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ABSTRACT

Background: This study set out to assess the indications, feasibility, safety, and outcome of early cardiac cathe-
terizations (CC) within 30 days after congenital heart surgery (CHS) in children. Methods and Results: This is a
retrospective, single-center case review study of all CC within 30 days after CHS between 1/2010-12/2020. A total
of 317 (138 diagnostic, 179 interventional) CC were performed in 245 patients at a median of 4 days (IQR 13)
after CHS. The median age was 3 months (IQR 6), and body weight was 5 kg (IQR 4). A total of 194 (61.2%) CC
were performed in patients with univentricular hearts. CC revealed significant pathologies leading to early
redo-surgery in 37 patients (12%). The transcatheter interventions primarily were needed in patients after
cavo-pulmonary connection (n = 69%, 21.8%), right ventricle to pulmonary artery conduit (n = 39%, 12.3%),
and Norwood-I surgery (n = 34%, 10.7%) presenting with hypoxemia, prolonged postoperative course, and
suspected arterial stenosis on echocardiography. The clinical impact of an early postoperative transcatheter inter-
vention for the following clinical course was high in most cases. There were nine (2.8%) major and 20 (6.3%)
minor intra-procedural complications. Risk factor analysis revealed no difference for the occurrence of complica-
tions for patients’ age, weight, and time from initial CHS, underlying uni- vs. biventricular heart disease, or
ECMO. Conclusion: Early CC within 30 days after CHS in children can be performed safely with a high diag-
nostic and therapeutic value. The rate of complications is low, while the therapeutic consequence is relevant.
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1 Introduction

Cardiac catheterizations (CC) in the early postoperative period after congenital heart surgery (CHS) are
proclaimed to be high-risk procedures associated with an elevated rate of morbidity and mortality [1–5]. This
is due to early postoperative hemodynamic instability and vulnerability, especially in young patients and
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children. Therefore, CCs during the early postoperative period are often avoided or postponed. Nevertheless,
unsatisfying outcomes after congenital heart surgery will in some cases necessitate re-operations or
transcatheter interventions in the immediate postoperative period [1–9]. Yet, early cardiac transcatheter
interventions may be the safest procedural option, especially in critically ill children in whom
re-operations on cardiopulmonary bypass in quick succession are deemed to be of even greater risk [6–9].
Considering the limited data available in the literature [1–9], we propose to evaluate indications,
feasibility, safety, and outcome of early CC within 30 days after CHS in children at our institution over
an 11-year period. During the assessed period (from 2010 to 2020), the interventional lead and team of
the CC laboratory with its standards, know-how, and technical options remained unchanged.

2 Methods

2.1 Study Design and Patient Selection
This is a retrospective, single-center case study. All consecutive patients undergoing an early

postoperative CC within 30 days after CHS between 01/2010 and 12/2020 at our institution were
included. Demographic data, underlying congenital heart disease, preceding congenital cardiac surgery,
treatment prior to CC (i.e., ventilation status, cardiac medication), and indications for CC were analyzed.
Pre-procedural and intra-procedural details of the CC (e.g., the status of inotropic support), vascular
access used, procedural time and fluoroscopy time, peri-procedural complications and post-interventional
outcomes including mortality were recorded and analyzed. Analysis was stratified according to the
preceding cardiac surgical procedure. Consecutive procedures after diagnostic and interventional
catheterizations were registered. To categorize the different CC procedures, the “procedure type risk
category” (PTRC) published by Bergersen et al. [10] was used, as well as their “definitions for adverse
event severity” [10]. Analysis of adverse events (AEs) and their relation to procedure type risk categories
was performed.

2.2 Cardiac Catheterization Procedures
Percutaneous CCs were performed under general anesthesia at our institution. Patients received

100 IU/kg bolus of heparin intravenously if they were not anticoagulated prior to CC; otherwise, peri-
procedural anticoagulation management was monitored, and titrated measuring activated clotting time
(ACT). Standard intravenous antibiotic prophylaxis (cephalosporin) was given if foreign body material
was implanted. Biplane angiography was used in all interventional trans-catheteral procedures.

2.3 Statistics
Continuous data are presented as median (IQR) and categorical data are expressed as counts and

percentages (%). For normally distributed continuous variables, Levene’s test for equality of variance was
used to analyze if the variability in the two groups was significantly different and group comparison was
performed using two-sample t-tests. Wilcoxon rank analyses were used for group comparisons of non-
normally distributed continuous variables. Ordinal, nominal, and dichotomic variables were evaluated
with contingency tables and compared with chi-square-tests analyses Significance testing was 2-sided
with the significance level set at p < 0.05. Risk factor analysis calculation was used to evaluate the
correlation between the number of AEs and corresponding PTRCs.

