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RESUMEN 

MODELO DE PREDICCIÓN DE INFECCIÓN MAYOR POSTOPERATORIA EN 

PACIENTES PEDIÁTRICOS SOMETIDOS A CIRUGÍA CARDIOTORÁCICA EN UN 

HOSPITAL PEDIÁTRICO DE LIMA, PERÚ 

Introducción: La infecciones mayores postoperatorias (IMP) en cirugía cardiotorácica son 

complicaciones que presentan un gran impacto en la mortalidad y el tiempo de estancia 

hospitalaria. Diversos factores preoperatorios e intraoperatorios han sido asociados al 

riesgo de desarrollar una infección postoperatoria luego de una cirugía cardiotorácica. En el 

presente estudio desarrollamos y validamos internamente un modelo predictivo de IMP en 

pacientes pediátricos. Métodos: Se realizó una cohorte retrospectiva  y se analizaron 1025 

casos de pacientes pediátricos sometidos a cirugía cardiotorácica asistida con bypass 

cardiopulmonar entre los años 2000 y 2010. Se desarrolló el modelo de predicción de IMP 

utilizando análisis de regresión logística. Se evaluó la discriminación y calibración del 

modelo y finalmente se validó internamente utilizando a técnica de bootstrapping con 200 

replicaciones. Resultados: De 1025 pacientes, 59 (5,75%) presentaron al menos un 

episodio de IMP (4,78% sepsis, 0,97% mediastinitis, 0% endocarditis). En el análisis 

multivariado, las variables asociadas fueron: percentil peso para la edad <5%, enfermedad 

cianótica, RACHS-1, NYHA IV, mayor estancia preoperatoria and cirugía de emergencia. 

El modelo presentó una buena discriminación con un estadistico-c de 0,78 (95% CI 0,72 to 

0,83) y buena calibración. Los scores varían entre 12 y 37 puntos y se correlacionan con la 

probabilidad de desarrollar IMP de 5% a 80% respectivamente. Conclusión: El modelo de 

predicción de IMP presenta un buen desempeño. Es necesario realizar una validación 

externa del modelo para evaluar su utilidad en la práctica clínica. 



 

 

6 
 

PALABRAS CLAVES: Cirugia cardiovascular, Bypass cardiopulmonar, compliación 
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ABSTRACT 

PREDICTION MODEL OF MAJOR POSTOPERATIVE INFECTIONS IN PEDIATRIC 

PATIENTS UNDERGOING CARDIOTHORACIC SURGERY AT A CHILDREN´S 

HOSPITAL IN LIMA, PERU 

Background: Major postoperative infections (MPI) are important complications presented 

after cardiothoracic surgery with a great impact over mortality and length of hospital stay. 

Several preoperative and intraoperative factors have been associated with postoperative 

infection risk after cardiothoracic surgery. We developed an internally validated a pediatric 

major postoperative infection risk prediction model.  

Methods: A retrospective cohort analyzed 1025 children who underwent cardiothoracic 

surgery with cardiopulmonary bypass from 2000 to 2010. Bivariate and multivariate 

logistic regression analyses were used to develop a prediction model for MPI. The model 

was tested for discrimination and calibration, and validated internally using bootstrapping 

with 200 replications.  

Results: From a total of 1025 patients, 59 (5.75%) had at least one episode of MPI (4.78% 

sepsis, 0.97% mediastinitis, 0% endocarditis). In multivariate analyses, variables associated 

with MPI were: percentile weight for age <5%, cyanotic disease, RACHS-1, NYHA IV, 

longer preoperative hospital stays and emergent surgery. The internally validated model 

had good discrimination with a c-statistic of 0.78 (95% CI 0.72 to 0.83) and calibration. 

Scores ranged from 12 to 37 corresponding with probabilities of MPI ranging from 5% to 

80%, respectively.  
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Conclusion: The prediction model for MPI has good overall performance in children 

undergoing cardiothoracic surgery.  External validation of the model is necessary to 

evaluate its usefulness in clinical practice. 

