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palliation. Either the patient is unsuited to progress to a Fontan circulation or a SV-Glenn circulation is preferred.
This study aimed at describing the clinical course, and long-term mortality/morbidity of SV-Glenn patients.
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Methods: All SV-Glenn patients followed at the University Hospitals Leuven before May 2018 were included. Pa-
tients who underwent, or were awaiting, TCPC completion and those who underwent a Glenn in the setting of a
biventricular circulation one-and-a-half repair (OAHR), were excluded.
Results: Of 65 Glenn-only patients identified, 21 (32%) had OAHR, whereas 44 (68%) were SV-Glenn patients. Of
SV-Glenn patients, 19 died within 6 months after the Glenn procedure. Of 25 SV-Glenn survivors, median age at
Glennwas 6.3 (IQR 1.2–29.7) years. Eightwere unsuited for TCPC completion; in 17 SV-Glennwas preferred over
TCPC completion. Over a median follow-up time of 11 (IQR 3–18) years after the Glenn procedure, 5 (20%) pa-
tients died. At latest follow-up 10 (40%) had heart failure, 5 (20%) had atrial and 4 (16%) ventricular arrhythmias,
2 (8%) a thromboembolic event, 7 (28%) required pacemaker implantation, and 2 (8%) had infective endocarditis
but none developed cirrhosis or protein-losing enteropathy. Mean saturation at latest follow-up was 87 ± 7%.
Conclusion: SV-Glenn patients represent a unique and heterogeneous patient population. Outcome was reason-
able, although comorbidities, such as heart failure and arrhythmias were not uncommon. In SV-Glenn patients,
‘classic’ complications related to Fontan physiology, such as cirrhosis and protein-losing enteropathy, were
absent.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction
 healthcare providers only have an incomplete view on the preceding

clinical course or mortality rate during early childhood.
In daily clinical practice, adult congenital heart disease (ACHD)
healthcare providers regularly encounter well-functioning patients
who have a Glenn as their definitive cardiac palliation, either in the set-
ting of a single ventricle circulation (SV-Glenn) or a biventricular circu-
lation (one-and-half-repair - OAHR) [1,2]. Nevertheless, the positive
impression towards SV-Glenn circulation could be biased since ACHD
ardiology, University Hospitals
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The Glenn, or cavopulmonary shunt, is a palliative surgery where an
end-to-side anastomosis is created between the superior caval vein and
the pulmonary arteries1 2. This procedure is mostly used to unload the
systemic ventricle and simultaneously improve oxygenation of the sys-
temic bloodflow in congenital heart disease (CHD) patientswith a func-
tional or anatomical single ventricle. Most often, but not necessarily, the
Glenn is an intermediary step towards completion of a total cavo-
pulmonary connection (TCPC) or Fontan circulation [3,4]. However,
the presence or occurrence of contra-indications renders some patients
unsuitable for Fontan completion. In other patients, a SV-Glenn circula-
tion may be preferred over a complex biventricular repair or a Fontan
circulation since it may diminish some of themedium to long-term dis-
advantages associated with biventricular repair (e.g. need for
ome of the Glenn procedure as definitive palliation in single ventricle
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reinterventions, risk of infective endocarditis) or Fontan circulation (e.g.
chronic liver congestion with cirrhosis, protein-losing enteropathy)

3.3. SV-Glenn survivors (N6 months)
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[5–7].
In this study, we aimed to define the characteristics of the SV-Glenn

population, to describe their clinical course prior to their definitive pal-
liation, and to describe long-term mortality/morbidity.

2. Methods

2.1. Patient selection

All patients from the database of Pediatric and Adult Congenital Heart Disease of the
University Hospitals Leuven, who underwent Glenn palliation before May 2018, were in-
cluded. Patients with missing files, patients who underwent Fontan completion, patients
awaiting Fontan completion, and those who had a Glenn in the setting of a biventricular
circulation (OAHR) were excluded from the study. Patients' records were reviewed after
pseudonymizing patient data conform the Global Data Protection Regulation (GDPR).
The institutional ethics committee approved the study protocol and the study was con-
ducted in compliance with the principles of the Declaration of Helsinki.

