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Abstract  

Introduction and Objectives: Dextro-transposition of the great arteries (d-TGA) is a common 

cyanotic congenital heart defect, with the aorta and the pulmonary trunk arising from the right and 

left ventricles, respectively. The arterial switch operation (ASO) allows for its anatomical 

correction with low morbi-mortality rates. Our main goal was to describe the characteristics and 

outcomes of patients with d-TGA treated in our center. 

Methods: We performed a single-center retrospective cohort study of newborns with d-TGA 

admitted to our hospital between January 2016 and December 2020. We reviewed patient’s 

medical records and collected data on their characteristics, surgery, and pre- and postoperative 

periods.  

Results: We included 18 patients with d-TGA: nine patients had simple d-TGA, eight had d-TGA 

with ventricular septal defect (VSD) and one had complex d-TGA. ASO was performed in 17 

patients and there was one preoperative death. The complications found in the early 

postoperative period were: 10 infection/sepsis, seven chylothorax, five neurological lesions, five 

dysrhythmia, four wound dehiscence, two acute kidney injury, two diaphragmic paralysis and one 

cardiac tamponade. There were three early reinterventions. In the late postoperative period, five 

(27.8%) patients had moderate-to-severe supravalvular pulmonary stenosis, with two needing 

reinterventions. There were four (22.0%) patients with aortic insufficiency and two (11.1%) with 

aortic root dilation. 

Conclusions: The management of d-TGA cases in our hospital was comparable to other reference 

centers and resulted in low mortality, without any postoperative deaths. In the early and late 

postoperative period, morbidity was low and there were few reinterventions. 

Keywords: Transposition of the Great Vessels; Arterial Switch Operation; Congenital Heart 

Defects; complications; mortality 
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Resumo  

Introdução e Objetivos: A dextro-transposição das grandes artérias (d-TGA) é uma cardiopatia 

congénita cianótica, em que a aorta e o tronco pulmonar têm origem no ventrículo direito e 

esquerdo, respetivamente. A cirurgia de switch arterial permite a sua correção anatómica com 

morbimortalidade reduzida. O nosso principal objetivo foi descrever as caraterísticas e resultados 

dos doentes com d-TGA operados no nosso hospital. 

Métodos: Realizamos um estudo de coorte retrospetivo unicêntrico dos recém-nascidos com d-

TGA admitidos no nosso centro de referência entre janeiro de 2016 e dezembro de 2020. 

Revimos os registos clínicos dos doentes e colhemos dados sobre as suas caraterísticas, 

cirurgias e períodos pré e pós-operatórios.  

Resultados: Incluímos 18 doentes com d-TGA: nove com d-TGA simples, oito com d-TGA e 

comunicação interventricular e um com cardiopatia complexa. Dezassete doentes foram 

submetidos a switch arterial e ocorreu uma morte pré-operatória. As complicações pós-

operatórias precoces foram: 10 infeção/sépsis, sete quilotórax, cinco lesões neurológicas, cinco 

arritmias, quatro deiscências da ferida cirúrgica, duas lesões renais agudas, duas parésias 

diafragmáticas e um tamponamento cardíaco. Três doentes foram submetidos a reintervenção 

precoce. No período pós-operatório tardio, cinco (27.8%) doentes apresentaram estenose 

pulmonar moderada-severa, dos quais dois necessitaram de intervenção cirúrgica. Quatro 

(22,0%) doentes apresentavam insuficiência aórtica e dois (11,1%) dilatação da raiz da aorta. 

Conclusões: O tratamento de doentes com d-TGA no nosso hospital foi comparável a outros 

centros de referência, apresentando uma baixa mortalidade, sem nenhuma morte pós-operatória. 

A nossa coorte revelou reduzida morbilidade e taxas de intervenção imediatamente após a 

cirurgia e no seguimento a curto e médio-prazo. 

Palavras-chave: Transposição dos Grandes Vasos; Operação de Switch Arterial; Cardiopatia 

Congénita; complicações; mortalidade 
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Introduction 

Dextro-transposition of the great arteries (d-TGA) is a congenital heart defect 

characterized by atrioventricular concordance and ventriculoarterial discordance, with the aorta 

arising from the morphological right ventricle and the pulmonary artery arising from the 

morphological left ventricle. Therefore, circulation is parallel: oxygenated blood runs through the 

left heart chambers and the pulmonary vessels; while deoxygenated blood runs through the right 

heart chambers and the systemic. Consequently, survival depends on adequate mixing circuits, 

which normally occurs through defects in the atrial or ventricular septa and/or through the ductus 

arteriosus 1, 2. 

d-TGA represents 5-7% of all congenital heart defects 1, 3-5 and is the second most 

common cyanotic congenital heart disease (20%) 6, 7, with an estimated incidence of 1:3200 live 

births 2.  It can be further classified as simple or isolated d-TGA (without other cardiac 

abnormalities), d-TGA with ventricular septal defect (VSD) and complex d-TGA (accompanied by 

cardiac malformations such as left ventricle outflow tract obstruction, or aortic arch abnormalities). 

Abnormal coronary artery (CA) patterns are also present in many cases 1, 3.  

Newborns with d-TGA will have some degree of hypoxemia, potentially leading to shock, 

end-organ-dysfunction, and death. Adjuvant therapies, such as intravenous prostaglandin E1 

(PGE1) 1, 6, Rashkind balloon atrial septostomy (BAS), mechanical ventilation (MV), inotropic 

support (IS), and others, can be used to temporarily improve systemic blood oxygenation 1, 3, 5.  

Definitive treatment can only be achieved by surgical correction of d-TGA 1, 6. Currently, 

the gold-standard is the arterial switch operation (ASO), performed successfully for the first time 

by Jatene in 1975 1, 5, 6.  In this procedure, the surgeon anatomically and physiologically corrects 

the malformation, by sectioning the aorta and pulmonary trunk and transposing them to the 

morphological left and right ventricles, respectively 1, 2.  

Nowadays, ASO can be performed with good short-, mid- and long-term results 2, 8-11,with 

an overall long-term survival rate of 87-90% 4, 5 and freedom from reintervention at 10 years 

varying from 80% to 90% 10. The most frequent late complications associated with ASO are 

supravalvular pulmonary stenosis, neo-aortic root dilation, aortic regurgitation, and coronary 

stenosis 1, 3-5, 11, 12.In recent years, some risk factors for a complicated perioperative period and 

late complications have been described. Examples include patient characteristics (prematurity, 
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surgical weight under 2500g, complex cardiac anatomy, CA abnormalities) and events during 

preoperative care (timing of ASO and need of adjuvant therapies after surgery) 3, 6, 8, 9, 13. 

Our center performed ASO for the first time in 2016. With this study, we intended to 

characterize all patients who underwent surgical correction in our institution and their short- and 

mid-term outcomes. We also aimed to investigate possible risk factors for postoperative morbidity 

mortality and need for reintervention, with special emphasis on cardiac and coronary anatomy, 

and perioperative care. Ultimately, we hope this study will help us understand how our center 

compares to other reference centers for congenital heart diseases and improve the management 

and care of d-TGA patients in our institution.  
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Methods 

Study design and data collection 

This single-center retrospective cohort study was approved by the ethics committee and 

the administration board of Centro Hospitalar Universitário de São João (CHUSJ). We reviewed 

patient’s electronic, and paper based medical records and collected data on patient 

characteristics, preoperative period, surgical intervention, and early and late postoperative 

periods. Data was anonymized and stored in a data base. 

Participants 

We included all patients with d-TGA admitted to CHUSJ between January 2016 and 

December 2020. We chose 2016 as the starting year for patient inclusion because it was the year 

in which our institution started to perform the ASO procedure. Before this, patients were admitted 

to our center for preoperative care, being transferred afterwards to another Portuguese surgical 

center. Thus, we excluded them from this analysis to guarantee data uniformity and a lower rate 

of missing data, at the cost of shorter follow-up times. In total, 18 patients meet the inclusion 

criteria. 

Preoperative Period 

If d-TGA had been prenatally diagnosed, pregnant women were followed in our hospital, 

so that the newborn could receive treatment immediately after birth. Otherwise, when diagnosis 

was suspected postnatally, patients were transferred to our center for cardiac evaluation. 

All patients underwent transthoracic echocardiogram (TTE) for confirmation of d-TGA and 

to further establish cardiac and coronary anatomy. If necessary, patients would receive PGE1 

infusion, Rashkind BAS, MV, non-invasive ventilation (NIV) and IS. We collected data on 

preoperative interventions, and parameters 24 hours before surgery (oxygen saturation, left and 

right systolic function). 

Surgical Technique 

ASO was the preferred technique for correction of d-TGA. Surgery was performed 

through a median sternotomy and depended on use of extracorporeal circulation (ECC) and 

periods of aortic clamping (AC). Patients were subjected to hypothermia (24-30 ºC) and Celsior 

cardioplegic solution was used for myocardial protection. The aorta was sectioned above the 

sinuses and the coronary artery buttons were excised. The pulmonary trunk was sectioned below 
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the level of its bifurcation, and a Lecompte maneuver was performed in all patients. The surgeon 

decided if additional maneuvers were necessary to translocate coronary arteries without tension, 

kinking or torsion, and they would be implanted in the neo-aortic root, followed by anastomosis of 

the aorta. The pulmonary artery was reconstructed with a bovine pericardial patch and 

anastomosed to the neo-pulmonary root. In the end, the delayed sternal closure (DSC) technique 

was performed in all patients using a bovine pericardial patch. 

Early Postoperative Period 

The early postoperative period was defined as the first 30 days after surgery or time 

before hospital discharge. Patients received analgesia with fentanyl and were mechanically 

ventilated. Extubation was to occur as soon as their clinical status would allow it. They also 

received IS with milrinone, dopamine and/or adrenaline, with doses adjusted to clinical response.  

Major morbidity was defined as occurrence of cardiac tamponade, chylothorax, 

dysrhythmia, ischemic events, diaphragmatic paresis, infection or sepsis, acute kidney injury 

(AKI), need for peritoneal dialysis, necrotizing enterocolitis, neurological complications, or surgical 

wound dehiscence. Opioid withdrawal syndrome and pulmonary atelectasis were considered 

minor complications. We also evaluated the need for reintervention related to d-TGA or ASO, 

duration of MV or IS, time of DSC, need for extracorporeal membrane oxygenation (ECMO), 

length of stay in the neonatal intensive care unit (NICU) and hospital. Statistical analysis was 

performed to study the possible associations between patient characteristics, perioperative 

variables, and major complications as well as need for reintervention. 

Late Postoperative Period 

The late postoperative period began after the first 30 postoperative days or hospital 

discharge. Patients were followed in the Pediatric Cardiology outpatient department. At each visit, 

medical history and physical examination, an electrocardiogram (EKG) and TTE were performed.  

We studied occurrence of late complications: supravalvular pulmonary stenosis, neo-

aortic root dilation, aortic insufficiency, ischemic events, and dysrhythmias. The presence of 

symptoms and need for reintervention were also registered. We performed statistical analysis to 

study for associations between patient characteristics and perioperative variables and late 

postoperative complications and reinterventions. 
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Statistical Analysis 

We used IBM SPSS version 27.0 software package for Windows to analyze data. Missing 

data were excluded from analysis. For the descriptive analysis qualitative variables were 

presented as absolute number and percentage; quantitative values were presented as mean and 

standard deviation (SD) if normally distributed or median and interquartile range (IQR) if 

otherwise. Normality of distribution was determined by the Kolmogorov-Smirnov test. For the risk 

factors analysis Fisher’s exact test, student t-test or Mann-Whitney U were used and p<0.005 

defined significance.  
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Results 

Patient Characteristics 

During the study period, our institution treated 18 patients with d-TGA in total, 14 of which 

were males (77.8%). The mean gestational age was 38 weeks (SD ± 2.0), with two preterm 

newborns (11.1%), with 33 and 35 weeks of gestation. The mean birth weight was 3190.8 g (SD 

± 653.8), and there were three patients (16.7%) with low birth weight (<2500g) and one (5.6%) 

was macrossomic at birth (>4000g). The median APGAR score at the 1st minute was 8 (IQR 8-

9), with two (11.1%) patients scoring less than 6. Patient characteristics and demographic data 

are presented in table 1. 