KEYWORDS: Cardiac Surgical Procedures, Cardiopulmonary bypass, Postoperative 

complication, Infections, Prediction model.  
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THEORETICAL FRAMEWORK 

A large number of pediatric patients undergoing cardiothoracic surgical procedures will 

present at least one complication during the postoperative period. (Agarwal et al. 2014; 

Benavidez et al. 2007) The probability of complications is even higher in those procedures 

assisted by cardiopulmonary bypass (CPB) compared to those procedures that did not 

required such assistance. (Agarwal et al. 2014) The prevalence of postoperative infections 

in pediatric cardiac surgery varies significantly between 11.4% and 38.3% according to 

studies made worldwide. (Algra et al. 2012; Bravo et al. 2009; Grisaru-Soen et al. 2009; 

Guardia Camí et al. 2008; Hasija et al. 2008; Huang et al. 2008; Levy et al. 2003; Valera et 

al. 2001) Within this context there are three especially important infectious complications: 

sepsis, mediastinitis and endocarditis; these form an entity called Major Postoperative 

Infection (MPI). MPI prevalence worldwide varies between 2.8% and 3.5% in pediatric and 

adult populations according to multicenter studies. (Barker et al. 2010; Kansy et al. 2012; 

Chen et al. 2012) In South America, a study in Argentina reported a prevalence of 

mediastinitis and sepsis of about 5.8%. (Rosanova et al. 2009) While the prevalence of MPI 

is not high, it is an extremely important complication due to its impact over mortality (22% 

to 25% in patients with MPI vs 3% to 3.9% in patients without MPI), the length of hospital 

stay and institutional costs. (Barker et al. 2010; Kansy et al. 2012; Chen et al. 2012; Nowak 

et al. 2010; Pasquali et al. 2013; Fowler et al. 2005)   Several factors are significantly 

associated to the development of MPI after cardiothoracic surgery. These can be specific 

preoperative variables such as age, weight, length of preoperative hospital stay, 

preoperative admission to intensive care unit (ICU), level of complexity of the surgery 
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[Risk Adjustment for Congenital Heart Surgery (RACHS-1)], ventilatory support, cyanotic 

heart disease, genetic abnormality and other comorbidities. (Agarwal et al. 2014; Hasija et 

al. 2008; Levy et al. 2003; Valera et al. 2001; Barker et al. 2010; Kansy et al. 2012; Fowler 

et al. 2005;Mehta et al. 2000) MPI has also been associated with intraoperative factors such 

as operating time, CPB time, volume and number of blood transfusions, intraoperative 

hypothermia and use of intracardiac prosthesis. (Agarwal et al. 2014; Hasija et al. 2008; 

Valera et al. 2001; Fowler et al. 2005; Mehta et al. 2000)  

 

Different prediction models have been developed to calculate the risk of MPI after 

cardiothoracic procedures. Algra et al. (Algra et al. 2012) stated that to anticipate a 

postoperative infection, three variables should be taken into account: age less than six 

months, time with open sternum and postoperative stay for more than two days. 

Subsequently, Fowler et al. (Fowler et al. 2005) developed useful clinical predictors to 

identify the potential risk of developing MPI in adults. Finally, Barker et al. (Barker et al. 

2010) developed a predictive model of MPI that included preoperative variables, 

comorbidities and cardiac surgical procedures; the model was evaluated showing good 

performance and good discrimination, which was later validated by Kansy et al. (Kansy et 

al. 2012)  However, none of these models were made in developing countries. There is only 

one published study that identified associated factors to postoperative mediastinitis in adult 

patients in Peru. (Merino et al. 2014) 
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OBJECTIVES 

General: 

 Develop and validate a prediction model that allows us to estimate the risk of MPI 

in pediatric patients undergoing cardiothoracic surgeries assisted by CPB. 

Specific: 

 Describe the characteristics of the study population. 

 Determine the prevalence of MPI in pediatric patients undergoing cardiothoracic 

surgery with CPB 

 Identify preoperative and intraoperative risk factors independently associated with 

the development of MPI in pediatric patients undergoing cardiothoracic surgery 

with CPB. 

 Develop two prediction model of MPI in pediatric patients undergoing 

cardiothoracic surgery with CPB including: a. Preoperative data, and b. 

Preoperative and intraoperative data 
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METHODS 

Study design and patient population  

An analytical retrospective cohort study was performed. Target population were all patients 

under 18 years old who underwent cardiothoracic surgery with CPB, admitted between 

years 2000 and 2010 to the Post-Operative Cardiovascular Unit (POCU) of the Instituto 

Nacional de Salud del Niño (INSN), Lima, Peru. We excluded patients who underwent 

heart transplant and catheter associated procedures. 

