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Abstract

Objectives Owing to the evolution of surgical techniques, the survival rate of patients undergoing a bidirectional Glenn
shunt has improved. However, the morbidity and mortality are still high. The aims of this study were to determine the sur-
vival rate and risk factors influencing the morbidity and mortality in patients with a functional univentricular heart after a
bidirectional Glenn shunt.

Methods One hundred and fifty-one patients who had undergone a bidirectional Glenn operation were enrolled. Early worse
outcomes were defined as postoperative death within 30 days and a hospital stay > 30 days.

Results The median age was 7.1 years (range 0.3-26 years). The median age at the time of the Glenn operation was 2.2 years
(range 0.2-15.9 years). The survival rates of patients at 1-, 5-, 10- and 15-year after the Glenn operation were 89%, 79%,
75%, and 72%, respectively. The predictors for the mortality were preoperative mean pulmonary artery pressure > 17 mmHg,
preoperative pulmonary vascular resistance index > 3.1 Wood Units-m? and atrioventricular valve regurgitation. In addition,
the independent predictors of an early worse outcome included preoperative mean pulmonary artery pressure > 17 mmHg
and diaphragmatic paralysis.

Conclusion The presence of preoperative atrioventricular valve regurgitation, preoperative mean pulmonary artery pres-
sure > 17 mmHg, preoperative pulmonary vascular resistance index >3.1 Wood Units-m?, or diaphragmatic paralysis were
found to be independent risk factors requiring the good patients’ selection for the Glenn operation and early aggressive
management of the diaphragmatic paralysis for reducing morbidity to ensure successful candidature for Fontan completion.

Keywords Glenn operation - Atrioventricular valve regurgitation - Pulmonary artery pressure - Worse outcome - Mortality

Introduction

The bidirectional Glenn shunt, alternatively named bidi-
rectional cavopulmonary shunt or hemi-Fontan procedure
is recognized as the standard intermediate palliative pro-
cedure before the completion of the Fontan operation in
patients with solely a functional single ventricle [1]. The
first successful cavopulmonary shunt creating an end-to-end
superior vena cava to the pulmonary artery was performed
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by Glenn in 1958 [2]. The advantages of the bidirectional
Glenn operation is the reduced volume loading of the single
ventricle resulting in the improvement in the diastolic func-
tion, decreasing atrioventricular regurgitation. In addition,
this operation permits correction of the residual anatomi-
cal defects in patients such as an enlarged atrial septum,
also facilitating atrioventricular valve repair, pulmonary
artery plasty, and aortic arch repair prior to the final stage
of the palliative Fontan operation. Several previous reports
have shown that a pulsatile Glenn shunt could be a useful
long-term palliative procedure replacing the Fontan opera-
tion especially in high-risk Fontan candidates [3-5]. Due
to modified surgical techniques, this operation can improve
early postoperative outcomes and reduce the morbidity and
mortality related to the Fontan operation. Several previous
studies reported that age at the time of the Glenn opera-
tion, dominance of the right ventricle, heterotaxy syndrome,
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atrioventricular valve regurgitation, high central venous
pressure, high transpulmonary gradient, increased pulmo-
nary vascular resistance, single ventricular dysfunction,
pulmonary artery stenosis, anomalous pulmonary venous
drainage, and prolonged cardiopulmonary bypass time all
affected the survival rate after a bidirectional Glenn opera-
tion [6—15]. The aims of this study were to determine the
survival rate and risk factors influencing the morbidity and
mortality of patients following a bidirectional Glenn shunt.

Methods

One hundred and fifty-one patients who underwent a bidirec-
tional Glenn operation between January 1999 and Decem-
ber 2018 were recruited onto this retrospective cohort study.
The medical data collected included diagnosis, echocardi-
ography, cardiac catheterization, previous surgery associ-
ated with the Glenn operation, age at the time of the Glenn
shunt, the type of Glenn procedure and associated com-
plications. Echocardiographic data consisted of dominant
ventricular morphology and degree of atrioventricular valve
regurgitation. Cardiac catheterization data included mean
pulmonary artery pressure, pulmonary vascular resistance
index (PVRi), Nakata index and systemic ventricular end-
diastolic pressure. The primary outcome was the death of the
patient. The secondary outcome was an early worse outcome
including postoperative death within 30 days and a hospital
stay > 30 days.

