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The bidirectional Glenn shunt improves systemic arterial oxygen saturation without increasing ventricular work or 
pulmonary vascular resistance (1). BDG is a commonly performed procedure for a variety of cyanotic congenital heart 
diseases that lead eventually to a single ventricle repair (2). It is an important intermediate palliation in patients with a 
structurally or functionally univentricular heart who are ultimately destined to have a Fontan-type operation (3). 
Avoidance of cardiopulmonary bypass (CPB) has the advantage of early extubation, less blood products, reduced 
requirement and duration of inotropic support (4). The end-to-side anastomosis of the superior vena cava (SVC) to the 
right or left pulmonary artery, which may be converted to a total cavopulmonary connection later, can effectively both 
increase arterial blood oxygen saturation of the patients and decrease volume overload of the ventricle (5).
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Introduction:
The bidirectional Glenn (BDG) diverts systemic venous 
return from the superior vena cava (SVC) to the bilateral 
pulmonary arteries bypassing the right heart. It is an 
accepted intermediate stage procedure for patients with 
single ventricle physiology prior to the Fontan. 

Materials & Methods:
Between January 2021 to June 2022 ,30 patients underwent the 
BDG shunt at GSMC & KEM hospital, Mumbai without using 
CPB. There were 17 male & 13 female patients. The mean age 
at surgery was 2.3 + 1.4 years (range from 5 months to 13 
years). The mean pre-operative O2 saturation was 73.3% + 
4.4% and haematocrit was 54% + 9.6%. 17 patients had 
previously undergone Blalock-Taussig shunt (BTS) and 15 of 
those had patent shunts at the time of surgery. All patients 
underwent 2D echocardiography and cardiac catheterisation 
prior to surgery. Inclusion criteria were functional single 
ventricles with arterial O2 saturation < 80%, Mc Goon ratio > 
1.5% and mean pulmonary artery pressure < 20 mm hg, 
adequate atrial septal defects and no atrioventricular valve 
regurgitation. Patients who required intra-cardiac repair or 
with low baseline O2 saturation < 60% were excluded from 
the study. 

The procedure was performed under general anaesthesia. All 
patients had intra-operative monitoring including 5 lead 
ECG, pulse oximetry, capnography, internal jugular vein 
catheter and invasive arterial line in either radial or femoral 
artery.

Routine median sternotomy was done, pericardium was 
opened. BTS was dissected, looped but not ligated at this 
stage.

Table 1:

VSD – ventricular septal defect, d-TGA – dextro transposition 
of the great arteries, PS – Pulmonary stenosis, AV - 
atrioventricular SVC was dissected along the entire length 
from its junction with the right atrium till the innominate vein. 
The azygous vein was identified and looped. The branch 
pulmonary arteries were dissected from their origin to hilum 
of the lung. Heparin (1mg/kg) was given to achieve activated 
clotting time of 180 seconds or more. Shunt was established 
between SVC or innominate vein and right atrium using right 
angled or straight cannulas age and size matched to the 
patient.

SVC was transected after clamping just above the right atrial 
end and atrial end was closed. A vascular clamp was placed 
on the right pulmonary artery. End to side anastomosis was 
made between the SVC to right pulmonary artery in a 
continuous fashion using 6-0 prolene. BTS was clipped or 
divided at this stage. The azygous vein was clipped to avoid 
steal from SVC to inferior vena cava except in 1 case with 
interrupted inferior vena cava with azygous continuation. In 
bilateral BDG right side was performed first. Cannulas were 
removed, purse string sutures tied, and protamine given. 

Results:
Mean SVC clamp time was 9 + 4.3 minutes, mean SVC 
pressure during clamping was 24.53 + 3.92 mm hg, 
hemodynamic stability was maintained with O2 saturation at 
65-70% during surgery. The SVC pressure during clamping 
ranged from 15 - 32 mm hg. Average period of post operative 
ventilation was 6.3 + 4.5 hours. Mean ICU stay ranged from 1.3 
+ 0.5 days. 2 patients developed right sided pleural effusion 
managed by intercostal tube drainage and adequate dosage 
of vasodilators. 1 patient developed post operative bleeding 
and needed re-exploration. 1 patient developed convulsions 
48 hours after the procedure, managed with anti-convulsant. 
CT scan revealed mild cerebral oedema with no obvious 
neurological injury. 

Post-operative 2d echocardiography done prior to discharge 
revealed a well-functioning BDG in all patients. 