 

Primary outcome  

The main outcome of this study was Mayor Postoperative Infection (MPI), defined as the 

presence of sepsis, mediastinitis or endocarditis during the postoperative period, set in place 

from 48 hours after the operation until the date of discharge.(Barker et al. 2010) We used 

the diagnostic criteria stablished by The Society of Thoracic Surgeons (STS) to define 

sepsis, mediastinitis and endocarditis. (STS Congenital Heart Surgery Database 2013)
 
 

 

Sepsis was defined as the presence of Systemic Inflammatory Response Syndrome (SIRS) 

48 hours after surgery, caused by a confirmed infection with at least two of the following 

criteria: 1) altered body temperature (> 38.5°C or <36.0°C), 2) tachycardia or bradycardia, 

2) tachypnea, 3) leukocytosis or leukopenia, or 4) thrombocytopenia.(STS Congenital Heart 

Surgery Database 2013) 
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Mediastinitis was defined by the existence of one of the following criteria: 1) positive tissue 

or mediastinum fluid culture 2) evidence of mediastinitis by histopathology or visually 

during surgery, 3) presence of fever, chest pain or sternal instability associated with 

purulent drainage from the mediastinum, positive mediastinum culture or widened 

mediastinum, or 4) presence of one of the following in patients who are ≤1 years old: fever, 

hypothermia, apnea, bradycardia or sternal instability associated with purulent drainage 

from the mediastinum, positive mediastinal  culture or widened mediastinum.(STS 

Congenital Heart Surgery Database 2013)
 

 

Endocarditis was defined as an infection of the valvar tissue or the endocardium that meets 

one of the following criteria: 1) microbiological or histological evidence of valve infection, 

2) presence of 2 major criteria, 3) presence of one major criteria and three minor criteria, or 

4) presence of 5 minor criteria; where the major criteria are: positive culture for 

endocarditis or evidence endocardial commitment, and the minor criteria are: previous heart 

disease or user of intravenous drugs, temperature> 38°C, vascular phenomena, 

immunological phenomena, positive blood culture or ultrasound findings. (STS Congenital 

Heart Surgery Database 2013)
 

 

In the group of independent variables in the preoperative period, we included a variable 

called Preoperative risk factor, which was defined as preoperative mechanical ventilation, 

tracheostomy, renal failure, dialysis or preoperative diabetes mellitus; these variables were 

obtained from the literature. (Fowler et al. 2005; Barker et al. 2010; Kansy et al. 2012; 

Chen et al. 2012; Hasija et al. 2008; STS Congenital Heart Surgery Database 2013) 
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Data source 

We used a secondary database which included all patients that underwent cardiothoracic 

surgery, were assisted with CPB and were admitted to the POCU between 2000 and 2010. 

The sources of information were: medical records, patient medical record of the POCU, 

hospital admission records of the INSN and information provided by the parents and/or 

relatives of patients. The digitization of the information collected was performed using 

IBM SPSS Version 22. Due to the nature of the study and because the researchers did not 

make contact with the patients at any time, no informed consent was needed. 

 

Model development 

Candidate variables for the prediction model came from two sources: a bivariate logistic 

regression analysis and literature review. (Ithuralde et al. 2007; Algra et al. 2012; Hasija et 

al. 2008; Levy et al. 2003; Valera et al. 2001; Barker et al. 2010; Kansy et al. 2012; Chen et 

al. 2012; Fowler et al. 2005; Mehta et al. 2000; Agarwal et al. 2014) We performed a 

descriptive table using chi square and Fisher exact test to determine differences in 

population distribution between patients with and without MPI. Subsequently, a bivariate 

logistic regression of variables was made and those that showed a p value <0.2 were 

selected.23; the association of each variable with the primary outcome was described with 

Odds Ratio (OR) and a 95% confidence interval (95% CI). Because of the large number of 

associated variables obtained, we preferred using variables combining information of others 

(for example, instead of considering age and weight, it was considered only the percentile 

of weight for age). 
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Once the multivariate logistic model was constructed, the risk for MPI was calculated with 

the following formula: 

   
 

                          
 

 

where βo is a constant, β1 to βk are the coefficients of the regression model for each of the 

k variables included in the model, and x1 to xk are the variables included in the model. 

