

McGough, Synhorst, Shore, Capuani and Lincoln, this strategy 

has found great applicability in pediatric patients because of the 

heart size which is greater related to the chest cavity.(2,3) 

Studies conducted by Jogi P. and Werner O. are 

designed to demonstrate the influence of a diastolic effect on the 

post-surgery cardiac status that prevents ventricular filling rather 

than creating a contractility impairment.(4) 

This “dramatic” therapeutic decision should be 

discussed with the medical-anesthetic team and action should to 

be taken quickly taking into consideration the risk of infection. 

 
MATERIALS AND METHODS 

At Târgu-Mureş Emergency Institute for 

Cardiovascular Diseases and Transplantation (IUBCVT), 

between 2006-2016, 172 patients with transposition of great 

arteries underwent “arterial switch” operation at 6-24 days 

postpartum. 

The periprocedural factors, the number of “open 

sternum” days, infectious complications and location of the 

secondary sternum closure were studied. 

In our clinic, this therapeutic decision is adopted in 

most of the newborns interventions that require extracorporeal 

circulation or palliative procedures (systemic-pulmonary shunt), 

being an elective decision without attempting the chest closure 

following vital parameters. 

This is the consequence of a laborious surgery that 

implies prolonged cardiopulmonary bypass and cross clamp 

time, secondary myocardial edema, ventricular dysfunction, the 

risk of hemorrhage and cardiac tamponade, but also the 

ventilatory parameters. 

Of all pathologies encountered in this context, 

transposition of the great arteries has the highest percentage of 

68%, followed by duct dependent congenital heart lesions which 

require a modified Blalock Taussig systemic-pulmonary shunt, 

anomalous pulmonary venous return and aortic stenosis. 

All interventions were performed almost by the same 

surgical team including 2 main surgeons. Standard anesthesia 

was given, and the extracorporeal circulation was established at 

26 degrees Celsius with bi-caval cannulation and a left trans-

atrial vent. During rewarming and reperfusion phase, modified 

ultrafiltration (MUF) was performed for 20 minutes, depending 

on blood pressure and cerebral saturation (NIRS) values. The 

cardioplegia solution has been modified since 2015 when it was 

mixed with blood and it was given every 20 minutes; current 

cardioplegia with Custodiol was employed every 90 minutes, 

gravitationally, in the root of the aorta or directly in the coronary 

ostium. Within this pathology, the aortic cross clamp time was 

between 100-125 minutes and the cardiopulmonary bypass time 

was between 170-200 minutes, which caused a generalized 

inflammation, myocardial edema, overall implying “open 

sternum” maneuver. 

A plastic tube used as a chest spreader was placed on 

the sternum edges, and subsequently the heart was covered with 

heterologous bovine pericardium. In the last year, the use of this 

plastic spacer dropped leaving the sternal edges free, with 

temporary suture of the pre-sternal structures with isolated 

stitches. Steri-Drape membrane was used to cover and seal the 

pericardium (figure no. 1.) 
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Figure no. 1. The dressing when the chest is left open 

In this stage, the patient was adequately sedated, with 

muscle relaxation obtain after curarization and support of 

respiratory and cardiovascular functions. 

In order to close the sternum, cardiovascular 

parameters, hemodynamic status, inotropic support, blood 

pressure, central venous and left atrial pressure, cardiac 

frequency, ventilator parameters and oxygen saturation must be 

within limits. Also, drainage must be less than 100ml / 24h and 

the fluid balance must be negative, this being a very important 

aspect to be taken into consideration. 

The optimal time of chest closure was established 

after several cardiac function assessments, daily 

echocardiographic examinations that showed contractility of the 

heart muscle, inotropic support, normal coagulation parameters, 

and response to chest closure attempts. 

Most of the times, the procedure was performed in the 

intensive care unit to avoid the transportation of an unstable 

patient. 

Before closure, debridement of the non-viable tissue 

was performed, and the area was cleaned with Betadine and 

serum. A solution of Lidocaine was given into the pericardium 

when ventricular arrhythmias occurred. 

Under stable conditions, surgical closure of the chest 

was performed in the intensive care unit, following appropriate 

aseptic and antiseptic norms. During the procedure, the 

remaining clots, hemostatic materials, fragments of fibrin, 

blood, pericardial or pleura effusions were removed. The left 

atrial catheter was suppressed if it was placed percutaneously 

through the right pulmonary veins before surgery. 

Sternal closure was performed with resorbable 

isolated stitches, constantly observing the hemodynamic 

parameters and oxygen saturation; the subcuticular tissue was 

closed with resorbable sutures and isolated stitches were placed 

at the skin level to minimize the risk of infection. Aseptic and 

antiseptic methods were performed with Betadine or Kodan 

without local antibiotic administration. If an infection was 

suspected or the local wound appearance was altered, biological 

samples were taken for bacterial cultures. 

All patients received prophylactic treatment with 

antibiotic, cephalosporins, administered preoperatively, during 

induction phase, intraoperatively and postoperatively. When the 

chest was left open, intravenous antibiotic administration was 

maintained until the chest tubes and the central catheter were 

removed. 

 

RESULTS 

The mean age of the 172 patients with open stenum 

after arterial switch was 15 days with a mean weight of 3.4 kg. 

In 6% of the cases, preterm infants weighted less than 

3 kg. 

Considering these aspects, the open sternum strategy 

is an elective procedure in our clinic, given the increased risk of 

bleeding, hypotension, high venous central pressure or 

arrythmias following this type of procedure, complications that 

may occur in the same patient. 

