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Abstract: Background: Failure to rescue has been an effective quality metric in congenital heart surgery. Conversely, morbidity and mortality depend greatly on non-modifiable individual factors and have a weak correlation with better-quality performance. We aim to measure the complications, mortality, and risk factors in pediatric patients undergoing congenital heart surgery in a high-complexity institution located in a middle-income country and compare it with other institutions that have conducted a similar study. Methods: A retrospective observational study was conducted in a high-complexity service provider institution, in Cali, Colombia. All pediatric patients undergoing any congenital heart surgery between 2019 and 2022 were included. The main outcomes evaluated in the study were complication, mortality, and failure to rescue rate. Univariate and multivariate logistic regression analysis was performed with mortality as the outcome variable. Results: We evaluated 308 congenital heart surgeries. Regarding the outcomes, 201 (65%) complications occurred, 23 (7.5%) patients died, and the FTR of the entire cohort was 11.4%. The presence of a postoperative complication (OR 14.88, CI 3.06–268.37, p = 0.009), age (OR 0.79, CI 0.57–0.96, p = 0.068), and urgent/emergent surgery (OR 8.14, CI 2.97–28.66, p < 0.001) were the most significant variables in predicting mortality. Conclusions: Failure to rescue is an effective and comparable quality measure in healthcare institutions and is the major contributor to postoperative mortality in congenital heart surgeries. Despite our higher mortality and complication rate, we obtained a comparable failure to rescue rate to high-income countries’ health institutions.
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1  Introduction

The high complexity of congenital heart surgeries (CHS) is related to a higher rate of complications and mortality compared to other types of surgeries [1]. In addition, congenital heart disease is the leading contributor to infant mortality resulting from birth defects and at least a third of pediatric patients with CHS have reported postoperative complications [2].

A complication within the in-hospital context refers to an adverse event associated with an acquired disease or a health center intervention, different from the expected natural course of evolution [3]. These events negatively affect outcomes, increasing the length of stay, hospital costs and mortality [4]. Throughout the years, the rate of postoperative complications and mortality in CHS have been used to determine the quality of service of health institutions [5].

However, morbidity and mortality depend greatly on non-modifiable individual factors, independent of the quality of health service and the institution [6,7]. This can cause significant differences in complication and mortality rates between health institutions that do not necessarily mean better or worse service quality. In an analysis of the largest database of CHS in North America, the CHS database of the society of thoracic surgeons (STS-CHSDB), postoperative outcomes and associated variables were evaluated. One of the most relevant findings was that morbidity and mortality largely depend on patient preoperative factors, their health status, and the complexity level of the surgery, variables unrelated to the institutions’ quality of service [6].

Failure to rescue (FTR), defined as the mortality of patients who experienced complications, has been an effective quality measure used in different pediatric surgical procedures [6,8–10]. Similarly, FTR studies have been conducted in CHS including institutions of different incomes, resources, and levels [4–6,9,11]. Our study aims to present the complications, 28-day mortality, and risk factors in pediatric patients undergoing CHS in a high-complexity University institution located in a middle-income country and compare it with other institutions that have conducted a similar study. Most of the literature regarding postoperative complications and mortality in CHS is focused on high-income countries, while there is limited knowledge about this topic in low and middle-income countries [11].

2  Methods

2.1 Study Design

A retrospective observational study was conducted in a high-complexity university hospital, La Fundación Valle Del Lili in Cali, Colombia. All pediatric patients (under 18 years old) undergoing any CHS between November 2019 and May 2022 were included. Patients with any oncoproliferative disease were excluded. We only analyzed the patient´s first cardiovascular procedure. There was no change in personnel during the study period.