Statistical analysis

The data were analyzed in the form of descriptive statis-
tics with categorical data and quantitative data using SPSS
version 23 (SPSS Inc., Chicago, IL, USA). Kaplan—Meier
was used for estimating the survival curve and the log-rank
test provided a statistical comparison of the two curves. The
evaluation of the predictor for mortality was assessed using
univariate and multivariate Cox proportional regression
analysis. Assessment of the predictors for an early worse
outcome was done using the binary logistic regression analy-
sis. All of the statistical tests used for analysis were 2-sided
with significance being accepted with a p value of <0.05.

Results

One hundred and fifty-one patients (53% female) under-
went the bidirectional Glenn operation. The median age was
7.1 years (range 0.3-26 years). The median age at the Glenn
shunt was 2.2 years (range 0.2—15.9 years). The median fol-
low-up time after the Glenn shunt was 4.1 years. The diag-
noses included tricuspid atresia, 44 cases (29%); heterotaxy
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syndrome, 38 cases (25%); double inlet left ventricle, 14
cases (10%); pulmonary atresia/intact ventricular septal
defect, 13 cases (9%); mitral atresia, 6 cases (4%); unbal-
anced atrioventricular septal defect, 9 cases (6%); hypoplas-
tic left heart syndrome, 2 cases (1%) and other, 25 cases
(16%). Echocardiography and cardiac catheterization data
before the Glenn operation are shown in Table 1. The domi-
nant ventricular anatomy was a morphologic left ventricle
in 90 patients (60%) and a morphologic right ventricle in 61
patients (40%). Thirty-four patients (23%) had mild to severe
atrioventricular valve regurgitation. The surgery prior to the
Glenn operation was as follows: modified Blalock-Taussig
shunt, 66 cases (44%); pulmonary artery banding, 11 cases
(7%); PDA ligation, 5 cases (3%); pulmonary artery plasty
5 cases (4%); Norwood operation, 4 cases (3%); coarcta-
tion repair, 2 cases (1%); unifocalization, 2 cases (1%) and
TAPVR repair, 1 case (1%). The most common surgical
procedures associated with the Glenn shunt were a taken
down shunt (30%), atrial septectomy (19%), pulmonary
artery plasty (18%), and PDA ligation (11%). Eighty-three
patients (55%) had undergone a pulsatile Glenn. The com-
plications included infection, 23 cases (15%); chylothorax,
11 cases (7%); arrhythmia, 7 cases (5%) and diaphragmatic
paralysis, 4 cases (3%).

Outcomes were as follows: survival to Fontan operation,
75 cases; waiting for the Fontan operation, 47 cases; not
candidate to the Fontan operation, 4 cases; and death 30
cases (Fig. 1). The survival rates 1-, 5-, 10-, and 15-year post
the Glenn operation were 89%, 79%, 75%, and 72%, respec-
tively (Fig. 2). Using the univariate Cox regression analy-
sis, the predictors of mortality in patients after the Glenn
operation were postoperative mean pulmonary artery pres-
sure > 20 mmHg [hazard ratio 46.5 (95%CI 1.4-1583.7)],
cardiopulmonary bypass time > 105 min [hazard ratio 5.5

Table 1 Echocardiography and cardiac catheterization data in
patients before Glenn operation

Data Patients

Ventricular morphology (n, %)

Right ventricular morphology 61 (40)

Left ventricular morphology 90 (60)
Atrioventricular valve regurgitation (n, %)

None 111 (77)

Mild 26 (18)

Moderate 6 (4)

