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Abstract
Objective Conventionally, the bidirectional Glenn procedure
(BDG) is performed on cardiopulmonary bypass (CPB) using
aortobicaval cannulation. This study discusses the procedural
details of open anastomosis technique of the BDG and
outcomes.
Method Between September 2013 and November 2014, 15
patients (age 49 ± 47.9 months, weight 14.1 ± 10.3 kg)
underwent BDG using the open technique (OT). CPB was
instituted by aortic cannulation and a single venous cannula
in the right atrium. Superior vena cava (SVC) was not cannu-
lated and all the venous return from it was returned via a
cardiotomy sucker. This facilitated an open anastomosis.
Parameters studied were CPB time, Glenn pressure, SVC
clamp time, neurocognitive score, near-infrared spectrometry
(NIRS), inotropic score, SpO2, intensive care unit (ICU) stay,
hospital stay and immediate complications.
Results Saturation increased from pre-operative 64 to 87 %
after operation. Post-operative Glenn pressure was
15 ± 3.8 mmHg. CPB time was 28.6 ± 17.4 min, inotropic
score was 8.0 ± 2.5, duration of ventilator support was
8.8 ± 3.6 h, ICU stay was 17.78 ± 3.14 h and hospital stay
was 4.4 ± 0.5 days. There was progressive increase of the
neurocognitive function post-operatively. NIRS monitoring
showed no significant drop in values from base line level in

OT group suggesting adequate cerebral perfusion. There were
no deaths or major morbidity.
Conclusions BDG can be performed quickly and safely with
open anastomosis technique on CPB.
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Introduction

The bidirectional Glenn shunt (BDG) consists of an end-to-
side anastomosis between the superior vena cava (SVC) and
the right pulmonary artery (RPA). It is a well-
established palliative surgical procedure in patients with
a univentricular heart and is performed in younger pa-
tients as a staged procedure or in older patients as a
part of single-stage total cavopulmonary connection
[1]. Commonly this procedure is performed with the
support of cardiopulmonary bypass (CPB), although
many including us have popularized the BDG without
the use of CPB [2, 3]. When the procedure is performed
on CPB, aortobicaval cannulation is usually performed.
In this report, we present our alternative technique of
open anastomosis of BDG without cannulating the SVC.
Early results are presented. This technique was used
initially by the Mee group from Melbourne and later
Cleveland but was never published by them to the best
of our knowledge.

Methods

This prospective study was carried out at All India Institute of
Medical Sciences, New Delhi, between September 2013 to
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November 2014. Fifteen patients had the procedure performed
with CPB support by a single surgeon (ST). Informed consent
was obtained from parents of all the patients and the study
protocol was approved by the institute ethics committee.
Patient profile is listed in Table 1.

Mean age at operation was 49 ± 47.9 months (range = 10–
192 months, median = 36 months). The commonest diagnosis
was tricuspid atresia with ventricular septal defect and
pulmonary stenosis (TA, VSD, PS) in 7 of the 15 pa-
tients. Mean pre-operative systemic saturation (SpO2)
was 64 ± 0.08 % (range = 53–80 %, median = 63 %).
Two patients had earlier undergone modified Blalock-
Taussig shunt (BT shunt) via thoracotomy: one on right
side and another on left side. Both shunts were patent.
No patient needed intracardiac procedure or pulmonary
artery (PA) plasty as a part of BDG. A concomitant PA
plasty was, however, not considered a contraindication
to this technique.

All patients had a small cannula placed in the internal jug-
ular vein on the side of the SVC for monitoring the pressure in
the SVC. Invasive arterial pressure monitoring line and central
venous access was achieved by an arterial cannula and a
triple-lumen catheter in the femoral artery and vein, re-
spectively. Near-infrared spectroscopy (NIRS) was mon-
itored for adequacy of cerebral perfusion. Bispectral in-
dex (BIS) was monitored for the depth of anaesthesia.
Operating room temperature was kept cool to ensure
cerebral protection. Ventilation was adjusted in a man-
ner to achieve PaCo2 between 40 and 45 mmHg.
Elective dopamine was started (5 mcg/kg/min) prior to
weaning off CPB.

