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Abstract:
Introduction: Delayed sternal closure (DSC) has been shown to be useful following 
cardiac surgeries in case of indications including hemodynamic instability, noticeable 
myocardial edema, respiratory compromise, stubborn bleeding, placement of extra-
corporeal support device,and persistent arrhythmias. In this review, we summarize the 
investigations on this topic to analyze the controversial aspects of DSC in pediatrics 
and adults.
Methods: Med-Line systematic review of the relevant literatures, which hase been 
published through 1970-2010, was performed.
Results: A total of 191 studies were identified, 62 of which were eventually deemed 
relevant
to this review. According to proper indications, DSC has been used in several types of 
cardiac surgeries in pediatric (newborns, infants and children) and adult cardiac surger-
ies in recent 35 years. The outcomes concerning survival and complications seem to 
be acceptable.
Conclusion: DSC is more frequent in pediatric cardiac surgery rather than adult car-
diac surgery. DSC is an effective and safe strategy in patients with appropriate indica-
tions. Surgeons should be aware of its suitable use and also physiologic alterations and 
management of the patients when the sternum is still open. Several previous investi-
gations showed wide variations in methods of DSC by institutions. Apparent differ-
ences in post-operative care of the patients with DSC clarify the demand for planning 
prospective multicenter trials with available control groups which can result in the 
implementation of standardized supervision protocols across institutions.

Sternal closure at the end of the surgery 
is sometimes associated with difficulties 
and complications. Moreover, in some 
patients, re-opening of the sternum and 
secondary delayed sternal closure (DSC) 
might be necessary during post-operative 
course in intensive care unit (ICU) or op-
erating room. There has always been a 
serious concern about the increased rate 
of post-operative infection and mortality 
in this situation. In this review, we sum-

marize the literature regarding the thus far 
described different controversial aspects 
of DSC in pediatric and adult cardiac sur-
geries.

Methods:
Med-Line (1970-2010) was searched 
using the subsequent keyword ‘‘DSC”, 
pediatric DSC and adult DSC. Searches 
were not restricted by language or study 
format. A total of 191 studies were iden-
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tified. Reference lists of the identified papers were also 
screened to recognize additional relevant publications. 
Overall, a total of 61 observational and comparison studies 
were considered relevant to this review and were summa-
rized. Applications and consequences of DSC in all types 
of cardiac surgeries and also in all age ranges (newborns, 
infants, children and adults) were focused in this review.

History:
Primary DSC after surgery was first reported by Riahi et 
al (1975) in a pediatric population (1). He indicated that 
primary sternal closure results in hemodynamic instability 
and may not be possible in some cases for a few days. Ott 
et al; (1978) also reported primary DSC to prevent post-
operative bleeding or cardiac compression (2). Gielchinsky 
et al; (1981) reported this technique in 29 adults (3). Since 
the first report of Riahi et al, several small and large scale 
studies in different cardiac surgery centers in numerous re-
gions of the world have been performed, which resulted in 
valuable but still controversial findings.

Prevalence:
Occurrence of DSC in different centers has been reported to 
range from 0.29% to 30% (4, 5). Several previous investi-
gations have reported the prevalence of DSC to be 4.5% in 
children and 1.5% in adults (4-10). However the incidence 
of DSC in the adult cardiac surgery population has been 
stated up to 4.2% in two investigations (6,7). 
Vojtovic et al (2009) revealed that DSC is used in two-fifths 
of newborns in their institution in Czech (11).
Hashemzadeh et al (2009) from a major cardiac surgery 
center in Tabriz, Iran reported that out of 2485 cardiac op-
erations between June 2006 and January 2008, DSC strat-
egy was adopted for 3.3% of patients (12).
This wide variety of figures is mainly due to the differences 
in therapeutic strategies, experiences and tendencies of the 
surgeons, and diversity of pathologies in different study 
groups. DSC is more prevalent in pediatric surgeries and 
complex operations of adults (e.g. combined coronary by-
pass and valvular surgery) in comparison with closed heart 
surgeries and isolated coronary bypass operations.

Circulatory and Respiratory Physiology in DSC
Patients who have the marginal cardiac index (CI) might 
experience a remarkable decrease in CI and blood pressure 

after sternal closure. The study performed by Moggio et al 
(1986) showed that DSC is beneficial in patients with se-
vere decrease in CI after sternal closure, re-opening of the 
sternum increased the CI from 1.1 to 1.9 (9). CI significant-
ly increased after 3-11 days and sternal closure became pos-
sible in this study. Shalabi et al also reported 59% increase 
in CI and 18% increase in blood pressure after re-opening 
of sternum in patients experiencing extraordinary CI fall af-
ter sternal closure (10). 

These changes actually happen in all patients undergoing 
sternotomy; however, they are more significant in patients 
with decreased cardiac output. In a study carried out by 
McElhinney et al (2000), primary sternal closure in patients 
under 1 year old resulted in 5 mmHg increase in pulmonary 
artery pressure, 3mmHg increase in left atrial pressure and 
2.5mmHg increase in right atrial pressure (13). Reuter et 
al (2005) also reported that CI decreased from 2.9 to 2.3 
after primary sternal closure in patients with normal car-
diac output prior to operation (14). Left ventricular end-
diastolic volume decreased as much as 14% after sternal 
closure (14). In conclusion, cardiac physiology is different 
in open and closed sternal situations and sternal closure in 
cases with impaired systolic function can cause intolerable 
alterations of blood pressure and cardiac output, and endan-
ger the life. 
It is worthwhile to mention that cardiac response to the 
increase of intravascular volume is the same in open and 
closed sternal situations, thus changes of pulse pressure and 
systolic blood pressure can be accurately applied to deter-
mine the cardiac response to increase of intravascular vol-
ume. Moreover, it has been shown that the effects of Positive 
End Expiratory Pressure (PEEP) on systolic blood pressure 
are not influenced by sternal closure (14). PEEP effects on 
blood pressure are mostly due to increase in small pulmo-
nary vessels resulted by longer dilation of alveoli, and less 
often because of changes in respiratory pump (14).
The effects of sternal closure on respiratory system are re-
markable too. Sternal closure in a normal paitent without 
underlying pulmonary disorder results in 1.2mmHg increase 
of mean airway pressure and 2mmHg increase of maximum 
inspiratory pressure (13). Sternal closure in normal surgical 
patients also causes 17% decrease in expired tidal volume, 
29% decrease in CO2 elimination , 19% decrease in pul-
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monary compliance and increased endotracheal tube leak 
(15). The influence of sternal closure on increase of pulmo-
nary vessels resistance is significant and can significantly 
decrease arterial saturation in patients who have shunt de-
pendent circulation, specifically (5). 