Model performance evaluation 

The prediction model was evaluated for discrimination and calibration. Discrimination 

refers to how useful is the model to discriminate between the presence and absence of MPI. 

Discrimination is quantified with the c-statistic, which is equivalent to the area under the 

curve ROC. The c-statistic has values ranging from 0.5 to 1 and, the closer is to 1, the better 

the model discriminates the presence of MPI. Calibration refers to the comparison between 

the probabilities predicted by the logistic model and the probabilities observed in reality. 

Perfect calibration means that the predicted and observed probabilities are the same. 

Calibration was evaluated with the Hosmer-Lemeshow test and calibration plots, both using 

deciles of the population ordered by the probability of presenting the outcome. 

 

Internal validation of the prediction model 

The model was internally validated using bootstrapping with 200 replications. Each 

repetition creates models in samples of identical size to the sample size of the study, using 

random sampling with replacement of individuals. Internal validation adjusts the 
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coefficients of the model, assuming that the initial model coefficients are inflated for use in 

new populations, that is to say, reduces the probability of model overfitting.  

 

Score and Nomogram development 

We presented the model as scores for clinical use. Scores were given to each variable and 

are proportional to the strength of association with the primary outcome. Thus, variables 

with higher ORs had higher scores. The final score was given by the sum of the scores of 

each variable and, therefore, more likely to have MPI. The scores are created by 

multiplying the β coefficient of the variable by 10. Alternatively, a nomogram model was 

also created, as it allows direct calculation of the probability of the primary outcome. In the 

nomogram each variable has a different scale proportional to the weight of its coefficients. 

(Waljee et al. 2014; Moons et al. 2012; Steyerberg et al. 2001) 
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RESULTS 

Demographic characteristics 

We analyzed a total of 1025 hospitalized patients in the POCU of the INSN from the year 

2000 to 2010, of which 59 (5.75%) had at least one episode of MPI (4.78% sepsis, 0.97% 

mediastinitis, 0% endocarditis). Three patients had more than one type of infection. 

Demographic characteristics of the population by MPI presentation are listed in Table 1.  

 

Patients with MPI were younger compared from those without (mean: 2.95 vs 5.42, 

p<0.001), and 62.7% of them were men. The mean weight of patients with MPI was 

significantly less than the rest of patients (10.9 vs 16.8, p<0.001). Preoperative length of 

stay was higher in patients with MPI (median with interquartile range 15, 40; p<0.001). The 

majority of patients with MPI had a cyanotic heart disease diagnosis (69.5%, p<0.001). 

Also, a higher score in RACHS-1 scale was presented in patients with MPI compared to the 

overall population (54% vs 27%, p<0.001), similar result were obtained for NYHA 

functional classification (37% vs 15%, p<0.001). On the other hand, more patients with 

MPI met the criteria for preoperative risk factor rather than patients without infection 

(11.9% vs 1.6%, p<0.001). Finally, we found that patients undergoing urgent surgeries 

presented MPI in a higher proportion than those who underwent elective procedures (79.7% 

vs 44.8%, p<0.001). 
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Bivariate and Multivariate regression analyses 

In the bivariate analysis of preoperative variables we found significant association between 

MPI and lower age, lower weight, weight for age-sex percentile <5%, longer preoperative 

length of stay, primary diagnosis, cyanotic heart disease diagnosis, higher RACHS-1 and 

NYHA IV scale and preoperative risk factor; then in the intraoperative time we found that 

urgent surgical status (vs. elective) had significant association with MPI (Table 2). 