2.2 Variables

Patient demographics, preoperative clinical status, surgery conditions, and outcomes were searched in the patient´s medical records. Each patient was assigned a study ID to ensure anonymity. The variables were annotated in the institution’s clinical database management system by the researchers, a platform for protected data collection. For demographic variables, we identified the patients’ age, sex, weight, and height. Preoperative clinical variables included risk factors and established pathologies including low weight for age, low weight for height, prematurity, history of cardiac surgeries, number of cardiac surgeries in the actual hospitalization, and history of pulmonary, hepatic, neurologic, or endocrine disease. For the surgery condition variables, we established the diagnosis, the type of surgery performed, the RACHS-1, and the level of urgency (elective or urgent/emergency) for each procedure.

The main outcomes evaluated in the study were complication, 28-day mortality, and FTR rates. The definition of each complication was based on the classification established in the STS-CHS database (version 3.22) [6]. We included cardiovascular (cardiac dysfunction, cardiac failure, cardiac arrest, arrhythmias, pericardial effusion, systemic vein obstruction, pulmonary vein obstruction), respiratory (respiratory insufficiency, pneumonia, pneumothorax, pleural effusion, pulmonary hypertension, chylothorax), renal (renal failure), infectious (sepsis, endocarditis), reintervention (secondary to bleeding, cardiac or non-cardiac causes, and unplanned catheterization), neurological (deficits, seizures, stroke, subdural hematoma, intraventricular hemorrhage), wound-related (dehiscence and surgical site infection), anesthetic-related, rehospitalization within 28 days, multiorgan failure and other postoperative complications. Delayed sternal closure was not included as a complication because the sternum was often left open due to institutional protocol and the patient’s hemodynamic status.

2.3 Resources and Expertise

Our institution is a high-complexity hospital with the necessary expertise and resources to manage postoperative complications, including extracorporeal membrane oxygenation (ECMO), renal replacement therapy, and inhaled nitric oxide for pulmonary hypertension. Intraoperative echocardiography was used in all surgeries. The most important indication for postoperative ECMO was ventricular failure with low cardiac output. Other conditions in which ECMO was used in different proportions were CPB weaning failure, pulmonary hypertension, cardiac arrest, and pulmonary failure.

2.4 Statistical Method

All statistical analyses were performed using R statistical software version 4.2.1 (R Foundation for Statistical Computing) through RStudio 2022.12.0. For descriptive analysis, the normality of continuous variables was evaluated using the Shapiro-Wilk test. If the assumption of normality was rejected, these variables were presented as a median and interquartile range, and if not rejected, they were presented as a mean and a standard deviation. Qualitative variables were described using absolute frequencies and percentages. Operative 28-day mortality, rate of at least one complication, and FTR rate were calculated and presented with 95% confidence intervals.

Univariate and multivariate logistic regression analysis was performed with 28-day mortality as the outcome variable. For the multivariate logistic regression, predictors considered were those with a p-value less than 0.25 in the simple regression. These predictors included the occurrence of at least one complication, age, surgery priority, and CPB time. Multicollinearity in the logistic regression was assessed using the Variance Inflation Factor (VIF) for each term in the model. All analyses were conducted using the R statistical software version 4.2.1 via RStudio 2023.06.2.

2.5 Ethical Considerations

This study was approved by the Institutional Ethics Committee (approval number 628-2022 Act No. I22-112 of November 02, 2022) following national and international recommendations for human research. In accordance with resolution 8430 of 1993, this study was considered risk-free, and the waiver of informed consent was requested and obtained.

