
 
 

 
 

  
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 

Introduction 
  Congenital heart diseases are one of the most 
frequently detected congenital disorders and 
are seen in 4- 10/1000 live births, may require 
surgical intervention and may have fatal results 
(1). Functional single ventricle, which is rare 
among congenital heart diseases and has a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

complex nature, constitutes 7.7% of congenital 
heart diseases diagnosed in childhood (2). 
  In complex congenital heart diseases, in which 
two-ventricle repairs cannot be performed,  
the bidirectional cavopulmonary anastomosis 
(BDG = Glenn shunt) procedure is preferred to 
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Introduction: This study aimed to evaluate the treatment results, complications and the factors affecting mortality in 
cases who were followed up postoperatively in the pediatric intensive care unit (PICU) after Glenn shunt procedure. 
Materials and Methods: The duration of the patients on pump during surgery, transition times to feeding, blood 
gas and other laboratory parameters, complications developed during follow-up in the intensive care unit, and 
exitus rates were evaluated retrospectively. 
Results: BDG had been performed due to tricuspid atresia, which was the most common diagnosis (30.2%). In the 
evaluation of the relationship between postoperative patient findings and exitus, a positive correlation was found 
between the duration of inotropic support, early extubation, and the duration of HFNC therapy in all patients 
(p<0.05); and a negative correlation was found in terms of the fluid the patients received on the first day after 
surgery (p<0.05). In patients who developed complications, a negative correlation was observed only in terms of 
the fluid they received on the first day after surgery (p<0.05) 
Conclusions: In terms of all patients, it was observed that mortality increased with early extubation and prolonged 
duration of inotropic support and HFNC therapy, and it decreased as the fluid the patients received on the first day 
after surgery decreased. In patients who developed complications, it was only observed that mortality decreased as 
the fluid the patients received on the first day after surgery decreased. 
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increase pulmonary blood flow. Functional 
single ventricle surgery has a risk of morbidity 
and mortality; therefore, BDG shunt procedure 
can be lifesaving in these patients (3, 4). The 
bidirectional Glenn procedure is performed 
in patients typically before they reach 6 months 
of age (5). 
  The first Glenn shunt was an anastomosis 
between the side of the ligated SVC and the 
distal end of the transacted pulmonary artery 
and only flowed to the ipsilateral lung; the 
contralateral lung was being supplied by 
antegrade flow from the main pulmonary 
artery. Today, BDG is almost exclusively 
performed by placing one end of the superior 
vena cava (SVC) to the superior side of the 
ipsilateral pulmonary artery (PA) connection; 
therefore, the superior caval return has 
drainage to both lungs, meaning that it is 
bidirectional (6). 
  In BDG shunt procedure, it is aimed to 
increase pulmonary blood flow. This procedure 
does not change the amount of blood 
returning to the heart and therefore the heart 
is not exposed to volume overload. BDG  
is performed as an intermediate surgical 
treatment in which the right ventricle is 
completely excluded in patients with single 
ventricle morphology (6, 7). 
 This study aimed to evaluate the treatment 
results, complications and the factors affecting 
mortality in patients who were followed up 
postoperatively in the paediatric intensive care 
unit (PICU) after Glenn shunt procedure. 
 

Materials and Methods 
Study Design  
  In the study, 53 patients who underwent BDG 
procedure in the PICU between 01/01/2019  
and 31/03/2022 and were followed up post-
operatively were included. The duration of  
the patients on pump during surgery, duration 
of anaesthesia, whether they were receiving  
nitric oxide (NO), sildenafil or sedation, their 
 