Severe 2(1)
Mean pulmonary artery pressure (mmHg) 15+4
PVRi (Wood Units-m?) 23+1.1
Nakata index (mm?/m?) 324 +120
Systemic ventricular end-diastolic pressure (mmHg) 10+4

PVRi pulmonary vascular resistance index
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Fig. 1 Flow chart of outcomes in patients after a bidirectional Glenn operation
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Fig.2 Kaplan—-Meier curve for survival rate in patients after a bidi-
rectional Glenn operation

(95%CI 2.3-13.1)], preoperative mean pulmonary artery
pressure > 17 mmHg [hazard ratio 6.7 (95%CI 1.8-24.9)],
preoperative PVRi >3.1 Wood Units-m? [hazard ratio 3.6
(95%CI 0.9-13.7)], right ventricular morphology [hazard
ratio 3.6 (95%CI 1.7-7.6)], heterotaxy syndrome [hazard
ratio 2.9 (95%CI 1.4-6.1)], atrioventricular valve regurgita-
tion [hazard ratio 3.3 (95%CI 1.5-7.4)], and bilateral Glenn
shunt [hazard ratio 2.7 (95%CI 1.3-5.6)]. After adjustment
for confounding factors by the multivariate Cox regres-
sion analysis, the independent predictors for the mortal-
ity were preoperative Glenn mean pulmonary artery pres-
sure > 17 mmHg [hazard ratio 36.0 (95%CI 1.5-848.2)],
preoperative PVRi > 3.1 Wood Units-m? [hazard ratio 16.8
(95%CI 1.5-192.4)], and atrioventricular valve regurgitation
[hazard ratio 14.7 (95%CI 1.0-207.4)] (Table 2).

With regard to the predictors of an early worse outcome
in patients after the Glenn operation, the patients in the
early worse outcome group had higher preoperative mean

Table 2 Univariate and multivariate Cox regression analysis for the predictors of mortality in patients after the Glenn operation

Factors Univariate Multivariate

Hazard ratio (95%CI) p value Hazard ratio (95%CI) p value
Heterotaxy syndrome 2.9 (1.4-6.1) 0.004
Right ventricular morphology 3.6 (1.7-7.6) 0.001
Bilateral Glenn shunt 2.7 (1.3-5.6) 0.006
Atrioventricular valve regurgitation 33(1.5-74) 0.003 14.7 (1.0-207.4) 0.04
Preoperative mean PA pressure > 17 mmHg 6.7 (1.8-24.9) 0.004 36.0 (1.5-848.2) 0.02
Preoperative PVRi > 3.1 Wood Units-m> 3.6 (0.9-13.7) 0.06 16.8 (1.5-192.4) 0.02
CBP time > 105 min 5.5(2.3-13.1) 0.0004
Postoperative mean PA pressure >20 mmHg 46.5 (1.4-1583.7) <0.0001

CPB cardiopulmonary bypass; PA pulmonary artery; PVRi pulmonary vascular resistance index
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pulmonary artery pressure than that in the good outcome
group. In the case of the post-Glenn shunt data, the early
worse outcome group had a longer cardiopulmonary bypass
time, greater mean pulmonary artery pressure and more
patients with diaphragmatic paralysis than those in the good
outcome group. There was no statistically significant dif-
ference between the two groups in the case of an atrioven-
tricular valve regurgitation, single ventricular morphology,
type of Glenn shunt, pulmonary vascular resistance index,
Nakata index and systemic vascular end-diastolic pressure.
The univariate logistic regression analysis indicated the
predictors of the early worse outcome in patients after the
bidirectional Glenn operation included preoperative mean
pulmonary artery pressure > 17 mmHg, postoperative mean
pulmonary arterial pressure > 26 mmHg, cardiopulmonary
bypass time > 66 min and diaphragmatic paralysis. After
adjustment for confounding factors using the multivariate
logistic regression analysis, independent predictors of an
early worse outcome included preoperative mean pulmo-
nary arterial pressure > 17 mmHg [odds ratio 4.8 (95%ClI
1.1-21.0)] and diaphragmatic paralysis [odds ratio 33.6
(95%CI 2.7-425.2)] (Table 3). Graphing displays comparing
the survival rate in relation to an atrioventricular valve regur-
gitation, a preoperative mean pulmonary artery pressure and
preoperative pulmonary vascular resistance index using the
log-rank test are shown in Fig. 3. Graphing display compar-
ing the survival rate in relation to the subgroup analysis of a
preoperative mean pulmonary artery pressure and preopera-
tive pulmonary vascular resistance index is shown in Fig. 4.

