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Mid-term outcome of a decade of delayed total cavo-pulmonary connection completion 

strategy at Red Cross War Memorial Children’s Hospital 

 

Abstract 
Background: Total cavo-pulmonary connection (TCPC) is currently the definitive palliative 

operation for single ventricle congenital anomalies. It is the last stage in the single ventricle 

pathway and can be completed following a bidirectional Glenn shunt (BGS), if a set of strict 

criteria are met.   The TCPC is inherently an ineffective circulation, and long-term 

complications are inevitable. In an attempt to delay TCPC circulation-related complications, 

we have followed a delayed TCPC completion strategy and maintenance of forward flow at the 

time of bidirectional Glenn shunt circulation whenever possible. In this study, we will describe 

the results over the last decade.     

Materials and Methods. 

Single-centre, retrospective study from January 1, 2009, to December 31, 2018. A total of 42 

patients underwent extracardiac TCPC procedures on cardiopulmonary bypass. The most 

common indication for TCPC was Tricuspid atresia (56%). The median age at the time of 

operation was 9 [Interquartile range:  7 – 11] years.  The median time interval between the 

bidirectional Glenn shunt and TCPC procedure was 6 [IQR: 4 - 9] years. The median follow-

up was 24 [Interquartile range: 12 – 43] months.  

Results: Most common postoperative morbidities were prolonged pleural effusion 22 (58%) 

and infection 16 (38%) which were independently risk factors for prolonged hospital or 

intensive care unit (ICU) stay respectively. There was no 30-day mortality, and the 1-year and 

5-year survival rates were 98% and 88%, respectively. The preservation of forward flow at the 

time of BGS did not prolong the time interval between the two procedures.   

Conclusion: Delayed TCPC strategy with or without retention of forward flow at the time of 

bidirectional Glenn circulation has shown acceptable outcomes. In this series, we did not show 

any benefit in the retention of forward flow. This strategy may be ideal in a resource-limited 

environment.  

We recommend the implementation of infection and pleural drainage control management 

protocols to avoid prolonged ICU and hospital stays. 
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CHAPTER 1: PUBLICATION-READY MANUSCRIPT 

Mid-term outcome of a decade of delayed total cavo-pulmonary connection completion 

strategy at Red Cross War Memorial Children’s Hospital 

 

Abstract 
Background: Total cavo-pulmonary connection (TCPC) is currently the definitive palliative 

operation for single ventricle congenital anomalies. It is the last stage in the single ventricle 

pathway and can be completed following a bidirectional Glenn shunt (BGS), if a set of strict 

criteria are met.   The TCPC is inherently an ineffective circulation, and long-term 

complications are inevitable. In an attempt to delay TCPC circulation-related complications, 

we have followed a delayed TCPC completion strategy and maintenance of forward flow at the 

time of bidirectional Glenn shunt circulation whenever possible. In this study, we will describe 

the results over the last decade.     

Materials and Methods. 

Single-centre, retrospective study from January 1, 2009, to December 31, 2018. A total of 42 

patients underwent extracardiac TCPC procedures on cardiopulmonary bypass. The most 

common indication for TCPC was Tricuspid atresia (56%). The median age at the time of 

operation was 9 [Interquartile range:  7 – 11] years.  The median time interval between the 

bidirectional Glenn shunt and TCPC procedure was 6 [IQR: 4 - 9] years. The median follow-

up was 24 [Interquartile range: 12 – 43] months.  

Results: Most common postoperative morbidities were prolonged pleural effusion 22 (58%) 

and infection 16 (38%) which were independently risk factors for prolonged hospital or 

intensive care unit (ICU) stay respectively. There was no 30-day mortality, and the 1-year and 

5-year survival rates were 98% and 88%, respectively. The preservation of forward flow at the 

time of BGS did not prolong the time interval between the two procedures.   

Conclusion: Delayed TCPC strategy with or without retention of forward flow at the time of 

bidirectional Glenn circulation has shown acceptable outcomes. In this series, we did not show 

any benefit in the retention of forward flow. This strategy may be ideal in a resource-limited 

environment.  

We recommend the implementation of infection and pleural drainage control management 

protocols to avoid prolonged ICU and hospital stays.
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INTRODUCTION 
The total cavopulmonary connection (TCPC) operation is currently the definitive palliative 

procedure for children with congenital cardiac anomalies who cannot undergo a biventricular 

repair, if specific strict criteria are met1. 