vasoactive-inotropic scores (VIS), length of stay 
on mechanical ventilation (MV), extubation 
times, whether they were receiving high flow 
nasal cannula (HFNC) oxygen therapy, length  
of hospital stay, transition times to feeding, 
blood gas and other laboratory parameters, 
complications developed during follow-up in 
the intensive care unit, and exitus rates were 
evaluated.  
Surgical Technic 
  After standard median sternotomy in all 
patients, the thymus was completely resected. 
All operations were performed under normo-
thermic cardiopulmonary bypass. In patients 
who did not undergo atrial septectomy, 
cardiopulmonary bypass was initiated by 
cannulation of the right atrium. In other 
patients, cardiac arrest was achieved by 
antegrade blood cardioplegia following aortic-
bicaval cannulation, and then atrial septectomy 
was performed. Patent ductus arteriosus ligated 
immediately at the start of cardiopulmonary 
bypass. Following clamping, the superior  
vena cava was transacted from the right  
atrium entrance and the atrial side was sutured 
on itself. The superior vena cava end-to- 
side anastomosis was performed with 7/0 
polypropylene sutures to the arteriotomy 
performed on the anterior aspect of the right 
pulmonary artery. In some patients, pulmonary 
artery reconstruction was performed with an 
autologous pericardial patch treated with 
glutaraldehyde. The azygos vein was closed 
with a clip. To reduce the pulmonary artery 
pressure, main pulmonary artery was ligated or 
a band was placed on the pulmonary artery. 
  The VIS score was calculated as: dopamine 
(µg/kg/min) + dobutamine (µg/kg/min) + 10 × 
milrinone (µg/kg/min) + 100 × epinephrine (µg/ 
kg/min) + 100 × norepinephrine (µg/kg/min) + 
10,000 × vasopressin (U/kg/min). The inotrope 
score was calculated as: dopamine (µg/kg/min) 
+ dobutamine (µg/kg/min) + 100 x epinephrine 
(µg/kg/min) (8). 
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Statistical Analysis 
 Statistical analysis of the study was performed 
using the SPSS version 26 software package 
(IBM Corp., Armonk, NY, USA). Descriptive 
statistics include number (n) and percentage 
(%). Continuous variables were summarized as 
mean and standard deviation. Spearman Rank 
Correlation Coefficient was used to evaluate the 
obtained data. Statistical significance level was 
accepted as p<0.05 in all tests.  
 

Ethical Statement 
 Approval for the study was obtained from the 
Good Clinical Practice Ethics Committee of 
Diyarbakir Gazi Yaşargil Training and Research 
Hospital (Approval date/ID: 20.05.2022/96). 
 

Results 
  In the study, 32 of the 53 patients, who were 
followed up in the Pediatric Intensive Care Unit 
after the Glenn shunt procedure, were male and 
21 were female. BDG had been performed due 
to tricuspid atresia, which was the most 
common diagnosis (30.2%). The most common 
additional diagnosis was pulmonary stenosis 
(PS) (22.6%) (Table 1). 
  The median age was 15.21 (IQR;2-134) months. 
The mean duration of anesthesia was 4.37±1.82 
hours and the mean duration of the patients on 
pump was 104.26±46.90 minutes. The median 
duration of inotropic support was 3 (IQR; 1-67) 
 
 
 
 
 
 
 
 
 
 
 
 

days. The mean VIS score of the patients 
was 12.1±4.75. The mean time of switching 
antibiotics was 3.2±1.40 days. The median 
extubation time (length of stay on mechanical 
ventilation) of the patients was 16(IQR;5-336), 
the median length of stay in the intensive care 
unit was 5(IQR;2-88) days, and the median 
length of hospital stay was 14(IQR;3.5-104) days. 
Thirty-three of the patients were extubated 
within 24 hours, and 20 patients were 
extubated after more than 24 hours (Table 2). 
  In patients who underwent BDG, atrial 
septectomy was the most frequent additional 
surgical intervention, which was performed in 
20 (37.73%). Other additional procedures were 
pulmonary artery ligation, pulmonary artery 
reconstruction, PDA closure, pulmonary artery 
banding, AV valve repair and surgical procedure 
for Kawasaki, respectively (Table 3). Additional 
procedures and medical treatments performed 
in the patients were presented in Table 3. 
  The mean time to the initiation of Clexane 
treatment was 1.86±1.07 days. Postoperative 
antibiotic prophylaxis was administered to all 
patients. The mean time of switching antibiotics 
was 3.2±1.4 days. No complications developed 
in 32, while some complications developed in 
21 patients. The most common complication 
was infection (developed in 15 patients). The 
most common infections were wound infection, 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 1. Patient diagnoses and additional diagnoses 