Discussion

This study showed the survival rate of patients after a bidi-
rectional Glenn shunt between 1999 and 2018 at 1-, 5-, 10-
and 15-years was 89%, 79%, 75%, and 72% respectively.
In a previous study from 2002 to 2007, Alsoufi et al. found
the overall 8-year survival rate following a Glenn shunt
was 74% [16]. In a study including data from 1995 to 2005
Scheurer et al. showed that in patients who underwent a
bidirectional Glenn shunt survival and lack of transplan-
tation rates were 96% at 1 year and 89% at 5 years [17].

Francois et al. reported that between 1992 and 2012 follow-
ing the Glenn operation 82% of the patients could undergo
the Fontan operation [18]. The predictors of mortality after
a bidirectional Glenn shunt in this study were preoperative
mean pulmonary arterial pressure > 17 mmHg, preoperative
pulmonary vascular resistance index > 3.1 Wood Units-m?,
and atrioventricular valve regurgitation. Several studies
reported that high pulmonary artery pressure and PVRi were
the risk factors for the Glenn shunt. Alsoufi et al. revealed
that the risk factor for death prior to the Fontan operation
was PVRi >3 Wood Units-m? [16]. Chacon-Portillo et al.
showed that higher PVRi was the predictor for pulsatile
Glenn failure [19]. In our study, the age at the Glenn opera-
tion was 2.2 years resulting in the need for the adaptation
of the pulmonary arteriole. The advantage of the pulsatile
Glenn shunt was pulmonary artery growth, prevention of
pulmonary arteriovenous malformation, and high oxygen
saturation. However, this pulsatile Glenn operation may lead
to an increase in pulmonary artery pressure and PVRi. This
would therefore require aggressive management for decreas-
ing pulmonary artery pressure and PVRIi prior to the Glenn
operation. The Glenn shunt usually needs to be performed at
a young age. Atrioventricular regurgitation was also found
to be a predictor for mortality in this study. In support of
this finding Scheurer et al. also found that atrioventricular
regurgitation was an independent risk factor for death or
transplantation in patients who had undergone a Glenn shunt
[17]. In addition, Friedman et al. demonstrated that atrioven-
tricular regurgitation was a factor associated with decreas-
ing successful progression after the Glenn operation [20].
Two further studies, one by Lee et al. which revealed that
atrioventricular regurgitation was a significant adverse risk
factor for survival after the Fontan operation [12], and one
by Chacon-Portillo et al. which showed that atrioventricular
regurgitation was a predictor of pulsatile Glenn failure also
add weight to our findings [19]. High pulmonary artery pres-
sure and PVRi might be due to several conditions such as
hypoplastic pulmonary artery anatomy, pulmonary vascular
abnormalities, chronic lung disease, or systemic ventricular
dysfunction. Therefore, aggressive evaluation and manage-
ment of the atrioventricular regurgitation is vital at the time
of the bidirectional Glenn operation.

