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ABSTRACT

Objective: In this study, we evaluated the open chest management (OCM) with
delayed sternal closure (DSC) after cardiac surgery.

Methodology: In this retrospective cross sectional study we reviewed, the
medical records of patients who underwent open-heart operation over a 9- year
period between April 2002 and March 2011 at Tehran Heart Center. The
indications of DSC, mortality rate and the complications after the procedure were
recorded. The characteristics of operations and post-operative status of patients,
including duration of ventilator support and Intensive Care Unit (ICU) stay, major
complications, need for Intra-Aortic Balloon Pump (IABP) and mortality rate were

gvaluated. P<< 0.05 was considered significant. Data was analyzed using SPSS
version 22.0

Results: A total of 22721 patients who underwent open heart operation were
included in the study. Delayed sternal closure was performed in 362 (1.5%)
patients with mean age of 59.01 = 12.4 years. Males were 63% (n=229).The
rate of DSC was 1.5% and was performed because of the hemodynamic
instability, bleeding, arrhythmia, tamponade and aortic dissection. The mortality
rate was 28.5%. Diabetes and emergency status of the operation were two
predictors of mortality (p < 0.001). Moreover, analysis pointed out that diabetes;
severe chronic lung disease and postoperative need for hemodialysis were the
strongest independent predictors of mortality in patients under going open
surgery with DSC. The most prevalent post operation, complications were atrial
fibrillation, bleeding, pulmonary embolism and new onset renal failure with
incidence rates of 38.4% (139), 26.2% (95), 15.2% (55), and 9.1% (33)
respectively.

Conclusion: The hemodynamic instability, bleeding, arrhythmia, tamponade and
aortic dissection were the most important factors for the performance of DSC
while diabetes and emergency status of the operation were the most important
predictors of mortality.

Key Words: Open chest management, Delayed sternal closure , Cardiac surgery,
Open sternum.
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INTRODUCTION

Median sternotomy is the most frequent approach to access
the heart in the heart operation." In some complicated
cardiac surgeries including coronary artery bypass graft
(CABG), valvular replacement procedures and ventricular
assist implantations the delayed sternal closure (DSC)
approach has been used.** The delayed sternal closure was
presented in 1975 for the first time and it has been reported
in 1.2 -4.2% of cardiac operations in adults. °° Rapid access
to control hemorrhage and arrhythmias and the cardiac
compression relieve are some of the advantages of
prolonged open sternotomy, so some surgeons close the
sternum after patient's hemodynamic stability.” In spite of
these advantages with DSC, some of the studies have
announced that the DSC may increase the risk of mediastinal
infection, and in rare condition, deep wound infection may
occur.”® The indication for DCS are bleeding or
hemodynamic instability, obvious pulmonary edema,
respiratory compromise, placement of extracorporeal
support device and intractable arrhythmias. ™ With evidence
for low sternal morbidity and a growing population of
patients with the complex cardiac disease, DSC will be an
increasingly important management option for the cardiac
surgeon. In this regards the heart surgeons have suggested
the DSC for major heart operations. " In the present study,
we retrospectively evaluated the open chest management
(OCM) with delayed sternal closure (DSC) procedure after
cardiac surgery overa9-year period.

METHODOLOGY

In this retrospective cross secrtional study, we reviewed,
medical records of patients who underwent open-heart
operation over a 9-year period between April 2002 and
March 2011 at Tehran Heart Center. Demographic data,
weight, height, history of diabetes, dyslipidemia,
hypertension, chronic lung diseases, renal failure, vascular
diseases, congestive heart failure and arrhythmias,
laboratory data including serum creatinine before operation
and ejection fraction according to angiography report were
recorded. We also evaluated the characteristics of
operations and post-operative status of these patients,
including duration of ventilator support and Intensive Care
Unit (ICU) stay, major complications, need for Intra-Aortic
Balloon Pump (IABP) and mortality rate. We decided to
determine preoperative characteristics, postoperative
complications, mortality rate, and predictors of outcome
after OCM with DSC by comparison of these variables in
surviving not surviving patient groups.