Diagnosis n (%) Additional diagnoses n (%) 

Tricuspid Atresia 16 (30.2) Pulmonary stenosis 12 (22.6) 
DORV 

(Dual outlet right ventricle) 15 (28.3) VSD 
(Ventricular Septal Defect) 10 (18.9) 

Unbalanced Atrioventricular Canal 10 (18.9) TGA 
(Transposition of Great Arteries) 8 (15.1) 

DILV 
(Double inlet left ventricle) 5 (9.4) ASD 

(Atrial Septal defect) 8 (15.1) 

IVS-PA 
(Intact ventricular septum - 

Pulmonary atresia) 
4 (7.5) Pulmonary atresia 6 (11.3) 

HLHS 
(Hypoplastic left heart syndrome) 3 (5.6) Left atrial isomerism 2 (3.7) 
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pneumonia, sepsis, meningitis and enteritis, 
respectively. Five (94.3%) of the patients who 
underwent Glenn were declared exitus (Table 4). 
  In the evaluation of the relationship between 
postoperative patient findings and exitus, a 
positive correlation was found between the 
duration of inotropic support, early extubation, 
and the duration of HFNC therapy in all patients 
(p<0.05); and a negative correlation was found 
in terms of the fluid the patients received on the 
first day after surgery (p<0.05). In patients who 
developed complications, a negative correlation 
was observed only for the fluid they received on 
the first day after surgery (p<0.05) (Table 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
  In our study, complications were observed in 
21 of the children who underwent Glenn 
procedure, and 5 patients were declared exitus. 
A negative correlation was found between the 
findings of the patients who were declared 
exitus and the age, duration on pump, duration 
of anesthesia, length of stay in the intensive 
care unit, length of hospital stays, fluid received 
on the first day after surgery, and nitric oxide 
therapy status of the patients who developed 
complications. Among these, only correlation in 
terms of the fluid they received on the first day 
after surgery was significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 2. Demographics and Clinical data 

Variables All Patients 
 (n=53) 

Patients with 
Complications 

(n=21) 

Uncomplicated 
Patients  
(n=32) 

Age, month; Median (IQR) 9 (2-134) 8 (2-134) 10 (6-131) 

Weight, Median; kg (IQR) 7.5 (3.7-32) 7 (3.7-32) 8 (4.2-27) 

Gender, n (%)          - Male 32 (60.4) 15 (71.4) 17 (53.1) 

                                - Girl 21 (39.6) 6 (28.6) 15 (46.9) 

Pump time, minutes; Mean±SD 104.26±46.9 107.81±51.96 101.9±43.98 

Anesthesia duration, hours; Mean± SD 4.37±1.82 4.43±1.94 4.33±1.77 

Inotrope duration, days; Median (IQR) 3 (1-67) 5 (1-67) 2.5 (1-7) 

VIS score; Median (IQR) 12 (2-27) 12 (10-27) 10 (2-23) 

Mean±SD 12.10±4.75 13.1±4.05 11.63±5.14 

Extubation time, n (%) - Early (<24 hours) 33 (62.3) 9 (42.9) 24 (75) 

                                  - Delayed extubation (>24 hours) 20 (37.7) 12 (57.1) 8 (25) 

Mechanical ventilation time, hour; Median (IQR) 16 (5-336) 38 (6-336) 13 (5-120) 

Mean±SD 40.64±55.9 63.05±76.8 25.94±29.65 

HFNC dwell time, hour; Median (IQR) 12 (4-48) 24 (12-48) 11 (4-24) 

Length of stay in intensive care, days; Median (IQR) 5 (2-88) 5 (2-88) 4.25 (2-21) 

Length of stay in hospital; Median (IQR), days 14 (3.5-104) 14 (3.5-104) 14 (8.5-32.5) 

Thorax tube drainage, n (%) - Yes 13 (75.5) 17 (81) 23 (71.9) 

                                                    - No 40 (75.5) 4 (19) 9 (28.1) 

