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ABSTRACT 

Background: The survival of patients with congenital heart disease has increased in 

the recent years, because of enhanced diagnostic capabilities, better surgical 

techniques and improved perioperative care. Many patients will require reoperations 

as part of staged procedures, or to treat grafts deterioration and residual or recurrent 

lesions. Reoperations favor the formation of cardiac adhesions and consequently 

increase surgery time, however, the impact on morbidity and operative mortality is 

certain. The objective of the study was to describe the risk factors for mortality in 

pediatric patients undergoing a reoperation for congenital heart disease. Methods: 

Historic cohort of patients who underwent reoperations after pediatric cardiac surgery 

from January 2009 to December 2015. Operations with previous surgical approach 

different to sternotomy were excluded from the analysis. Results: In seven years, 

3.086 surgeries were performed, 481 were reoperations and 238 patients fulfilled the 

inclusion criteria. Mean number of prior surgeries was 1.4 ± 0.6. Median age at the 

time of reoperation was 6.4 years. The most common surgical procedures were 

staged palliation for functionally univentricular heart (17.6%). Median cross clamp 

time was 66 minutes. Younger age at the moment of resternotomy, longer cross 

clamp time and a STAT risk category greater than 3 were risk factors for mortality. 

The number of resternotomies was not associated to mortality. Mortality prior to 

hospital discharge was 4.6% and mortality after discharge but prior to 30 days after 

surgery was 0.54%. Operative Mortality was 5.1%. Conclusions: Resternotomy in 

pediatric cardiac surgery is a safe procedure in our center. 

Abstract word count: 250 words. 
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INTRODUCTION 

 

The survival of patients with congenital heart disease has increased in the last years, 

because of enhanced diagnostic capabilities, better surgical techniques and 

improved perioperative care. Many patients will require reoperations as part of 

staged procedures, to address residual or recurrent defects, or to manage 

deterioration or outgrowth of grafts. [1] 

Repeat sternotomy favors formation of cardiac adhesions, and it has been 

questioned if this is associated with increased morbidity and operative mortality. 

None-the less, in the last twenty years this idea has been studied. [2,3,4] One of the 

first studies on the subject was carried out by Russel J. et al in 1998, with the 

conclusion that repeat sternotomy carries minimal added risk. [5] In 2008 Morales et 

al demonstrated that repeat sternotomy represents a negligible risk of injury and 

therefore that the choice of management strategies should not be affected by the 

need of a reoperation. [2] Furthermore, Kirshbom PM et al [6] and t Holst KA at Mayo 

Clinic [7] showed that reentry injuries are not associated with increased operative 

mortality and that resternotomy is not an independent predictor of early death. More 

recently, in 2014, an analysis of the Society of Thoracic Surgeons (STS) Congenital 

Heart Surgery Database reported that “reoperative cardiac surgery for congenital 

heart disease is common, with one third of index operations in the database 

occurring subsequent to prior cardiothoracic operation(s) performed on 

cardiopulmonary bypass. This analysis suggests that a history of previous cardiac 

surgery does not independently confer a significant incremental risk of operative 

mortality, but that patients with greater number of previous operations appear to be at 

higher risk.” [1] 
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Several strategies for risk reduction in mortality and morbidity during resternotomy 

are described:[8] PTFE (Polytetrafluoroethylene) membrane, [3] preoperative chest 

computed tomography. [9,10,11,12] Use of an oscillating saw [10,13] and peripheral 

cannulation. [10,11,14] The aim of this study was to describe the experience in 

reoperations of pediatric patients with CHD in a center from a low-middle income 

country and to determine the factors associated with operative mortality.  

 

PATIENTS AND METHODS 

 

The study design was a historical cohort carried out at the Fundación Cardioinfantil – 

Instituto de Cardiología (FCI – IC). Information was collected from the pediatric 

cardiac surgery department’s database in a prospective manner. This database was 

audited and approved by The International Quality Improvement Collaborative (IQIC). 

All reoperations for CHD carried out at our center between January 2009 and 

December 2015 were included. Patients with an initial surgical approach different to 

sternotomy or with the indication for the initial operation as non-cardiac disease were 

excluded from the analysis. 

All patients had a preoperative chest x-ray study and echocardiogram, routine CT 

and MRI were not used to assess the risk of reoperation. The surgical protocol was 

standard for all: 1) Use of an oscillating saw for the anterior sternum wall (Fig. 1a), 2) 

use of scissors for the posterior sternum wall (Fig. 1b) to complete sternotomy and 3) 

lysis of adhesions to identify safe cannulation sites (Fig. 1c).  

Variables chosen were: Patients characteristics (age, sex, weight, arterial oxygen 

saturation – [SaO2], hematocrit, left ventricular ejection fraction – [LVEF], Down 



	 6	

Syndrome). Procedural characteristics (type of surgery, cardiopulmonary bypass 

[CPB], time, Cross clamp time [CCT], open chest, STAT Mortality Category, and 

number of previous surgeries. The endpoint of analysis was post-operative mortality. 