Indications
According to several previous studies it can be concluded 
that DSC is indicated in the following conditions: hemo-
dynamic instability, myocardial edema, cardiac dilatation, 
intractable bleeding, coagulopathies , dysrhythmias, respi-
ratory compromise, and placement of a circulatory assist 
device (16). 
The most common DSC indication in corrective surgery of 
congenital cardiac anomalies is hemodynamic changes at 
the time of sternal closure (5). These changes are the re-
sult of edema or dilation of cardiac chambers (17). Shunts 
might become bi-directional at the time of sternal closure 
in cyanotic diseases and result in decreased O2 saturation 
which is probably due to the increase of airway pressure 
and pulmonary vessel resistance. This problem can be dealt 
with by DSC (5). Another indication of DSC in children 
and adults is non-surgical bleeding or uncontrolled bleed-
ing which is only responsive to packing (7,10,17). Applica-
tion of extra-anatomic homograft can also result in hemo-
dynamic changes at the time of sternal closure (17).
Recurrent ventricular arrhythmias and need for high posi-
tive pressure to maintain normal O2 saturation are other in-
dications of DSC (17). The latter mostly occurs in children 
because of pulmonary edema caused by cardiopulmonary 
bypass (CPB). Larger cardiac size relative to the thoracic 
cavity in the children may increase the benefits from DSC in 
children compared to the adults. Wernovsky et al (2007), in 
a large review from 52 centers treating over 1000 neonates 
with hypoplastic left heart syndrome per year, reported that 
the efficiency of DSC in children has become obvious over 
the last two decades (18). 
Alexi-Meskishvili et al (1995) following an investigation 
of 113 infants and children with congenital heart defects 
confirmed that indications of DSC in children are similar 
to those described in adults, including myocardial edema, 
depressed myocardial function, inadequate intraoperative 
hemostasis, dysrhythmias, and access for external cardiac 
support systems (19). Riphagen et al (2005) expressed that 

inadequate hemostasis was the most common indication 
of DSC in children who underwent cardiac surgeries in a 
single center study over a 3-year period (20).
Yasa et al (2010) reported that DSC is a secure and straight-
forward technique for treating bleeding, arrhythmia and 
myocardial edema following on pump cardiac surgery (21). 
It is expected that as cardiac surgeons become more expert 
in the technique of DSC, the incidence of its application fol-
lowing on pump cardiac surgery may increase. 
 DSC in heart transplantation is an accepted method with 
favorable results. Takayama et al (2004) investigated 410 
heart transplants from 1985 through 2004 and reported that 
open chest management followed by DSC is effective and 
safe in selected patients who have hemodynamic instability 
after orthotopic heart transplantation (22).

Risk Factors
Samir et al (2002) evaluated 119 children after surgery us-
ing DSC in 2002. They showed that weight, gender, ino-
tropic support, PGE2 administration and mechanical ven-
tilation did not affect the final decision, while CPB time 
above 185 minutes, cross-clamp time above 98 minutes, 
mixed venous O2 saturation below 51% after termination 
of CPB, age of below 7 days and cardiac disease type [e.g. 
aortic interruption and total anomalous pulmonary venous 
connection] were the main risk factors of DSC (17). In this 
study, all children who had CPB time above 196 minutes, 
cross-clamp time above 108 minutes or mixed venous O2 
saturation below 47% experienced instability at the time 
of sternal closure and were treated using DSC. However, 
another study did not verify the role of cross-clamp time 
in making the final decision (23).The latter has mentioned 
ventricular fibrillation at the time of CPB termination as a 
main risk factor of DSC. 
Postoperative hyperglycemia which is a probable risk fac-
tor for the development of mediastinitis in infants and chil-
dren following cardiac surgeries, is a factor which might 
be another risk factor of DSC (24). Generally exact inde-
pendent predictive risk factors of DSC have not been in-
dicated in available studies. Prospective investigations in 
both children and adults are necessary which may elucidate 
the important risk factors of DSC.

Time of sternal closure
Sternal closure is frequently possible after 1-2 days in adults, 
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while children may need more time. It is important to notice 
that the most suitable time frame for DSC in the critical 
care units depends on the patients’ conditions, but it is usu-
ally within the first 24 to 72 hours of the recovery phase 
(25). Riphagen et al (2005) investigated the retrospective 
chart review of all bypass surgeries performed in a single 
center over a 3-year period in UK, and concluded that DSC 
was performed at a median of 21 hours (range, 18-40 hours) 
after surgery in 60 children patients with median age of 5 
year old (25). 
In some clinical circumstances, such as mediastinitis or im-
plantation of a mechanical support device through the open 
sternum, the sternum must remain open for longer than 72 
hours. Different ranges of the duration of open chest man-
agement (from 2 to 14 days) postoperatively (12, 26, 27) 
revealed that the most probable time seems to be dependent 
on patient condition and surgeon decisions. 
Ziemer (1992) reported the mean sternal closure time to be 
3 days (5), while this value was reported as long as 5.5 days 
by Moggio et al (1986) (9). Other studies have reported a 
range of 2-5 days for sternal closure (28). 
Samir et al (2002) suggests that sternal closure should not 
be tried prior to 3rd post-operative day in children (17); 
however right decision might be better made considering 
the condition of each individual case (6). 