The initial Fontan procedure described by Drs Fontan and Kreutzer in the 1970s has evolved 

into what is currently known as the TCPC operation. The Fontan operation has undergone 

several modifications to improve flow hemodynamics and avoid complications of atrial 

dilatation such as arrhythmias and thromboembolic events2. In 1988, de Laval introduced the 

lateral tunnel TCPC, while in 1990, Marceletti3 introduced the extracardiac TCPC. Of the two, 

extracardiac TCPC is currently the most frequently used TCPC surgical technique. The 

advancements in this surgical procedure, better patient selection and postoperative care have 

improved one and five-year survival rates from around 80% and 75%, respectively in the era 

of original Fontan, to 98% and 95%.4–8 

The Fontan circulation completely changes the hemodynamic physiology to one of chronic low 

cardiac output and high venous pressure. These hemodynamic changes are accompanied by 

complications such as multiorgan dysfunction 9–17, continuous attrition of the TCPC 

circulation9,18,19, and reduced physical quality of life20,21 hence the institutions performing this 

procedure must be well prepared to deal with these TCPC-associated complications. 

In an attempt to avoid and delay these known TCPC-associated complications and their cost 

implication in a resource-constrained environment, our institution, Red Cross War Memorial 

Children's Hospital (RCWMCH), opted to be conservative with TCPC completion by 

implementing a delayed TCPC completion strategy.22,23   

In this delayed TCPC completion strategy, patients who have undergone the bidirectional 

Glenn shunt (BGS) procedure, are carefully followed up by a team of cardiologists. Those who 

develop symptoms and/or clinical signs of deterioration are further haemodynamically and 

anatomically evaluated and finally discussed in our 'Heart Team' (cardiology, anaesthetics, 

intensivists, and congenital cardiac surgeons) meeting for TCPC completion. This strategy 

differs from the early TCPC completion strategy, where the TCPC procedure is performed as 

early as possible whenever the anatomical and haemodynamic criteria are met. 

As part of this delayed TCPC strategy, we perform a Bidirectional Glenn shunt with 

preservation of forward flow24,25(presence of blood flow either through pulmonary artery band 

PDA or a systemic-to-pulmonary-artery-shunt.) when present. With the presence of forward 

flow, we hypothesise that the presence of forward flow may delay the need for TCPC 

completions. 

 

We have opted not to offer TCPC surgery to patients with hypoplastic left heart syndrome  after 

considering the known increased likelihood of adverse outcomes7,26,27 and the challenges of 

dealing with complications in a resource-constrained environment. 

This study aims to describe our experience with a delayed TCPC completion strategy and the 

preservation of forward flow when present. We describe preoperative characteristics, 

intraoperative characteristics, and postoperative outcomes.  
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METHODS 
Study population 

In this retrospective, single-centre study, we reviewed all the patients who had TCPC 

operations done at RCWMCH within ten years from January 1, 2009, to December 31, 2018. 

Approval for this study was obtained from the University of Cape Town Human Research 

Ethics Committee (HREC 364/2019). 

Data collection 

Patient demographics, preoperative and postoperative data were obtained from patients' 

folders, our paediatric cardiology and cardiothoracic surgical electronic databases 

(R046/2016), and the provincial hospital database. 

Details of the cardiac surgical procedures performed before BGS procedures were also 

documented. For the TCPC procedure, the type of surgical approach (extracardiac or lateral 

conduit), conduit size used, fenestration construction, and cardiopulmonary bypass data were 

collected.  

Postoperative data collected following the TCPC procedure included central venous pressures, 

duration of mechanical ventilation, length of intensive care (ICU) stay, pleural drainage 

duration (pleural drain in situ duration), length of hospital stay, and postoperative 

complications. 

Early mortality was defined as when a patient died within 30 days postoperatively or as an 

inpatient after the TCPC procedure. Late mortality was defined as death 30 days 

postoperatively and after discharge from the hospital. The provincial hospital database was 

used to identify alive and demised patients. 

Statistical Analysis 

We used IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y. USA) 

software for statistical analysis. Based on Shapiro-Wilk's test findings for normal values, 

continuous variables were summarised as mean (standard deviation) or median (range), and 

categorical variables as percentages and frequencies.  

The Kaplan- Meier survival curve was constructed to estimate the patients' survival rate after 

the TCPC procedure. We also used the Kaplan-Meier survival curve to determine if there was 

a difference in freedom from TCPC completion between BGS patients with and without 

forward flow. The Log-rank value of less than 0.05 was considered significant. 