There was 1 post-operative death in a patient who developed 
right side chylothorax with prolonged intercostal drainage. 

Table 2:

Diagnosis Number 

Double outlet right ventricle with VSD, PS 8 (26.6%)

Tricuspid atresia 10 (33.3%)

Double inlet left ventricle with VSD, PS 1 (3.3%)

d-TGA, VSD, PS, with RV hypoplasia   4 (13.3%)

Pulmonary atresia with intact septum 2 (6.66%)
Pulmonary stenosis 2 (6.66%)

Tetralogy of Fallot 1 (3.3%)

Ebstein anomaly 1 (3.3%)

Complete AV canal with PS 1 (3.3%)

Time SVC pressure 
(mm hg)

Oxygen saturation 
(%)
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Discussion: 
The classic Glenn shunt used to be performed through a 
thoracotomy without CPB (2). In 1990, Lamberti et al. 
described the technique of BDG without CPB in 7 patients. In 6 
patients, an SVC-right atrial temporary shunt was used to 
prevent elevation of intracranial pressure during the period of 
SVC clamping while in 1 patient with bilateral SVC no shunt 
was used (1). Murthy et al. described a novel technique in 5 
patients, in which a temporary shunt, using two standard 
right-angle cannulas, between SVC and the contralateral 
pulmonary artery for SVC decompression was established till 
the anastomosis was completed. They reported a temporary 
increase in oxygenation during this technique because this 
shunt acted as a temporary Glenn shunt (6). Jahangiri et al. 
described BDG shunt in 7 patients, through a right 
thoracotomy without using any shunts during the clamping of 
the SVC. The median SVC pressure during clamping was 26 
mmHg. They attempted to maintain the cerebral perfusion 
(transcranial pressure) at a minimum of 30 mmHg (7).

Liu et al. reported their series of 20 patients who underwent 
BDG without CPB. They used venoatrial or venopulmonary 
shunt in their series. The mean SVC clamp time was 24.3 + 4.7 
min. They reported the mean SVC pressure of 26.9 + 5.5 
mmHg during clamping. There was no postoperative 
neurological complication (8). Luo et al performed offpump 
Glenn operation in 36 patients. They used temporary SVC-
right atrial shunt in 28 patients who had single SVC, while not 
using any shunt in the remaining eight patients with bilateral 
SVC. They reported no neurological complications in their 
patients. On comparing the results with 35 patients who had 
earlier undergone Glenn procedure on CPB, they 
demonstrated that the off-pump group showed better 
postoperative results in terms of lower PA pressure, shorter 
duration of ventilatory support, and less thoracic fluid 
drainage (9).

Clamping the SVC without a temporary shunt can lead to 
decreased cerebral blood flow and put the brain at risk (10). 
Rodriguez and co-workers found the blood flow velocity in 
the middle cerebral artery decreased 50% when clamping 
the SVC (11). In a second study, Rodriguez and associates also 
found significant electroencephalogram changes during 
SVC clamping (12). Liu et al. observed by using nearinfrared 
spectroscopy that the oxyhaemoglobin in brain tissue 
decreased significantly as SVC pressure increased during 
clamping of the SVC (8).

The current accepted optimal age for the BDG is in 3–9 
months (13). The mean pulmonary artery pressure should be 
< 18 mmhg or ideally < 15 mmhg, with a calculated pulmonary 
vascular resistance of <2 units/m2 (13,14). The estimated 
safest pulmonary artery index in terms of postoperative 
haemodynamic should exceed 250 mm2 /m2 as described by 
Senzaki et al (15). A mild atrioventricular regurgitation and a 
mean ventricular end-diastolic pressure <12 mmhg were 
added criteria for better outcomes (13,14). 
‘
The main unexpected complications during off-pump BDG 
include sudden arrhythmias and persistent hypoxia spells. If 
So2 becomes too low, continual intravenous dopamine should 
be used to keep the blood pressure at a satisfactory level so it 
will increase the So2 effectively. The ventricular muscle of 
these patients was usually irritable owing to hypoxemia. If 
supraventricular tachycardia occurs, synchronized 
defibrillation or drugs such as procaine amide or adenosine 
might be used to convert it. If the arrhythmia does not convert 
or the blood pressure decreases sharply, CPB must be 
established at once and the operation finished with the 

support of parallel extracorporeal circulation (5).
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Before SVC 
clamping

8.63 + 1.41 69 + 1.5

During clamping 24.53 + 3.92 67.2 + 0.83

After clamping 16.9 + 2.3 85.42 + 3.26