At the presence of following conditions, sternal closure can 
be tried (6,17):

1. Hemodynamic stability in the last 24 hours (minimal 
dependence on intra-aortic balloon pump (IABP) and 
inotropic support below 2µg of epinephrine(per min-
ute) or equivalent doses of other inotropic agents

2. Negative fluid balance
3. Appropriate coagulation state
4. Improvement of respiratory situation and normal arte-

rial gases
Following conditions after trial of sternal closure indicate 
failure and warrant re-opening of sternum (17,23): 

1. Fall in heart rate, arterial O2 saturation or mixed venous 
O2 saturation

2. Increase of heart rate, central venous pressure (>2mmHg), 
left atrial pressure (>2mmHg), airway pressure or pulmo-
nary artery pressure

3. Acidosis

Risk factors of elongated sternal opening time are (29-31):
1. Coagulopathy and continuous bleeding
2. Cardiomegaly with or without dysrhtythmia
3. Extra-cardiac devices [e.g. ventricular assist devices 

(VADs) or extra-anatomic conduit]
4. Pulmonary edema and the decrease of pulmonary com-

pliance

Operative technique
During the time when sternum is open, mediastinal viscera 
should be provided with coverage (30, 32). Many surgeons 
prefer to repair the skin and leave sternum open; however, 
this method seems not to provide the chest with enough 
space and Gortex patch (PTFE ) is a better option for inci-
sion site repair (9,17). 
Pleura should not be opened in cases of DSC, because in 
addition to the increase of infection risk, opening the pleura 
does not provide us with further space as lungs are edema-
tous due to right and left ventricular insufficiency. More-
over, appropriate draining tubes have to be inserted in peri-
cardial space with negative pressure of -20cmHg connected 
to suction (9).
At the time of sternal closure, culture samples have to be 
obtained and then normal saline with or without povidon 
iodine has to be used for irrigation (8,33). Complete deb-
ridement of the dead tissue and refreshment of the incision 
margins are necessary (21). 
During prolonged open chest management, the skin could 
be closed by heavy merselin stitches and covered with ster-
ile dressing. The dressing should be changed daily using 
strict sterile method with povidone-iodine (21). McElhin-
ney et al (2000) explained the application of a Silastic sheet 
(Dow Corning, Midland, Michigan) cut into the shape of 
the open mediastinal cavity, attached to the external skin 
via sutures, and covered with an occlusive sterile dressing 
(13).
Sternum closure can be performed in ICU with full sterility 
and transferring the patient to operating room is not neces-
sary (10). However some surgeons prefer to do the sternum 
closure in operation rooms (21). It is of importance to notice 
that not only the technique of sternotomy closure but also 
the material and size of sutures can influence the incidence 
of mediastinitis.
Re-opening and irrigation is not necessary during the time 
when sternum is open provided that appropriate coverage 
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(skin or Gortex) is applied, otherwise, daily re-opening and 
irrigation of the incision is necessary; however, this issue is 
still controversial. Estrera et al (2010) recommended that 
DSC after complex aortic surgeries should be followed by 
mediastinal exploration every 24—48 h until complete du-
ration of DS (34). Estrera et al suggested the performance 
of mediastinal exploration in the operating room or in the 
ICU with sterile irrigation of mediastinal contents (34).
The vacuum-assisted closure system (VAC) is a noninva-
sive active therapy which results in better healing in dif-
ficult wounds that are refractory to conventional therapies 
and could be used in complicated wounds of DSC (35-37). 
VAC system is based on the application of negative pres-
sure by controlled suction to the wound surface. Several 
studies confirmed the effectiveness of the VAC system on 
microcirculation and the promotion of granulation tissue 
proliferation (35-38). Baillot et al (2010) in a 15-year re-
view of 23,499 sternotomies reported the lower mortality of 
VAC method in comparison with the conventional methods 
of open chest wound management (39). So, VAC is a way 
to improve the outcome of DSC.
 
Mortality Rate
Evaluation of mortality rate in different studies might not 
be accurate enough as some studies have reported total 
mortality, while others have reported the mortality during 
the time that sternum was still open. On the other hand, age 
range of the patients was from 1 day to 80 years in different 
studies and it was even 1 day to 19 years in studies of con-
genital cardiac diseases. These studies have reported mor-
tality from 0% (40, 41) to 60% (42) but the mean mortality 
rate was 15-25% in different studies (11, 27, 43-46). Thirty 
three to fifty percent of the mortality occurred in the period 
after sternal closure (10, 13). In-hospital mortality of DSC 
following complex aortic surgery hase been reported about 
17% (34). Yasa et al (2010) reported that 30 day mortality 
of the 46 patients, ranging in age from 2 to 73 years, who 
underwent DSC was 23.9% (7 patients died before closure 
and the remaining 4 after closure) (21). 
Mortality rate is higher in cases of secondary DSC ( reopen-
ing the chest after closure in operating room or ICU ) in 
comparison with primary DSC (more than twice) (10, 17). 
This finding emphasizes the importance of correct deci-
sion making at the time of sternal closure during operation. 
Furthermore, the surgeons have to put aside their tendency 

not to re-open sternum in ICU and awaiting severe hemo-
dynamic changes to make this decision. However, these 
findings should not persuade the surgeons to overuse this 
technique. A study by Owens et al (2001) showed that ap-
plication of DSC in all patients undergoing arterial switch 
did not yield a better outcome in comparison with selective 
use of DSC and did not reduce mortality (47). 
Johnson et al (2010) examined in-hospital mortality of the 
newborns with median age of 6 days (4–9 days) reported 
from 45 centers who underwent DSC after stage 1 pal-
liation for hypoplastic left heart syndrome. He concluded 
that in centers with high, moderate and low incidence of 
DSC, mortality rates were: 15%, 26% and 23% respectively 
(48).
Moreover, the cause of DSC significantly affects the mor-
tality. Uncontrolled bleeding is associated with the high-
est mortality among the indications of DSC (4,7, 49). This 
finding emphasizes the role of coagulation disorders in 
mortality .
The most common cause of death is biventricular failure 
during the time when sternum is open; and renal failure, 
respiratory failure and sepsis are the most common causes 
after sternal closure (9) A study carried out by Furnary et al 
(1992) listed the risk factors of mortality in 6000 patients 
as follow (50):