Ten newborns (55.6%) had the diagnosis of d-TGA established prenatally, so they were 

delivery in our institution. The diagnosis of the remaining was after birth: seven (38.9%) had 

cyanosis and/or heart murmur detected before discharge from the nursery ward, five in the first 

12 hours, one in the first day and the other in the second day of life. The remaining patient was 

only diagnosed at 35 days of life presenting with cardiogenic shock. 

Definitive cardiac diagnosis included nine patients (50.0%) with simple TGA, eight 

(44.4%) with TGA and VSD and one (5.6%) with complex cardiac anatomy: d-TGA and total 

anomalous pulmonary venous return (TAPVR). One patient showed signs of pulmonary 

hypertension. Coronary anatomy was abnormal in 10 cases (55.6%) – four had a single CA, one 

of them with an intramural course; two had a circumflex CA arising from the right CA; one had the 

anterior descending and right CAs arising from the left-hand coronary sinus and the circumflex 

CA from the right-hand coronary sinus; one had an intramural left CA; one patient had the left CA 

arising from the non-facing sinus and myocardial bridging; and one had right CA arising from the 

non-facing sinus and the left CA originating from the proximal ascending aorta. 

Three patients (16.7%) had extracardiac malformations – pyelocaliceal dilation, balanic 

hypospadias and cleft lip/cleft palate – and chromosomal abnormalities were identified in two 

(11.1%) – X-linked ichthyosis (Xp22.31) and marker chromosome 22q12.  

Preoperative Period 

Intravenous PGE1 infusion was administered preoperatively to 17 patients (94.4%), for a 

median of 13 days (IQR 9.8-22.8), and the only patient who did not received it had late diagnosis 
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and had a large VSD. BAS was performed in 15 patients (83.3%), at a median of one day (IQR 1 

– 1) after diagnosis. One patient required a second BAS procedure 13 days after the first one.  

Prolonged mechanical ventilation (>2 days) in the preoperative period was required for 

10 patients (55.5%), with a median duration of six days (IQR 4 - 11), and two patients (11.1%) 

needed non-invasive ventilation during seven and 23 days after being extubated. In the 24 hours 

before surgery, the median peripheral oxygen saturation was 90.0% (IQR 84.0 – 94.0). 

Inotropic support was necessary in five patients (27.8%) for a mean of 6.6 days (SD ± 

3.6). Before surgery, left and right ventricular function were normal in almost all patients except 

one (5.6%) with mild left ventricular disfunction.  

Eight patients (44.4%) had complications in the preoperative period: two (11.1%) 

infections (pneumonia and inguinal cellulitis), three (16.7%) sepsis, one (5.6%) acute kidney 

injury, one (5.6%) refractory shock before BAS and one (5.6%) patient needed cardiopulmonary 

resuscitation during septostomy. 

There was one death in the preoperative period (5.6% mortality). It was a male patient 

with complex cardiopathy and low birth weight, without prenatal diagnosis, who presented 

cyanosis and was admitted to our hospital in the first day life. He received intravenous PGE1 and 

was taken to the catheterization room for urgent BAS but died before the beginning of the 

procedure. His chest radiograph showed bilateral pneumothorax and diffuse pulmonary infiltrates. 

The autopsy revealed d-TGA and supracardiac TAPVR and abnormal coronary artery pattern 

(right CA arising from the non-facing sinus and the left CA originating from the proximal ascending 

aorta) 

The preoperative period variables are summarized in table 2. 

Surgical Intervention 

ASO was performed in 17 patients, at a median of 14 days (IQR 12-28.5) after diagnosis. 

All surgeries were performed in the neonatal period, except for one patient with late diagnosis of 

d-TGA, who was operated at 66 days of life. At surgery, median weight was 3210 g (IQR 3140 – 

3505), and two newborns (11.8%) weighed less than 2500 g. 

Mean total surgical time was 331.3 minutes (SD ± 98.0), with missing data for 6 patients. 

The median ECC time was 150 minutes (IQR 136.5 – 184.5) and median AC time was 79 minutes 

(IQR 69.5 – 87.5). Three patients (17.6%) required additional maneuvers for CA mobilization . 
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Intraoperative complications occurred in six patients (35.3%): three (17.6%) had 

atrioventricular block, one (5.9%) suffered a hepatic laceration, one (5.9%) had acute pulmonary 

edema and pulmonary hemorrhage and one (5.9%) had cardiorespiratory arrest and needed 

resuscitation. One patient (5.9%) was put on ECMO before leaving the operating room after ASO 

procedure, due to severe left ventricular disfunction. There were no intraoperative deaths. 

Data related to surgical intervention are described in table 3. 

Early postoperative period 

All patients were on mechanical ventilation for a median of 7 days (IQR 6-11), and two 

patients (11.7%) required non-invasive ventilation for 1 and 7 days after being extubated. All 

patients needed inotropic support during a mean 7.9 days (SD ±3.8). The patient was weaned off 

ECMO 4 days after surgery. Delayed sternal closure was performed in all patients, with a median 

of 4 days (IQR 2-5.5). 

Immediately after surgery, the left ventricular function was evaluated by transthoracic 

echocardiogram and was normal for twelve patients (70.6%), mildly depressed in three patients 

(17.6%), moderately depressed in one patient (5.9%) and severely depressed in another patient 

(5.9%). The median lactate levels were 2.8 mmol/L (IQR 1.4 – 4.2) and median troponin levels 

were 29 709.8 ng/L (13 901.1 – 40 381.5 ng/L). After the first 24 hours, median troponin levels 

dropped to 13 201.8 ng/L (6 832.0 – 15 742.3 ng/L).  

The median length of stay in the NICU was 22 days (IQR 16.5-31) after surgery, and the 

median total length of hospital stay was 50 days (IQR 34-64). 

Major complications were present in 14 patients (82.3%). Acute kidney injury occurred in 

two patients (11.8%), but there was no need for peritoneal dialysis. Ten patients (58.8%) had 

either infection or sepsis. Heart rhythm abnormalities were present in four patients (29.4%): one 

had junctional ectopic tachycardia (JET) and episodes of supraventricular tachycardia (SVT), one 

had frequent atrial and ventricular premature contractions, and three had atrioventricular block, 

of which only one (5.9%) required implantation of a permanent epicardial pacemaker. Cardiac 

tamponade occurred in one patient (5.9%) and chylothorax in seven (41.2%). Two patients 

(11.8%) suffered diaphragmatic paralysis. In terms of neurological conditions, one (5.9%) patient 

had a convulsive crisis and was later diagnosed with epilepsy, one patient (5.9%) had a grade III 

intraventricular hemorrhage (IVH) and required the placement of an Ommaya reservoir and three 
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patients (17.6%) had thalamic lesions visible in transfontanellar ultrasound. Additionally, four 

patients (23.5%) had surgical wound dehiscence. We also registered four (23.5%) pulmonary 

atelectasis, one of which associated with pneumonic pleural effusion (5.9%), and 12 patients 

(70.6%) suffered from opioid withdrawal syndrome. No patients had ischemic events in this 

period. 

Early reinterventions were performed in three patients (17.6%), and one of them 

underwent two procedures: two (11.8%) patients needed to have their surgical wound revised 

because of dehiscence, one (5.9%) needed drainage of the cardiac tamponade and later a 

diaphragmatic plication. There were no early postoperative deaths. 

The early postoperative outcomes are presented in table 4. 

We performed a risk factor analysis for occurrence of major early postoperative 

complications and need for reinterventions, but we could not find any statistically significant 

associations (results presented in Supplementary Tables 1 and 2).  

Late Postoperative Period 

The 17 patients had follow-up in the Pediatric Cardiology outpatient department, with a 

duration of follow-up between 2 and 51 months (mean 28.8 months, SD ±13.9). During this period, 

15 patients (88.2%) remained asymptomatic (class I of the Ross Classification of Pediatric Heart 

Failure). The other two patients both suffered from fatigue while feeding or during exertion (class 

II). Additionally, one of them suffered from growth retardation and the other had frequent 

respiratory tract infections. Left ventricular function was normal in all patients, but there were three 

(17.6%) with mild right ventricular dysfunction. In the late follow-up period, two patients (17.7%) 

maintained rhythm abnormalities already identified in the early postoperative period: one had 

supraventricular tachycardia episodes and the other frequent premature atrial and ventricular 

contractions. 

Supravalvular pulmonary stenosis was the most frequent complication during the follow-

up period. We found moderate pulmonary stenosis in three patients (17.7%) and severe 

pulmonary stenosis in two (11.8%). The second most frequent complication was aortic 

regurgitation found in four patients (23.5%), with two having mild regurgitation and the remaining 

moderate regurgitation. The least frequent complication was aortic root dilation, which was found 

in two patients (11.8%).  
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In total, two patients (11.8%) needed re-intervention after hospital discharge. They 

received main pulmonary artery plasty at nine and 27 months after ASO. The younger patient 

also underwent closure of residual VSD and excision of accessory tissue form the mitral valve in 

the same procedure. 

The late postoperative outcomes are presented in table 7. 

The risk factor analysis for occurrence of moderate-to-severe pulmonary stenosis was 

statistically significant for lower gestational age and lower birth and surgical weight (table 6). Need 

for reintervention in the late postoperative period was associated with lower gestational age, lower 

surgical weight and need for early postoperative reintervention (table 7). We also performed a 

risk factor analysis for development of aortic insufficiency and aortic root dilation but could not 

find any statistically significant associations (results presented in Supplementary Tables 3 and 4).  

There was no mortality in the late postoperative period of this study. Overall survival in 

our study population was 94,4%, with a post-operative survival at 5 years of 100%. 
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Table 1 - Characteristics and demographic data of the 18 patients included in this study 

Patient Characteristics Total = 18 

Male a 14 (77.8) 

Gestational age (weeks) b 38 (± 2.0) 

Preterm a 2 (11.1) 

APGAR 1st minute c 8 (8 – 9) 

Birth weight (g) b 3190.8 (± 653.8) 

Low birth weight a 3 (16.7) 

Prenatal diagnosis a 10 (55.6) 

Time until postnatal diagnosis (days) c 

<12 hours a  

<24 hours a 

<48 hours a 

>30 days a  

0 (0 – 1) 

5 (27.8) 

1 (5.6) 

1 (5.6) 

1 (5.6) 

Definitive cardiovascular diagnosis a 

Simple d-TGA 

d-TGA with VSD   

Complex CHD 

 

9 (50.0) 

8 (44.4) 

1 (5.6) 

Coronary anomalies a 10 (55.6) 

Pulmonary hypertension a 1 (5.6) 

Extracardiac malformations a 3 (16.7) 

Chromosomal abnormalities a 2 (11.1) 

CHD: congenital heart disease 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Table 2 – Preoperative period variables of 18 patients 

Preoperative Period Variables Total = 18 

PGE 1  

Number a 

Duration (days) c 

 

17 (94.4) 

13 (9.8 - 22.8) 

BAS 

Number a 

Time until BAS (days) c 

 

15 (83.3) 

1 (1-1)  

Prolonged MV (>2 days) 

Number a 

Duration (days) c 

 

11 (61.1) 

6 (4-11) 

Need for NIV a 2 (11.1%) 

Inotropic support 

Number a 

Duration (days) b 

 