Pleural drainage of more than 14 days was defined as prolonged pleural drainage (PLD), 

prolonged ICU stay when a patient remained in ICU for more than three days, and prolonged 

hospital stay when a patient remained in the hospital for more than 14 days. These cut-off 

points were selected based on the previous studies.28–32 

Postoperative infection was defined as when the organism was isolated from sepsis screening 

or when the antibiotics were used empirically initiated based on clinical examination and/or 

septic markers. 

The potential risk factors for prolonged ICU, hospital stay, and pleural drainage as dichotomous 

outcomes were evaluated using logistic regression analysis (Forward selection). In univariate 
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analysis, variables with p-values of less than 0.05 were further analysed in multivariable 

logistic regression to identify the independent risk factor for prolonged ICU, prolonged pleural 

drainage, and hospital stay. 

 

Preoperative characteristic 

Table 1 summarises the patients' demographics and clinical characteristics before the TCPC 

procedure. During this period, 42 patients, all with preserved ventricular function and adequate 

haemodynamic parameters for TCPC completion on their echocardiographic (ECHO) and 

catheterisation studies, underwent TCPC operation. In this group of patients, the BGS shunt 

with and without forward flow was performed in 23 and 17 patients, respectively. 

One male patient at the age of 10 years had a TCPC procedure without initial staging palliative 

procedures. His ECHO findings showed; Situs Inversus, congenitally corrected TGA (ccTGA), 

severe pulmonary stenosis (PS) and non-committed ventricular defect (VSD). 

 

Intra-operative (Anaesthetics and Surgical procedure) 

Table 2 summarises the intraoperative details. TCPC procedures were performed under 

general anaesthesia and intraoperative transoesophageal echocardiography screening, with an 

intention to maintain hemodynamic stability and expedite the patient's extubation in theatre or 

ICU early after the procedure.  

All operations were performed via the median sternotomy, and adhesions from previous 

operations were dissected to mobilise the heart and the great vessels. Standard central 

cardiopulmonary bypass (CPB) commenced, and forward flow if present was eliminated. 

Depending on the surgeon's preference, the cardioplegic arrest was with antegrade blood or 

crystalloid cardioplegia. The inferior vena cava (IVC) was divided off the right atrium and right 

atrium stamp oversewn. Depending on the size of the IVC, an adequate Gore-Tex conduit size 

was selected and interposed between the IVC and right pulmonary artery, frequently enlarging 

the previous BGS anastomosis
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RESULTS 
Post-operative complications/morbidities (Table 3) 

Infection was the most common complication 16(38%). Ten patients presented with pneumonia 

of which five cases no organisms were isolated, while H. influenza (3 cases) and Adenovirus 

(2 cases) were isolated from trachea aspirates. The remaining six patients were treated with 

antibiotics empirically based on clinical features and infection markers. One patient with 

sternal wound infection was successfully managed with wound debridement and vacuum 

dressing. 

All arrhythmias (6 nodal rhythms) and acute kidney injuries (Stage 1 and 2 based on RIFLE33 

criteria) recovered before the discharge, and none of these patients required pacemaker 

implantation or renal replacement therapy, respectively.  

One postoperative bleeding patient required reoperation. However, no obvious area of bleeding 

was found. Chylothorax complications (4) were successfully managed conservatively with a 

low-fat diet. 

There were two diaphragmatic paralysis complications, one patient required a diaphragmatic 

plication (a 3-year-old male with ccTGA/PA/VSD; he previously had a Left Modified Blalock 

Taussig shunt and a bidirectional Glenn shunt performed) while a second patient was 

successfully managed conservatively without surgical intervention (a 13-year-old male with 

tricuspid atresia, prior history of Right Modified Blalock Taussig shunt  and bidirectional 

Glenn ) 

Survival. 

Our cohort had no early mortality, and the one-year and five-year survival rate was estimated 

to be 98% and 88%, respectively (figure 1.)  

We had two late deaths. A 12-year-old boy diagnosed with pulmonary atresia and intact 

interventricular septum died two months after the TCPC procedure during reoperation for a 

thrombosed superior vena cava extending into pulmonary arteries. The second patient was a 

12-year-old male with unbalanced AVSD who demised from secondary heart failure 3.6 years 

after the TCPC procedure (moderate to severe AV valve regurgitation and estimated ejection 

fraction of 20%).  