Table 3 Univariate and multivariate logistic regression analysis for predictors of the early worse outcome in patients after the Glenn operation

Factors Univariate Multivariate

QOdds ratio (95%CI) p value QOdds ratio (95%CI) p value
Preoperative mean PA pressure > 17 mmHg 4.5(1.2-16.8) 0.02 4.8 (1.1-21.0) 0.009
Postoperative mean PA pressure >26 mmHg 16.3 (4.5-59.4) <0.0001
CPB > 66 min 6.1 (1.6-23.4) 0.006
Diaphragmatic paralysis 32.5 (3.4-309.0) <0.0001 33.6 (2.7425.2) <0.0001

CPB cardiopulmonary bypass; PA pulmonary artery
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Fig.3 Graphic displays comparing the survival rate in relation to (a) atrioventricular valve regurgitation (AVVR), b preoperative mean pulmo-
nary artery (PA) pressure and (c) preoperative pulmonary vascular resistance index (PVRi) in patients after a bidirectional Glenn operation

The predictors for an early worse outcome were preop-
erative mean pulmonary artery pressure > 17 mmHg and
diaphragmatic paralysis. The incidence of diaphragmatic
paralysis was 0.3% to 2.5% after pediatric cardiac surgery
including Blalock-Taussig shunt, Fontan operation, arterial
switch procedure and bidirectional Glenn shunt [21-24].
Al-Ebrahim et al. reported that patients with diaphragmatic
paralysis after cardiac surgery were successfully weaned
from the mechanical ventilation after the diaphragmatic pli-
cation [24]. Therefore, early diaphragmatic plication should
be performed after the diagnosis of diaphragmatic paraly-
sis using the ultrasonography or fluoroscopy for minimiz-
ing prolong hospital stay’s complication. The risk factors
in other studies for mortality were right ventricular mor-
phology, heterotaxy syndrome, prolonged cardiopulmonary
bypass, and bilateral Glenn shunt. In this study, these risk

factors were only shown to be significant risk factors in the
univariate analysis. Kogon et al. found that right ventricu-
lar morphology was a risk factor for an adverse outcome
after bidirectional Glenn operation [11]. Keizman et al.
showed that the bilateral bidirectional Glenn operation had
a tendency for a higher prevalence of a worse postopera-
tive outcome, Fontan failure, and early mortality [25]. It has
also been postulated that unequal blood flow arborization
to both lungs and segmental hypertension are risk factors
in the case of the Glenn shunt. Kogon et al. demonstrated
that a prolonged cardiopulmonary bypass time was a fac-
tor for an adverse outcome [11]. Talwar et al. showed that
inotropic support, duration of ventilation, ICU stay, and hos-
pital stay were significantly less in the off-CPB group [26].
Hussain et al. reported that patients without a cardiopulmo-
nary bypass was a safe procedure and had no neurological

@ Springer



456

General Thoracic and Cardiovascular Surgery (2021) 69:451-457

mPAP <17 and PVRi < 3.1

100 r
- mPAP <17 and PVRi > 3.1

mPAP > 17 and PVRi > 3.1

Survival Rate (%)
3

P =0.002

0 T T T
0 5 10 15 20

Follow-up Duration (years)

Fig.4 Graphic displays comparing the survival rate in 4 subgroups
based on the preoperative mean pulmonary artery pressure (mPAP)
and preoperative pulmonary vascular resistance index (PVRi) in
patients after a bidirectional Glenn operation

complications [27, 28]. The retrospective nature of this
study is a limitation however the findings are indicative and
a prospective study including a large number of post Glenn
operation patients is warranted.

Conclusion

The presence of preoperative atrioventricular valve regur-
gitation, mean pulmonary arterial pressure > 17 mmHg,
pulmonary vascular resistance index > 3.1 Wood Units-m?
and diaphragmatic paralysis were independent risk factors
for mortality and an early worse outcome following a bidi-
rectional Glenn Shunt. These factors require an aggressive
management for decreasing pulmonary artery pressure and
pulmonary vascular resistance prior to the Glenn shunt, the
good patients’ selection for the Glenn surgery, and early
management of the diaphragmatic paralysis to minimize
morbidity and mortality of the Glenn operation and facilitate
successful candidature for Fontan completion.

Compliance with ethical standards

Conflict of interest The authors have no disclosures to report.
Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-

tutional research committee.