5 (27.8) 

6.6 (± 3.6) 

Parameters 24 hours before surgery 

SatO2 (%) c 

LV systolic disfunction a 

Mild disfunction 

RV systolic dysfunction a 

 

90.0 (84.0 – 94.0) 

 

1 (5.6) 

0 

Complications (total) a 

Infection 

Sepsis 

Acute kidney injury 

Cardiogenic shock  

Cardiopulmonary resuscitation 

8 (44.4) 

2 (11.1) 

3 (16.7) 

1 (5.6) 

1 (5.6) 

1 (5.6) 

Mortality a 1 (5.6) 

BAS: balloon atrial septostomy; LV: left ventricle; MV: mechanical ventilation; NVI: non-invasive ventilation; PGE1: 

prostaglandin E1 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Table 3 – Surgical intervention data 

Intraoperative Period Variables Total = 17 

Age at surgery (days) c 14 (12 – 28.5) 

Surgical weight (g) c 3210 (3140 – 3505) 

Duration of surgery (min) b 331.3 (± 98.0) 

Duration of ECC (min) c 150 (136.5 – 184.50) 

Duration of AC (min) c 79 (69.50 – 87.50) 

Additional CA maneuvers a 3 (17.6) 

Complications a 6 (35.3) 

Mortality a 0 

AC: aortic clamping; CA: coronary artery; ECC: extracorporeal circulation 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Table 4 - Early postoperative period outcomes for 17 patients 

Early Postoperative Period Outcomes Total = 17 

Supportive measures 

Duration of MV (days) 

Need for NIV 

Duration of IS (days) 

Need for ECMO 

 

7 (6 – 11) 

2 (11.7) 

7.9 (± 3.8) 

1 (5.9) 

Duration of DSC (days) 4 (2 – 5.5) 

Immediate postoperative parameters 

<24h LV systolic disfunction 

Normal 

Mild disfunction 

Moderate disfunction 

Severe disfunction  

<24h Lactate (mmol/l) 

<24h Troponin (ng/L)  

>24h Troponin (ng/L) 

 

 

12 (70.6) 

3 (17.) 

1 (5.9) 

1 (5.9) 

2.8 (1.4 – 4.2) 

29 709.8 (13 901.1 – 40 381.5) 

13 201.827 (6 832.0 – 15 742.3) 

Major complications (total) 

Infections/Sepsis 

Chylothorax 

Dysrhythmia 

Device implantation 

CNS lesions 

Seizures 

Thalamic lesions 

IVH 

Wound dehiscence 

Acute kidney injury 

Diaphragmic paralysis 

Cardiac tamponade 

Ischemia 

14 (82.3) 

10 (58.8) 

7 (41.2) 

5 (29.4) 

2 (11.8) 

5 (29.4) 

1 (5.9) 

3 (17.6) 

1 (5.9) 

4 (23.5) 

2 (11.8) 

2 (11.8) 

1 (5.9) 

0 

Other events 

Pulmonary atelectasis 

Pneumonic pleural effusion 

Opioid Withdrawal syndrome 

 

4 (23.5) 

1 (5.9) 

12 (70.6) 

Length of stay 

Postoperative neonatology stay (days) 

Total hospital stay (days) 

 

22 (16.5-31) 

50 (34-64) 

Reinterventions 3 (17.6) 

Mortality 0 
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CNS: central nervous system; DSC: delayed sternal closure; ECMO: extracorporeal membrane oxygenation; IS: inotropic 

support; IVH: intraventricular hemorrhage; LV: left ventricle; MV: mechanical ventilation; NVI: non-invasive ventilation 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Table 5 - Late postoperative outcomes of 17 patients 

Late Postoperative Period  Total = 17 

Duration of follow-up (months) b 28.77 (± 13.9) 

Symptoms a 2 (11.8) 

Ross Classification a 

Class I 

Class II 

 

15 (88.2) 

2 (11.8) 

LV systolic disfunction a 0 

RV systolic disfunction a 

Mild 

3 (17.6) 

Pulmonary stenosis a 

Mild 

Moderate 

Severe 

16 (95.1) 

11 (64.7) 

3 (17.6) 

2 (11.8) 

Aortic Insufficiency a 

Mild 

Moderate 

4 (23.5) 

2 (11.8) 

2 (11.8) 

Aortic Dilation a 2 (11.8) 

Dysrhythmia a 3 (17.7) 

Reinterventions a 2 (11.8) 

Mortality a 0 

LV: left ventricle; RV: right ventricle 

Data are presented as: a - number and percentage; and b - mean and standard deviation. 
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Table 6 - Risk factor analysis for moderate or severe pulmonary stenosis (PS) 

 
With PS Without PS  

n=5 n=12 p 

Patient Characteristics    

Gestational age b 36.2 (± 2.2) 39.3 (±1 .2) 0.004* 

Preterm a 2 (40.0) 0  0.074 

Birth weight b 2607.9 (± 564.6) 3500 (± 478.1) 0.001* 

Low birth weight a 2 (40.0) 0 0.074 

d-TGA with VSD a 2 (40.0) 6 (50.0) 1.000 

Coronary anomalies a 2 (40.0) 7 (58.3) 0.620 

Pulmonary hypertension a 0  1 (8.3) 1.000 

Intraoperative variables    

Age at surgery (days)c 14.0 (11.0 – 28.0) 17.5 (12.25 – 31.0) 0.672 

Surgical weight (g) c  2830.0 (2222.5 - 3172.5) 3397.5 (3173.8 - 3645.0) 0.007* 

Total duration of surgery (min)b 326.0 (± 175.0) 333.6 (± 64.7) 0.948 

Duration of ECC (min) c 144.0 (116.0 – 155.0) 153.5 (141.5 – 201.6) 0.171 

Duration of AC (min) c 78.0 (67.5 – 79.5) 82.5 (69.6 – 106.0) 0.187 

Additional CA maneuvers a 0 3 (25.0) 0.515 

Intraoperative Complications a 2 (40.0) 4 (33.3) 1.000 

Early postoperative period    

Duration MV (days) c 7.0 (6.5 – 13.5) 7.5 (6.0 – 10.6) 0.630 

Duration IS (days) c 7.0 (4.0 -11.0) 7.5 (6.0 10.6) 0.750 

Duration DSC (days) c 4.0 (3.0 -11.0) 3.0 (2.0 – 5.5) 0.333 

Complications a 5 (100) 9 (75.0) 0.515 

Reintervention a 2 (40.0) 1 (8.3) 0.191 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Table 7 - Risk factor analysis for late postoperative reinterventions 

 
With Reintervention Without Reintervention  

n=2 n=15 p 

Patient characteristics    

Preterm a 1 (50.0) 1 (6.7) 0.228 

Gestational age a 35.5 (± 3.5) 38.8 (± 1.7) 0.031* 

Low birth weight a 1 (50.0) 1 (6.7) 0.228 

d-TGA with VSD a 2 (100) 6 (40.0) 0.206 

Coronary anomalies a 2 (100) 7 (46.7) 0.471 

Pulmonary hypertension a 0 1 (6.7) 1.000 

Intraoperative variables    

Age at surgery (days) c 32.5 (29.0 – 36.0) 14.0 (12.0 – 27.0) 0.073 

Surgical weight (g) c 3650.0 (2105.0 - 5195.0) 3210.0 (3145.0 - 3500.0) <0.001* 

Total duration of surgery (min)b 268.0 (± 124.5) 347.1 (± 93.4) 0.336 

Duration of ECC (min) c 181.5 (160.0 203.0) 149.0 (133.0 – 173.0) 0.180 

Duration of AC (min) c 101.5 (72.0 - 131.0) 79 (67.0 87.0) 0.654 

Additional CA maneuvers a 1 (50.0) 2 (13.3) 0.331 

Intraoperative complications a 1 (50.0) 5 (33.3) 1.000 

Early postoperative variables    

Duration of MV (days) c 12.0 (11.0 – 13.0) 7.0 (6.0 – 10.0) 0.112 

Duration of IS (days) c 12.5 (12.0 – 13.0) 7.0 (5.0 – 9.0) 0.051 

Duration of DSC (days) c 5.5 (5.0 – 6.0) 3.0 (2.0 – 4.0) 0.171 

Complications a 2 (100) 12 (80.0) 1.000 

Need for reintervention a 2 (100) 1 (6.7) 0.022 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Discussion 

 In the year of 2016, our hospital started to autonomously perform the ASO procedure. In 

this five-year single-center retrospective study, we described the characteristics and outcomes of 

the first patients surgically treated in our institution. During this period, 18 patients with d-TGA 

were admitted, nine of which had simple d-TGA, eight had d-TGA with VSD and one had complex 

cardiac anatomy. In our study, the type of d-TGA did not prove to be a risk factor for early or late 

reintervention or mortality, unlike reported in other studies 3, 9, 14, with the lack of association 

possibly explained by the small sample size. 

Similarly, anomalous coronary patterns, which were found in 10 newborns, were not 

significantly associated with worse outcomes. This was true even for the three patients who 

needed additional maneuvers for coronary artery relocation. Many authors previously found that 

coronary anatomy, especially single and intramural coronary arteries led to worse outcomes after 

ASO, both in the early and late postoperative periods 5, 14-16. However, in recent years, other 

studies could not find this association as well, suggesting that the improvement in surgical 

techniques for coronary reimplantation could explain this difference 3, 9, 13, 17, 18. Given these 

contradictory results, more studies are needed to clarify whether coronary anatomy remains a 

factor contributing to higher morbimortality after ASO. 

In Portugal, all pregnant women undergo a minimum of three obstetric ultrasounds. If 

there is a suspicion or an increased risk of congenital heart disease due to maternal or fetus’ 

factors, patients are referred to perform a fetal echocardiogram. After confirmation of the cardiac 

diagnosis, the follow-up will be maintained at our institution and, if necessary, the delivery as well, 

in order to offer immediate post-natal care. We found a 55.6% rate of prenatal detection of d-

TGA, comparable to prenatal detection rates reported in literature, which vary greatly between 14 

to 78% 19-22. In our analysis, the absence of prenatal diagnosis was not a statistically significant 

risk factor for worse outcomes, although the only death occurred in a patient who was diagnosed 

postnatally. On the other hand, it has been reported in literature that prenatal detection of d-TGA 

is associated with lower morbidity and mortality in the early and late follow-up periods. 16, 19, 22-24.  

Newborns with d-TGA can rapidly become hypoxemic after birth due to inadequate mixing 

of systemic and pulmonary blood, which can be enhanced by PGE1 infusion and BAS 1, 5, 16, 19, 23, 

25. In our series, most newborns received PGE1 infusion (94.4%) and BAS (83.3%). Some 
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patients also needed additional supporting measures to guarantee appropriate tissue oxygenation 

and avoid acidosis: mechanical ventilation in 55.5%, non-invasive ventilation in 11.1%, and 

inotropic support in 27.8%. 

The ASO (with or without the Lecompte maneuver) and additional correction of 

concomitant defects is the current gold-standard of treatment 1, 5, 16. Nowadays, the timing of 

surgery is still a topic of discussion 5, 16, 23, 25. On one hand, delaying the performance of ASO 

allows transition from fetal to neonatal life, with decrease of pulmonary vascular resistance and 

improvement of renal, lung and liver functions 5. Patients can also initiate enteral feeding and 

weight gain before surgery. In fact, patients weighting less than 2500g are prone to complications 

and mortality in the early perioperative period, with those under 2000 - 2200g having the highest 

risk 5, 16, 26. In our study, patients weighted a median of 3210g (IQR 3140 – 3505), and two 

weighted less than 2500g. We could not find a significant association between surgical weight 

and worse early postoperative outcomes, but we found associations with development of 

moderate-to-severe supravalvular pulmonary stenosis and need for reintervention in the late 

postoperative study. On the other hand, delaying ASO can have deleterious effects on patient 

outcomes, especially for those with intact ventricular septum due to deconditioning of the left 

ventricle, which will not be able to support a systemic workload after surgical correction 16, 23, 25. 