1. Application of more than 4µg/minute epinephrine or 
equivalent doses of other inotrops

2. Cerebrovascular accidents after surgery
3. Creatinine>3mg/dl
4. Severe ventricular arrhythmia

(The last 2 increase the mortality up to 50%)
Other risk factors of mortality based on other studies are 
(6, 7, 9):

1. Malnutrition
2. Prolonged mechanical ventilation and need for tracheo-

stomy
3. IABP (increase of mortality rate up to 3 times )
4. reoperation due to bleeding (increase in mortality rate 

up to 3.4 times )
5. VAD (increase of mortality rate up to 3.8 times )

Complications
Contradictory results of previous investigations could not 
be able to clarify the exact effect of DSC on outcomes of 
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surgeries including survival to hospital discharge and mor-
bidities such as postoperative infection (19, 20, 51-58). 
These studies due to small sample population and also lack 
of relevant control group did not elucidate the clear associa-
tion between DSC and considered side effects. 
The most common concern of the surgeons in using DSC 
is increase of infection rate. Some investigations reported 
lower rate of mediastinal infection with DSC (between 1 
and 4%) and they concluded that no significant increase in 
the rate of mediastinitis has been observed when compared 
to primary closure (43). Other studies have reported the 
infection risk to be 0-20% (4, 10, 13). The causes of this 
variety of results can be:

1. Different strategies of different centers regarding the 
coverage of mediastinal viscera during the time when 
sternum is open

2. Age variety and different indications of DSC
3. Variety of infection definitions (superficial, deep, medi-

astinitis, asymptomatic positive culture)
It is interesting that Jason et al (2010) reported that the sur-
gical centers with more frequent use of DSC have higher 
postoperative infection rates (48). The methods of wound 
care and the therapy approaches was not compared in this 
Jason et al investigation, but it seems that the higher rate 
of nosocomial infection could be an effective factor in out-
come of DSC. Special attentions in this regard are highly 
recommended to prevent infectious morbidity and mortal-
ity of the open wounds following cardiac surgeries which 
are susceptible to acquire hospital infections. 
Mediastinal covering and time of sternal opening have not 
been completely assessed in association with infection; 
nevertheless, they both seem to be influential in occurrence 
of infection. There are also studies indicating that infection 
may be more prevalent in younger patients and patients 
who undergo DSC due to uncontrolled bleeding (47, 49). 
Asymptomatic positive sternal culture is observed in 36-
100% of the patients and gram negative bacilli are the most 
prevalent growing germs; however, clinical infection is rare 
(5,8,9). Owens et al (2001) (47) showed that deep sternal 
infection rate was equal in patients who underwent primary 
sterna closure and DSC after arterial switch for transposi-
tion of great vessels. Furthermore, the rates of deep sternal 
infection and mediastinitis have been shown to be the same 
in patients undergoing primary sternal closure and DSC in a 

study performed by Christenson et al (1996) (7). 
Conclusively, there have been little data indicating higher 
deep infection in patients undergoing DSC; however, su-
perficial infections might be more prevalent.
Other complications of DSC include respiratory failure, 
renal failure, cerebrovascular accidents, myocardial in-
farction, cardiac failure and gastrointestinal complications 
(hepatic failure, intestinal ischemia, etc.). Hashemzadeh et 
al (2008) reported that the most common causes of death 
included low cardiac output (67.2%) and multiorgan failure 
(26.2%) (12). New onset of acute renal failure reported the 
predictive risk factor of in hospital mortality (12).??? 
The most common complication in post-operative course 
was respiratory failure which was reported up to 50% in 
some studies (9). However, the studies of Owens et al 
(2001) and Christenson et al (1996) did not show a higher 
rate of respiratory failure and longer mechanical ventilation 
in patients undergoing DSC (7, 47). Vojtovic et al (2009) 
showed that DSC may cause an important transitory de-
crease in stroke volume, cardiac output and arterial blood 
pressure (11).
Nevertheless, overall rate of complications is higher in pa-
tients undergoing DSC and roughly 30-50% of these pa-
tients experience at least 1 major complication after surgery 
(4,6,9) Hospitalization period and ICU stay are also signifi-
cantly longer in these patients (7). 
The summary of characteristics and major findings of se-
lected investigations in regard of DSC in pediatrics and 
adults can be observed in Tables 1 and 2.

Conclusion
DSC is a surgical strategy that has been used in children and 
adults during the past 35 years in cardiac surgery centers. 
DSC is an effective technique in patients with severe re-
duction in cardiac output, respiratory failure, uncontrolled 
bleeding, arrhythmia, myocardial edema following on 
pump cardiac surgery and some very ill patients. It can end 
in reasonable mortality and morbidity rate if used appropri-
ately. DSC is more common in infants and children heart 
surgeries than adults. Transient consequences following 
DSC including decrease in stroke volume, cardiac output, 
arterial blood pressure and also impaired lung compliance 
and blood oxygenation should be considered in manage-
ment of the patients .
Surgeons should be aware of its proper use and also physi-
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ologic changes and management of the patients when the 
sternum is left open.
According to several previous investigations it can be con-
cluded that a wide variation in practice of DSC by insti-
tutions exist. Different strategies in post-operative care of 

the children and adults in different centers necessitate pro-
spective multicenter trials to draw more conclusive results. 
These trials may need to stratify or randomize the cases and 
apply standardized supervision protocols across institu-
tions.

Table 1: Review on Selected articles on pediatrics DSC

Author Year Sample Size Important findings

Shore et al (46) 1982
n=9 (with average age of 27 

months)
Mortality rate :22%

Ziemer et al (5) 1992
n =42 ( age at operation ranged 
from 1 day to 15 years, mean: 2 

years and 1 month).

Mortality rate: 33.3% in newborns younger than 30
 and totally 40.4% mortality in patients younger than 10 year old.