2.2. Data collection

Original anatomy, demographic data, medical and surgical history, clinical data, echo-
cardiographic recordings, invasive hemodynamic data, and date of latest follow-up were
reviewed. Around the time of the Glenn procedure, records were reviewed in detail for
perioperative complications (bleeding, thrombotic complications), the need for re-
intervention or take down of the shunt, and the occurrence of heart failure. Early (within
6months of the Glenn procedure) and late (N6months after theGlenn procedure)mortal-
ity were recorded. At latest follow-up, the presence of heart failure, New York Heart Asso-
ciation class (NYHA), the occurrence of atrial and ventricular arrhythmias, thrombo-
embolic events, infective endocarditis, need for pacemaker implantation, presence of cir-
rhosis and presence of protein-losing enteropathy were reviewed. Heart failure was de-
fined as signs and/or symptoms of heart failure requiring medical therapy [8].

2.3. Statistical analysis

Normal distribution for continuous variables was investigated and data reported as
meanwith standard deviation (±SD) ormedian with interquartile range (IQR)where ap-
propriate. Descriptive data for discrete variables were reported as proportions with num-
bers and percentages (%). Kaplan-Meier survival curves of the SV-Glenngroupwas plotted
to visualize outcome rates starting at birth.

All analyses were performed using Statistical Package for the Social Sciences version
25 (SPSS, IBM headquarters, Armonk, New York, US).

3. Results
utc
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3.1. Patient characteristics

Sixty-five patients who underwent a Glenn procedure without crea-
tion of a TCPC, or whowere not awaiting TCPC completion, were identi-
fied. Of those patients, 21 had a Glenn in the setting of a biventricular
circulation (2 patients died within 6 months of the Glenn procedure, 1
underwentGlenn takedown). Of 44 patientswhohad aGlenn in the set-
ting of a single ventricle circulation, 19 died within 6 months of the
Glenn procedure (Fig. 1).

3.2. Interventions prior to and early (b6 months) mortality after the Glenn

Of the SV-Glenn group, 17 patients underwent enlargement of the
atrial septal defect (ASD), 10 had a ductal stent, 22 had a central, Sano
or Blalock-Taussig-Thomas (BTT) shunt to the PAs (7 in the setting of
a Norwood procedure), 11 underwent balloon dilation of the pulmo-
nary valve and 19 patients had a pulmonary artery (PA) banding.
Forty-three underwent a bidirectional Glenn and 1 a classic Glenn pro-
cedure. For the entire SV-Glenn group, median age at Glenn procedure
was 11.9 months (IQR 6.5 months – 5.5 years). Nineteen patients died
within 6 months of the Glenn procedure, of which 7 (37%) had hypo-
plastic left heart syndrome. Cause of death was cardiac in 15 (11 due
to cardiogenic shock, 4 due to perioperative bleeding or thrombotic
events), unknown in 3 and non-cardiac in 1 patient.

Please cite this article as: A. Vermaut, P. De Meester, E. Troost, et al., O
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Twenty-five patients had a Glenn in the setting of a single ventricle
circulation (SV-Glenn). In this group, median age at Glenn was 6.3
(IQR 1.2–29.7) years. Eight SV-Glenn survivors were aimed for TCPC
but had absolute/relative contraindications for TCPC completion, 3 due
to small PAs, 2 due to severe ventricular dysfunction, 1 due to severe
AV valve regurgitation, 1 due to significant comorbidities and 1 had a
sudden death prior to TCPC. For the remaining 17 SV-Glenn survivors,
TCPC completion was not considered an advantage for the functional
outcome (Table 1).

Cardiac catheterization data was available in 19 before the Glenn
procedure and in 17 after the Glenn procedure (median time after
Glenn 4 (IQR 1–8) years;median time between cardiac catheterizations
5 (IQR 1–7) years). Before the Glenn, median mean PA pressure was 16
(IQR 11–21) mmHg, wedge pressure 9 (IQR 6–12) mmHg, and aortic
saturation 86 (IQR 80–89) %. After the Glenn, medianmean PA pressure
was 19 (IQR 17–21) mmHg, wedge pressure 16 (IQR 13–18) mmHg,
and aortic saturation 85 (IQR 80–89) %. After the Glenn, 15 (60%) had
normal ventricular function, 6 (24%) mild ventricular dysfunction and
3 (12%) severe ventricular dysfunction. Atrioventricular valve regurgita-
tionwas absent in 5 (20%),mild in 9 (36%) andmoderate to severe in 10
(40%).