 

Risk factors for prolonged ICU stay, pleural drainage/effusion, and hospital stay. 

The risk factors for prolonged ICU stay and prolonged pleural effusion are summarised in Table 

4. Maximum time for prolonged pleural drainage was 38 days. In univariate analysis, ventilation 

(> 2 days) and infection were significantly associated with prolonged ICU stay (p-value of 

0.036) and 0.009, respectively. Lastly, infection remained a statistically significant independent 

risk factor for prolonged ICU stay (P-value 0.039). 

After analyzing the potential risk variables for PLD, none of them showed statistical 

significance. However, in univariable analysis, it was observed that PLD was the only 

independent risk factor for a prolonged hospital stay. 
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Freedom from TCPC procedure post bidirectional Glenn shunt, either with or without 

forward flow. 

We noted that TCPC candidates could survive with a BGS for up to 12 years. The median 

interval between Glenn with pulsatile forward flow and TCPC procedure was 5 [1 - 12] years 

(27 patients), while without forward flow was 7 [3 - 11] years (14 patients) years (table 1). 

However, these findings had no statistical difference (P.value: 0.5) in these time intervals. 

Regarding freedom from TCPC completion after the Glenn procedure, we also did not find a 

significant statistical difference (Log Rank 0.469) between bidirectional Glenn with and 

without forward flow (figure 2).
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DISCUSSION 

Survival in delayed TCPC strategy. 
After completing BGS, all our patients are closely followed-up by the cardiologist for any 

clinical deterioration; this implies that all BGS patients were in acceptable functional and 

clinical condition while the TCPC completion was being delayed. In our study, the BGS 

procedure has shown to provide acceptable clinical status for up to12 years prior to TCPC 

completion. This Bidirectional survival  findings are similar to previous studies that showed 

BGS survival of more than 20 years with a good quality of life (NYHA I and II)25,34.  

Considering the BGS survival longevity shown by our study and Yeh’s study that showed no 

survival difference between BGS alone and Fontan circulation patients35  it is paramount to 

consider the BGS procedure not only as a bridge towards TCPC completion but as a palliative 

procedure that may provide sustainable functional and clinical conditions to delay TCPC 

completion and its complications. Taking into consideration the BGS survival longevity, the 

TCPC procedure will only be necessary if BGS becomes functionally inadequate.  

Preserving forward flow during the BGS has potential theoretical advantages such as improved 

oxygen saturation, enhancement of pulmonary artery growth, preservation of endothelial 

function and prevention of thrombosis36 hence we hypothesised forward flow to lengthen the 

time interval between BGS and the TCPC procedure. However, our study did not find forward 

flow to prolong the time interval between BGS and TCPC completion. Based on this finding, 

we cannot recommend the forward flow at the time of the BGS procedure for the purpose of 

leghtherning the time interval between BGS and TCPC procedure. Nevertheless, we can not 

give the account of the longterm benefit  of forward flow in those patients who had forward at 

time of Glenn procedure hence this results should be interpreted with caution. 

Regarding the TCPC survival, we had no early mortality; this reflects a good clinical judgement 

on patient selection, intra and perioperative care. The one-year and five-year survival were 

98% and 88%, similar to previous studies4,36–39 under different TCPC completion strategies. 

These survival results show that the delayed TCPC strategy does not negatively affect the mid-

decade survival of TCPC patients; hence an acceptable strategy for avoiding early exposure to 

TCPC and its known complications. This may be one of the ideal strategy in places with limited 

resources to deal with TCPC-associated complications. 

ICU stay and infection. 
Spontaneous ventilation is advantageous in TCPC patients because the negative intrathoracic 

pressure during inspiration improves venous return, cardiac output, and hemodynamic stability. 

Despite expedited extubation, most of our patients had slightly longer ICU stays than in 

previous studies, which showed an average of 3 days29,31,40 ICU stay. When we analysed the 

risk factors for prolonged ICU stay, we noted that postoperative infection was an independent 

predictor of prolonged ICU stay. 