Technique

All procedures were performed via the median sternotomy
approach. The thymus was excised partially or completely.
The pericardium was opened in the midline and stay sutures
were placed. Anatomy was assessed, particularly the conflu-
ence and adequacy of pulmonary arteries. LSVC was looked
for in every case. Marking sutures using 6-0 polypropylene
were placed on the SVC on both the medial and lateral aspects
where it was expected to align to the left and the right angles
respectively of the arteriotomy in the right pulmonary artery
(RPA). This ensures proper orientation and prevents anasto-
motic distortion after SVC transection. After systemic
heparinisation, normothermic CPB was established by aortic
cannulation and a single right-angled cannula in the right atrial
appendage. The SVCwas dissected and mobilized completely
and the azygous vein was ligated and divided. The branch
pulmonary arteries were dissected and mobilized.

The SVC was clamped near the SVC-RA junction avoiding
injury to the SA node, and a cardiotomy sucker was placed in
SVC immediately and secured in place by the first assistant.
The suction on the cardiotomy sucker was increased to ensure
proper drainage of blood from the SVC into the sucker. The
transected cardiac end of SVC was oversewn with 6-0 prolene
and the clamp removed. An appropriate size arteriotomy was
made in the right pulmonary artery between stay sutures, and
the cephalad end of the transected SVC was anastomosed to it
using a continuous 6-0 polypropylene suture (Fig. 1). During
the entire anastomosis construction, cardiotomy sucker was
kept in SVC ensuring that it was patent and was removed only
during completion of the Glenn anastomosis.

Table 1 Clinical profile of
patients Patient No. Age

(months)/sex
Weight
(kg)

Diagnosis Pre-op SpO2
(%)

Associated
lesions

1. 10/F 6 TA/VSD/PS 53 Aberrant RSCA

2. 36/M 13 DORV/VSD/PS 59 MAPCAs

3. 108/M 22 DORV/VSD/PS 57 Right AVVAtresia

4. 15/M 8.5 TA/VSD/PS 55 Right isomerism

5. 48/M 16 TA/VSD/PS 56 –

6. 22/F 8.5 DORV/VSD/PS 76 L-posed aorta

7. 17/M 7.5 TA/VSD/PS 60 MAPCAs

8. 36/M 13 d TGA/VSD/PS 80 –

9. 12/M 7 TA/VSD/PS 63 Aberrant RSCA

10. 60/M 15 d TGA/VSD/PS 66 –

11. 23/M 10 TA/VSD/PS 58 Criss-cross heart

12. 192/F 48 PA/VSD 65 L-posed aorta

13. 60/F 15 TA/VSD/PS 80 MAPCAs

14. 24/M 8 Hypoplastic RV 64 –

15. 72/M 15 DILV/single ventricle 70 –

TA tricuspid atresia, VSD ventricular septal defect, PS pulmonary stenosis, DORV double outlet right ventricle, d
TGA dextroposed transposition of great arteries, PA pulmonary atresia, DILV double inlet left ventricle
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SVC pressure, systolic blood pressure, O2 saturation and
NIRS were monitored during the entire procedure.
During the entire procedure, SVC pressures were low
and in the range of 0–3, which are significantly low
when compared to the other standard techniques like
SVC cannulation or intermittent clamping of the SVC.
After completion of the anastomosis, the patients were
weaned off CPB. Rest of the operation proceeded as per
any routine procedure.

In the intensive care unit (ICU), the cannula in the internal
jugular vein was removed once the patient was stabilized. The
patients were weaned off mechanical ventilatory support and
inotropes as early as possible. Inotropic score was calculated
for each patient using the formula described by Wernovsky
et al. [4]: dopamine (mcg/kg/min) + dobutamine (mcg/kg/
min) + 100 × epinephrine (mcg/kg/min). Low-dose anti-plate-
let therapy (Aspirin—5 mcg/kg/day) was started on post-op
day 1 and continued indefinitely. After discharge from the
hospital, at each follow-up visit, all patients underwent de-
tailed neurocognitive evaluation with the help of Vineland
Social Maturity Scale [5, 6]. These scores were comparedwith
the pre-operative scores for any subjective evidence of deteri-
oration in neurocognitive function.