3  Results

A total of 308 pediatric patients undergoing CHS were included. The socio-demographic information and clinical characteristics of the patients are presented in Table 1. The median age of the participants was 0.6 years (IQR, 0.2–3.0). The most common age group was infants (39.3%), followed by newborns (24.4%), toddlers (20.8%), kids (13.6%), and adolescents (1.9%). Regarding the outcomes, 201 (65%) complications occurred, 23 (7.5%) patients died, and the FTR of the entire cohort was 11.4% (Table 1). 28-day Mortality and FTR varied depending on the age group and the RACH-1 classification. Younger patients and surgeries of greater complexity (higher RACH-1) tended to have higher mortality and FTR (Table 2).
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In our cohort, most of the patients who presented a postoperative complication had more than 4 complications (30%) (Table 3). The most common complications were cardiac dysfunction (33%), respiratory insufficiency (30%), pleural effusion (24%), and multiorgan failure (22%) (Table 3).
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Within the univariate analysis, the variables of a postoperative complication (OR 14.88, CI 3.06–268.37, p = 0.009), age (OR 0.79, CI 0.57–0.96, p = 0.068), urgent/emergent surgery (OR 8.14, CI 2.97–28.66, p < 0.001) and Cardiopulmonary bypass (CPB) (OR 1.01, CI 1.01–1.02, p < 0.001), were the most significant in predicting 28-day mortality (Table 4). Therefore, these four variables were included in the multivariate analysis, finding that an urgent/emergent surgery was an independent risk factor for death. The VIFs for all variables were consistently below the threshold of 5, suggesting no multicollinearity issues within the model.
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We compared our results with 2 similar studies: the STS-CHSDB (study 1) [12] and the Pediatric cardiac surgery program with limited systemic resources (study 2) [13]. In general, our patients were younger, and smaller, presented a significantly higher complication rate, and more urgent/emergent surgeries were performed. The mortality rate resulted in 3.7% in study 1 and 23.4% in study 2. On the other hand, FTR resulted in 9.1%, and 23.3%, respectively (Table 5).
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4  Discussion

This study on pediatric patients undergoing CHS in a middle-income country institution revealed a higher 28-day mortality rate (7.5%) compared to the literature-reported range of 2%–6% [4–7,10,12]. Similarly, a higher rate of complications (65.2%) was observed in comparison to the rates in high-income countries (39%–44%) [10–14]. The higher mortality and complication rates can be attributed to our institution’s patients being generally unhealthier (Table 5). Although 64% of our cases were in the RACHS-1 1 and 2 category, 80% of deaths were linked to a RACHS-1 score of ≥3, as shown in Table 3. This suggests that severe outcomes predominantly occurred with higher RACHS-1 scores.

Another important factor that can explain the higher mortality and complication rate in our institution is our country’s primary care characteristics. Given that our institution is a high-complexity service provider in a middle-income country, patients are typically referred from institutions lacking specialized care to provide proper treatment. However, before surgery, issues like late access to health services and limited access to technology and medicines can worsen patients’ conditions, increase the urgency of the surgery, and affect the outcomes.

We showed that the presence of postoperative complications after CHS is a relevant risk factor for postoperative mortality (Table 4). Pasquali and colleagues reported that postoperative complications significantly alter a patient’s subsequent risk of death [7] and Polivenok et al. reported similar findings in an institution with limited resources [13]. Urgent/emergent surgery was identified as an independent risk factor for 28-day mortality. Notably, 40% of surgeries conducted in our study were of emergent or urgent nature. This variable was the most significant risk factor in the multivariate analysis, also accounting for the elevated complication and mortality rates observed in our research.

Despite the common assumption that hospitals with better quality performance have lower rates of postoperative complications, multiple studies in adults indicate a weak correlation between complication rates and hospital performance [7,9,10,13]. Comorbidities and preoperative conditions are the primary factors associated with complications. Conversely, Pasquali et al. showed that pediatric heart centers with superior performance do not necessarily exhibit a lower incidence of complications. Instead, they achieved a lower FTR rate [7]. Our study also yielded this finding, where even though our 28-day mortality rate (7.5%) and complication rate (65%) were higher compared to other studies, we were able to attain a comparable FTR rate (11%) to high-income countries’ health institutions (Table 5) [7,12–14].