As shown by International Quality Improvement Collaborative for Congenital Heart Disease 

(IQIC)43 data, postoperative sepsis is one of the major postoperative complications in low- 

and mid-income countries. Some researchers reported postoperative cardiac surgery infection 

rates varying from 5 to 46%41–44 where IQIC data for single ventricle palliation surgeries had 

an infection prevalence of 8%45,46, the results that shows a high prevalence of surgical infection 

similar to our study.  
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Based on these previous postoperative infection prevalence in low- and mid-income countries, 

our hospital has recently joined the IQIC program to strengthen team-based practice, infection 

reduction, and safe perioperative practice. From 2010 to 2014, the IQIC program managed to 

reduce the infection rate from 22.5% to as low as 2.9% at other institutions47. We hope that our 

infection rate will decrease significantly by observing the IQIC infection control measures. 

Apart from infection, another factor that could have contributed to longer ICU stay is the lack 

of an adequately staffed step-down facility. This necessitates a longer ICU stay for a patient to 

attain a clinical condition that can be accommodated by the high care unit in the ward. 

Given the retrospective nature of this study, it was difficult to ascertain the source of infection. 

However, we recommend that the institution adheres to infection control measures. 

 

Other postoperative TCPC complications and hospital stay.  
Fenestration construction has previously been shown to reduce the incidence of prolonged 

pleural effusion48–50. However,  despite routine construction of the fenestration in this study, 

prolonged pleural effusion was still the most common complication, similar to previous 

studies.51  Other perioperative morbidity incidences (Table 3), such as sternal wound infection, 

arrhythmia, acute kidney injury, chylothorax, diaphragmatic paresis and paralysis, and 

thrombosis, were also comparable to other studies.52,53,62,54–61. 

We also noted that prolonged pleural effusion was significantly associated with a prolonged 

hospital stay in univariable analysis, similar to Ajay et al. and other researchers26,63. 

We did not find the independent risk factors for prolonged pleural effusion identified by the 

previous studies30 to be statistically significant in our study. However, different studies have 

demonstrated inconsistency in factors contributing to prolonged pleural effusion.64–66 Based on 

these different findings from various studies, prolonged pleural effusion is caused by a 

combination of multiple risk factors and can be grouped into hormonal, hemodynamic 

changes/hydrostatic, and inflammatory factors; hence its management should involve a 

combination of multiple approaches to address all the possible causes. 

Some of the strategies that have shown positive outcomes in preventing prolonged pleural 

effusion are the WISCONSIN67 and PORTLAND68 protocols. In these protocols, multiple 

approaches such as reducing bypass time, postoperative use of angiotensin-converting enzymes 

inhibitors and diuretics, fluid intake restriction to 80% of the daily requirement, keeping nasal 

cannula oxygen (at least 0.5L) until the chest drain is removed, dietary modification (low-fat 

diet) and removal of the drain when drainage is < 2mL/kg/d. Adopting these well-established 

protocols to deal with this challenge may reduce the lengthy hospital stay and its consequences, 

such as patients’ psychological trauma and cost implications to the hospital and the families.
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Study Limitations  
This study has considerable limitations. Postoperative infection was high, but more than one-

third of infections were based on the use of antibiotics empirically, making it challenging to 

give accurate infection figures. Due to the study’s small size, patients with forward and without 

forward flow at the time of BGS could not be matched; hence the results must be interpreted 

cautiously. Being a retrospective study, some data were missing, and there is a possibility of 

inaccurately recorded information. 

However, this study has well demonstrated the outcome of a well-structured delayed TCPC 

strategy in a resource-constrained environment. 

Conclusion 
Delayed TCPC strategy with or without retention of forward flow has shown acceptable 

outcomes. In this series, we did not find the retention of forward flow to prolong the time 

interval between Bidirectional Glenn shunt and TCPC completion. This strategy may be ideal 

in a resource-limited environment.  

We recommend the implementation of infection and pleural drainage control management 

protocols to avoid prolonged ICU and hospital stays.  

Suggestions for future research  
The functional status of these TCPC patients’ needs to be evaluated in the future. 
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TABLES AND FIGURES 

Table 1: Preoperative characteristics 

 

Variables Values 

Gender (M/F) 18/24 

Age at the time of TCPC procedure (year) 9 [IQR:  7 – 11] 

Weight (Kg) 26 [IQR: 18 – 30] 

Pre-operative saturation (%)  87 [IQR: 82 – 88] 

Pre-op normal sinus rhythm (n)  42 (100%) 

Pre-op mean Pulmonary pressure (mmHg) 10.8 ± 2 

 Diagnosis 

                Tricuspid atresia 22 (52%) 

                TGA/DORV 4 (9.5%) 