During amedian follow-up timeof 11 (IQR3–18) years, therewere 5
late deaths in the SV-Glenn group (2 due to heart failure, 1 sudden car-
diac death, 1 due to hemoptysis and 1 unknown). Fig. 2 plots the sur-
vival curve for the SV-Glenn survivors, with the dots indicating the
timing of eachGlennprocedure. Three offive late deaths occurred in pa-
tients unsuited for TCPC completion (median age of Glenn 0.6 (IQR
0.4–1.3) years, median follow-up after Glenn 3 (IQR 2–10) years, 38%
mortality over amedian follow-up of 4.5 years), whereas in the remain-
der of patients the Glenn served to improve oxygen saturation, unload
the systemic ventricle (or a combination of both), but not necessarily
as a next step towards TCPC (median age of Glenn 10 (IQR 6–38)
years, median follow-up after Glenn 15 (IQR 8–19) years, 12%mortality
over a median follow-up of 27 years) (Table 1).

At latest follow-up, 10 (40%) had heart failure, 18 (72%) were in
NYHA class II/III, 5 (20%) had atrial arrhythmias, 4 (16%) ventricular ar-
rhythmias, 2 (8%) a stroke and 7 (28%) underwent pacemaker implan-
tation. One (4%) patient had infective endocarditis. Mean oxygen
saturation at latest follow-up was 87 ± 7% (Table 1).

3.4. SV-Glenn during adulthood

Eight patients (age range 25–59 years) underwent a Glenn proce-
dure in the setting of a single ventricle circulation (SV-Glenn) during
adulthood with 1 perioperative death. Indication for a Glenn shunt
was progressive desaturation causing functional impairment. Median
mean PA pressure was 17 (IQR 4–22) mmHg and wedge pressure 12
(IQR 10–16) mmHg prior to the Glenn shunt. In all patients (except
the perioperative death), clinical status and oxygen saturation im-
proved, although all but one patient remained at least in NYHA class II,
1 to 14 years after the Glenn procedure.

4. Discussion

This study describes a heterogeneous group of patients with com-
plex congenital heart disease who underwent a Glenn in the setting of
a single ventricle circulation as definitive palliation. We described the
underlying anatomy, the clinical course (including interventions prior
to Glenn, complications and early and late outcome). SV-Glenn survi-
vors, especially those who deliberately had a SV-Glenn circulation,
have reasonable medium and long-term outcome although comorbidi-
ties, such as heart failure, arrhythmias, stroke and endocarditis are not
uncommon. A Glenn shunt in adulthood is possible in selected patients.

ome of the Glenn procedure as definitive palliation in single ventricle
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4.1. Identifying the SV-Glenn patient improving oxygenation and/or unloading the systemic ventricle. It is
clear that those ‘deliberate’ SV-Glenn patients remain a small fraction

Fig. 1. Patients included in the study. SV: Single ventricle – OAHR: one and a half ventricle repair.

3A. Vermaut et al. / International Journal of Cardiology xxx (xxxx) xxx

utc
ijca
In cases of complex congenital heart defects, one always needs to de-
cidewhether biventricular repair is feasible or not. If biventricular repair
is possible, even in ‘borderline’ patients, repair through complex surger-
ies may be attempted to avoid the hemodynamic disadvantages associ-
ated with a single ventricle circulation later in life [9]. If biventricular
repair is not possible, a Glenn procedure as an intermediate step to-
wards TCPC completionmay be considered (with orwithout prior inter-
ventions). The 25 SV-Glenn survivors in our studywho did not undergo
TCPC completion did so for a variety of reasons. TCPC completion de-
mands good ventricular function, low left atrial pressure, preserved pul-
monary vasculature, an unobstructed flow without pulmonary vein
stenosis or abnormal venous return, the absence of severe regurgitation
or stenosis of the systemic atrioventricular (AV) valve and the absence
of aortic stenosis, systemic hypertension or coarctation of the aorta
[3,10,11]. In our study, this was the case for 8 of 25 SV-Glenn survivors,
whereas for the remaining 17 SV-Glenn survivors, TCPC completionwas
not considered an advantage for the functional outcome (also taking
into consideration risk for long-term co-morbidities and need for (re-)
interventions). In these patients, Glenn palliation mainly aimed at

Please cite this article as: A. Vermaut, P. De Meester, E. Troost, et al., O
patients, International Journal of Cardiology, https://doi.org/10.1016/j.
of single ventricle patients followed at our institution. Since there are
≈220 TCPC patients in active follow-up at our center, we have an esti-
mated completion rate from Glenn to Fontan of around 80%, which is
similar to previously published studies [12].