Informed consent There was no informed consent because of the ret-
rospective study design.

@ Springer

References

10.

11.

12.

13.

14.

15.

16.

Alphonso N, Baghai M, Sundar P, Tulloh R, Austin C, Anderson
D. Intermediate-term outcome following the fontan operation: a
survival, functional and risk-factor analysis. Eur J Cardiothorac
Surg. 2005;28:529-35.

Glenn WWL. Circulatory bypass of the right side of the heart.
IV. Shunt between superior vena cava and distal right pulmo-
nary artery-report of clinical application. New Engl J Med.
1958;259:117-20.

Calvaruso DF, Rubino A, Ocello S, Salviato N, Guardi D,
Petruccelli DF, et al. Bidirectional Glenn and antegrade pulmo-
nary blood flow: temporary or definitive palliation? Ann Thorac
Surg. 2008;85:1389-95.

Gerelli S, Boulitrop C, Van Steenberghe M, Maldonado D,
Bojan M, Raisky O, et al. Bidirectional cavopulmonary shunt
with additional pulmonary blood flow: a failed or successful
strategy? Eur J Cardiothorac Surg. 2012;42:513-9.

Day RW, Etheridge SP, Veasy LG, Jenson CB, Hillman ND, Di
Russo GB, et al. Single ventricle palliation: greater risk of com-
plications with the Fontan procedure than with the bidirectional
Glenn procedure alone. Int J Cardiol. 2006;106:201-10.
Albanese SB, Carotti A, Di Donato RM, Mazzera E, Troconis
CJ, Giannico S, et al. Bidirectional cavopulmonary anastomosis
in patients under two years of age. J Thorac Cardiovasc Surg.
1992;104:904-9.

Lamberti JJ, Mainwaring RD, Spicer RL, Uzark KC, Moore
JW. Factors influencing perioperative morbidity during pallia-
tion of the univentricular heart. Ann Thorac Surg. 1995;60(6
Suppl):S550-S55353.

Alejos JC, Williams RG, Jarmakani JM, Galindo AJ, Isabel-
Jones JB, Drinkwater D, et al. Factors influencing survival in
patients undergoing the bidirectional Glenn anastomosis. Am J
Cardiol. 1995;75:1048-50.

Reddy VM, McElhinney DB, Moore P, Haas GS, Hanley FL.
Outcomes after bidirectional cavopulmonary shunt in infants
less than 6 months old. J] Am Coll Cardiol. 1997;29:1365-70.
Meza JM, Hickey E, McCrindle B, Blackstone E, Anderson B,
Overman D, et al. The optimal timing of stage-2-palliation after
the Norwood operation. Ann Thorac Surg. 2018;105:193-9.
Kogon BE, Plattner C, Leong T, Simsic J, Kirshbom PM,
Kanter KR. The bidirectional Glenn operation: a risk factor
analysis for morbidity and mortality. J Thorac Cardiovasc Surg.
2008;136:1237-42.

Lee TM, Aiyagari R, Hirsch JC, Ohye RG, Bove EL, Devaney
EJ. Risk factor analysis for second-stage palliation of single
ventricle anatomy. Ann Thorac Surg. 2012;93:614-8.
Baker-Smith CM, Goldberg SW, Rosenthal GL. Predictors of
prolonged hospital length of stay following stage II palliation of
hypoplastic left heart syndrome (and variants): analysis of the
national pediatric cardiology quality improvement collaborative
(NPC-QIC) database. Pediatr Cardiol. 2015;36:1630-41.
Cleveland JD, Tran S, Takao C, Wells WJ, Starnes VA, Kumar
SR. Need for pulmonary arterioplasty during Glenn indepen-
dently predicts inferior surgical outcome. Ann Thorac Surg.
2018;106:156-64.