In our study, the predominant complications observed were cardiac dysfunction, respiratory insufficiency, and multiorgan failure (Table 3). According to the STS-CHS database, cardiac dysfunction is characterized by one or more of the following indicators: tachycardia, oliguria, diminished skin perfusion, and an elevated requirement for inotropic support [6]. Notably, the most frequently observed clinical manifestations were tachycardia and an augmented need for inotropic support. Given that oliguria is an established marker for cardiac dysfunction, a substantial number of patients exhibiting renal failure also presented with cardiac dysfunction. This confluence likely amplified the incidence of multiorgan failure. The STS-CHS database (version 3.22) defined respiratory insufficiency complication by 3 subgroups depending on the management, including mechanical ventilation (MV) greater than 7 days, reintubation, or tracheostomy [6]. We included all patients in these three categories in one group of complications. A considerable number of patients with ongoing CHS were critically ill, though requiring MV support for more than 7 days (11.3%).

Previous studies report a wide range of the most frequent complications including postoperative bleeding, cardiac dysfunction, unplanned reoperation, acute renal failure, and surgical site infection [12–15]. This indicates the need for protocols and improvement strategies for each institution. Mortality and complications will differ according to the population characteristics and resources available. The result of this investigation also suggests that strategies for postoperative complications and management are critical for reducing mortality. Similar recommendations were reported in the STS-CHS database study [12].

Limitations

This study was carried out in a single institution with a limited number of patients. Hence, results cannot be extrapolated to other programs. Furthermore, the postoperative complications included in the study were limited to complications established in the STS-CHS database, though, we did not capture every possible postoperative complication. However, this allowed an effective and objective comparison between studies.

Given the retrospective nature of this study, certain intraoperative parameters, specifically blood utilization, surgery duration, nitric oxide administration, and the use of inotropes and vasoconstrictors were not incorporated due to constraints in accessing the relevant information. This represents a limitation as these factors could potentially influence the FTR rate.

It is pertinent to acknowledge a limitation in our study regarding a methodological distinction when comparing the studies. While our study utilized the RACH-1 scoring system to determine the risk associated with the surgeries, comparison studies predominantly employed the STAT categories. Previous research suggests that the STAT categories offer a more accurate mortality risk prediction than the RACH-1 score. Additionally, it should be noted that in study 2, referenced in Table 5 [12], five additional postoperative complications, not encompassed within the STS-CHSDB, were incorporated. This inclusion may have influenced their FTR outcomes.

5  Conclusion

FTR is an effective and comparable quality measure in healthcare institutions and is a major contributor to postoperative mortality in CHS. We obtained a comparable FTR rate to high-income countries’ health institutions, despite a higher mortality and complication rate in our pediatric cardiac surgeries. Further characterization of postoperative complications across centers and strategies for complications prevention and management is essential to reduce mortality.
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Table 2: 28-day mortality, complication, and FTR rate mn different age groups and RACHS-1

Age group RACHS-1 TS TD PC (%) MO (%) FTR (%)
<1 month NC 2 0 50.00 0.00 0.00
1 9 0 66.67 0.00 0.00
2 23 2 78.26 8.70 11.11
3 28 3 92.86 10.71 11.54
4 11 2 100.00 18.18 18.18
5 5 2 80.00 40.00 50.00
6 2 2 100.00 100.00 100.00
Total 80 1 78.75 13.75 16.18
1-12 months NC 11 0 27.27 0.00 0.00
1 43 0 55.81 0.00 0.00
2 44 1 72.73 2.27 3.13
3 9 2 100.00 2222 2222
4 1 71.43 14.29 20.00
5 3 80.00 60.00 75.00
6 2 100.00 66.67 66.67
Total 122 9 64.75 7.38 11.25
1-5 years NC 3 0 0.00 0.00 0.00
1 24 1 25.00 4.17 16.67
2 22 1 68.18 4.55 6.67
3 0 55.56 0.00 0.00
4 5 0 60.00 0.00 0.00
5 0 0 0.00 0.00 0.00
6 0 0 0.00 0.00 0.00
Total 63 2 41.27 3.17 6.90
6-13 years NC 1 0 100.00 0.00 0.00
1 15 0 40.00 0.00 0.00
2 14 0 71.43 0.00 0.00
3 7 1 85.71 14.29 16.67
4 0 0 0.00 0.00 0.00
5 0 0 0.00 0.00 0.00
6 1 0 0.00 0.00 0.00
Total 38 1 60.53 2.63 4.35
13-18 years NC 0 0 0.00 0.00 0.00
1 3 0 0.00 0.00 0.00
2 1 0 100.00 0.00 0.00
3 1 0 0.00 0.00 0.00
4 0 0 0.00 0.00 0.00
5 0 0 0.00 0.00 0.00
6 0 0 0.00 0.00 0.00
Total 5 23 20.00 0.00 0.00

