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ABSTRACT
Background: Congenital heart diseases are the most common type of congenital malformations. Some of them may pass 
unnoticeable in the first days or maybe years of life, but the others are pretty serious and life-threatening due to major 
malformations that lead to the mixing of oxygenated and deoxygenated blood. Most of these cases are not repairable and 
require separating the venous and arterial blood to help improve oxygen saturation (SpO2).
Aim: The study aims to evaluate the mid and long-term effects of left modified blalock-taussig (MBT) shunt after 
bidirectional cavopulmonary shunt.
Patients and Methods: A retrospective cohort study was conducted on 20 patients who underwent MBTS after 
Bidirectional Glenn. We evaluated the mid and long-term effects of MBTS in those patients, especially SpO2 and 
echocardiographic findings. The study considered the ethical principles of the Helsinki Declaration approval from the 
research ethics committee at our institution (MS 510/2023).
Results: There was a significant increase in postoperative SpO2 in comparison to preoperative SpO2 (P<0.001) with a 
mean difference of 20.95%.
Conclusion: Congenital cyanotic heart disease represents a life-threatening condition where the main problem is 
desaturation due to the mixing of arterial and venous blood. Bidirectional Glenn is a step to separate the oxygenated and 
deoxygenated blood. But later on, SpO2 continues to decline and further intervention is needed. In this study, we found 
that MBTS provides a postoperative significant increase in SpO2 in a wide group of those patients even who are not 
candidates for other operations without significant complications.
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INTRODUCTION                                                                 

Congenital heart diseases are the most common type 
of congenital malformations[1]. Some of them may pass 
unnoticeable in the first days or maybe years of life, but the 
others are pretty serious and life-threatening due to major 
malformations that lead to the mixing of oxygenated and 
deoxygenated blood. Most of these cases are not repairable 
and require separating the venous and arterial blood to help 
improve oxygen saturation (SpO2)

[2].

As the main problem here is desaturation due to the 
mixing of arterial and venous blood, trials were made to 
create another pathway to help improve SpO2 and separate 
the arterial and venous blood. Cavopulmonary shunts 
were described as a possible solution for long-standing 
cyanosis[3].

Bidirectional Glenn (BDG) is one of the cavopulmonary 
shunts that aims at improving SpO2 where the superior 
vena cava (SVC) is transected at its attachment with the 

right atrium and anastomosed to the pulmonary artery[4]. 
Although BDG relieves the cyanosis for some time, most 
cases develop desaturation with advanced age, and further 
intervention is needed[5].

Fontan operation is performed as a second stage of 
repair where the IVC with its junction with the right atrium 
is connected to the pulmonary artery. This procedure 
results in complete separation of pulmonary and venous 
return (total cavo-pulmonary shunt)[6] but it has many 
restrictions and many complications, especially in the long 
term. Most of the complications are caused by chronic 
systemic venous hypertension due to the lack of a pumping 
sub-pulmonary ventricle. The most frequent complications 
are arrhythmias, thromboembolism, protein-losing 
enteropathy, heart failure, and plastic bronchitis[7]. The 
pathogenetic mechanisms are not completely understood 
but they are all connected to chronic systemic venous 
hypertension. Quality of life and life expectancy are deeply 
impaired by the onset of such complications[8].
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While searching for options for dealing with the 
effects of such complex congenital heart problems, mainly 
desaturation, it was observed that patients with complex 
cardiac anomalies in addition to patent PDA have better 
blood oxygenation than those without patent PDA[9].

Depending on the fact that arterial shunts could improve 
SpO2 and regarding the restrictions and complications of 
the Fontan procedure, the idea of performing an arterial 
shunt like MBT shunt in patients with BDG suffering from 
cyanosis came up.

The Blalock-Taussig’s shunt (BTS) was initially 
introduced by Alfred Blalock and Vivien Thomas[10], who 
used the subclavian artery as an anastomosis to create a 
canine model of PA hypertension. This idea was then 
adopted as a last-ditch effort to increase pulmonary blood 
flow in tetralogy of Fallot patients[11].