Alexi-Meskishvili et 
al (19)

1993 

n =113 [including 43 newborns 
(38%), 36 infants

(32%) and 34 children (30%) 
between the ages of 1 and 14 

years].

Overall mortality was 36.2% 

Hakimi et al (44) 1994
n = 55 (with average age of <30 

days)
Mortality rate: 20%

2.4% superficial surgical site infection

Iyer et al (59) 1997
n = 150 (age at operation was 229 

± 51 days)

Survival rate: 88% 
The sternum was left open for 3.86 ± 0.29 days. 

Fifteen patients had minor wound infections requiring antibiotics.

Tabbutt et al (27) 1997 n =178

Overall mortality :19%
Myocardial distention or chest wall edema (n = 47) was a common 

indication
Sternal closure was achieved in 89% of patients at a mean of 3.4 ±1.8 

days after opening

McElhinney et al 
(13)

2000
n = 128

(age <1 y/o)

Mortality rate:11.4%
During sternal closure: significant increases were noted in pulmonary 
arterial, left atrial and right atrial pressures. In addition, mean airway 

pressure and peak inspiratory pressure increased. 
Sternal wound infection occurred in one patient.

Main et al (15) 2001 n = 17
Respiratory function may be compromised after DSC, requiring ventilator 

changes at the time of closure

Samir et al (17) 2002 n =119 (neonates)
Interruption of the aortic arch or total anomalous pulmonary venous 

drainage was most important predictive risk factor of use of DSC
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Table 1: Review on Selected articles on pediatrics DSC (Continued):

Author Year Sample Size Important findings

Riphagen et al (20) 2005
n =60 (with median age 5 days 

old)

Median time of sterna closure: 21 hours (18 to 40 hours)

The most common indication was inadequate hemostasis

Overall mortality was 19.7%

Median duration of ventilation and intensive care stay among survivors: 3.8 

days (2.4 to 6.3 days) and 4.8 days (3.7 to 7.9 days), respectively.

Johnson et al (48 ) 2010

n =1283 (in 45 centers which in 74% of 
cases DSC was performed; 

median age at surgery was 6 days 
(4–9 days), and median weight at sur-

gery was 3.2 kg; 59% were male)

Centers with high and middle DSC use had prolonged length of stay and more 

infection 

In centers with high, middle, low DSC use mortality rate were: 15%, 26% and 

23% respectively.

Pye et al (25 ) 2010
A review on nursing considerations for

children undergoing DSC after surgery

for congenital heart disease

Use of open sternotomy and DSC will continue to be an important management 

strategy for some time, particularly with the trend toward earlier age for surgi-

cal repair or staged palliation.

Table 2: Review on Selected articles on Adult DSC

Author Year Sample Size Important findings

Ott et al (2) 1978
n =4 (3 adult patients 
and 1 infant patient)

Reviewed the use of DSC for cases of cardiac compression or risk of cardiac tam-
ponade due to excessive bleeding

Ugorji et al (60) 1980

n =28 
(mean age: 60.4 ± 3 
years; Transascend-
ing aortic intraaortic 
balloon insertion was 
done for the patients) 

DSC was accomplished within 48 to 96 hours.

Gielchinsky et al (3) 1981 n =29

The indications were enlarged heart with tamponade when the mediastinum was 
closed, poor lung compliance, hemodynamic instability due to intractable arrhyth-

mias or coagulopathy, and presence of a mediastinal assist device.
Of the 29 patients treated, 19 were long-term survivors and only 1 patient had a 

minor superficial wound infection.

El Abdel Hafez et al 
(61)

1983
n =50 (with complex 

heart disease)
Three cases of infection were recorded

Murphy (32) 1985 -Method description
A method is described for DSC that employs a temporary impermeable rubber 

patch sutured to the presternal fascia.

Josa et al (62) 1986 n=15

DSC was indicated for severe bleeding in 10 patients, heart compression in four 
patients, and severe postbypass arrhythmias in one patient

Thirteen of the 15 patients were long-term survivors, none of them had wound 
infections
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Table 2: Review on Selected articles on adult DSC (Continued 1):

Author Year Sample Size Important findings

Milgater et al (63) 1986 n =13

DSC was performed 36-120 hours later on 10 of the patients, when their condition 
had stabilized. 

Nine patients are long term survivors. 
None of these patients has developed mediastinitis, wound infection, osteomyelitis or 

instability of the sternum.

Fanning et al (43) 1987 n =57

DSC was performed at a mean of 2.8 days
Thirty-eight patients survived to leave the hospital.

Superficial wound infection (3 patients), sternal osteomyelitis (1 patient), and fatal 
mediastinal infection (1 patient).

Mestres et al (31) 1991 n =25

DSC was performed at a mean of 2.64 days
The indications were extreme cardiac dilatation and uncontrollable mediastinal hemor-

rhage
Survival rate:72%

No mediastinal or fatal infection developed and only 1 patient had late superficial 
wound infection

Furnary et al (50) 1992 n =75

DSC was performed at a mean of 3.4 +/- 0.3 daysdays
Survival rate:67%

Baseline cardiac index improved and remained stable through DSC and late follow-up 
Sternal infection:5%

Tobe et al (64) 1994 n = 4

DSC was performed 48-72 hours later
The only recognized complication was an abscess formation around the bleeding area, 

which was successfully treated with systemic antibiotics
In two of these patients, hemodynamic instability was continued because of right 

ventricular outflow tract obstruction by compression of the packs which were left over 
the bleeding area.

Donatelli et al (65) 1995 n =8
Three patients died in hospital: 1 case of multiorgan failure; 1 cases of refractory low 

cardiac output syndrome; and 1 case of respiratory distress syndrome.

Christenson et al (7) 1996 n =123

DSC was performed at 2.0 ± 1.4 days (range 0.5-8 days).
Survival rate: 78.9%

Mortality was related to indications for open chest: low cardiac output: 38.6%, hemo-
dynamic collapse on closure 0%, diffuse bleeding 33.3% and arrhythmias 27.3%. 