 

We did a multivariate analysis including significant variables in bivariate analysis; we 

created two models according to the operatory time (preoperative only model, and a 

preoperative and intraoperative combined model). The percentile of weight for age and 

gender was used instead of using weight and age separately. In the first analysis we found 

longer preoperative hospital stay (p=0.042), cyanotic heart disease diagnosis (p=0.001), 

RACHS-1 (p=0.015) and NYHA IV (p=0.003) as significant variables; whereas in the 

second we found cyanotic heart disease (p=0.001), RACHS-1 (0.024), NYHA IV (p=0.008) 

and urgent surgical status (p=0.013) as significant variables. We considered only the first 

model since the variables at the intraoperative time are not potentially modifiable and 

predictive as in the preoperative period. Preoperative multivariate analysis is shown in 

Table 3 

 

Internal validation of the model and its presentation 

Internal validation of the model resulted in a shrinking factor of 0.94. Discrimination of the 

model was good, with an adjusted c-statistic of 0.78 (95% CI 0.72-0.83). Calibration was 
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good according to the Hosmer-Lemeshow test with a chi-square of 0.64 (p=0.56), and the 

calibration plot showed an acceptable calibration (Figure 1).  

 

For clinical use we present the model as scores and a nomogram. The scores per variable 

included in the final model are shown in Table 4, and the equivalence of scores and risks of 

MPI are shown in Table 5. A nomogram (Cai et al. 2014) is shown in Figure 2. 
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DISCUSSION 

 In this study, we used clinical information from all the CPB cardiothoracic procedures 

performed in a national pediatric health care institute to develop a MPI risk prediction 

model. We found a MPI rate of 5.75%. We identified 6 preoperative variables in the model; 

all of them can be easily measured. The global performance of the predictive model 

concerning calibration and discrimination after internal validation was good. 

 

Proportion of MPI was similar to previous rates reported in another South American 

country (5.8%), (Rosanova et al. 2009)and higher than rates reported in developed 

countries in multicenter studies (2.8%-3.5%). (Barker et al. 2010; Chen et al. 2012; Kansy 

et al. 2012) Rates of sepsis and mediastinitis in the current study were higher than prior 

reports, while no endocarditis cases were presented through the studied period. (Barker et 

al. 2010;Chen et al. 2012;Kansy et al. 2012;Rosanova et al. 2009) 

 

Our study confirms that MPI is an infrequent but potentially harmful complication of 

cardiothoracic surgery due significantly higher mortality (62.7%) and postoperative length 

of stay (42.2 days) in those with MPI vs non-MPI. An additional key finding was the higher 

mortality rate found in this study when compared to rates described in previous studies (22-

25%). (Agarwal et al. 2014) 11-13, 15-17 We confirmed that longer preoperative length of 

stay, higher complexity of procedure (RACHS-1), cyanotic heart disease diagnosis, 
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preoperative mechanical ventilation and urgent surgical status were variables associated 

with higher risk of MPI. (Agarwal et al. 2014) Additionally we identified other risk factors 

for MPI such as weight for age-sex (<5%) and NYHA class IV with high association. 

Previous investigations described intraoperative factors associated with higher risk of MPI 

as well, such as longer surgical time and longer CPB time, which were not significant 

variables in our analysis. (Agarwal et al. 2014; Hasija et al. 2008; Valera et al. 2001; 

Fowler et al. 2005; Mehta et al. 2000) 

 

Our model using previously published risk factors accurately identified patients in high risk 

for MPI. It showed a satisfactory calibration as well as good discrimination. There is a 

previous MPI risk prediction model, developed in pediatric cardiothoracic patients as well, 

that has a good discrimination; however, the characteristics of the study population differed 

greatly from ours. Particularly important contrasting variables are age at the time of surgery 

(2.4 vs. 5.7 in our hospital) and nutritional status of patients (weight for age-sex percentile 

<5%: 35.2% vs 63.8% in our hospital) among others. (Barker et al. 2010) 

 

Strengths of this study are that the score and nomogram created can be easily applied on 

clinical environment and that they were developed considering the specific demographic 

features  of our population, allowing us to extrapolate our findings to similar circumstances 

taking place in South America and other developing countries. Nevertheless, the study has 

some limitations: first, our population is relatively small and belongs to a single health care 

center. Second, the analysis and model did not include data like specific causative pathogen 
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and the use of preoperative prophylactic antibiotic therapy. Third, we did not do external 

validation of the model, which evaluates the performance of the model in different 

scenarios 

 

This investigation suggests that there is a specific group of pediatric patients in risk for MPI 

that can be easily identified before surgery and therefore be targeted for future clinical trials 

and interventions to reduce MPI rates and overall mortality. Further research needs to be 

done to identify the cause of the high MPI and mortality rates found in the current 

investigation and to develop protocols to decrease infection rates in this setting. Finally, 

while the model created performed as expected through the internal validation, it needs to 

be externally validated. 
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ANNEXES 