Over time, a major improvement of the traditional BTS 
was devised, avoiding the subclavian artery by using a 
synthetic vascular prosthesis. Compared with the original 
BT shunt, this modification had a number of benefits, 
including a decreased propensity to deform hypoplastic 
PAs, a reduced requirement for mediastinal dissection, 
the preservation of upper extremity blood flow, a steady 
shunt flow, and an appropriate length[12]. The MBTS is still 
the most popular systemic PA shunt in use today because 
of these important benefits[13]. Additionally, the hepatic 
factors in the lungs are preserved by MBT shunt following 
BDG, which lowers the risk of AV malformation[14].

Aim

The study aims to evaluate the mid and long-term effects 
of left MBT shunt after bidirectional cavopulmonary shunt.

PATIENTS AND METHODS:                                                                             

Study setting

This study is a retrospective cohort study from January 
2023 to December 2023 on 20 patients conducted at 
the Department of Cardiothoracic Surgery Ain Shams 
University Hospital.

Inclusion criteria

Patients greater than 5 years old, patients with 
cavopulmonary shunt operation, patients with sizable left 
pulmonary artery, patients with normal anatomy of the left 
subclavian artery, patients with SpO2 less than 75%.

Exclusion criteria

Patients less than or equal to 5 years old, patients with 
dysfunction cavopulmonary shunt, patients with other 
debilitating diseases that may affect life expectancy.

Procedures and tools

Regarding medical records of the patients

Demographics (age, sex, BMI), complete history 
taking including past medical history of any other illness, 
general examination including: vital signs, collection of 
preoperative data: BMI, SpO2, and echocardiography.

Surgical technique of MBTS

The patient is put in the left lateral position for the 
posterolateral thoracotomy to be done, dissection over the 
left subclavian artery and the main pulmonary artery and 
its left branch, vascular clamps are applied and Side to side 
anastomosis is done using a gortex tube graft of suitable 
size, removal of vascular clamps and checking for bleeding 
from the anastomosis, placement of chest tube and primary 
closure in layers.

Collection of post-operative data

SpO2, NYHA class, echocardiography, postoperative 
morbidity, and mortality.

Statistical analysis

Statistical analysis was done using IBM SPSS statistics 
for windows, Version 20.0. Armonk, NY: IBM Corp. 
Categorical data were expressed as number and percent. 
Continuous data were expressed as mean, SD, median, 
minimum, and maximum. Comparisons of pre-operative 
and post-operative continuous data were performed using 
paired-samples T-test. A value of P less than 0.05 was 
considered statistically significant.

RESULTS:                                                                          

The results are discussed in detail and will evaluate the 
outcome of mid and long-term effects of left MBT after 
bidirectional cavopulmonary shunt. 

Table 1: Sex of the studied patients

Sex Number (%)
Male 14 (70%)

Female 6 (30%)

The study included 20 patients underwent MBTS 
following CPS via thoracotomy approach. There were 14 
(70%) males and six (30%) females (Table 1).

The indications of MBTS were hypoplastic left 
ventricle in 30%, TGA+pulmonary atresia in 15%, D-TGA 
in 15%, Transposition of great arteries (TGA)+ Double 
outlet right ventricle (DORV) in 15%, Double inlet left 
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Table 2: Durations of postoperative ICU and hospital stays

Statistics ICU stay (days) Hospital stay (days)
Mean 5.40 14.35
Median 5 13.50
SD 1.23 4.15
Minimum 4 8
Maximum 8 22

Table 3: Postoperative oxygen saturation (SpO2)

Statistics Postoperative SpO2

Mean 88.90
Median 89
SD 2.40
Minimum 85
Maximum 94

Fig. 1: Postoperative ICU and hospital stay by days for each patient.

ventricle (DILV)+ Pulmonary stenosis (PS) in 10%, 
DORV+ Ventricular septal defect (VSD) in 5%, DORV in 
5%, and TOF with hypoplastic left ventricle in 5%.

Preoperative left ventricular ejection fraction (LVEF) 
ranged between 52 and 65% with a median of 58.50% and 
a mean of 58.90±4.25%.

ICU stay ranged between 4 and 8 days with a median 
of 5 days and a mean of 5.40±1.23 days. Postoperative 
hospital stay ranged between 8 and 22 days with a median 
of 13.50 days and a mean of 14.35±4.15 days (Table 2, 
Fig. 1).

Postoperative SpO2 ranged between 85 and 94% with a 
median of 89% and a mean of 88.9±2.40% (Table 3).