Superficial sternal wound infection occurred in 1.6% patients after DSC, mediastinitis 
in 1 (0.8%) and sternal dehiscence in 3 (2.4%) patients, which does not differ from a 

control population that had primary sternal closure.
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Table 2: Review on Selected articles on Adult DSC (Continued 2):

Author Year Sample Size Important findings

Freeman et al (66) 1997 n = 45

Sternal wound infection : 1.7%
Operative mortality was 47 % but was not unexpected based on the number of 

urgent/emergent procedures but does not appear to be related to the technique of 
DSC.

DSC appears to be a simple and safe method for treating low cardiac output syn-
drome following CABG

Shalabi et al (10) 2002 n = 40

Mortality rate: 10%
The sternum was closed in 36 patients on an average of 22 ± 0.3 hours (range, 8 to 

48 hours) postoperatively.
Wound infections: 8 patients

Estrera et al (34) 2008 n = 12

In-hospital mortality : 16.7%
Mean time to closure was 3 days (range 1-9 days)

No patients developed mediastinitis or aortic graft infection during postoperative 
follow-up (mean:60 months)

Hashemzadeh et al (12) 2008 n = 81

Survival rate: 81.4% who discharged from the hospital at a mean of 15.6+/-8.4 
days.

The most common causes of death included low cardiac output (67.2%) and mul-
tiorgan failure (26.2%). 

Superficial sternal wound infection :1.2%, mediastinitis :4.9%, sternal dehiscence 
: 2.4% 

New onset of acute renal failure and the presence of intraaortic balloon pump were 
predictive of in-hospital death.

Yasa et al (21) 2010

n = 46
[31 men and 15 

women, ranging in 
age from 2 to 73 

years (mean 57.0+/-
7.6 years)].

Bleeding (n=21), hemodynamic instability (n=16), arrest (n=5), and arrhythmia 
(n=4) were the reasons of DSC. 

DSC was performed at 3.48±0.35 days. 
Mortality within 30 days was 23.9% 

Complications were mediastinitis (n=2), minor wound infection (n=3) and renal 
failure (n=5).

 



May 2011
44

Iranian Society of Cardiac Surgeons

References
Riahi M, Tomatis LA, Schlosser RJ, Bertolozzi E, Johnston DW. Cardiac 1. 
compression due to closure of the median sternotomy in open heart sur-
gery. Chest 1975 ;67:113-4.
Ott DA, Cooley DA, Norman JC, Sandiford FM. Delayed Sternal Closure: 2. 
a Useful Technique to Prevent Tamponade or Compression of the Heart. 
Cardiovasc Dis 1978 ;5:15-8.
Gielchinsky I, Parsonnet V, Krishnan B, Silidker M, Abel RM. Delayed 3. 
sternal closure following open-heart operation. Ann Thorac Surg 1981 
;32:273-7.
Charalambous C, Zipitis CS, Keenan DJ. Outcome of primary chest pack-4. 
ing and delayed sternal closure for intractable bleeding following heart 
surgery. Cardiovasc J S Afr 2002 ;13:231-4.
Ziemer G, Karck M, Muller H, Luhmer I. Staged chest closure in pediatric 5. 
cardiac surgery preventing typical and atypical cardiac tamponade. Eur J 
Cardiothorac Surg 1992;6:91-5.
Anderson CA, Filsoufi F, Aklog L, Farivar RS, Byrne JG, Adams DH. 6. 
Liberal use of delayed sternal closure for postcardiotomy hemodynamic 
instability. Ann Thorac Surg 2002 ;73:1484-8.
Christenson JT, Maurice J, Simonet F, Velebit V, Schmuziger M. Open 7. 
chest and delayed sternal closure after cardiac surgery. Eur J Cardiothorac 
Surg 1996;10:305-11.
Misawa Y. Liberal use of delayed sternal closure: sternal infection does not 8. 
increase. Ann Thorac Surg 2003 ;75:638; 
Moggio RA, Agarwal N, Pooley RW, Somberg ED, Praeger PI, Sarabu 9. 
MR, et al. Delayed sternal closure as a safe adjunct to support biventricular 
failure after open heart surgery. Tex Heart Inst J 1986 ;13:155-62.
Shalabi RI, Amin M, Ayed AK, Shuhiber H. Delayed sternal closure is a 10. 

life saving decision. Ann Thorac Cardiovasc Surg. 2002 Aug;8:220-3.
Vojtovic P, Reich O, Selko M, Tláskal T, Hostasa J, Matejka T, Gebauer 11. 

R, Gabriel O, Chaloupecký V. Haemodynamic changes due to delayed 
sternal closure in newborns after surgery for congenital cardiac malforma-
tions. Cardiol Young 2009;19:573-9.
Hashemzadeh K, Hashemzadeh S. In-hospital outcomes of delayed ster-12. 

nal closure after open cardiac surgery. J Card Surg 2009;24:30-3.
McElhinney DB, Reddy VM, Parry AJ, Johnson L, Fineman JR, Hanley 13. 

FL. Management and outcomes of delayed sternal closure after cardiac 
surgery in neonates and infants. Crit Care Med 2000 ;28:1180-4.
Reuter DA, Goepfert MS, Goresch T, Schmoeckel M, Kilger E, Goetz 14. 

AE. Assessing fluid responsiveness during open chest conditions. Br J An-
aesth 2005;94:318-23.
Main E, Elliott MJ, Schindler M, Stocks J. Effect of delayed sternal clo-15. 

sure after cardiac surgery on respiratory function in ventilated infants. Crit 
Care Med 2001 ; 29:1798-802.
Loop FD, Lytle BW, Cosgrove DM, Mahfood S, McHenry MC, Goor-16. 

mastic M,Stewart RW, Golding LA, Taylor PC. J. Maxwell Chamberlain 
memorial paper. Sternal wound complications after isolated coronary ar-
tery bypass grafting: early and late mortality, morbidity, and cost of care. 
Ann Thorac Surg 1990;49:179—86.
Samir K, Riberi A, Ghez O, Ali M, Metras D, Kreitmann B. Delayed 17. 

sternal closure: a life-saving measure in neonatal open heart surgery; could 
it be predictable? Eur J Cardiothorac Surg 2002;21:787-93.
Amato J. Review of the rationale for delayed sternal closure. Crit Care 18. 