Silvilairat S, Pongprot Y, Sittiwangkul R, Woragidpoonpol S,
Chuaratanaphong S, Nawarawong W. Factors influencing sur-
vival in patients after bidirectional Glenn shunt. Asian Cardio-
vasc Thorac Ann. 2008;16:381-6.

Alsoufi B, Manlhiot C, Awan A, Alfadley F, Al-Ahmadi M,
Al-Wadei A, et al. Current outcomes of the Glenn bidirectional
cavopulmonary connection for single ventricle palliation. Eur J
Cardiothorac Surg. 2012;42:42-8.



General Thoracic and Cardiovascular Surgery (2021) 69:451-457

457

17.

18.

19.

20.

21.

22.

23.

Scheurer MA, Hill EG, Vasuki N, Maurer S, Graham EM, Band-
isode V, et al. Survival after bidirectional cavopulmonary anasto-
mosis: analysis of preoperative risk factors. J Thorac Cardiovasc
Surg. 2007;134:82-9.

Francois K, Vandekerckhove K, De Groote K, Panzer J, De Wolf
D, De Wilde H, et al. Current outcomes of the bi-directional
cavopulmonary anastomosis in single ventricle patients: analy-
sis of risk factors for morbidity and mortality, and suitability for
Fontan completion. Cardiol Young. 2016;26:288-97.
Chacon-Portillo MA, Zea-Vera R, Zhu H, Dickerson HA,
Adachi I, Heinle JS, et al. Pulsatile Glenn as long-term pallia-
tion for single ventricle physiology patients. Congenit Heart Dis.
2018;13:927-34.

Friedman KG, Salvin JW, Wypij D, Gurmu Y, Bacha EA, Brown
DW, et al. Risk factors for failed staged palliation after bidirec-
tional Glenn in infants who have undergone stage one palliation.
Eur J Cardiothorac Surg. 2011;40:1000-6.

Floh A, Zafurallah I, MacDonald C, Honjo O, Fan C, Laussen
P. The advantage of early plication in children diagnosed with
diaphragm paresis. J Thorac Cardiovasc Surg. 2017;154:1715-21.
Gruber PJ. Diaphragm plication: when and why to do it. J Thorac
Cardiovasc Surg. 2017;154:1712-3.

Joho-Arreola AL, Bauersfeld U, Stauffer UG, Baenziger O, Bernet
V. Incidence and treatment of diaphragmatic paralysis after car-
diac surgery in children. Eur J Cardiothorac Surg. 2005;27:53-7.

24.

25.

26.

217.

28.

Al-Ebrahim KE, Elassal AA, Eldib OS, Abdalla AHA, Allam
ARA, Al-Ebrahim EK, et al. Diaphragmatic palsy after cardiac
surgery in adult and pediatric patients. Asian Cardiovasc Thorac
Ann. 2019;27(6):481-5.

Keizman E, Tejman-Yarden S, Mishali D, Levine S, Borik S,
Pollak U, et al. The bilateral bidirectional Glenn operation as
a risk factor prior to Fontan completion in complex congenital
heart disease patients. World J Pediatr Congenit Heart Surg.
2019;10:174-81.

Talwar S, Gupta A, Nehra A, Makhija N, Kapoor PM, Sreenivas
V, et al. Bidirectional superior cavopulmonary anastomosis with
or without cardiopulmonary bypass: a randomized study. J Card
Surg. 2017;32:376-81.

Hussain ST, Bhan A, Sapra S, Juneja R, Das S, Sharma S. The
bidirectional cavopulmonary (Glenn) shunt without cardiopulmo-
nary bypass: is it a safe option? Interact Cardiovasc Thorac Surg.
2007;6:77-82.

El Midany AAH, Mostafa EA, Mansour SA, Saffan M, Zalat
M, El-Sokkary IN, et al. Bilateral bidirectional Glenn: out-
come of off-pump technique. Interact Cardiovasc Thorac Surg.
2017;25:745-9.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Risk factors for morbidity and mortality after a bidirectional Glenn shunt in Northern Thailand
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