Furthermore, preoperative therapeutic adjuvants like PGE1 infusion, BAS, ventilation, and 

inotropic support are not innocuous during long periods. Most experts agree that surgery should 

be performed between 3 days and 3 weeks after birth 5, 16, 23, 25. In our hospital, patients had a 

median age at surgery of 14 days (IQR 12 - 28.5 days), thus some patients were above the 

advised 3 weeks of age. According to clinical guidelines 16, ASO should not be postponed for 

weight gain purposes only, since delaying the repair of d-TGA was associated to higher rates of 

early morbimortality than operating on patients weighing less than 2500g  Nonetheless, in our 

study we found that lower surgical weight was a risk factor for worse late postoperative period 

outcomes, while older age at surgery was not significantly associated with worse outcome. 

There is no consensus on the best treatment of late d-TGA, especially in what concerns 

timing and best surgical approach. Some authors consider that after 3-4 weeks primary ASO 

should be contraindicated, and patients should receive a two-stage procedure: a left ventricular 

training procedure at first (like pulmonary artery banding), followed by a second stage ASO 
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procedure. In contrast, some centers report that it is possible to safely perform primary ASO in 

patients until 8 weeks or even older, although these patients might require longer duration of 

postoperative mechanical ventilation or additional supporting measures. 5, 16, 23, 25 However, there 

are still many gaps in the evidence surrounding this topic, especially concerning the long-term 

consequences of both approaches.  

In patients with severe myocardial dysfunction, ECMO might be necessary in addition to 

inotropic support to maintain an adequate hemodynamic status 16. In our center, only one patient 

required ECMO support before leaving the operating room. His native anatomy was d-TGA with 

VSD and normal coronary anatomy, with ASO being performed at 12 days of life (ECC and AC 

duration of 394 and 85 minutes, respectively). Despite a complicated early postoperative period, 

he was weaned off ECMO after 4 days and there was no need for cardiac reintervention. He did, 

however, need an Ommaya reservoir for grade III intraventricular hemorrhage, which could have 

been related to heparinization during ECMO 27. At 3 months of age, he was asymptomatic with 

no late cardiac complications, despite maintaining antiarrhythmic therapy with beta-blocker due 

to previous SVT episodes. Thus, regardless of its risks, ECMO has good potential for supporting 

patients with low cardiac output syndrome in the postoperative period.  

Our hospital performed delayed sternal closure after ASO routinely, with a median 

duration of 4 days. This is not the case for many centers, that only performs it electively. However, 

it has not been proven that this approach is associated with lower morbidity when compared to 

routine procedure 5, 16. Our study did not establish a significant association between DSC duration 

and complications or reintervention either in the early or the late periods after ASO. 

We found several major early postoperative complications, but we did not find any 

significant risk factors for their occurrence, probably due to our small sample size. On the other 

hand, in literature, it has been shown that patient characteristics such as prematurity, low birth 

and surgical weight, associated VSD, coronary anomalies and genetic conditions were associated 

with higher morbidity after ASO. It has also been suggested that preoperative MV, older age at 

surgery, and longer duration of surgery and ECC were risk factors for a complicated early 

postoperative period 3, 6-9, 13. The most frequent early postoperative complication was infection or 

sepsis, which some authors relate to prolonged MV duration 5, 16. Other complications found in 
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this study were chylothorax, neurological lesions, dysrhythmias, wound dehiscence, acute kidney 

injury, diaphragmic paralysis and cardiac tamponade.  

Three of our patients (17.6%) needed early reinterventions, two of them due to wound 

dehiscence whereas the other needed to have a cardiac tamponade drained and later a 

diaphragmatic plication. We found a higher rate than the 9.9% reported by Fricke, et. al 9 in a 

cohort of 618 patients. However, their definition of reintervention only includes heart or great 

vessel procedures, thus excluding from their analysis wound debridement. This way, our higher 

rate of reintervention is explained by this difference in definition. In fact, if we adopted their 

classification our early reintervention rate would be 5.9%, as there is only one patient who fits 

these criteria. 

Moderate or severe supravalvular pulmonary stenosis was the most frequent late 

complication of ASO (29.4%). In literature, a rate of 1-42% has been reported 3, 11, 15, 16. Similarly, 

to what has been previously described, we found that lower birth and surgical weight and younger 

age at surgery surgical are significant risk factors for this complication 16. It has also been 

associated with other patient-related (mismatch between vessel and valvular anulus, side-by-side 

great arteries, rapid somatic growth, etc.) and surgery-related factors (technique used for 

reconstruction, distortion, stretching and tension of the trunk and its branches after Lecompte 

maneuver, use of prosthetic material for sinus reconstruction, etc.) 16, 28, 29. This complication is 

the most common cause for late reintervention 3, 5, 15, 16, 29, which was need in two patients (11.8%). 

We found that lower gestational age, lower surgical weight and need for reintervention in the early 

postoperative period were risk factors for reintervention in the late postoperative period. Our 

reintervention rate is comparable to those reported in literature (10-20%) 4, 10-12, 16, 29.  

Aortic insufficiency was found in four patients (22.2%), two with mild and two with 

moderate degree of severity, which is comparable to the 16 - 44% at mid-term follow-up found in 

literature 3, 9, 11, 15, 30. Our analysis could not identify statistically significant risk factors for aortic 

insufficiency, but other authors have identified higher age at surgery, size discrepancy between 

the aorta and pulmonary trunk, use of trap-door technique for coronary artery transfer and rapid 

development of aortic root dilation could be related with this complication. The mechanism that 

leads to valve regurgitation is hypothesized to be associated with the systemic burden imposed 

in a native pulmonary valve after ASO, and the complex suture lines created by coronary artery 
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transfer to the aortic root. 15, 16.  Aortic root dilation was found in two patients (11.1%), one of them 

associated with moderate aortic insufficiency. Although we could not identify risk factors related 

to this complication, it has been associated with previous pulmonary artery banding, male sex, 

and presence of VSD or aortic arch abnormality. Pathophysiology is likely multifactorial, with 

hemodynamic and anatomical factors contributing to its development. Progression of aortic 

dilation occurs through childhood and likely during adulthood as well 31. Therefore, surveillance 

of patients for this complication is important, and more studies to clarify mechanisms of disease, 

predictors and preventive measures for this condition are fundamental.  

We could not identify any early or late coronary lesions or ischemic events in our 

cohort.  Nevertheless, this largely asymptomatic complication can lead to sudden cardiac death 

as its inaugural presentation, remaining the biggest mortality cause during follow-up 5, 15. 

Abnormal coronary arteries, especially single and intramural patterns, as well as their relative 

position to the great vessels and bicuspid aortic valve have been established risk factors for 

coronary lesions 15, 16.  

All patients in our center submitted to an ASO procedure are still alive, and we only 

registered one fatality (5.6%), which occurred in the preoperative period. Thus, we are well within 

the 87–90% mid-term survival rates reported in several studies from other reference centers, 

including a meta-analysis comprising 2115 patients 4, 5, 11.  

Our research had several limitations. First, our study sample was small and there was a 

reduced number of events, which led to reduced power to detect significant differences between 

groups. Second, this was a single-center retrospective cohort study, affecting the external 

validation of our results. Furthermore, five years are not enough to understand our center’s long-

term outcomes, thus a future analysis should be performed. Because there are still many 

unanswered questions about d-TGA and its management that should be clarified by future large, 

multicentric prospective studies. 

In conclusion, with this study we show that our institution has comparable results to other 

reference centers for congenital heart diseases, despite having only recently started performing 

this surgery autonomously. There were some complications and reinterventions in the early 

postoperative period, but there was no surgical mortality. Besides, our complication rate at mid-

term was similar to those reported in literature. Furthermore, our study has helped consolidate 
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some risk factors for worse late outcomes: pulmonary stenosis was associated with lower 

gestational age and lower birth and surgical weight; and late reintervention was associated with 

lower gestational age, lower surgical weight and need for early reintervention. 
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Supplementary Table 1 - Risk factors analysis for major early postoperative 
complications 

 
Complicated Not Complicated  

n=14 n=3 p  

Patient characteristics    

Preterm a 2 (14.3) 0 1.000 

Low birth weight a 2 (14.3) 0 1.000 

Prenatal diagnosis a 9 (64.3) 1 (33.3) 0.537 

d-TGA with VSD a 6 (42.9) 2 (66.7) 0.576 

Coronary anomalies a 7 (50.0) 2 (66.7) 1.000 

Pulmonary hypertension a 1 (7.1) 0  1.000 

Extracardiac malformations a 2 (14.3) 0  1.000 

Chromosomal abnormalities a 1 (7.1) 1 (33.3) 0.331 

Preoperative variables 

Need for septostomy a   13 (92.9) 2 (66.7)  0.331 

Need for MV a    8 (57.1) 3 (100) 0.515 

Need for NIV a  1 (7.1) 1 (33.3) 0.331 

Need for IS a     3 (21.4%) 2 (66.7) 0.191 

Preoperative complications 6 (42.9%) 2 (66.7) 0.576 

Intraoperative variables    

Age at surgery (days) c 14.00 (11.5 – 27.3) 32.00 (14 – 66) 0.100 

Surgical weight (g) c 3128.5 (3058.8 - 3498.6) 3500.0 (3210.0 - 3690.0) 0.186 

Total duration of surgery (min)b 341.38 (± 104.32) 291 (± 79.20) 0.548 

Duration of ECC (min) c 149.5 (129.5 – 169.0) 173 (140 - 334) 0.378 

Duration of AC (min) c 79 (70.6 – 85.5) 88 (53 - 165) 0.528 

Additional CA maneuvers a 2 (14.3) 1 (33.3) 0.465 

Intraoperative complications a 4 (28.6) 2 (66.7) 0.515 

Early postoperative variables 

Duration of MV (days) c 7.5 (6.0 - 11.5) 7 (5 -11) 0.565 

Duration of IS (days) c 7.5 (5.6 – 11.3) 7 (3 – 10) 0.657 

Duration of DSC (days) c 4 (2 - 5.5) 2 (2 - 9) 0.797 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; NIV: non-invasive ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Supplementary Table 2 -  Risk factor analysis for reintervention in the early postoperative 
period 

  With Reintervention Without 

Reintervention 

 

n=3 n=14 p 

Patients characteristics    

Preterm a 1 (33.3) 1 (7.1) 0.331 

Low birth weight a 1 (33.3) 1 (7.1) 0.331 

Prenatal diagnosis a 3 (100) 7(50) 0.228 

d-TGA with VSD a 2 (66.7) 6 (42.9) 0.576 

Coronary anomalies a 2 (66.7) 7 (50) 1.000 

Pulmonary hypertension a 0 1 (7.1) 1.000 

Extracardiac malformations a 0  2 (14.3) 1.000 

Chromosomal abnormalities a 0 2 (14.3) 1.000 

Preoperative period    

Need for septostomy a 3 (100) 12 (85.7) 1.000 

Need for MV a 3 (100) 8 (57.1) 0.515 

Need for NIV a 0 (0) 2 (14.3) 1.000 

Need for IS a 1 (33.3) 4 (28.6) 1.000 

Preoperative complications a 1 (33.3) 7 (50.0) 1.000 

Intraoperative variables    

Age at surgery (days) c 29.0 (12 - 36) 14.0 (11.5 – 27.3) 0.343 

Surgical weight (g) c 3135.0 (2105.0 - 5195.0) 3210.0 (3148.6 - 3502.5) 0.528 

Total duration of surgery (min)b 268.0 (± 124.5) 347.1 (± 93.4) 0.336 

Duration of ECC (min) c 160.0 (113 - 160) 177.9 (138.3 – 178.6) 0.801 

Duration of AC (min) c 72.0 (63 – 131) 79.5 (75.3 – 87.3) 0.614 

Additional CA maneuvers a 1 (33.3) 2 (14.3) 0.465 

Intraoperative complications a 1 (33.3) 5 (35.7) 1.000 

Early postoperative variables    

Duration of MV (days) c 11.0 (7.0 – 13.0) 7.0 (6 – 10.3) 0.224 

Duration of IS (days) c 12.0 (3.0 – 13.0) 7.0 (5.6 – 9.3) 0.447 

Duration of DSC (days) c 5.0 (4.0 – 6.0) 3.0 (2 – 4.6) 0.177 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; NIV: non-invasive ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Supplementary Table 3 - Risk factor analysis for aortic insufficiency (AI) 