Table 1: Preoperative and intraoperative clinical characteristics of the pediatric patients 

who had cardiothoracic surgery with CPB in the INSN between the years 2000 -2010 

  Mayor  Postoperative Infection 

Variables Total Yes (N=59) No 

(N=966) 

p 

Demographic 

Age (years)  (mean, SD) 5.27 (4.8) 2.95 (4.6) 5.42 (4.8) <0.001 

Gender (n, %) 

   Male 

   Female 

 

523 (51.0) 

502 (49.0) 

 

37 (62.7) 

22 (37.3) 

 

486 (50.3) 

480 (49.7) 

0.043 

Age by categories (n, %) 

   0-6 months  

7-11  months   

1-5 years  

6-9 years  

   ≥10 years 

 

120 (11.7) 

54 (5.3) 

502 (49.0) 

149 (14.5) 

200 (19.5) 

 

28 (47.5) 

5 (8.5) 

17 (28.8) 

1 (1.7) 

8 (13.6) 

 

92 (9.5) 

49 (5.1) 

485 (50.2) 

148 (15.3) 

192 (19.9) 

<0.001 

Origin (n, %) 

   Lima  

   Province 

 

533 (52.0) 

492 (48.0) 

 

33 (55.9) 

26 (44.1) 

 

500 (51.8) 

466 (48.2) 

0.31 

Prematurity (n, %) 

   No 

   32-35 weeks GA 

   36 weeks GA 

 

1013 (98.8) 

9 (0.9) 

3 (0.3) 

 

58 (98.3) 

0 (0.0) 

1 (1.7) 

 

955 (98.9) 

9 (0.9) 

2 (0.2) 

0.093 

Preoperative 

Weight, kg (mean, SD) 16.50 (12.3) 10.97 (12.5) 16.84 (12.3) <0.001 

Percentile weight * (n, %) 

   <5% 

   5-50% 

   >50% 

 

654 (63.8) 

286 (27.9) 

85 (8.3) 

 

48 (81.4) 

7 (11.9) 

4 (6.8) 

 

606 (62.7) 

279 (28.9) 

81 (8.4) 

0.011 
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Preoperative length of stay, days (mean, IQR) 4 (14) 15 (40) 4 (12.25) <0.001 

Primary diagnosis (n, %) 

   VSD 

   TOF 

   ASD 

   TAPVR 

   Others 

 

329 (32.1) 

152 (14.8) 

123 (12.0) 

77 (7.5) 

344 (33.6) 

 

7 (11.9) 

9 (15.3) 

2 (3.4) 

10 (16.9) 

31 (52.5) 

 

322 (33.3) 

143 (14.8) 

121 (12.5) 

67 (6.9) 

313 (32.4) 

<0.001 

Cyanotic heart disease (n, %) 420 (41.0) 41 (69.5) 379 (39.2) <0.001 

RACHS-1 (n, %) 

   1  

   2  

   3  

   4  

 

128 (12.5) 

617 (60.2) 

226 (22.0) 

54 (5.3) 

 

2 (3.4) 

25 (42.4) 

25 (42.4) 

7 (11.9) 

 

126 (13.0) 

592 (61.3) 

201 (20.8) 

47 (4.9) 

<0.001 

NYHA (n, %) 

   I  

   II 

   III 

   IV 

 

216 (21.1) 

280 (27.3) 

375 (36.6) 

154 (15.0) 

 

5 (8.5) 

16 (27.1) 

16 (27.1) 

22 (37.3) 

 

211 (21.8) 

264 (27.3) 

359 (37.2) 

132 (13.7) 