There was a significant increase in postoperative SpO2 

in comparison to preoperative SpO2 (P<0.001) with a mean 
difference of 20.95% (Table 4).

The postoperative course was uneventful in the majority of 
cases. There was no mortality, re-operation, or shunt occlusion. 
There were minimal postoperative complications reversed on 
medical treatment in 3 (15%) cases including thrombosis treated 
by anticoagulants, wound infection, and pneumonia in one patient 
for each (5%)
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DISCUSSION                                                                  

Structural anomalies of the heart or intrathoracic 
great vessels that happen during fetal development 
are known as congenital heart disorders (CHD). The 
most prevalent kind of birth abnormality and the main 
reason why children with congenital abnormalities die 
is congenital heart disease (CHD)[1]. There are two 
types of CHD: cyanotic CHD, often known as critical 
CHD, and noncyanotic CHD[15].

The main problem in cyanotic CHD is desaturation 
due to the mixing of arterial and venous blood. 
Cavopulmonary shunts were described as a possible 
solution for long-standing cyanosis as they can provide 
another pathway to separate the arterial and venous 
blood[3].

BDG is one of the cavopulmonary shunts that 
aims at improving the SpO2 where the SVC is 
transected at its attachment with the right atrium and 
anastomosed to the pulmonary artery[4]. Although 
BDG relieves the cyanosis for some time, most cases 
develop desaturation with advanced age, and further 
intervention is needed[5].

Fontan operation is performed as a second stage 
of repair and it results in complete separation of 
pulmonary and venous return[6], but it has many 
restrictions and complications, especially in the long-
term.

However, in the event of a subpulmonic pumping 
chamber’s absence, the unphysiological Fontan 
circulation leads to a decrease in cardiac output and an 
increase in central venous pressure, which can lead to 
a number of short- or long-term problems.

These complications include[16]:

One common cardiac complication in Fontan 
circulation is atrioventricular valve regurgitation, 
which has a negative effect on long-term results 
by raising the likelihood of mortality or heart 
transplantation[17].

Following Fontan surgery, arrhythmias such as 
bradyarrhythmia, supraventricular tachyarrhythmia, 
and atrial tachyarrhythmia are frequently seen. They 
might result in cardiac failure, thrombogenesis, 
atrioventricular valve regurgitation worsening, or even 
abrupt death[18].

Ventricular dysfunction, either diastolic or systolic, 
is a frequent consequence that worsens long-term 
mortality and morbidity. There are several contributing 
factors, including repeated operations, pressure, and 
volume overloading, and persistent hypoxia[19].

In Fontan circulation FSV patients, thromboembolic 
events are a major cause of morbidity and death. Despite 
the lack of clarity around the genesis and etiology of 
thromboembolic events, endothelial dysfunction, 
aberrant hemodynamics, and hypercoagulability 
are the three components of Virchow’s triad that 
are implicated. Endothelial dysfunction specifically 
refers to the loss of prothrombotic products and 
vasoconstrictors, along with a rise in prothrombotic 
factors and antithrombin, Protein C, S, and 
antithrombin, and vasodilators such as nitric oxide, 
which ultimately leads to a prothrombotic state[20].

With a remitting and relapse course, protein-
losing enteropathy is an uncommon but devastating 
complication. It is characterized by massive protein 
loss into the digestive tract, which results in low levels 
of serum albumin and total protein, hypercoagulability, 
and immunodeficiency due to enteric loss of 
lymphocytes and immunoglobulins[21].

Like PLE, plastic bronchitis (PB) is a rare but 
potentially catastrophic condition that causes cohesive 
and obstructive bronchial casts to form and expectorate 
in Fontan patients[22].

Liver fibrosis, cirrhosis, and possibly cancer are 
among the congestive hepatopathies that make up 
Fontan-associated liver disease (FALD)[23].

At rest, the kidneys’ blood supply normally 
makes up 20–25% of the heart’s output. Here, renal 
impairment, including acute kidney injury (AKI) and 
chronic kidney disease (CKD), may result from the 
Fontan hemodynamic change[24].

In the review conducted by Johanna et al. Many 
patients with Fontan circulation experienced serious 
long-term complications such as difficulty in areas 
of cognition related to attention and executive 
functioning, visual-spatial reasoning, and psychosocial 
development. They were also at high risk for mental 
health morbidities, particularly anxiety disorders and 
depression[25].