Note: RACHS-1: risk adjustment for congenital cardiovascular surgeries, TS: total surgeries, TD: total deaths, PC: postoperative complications, MO:
28-day mortality, FTR: failure to rescue, NC: not classifiable.
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Table 1: Sociodemographic information and clinical characteristics of the participants

Variable N N =308
Demographic variables 308
Age

Age in years

Newborns (<1 month)

Infants (1-12 months)

Toddler (1-5 years)

Kids (6—13 years)

Adolescent (13—18 years)

Sex

Female

Male

Weight (kg)

Height (cm)

Preoperative clinical status 308
Medical history

Pulmonary disease

Neurologic disease

Hepatic disease

Endocrine disease

Previous cardiac surgeries

Surgeries during hospitalization

1

2

3

>4

Low weight-for-age 305
Low weight-for-height 303
Premature 304
Surgery conditions

RACHS-1 308
Not classifiable

AN D B W N~

Cardiopulmonary bypass (min) 223
Aortic cross clamp time (min) 280
Elective

Urgent/Emergency

Outcomes 308
Deaths*

Complications*

Failure to rescue

0.6 (0.2, 3.0)"
75 (24.4%)
121 (39.3%)
64 (20.8%)
42 (13.6%)

6 (1.9%)

144 (46.8%)

164 (53.2%)

6.0 (3.6, 12.2)!
64.5 (51.0, 96.0)"

58 (18.9%)
74 (24.1%)
15 (4.9%)

36 (11.7%)
75 (24.5%)

201 (65.3%)
49 (15.9%)
23 (7.5%)
35 (11.4%)
133 (43.6%)
96 (31.7%)
49 (16.1%)

17 (5.5%)
94 (30.5%)
104 (33.8%)
54 (17.5%)
23 (7.5%)
10 (3.2%)

6 (1.9%)

77 (49, 121)"
31 (2.8, 66)"
184 (59.7%)
124 (40.3%)

23 (7.5%)
201 (65.2%)
11.4%

Note: 'Median (IQR); *Complications: Patients with at least one complication. *Deaths: 28-day mortality.
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Table 3: Spectrum of postoperative complications

Complications

N =308

Number of complications per patient

B~ WD = O

>4

Cardiovascular

Cardiac dysfunction

Cardiac failure

Arrhythmias

Cardiac arrest

Pulmonary vein obstruction

Pericardial effusion

Systemic vein obstruction

Pulmonary

Respiratory insufficiency

>7 days mechanical ventilation

Pleural effusion

Pulmonary hypertension

Pneumonia

Pneumothorax

Chylothorax

Infectious

Sepsis

Endocarditis

Reintervention

Cardiac
Residual lesions
Hemodynamic instability
Surgical reoperation (same surgery)
Surgical reoperation (different surgery)