<0.001 

Congenital malformation (n, %) 83 (8.1) 7 (11.9) 76 (7.9) 0.19 

Genetic disorder (n, %) 171 (16.7) 7 (11.9) 164 (17.0) 0.2 

Previous cardiac surgery (n, %) 225 (22.0) 13 (22.0) 212 (21.9) 0.55 

Palliative surgery (n, %) 204 (19.9) 12 (20.3) 192 (19.9) 0.52 

Acute malnutrition (n, %) 492 (48.0) 30 (50.8) 462 (47.8) 0.37 

Preoperative risk factor ** (n, %) 22 (2.1) 7 (11.9) 15 (1.6) <0.001 

Mechanical ventilation (n, %) 16 (1.6) 7 (11.9) 9 (0.9) <0.001 

Tracheostomy (n, %) 1 (0.1) 0 (0) 1 (0.1) 0.94 

Renal failure (n, %) 6 (0.6) 0 (0) 6 (0.6) 0.7 

Dialysis (n, %) 0 0 0 -- 

Diabetes mellitus (n, %) 0 0 0 -- 

Shock (n, %) 0 0 0 -- 
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Intraoperative 

Intraoperative diagnosis (n, %) 

   VSD  

   TOF  

   ASD 

   TAPVR 

   Others 

 

321 (31.3) 

146 (14.2) 

115 (11.2) 

76  (7.4) 

367 (35.8) 

 

7 (11.9) 

6 (10.2) 

2 (3.4) 

10 (16.9) 

34 (57.6) 

 

314 (32.5) 

140 (14.5) 

113 (11.7) 

66 (6.8) 

333 (34.5) 

<0.001 

Urgent surgical status*** (n, %) 480 (46.8) 47 (79.7) 433 (44.8) <0.001 

CPB time, minutes (mean, SD) 93.23 (62.6) 97.1 (50) 92.9 (63.3) 0.57 

Cardiac arrest (n, %) 23 (2.2) 3 (5.1) 20 (2.1) 0.14 

Ultrafiltration during CPB (n, %) 467 (45.6) 30 (50.8) 437 (45.2) 0.24 

Corticosteroid use (n, %) 845 (82.4) 48 (81.4) 797 (82.5) 0.9 

 

 

*Weight for age/gender; ** Mechanical ventilation, tracheostomy, renal failure, dialysis 

and/or Diabetes mellitus. *** Versus Elective surgical status 

GA: gestational age; VSD: ventricular septal defect; TOF: Tetralogy of Fallot; ASD: Atrial 

septal defect; TAPVR: Total anomalous pulmonary venous return; RACHS-1: Risk 

Adjusted classification for Congenital Heart Surgery; NYHA: New York Heart Association 

Functional Classification   

SD: Standard deviation; IQR: Interquartile Range 
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Table 2: Preoperative and intraoperative bivariate analysis 

 

Variables OR (95% CI) p 

Demographic 

Age, per year  0.859 (0.79-0.93) <0.001 

Gender (male) 0.602 (0.35-1.036) 0.067 

Age by categories  

   0-6 months  

7-11  months   

1-5 years  

6-9 years  

   ≥10 years 

 

7.304 (3.2-16.65) 

2.449 (0.76-7.82) 

0.841 (0.36-1.98) 

0.162 (0.02-1.31) 

1 

 

<0.001 

0.13 

0.69 

0.09 

Origin (Lima) 0.845 (0.49-1.43) 0.53 

Prematurity  1.497 (0.19-11.79) 0.7 

Preoperative 

Weight,  kg  0.94 (0.91-0.97) 0.001 

Percentile weight *  

   <5% 

   5-50% 

   >50% 

 

1 

0.317 (0.14-0.71) 

0.623 (0.22-1.78) 

 

 

0.005 

0.38 

Percentile    <5% 2.59 (1.33-5.26) 0.005 

Preoperative length of stay, per 5 days 1.08 (1.04-1.11) <0.001 

Primary diagnosis 

   VSD 

   TOF 

   ASD 

   TAPVR 

   Others 

 

1 

2.895 (1.06-7.93) 

0.760 (0.16-3.71) 

6.866 (2.52-18.68) 

4.556 (1.98-10.49) 

 

 

0.039 

0.74 

<0.001 

<0.001 

 

Cyanotic heart disease 

 

3.528 (1.99-6.23) 

 

<0.001 
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RACHS-1 

   1  

   2  

   3  

   4 

 

0.107 (0.021-0.53) 

0.284 (0.117-0.69) 

0.835 (0.341-2.05) 

1 

 

0.006 

0.005 

0.694 

RACHS-1 (continuous)  2.199 (1.57-3.07) <0.001 

NYHA  

   I  

   II 

   III 

   IV  

 