The operation was performed after the induction of
anesthesia, median sternotomy incision, cardiopulmonary
bypass was established. Then myocardial protection was
achieved with intermittent antegrade or retrograde delivery of
cold cardioplegic solution and according to the type of the
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disease, the appropriate operation was done. Prophylactic
antibiotic (cephalothin) was administered to all the patients
at the induction of anesthesia and continued every 6 hours
for 3 days following surgery. In the case of delayed sternal
closure antibiotic was continued until 3 days after sternal
closure. The priority indicator of surgery was determined
elective if the admission of the patient for open heart
operation was done electively, Urgent if the patient's
condition was unpredictable or the patient had a critical
disease and was not discharged from the hospital before
undergoing the operation, and emergent if the patient was
determined to be transferred to the operation room
immediately.

The status of operation (elective, urgent and emergent) and
type of surgery (Coronary artery bypass graft, Valve
surgery, and others) are shownin Table 2.

Preload and afterload optimization, inotropic support, IABP
or ventricular assist device (VAD) insertion were the options
to stabilize the patients. The decision for open chest
management was made on following parameters:
hemodynamic instability, bleeding, arrhythmia, tamponade
and aortic dissection. Low cardiac output syndrome was the
primary indication for DSC in all patients. It is defined as
cardiac index less than 2.0 L/min per m?, requiring combined
pharmacologic inotropic support (dopamine, dobutamine,
epinephrine) administered intravenously, with or without
additional IABP.

During prolonged sternotomy, sometimes the skin was
temporarily closed by a single layer of continuous suture, or
in the case of cardiac edema, it was left open and was
covered with a sterile spongy dressing. The dressing was
changed daily using a strict sterile technique with povidone-
iodine. All patients were sedated and ventilated while the
sternum was open. The timing for sternal closure was
determined by assessing the patients in following days. They
were considered suitable for closure if they demonstrate
hemodynamic stability, especially when started weaning
them from the intra-aortic balloon pump, resolution of
coagulation defects, decreased need for pharmacologic
support and IABP support, normal urine output, and minimal
mediastinal drainage. The Sternal closure was routinely
performed in the operating room. After sternum closure with
wires, the subcutaneous tissue, and the skin closure were
performed in layers. The routine intravenous antibiotic
prophylaxis was continued until 3 days after chest closure.
The duration of DSC, ICU stay and ventilation was 5.08 days
(9.6 days), 245 hours (=360.9 hours), 110.6 hours
(=269.6 hours) respectively.

Statistical analysis was carried out using descriptive
statistics, Independent-Samples T-test, Chi-square test,
Univariate analysis and Binary Logistic regression analysis.
All the statistical analyses were performed using PASW
version. Data were analyzed using SPSS version 22.0
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Categorical data were presented as numbers (%), and
continuous data as Mean =+ SD. We used the Chi square test
to compare categorical variables and the Student t test to
compare continuous variables. P < 0.05 was considered
significant.

RESULTS

Open Surgery with DSC was performed in 362 (1.5%) of
22721 patients including 66.3% (229) men and 33.7% (133)
women. In angiography evaluation we detected that the
angiography was normal in 20.1% (73), minimal coronary
artery disease in 1.1%(4), single vessel disease in 5.8%
(21), two vessels disease in 19.9% (72) and three vessels

disease in 53% (192). In addition, in the preoperative
angiography evaluation, left main coronary artery was
detected in 6.6% (24) of the patients (Table 1). In 57.7%
(209) of the patients, IABP was used during operation (Table
2). The most common indication for IABP insertion was
hemodynamic instability. After the operation, the most
prevalent complications were atrial fibrillation, bleeding,
pulmonary embolism and new onset renal failure with
incidence rates of 38.4% (139), 26.2% (95), 15.2% (55),
and 9.1% (33) respectively. The mortality rate was 28.5%
(103).The mortality rate was significantly higher in patients
with diabetes (p<0.001), carotid vascular disease
(p=0.003), chronic lung disease (p < 0.001), congestive

Table 1: Demographic Variables of Study Population (n=22721)

Variables

Age (Mean, SD)