Before procedure, the hemodynamic status, dependent 

on an efficient mixing, was stabilized by inotropic drugs 

(Dobutamine, Adrenaline) in 24% of the cases. To maintain the 

ductus arteriosus patency, intravenous administration of 

Prostaglandin was needed in 96% of the patients. O2 saturation, 

lactate and echocardiography were monitored daily. 

When there was an inefficient mixing with low 

oxygen saturation, the Raskind procedure (balloon 

atrioseptectomy) was compulsory in 64% of cases. In 5 cases 

this maneuver was performed in extracorporeal circulation. 

In 24% of the patients, the respiratory status was 

difficult to remain stable, requiring nasotracheal intubation and 

mechanical ventilation support. 

In 6 patients, poor preoperative hemodynamic status 

resulted in renal failure, translated in decreased diuresis down to 

3-5ml / hour and elevation in renal tests. In this situation a 

hemodialysis was initiated, or a peritoneal dialysis catheter was 

employed postoperative. 

Regarding the quality of coagulation after long-term 

extracorporeal circulation, in 36% of the cases (62 patients) 

hemostatic reinterventions were performed during the first 24 

hours post-surgery, due to massive thoracic drainage and the 

tendency to severe hypotension. The signs of cardiac tamponade 

required evacuation of intrapericardial clots, suture and the use 

of hemostatic synthetic materials (Surgicel) in order to obtain 

local hemostasis. Meanwhile, pro-coagulants (Novo Seven, 

plasma, protamine) and platelets were administered in the 

Intensive Care Unit (ICU). 

When the chest closure was performed, there were 

changes related to hemodynamics, ventilation parameters, blood 

pressure variations, decreased heart rate, therefore an increase in 

the dose of inotropic support was needed in 68% of patients. 

Moreover, changes in hemodynamic parameters, 

increase heart rate from 140 + - 15 to 160 + - 20 and changes in 

atrial pressure from 5-6mmhg to 10-11mmhg were observed.  

In 16% of the cases, the initial chest closure attempt 

failed with successful resolution in the next 2-4 days. 

The risk of infection was 12,7% mainly in patients 

with pre-operative infection. Within the Institute, the risk of 

infection in this age group was 5,1%. 

The sternum was maintained open between 3-5 days. 

Most of the chest closure procedures 93% were performed in the 

intensive care unit while the others were performed in the 

operating room with good results. However, there were 

situations when death occurred before this maneuver. 3 of the 

patients died on the same day after chest closure.  

The fluid balance became negative at approximately 

24-32 hours before the chest closure, reaching an optimal level 

during the following days, as the inflammation reduced 

significantly. 

Respiratory status was also influenced by the chest 

closure, adapting the inspiratory pressure the respiratory 

frequency and oxygen fraction augmentation. 

The length of ICU stay was approximately 13 days, 

out of which an average of 6 days represented intubation time. 

The total hospitalization stay was 24 days. 

Mortality - in 5,8% of the cases (10 patients) death 

was recorded prior to chest closure. 

Overall, the death rate was a 11.7%, compared with 
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the clinic’s death rate of 5.4%, the main cause being multiple 

organ dysfunction or heart failure. 

Morbidity- infectious processes were found in 12,7% 

of the cases, either localized at the wound level, or generalized 

with positive results in the biological samples. 

Bacterial cultures from the mediastinum were positive 

for Staphylococcus aureus, E. Coli, Klebsiella sp. 

 In case of wound infections, local debridement was 

performed, the affected tissue was removed, secondary suture 

was done, and sterile dressing was applied daily. 

For systemic infections, targeted antimicrobial therapy 

was administered according to the antibiogram. 

 

DISCUSSIONS 

In our clinic, the need for this maneuver is dictated by 

the complexity of the surgical procedure with a background of 

organ immaturity, high risk of bleeding and the effect after 

weaning from cardiopulmonary bypass. 

Erythematous dehiscent zones with mild secretion are 

considered to be superficial surgical site infections but with no 

signs of sternal instability.(5) In this case, depending on the 

blood tests suspicioning an infection associated with fever, the 

use of broad-spectrum antibiotics is needed. Also, targeted 

antibiotic therapy according to antibiogram taken from the 

drainage is recommended. 

If the sternum is characterized by an important 

mobility accompanied by purulent drainage at the pericardial or 

mediastinal level also confirmed by bacterial cultures, then it is 

considered to be a deep surgical site infection.(6) In this 

situation, where the infection is mediastinal or substernal, a 

second sternal closure is needed, with debridement of the 

unviable tissues and Betadine lavage. The deep surgical site 

infection seemed to occur when the chest was left open more 

than 7 days. On the other hand, this maneuver should not be 

rushed because the risk of infection is consistent in the first days 

after surgery.(7) 

There are situations of hemodynamic or respiratory 

instability, when the chest closure is staged and done 

progressively over several days, by reducing the distance 

between the sternal edges.  

In the event of an emergency re-intervention for 

cardiac tamponade, the “open sternum” offers the advantage of 

rapid exposure to clots and intrapericardial collections, and the 

possibility of performing internal cardiac compressions.  

 

CONCLUSIONS 

Over time, evidence showed that leaving the chest 

open represents a “lifesaving procedure” for patients with 

complex cardiovascular pathology. 

The “open sternum” is a necessary procedure when 

dealing with difficult post-pediatric cardiac surgery, mainly due 

to prolonged cardiopulmonary bypass time, severe hemorrhage, 

and respiratory distress. 

This condition involves a high risk of infection, which 

gradually increases with the number of hours in which the chest 

is left open. 

The high mortality regarding this pathological status is 

given not by the situation itself but by a poor biological 

condition with multiple organ dysfunction which leads to the 

impossibility of sternum closure and progressive impairment 

status. 
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