 
With AI Without AI  

n=4 n=13 p 

Patient Characteristics    

Preterm a 0 2 (15.4) 1.000 

Low birth weight a 0 2 (15.4) 1.000 

d-TGA with VSD a 2 (50.0) 6 (46.2) 1.000 

Coronary anomalies a 4 (100) 5 (38.5) 0.082 

Pulmonary hypertension a 1 (25.0) 0 0.235 

Intraoperative variables    

Age at surgery (days) c 17.5 (11.0 – 29.6) 14.0 (12.0 – 28.5) 0.955 

Surgical weight (g) c 3405.0 (3232.5 - 3645.0) 3165.0 (2982.5 - 3497.5) 0.126 

Total duration of surgery (min)b 353.5 (± 9.2) 325.6 (± 110.3) 0.743 

Duration of ECC (min) c 148.0 (116.0 – 167.3) 152.0 (136.5 – 199.5) 0.497 

Duration of AC (min) c 79.5 (68.5 – 86.0) 79.0 (69.5 – 99.5) 1.000 

Additional CA maneuvers a 0 3 (100) 0.541 

Intraoperative complications a 1 (25.0) 5 (38.5) 1.000 

Early postoperative variables  

Duration of MV (days) c 7.5 (6.3 – 10.3) 7.0 (6.0 – 12.0) 0.954 

Duration of IS (days) c 7.5 (5.3 – 9.6) 7.0 (4.5 – 11.5) 0.864 

Duration of DSC (days) c 3.0 (2.0 – 7.8) 4.0 (2.0 – 5.5) 0.954 

Complications a 3 (75.0) 11 (86.6) 1.000 

Need for reintervention a 0 3 (23.1) 0.541 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  
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Supplementary Table 4 - Risk factor analysis for aortic root dilation (AD) 

 
With AD Without AD  

n=2 n=15 p  

Patient characteristics    

Preterm a 1 (50.0) 1 (6.7) 0.228 

Low birth weight a 1 (50.0) 1 (6.7) 0.228 

Prenatal diagnosis a 2 (100) 8 (80.0) 0.485 

d-TGA with VSD a 2 (100) 6 (40.0) 0.206 

Coronary anomalies a 2 (100) 7 (46.7) 0.471 

Pulmonary hypertension a 0 1 (6.7) 1.000 

Intraoperative variables    

Age at surgery (days) c 25.0 (21.0 – 29.0) 14.0 (12.0-28.0) 0.369 

Surgical weight (g) c 2807.5 (2105.0 - 3510.0) 3210.0 (3245.0 - 3500.0) 0.655 

Total duration of surgery (min)b 180 (-) d 348.1 (± 87.4) 0.105 

Duration of ECC (min) c 133 (106.0 – 160.0) 150 (140.0 – 196.0) 0.456 

Duration of AC (min) c 68.5 (65.0 – 72.0) 80 (78.0 – 88.0) 0.135 

Additional CA maneuvers a 0 3 (20.0) 1.000 

Intraoperative complications a 0 6 (40.0) 0.515 

Early postoperative variables 

Duration of MV (days) c 8.5 (6.0 -11.0) 7.0 (6.0 – 11.0) 0.940 

Duration of IS (days) c 9.5 (6.0 -13-0) 7.0 (5.0 – 10.0) 0.549 

Duration of DSC (days) c 3.5 (2.0 – 5.0) 4.0 (2.0 – 6.0) 0.879 

Complications a 2 (100) 12 (80.0) 1.000 

Need for reintervention a 1 (50.0) 2 (13.3) 0.331 

AC: aortic clamping; CA: coronary artery; DSC: delayed sternal closure; ECC: extracorporeal circulation; IS: inotropic 

support; MV: mechanical ventilation; VSD: ventricular septal defect 

Data are presented as: a - number and percentage; b - mean and standard deviation; and c - median and interquartile 

range.  

d – SD was impossible to calculate due to data only being available for one patient. 
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Item 

No Recommendation 

Page 

No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

“We performed a single-center retrospective cohort study …” 

 

 

2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

“We performed a single-center retrospective cohort study of newborns with 

d-TGA admitted to our hospital between January 2016 and December 2020. 

We reviewed patient’s medical records and collected data on their 

characteristics, surgery, and pre- and postoperative periods. We included 18 

patients with d-TGA: nine patients had simple d-TGA, eight had d-TGA with 

ventricular septal defect (VSD) and one had complex d-TGA. There was one 

preoperative death. ASO was performed in 17 patients. The complications 

found in the early postoperative period were: 10 infection/sepsis, seven 

chylothorax, five neurological lesions, five dysrhythmia, four wound 

dehiscence, two acute kidney injury, two diaphragmic paralysis and one 

cardiac tamponade. There were three early reinterventions. In the late 

postoperative period, five (27.8%) patients had moderate-to-severe 

supravalvular pulmonary stenosis, with two needing reinterventions. There 

were four (22.0%) patients with aortic insufficiency and two (11.1%) with 

aortic root dilation.” 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

“Dextro-transposition of the great arteries (d-TGA) is a congenital heart 

defect characterized by atrioventricular concordance and ventriculoarterial 

discordance, with the aorta arising from the morphological right ventricle 

and the pulmonary artery arising from the morphological left ventricle.” 

“d-TGA represents 5-7% of all congenital heart defects 1, 3-5 and is the second 

most common cyanotic congenital heart disease (20%) 6, 7, with an estimated 

incidence of 1:3200 live births 2.”  

“Newborns with d-TGA will have some degree of hypoxemia, potentially 

leading to shock, end-organ-dysfunction, and death. Adjuvant therapies, such 

as intravenous prostaglandin E1 (PGE1) 1, 6, Rashkind balloon atrial 

septostomy (BAS), mechanical ventilation (MV), inotropic support (IS), and 

others, can be used to temporarily improve systemic blood oxygenation 1, 3, 5.” 

“Definitive treatment can only be achieved by surgical correction of d-TGA 1, 

6. Currently, the gold-standard is the arterial switch operation (ASO), 

performed successfully for the first time by Jatene in 1975 1, 5, 6.”  

“Our center performed ASO for the first time in 2016.” 

3 - 4 

Objectives 3 State specific objectives, including any prespecified hypotheses 

“With this study, we intended to characterize all patients who underwent 

surgical correction in our institution and their short- and mid-term outcomes. 

We also aimed to investigate possible risk factors for postoperative morbidity 

mortality and need for reintervention, with special emphasis on cardiac and 

coronary anatomy, and perioperative care. Ultimately, we hope this study will 

help us understand how our center compares to other reference centers for 

congenital heart diseases and improve the management and care of d-TGA 

patients in our institution.” 

4 

Methods 

Study design 4 Present key elements of study design early in the paper 

“This single-center retrospective cohort study was approved by the ethics 

committee and the administration board of Centro Hospitalar Universitário 

de São João (CHUSJ).” 

“We included all patients with d-TGA admitted to CHUSJ between January 

2016 and December 2020.” 

5 
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Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

“We included all patients with d-TGA admitted to CHUSJ between January 

2016 and December 2020.” 

“We reviewed patient’s electronic, and paper based medical records and 

collected data on patient characteristics, preoperative period, surgical 

intervention, and early and late postoperative periods.” 

“The early postoperative period was defined as the first 30 days after surgery 

or time before hospital discharge.” 

“The late postoperative period began after the first 30 postoperative days or 

hospital discharge.” 

5 - 6 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

“We included all patients with d-TGA admitted to CHUSJ between January 

2016 and December 2020. We chose 2016 as the starting year for patient 

inclusion because it was the year in which our institution started to perform 

the ASO procedure. Before this, patients were admitted to our center for 

preoperative care, being transferred afterwards to another Portuguese 

surgical center. Thus, we excluded them from this analysis to guarantee data 

uniformity and a lower rate of missing data, at the cost of shorter follow-up 

times.” 

“We reviewed patient’s electronic, and paper based medical records and 

collected data on patient characteristics, preoperative period, surgical 

intervention, and early and late postoperative periods.” 

Methods of follow-up – Não aplicável, dado tratar-se de um estudo 

retrospetivo 

5 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed  

Não aplicável, uma vez que não se trata de um estudo com emparelhamento 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

“… collected data on patient characteristics, preoperative period, surgical 

intervention, and early and late postoperative periods.” 

“Preoperative period: (…) If necessary, patients would receive PGE1 

infusion, Rashkind BAS, MV, non-invasive ventilation (NIV) and IS. We 

collected data on preoperative interventions, and parameters 24 hours before 

surgery (oxygen saturation, left and right systolic function).” 

“Early Postoperative Period: (…) Major morbidity was defined as occurrence 

of cardiac tamponade, chylothorax, dysrhythmia, ischemic events, 

diaphragmatic paresis, infection or sepsis, acute kidney injury (AKI), need 

for peritoneal dialysis, necrotizing enterocolitis, neurological complications, 

or surgical wound dehiscence. Opioid withdrawal syndrome and pulmonary 

atelectasis were considered minor complications. We also evaluated the need 

for reintervention related to d-TGA or ASO, duration of MV or IS, time of 

DSC, need for extracorporeal membrane oxygenation (ECMO), length of stay 

in the neonatal intensive care unit (NICU) and hospital.” 

“Late Postoperative Period: (…) We studied occurrence of late 

complications: supravalvular pulmonary stenosis, neo-aortic root dilation, 

aortic insufficiency, ischemic events, and dysrhythmias. The presence of 

symptoms and need for reintervention were also registered.” 

5 - 6 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there 

is more than one group. 

“We reviewed patient’s electronic, and paper based medical records and 

collected data on patient characteristics, preoperative period, surgical 

intervention, and early and late postoperative periods.” 

“All patients underwent transthoracic echocardiogram (TTE) for 

confirmation of d-TGA and to further establish cardiac and coronary 

anatomy.” 

5 

Bias 9 Describe any efforts to address potential sources of bias 5 
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“We included all patients with d-TGA admitted to CHUSJ between January 

2016 and December 2020. We chose 2016 as the starting year for patient 

inclusion because it was the year in which our institution started to perform 

the ASO procedure. Before this, patients were admitted to our center for 

preoperative care, being transferred afterwards to another Portuguese 

surgical center. Thus, we excluded them from this analysis to guarantee data 

uniformity and a lower rate of missing data,” 

Study size 10 Explain how the study size was arrived at 

“We included all patients with d-TGA admitted to CHUSJ between January 

2016 and December 2020.” 

5 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

“…quantitative values were presented as mean and standard deviation (SD) if 

normally distributed or median and interquartile range (IQR) if otherwise. 

Normality of distribution was determined by the Kolmogorov-Smirnov test.” 