Base creatinine(Mean, SD)
Ejection Fraction(Mean, SD)
Gender

Smoking

Diabetes Mellitus
Dyslipidemia
Hypertension

Dialysis

Cerebrovascular accidents

Carotid Vascular disease

Chronic lung disease

Congestive heart failure
Dysrhythmia

Angiography results

Angiography results (Left coronary artery involvement)
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Mean SD
59.01 12.42
1.21 0.75
45.72 10.99
Male 229 66.3
Female 133 33.7
Smoker 92 25.4
Non-smoker 270 74.6
Diabetic 113 31.2
Non-diabetic 249 68.8
Positive 180 49.7
Negative 182 50.3
Positive 185 51.1
Negative 177 48.9
Positive 4 1.1
Negative 358 98.9
Positive 19 5.2
Negative 343 94.8
Positive 21 5.8
Negative 341 94.2
Severe 2 0.6
Moderate 2 0.6
Mild 12 3.3
No 346 95.6
Positive 77 21.3
Negative 346 78.7
Positive 196 541
Negative 166 459
Normal 73 20.1
SVD 21 5.8
2VD 72 19.9
3VD 192 53
Minimal CAD 4 1.1
Positive 24 6.6
Negative 338 93.4
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heart failure (p<0.001), emergency status of operation
(p<0.001) and in patients who underwent hemodialysis
(p=0.038) (Table 3). Also, in patients with post-operative
bleeding (p=0.017),septicemia (p = 0.003), new onset
renal failure (p<0.001) and cardiac tamponade (p=0.039).
The mortality rate in patients with post-operative
complication was higher (Table 3). Additionally, the mortality
rate was higher in patients with higher duration of ICU stay

and ventilation (Table 4). Predictors of mortality by univariate
analysis were diabetes (p<0.001) and emergency status of
the operation (p<0.001). Binary Logistic Regression
analysis pointed out that diabetes; severe chronic lung
disease and postoperative need for hemodialysis were the
strongest independent predictors of mortality in patients
underwent OS with DSC.

Table 2: Status of Operation and Type of Surgery of Study Population (n=22721)

Status of Operation

Number (n) % Type

Emergent 15 41 CABG

Urgent 47 13 Valve

Elective 300 82.9 CABG+Valve
CABG+ Valve +Other
Valve+ Other
Other
CABG+ Other

Type of Surgery

Number (n) Percentage (%)
174 48.1

68 18.8

42 11.6

19 5.2

21 5.8

16 4.4

22 6.1

Table 3: Preoperative Characteristics in Surviving VS Non-Surviving Patients(n=22721)

Variables Surviving (n=259) % Dead (n=103) % p-value
Age (meanSD) 57.9013.95 59.9910.5 0.004
Female 88(32.21%) 45(44%) 0.084
Smoker 65(25%) 27(26.8%) 0.826
History of Diabetes Mellitus 67(25.8%) 46(45.83) <0.001
History of Hypertension 128(49.2) 57(54.5) 0.309
History of Dyslipidemia 124(37.5%) 56(54.46) 0265
Pre-operative Renal failure 6(2.4%) 6(5.9%) 0.092
History of Hemodialysis 1(0.4) 3(3%) 0.038
History of CVA 10(4%) 9(8.9%) 0.06
History of Carotid vascular disease 9(3.6%) 12(11.6%) 0.003
History of severe chronic lung disease 4(1.6%) 12(11.6%) <0.001
History of CHF 42(16.8%) 35(34.86%) <0.001
Emergent operation 7(2.8%) 8(8%) <0.001
IABP Insertion 152(60.8%) 57(56.8%) 0.561
Post-operation bleeding 77(30.8%) 18(17.95%) 0.017
Post-operation Pulmonary embolism 45(18%) 10(10%) 0.067
New onset renal failure 7(2.8%) 26(25.84%) <0.001
Post-operation Atrial Fibrillation 109(43.6%) 30(29%) 0.022
Post-operation tamponade 6(2.4%) 7(7%) 0.039
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Table 4: Comparison of Means in Surviving VS Non-Surviving Patients (n=22721)

Surviving patients

Standard

Number mean deviation
DSC duration (days) 259 4.56 8.93
ICU stay (hours) 259 207.2 308.3
Duration of ventilation 259 72.6 169.4
(hours)
Creatinine before 259 1.19 0.82
surgery
Ejection fraction (%) 259 46.3 10.1
BMI (kg/m’?) 259 26.4 4.8