Thorax tube drainage amount (ml); Median (IQR) 175 (65-750) 320 (170-750) 175 (65-570) 
 Abbreviations. IQR; interquartile range, SD; standard deviation, HFNC; High flow nasal cannula 
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 Table 3. Additional surgical interventions and treatments 

Variables n (%) 
Atrial septectomy  20 (37.73) 
Pulmonary artery ligation  18 (33.9) 
Pulmonary artery reconstruction  12 (22.64) 
Patent ductus arteriosus closure  3 (5.7) 
Pulmonary banding  2 (3.8) 
Atrioventricular valve repair  1 (1.9) 
Kawasaki procedure  1 (1.9) 

Nitric oxide 
Given 7 (13.2) 
Not given 46 (86.8) 

Sildenafil 
Given 7 (13.2) 
Not given 46 (86.8) 

Sedation Given 34 (64.2) 
Not given 19 (35.8) 

Clexan Given 7 (13.2) 
Not given 46 (86.8) 

Somatostatin Given 6 (11.3) 
Not given 47 (88.7) 

 

Table 4. Complications 
Variables n (%) 
Infection 14 (26.4) 

- Pneumonia 5 (9.4) 
- Wound infection 5 (9.4) 
- Septicemia, 2 (3.7) 
- Urinary tract infection, 1 (1.8) 
- Enteritis 1 (1.8) 
- Meningitis 1 (1.8) 

Arrhythmia  
- Cardiac arrest 4 (7.5) 
- Atrioventricular block requiring temporary pacemaker 1 (1.8) 
- Supraventricular tachycardia 3 (5.6) 
- Ventricular fibrillation 1 (1.8) 

Bleeding (requiring reoperation) 2 (3.7) 
Pulmonary hypertensive crisis 7 (13.2) 
Chylothorax 5 (9.4) 
Pneumothorax 2 (3.7) 
Pleural effusion (requires re-drainage) 3 (5.6) 
Phrenic nerve injury/diaphragmatic paralysis 2 (3.7) 
Sternaldehissens / sternal opening 3 (5.6) 
Acute respiratory distress syndrome (ARDS) 1 (1.8) 
New onset seizure 1 (1.8) 
Persistent neurological deficit at discharge 1 (1.8) 
Hydrocephalus 1 (1.8) 
Acute renal failure 2 (3.7) 
Deep vein thrombosis 1 (1.8) 
Exitus 5 (9.4) 
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 Table 5. Relationship between patient findings and exitus 

  Variables All Patients  
(n=53) 

Patients with 
Complications (n=21) 

Uncomplicated 
Patients (n=32) 

Age 
r -0.122 -0.185 - 
p value 0.386 0.423  

Pump time 
r -0.202 -0.360 - 
p value 0.147 0.109  

Anesthesia duration 
r -0.191 -0.334 - 
p value 0.171 0.140  

Inotrope duration 
r 0.409** 0.345 - 
p value 0.002 0.126  

VIS score 
r 0.137 0.156 - 
p value 0.329 0.499  

Early extubation / delayed    
extubation 

r 0.281* 0.258 - 
p value 0.041 0.258  

Mechanical ventilation time 
r 0.260 0.165 - 
p value 0.061 0.474  

HFNC dwel time 
r 0.691** 0.614 - 
p value 0.004 0.271  

Length of stay in intensive 
care 

r 0.011 -0.083 - 
p value 0.939 0.722  

Length of stay in hospital 
r -0.180 -0.280 - 
p value 0.196 0.219  

Transition time to postoperative 
nutrition 

r 0.210 0.202 - 
p value 0.131 0.380  

The fluid received on the 1st 
postoperative day (ml/kg/day) 