Statistics Postoperative-preoperative SpO2

Mean difference (%) 20.95
P value <0.001*

Table 4: Change in postoperative oxygen saturation (SpO2)
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It was an interesting remark that patients with patent 
PDA who did not undergo PDA closure during the 
cavopulmonary shunt operation had more acceptable 
saturation than patients with closed PDA, and they did 
not need further intervention[9]. Depending on the fact 
that arterial and pulsatile blood supply to the lung can 
help to avoid severe progressive desaturation, hence 
came the idea of doing arterial shunts after BDG.

Not all patients who have had a Glenn shunt are 
candidates for Fontan, in addition to the serious 
complications already mentioned. This is because 
many of these patients have significant A-V valve 
regurgitation, systemic ventricular dysfunction, 
pulmonary artery hypoplasia, and high pulmonary 
vascular resistance[26].

Therefore, many approaches were being tested 
to help individuals with BDG who experienced 
increasing desaturation increase their SpO2. Veno-
venous collaterals have been reported to worsen the 
prognosis in these individuals by lowering their arterial 
SpO2. Transcatheter closure for those collaterals was 
carried out in the Doaa et al. trial in an effort to raise 
the SpO2

[27].

Creating radial and axillary arteriovenous (AV) 
fistulae to augment pulmonary blood flow across the 
preexisting cavopulmonary shunt was another strategy 
to aid in increasing SpO2 following BDG[28].

According to a study by William et al., a 13-year-
old patient with tricuspid atresia who had a superior 
vena cava-right pulmonary artery (SVCRPA) shunt 
at age 3 could benefit from an A-V fistula as a useful 
way to supplement blood flow to the right lung. This 
was achieved by increasing the flow through the shunt, 
giving it a pulsatile character, and ultimately lowering 
the blood’s viscosity[29].

Patients with complicated cardiac abnormalities 
who have a patent PDA tend to have greater SpO2 than 
those who do not. Furthermore based on earlier research 
mentioning the benefit of A-V fistulae in raising SpO2 
in patients who had previously had cavopulmonary 
shunts. The notion of executing MBTS subsequent to 
the BDG was raised.

Previously referred to as the standard or classic 
BT shunt, the MBTT shunt is a palliative surgical 
operation used to treat patients with cyanotic cardiac 
disorders defined by reduced pulmonary artery flow[30].

The goal of the BT shunt is to deliver enough blood 
flow to the pulmonary artery to alleviate cyanosis 
without causing pulmonary over circulation. Through a 
lateral thoracotomy, the subclavian artery was divided 

and anastomosed end-to-side to the pulmonary artery 
in the standard BT shunt surgery. After numerous 
modifications, the initial procedure became the MBTT 
shunt, which creates a systemic-pulmonary shunt 
without compromising any of the brachiocephalic 
tributaries or the subclavian arteries by using an 
interposition polytetrafluoroethylene (PTFE) graft[30].

The benefits of pulmonary artery shunts were 
listed in the review paper written by Pankaj et al. as 
follows[31]:

Enhancement of hematological parameters and 
systemic SpO2: The creation of an axillary arterio-
venous fistula for the purpose of correcting hypoxemia 
after a first BDG was documented by Glenn and 
Fenn in 1972[29]. After a BDG, patients who have 
a systemic to pulmonary artery shunt have higher 
systemic SpO2 due to increased pulmonary blood 
flow, increased recruitment of the pulmonary capillary 
bed, and decreased pulmonary vascular resistance. 
This leads to a reduction in the risk of cerebral and 
peripheral venous thrombosis, a progressive decrease 
in hematocrit, blood viscosity, and coagulopathy, and 
an increase in SpO2 from 8% to 25%[32].

Increase in pulmonary artery size

Ishikawa et al.[33] have demonstrated significant 
increases in pulmonary artery size on the ipsilateral side 
following a BTS, especially if the shunt was performed 
within the first year of life, despite conflicting data 
regarding the increase in pulmonary artery size 
following the creation of a systemic pulmonary artery 
shunt. It is unclear why many patients who have had 
a systemic to pulmonary shunt do not see a significant 
increase in the size of their pulmonary arteries after 
the procedure, but it is plausible that a relatively 
small shunt is not able to pump enough blood into the 
pulmonary circulation to match the normal cardiac 
output. An innate flaw in the pulmonary arteries or the 
integration of ductal tissue inside the pulmonary artery 
are two other potential causes.