                 Unbalanced AVSD 4 (9.5%) 

                 TGA/PS 4 (9.5%) 

                 ccTGA/PA 2 (4.8%) 

                 DILV/DOLV/PS 2 (4.8%) 

                 Pulmonary atresia 2 (4.8%) 

                 DORV/AVSD 2 (4.8%) 

Dominant Ventricle 

                   Left Ventricle 23 (55%) 

                   Co-ventricles 19 (45%) 

Pre-Glenn Procedures 

                   Modified Blalock-Taussig shunts 22 

                   PA banding 4 

                   Central shunts 2 

                   PDA stents 2 

                   PDA ligation 1 

 

Bidirectional Glen Procedure 

Median age at the time of Glenn procedures 

(months) 

 

26 [IQR: 18 – 50]  

The median time interval between the Glenn and 

Fontan Procedure (years) 

6 [IQR: 4 - 9] 

Glenn procedure with the pulsatile forward flow (%) 23 (56%) 
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Table 2: Intra-operative parameters for TCPC procedure 

              Variables Values (%) 

Extra-cardiac TCPC (n) 42 (100) 

Graft/conduit size  

       18mm 

        20mm  

        16mm 

        22mm 

19 (45) 

15 (36) 

  7 (17) 

  1 (2) 

CPB duration (minutes) 120 [IQR: 99 – 144] 

Fenestration 40 (95) 

Fontan pressure (CVP) mmHg 15 [IQR: 12 – 17] 
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Table 3: Postoperative findings  

Mechanical ventilation termination 

             Extubated within 12 hours after the operation 29(78%) 

             Extubated between 12 and 24 hours of the operation 3 (8%) 

             Ventilated for more than 24 hours 5 (14%) 

 

Pleural drainage duration (days) - median 8 [IQR:6 – 14] 

 

Complications: 

             Infections 16 (38%) 

             Arrhythmias (nodal rhythm) 6 (14%) 

             Chylothorax  4 (9%) 

             Diaphragmatic paralysis 2 (4%) 

             Thrombosis 2 (4%) 

             Acute kidney injury 2 (4%) 

             Reoperation for bleeding 1 (2%) 

             Superficial sternal wound infection  1 (2%) 

 

ICU stay (days) - mean 4.5 ± 2.6 

Hospital stay (days) - median 14 (9-23) 

 

  Survival 

                    30-day mortality   0 

                    Late mortality (n) 2 (4.8%) 

                    Median follow – up (months) 24 [IQR:12 – 43] 
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Table 4: Risk of prolonged ICU stay and prolonged pleural drainage 

 

Variables 

Univariate Multivariate 

OR (95% CI) P - 

value 

OR (95% CI) P-value 

Risk factors for prolonged ICU stay (>3 days ) 

Age  1.0 (0.82 – 1.3)   0.9 - - 

Mean pulmonary pressure 0.9 (0.74 – 1.3)   0.97 - - 

Pre-operative saturation 1.0 (0.85 – 1.2)   0.75 - - 

Post-operative CVP > 15mmHg 1.0 (0.19 – 5.1)    1 - - 

Post-operative infection 7.6 (1.64 – 35)  0.009 5.48 (1.09 - 27) 0.039 

Post-operative arrythmia 1.0 (0.23 - 1.9)  0.99 - - 

Prolonged ventilation (2 days ≤) 10 (1.17 – 97)  0.036 7.82 (0.78 - 78) 0.080 

Risk factors for pleural drainage (>14 days) 

Age  0.9 (0.69 – 1.2) 0.57 - - 

Mean pulmonary pressure 1.0 (0.74 - 1.4) 0.85 - - 

Pre-operative saturation 1.0 (0.79 - 1.3) 0.99 - - 

Bypass time 1.0 (0.98 – 1.0) 0.73 - - 

Post-operative infection 1.7 (0.37 – 8.3) 0.49 - - 

Post-operative arrythmia 0.7 (0.71 - 7.1) 0.77 - - 

Prolonged ventilation (2 days ≤) 1.2 (0.81 – 7.6) 0.84 - - 

Post-operative CVP > 15mmHg 1.5 (0.61 - 30) 0.14 - - 

Risk factors for a prolonged hospital stay (>14 days ) 