DISCUSSION

It is well known that the sternal closure decreases cardiac
output and diastolic filling, and it may be lead to
complications such as ischemia, reperfusion, and edema."”™
® To overcome these complications the authors have
suggested the open chest technique, and a study by Funray
confirmed that open chest improves the cardiac output and
systemic blood pressure.™ In this study we revealed that the
rate of open chest procedure during a 9- year interval in
Tehran Heart Center was 1.5% and the mortality rate was
28.5% (103 of 362), diabetes and emergency status of the
operation were two predictors of mortality (p < 0.001).
Moreover, binary logistic regression analysis pointed out
that diabetes; severe chronic lung disease and postoperative
need for hemodialysis were the strongest independent
predictors of mortality in patients underwent 0S with DSC.
The most prevalent post operation complications were atrial
fibrillation, bleeding, and pulmonary embolism. The
mortality rate in our study was similar to a retrospective
study by Shi et al in 2014 on 97 patients, however, in this
study, the most post-operation complication and predictor of
mortality were the infections.” In another retrospective
study by Estrera in 2008 the open chest management was
performed for 12 patients (1.2%) and the delayed sternal
closure for 92%. The mean duration of closure was 3 days,
patients were followed for 6 months, and the mortality rate
was 16.7%. The significant predictors of open chest
management were pump time (p<0.0001) and intra-
operative blood transfusions (p<0.002)." In our experience,
the hemodynamic instability, bleeding, arrhythmia,
tamponade and aortic dissection were the most important
factors for the performance of DSC in the patients. In line
with us a study by Yasa et al. of 2698 patients who
underwent open heart operation, the open chest
management was performed for 46 patients (1.7%)
including 31 menand 15 women mean age 57 years old. The
most important cause of delayed sternal closure
performance was bleeding (n=21) followed by
hemodynamic instability. Mortality during one month after

Pak Heart J 2017 Vol. 50 (04) : 218 - 223

Non-surviving patients

Standard p-value
Number Mean deviation
103 6.36 11.05 0.137
103 339.9 456 0.007
103 206.1 414.4 0.002
103 1.24 0.53 0.562
103 441 12.8 0.134
103 26 4.8 0.486

operation was 23.9 %( 11 patients) among the patients with
DSC that was higher than our results, however, the mortality
rate was 3.6% among patients without DSC. The
commonest post- operative complication was renal failure
followed by minor wound infection. " In another study by
Boeken, of 6041 patients underwent cardiac surgery the
DSC was considered for 112 cases (3.5%) the most
important cause for open chest management was
hemodynamic compromise and the most important
complication after the procedure was the infection in 5 %.
The mortality rate was similar to our practice (28.5% vs
1.5%), including 25.5% because of bleeding and 20.5% due
to arrhythmias.” Moreover, another study by this author
repeated similar results and detected of 5122 cardiac
surgeries the OS was performed in 179 patients (3.5%).
Indications for OS were the hemodynamic compromise
intractable bleeding, arrhythmia, and cardiac edema or
tamponade.”" The mortality rate was 29% mortality in
patients with low cardiac output syndrome was 34.5%,
among patients with bleeding was 26.3%, for arrhythmias
21.4%, and for tamponade, on closure, it was 16.7%. The
infection occurred in 4.9%. The commonest predictor of
mortality was VAD insertion followed by the new onset of
hemodialysis, the other predictors were reoperation, the
mean length of duration of OS and longer duration of high-
dose inotropic therapy.

In summary, the indication of DSC and mortality rate in our
study was similar to previous studies around the world but
the post-operative complications were different. For
instance, most of the studies that were reviewed in this
article pointed outinfection as a post-operative complication
but we did not detect it in any patients. The exact reason for
such discrepancy is not known however, it may be related to
the patients' selection and different surgery technique and
medication.

LIMITATIONS

This was not a comparative study and we only included
patients with DSC, so we could not compare the outcomes of
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DSC to other possible approaches, more comparative
studies are required to evaluate the outcomes open sternal
managements.

CONCLUSION

Hemodynamic instability, bleeding, arrhythmia, tamponade
and aortic dissection were the most important indication of
DSC, while diabetes and emergency status of the operation
were the most important predictors of mortality. The results
of previous studies and our practice indicated that delayed
closure technique is an important therapeutic option in
cases with post-surgery LCOS, hemorrhage, and
arrhythmias.
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