7 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

“For the descriptive analysis qualitative variables were presented as absolute 

number and percentage; quantitative values were presented as mean and 

standard deviation (SD) if normally distributed or median and interquartile 

range (IQR) if otherwise. Normality of distribution was determined by the 

Kolmogorov-Smirnov test. For the risk factors analysis Fisher’s exact test, 

student t-test or Mann-Whitney U were used and p<0.005 defined 

significance.” 

7 

(b) Describe any methods used to examine subgroups and interactions 

Não aplicável neste estudo 

 

(c) Explain how missing data were addressed 

“Missing data were excluded from analysis.” 

 

(d) If applicable, explain how loss to follow-up was addressed 

Não aplicável neste estudo 

 

(e) Describe any sensitivity analyses 

Não aplicável neste estudo 

 

Results 
 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially 

eligible, examined for eligibility, confirmed eligible, included in the study, 

completing follow-up, and analysed 

“During the study period, our institution treated 18 patients with d-TGA in 

total, …” 

“There was one death in the preoperative period…” 

“ASO was performed in 17 patients,…” 

“The 17 patients had follow-up in the Pediatric Cardiology outpatient 

department…” 

7 - 12 

(b) Give reasons for non-participation at each stage 

Todos os participantes elegíveis foram incluídos na análise 

 

(c) Consider use of a flow diagram 

Todos os participantes elegíveis foram incluídos na análise 

 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders 

Table 1 - Characteristics and demographic data of the 18 patients included in 

this study 

Table 2 – Preoperative period variables of 18 patients 

Table 3 – Surgical intervention data 

7 - 15 

(b) Indicate number of participants with missing data for each variable of interest 

“Mean total surgical time was 331.3 minutes (SD ± 98.0), with missing data 

for 6 patients.” 

 

(c) Summarise follow-up time (eg, average and total amount) 

Não aplicável, devido a tratar-se de um estudo retrospetivo. 

 

Outcome data 15* Report numbers of outcome events or summary measures over time 

Table 4 - Early postoperative period outcomes for 17 patients 
7 - 18 
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Table 5 - Late postoperative outcomes of 17 patients 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 

and why they were included 

“We performed a risk factor analysis for occurrence of major early postoperative 

complications and need for reinterventions, but we could not find any statistically 

significant associations (results presented in Supplementary Tables 1 and 2).” 

“The risk factor analysis for occurrence of moderate-to-severe pulmonary stenosis 

was statistically significant for lower gestational age and lower birth and surgical 

weight (table 6). Need for reintervention in the late postoperative period was 

associated with lower gestational age, lower surgical weight and need for early 

postoperative reintervention (table 7). We also performed a risk factor analysis for 

development of aortic insufficiency and aortic root dilation but could not find any 

statistically significant associations (results presented in Supplementary Tables 3 and 

4).” 

“Overall survival in our study population was 94,4%, with a post-operative survival 

at 5 years of 100%.” 

Table 6 - Risk factor analysis for moderate or severe pulmonary stenosis (PS) 

Table 7 - Risk factor analysis for late postoperative reinterventions 

Não foram realizados ajustes para fatores confundidores. 

11, 

12, 

19, 

20 

(b) Report category boundaries when continuous variables were categorized 

Não aplicável, nenhuma variável contínua foi categorizada  

 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 

Não aplicável, uma vez que este estudo não avaliou o risco relativo ou absoluto 

 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

Não aplicável, não foram realizadas estas análises no estudo 

X 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

“In the year of 2016, our hospital started to autonomously perform the ASO 

procedure. In this five-year single-center retrospective study, we described the 

characteristics and outcomes of the first patients surgically treated in our institution. 

During this period, 18 patients with d-TGA were admitted, nine of which had simple 

d-TGA, eight had d-TGA with VSD and one had complex cardiac anatomy.”  

“Similarly, anomalous coronary patterns, which were found in 10 newborns” 

“We found a 55.6% rate of prenatal detection of d-TGA, (…) In our analysis, the 

absence of prenatal diagnosis was not a statistically significant risk factor for worse 

outcomes, although the only death occurred in a patient who was diagnosed 

postnatally.”  

“In our series, most newborns received PGE1 infusion (94.4%) and BAS (83.3%). 

Some patients also needed additional supporting measures to guarantee appropriate 

tissue oxygenation and avoid acidosis: mechanical ventilation in 55.5%, non-invasive 

ventilation in 11.1%, and inotropic support in 27.8%.” 

“In our study, patients weighted a median of 3210g (IQR 3140 – 3505), and two 

weighted less than 2500g. We could not find a significant association between surgical 

weight and worse early postoperative outcomes, but we found associations with 

development of moderate-to-severe supravalvular pulmonary stenosis and need for 

reintervention in the late postoperative study.  

“In our hospital, patients had a median age at surgery of 14 days (IQR 12 - 28.5 

days), thus some patients were above the advised 3 weeks of age. Nonetheless, older 

age at surgery was not associated with worse outcomes.”  

“In our center, only one patient required ECMO support before leaving the 

operating room.”  

“Our hospital performed delayed sternal closure after ASO routinely, with a median 

duration of 4 days.” 

“We found several major early postoperative complications, but we did not find any 

significant risk factors for their occurrence, probably due to our small sample size.” 

“The most frequent early postoperative complication was infection or sepsis, which 

21-

25 
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some authors relate to prolonged MV duration 5, 16. Other complications found in this 

study were chylothorax, neurological lesions, dysrhythmias, wound dehiscence, acute 

kidney injury, diaphragmic paralysis and cardiac tamponade.” 

“Three of our patients (17.6%) needed early reinterventions, two of them due to 

wound dehiscence whereas the other needed to have a cardiac tamponade drained 

and later a diaphragmatic plication."  

“Moderate or severe supravalvular pulmonary stenosis was the most frequent late 

complication of ASO (29.4%). (…) we found that lower birth and surgical weight and 

younger age at surgery surgical are significant risk factors for this complication (…) 

This complication is the most common cause for late reintervention 3, 5, 15, 16, 29, which 

was need in two patients (11.8%). We found that lower gestational age, lower surgical 

weight and need for reintervention in the early postoperative period were risk factors 

for reintervention in the late postoperative period.” 

“Aortic insufficiency was found in four patients (22.2%), two with mild and two with 

moderate degree of severity, (…) Our analysis could not identify statistically 

significant risk factors for aortic insufficiency, (…) Aortic root dilation was found in 

two patients (11.1%), one of them associated with moderate aortic insufficiency. 

Although we could not identify risk factors related to this complication, …”  

“All patients in our center submitted to an ASO procedure are still alive, and we only 

registered one fatality (5.6%), which occurred in the preoperative period.”  

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

“Our research had several limitations. First, our study sample was small and there 

was a reduced number of events, which gave us reduced power to detect significant 

differences between groups. Second, this was a single-center retrospective cohort 

study, affecting the external validation of our results. Furthermore, five years are not 

enough to understand our center’s long-term outcomes, thus a future analysis should 

be performed. Because there are still many unanswered questions about d-TGA and 

its management that should be clarified by future large, multicentric prospective 

studies.” 

25 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

“In our study, the type of d-TGA did not prove to be a risk factor for early or late 

reintervention or mortality, unlike reported in other studies 3, 9, 14, with the lack of 

association possibly explained by the small sample size.” 

“Many authors previously found that coronary anatomy, especially single and 

intramural coronary arteries led to worse outcomes after ASO, both in the early and 

late postoperative periods 5, 14-16. However, in recent years, other studies could not 

find this association as well, suggesting that the improvement in surgical techniques 

for coronary reimplantation could explain this difference 3, 9, 13, 17, 18.” 

“In our analysis, the absence of prenatal diagnosis was not a statistically significant 

risk factor for worse outcomes, although the only death occurred in a patient who 

was diagnosed postnatally. On the other hand, it has been reported in literature that 

prenatal detection of d-TGA is associated with lower morbidity and mortality in the 

early and late follow-up periods 16, 19, 22-24.  

“According to clinical guidelines 16, ASO should not be postponed for weight gain 

purposes only, since delaying the repair of d-TGA was associated to higher rates of 

early morbimortality than operating on patients weighing less than 2500g  

Nonetheless, in our study we found that lower surgical weight was a risk factor for 

worse late postoperative period outcomes, while older age at surgery was not 

significantly associated with worse outcome.” 

“We found several major early postoperative complications, but we did not find any 

significant risk factors for their occurrence, probably due to our small sample size. 

On the other hand, in literature, it has been shown that patient characteristics such as 

prematurity, low birth and surgical weight, associated VSD, coronary anomalies and 

genetic conditions were associated with higher morbidity after ASO. It has also been 

suggested that preoperative MV, older age at surgery, and longer duration of surgery 

and ECC were risk factors for a complicated early postoperative period 3, 6-9, 13.  

“We found a higher rate than the 9.9% reported by Fricke, et. al 9 in a cohort of 618 

patients. However, their definition of reintervention only includes heart or great 

21-

26 
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vessel procedures, thus excluding from their analysis wound debridement. This way, 

our higher rate of reintervention is explained by this difference in definition. In fact, 

if we adopted their classification our early reintervention rate would be 5.9%, as 

there is only one patient who fits these criteria.” 

“Similarly, to what has been previously described, we found that lower birth and 

surgical weight and younger age at surgery surgical are significant risk factors for 

this complication 16. It has also been associated with other patient-related (mismatch 

between vessel and valvular anulus, side-by-side great arteries, rapid somatic growth, 

etc.) and surgery-related factors (technique used for reconstruction, distortion, 

stretching and tension of the trunk and its branches after Lecompte maneuver, use of 

prosthetic material for sinus reconstruction, etc.) 16, 28, 29. (…) Our reintervention rate 

is comparable to those reported in literature (10-20%) 4, 10-12, 16, 29. 

“Aortic insufficiency was found in four patients (22.2%), two with mild and two with 

moderate degree of severity, which is comparable to the 16 - 44% at mid-term follow-

up found in literature 3, 9, 11, 15, 30. Our analysis could not identify statistically 

significant risk factors for aortic insufficiency, but other authors have identified 

higher age at surgery, size discrepancy between the aorta and pulmonary trunk, use 

of trap-door technique for coronary artery transfer and rapid development of aortic 

root dilation could be related with this complication.”  

“Although we could not identify risk factors related to this complication, it has been 

associated with previous pulmonary artery banding, male sex, and presence of VSD 

or aortic arch abnormality.”  

“All patients in our center submitted to an ASO procedure are still alive, and we only 

registered one fatality (5.6%), which occurred in the preoperative period. Thus, we 

are well within the 87–90% mid-term survival rates reported in several studies from 

other reference centers, including a meta-analysis comprising 2115 patients 4, 5, 11.” 

“In conclusion, with this study we show that our institution has comparable results to 

other reference centers for congenital heart diseases, despite having only recently 

started performing this surgery autonomously. There were some complications and 

reinterventions in the early postoperative period, but there was no surgical mortality. 

Besides, our complication rate at mid-term was similar to those reported in literature. 

Furthermore, our study has helped consolidate some risk factors for worse late 

outcomes: pulmonary stenosis was associated with lower gestational age and lower 

birth and surgical weight; and late reintervention was associated with lower 

gestational age, lower surgical weight and need for early reintervention.” 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

“…this was a single-center retrospective cohort study, affecting the external 

validation of our results.” 

X 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

Não aplicável, este estudo não foi financiado. 

 

 

*Give information separately for exposed and unexposed groups. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-

statement.org. 
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Revista Portuguesa de Cardiologia

 AUTHORS INFORMATION PACK

GUIDE FOR AUTHORS

INTRODUCTION
The  Portuguese  Journal  of  Cardiology,  the  official  journal  of  the  Portuguese  Society  of
Cardiology, was founded in 1982 with the aim of keeping Portuguese cardiologists informed
through  the  publication  of  scientific  articles  on  areas  such  as  arrhythmology  and
electrophysiology,  cardiovascular  surgery,  intensive  care,  coronary  artery  disease,
cardiovascular imaging, hypertension, heart failure and cardiovascular prevention.The Journal is
a  monthly  publication  with  high  standards  of  quality  in  terms  of  scientific  content  and
production. Since 1999 it  has been published in English as well  as Portuguese, which has
widened its readership abroad.