4.2. Early mortality

In the SV-Glenn group, therewas significant perioperativemortality.
If we also consider those who successfully underwent TCPC completion
at our institution (≈220), estimated overall mortality after the Glenn
procedure is in line with previously published reports (estimated
post-Glenn mortality ≈7%) [13,14]. Not unsurprisingly, a large propor-
tion of early mortality can be attributed to a group of HLHS patients.

4.3. SV-Glenn survivors

The literature usually describes outcome for Glenn patients includ-
ing those who underwent TCPC completion and reports survival rates
around 90% [13]. Our study specifically aimed at evaluating outcome
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of the SV-Glenn survivors. Among SV-Glenn survivors, we can distin-
guish a group of patients whowere unsuited to progress to a Fontan cir-

systemic ventricle with the latter having reasonable long-term out-
come. The outcome of the former group, not unsurprisingly, is limited

Table 1
Original anatomy, comorbidities and mortality of the 25 SV-Glen survivors.

Patient 
ID

Original 
anatomy

Age at 
Glenn 
(years)

FU post 
Glenn 
(years)

Reason for SV-Glenn Saturation NYHA Heart 
failure

Arrhythmia 
Atr./Ventr.

Pacemaker TE event IE Death

1 DORV 
TGA PS

47 1 Functional impairment 94% 2 No −/− No No Yes No

2 DORV 
VSD

40 2 Functional impairment 94% 1 No −/− Yes No No No

3 PA IVS 1 3 Fontan not possible, small 
PAs

80% 2 No −/− No No No No

4 HLHS 2 3 Fontan not possible, 
ventricular dysfunction

82% 2 No −/− No No No No

5 AVSD 0.5 4 Fontan not possible, 
comorbidities

87% 1 No −/− No No No No

6 ccTGA 
VSD PS

6 7 Desaturation 94% 1 No −/− Yes No No No

7 ccTGA 
VSD PS

25 8 Functional impairment 90% 2 No +/+ Yes No No No

8 ccTGA 
VSD PS

14 10 Desaturation 94% 2 No +/− No No Yes No

9 HLHS 0.5 11 Fontan not possible, 
occluded left PA

79% 3 Yes −/− No No No No

10 DILV TGA 
PS

38 13 Functional impairment, 
desaturation

87% 2 Yes +/+ Yes No No No

11 ccTGA 
VSD PS

59 14 Desaturation 88% 2 No −/− No No No No

12 ccTGA 
VSD PS

10 15 Primary biliary cirrhosis 
precluded Fontan

92% 2 Yes −/− No Yes No No

13 TA VSD 9 16 Desaturation 88% 2 No −/− No No No No

14 DILV TGA 
PS

47 17 Desaturation 74% 3 Yes +/+ Yes Yes No No

15 AVSD 0.5 17 Fontan not possible, small 
PAs

85% 2 Yes −/− No No No No

16 ccTGA 
VSD

7 19 Desaturation 95% 1 No −/− No No No No

17 AVSD 6 19 Desaturation 85% 1 No −/− No No No No

18 AVSD PS 4 22 Desaturation 83% 1 No −/− No No No No

19 AVSD PS 3 27 Unclear 95% 1 No −/− No No No No

20 ccTGA 
VSD TS PS

3 23 Desaturation 80% 3 Yes +/− No No No No

21 HLHS 0.5 1 Severe AV valve 
regurgitation requiring 
surgery

98% 3 Yes −/− Yes No No Yes

22 DILV TGA 1 2 Sudden death before 
Fontan

90% 2 Yes −/− No No No Yes

23 ccTGA 
VSD

0.5 3 Severe ventricular 
dysfunction

– 2 Yes −/+ No No No Yes

24 PS VSD 7 8 Recurrent hemoptysis 76% 2 No −/− No No No Yes

25 ccTGA 
VSD PS

35 19 Desaturation 78% 3 Yes −/− Yes No No Yes

Marked in red: patients unsuited to undergo TCPC completion due to absolute/relative contraindications. Marked in black: patients in whom a SV-Glenn circulation was considered sat-
isfactory/preferable.
Abbreviations: TE: thrombo-embolic – IE: infective endocarditis - DORV: double outlet right ventricle – TGA: transposition of the great arteries – PS: pulmonary valve stenosis – VSD: ven-
tricular septal defect – PA: pulmonary atresia – IVS: intact ventricular septum – HLHS: hypoplastic left heart syndrome – AVSD: atrioventricular septal defect – ccTGA: congenitally
corrected transposition of the great arteries – DILV: double inlet left ventricle – TA: tricuspid atresia.
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culation due to comorbidities and a group of patients in whom the
Glenn mainly aimed at improving oxygenation and/or unloading the
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with only 1 patient who has reached adulthood. It's the latter group of