r -0.387** -0.498* - 
p value 0.004 0.021  

Lactate 1. hour 
r 0.036 0.022 - 
p value 0.795 0.926  

With/ without nitric oxide 
r -0.065 -0.091 - 
p value 0.645 0.694  

Thorax tube drainage 
r 0.116 0.298 - 
p value 0.408 0.189  

Thorax tube drainage amount 
r 0.396 0.290 - 
p value 0.181 0.710  
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There was a positive correlation between the 
other complications, which was not significant. 
In the study conducted by Meyer et al., the 
duration of anesthesia and surgery were longer 
in the group with post-operative complications, 
and the administration of perioperative nitric 
oxide was found to be an important risk factor 
for complications in the patients (9). In the study 
conducted by Tan et al., the incidence of 
complications was reported as 13.7% (10). 
  In the study of Shidhika et al., postoperative 
infectious complications were observed in 
27.6% of 193 patients operated for congenital 
heart diseases (including 11 BDG) and acquired 
heart diseases. In the same study, 26.3% of  
the patients with infection were diagnosed  
with postoperative pneumonia (11). In a study 
conducted in Nigeria, it was observed that 
13.7% of the cardiac surgery patients developed 
postoperative lower respiratory tract infection. 
In our study, infectious complications were 
observed in 26.4% of the patients. 35.7% of the 
infectious complications were pneumonia and 
35.7% were soft tissue infection (12). The data in 
our study were consistent with previously 
conducted studies. 
 Gram-negative bacilli are the most common 
cause of nosocomial infections in children after 
cardiac surgery (13). In a study conducted  
on bacteria isolated from tracheal aspirate 
samples, 54% of bacteria were Pseudomonas 
aeruginosa,16% were Acinetobacter baumannii, 
and 8% were Staphylococcus aureus (14). In our 
study, Staphylococcus epidermidis was found 
in the blood samples of the patients, and 
Stenotrophomonas maltophilia, Acinetobacter 
lwoffii, Enterobacter, Candida, Acinetobacter 
baumannii were found in the tracheal aspirate 
samples. Candida was observed in the wound 
culture and Escherichia coli was observed in the 
urine culture. The high rate of gram-negative 
bacteria found in our study was similar to the 
results of other studies. 

In the study of Kogon et al., it was found that 
patients with complications had prolonged ICU 
and hospital stays (15), which was similar to the 
results of our study. 
  In some patients with balanced circulation as 
a result of bidirectional Glenn shunt procedure, 
any intervention prior to cavopulmonary 
anastomosis is not required; however, the 
majority of them are subjected to preliminary 
procedures in early infancy. The modified 
Blalock-Taussig shunt is required for right side 
structures, the Norwood procedure for left side 
structures, and pulmonary artery banding is 
required for pulmonary hypercirculation; in  
the presence of a persistent left superior  
vena cava, creating bilateral bidirectional 
superior cavopulmonary anastomosis is 
necessary (15,16). The present study performed 
additional surgical interventions such as atrial 
septectomy, pulmonary artery ligation, and 
pulmonary banding were. 
  Data show that the duration of mechanical 
ventilation, pleural drainage, stay in the 
intensive care unit and hospital are prolonged 
in patients who are younger than 4 months (17). 
In the study of Kogon et al., it was observed that 
the duration of chest tube drainage and the 
presence of effusive complications were not 
associated with complication or mortality (15). 
Similarly, in our study, no relationship was 
found between the duration of pleural drainage 
and the presence of effusive complications, the 
length of stay in the intensive care and hospital, 
and surgical mortality. 
  After BDG, the upper trunk and brain are at 
risk of exposure to high venous pressure, which 
leads to a low transcranial pressure gradient 
and may cause neurologic damage. Although it 
does not result in major neurological effects, 
subclinical changes can be observed in the 
brain (18). In our study, new-onset seizures 
were observed in one patient and neurological 
deficit was observed in another patient, which 
continued after discharge. 
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Conclusion 
 The bidirectional Glenn shunt procedure in 
cardiac patients with functional single ventricle 
morphology provides an increase in oxygen 
saturation. Increased oxygen saturation in the 
systemic circulation improves the quality of life 
of patients and decreases mortality. In terms of 
all patients, it was observed that mortality 
increased with early extubation and prolonged 
duration of inotropic support and HFNC 
therapy, and it decreased as fluid. The patients 
received on the first day after the surgery 
decreased. Mortality decreased as the fluid 
the patients received on the first day after 
surgery decreased in patients who developed 
complications. We believe that further research 
and multicentre studies should be conducted to 
achieve more effective results.   
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