Regression of pulmonary arteriovenous 
collaterals (malformations; AVM)

The majority of patients experience pulmonary 
AVM 5–10 years after BDG; this results in a 
worsening of pulmonary function and an increase in 
cyanosis. The exact cause of these AVMs is unknown, 
but it is thought to be caused by a lack of hepatic 
factor circulating through the lungs after antegrade 
pulmonary blood flow is interrupted after a BDG[34]. 
According to a study by Doff B. et al., these AVMs 
regress and are prevented from growing further[35].
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Improvement in ventricular function

Six patients who had undergone a BDG before 
and were deemed inappropriate for TCPC because 
of ventricular dysfunction were palliated using a 
brachial AV fistula in the Quarti et al. research[36]. 
After a brachial AV fistula was created, all six patients’ 
ventricular function improved during follow-up, and 
they all underwent successful TCPC procedures within 
6 years. It is unclear how precisely the systemic to 
pulmonary artery shunt in these individuals improved 
ventricular function. Ventricular function may have 
improved, nevertheless, because of factors such as 
decreased blood viscosity from a lower hematocrit, 
increased myocardial preload, and increased SpO2 
from better oxygen delivery to the myocardium[36].

Out of 320 children with cyanotic congenital 
heart malformations who had previously undergone 
cavopulmonary shunt operations, 11 were deemed 
unsuitable for definitive repair, a Fontan procedure, 
or other palliation due to their increasing cyanosis 
and exercise intolerance, as reported by A Magee 
et al.[35]. Three individuals had a prior bidirectional 
cavopulmonary connection, and eight had a prior 
Glenn shunt. Ten patients underwent ipsilateral 
axillary AV fistula formation to increase pulmonary 
blood flow. Before surgery, mean SpO2 were 80%                                                                                                                 
+/-2%, immediately after surgery, they were 85% 
+/-2%, and after a mean follow-up interval of 7.4 
years (range 0.1–15.5 years), they were 84% +/-3%.
This suggested that when alternative choices are 
limited, establishing an axillary AV fistula to increase 
pulmonary blood flow following a cavopulmonary 
shunt offers helpful palliation for complicated cyanotic 
heart disease.

In this study, we reported the mid- and long-term 
postoperative outcomes, particularly SpO2, after we 
retrospectively evaluated the data of 20 patients who 
underwent BDG in our hospital and received MBTS.

The preoperative SpO2 had a mean of 67.95±3.56% 
with a range of 60–73%. The median was 68.50%. The 
range of postoperative SpO2 was 85–94%, with a mean 
of 88.9±2.40% and a median of 89%. With a mean 
difference of 20.95%, there was a substantial rise in 
postoperative SpO2 compared with preoperative SpO2 
(P <0.001). Therefore, it was statistically significant 
that in patients who have had a prior cavopulmonary 
shunt and are not candidates for other procedures 
or cannot tolerate their consequences, left MBTS 
effectively raises SpO2.

Worldwide, a midline sternotomy has become the 
standard procedure for managing MBTS. It is also said 
that doing a MBTS via thoracotomy is technically more 

difficult. On the other hand, thoracotomy surgery has 
been suggested to put patients at lower risk for wound 
infections, postoperative respiratory impairment, 
shorter hospital stays, and cosmetic issues.

The sole side effect reported in the A Magee et al. 
research[35] was a patient’s slight arm edema distal to 
the fistula; this patient’s distal vein was left unlocated 
and she needed another procedure after 19 days.

Most of the patients in our dataset had unremarkable 
postoperative courses. No shunt obstruction, death, or 
re-operation occurred. Three (15%) cases had modest 
postoperative problems that were resolved with 
medical treatment; they included one (5%) patient’s, 
wound infection, and pneumonia, as well as thrombosis 
treated with anticoagulants.

CONCLUSION                                                                                                                                  

Congenital cyanotic heart disease represent a life-
threatening condition where the main problem is 
desaturation due to the mixing of arterial and venous blood. 
BDG is a step to separate the oxygenated and deoxygenated 
blood. But later on, SpO2 continues to decline and further 
intervention is needed. In this study, we found that MBTS 
provides a post-operative significant increase in SpO2 in a 
wide group of those patients even who are not candidates 
for other operations without significant complications.