Non-cardiac causes

Secondary to bleeding

Unplanned catheterization

Neurological deficit

Subdural bleed

Deficit of neurologic function

Seizures

Hematoma

Stroke

Intraventricular hemorrhage

‘Wound-related

Surgical site infection

Dehiscence

Renal

Renal failure

Renal dialysis

Other

Multiorgan failure

Postoperative ECMO

Other

Anesthetic-related

Rehospitalization within 30 days

109 (35.4%)
21 (6.8%)
33 (10.7%)
29 (9.4%)
23 (7.5%)
93 (30.2%)

100 (32.5%)
41 (13.3%)
45 (14.6%)
36 (11.7%)
9 (2.9%)

9 (2.9%)

8 (2.6%)

91 (29.5%)
35 (11,3%)
75 (24.1%)
56 (18.2%)
47 (12.0%)
28 (9.1%)

13 (4.2%)

36 (11.7%)
6 (1.9%)

63 (20.5%)
23 (7.5%)
26 (8.4%)
6 (1.9%)

7 (2.3%)
40 (12.9%)
21 (6.8%)
21 (6.8%)

19 (6.1%)
29 (9.4%)
19 (6.1%)
8 (2.6%)
7 (2.3%)
5 (1.6%)

15 (4.9%)
11 (3.6%)

52 (16.9%)
17 (5.5%)

67 (21.8%)
22 (7.1%)
27 (8.8%)
23 (7.5%)
20 (6.5%)

Note: 1 Median (IQR); n (%).
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Table 5: Patient characteristics, mortality, and FTR 1n studies 1, 2, and 3

COoP Studies

1*n = 40,930 2*n = 296 3* =308
Weight 6.7 (3.9-14.7)1 8.0 (3.9-14.5)1 6.0 (3.6, 12.2)1
Age 0.58 (0.15-3.6)1 0.76 (0.13-2.9)1 0.6 (0.2, 3.0)1
<1 month 21% 22.8% 24.4%
1-12 months 37% 34.7% 39.3%
1-18 years 42% 42.5% 36.3%
E/U NA 29.4% 40.3%
NC/GA 30% 25% 35%
PCS 31% 13.2% 24.5%
ST 1,2/ RA 1-2 58% 80.8% 64.3%
1 > complication 39.3% 24.7% 65.2%
Mortality 3.7% 5.7% 7.5%
FTR 9.1% 23.3% 11.44%

Note: 1 Median (IQR). COP: characterization of patients, "Median (IQR); E/U: emergency/urgency (type of surgery), NC/GA: Non-cardiac/genetic
abnormality, PCS: previous cardiac surgery, ST 1,2/ RA 1-2: STAT 1-2 for study 1 and 2, RACH-1 1-2 for study 3, FTR: failure to rescue, 1*: STS-
CHSDB [14], 2*: Pediatric cardiac surgery program with limited systemic resources [12], 3*: Our study.
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Table 4: Univariate and multivariate analysis for prediction of postoperative 28-day mortality

Variable OR, CI, p-value (univariate) OR, CI, p-value (multivariate) VIF
PO complication 14.88 (3.06-268.37, p = 0.009)  3.37 (0.55-65.16, p = 0.270) 1.09
Age (years) 0.79 (0.57-0.96, p = 0.068) 0.89 (0.67-1.06, p = 0.293) 1.04
Urgent/emergent surgery 8.14, 2.97-28.66, p < 0.001 5.87 (1.68-27.63, p = 0.011) 1.06
CPB 1.01 (1.01-1.02, p < 0.001) 1.01 (1.00-1.02, p = 0.007) 1.07
Low weight-for-age 0.99, 0.41-2.34, p = 0.990
Low weight-for-height 1.25, 0.49-3.04, p = 0.625
Premature 1.25, 0.49-3.04, p = 0.625

Previous cardiac surgeries  0.63, 0.18-1.74, p = 0.413

Note: OR: odds ratio, CI: confidence interval, PO: postoperative, CPB: Cardiopulmonary bypass, VIF: Variance Inflation Factor.





OEBPS/Images/logo.png





OEBPS/Images/chd-logo.png