All variables were defined by the same criteria established by the STS to avoid bias. 

Patient follow-up was carried out according to the institutional protocol (by telephone, 

45 days after hospital discharge). 

An initial descriptive analysis was performed. Quantitative variables were evaluated 

with the Shapiro Wilk test to determine the distribution of the data. Normal variables 

were analyzed by means and standard deviation, nonparametric variables with 

median and interquartile range. Categorical variables were analyzed with relative and 

absolute frequencies; a bivariate analysis was done to identify factors related with 

mortality; continuous variables were compared with Mann-Whitney and categorical 

variables with Pearson's chi-squared test. An unconditional univariate logistic 

regression model was performed without interactions to describe the Odds Ratio of 

the variables associated with mortality. It was not possible to perform an appropriate 

multivariable logistic model since an "n" of 11 events is too small. A cutoff point 

strategy was applied to continuous variables to achieve a dummy variable and 

include in the model. All tests were performed using STATA 14.0. TX: StataCorp LP. 

This study was conducted according to ethic norms and under the precepts of the 

Colombian Government Ministerio de Salud y Protección Social (Ministry of Health 

and Social Protection), according the Resolution 8430, 1993. This study was 

classified as a harm less investigation. The authors assure data confidentiality.  

 

 



	 7	

RESULTS 

 

During the study period, 3086 patients were taken to surgery for CHD treatment, 481 

were reoperations and 239 patients fulfilled de inclusion criteria. Mean number of 

prior surgeries was 1.4 ± 0.6. Figure 2 documents the annual proportion of primary 

operations and reoperations from 2009 to 2015, inclusive and reveals that the 

proportion	of	reoperations	increased	in	the	last	4	years	of	the	study.	

Table	1	shows	the	characteristics	of	 the	patients	 included	 in	 the	study.	The	median	

age	 of	 the	 patients	who	 died	was	 lower	 than	 the	median	 age	 of	 the	 patients	who	

survived,	however,	this	difference	was	not	statistically	significant.	The	majority	of	the	

patients	 did	 not	 present	 with	 anemia,	 severe	 hypoxemia,	 or	 left	 ventricular	

dysfunction.	More	than	30%	of	the	patients	had	more	than	2	prior	sternotomies,	but	

the	number	of	prior	sternotomies	was	not	related	to	mortality	in	our	study.	Most	of	

the	 patients	 who	 died	 had	 just	 one	 reoperation.	 There	 were	 15	 injuries	 during	

resternotomy	 (6.3%)	 requiring	 emergent	 establishment	 of	 cardiopulmonary	 bypass	

and	 all	 of	 them	 required	 blood	 product	 transfusion.	 Emergent	 cardiopulmonary	

bypass	was	not	considered	to	be	contributory	to	the	outcome	of	the	patients	since 

none of them died within the first 30 days after surgery.	 Perfusion	 time	 and	 clamp	

time	 were	 different	 in	 the	 two	 groups	 of	 patients,	 being	 longer	 in	 the	 group	 of	

patients	 who	 died	 with	 a	 statistically	 significant	 difference,	 as	 a	 reflection	 of	 the	

complexity	 of	 the	 operation.	 Mortality was related to a higher STAT Mortality 

Category, almost one third of the operations overall had a STAT Mortality Category 

of 4 or 5, and 54% of the operations associated with mortality had a STAT Mortality 
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category 4 or 5, with a statistically significant difference in comparison to the patients 

who survived. As a result of the complexity, open chest was more frequently used in 

the patients who died.	

As demonstrated in Table 2, functionally univentricular heart was the most frequent 

condition to require reoperation (17.6%), followed by left heart lesion (12.6%) such as 

subaortic membrane and aortic valve pathology, and then surgery for pulmonary 

valve replacement after repair of Tetralogy of Fallot (10.1%). Univariate analysis 

(Table 3) indicated that younger age at the moment of resternotomy, longer cross 

clamp time, and a STAT Mortality Category greater than 3 were risk factors for 

mortality. Resternotomy was not associated with any catastrophic operative events 

that resulted in the immediate death of any patient. Mortality prior to hospital 

discharge was 4.6% and mortality after discharge but prior to 30 days after surgery 

was 0.54%.  Therefore, Operative Mortality was 5.1%. When comparing mortality 

prior to hospital discharge in the same period for primary sternotomy and repeat 

sternotomy, 4.2% (110/2611) and 4.6% (11/239) respectively, the p-value is 0.77 with 

a confidence interval of 95%. This shows a non statistical difference between 

mortality prior to hospital discharge among primary and repeat sternotomy. 