Prolonged pleural drainage 0.1 (0.10 – 0.9) 0.038 Only significant variable 

Mean pulmonary pressure 0.8 (0.66 – 1.2) 0.48 - - 

Bypass time 1.0 (0.99 – 1.0) 0.21 - - 

Pre-operative saturation 1.0 (0.89 – 1.3) 0.39 - - 

Post-operative CVP > 15mmHg 0.4 (0.08 – 2.2) 0.33 - - 

Post-operative infection 0.3 (0.08 – 1.2) 0.10 - - 

Post-operative arrythmia 1.0 (0.17 – 5.7) 1.00 - - 
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Figure 1; Survival in months after the completion of Total Cavo-Pulmonary Connection
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Figure 2; Freedom from TCPC completion post-Bidirectional Glenn procedure with 

and without forward flow
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QUESTIONAIRE 
 

FONTAN PROCEDURE: MID-TERM OUTCOME OF A DECADE OF DELAYED 

TOTAL CAVO-PULMONARY CONNECTION COMPLETION STRATEGY AT RED 

CROSS WAR MEMORIAL CHILDREN’S HOSPITAL. 

Patient demographics 

1. Date of birth  

2. Gender   

        Male     Female  

 

Preoperative assessment 

3. The initial anatomical diagnosis 

 Tricuspid atresia  

 Hypoplastic Left Ventricle 

 Double outlet right ventricle 

 Pulmonary atresia 

 Others, mention      

4. Fontan criteria 

 Date of operation 

 McGoon ratio 

 Nakata index       

 Mean pulmonary arterial pressure   

 Left ventricular ejection fraction   

 Pre-operative oxygen saturation  

 Cardiac rhythm.   

 Sinus rhythm   Yes              No           

Type of arrythmia   (If the above response was ‘No’) 

 

5. Previous interventions, ‘STAGE I palliation.’ 

i. Pulmonary flow augmentation       Yes     No (If ‘No’ skip the options below) 

A. Central shunt               B. Left MBT shunt                C. Right MBT shunt  

        D. Date of Operation 
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ii. Pulmonary banding            Yes                  No  

A. Date of operation 

 

6. Previous intervention ‘STAGE II palliation’ (Glenn procedure)   Yes                    No 

i.  Date of operation 

ii. Done on cardiopulmonary bypass machine?      Yes         No 

 

Intra and Post-operative data 

7.  Bypass duration(minutes)    

8. Type of Fontan procedure 

 Extra-cardiac conduit   

 Lateral tunnel baffle 

9. Presence of fenestration   Yes  No 

10. ICU stay duration(days) 

 

Early outcome (within 30days) 

11. Number of days on ventilator   

12. Arrhythmia? Yes           No      

i. The type of arrhythmia   

ii. H ow many days post Fontan? 

iii. Resolved at the time of discharge  YES  NO 

Note: duplicate Question 12 options if there was a different type of arrhythmia.  

 

13. Reoperation     Yes             No   

i. Reason for reoperation                                    

ii. How many days post Fontan? 

Note: Duplicate Question 13 in case of multiple operations 

14. Pleural drain duration 

15. Chylothorax  Yes  No  

16. Other complications (Mention them) ………………….. 

17. Total days spent in the hospital after the operation                   ( If patient was discharged) 
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18. Death   Yes              No  

19.  Date of death                                                     (If the above answer was ‘Yes’) 

 

 Late Outcome(After 30 days) 

20. Arrhythmia      Yes          No 

i. The type of arrhythmia   

ii. How many days post Fontan? 

iii. Intervention:   surgical medical  None 

iv. Resolved    Yes       No  

21. Pleural effusion    Yes      No  

22. Other complications (Mention them) ………………….. 

23. Death?               YES              NO   

24. If yes, when? Date of death 
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contact person, research contact person, official scientific title of the study, research ethics 

review, the medical condition being studied, intervention(s), key inclusion and exclusion 

criteria, study type, anticipated trial start date, target sample size, recruitment status, primary 

outcome, and key secondary outcomes. Registration information must be provided at the time 

of submission.  

Trial registry name, registration identification number, and the URL for the registry 

should be included at the end of the abstract. 

Manuscripts reporting the results of randomised controlled trials should include a "CONSORT" 

flow diagram to illustrate the progress of all patients in the study (See: Schulz KF, Altman D, 

for the CONSORT Group. The CONSORT statement: revised recommendations for improving 

the quality of reports of parallel-group randomised trials. JAMA. 2001;285(15):1987–1991.) 

The flow diagram should be uploaded as a separate file to the manuscript. 