Please,  take  into  account  that  as  of  January  2021,  Revista  Portuguesa  de
Cardiologia will require new article submissions to be written in English language.

The Journal accepts the following categories of articles:

Research  (Original  Investigation  and  Meta-Analysis),  Review  and  Education  (Narrative
Reviews,  Systematic  Reviews  -without  meta-analysis,  Guidelines,  Case  Reports,  Images  in
Cardiology  and  Snapshots),  Opinion  (Current  Perspective),  Correspondence  (Editorial
Comment,  Letters  to  the  Editor,  Research  Letter  and  Observation)

Types of article
Manuscripts  submitted  for  publication  should  be  prepared  in  accordance  with  the
"Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical  Journals"  of  the  International  Committee  of  Medical  Journal  Editors  (ICMJE).  This
document is available at http://www.icmje.org/recommendations/.

Summary table of Revista Portuguesa de Cardiologia types of article characteristics.

Original Investigation 

Original  Investigation articles cover areas of  clinical  or  basic research:  Clinical  trial,  Meta-
analysis,  Intervention  study,  Cohort  study,  Case-control  study,  Epidemiologic
assessment,  Survey  with  high  response  rate,  Cost-effectiveness  analysis,  Decision
analysis, Study of screening and diagnostic tests, Other observational studies) . They should
have a maximum of 5000 words, with a total of up to 15 tables and/or figures, and should be
structured as follows: Abstract (maximum 250 words; divided into Introduction and Objectives,
Methods, Results and Conclusion(s)); 3-10 keywords; Introduction; Objectives; Methods; Results;
Discussion; Conclusion(s); Acknowledgements, if any; References (up to 75); and figure legends,
if any. Follow EQUATOR Reporting Guidelines.

Review Articles and Systematic Reviews

http://www.icmje.org/recommendations/
https://static.elsevier.es/norm_orga/REPC_Art_Types.pdf


Review Articles should have a maximum of 5000 words, with a total of up to 15 tables and/or
figures, and should be structured as follows: Abstract (maximum 250 words; unstructured); 3-10
keywords;  Introduction;  thematic  sections  at  the  discretion  of  the  authors;  Conclusion(s);
Acknowledgements, if any; References (up to 100); and figure legends, if any.

Systematic Reviews  should be structured as Introduction, Methods, Results, Discussion and
Conclusion(s).  The  subject  should  be  clearly  defined.  The  objective  of  a  systematic  review
should be to produce an evidence-based conclusion. The Methods should give a clear indication
of the literature search strategy, data extraction, grading of evidence and analysis.

Systematic Reviews should not normally exceed 4000 words, with a total of up to 6 tables
and/or figures and up to 100 references.

Au tho rs  a re  s t rong ly  recommended  to  consu l t  the  PR ISMA  s ta tement
(http://www.prisma-statement.org/),  which  is  intended  to  help  improve  the  reporting  of
systematic reviews and meta-analyses. We encourage authors to develop a systematic review
protocol (e.g. following PRISMA-P) and register with PROSPERO.

Guidelines

It is recommended to consult the AGREE II instrument for which items should be reported that
highlighted  particular  quality  aspects  of  guideline  development.  In  general,  published
statements  intended  to  guide  clinical  care  (e.g.,  guidelines,  practice  parameters,
recommendations,  consensus  statements  and position  papers)  should  describe  the  clinical
problem to be addressed, the mechanism by which the statement was generated, a review of
the evidence for the statement (if available), and the statement on practice itself.

To minimize confusion and to enhance transparency, such statements should begin with the
following questions, followed by brief comments addressing each question:

What other guideline statements are available on this topic?
Why was this guideline developed?
How does this statement differ from existing guidelines?
Why does this statement differ from existing guidelines?

The statement should have an unstructured abstract of up to 350 words, 3 to 10 keywords and
can include up to 4000 words, a total of up to 6 tables and/or figures and up to 100 references.

Case Reports

Authors should use the CARE guidelines as a guiding framework.  Case reports should not
exceed 1500 words of body text, with up to 15 references and four tables or figures. They must
include an abstract (unstructured, maximum 250 words) and bulleted statements (maximum 70
words) in answer to the following questions: What’s already known about this topic? and What
does this study add?
Please  see  the  Ethics  section  of  the  Instructions  regarding  preservation  of  patients’
privacy. Case Reports must have no more than 5 authors.

Images in Cardiology

Images in Cardiology should have a maximum of 250 words, without Abstract, keywords, tables,
or division into sections and up to 5 references may be included.

http://www.prisma-statement.org/


Snapshots

This section is intended for the publication of rare or educational cases or novel techniques in
cardiology. The text should not exceed 500 words and up to 3 figures with brief captions and up
to 5 references may be included. Snapshots must have no more than 3 authors.

Current Perspective

This type of manuscript is submitted upon invitation by the Editorial Board. It may cover a broad
diversity of  themes focusing on cardiology and healthcare:  current or  emerging problems,
management and health policies, history of medicine, society issues and epidemiology, among
others. An author who wishes to propose a manuscript in this section is requested to send an
abstract to the Editor-in-Chief including the title and Author list for evaluation. The text should
not  exceed  1200  words,  and  up  to  10  references,  two  tables  or  two  figures  are  allowed.  An
abstract is not required.

Editorial Comment

Editorials are submitted at the invitation of the Editor. They should not exceed 1500 words and
can  contain  up  to  20  references  and  1  table  and  1  figure.  They  do  not  have  an  Abstract  or
keywords.

Letters to the Editor

Letters to the Editor on articles previously published in the Journal will be considered up to 8
weeks after the publication of the article in question. They should not exceed 800 words and
can contain up to 2 figures but without Abstract, keywords or tables. They should have no more
than 3 authors.

Research Letter

Research Letters are concise, focused reports of original research. These should not exceed 600
words of text and 6 references and may include up to 2 tables or figures. Online supplementary
material is not allowed. Research Letters may have no more than 7 authors.

Observation

Observations consisting of short reports of 1 or 2 complicated, unique cases should not exceed
600  words  of  text  (not  including  acknowledgment,  tables,  figures,  acknowledgments,  and
references) and 6 references and may include up to 2 tables or figures. Online supplementary
material is not allowed. Observations may have no more than 7 authors.

If  the patient(s) described in these manuscripts is identifiable, a Patient Permission form must
be completed and signed by the patient(s) and submitted with the manuscript. Omitting data or
making data less specific to deidentify patients is acceptable but changing any such data is not
acceptable.

Contact details for submission
You can send your manuscript at https://www.editorialmanager.com/repc

Language
This journal is published in Portuguese and in English language.

https://www.editorialmanager.com/repc


The title (and abstract and key words if applicable) must be submitted in both English and
Portuguese.
Articles submitted to the Journal should be clearly written in Portuguese (from Portugal) and/or
English of a good standard. Text may be edited to maintain linguistic quality and to conform
with standard American English.

ADVANCE NOTICE FOR AUTHORS
Please, take into account that as of January 2021, Revista Portuguesa de Cardiologia
will require new article submissions to be written in English language.

Submission checklist
You  can  use  this  list  to  carry  out  a  final  check  of  your  submission  before  you  send  it  to  the
journal for review. Please check the relevant section in this Guide for Authors for more details.
Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
¿ E-mail address
¿ Full postal address
All necessary files have been uploaded:
Manuscript:
¿ Include keywords
¿ All figures (include relevant captions)
¿ All tables (including titles, description, footnotes)
¿ Ensure all figure and table citations in the text match the files provided
¿ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)
Further considerations
¿ Manuscript has been 'spell checked' and 'grammar checked'
¿ All references mentioned in the Reference List are cited in the text, and vice versa
¿ Permission has been obtained for use of copyrighted material from other sources
(including the Internet)
¿ A competing interests statement is provided, even if the authors have no competing interests
to declare
¿ Journal policies detailed in this guide have been reviewed
¿ Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Studies in humans and animals
If  the work involves the use of  human subjects,  the author  should ensure that  the work
described has been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving humans. The manuscript should
be in line with the Recommendations for the Conduct, Reporting, Editing and Publication of
Scholarly  Work  in  Medical  Journals  and  aim  for  the  inclusion  of  representative  human

http://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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http://www.icmje.org/recommendations
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populations  (sex,  age  and  ethnicity)  as  per  those  recommendations.  The  terms  sex  and
gender should be used correctly.

The privacy rights of human subjects must always be observed. A statement must be included
to  the  effect  that  the  study  was  conducted  in  accordance  with  the  amended  Declaration  of
Helsinki, that the local institutional review board or independent ethics committee approved the
protocol, and that written informed consent was obtained from all patients. The name of the
committee, the name of the chairperson of the committee (or the person who approved the
protocol), the date of approval and the approval number should follow this statement in the
Methods section. For multicenter studies, a list of the relevant approvals may be provided in a
separate document to be published as supplementary material.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance  with  the  U.K.  Animals  (Scientific  Procedures)  Act,  1986  and  associated
guidelines, EU Directive 2010/63/EU for animal experiments, or the National Institutes of Health
guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and
the authors should clearly indicate in the manuscript that such guidelines have been followed.
The sex of animals must be indicated, and where appropriate, the influence (or association) of
sex on the results of the study.

Conflicts of Interest and Financial Disclosures
All  authors  must  disclose  any  financial  and  personal  relationships  with  other  people  or
organizations  that  could  inappropriately  influence  (bias)  their  work.  Examples  of  potential
competing  interests  include  employment,  consultancies,  stock  ownership,  honoraria,  paid
expert  testimony,  patent  applications/registrations,  and  grants  or  other  funding.  A  conflict  of
interest  may  exist  when  an  author  (or  the  author's  institution  or  employer)  has  financial  or
personal relationships or affiliations that could influence (or bias) the author's decisions, work,
or manuscript. All authors are required to report potential conflicts of interest including specific
financial interests relevant to the subject of their manuscript.

Authors  must  disclose  any  interests  in  two  places:  1.  A  summary  declaration  of  interest
statement in the title  page file (if  double-blind) or  the manuscript  file (if  single-blind).  If  there
are no interests to declare then please state this: 'Declarations of interest: none'. This summary
statement will be ultimately published if the article is accepted. 2. Detailed disclosures as part
of a separate Declaration of Interest form, which forms part of the journal's official records. It is
important  for  potential  interests  to  be  declared  in  both  places  and  that  the  information
matches. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis, see
'Multiple, redundant or concurrent publication' section of our ethics policy for more information),
that it is not under consideration for publication elsewhere, that its publication is approved by
all authors and tacitly or explicitly by the responsible authorities where the work was carried
out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder.
To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.
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Authorship
Each  author  should  have  participated  sufficiently  in  the  work  to  take  public  responsibility  for
appropriate portions of the content. One or more authors should take responsibility for the
integrity of the work as a whole, from inception to published article. According to the guidelines
of the International Committee of Medical Journal Editors (ICMJE), authorship credit should be
based on the following 4 criteria:
1. substantial contributions to conception or design of the work, or the acquisition, analysis, or
interpretation of data for the work; and
2. drafting of the work or revising it critically for important intellectual content; and
3. final approval of the version to be published; and
4. agreement to be accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated and resolved.