Med 2000; 28:1249 –51.
Alexi-Meskishvili V, Weng Y, Uhlemann F, Lange PE, Hetzer R. Pro-19. 

longed open sternotomy after pediatric open heart operation: experience 
with 113 patients. Ann Thorac Surg 1995;59:379–83.
Riphagen S, McDougall M, Tibby SM, Alphonso N, Anderson D, Austin 20. 

C, Durward A, Murdoch IA.“Early” delayed sternal closure following pe-
diatric cardiac surgery. Ann Thorac Surg 2005;80:678-685.
Yasa H, Lafçi B, Yilik L, Bademci M, Sahin A, Kestelli M, Yeşil M, 21. 

Gürbüz A. Delayed sternal closure: an effective procedure for life-saving 
in open-heart surgery. Anadolu Kardiyol Derg 2010;10:163-7.
Takayama H, Leone RJ, Aldea GS, Fishbein DP, Verrier ED, Salerno 22. 

CT. Open-chest management after heart transplantation. Tex Heart Inst J 
2006;33:306-9.
Misawa Y. What can be an indicator of delayed sternal closure after car-23. 

diac surgery? Eur J Cardiothorac Surg 2002;22:493-4.
Ghafoori AF, Twite MD, Friesen RH. Postoperative hyperglycemia is as-24. 

sociated with mediastinitis following pediatric cardiac surgery. Paediatr 
Anaesth 2008;18:1202-7.
Pye S, McDonnell M. Nursing considerations for children undergoing 25. 

delayed sternal closure after surgery for congenital heart disease. Crit Care 
Nurse 2010;30:50-62.
Schimmer C, Sommer SP, Bensch M, Bohrer T, Aleksic I, Leyh R. Ster-26. 

nal closure techniques and postoperative sternal wound complications in 
elderly patients. Eur J Cardiothorac Surg 2008;34:132-8.
Tabbutt S, Duncan BW, McLaughlin D, Wessel DL, Jonas RA, Laussen 27. 

PC. Delayed sternal closure after cardiac operations in a pediatric popula-
tion. J Thorac Cardiovasc Surg 1997 ;113:886-93.
Rizzo AG, Sample GA. Thoracic compartment syndrome secondary to a 28. 

thoracic procedure: a case report. Chest 2003;124:1164-8.
Elami A, Permut LC, Laks H, Drinkwater DC, Jr., Sebastian JL. Cardiac 29. 

decompression after operation for congenital heart disease in infancy. Ann 
Thorac Surg. 1994 Nov;58:1392-6.
Gangahar DM, McGough EC, Synhorst D. Secondary sternal closure: 30. 

a method of preventing cardiac compression. Ann Thorac Surg 1981 
;31:281-2.
Mestres CA, Pomar JL, Acosta M, Ninot S, Barriuso C, Abad C, et al. 31. 

Delayed sternal closure for life-threatening complications in cardiac op-
erations: an update. Ann Thorac Surg 1991;51:773-6.
Murphy DA. Delayed closure of the median sternotomy incision. Ann 32. 

Thorac Surg 1985 ;40:76-7.
Levine AJ, Sethia B, Brawn WJ. Delayed sternal closure. Ann Thorac 33. 

Surg. 1998 Jul;66:296.
Estrera AL, Porat EE, Miller CC 3rd, Meada R, Achouh PE, Irani AD, 34. 

Safi HJ. Outcomes of delayed sternal closure after complex aortic surgery. 
Eur J Cardiothorac Surg 2008 ;33:1039-42.
Fleck T, Kickinger B, Moidl R, Waldenberger F, Wolner E, Grabenwoger 35. 

M, Wisser W. Management of open chest and delayed sternal closure with 
the vacuum assisted closure system: preliminary experience. Interact Car-
diovasc Thorac Surg 2008;7:801-4.
Fleck T, Fleck M, Moidl R, Grabenwoeger M, Koller R, Giovanoli 36. 

P,Wolner E. The VAC system for the treatment of deep sternal wound in-
fections after cardiac surgery. Ann Thorac Surg 2002;74:1596–1600.
Fleck T, Gustaffson R, Ingemansson R, Song DH, Harding K, Lirtz-37. 

man MD, Meites H, Price P, Moidl R, Waldenberger F, Salazar J, Sumpio 
BE.The management of deep sternal wound infection using topical nega-
tive pressure therapy. Int Wound J 2006;3:273–228.
Salazard B, Niddam J, Ghez O, Metras D, Magalon G. Vacuum-assisted 38. 

closure in the treatment of poststernotomy mediastinitis in the paediatric 
patient. J Plast Reconstr Aesthet Surg 2008;61:302-5.
Baillot R, Cloutier D, Montalin L, Côté L, Lellouche F, Houde C, Gau-39. 

dreau G, Voisine P. Impact of deep sternal wound infection management 
with vacuum-assisted closure therapy followed by sternal osteosynthe-
sis: a 15-year review of 23,499 sternotomies. Eur J Cardiothorac Surg 
2010;37:880-7.
Baumgart D, Herbon G, Borowski A, de Vivie ER. Primary closure 40. 

of median sternotomy with interposition of hydroxyapatite blocks. A 
new approach in pediatric cardiac surgery. Eur J Cardiothorac Surg 
1991;5:383-5.
Bex JP, de Riberolles C, Lecompte Y, Marchand M, Menu P, Fiemeyer 41. 