Results

There were no early deaths. No patient required re-operation
or revision of the procedure. Post-op SpO2 improved signifi-
cantly with the mean SpO2 being 87 ± 0.06 % (range = 70–
96 %, median 88 %). Mean post-operative Glenn pressure
15.3 ± 3.9 (range 7–22, median = 15). The mean CPB time
was 28.7 ± 17.3 min (range = 8–70 min, median = 22 min).
There was no hemodynamic instability during any of the pro-
cedures, and adequate cerebral oxygenation was maintained
throughout the procedure as indicated by the NIRS values.
The mean ventilator support duration was 8.8 ± 3.6 h
(range = 4–16 h, median = 7 h). The mean ICU stay was
17.78 ± 3.14 h (range = 14–24, median = 16 h)—Table 2.
There was no decline in neurocognitive function in any of
the patients in the ICU or in the immediate post-op period.
All patients made an uneventful post-operative recovery and
were discharged within 4 days of the procedure
(mean = 4.4 ± 0.5, range = 4–5 days, median = 4.5 days).
All patients underwent post-op 2D Echo before discharge
which was suggestive of well-functioning BDG with laminar
flow. At a mean follow-up of 6.5 ± 5.06 months (range = 1–
15, median = 4 months), all patients were doing well with no
neurological sequelae.

Discussion

Classic Glenn shunt was performed through a thoracotomy
without CPB [7]; however, the distribution was not bidirec-
tional. BDG reduces the ventricular volume overload and im-
proves peripheral saturation with improvement in functional

Fig. 1 Figure shows the technique of open anastomosis during Glenn.
The superior vena cava (SVC) has been transected and a cardiotomy
sucker (CS) is placed into it. The SVC is anastomosed end-to-side to
the right pulmonary artery (RPA). A clamp (C) has been placed at the
cardiac end of the SVC which can be closed prior to or after the Glenn

Table 2 Post-operative outcomes

Patient No. Inotropic
score

Ventilation
support (h)

Post-op
SpO2

ICU stay
(h)

Hospital stay
(days)

1. 10 5 70 14 4

2. 5 10 88 16 5

3. 5 16 80 24 5

4. 5 7 85 15 5

5. 5 10 90 18 4

6. 5 7 90 24 5

7. 10 12 85 20 4

8. 5 6 96 16 5

9. 5 5 90 18 4

10. 5 4 86 16 4

11. 5 8 84 16 5

12. 10 6 94 16 4

13. 10 10 94 16 4

14. 10 16 90 20 5

15. 5 6 88 16 4
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class [8]. It is not always feasible to perform BDG without
CPB support, such situations being smaller patients (<5 kg),
deep cyanosis, SVC too small to cannulate, concomitant need
of extensive PA plasty due to previous shunts [9], emergency
procedures due to blocked BT shunt or child with recurrent
cyanotic spells or inpatients with anomalies of cardiac situs
and position as in heterotaxy syndromes. In such situations,
BDG is preferably performed with CPB support and we have
found the “open technique” useful.

The main advantage of this open technique of BDG is that
there is no need of cannulating or clamping the SVC. With
cannulation of the SVC, there is always some traction on the
SVC which hinders the performance of the anastomosis and
also the snugger around the cannula may lead to distortion of
the SVC and may create anastomosis distortion. While tying
the purse string on the SVC, there is always the risk of SVC
narrowing and even small gradients at the SVC are not toler-
ated well in the venous circuit by patients undergoing
univentricular palliation. With technique of intermittent
clamping that is often used to avoid SVC cannulation in small
babies, there is always a risk of impairment of cerebral venous
drainage even though it is transient and it may lead to impaired
neurocognitive development. On the other hand, with the
open technique, the SVC drainage is unobstructed and there
is no risk of neurological issues. The operation is performed
with an open undistorted SVC, so there is no risk of anasto-
motic distortion.

We have been regularly performing this procedure for more
than 5 years now with gratifying early and mid-term results.

Assessment of neurological outcome has always been dif-
ficult. We used Vineland Social Maturity Scale [5, 6] to eval-
uate the effect of open technique BDG procedure in our chil-
dren, and no children had any deterioration of neurological
function in the immediate post-operative or early follow-up
period.

Study limitations

This study is an initial experience of a small number of pa-
tients operated using the “open technique”, and no compari-
sons have been made with the standard aortobicaval technique
and the intermittent SVC clamping technique. To address this
issue, a randomized study comparing the three techniques is

already in progress and the results of that study will be report-
ed later.

To conclude, in spite of the relatively small sample size,
this study suggests that BDG operation can be performed
safely, quickly and reliably with the open technique.
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