 

Changes to authorship. Role of the corresponding author
A single corresponding author (or coauthor designee in the event that the corresponding author
is unavailable) will  serve on behalf of all  coauthors as the primary correspondent with the
editorial  office  during  the  submission  and  review  process.  If  the  manuscript  is  accepted,  the
corresponding author will review an edited manuscript and proof, make decisions regarding
release of information in the manuscript to the news media or federal agencies, handle all
postpublication  communications  and  inquiries,  and  will  be  identified  as  the  corresponding
author in the published article. The corresponding author also is responsible for ensuring that
the  Acknowledgment  section  of  the  manuscript  is  complete  and  that  the  conflict  of  interest
disclosures  reported  of  the  manuscript  are  accurate,  up-to-date,  and  consistent  with  the
information  provided  in  each  author's  potential  conflicts  of  interest  section  in  the  Authorship
Form.

 

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before  the manuscript  has been accepted and only if  approved by the journal  Editor.  To
request such a change, the Editor must receive the following from the corresponding author:
(a) the reason for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed.
Only  in  exceptional  circumstances  will  the  Editor  consider  the  addition,  deletion  or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already
been  published  in  an  online  issue,  any  requests  approved  by  the  Editor  will  result  in  a
corrigendum.

Clinical trial results
In line with the position of the International Committee of Medical Journal Editors, the journal
will not consider results posted in the same clinical trials registry in which primary registration
resides to  be prior  publication if  the results  posted are presented in  the form of  a  brief
structured  (less  than  500  words)  abstract  or  table.  However,  divulging  results  in  other
circumstances (e.g., investors' meetings) is discouraged and may jeopardise consideration of



the manuscript. Authors should fully disclose all posting in registries of results of the same or
closely related work.

 

Reporting clinical trials
The  ICMJE  defines  a  clinical  trial  as  any  research  project  that  prospectively  assigns  human
participants  to  intervention  or  comparison  groups  to  study  the  cause-and-effect  relationship
between an intervention and a health outcome. Interventions include but are not limited to
drugs,  surgical  procedures,  devices,  behavioral  treatments,  educational  programs,  dietary
interventions, quality improvement interventions, process-of-care changes, and the like.

All manuscripts reporting clinical trials, including those limited to secondary exploratory or post
hoc analysis of trial outcomes, must include the following:· 
· CONSORT flow diagram
· Completed trial checklist
· Registry at an appropriate online public clinical trial registry
· A Data Sharing Statement to indicate if data will be shared or not. Specific questions regarding
the sharing of data are included in the manuscript submission system.

Trial Registration
In concert with the ICMJE, our journal requires, as a condition of consideration for publication,
registration of all trials in a public trials registry that is acceptable to the ICMJE (ie, the registry
must  be  owned  by  a  not-for-profit  entity,  be  publicly  accessible,  and  require  the  minimum
registration  data  set  as  described  by  ICMJE).
Acceptable trial registries include the following and others listed at http://www.icmje.org:

anzctr.org.au
clinicaltrials.gov
isrctn.org
trialregister.nl
umin.ac.jp/ctr

Copyright
Upon  acceptance  of  an  article,  authors  will  be  asked  to  complete  a  'Journal  Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt  of  the manuscript  together with a 'Journal  Publishing Agreement'  form or a
link to the online version of this agreement.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You  are  requested  to  identify  who  provided  financial  support  for  the  conduct  of  the  research
and/or  preparation  of  the  article  and  to  briefly  describe  the  role  of  the  sponsor(s),  if  any,  in

http://www.consort-statement.org/
http://www.icmje.org
https://www.elsevier.com/about/policies/copyright
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study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Open Access
Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers  throughout  their  research  journey.  The  "Learn"  environment  at  Researcher
Academy offers  several  interactive  modules,  webinars,  downloadable  guides  and resources  to
guide you through the process of writing for research and going through peer review. Feel free
to use these free resources to improve your submission and navigate the publication process
with ease.

Language (usage and editing services)
Please write your text  in good American English.  Authors who feel  their  English language
manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform  to  correct  scientific  English  may  wish  to  use  the  English  Language  Editing  service
available  from  Elsevier's  WebShop.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent,
which should be documented in the paper. Appropriate consents, permissions and releases
must be obtained where an author wishes to include patient descriptions, photographs, video,
and pedigrees of patients and any other individuals (parents or legal guardians for minors) who
can  be  identified  (including  by  the  patients  themselves)  in  such  patient  descriptions,
photographs, video, and pedigrees. Written consents must be retained by the author but copies
should not be provided to the journal. Only if specifically requested by the journal in exceptional
circumstances (for  example if  a legal  issue arises)  the author must provide copies of  the
consents or evidence that such consents have been obtained. For more information, please
review the Elsevier Policy on the Use of Images or Personal Information of Patients or other
Individuals. Unless you have written permission from the patient (or, where applicable, the next
of kin),  the personal  details  of  any patient included in any part  of  the article and in any
supplementary  materials  (including  all  illustrations  and  videos)  must  be  removed  before
submission.

 

Patient Identification

Omitting  data  or  making  data  less  specific  to  deidentify  patients  is  acceptable,  but  changing
any such data is not acceptable. Only those details essential for understanding and interpreting
a  specific  case  report  or  case  series  should  be  provided.  Although  the  degree  of  specificity
needed will depend on the context of what is being reported, specific ages, race/ethnicity, and
other  sociodemographic  details  should  be  presented  only  if  clinically  or  scientifically  relevant
and important.  Cropping of  photographs to  remove identifiable  personal  features that  are not
essential  to  the  clinical  message  may be  permitted  as  long  as  the  photographs  are  not
otherwise altered. Please do not submit masked photographs of patients. Patients' initials or
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other personal identifiers must not appear in an image.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used
in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article
for  final  publication.  All  correspondence,  including  notification  of  the  Editor's  decision  and
requests  for  revision,  is  sent  by  e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/repc

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

PREPARATION

Peer review
This journal operates a rigorous single blind peer review process, in which manuscripts are sent
to external reviewers selected from an extensive database. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then typically
sent to a minimum of two independent expert reviewers to assess the scientific quality of the
paper.  The  Editor  is  responsible  for  the  final  decision  regarding  acceptance  or  rejection  of
articles.  The  Editor's  decision  is  final.  More  information  on  types  of  peer  review.

Peer reviewers will respond to the Editor within 30 days recommending acceptance, revision or
rejection. The Editor will  decide within 10 days whether to accept the manuscript without
modification,  to  send the reviewers’  comments  to  the authors  for  modification,  or  to  reject  it.
When  modifications  are  proposed,  the  authors  have  30  days  (which  can  be  extended  on
request) to submit a revised version of the manuscript, incorporating the comments of the
reviewers  and  the  Editor.  Any  amendments  should  be  highlighted  in  a  different  colour.  The
Editor will decide within 10 days whether to accept the new version, reject it, or send it for
further review by one or more reviewers.

Letters to the Editor and Editorials will be reviewed by the Editorial Board, but external peer
review may also be requested.
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1 

1. Project Title 

Transposition of the Great Arteries: Review of Cases from a Reference Center 

2. Introduction 

Transposition of the Great Arteries (TGA) is a congenital heart defect characterized by 

atrioventricular concordance and ventriculoarterial discordance. In patients affected by 

this condition, the aorta arises from the morphological right ventricle and the pulmonary 

artery arises from the morphological left ventricle. In other words, patients have a parallel 

circulation in which oxygenated blood runs through a circuit involving the left heart 

chambers and the pulmonary vessels, while the right heart chambers and the systemic 

vessels form another circuit that carries deoxygenated blood. As such, patient survival 

depends on adequate mixing of blood from both circuits, which normally occurs through 

the atrial or ventricular septums and through the ductus arteriosus [1, 2]. 

TGA is the second most common cyanotic congenital heart disease, accounting for 20% 

of all cases [3, 4]. Furthermore, it represents 5 to 7% of all congenital heart defects [1, 

5-7], with an estimated incidence of 1 per 3200 live births [2]. In half of TGA cases there 

are no other cardiac abnormalities (simple or isolated TGA), but in remaining, TGA is 

accompanied by other cardiac malformations (complex TGA), the most common being 

ventricular septal defect (VSD), left ventricle outflow tract obstruction (LVOTO), double 

outlet right ventricle (DORV), aortic arch abnormalities and abnormal coronary artery 

patterns [1, 5].  

Patients affected by TGA will have some degree of hypoxemia, potentially leading to 

shock, end-organ-dysfunction, and death. Adjuvant therapies, such as intravenous 

prostaglandin E1 [1, 3], Rashkind balloon atrial septostomy, mechanical ventilation, 

inotropes, and others, can be used to temporarily improve systemic blood oxygenation 

[1, 3, 7]. Nevertheless, definitive treatment can only be achieved by surgical correction 

of the heart defect [1, 3] . 

The gold-standard for surgical correction of TGA is the arterial switch operation (ASO), 

performed successfully for the first time by Jatene in 1975 [1, 3, 7].  In this procedure, 

the surgeon anatomically and physiologically corrects the malformation, by sectioning 

the aorta and pulmonary trunks and transposing them to the morphological left and right 

ventricles, respectively [1, 2]. 

Nowadays, ASO can be performed with good short- and long-term results. Early mortality 

is estimated to be 2.8% and late mortality 0.9% [2, 8-10], with an overall survival rate at 

20 years of nearly 90% [7]  and freedom from reintervention at 10 years varying from 
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80% to 90% [10]. The most frequent late complications associated with ASO are 

supravalvular pulmonary stenosis, neo-aortic root dilation, aortic regurgitation, and 

coronary stenosis [1, 5-7, 11]. 

In recent years, some risk factors for a complicated perioperative period and late 

complications have been described. Some examples are patient characteristics, such as 

prematurity, low weight at time of surgery, complex cardiac anatomy and coronary artery 

abnormalities and variations in preoperative care such as timing of ASO and need of 

adjuvant therapies [3-5, 8, 9, 12].  

However, uncertainty about the accuracy of these risk factors remains, and the 

association between perioperative characteristics and postoperative outcomes is still 

under investigation. There is also an interest in finding factors that can predict a worse 

postoperative outcome.  

3. Aim 

The purpose of this this study is to characterize patients treated in our institution and 

their short- and mid-term outcomes. We intend to investigate possible risk factors 

associated with worse perioperative outcomes, with special emphasis on cardiac and 

coronary anatomy, pre-operative and intra-operative care and their influence in 

morbidity, mortality and need for reintervention. We also intend to find possible predictors 

of postoperative prognosis in patients undergoing anatomical correction of TGA.  

Furthermore, this study might help understand how our center compares to other 

reference centers for congenital heart diseases and to improve the management and 

care of TGA patients our institution.  

4. Methods 

4.1. Participants 

We intend to perform a single-center retrospective cohort study, including all the patients 

diagnosed with transposition of the great arteries that were admitted and underwent 

surgical correction in our center in the past 10 years.  

4.2. Study Design 

To conduct this study, we intend to collect the following data: 

- Patient demographics: (date and place of birth, sex, race/ethnic group, APGAR 

score, and weight at birth) 
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- Congenital defects (cardiac and non-cardiac malformations) and Coronary 

Anatomy 

- Preoperatory period (hemodynamic status, adjuvant therapies and adverse 

outcomes) 

- Surgical intervention (type of surgery and surgical technic) 

- Early postoperative period (hemodynamic status, need for organic support and 

adverse outcomes) 

- Post-discharge follow-up (morbidity, mortality and re-interventions). 

The data will be collected from Electronical Medical Records of Centro Hospitalar 

Universitário de São João, after we obtain approval from the Ethics Committee.  

All the information collected will be anonymized and safely stored, in order to guarantee 

their confidentiality. 

4.3. Statistical Analysis 

We intend to analyze the collected data with a statistical software, such as SPSS. First, 

we will perform a descriptive analysis of our data. In addition, we will use statistical 

hypothesis tests to compare between groups. We defined a significance value of 0.05, 

under which the differences between groups will be considered statistically significant.   
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