May 2011
45

The Iranian Journal of Cardiac Surgery

A, et al. Cardiac compression during closure of the sternum following cor-
rection of complex congenital cardiopathies. Secondary closure (author's 
transl). Ann Chir 1980;34:198-200.
Bjork VO, Papaconstantinou C. Delayed sternal closure following car-42. 

diac operation. Scand J Thorac Cardiovasc Surg 1982;16:275-7.
Fanning WJ, Vasko JS, Kilman JW. Delayed sternal closure after cardiac 43. 

surgery. Ann Thorac Surg. 1987;44:169-72.
Hakimi M, Walters HL, 3rd, Pinsky WW, Gallagher MJ, Lyons JM. De-44. 

layed sternal closure after neonatal cardiac operations. J Thorac Cardio-
vasc Surg. 1994;107:925-33.
Odim JN, Tchervenkov CI, Dobell AR. Delayed sternal closure: a lifesav-45. 

ing maneuver after early operation for complex congenital heart disease in 
the neonate. J Thorac Cardiovasc Surg 1989 ;98:413-6.
46. Shore DF, Capuani A, Lincoln C. Atypical tamponade after cardiac 46. 

operation in infants and children. J Thorac Cardiovasc Surg 1982;83:449-
47. Owens WA, Vitale N, Hasan A, Hamilton JR. A policy of elective 47. 

delayed sternal closure does not improve the outcome after arterial switch. 
Ann Thorac Surg 2001 ;71:1553-5.
Johnson JN, Jaggers J, Li S, O'Brien SM, Li JS, Jacobs JP, Jacobs ML, 48. 

Welke KF, Peterson ED, Pasquali SK. Center variation and outcomes asso-
ciated with delayed sternal closure after stage 1 palliation for hypoplastic 
left heart syndrome. J Thorac Cardiovasc Surg 2010 ;139:1205-10.
Bouboulis N, Rivas LF, Kuo J, Dougenis D, Dark JH, Holden MP. Pack-49. 

ing the chest: a useful technique for intractable bleeding after open heart 
operation. Ann Thorac Surg 1994 ;57:856-60.
50. Furnary AP, Magovern JA, Simpson KA, Magovern GJ. Prolonged 50. 

open sternotomy and delayed sternal closure after cardiac operations. Ann 
Thorac Surg 1992 ;54:233-9.
Hehir DA, Dominguez TE, Ballweg JA, Ravishankar C, Marino BS, Bird 51. 

GL,et al. Risk factors for interstage death after stage 1 reconstruction of 
hypoplasticleft heart syndrome and variants. J Thorac Cardiovasc Surg 
2008;136:94-9.
Gaynor JW, Mahle WT, Cohen MI, Ittenbach RF, DeCampli WM, Steven 52. 

JM,et al. Risk factors for mortality after the Norwood procedure. Eur J 
Cardiothorac.Surg 2002;22:82-9.
Forbess JM, Cook N, Roth SJ, Serraf A, Mayer JE, Jonas RA. Ten-53. 

year institutional experience with palliative surgery for hypoplastic left 
heart syndrome. Risk factors related to stage 1 mortality. Circulation 
1995;92:II262-6.
Al-Sehly AA, Robinson JL, Lee BE, Taylor G, Ross DB, Robertson M, et 54. 

al.Pediatric poststernotomy mediastinitis. Ann Thorac Surg. 2005;80:2314-
20.
Shah SS, Kagen J, Lautenbach E, Bilker WB, Matro J, Dominguez TE, et 55. 

al.Bloodstream infections after median sternotomy at a children’s hospital. 
J Thorac Cardiovasc Surg 2007;133:435-40.
Long CB, Shah SS, Lautenbach E, Coffin SE, Tabbutt S, Gaynor JW,et 56. 

al. Postoperative mediastinitis in children: epidemiology, microbiology 
and risk factors for gram-negative pathogens. Pediatr Infect Dis J 2005; 
24:315-9.
Holzmann-Pazgal G, Hopkins-Broyles D, Recktenwald A, Hohrein M, 57. 

Kieffer P,Huddleston C, et al. Case-control study of pediatric cardiothorac-
ic surgical site infections.Infect Control Hosp Epidemiol 2008;29:76-9.
Levy I, Ovadia B, Erez E, Rinat S, Ashkenazi S, Birk E, et al. Nosocomial 58. 

infections after cardiac surgery in infants and children: incidence and risk 
factors. J Hosp Infect 2003;53:111-6.
Iyer RS, Jacobs JP, de Leval MR, Stark J, Elliott MJ. Outcomes after 59. 

delayed sternal closure in pediatric heart operations: a 10-year experience. 
Ann Thorac Surg 1997;63:489-91.
Ugorji CC, Turner SA, McGee MG, Fuhrman TM, Cooley DA, Norman 60. 

JC. Transascending aortic intraaortic balloon insertion with delayed sternal 
closure: A retrospective analysis. Cardiovasc Dis 1980;7:307-315.

El Abdel Hafez A, Conso JF, Belhaj M, Planché C, Langlois J, Binet JP, 61. 
Bruniaux J. Secondary closure of the sternum in open-heart surgery. 50 
cases. Presse Med 1983 ;12:1293-5
Josa M, Khuri SF, Braunwald NS, VanCisin MF, Spencer MP, Evans DA, 62. 

Barsamian EM. Delayed sternal closure. An improved method of dealing 
with complications after cardiopulmonary bypass. J Thorac Cardiovasc 
Surg 1986;91:598-603.
Milgater E, Uretzky G, Shimon DV, Silberman S, Appelbaum A, Borman 63. 

JB. Delayed sternal closure following cardiac operations. J Cardiovasc 
Surg (Torino)1986;27(3):328-31.
Tobe M, Kondo J, Imoto K, Ozaki T, Sakamoto A, Matsumoto A. De-64. 

layed sternal closure for life-threatening massive bleeding during re-open 
heart surgery. Kyobu Geka 1994;47:596-9.
Donatelli F, Triggiani M, Benussi S, Grossi A. Advantages of delayed 65. 

sternal closure in cardiac-compromised adult patients. J Card Surg 
1995;10:632-6.
Freeman RK, Daily PO, Dembitsky WP, Adamson RM, Moreno-Cabral 66. 

RJ. The treatment of low cardiac output syndrome following cardiopulmo-
nary bypass using delayed sternal closure. Am Surg 1997;63:882-4. 