CONFLICT OF INTEREST                                          

There are no conflicts of interest.

REFERENCES                                                                

1. Boyd R, McMullen H, Beqaj H, Kalfa D. 
Environmental Exposures and Congenital Heart 
Disease. Pediatrics 2022; 149:e2021052151.

2. Prica M, Kamalathasan S, Gopaul K, Warriner 
D. Adult congenital heart disease: a review of 
the simple lesions. Br J Hosp Med (Lond). 2022; 
83:1-12.

3. Salik I, Mehta B, Ambati S. Bidirectional Glenn 
Procedure or Hemi-Fontan. [Updated 2022 Sep 
26]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2022 Jan-

4. Sharma R. The bidirectional Glenn shunt for 
univentricular hearts. Indian J ThoracCardiovasc 
Surg 2018; 34:453-456.

5. Croti U, Braile D, Godoy M, Avona F. Early 
cyanosis after bidirectional glenn operation by 
venovenous connection via hemiazygos vein. 



920

MBTSHUNT AFTER BDG

Revistabrasileira de cirurgiacardiovascular 
:órgãooficial da SociedadeBrasileira de Cirurgia 
Cardiovascular 2009; 24:94-97.

6. van der Ven JPG, van den Bosch E, Bogers AJCC, 
Helbing WA. State of the art of the Fontan strategy 
for treatment of univentricular heart disease. 
F1000Res 2018; 7:F1000. Faculty Rev-935

7. Mazza GA, Gribaudo E, Agnoletti G. The 
pathophysiology and complications of Fontan 
circulation. Acta Biomed 2021; 92:e2021260.

8. Frigiola A, Lo Rito M Le complicanze tardive 
dell’intervento di Fontan [Late complications of 
Fontan operation]. G ItalCardiol (Rome) 2017; 
18:625-630.

9. Cucerea M, Simon M, Moldovan E, Ungureanu 
M, Marian R, Suciu L. Congenital Heart Disease 
Requiring Maintenance of DuctusArteriosus in 
Critically Ill Newborns Admitted at a Tertiary 
Neonatal Intensive Care Unit. J Crit Care Med 
(TarguMures). 2016; 2:185-191.

10. Evans WN. The Blalock-Taussig shunt: the social 
history of an eponym. Cardiol Young 2009; 
19:119-128.

11. Kapoor PM. The blalock and taussig shunt 
revisited. Ann Card Anaesth 2017; 20:323-330.

12. Yuan SM, Shinfeld A, Raanani Eh. The Blalock-
Taussig Shunt. J Card Surg 2008; 24:101-108.

13. Yuan SM, Shinfeld A, Raanani E. The Blalock-
Taussig shunt. J Card Surg 2009; 24:101-108.

14. Bhat AN, Ramath MR, John J, et al. Modified 
Blalock Taussig shunt for management of severe 
desaturation following bidirectional superior 
cavopulmonary anastomosis in a 3-month-old 
child. Indian J Thorac Cardiovasc Surg 2015; 
31:165-168.

15. Desai K, Rabinowitz EJ, Epstein S. ‘Physiologic 
diagnosis of congenital heart disease in cyanotic 
neonates’. Curr Opin Pediatr 2019; 31:274–283.

16. Ma J, Chen J, Tan T, Liu X, Liufu R, Qiu H,                       
et al. Complications and management of functional 
single ventricle patients with Fontan circulation: 
From surgeon’s point of view. Front Cardiovasc 
Med 2022; 9:917059.

17. King G, Gentles TL, Winlaw DS, Cordina 
R, Bullock A, Grigg LE, et al. Common 

atrioventricular valve failure during single 
ventricle palliationdagger. Eur J Cardiothorac 
Surg 2017; 51:1037–1043.

18. Davos CH, Francis DP, Leenarts MF, Yap SC, Li 
W, Davlouros PA, et al. Global impairment of 
cardiac autonomic nervous activity late after the 
Fontan operation. Circulation 2003; 108:II180–
II185.

19. Nakano SJ, Siomos AK, Garcia AM, Nguyen H, 
SooHoo M, Galambos C, et al. Fibrosis-related 
gene expression in single ventricle heart disease. 
J Pediatr. 2017; 191:82–90.e2.