 

COMMENT 

 

Improvements in the survival of patients with CHD has increased the number of 

reoperations, [15] so pediatric cardiac centers should be prepared to deal with this 

new type of patients. The most common indication for resternotomy in this study was 

staged palliation for functionally univentricular heart, followed by obstructive left heart 
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lesions. This finding is explained by increased prevalence of these type of lesion in 

Colombia, as was reported in the study by Garcia et al. [16] 

This study shows similar results to those published by the Mayo Clinic, Texas 

Children’s Hospital, and the STS Congenital Heart Surgery database which have all 

demonstrated that repeat sternotomy is not an independent risk factor for operative 

mortality. Furthermore, it is important to highlight that in our cohort, not only 

resternotomy, but also the number of repeat sternotomies (up to 4) were not risk 

factors for operative mortality. This latter finding is different from the results published 

from the Mayo Clinic and the STS Congenital Heart Surgery Database. [1] 

Many centers use preoperative CT in a routine manner or in high risk patients, to 

develop a surgical plan in order to decrease the probability of cardiac injury during 

repeat sternotomy. [9,10,11,12] However, this type of preoperative evaluation 

increases the costs of each procedure and in a health system with limited resources 

as ours, it represents an additional cost difficult to afford. In this study, we found that 

preoperative CT is not always necessary to achieve good results, using only a 

preoperative chest x-ray and angiogram to assess the relationship between cardiac 

structures and the sternum.  

The outcomes of this study are the result of a standardized surgical protocol, 

standardized intensive care, and quality improvement measurements that ensure 

teamwork and patient safety. However, as this study had a retrospective cohort 

variable systematic collection was difficult and it was not possible to analyze other 

variables detected as relevant in the moment of data analysis.  Another limitation of 

our study is its descriptive nature, because conclusions cannot be generalized to all 
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of the population. None the less, our results do demonstrate that reoperations for 

CHD can be carried out safely in our institution. 

 

SUMMARY 

In our study resternotomy was not an independent risk factor for operative mortality 

in surgery for CHD. Our institutional protocol of evaluation and care for reoperations 

has shown good outcomes. In our experience repeat sternotomy, is a safe procedure 

for the treatment of the patient with CHD in all stages of the disease. 
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Figure 1a.  
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Figure 1b.  
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Figure 1c.   
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Figure 2. Reoperation tendency per year 
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Table 1. Characteristics of patients. 

 

VARIABLE TOTAL 

N= 238 

ALIVE 

N=227 

DEAD 

N=11 

P VALUE 

Age, Years Median IQR 6.4 (2.9-12.2) 6.6 (2.9-12.3) 2.9 (0.4-9.6) 0.11 

Females, n (%) 107 (44.9) 101 (44.9) 6 (54.5) 0.51 

Weight, Kg Median IQR 18.8 (11-33) 19 (11-33) 11.9 (7-25) 0.13 

Saturation, % Median IQR 92 (85-94) 92 (85-94) 90 (79-96) 0.79 

Hematocrit, %, Median IQR 44 (39-50) 43 (39-50) 46 (40-53) 0.48 

Left ventricular ejection 

fraction, % Median IQR 

70 (65-75) 70 (65-75) 68 (64-72) 0.51 

Down syndrome, n (%) 6 (2.5) 6 (2.6) 0 0.54 

Number of surgeries n (%)    0.38 

1 168 (70.6) 159 (70.0) 9 (81.8) 

2 54 (22.7) 53 (23.3) 1 (9.1) 

≥3 16 (6.7) 15 (6.6) 1 (9.1) 

CPB time, minutes Median IQR 94 (70-130) 93 (68-126) 216 (134-270) < 0.000 

Cross Clamp time, minutes 

Median IQR 

66 (45-97) 63 (45-86) 128 (102-170) 0.0003 

Open chest, n (%) 21 (8.8) 15 (6.6) 6 (54.5) < 0.000 

STAT risk category    0.009 

1, n (%) 35 (14.1) 35 (15.4) 0 

2, n (%) 107 (44.9) 104 (45.8) 3 (27.3) 

3, n (%) 25 (10.5) 23 (10.1) 2 (18.2) 

4, n (%) 69 (28.9) 64 (28.2) 5 (45.4) 

5, n (%) 2 (0.8) 1 (0.4) 1 (9.1) 

  

N: number, %: percentage, IQR: interquartile range, SD: standard deviation,KG: kilograms 
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Table 2. Surgery Type. 

SURGERY TYPE N % 

Fontan Fenestrated 30 12,6 

Pulmonary Valve Replacement 24 10,1 

Subaortic Membrane Resection 18 7,6 

Mitral Valve Replacement 14 5,9 

Glenn 12 5,0 

Aortic Valve Replacement 12 5,0 

TAPVC Correction 11 4,6 

Other 117 49,2 
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Table 3. Univariate risk factors for mortality. 

VARIABLE OR CI 95% P VALUE 

Age < 4 years, yes 3.8 1.1 – 13.3 0.04 

Cross clamp time > 100 minutes, yes 15.5 1.9 – 123.2 0.001 

STAT risk category > 3 4.2 1.1 -16.3 0.04 

 

 