patients that also explains the ‘intuition’ of ACHD healthcare providers
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that Glenn-only patients are doing ratherwell and should comfort pedi-
atric cardiologists who often have to make this decision early in the life

defects, who did not proceed to TCPC completion or complete
biventricular repair. Despite being a sizeable cohort, the scarcity of pa-

Fig. 2. Survival curve plotting the mortality rate in SV-Glenn survivors (N6 months after
Glenn procedure). Mortality over time is presented by the full line. Dots on the lower
half of the graph indicate time when the Glenn was initially placed.
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of their patients. These favorable longer-term outcomes are in line with
a previous report, which evaluated sustained palliation with
cavopulmonary, or aortapulmonary shunts for adultswith single ventri-
cle physiology [15]. Cohorts differ, however, as all but one of our pa-
tients underwent a bidirectional Glenn in our study (in contrast to a
majority of classic Glenn in the Toronto cohort), but confirm a some-
what forgotten notion that the survival benefit of conversion of a
Glenn to a Fontan circulation has long been controversial [16].

Despite reasonable medium- to long-term mortality, there remain
significant comorbidities. It is our experience that heart failure symp-
toms may occur/persist in SV-Glenn patients. Systemic oxygen satura-
tion at latest follow-up was acceptable and somewhat higher than
reported in the study by Gatzoulis et al. [15]. Nevertheless, 2 patients
had a stroke during follow-up. Atrial arrhythmias, again due to volume
load, atrioventricular valve regurgitation and progressive atrial dilata-
tion, often complicated the clinical course of our patients [15]. Although
this is not a randomized trial, we still believe that for certain selectedpa-
tients this “balanced circulation”, capable of achieving a satisfying long-
term outcome, may be preferable to a sub-optimal TCPC with low out-
put and venous congestion (and subsequent complications such as cir-
rhosis and protein-losing enteropathy).

4.4. Glenn in adulthood

Our experience with functional outcome, survival and complication
rate on short and long-term of patients who underwent a Glenn during
adulthoodwas also rather favorable (8 patients, 1 perioperative death, 1
death after 19 years of follow-up at the age of 54). Consistent with other
studies, our clinical experience warrants that the indication should be
made carefully later in life when patients have less compliant and im-
paired pulmonary and cardiovascular systems [17]. Our data confirms
that the Glenn is a valid treatment strategy in the course of the patient
with complex congenital heart disease. On the other hand, we have no
information on sensitization and the presence of a Glennmost likely in-
creases risk if a transplant would be needed [18,19,20].

5. Limitations

Our study is limited by its retrospective study design,which is prone
to bias and administration errors. Patients included in the study repre-
sent a heterogeneous cohort of patients with rare complex heart
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tients makes subgroup analysis difficult. Combining databases for a
multi-center study might be a goal in the future. Hence, results need
to be interpreted cautiously, keeping in mind selection bias due to
selecting Glenn-only patients as also outlined in the discussion above.

6. Conclusion
SV-Glenn patients represent a unique and heterogeneous patient
population. Outcome was reasonable, although comorbidities, such as
heart failure and arrhythmias were not uncommon. In SV-Glenn pa-
tients, ‘classic’ complications related to Fontan physiology, such as cir-
rhosis and protein-losing enteropathy, were absent.
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