20. Odegard KC, McGowan FX, Zurakowski 
D, DiNardo JA, Castro RA, del Nido PJ,                                                                                        
et al. Procoagulant and anticoagulant factor 
abnormalities following the fontan procedure: 
increased factor VIII may predispose to 
thrombosis. J Thoracic Cardiovasc Surg 2003; 
125:1260–1267.

21. Al Balushi A, Mackie AS. Protein-losing 
enteropathy following Fontan palliation. Can J 
Cardiol 2019; 35:1857–1860.

22. Maleux G, Storme E, Cools B, Heying R, Boshoff 
D, Louw JJ, et al. Percutaneous embolization of 
lymphatic fistulae as treatment for protein-losing 
enteropathy and plastic bronchitis in patients with 
failing Fontan circulation. Catheter Cardiovasc 
Interv 2019; 94:996–1002.

23. Tellez L, Rodriguez de Santiago E, Albillos A. 
Fontan-associated liver disease. Rev Esp Cardiol 
(Engl Ed) 2018; 71:192–202.

24. Khuong JN, Wilson TG, Grigg LE, Bullock A, 
Celermajer D, Disney P, et al. Fontan-associated 
nephropathy: predictors and outcomes. Int J 
Cardiol 2020; 306:73–77.

25. Calderon J, Newburger JW, Rollins CK. 
Neurodevelopmental and Mental Health Outcomes 
in Patients With Fontan Circulation: A State-of-
the-Art Review. Front Pediatr 2022; 10:826349.

26. Rogers LS, Glatz AC, Ravishankar C, Spray 
TL, Nicolson SC, Rychik J, et al. 18 years of the 
Fontan operation at a single institution: results 
from 771 consecutive patients. J Am Coll Cardiol 
2012; 60:1018-1025.

27. Abdel-Aziz D, Tanase D, Ewert P, Georgiev S, 
Cleuziou J, Renner D, et al. Catheter interventional 
closure of veno-venous collaterals in cyanotic 



921

Atallah et al.

patients after partial cavopulmonary shunts 
in pediatric patients: clinical practice review. 
Cardiovasc Diagn Ther 2023; 13:599-608.

28. Yurlov IA, Podzolkov VP, Kovalev DV, Chugueva 
IA, Zelenikin MM, Samsonov VB, et al. Indications 
for and results of axillary arterio-venous fistula in 
patients with a functionally single ventricle after 
cavopulmonary anastomosis. Eur J Cardiothorac 
Surg 2019; 55:572-578.

29. Glenn WW, Fenn JE. Axillary arteriovenous fistula. 
A means of supplementing blood flow through a 
cava-pulmonary artery shunt. Circulation 1972; 
46:1013-1017.

30. Alahmadi MH, Bishop MA. Modified Blalock-
Taussig-Thomas Shunt. 2023 Oct 14. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024 Jan–. PMID: 37983362

31. Garg P, Talwar S, Kothari SS, Rajashekar P, 
Saxena R, Airan B. Role of systemic to pulmonary 
artery shunt after cavopulmonary anastomosis. J 
Card Surg 2013; 28:599-603.

32. Kopf GS, Laks H, Stansel HC, et al. Thirty-year 
follow-up of superior vena cava-pulmonary artery 
(Glenn) shunts. J Thorac Cardiovasc Surg 1990; 
100:662–671.

33. Ishikawa S, Takahashi T, Sato Y, et al. Growth of 
the pulmonary arteries after systemic-pulmonary 
shunt. Ann Thorac Cardiovasc Surg 2001; 7:337–
340.

34. McElhinney DB, Marshall AC, Lang P, et al. 
Creation of a brachial arteriovenous Fistula 
for treatment of pulmonary arteriovenous 
malformations after cavopulmonary anastomosis. 
Ann Thorac Surg 2005; 80:1604–1609.

35. Magee A, Sim E, Benson LN, Williams WG, Trusler 
GA, Freedom RM. Augmentation of pulmonary 
blood flow with an axillary arteriovenous fistula 
after a cavopulmonary shunt. J Thorac Cardiovasc 
Surg 1996; 111:176-180.

36. Quarti A, Oggianu A, Soura E, et al. Brachial 
arteriovenous fistula in patients with 
cavopulmonary connection and poor ventricular 
function: A bridge to Fontan operation. J Card 
Surg 2011; 26:415–419.