0.142 (0.053-0.38) 

0.364 (0.185-0.72) 

0.267 (0.14-0.525) 

1 

 

<0.001 

0.003 

<0.001 

NYHA IV 3.757 (2.15-6.57) <0.001 

Congenital malformation  1.576 (0.69-3.59) 0.28 

Genetic disorder 1.519 (0.68-3.4) 0.31 

Previous cardiac surgery 1.005 (0.53-1.89) 0.98 

Palliative surgery   1.029 (0.54-1.98) 0.93 

Acute malnutrition 1.129 (0.67-1.91) 0.65 

Preoperative risk factor **  8.535 (3.34-21.84) <0.001 

Mechanical ventilation  0.07 (0.025-0.195) <0.001 

Intraoperative 

Intraoperative diagnosis 

   VSD  

   TOF  

   ASD 

   TAPVR 

   Others 

 

1 

1.922 (0.64-5.82) 

0.794 (0.16-3.88) 

6.797 (2.49-18.51) 

4.58 (2-10.48) 

 

 

0.248 

0.776 

<0.001 

<0.001 

Urgent surgical status***  4.821 (2.53-9.2) <0.001 

CPB time 1.001 (0.99-1.01) 0.63 

Cardiac arrest  0.395 (0.11-1.37) 0.14 

Ultrafiltration during CPB 1.252 (0.74-2.12) 0.4 
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Corticosteroid use 0.901 (0.46-1.76) 0.76 

 

*Weight for age/gender; ** Mechanical ventilation, tracheostomy, renal failure, dialysis 

and/or Diabetes mellitus. *** Vs elective 

GA: gestational age; VSD: ventricular septal defect; TOF: Tetralogy of Fallot; ASD: Atrial 

septal defect; TAPVR: Total anomalous pulmonary venous return; RACHS-1: Risk 

Adjusted classification for Congenital Heart Surgery; NYHA: New York Heart Association 

Functional Classification   

SD: Standard deviation; IQR: Interquartile Range 
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Table 3: Preoperative multivariate analysis  

 

Variables OR (95% CI) p 

Percentile weight <5% 1.80 (0.90-3.61) 0.099 

Preoperative length of stay, per 5 days 1.04 (1-1.08) 0.042 

Cyanotic heart disease 2.98 (1.61-5.51) 0.001 

RACHS-1  1.6 (1.09-2.34) 0.015 

NYHA IV 2.74 (1.41-5.31) 0.003 

Preoperative risk factor ** 1.98 (0.65-6.02) 0.229 

 

** Mechanical ventilation, tracheostomy, renal failure, dialysis or Diabetes mellitus. 
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Table 4: Scores for MPI risk per variable included in multivariate model 

 

Variable Value Score 

Percentile weight  <5% Yes 3 

Preoperative length of stay, d 5 

10 

15 

20 

25 

30 

35 

40 

1 

2 

4 

5 

6 

8 

9 

10 

Cyanotic heart disease Yes 6 

RACHS-1  2 

3 

4 

3 

6 

8 

NYHA IV Yes 6 

Preoperative risk factor  Yes 4 

 

 

* Note: Hospital stay before surgery values are divided by 5 in order to express the risk per 

increase of 5 days in hospital stay. For instance: a patient with 25 days of hospital stay 

before surgery has a value of 5 (i.e. 25 over 5) and has 1 point as per the model. 
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Table 5: MPI risk according to model score 

 

 

 

 

 

 

 

 

 

 

 

Score MPI risk (%) 

12 5 

16 10 

21 20 

24 30 

27 40 

29 50 

32 60 

34 70 

37 80 
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Figure 1: Calibration plot of prediction model of Mayor Postoperative Infection in 

Pediatric Patients undergoing cardiothoracic surgery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

* Observed vs. predicted risk of postoperative mayor infection during internal calibration of 

risk prediction model. X axis denotes predicted postoperative mayor infection risk and Y 

axis shows observed probability of major infections.  

 

** Goodness was measured using chi-square = 6.74 (p=0.56) 

*** The triangles symbolize groups of 10 patients and vertical lines show confidence 

intervals 

0 = Patient without MPI 

1 = Patient with MPI  
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Figure 2: Nomogram 
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