2.4 Ethics
The study design fulfills the guidelines of the declaration of Helsinki regarding ethical principles for

medical research involving human subjects. The study was approved by the ethical committee of the
Kanton Zurich, Switzerland (ID PB_2016-00311).
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3 Results

A total of 317 (138 diagnostic, 179 interventional) postoperative CCs were performed in 245 patients
during January 2010 and December 2020. There was a total of 3247 CHS within this period, giving a rate
of early postoperative CC of 9.7%. The study includes a median follow-up period of 1.7 years (IQR 2.9) after
the postoperative CC. Preceding cardiac surgeries and cardiac anatomies are detailed in Table 1.

Table 1: Illustration of patients’ cardiac anatomies and preceding congenital heart surgeries (CHS) in 245 patients
undergoing 317 early post-operative CC within 30 days from CHS. Data are presented as absolute numbers (%)

Cardiac anatomies n %

Diagnosis

LV hypoplasia 139 43.8

Pulmonary atresia 47 14.8

RV hypoplasia 41 12.9

TGA 32 10.1

AVSD/VSD/ASD 18 5.7

TOF/DORV 7 2.2

Other 7 2.2

Coronary anomalies 6 1.9

TAC 6 1.9

CoA 5 1.6

IAA 5 1.6

PVS/AVS 4 1.3

Surgery prior to cardiac catheterization n %

Type of surgery

BCPC 69 21.8

RV-PA conduit 39 12.3

Norwood I operation 34 10.7

TCPC 29 9.1

AP-Shunt 26 8.2

ASO 23 7.3

Comprehensive Norwood I-II operation 21 6.6

Pulmonary banding 18 5.7

Valve repair 14 4.4

Aortic arch procedure 10 3.2

Other 10 7.3

Coronary artery procedure 9 2.8

AVSD/VSD/ASD repair 9 2.8

Pulmonary vein procedure 4 1.2

DORV TOF type repair 2 0.6
Abbreviations: AP: aorto-pulmonary, ASD: atrial septal defect, ASO: arterial switch operation, AVS: aortic valve stenosis, AVSD: atrioventricular
septal defect, BCPC: bidirectional cavopulmonary connection, CoA: aortic coarctation, DORV: double outlet right ventricle, IAA: interrupted
aortic arch, LV: left ventricle, PVS: pulmonary valve stenosis, RV: right ventricle, RV-PA: RV to pulmonary artery, TAC: Truncus arteriosus
communis, TCPC: total cavopulmonary connection, TGA: transposition of the great arteries, TOF: tetralogy of Fallot, VSD: ventricular septal defect.
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A total of 194 procedures (61.2%) were performed in patients with univentricular heart disease. Median
age at catheterization was 3 months (IQR 6); median weight was 5 kg (IQR 4); sex was male in 190 (59.9%)
and CC were performed at a median of 4 days (IQR 13) after CHS. Indications to perform early CC are
detailed in Table 2.

Hypoxaemia, suspected pulmonary artery stenosis, prolonged postoperative course, suspected coronary
artery abnormalities, diagnostic after BCPC and ECMO/HLM weaning failure were the most frequent.

3.1 Technical Details of all Cardiac Catheterizations
A total of 196 (61.8%) patients were ventilated prior to CC; 150 (47.3%) CC were performed under

pre-existing inotropic support, whilst 41 (8%) CC were performed under extracorporeal mechanical
support (ECMO). The median PTRC score (5) was 4 (IQR 2) for all CCs. Vascular venous access
(femoral or jugular) was the preferred access site (n = 120%, 37.9%), followed by combined venous and
arterial access (n = 137%, 37.9%), and arterial access (n = 55%, 17.4%). Twenty-nine procedures were
performed using other access sites (e.g., ECMO cannulas or hybrid procedures), where vascular access
for the procedure was surgically provided by the cardiac surgeon. Median procedure time was 61 min
(IQR 65) with a radiography screening time of 19 min (IQR 53).

3.2 Results of Diagnostic Cardiac Catheterization and Interventions Performed
Diagnostic procedures revealed significant pathologies leading to early redo-surgery in 37/317

procedures (11.7%), while 179 (56%) underwent a catheter intervention. Overall immediate technical
success rate (e.g., successful stent or device placement, release of stenosis, successful collateral

Table 2: Indications for 317 CC within 30 days from CHS and their consequences

Indications of CC n %

Hypoxemia 74 23.3

Suspected PA-stenosis 50 15.8

Suspected coronary anomaly 31 9.8

Prolonged postoperative course and suspected cardiac complication 29 9.1

Diagnostic BCPC 17 5.4

ECMO/HLM weaning failure 15 4.7

Suspected PAH 14 4.4

Other 13 4.1

Re-CoA 13 4.1

Diagnostic AP-shunt 12 3.8

Valvular insufficiency/stenosis at echo 11 3.5

Reduced ventricular function at echo 10 3.2

Arrhythmia 9 2.8

Diagnostic TCPC 7 2.2

Cardiac tamponade 7 2.2

Hybrid procedure 5 1.6
Abbreviations: AP: aorto-pulmonary, BCPC: bidirectional cavopulmonary connection, CoA: aortic coarctation,
ECMO: extra corporeal membrane oxygenation, HLM: heart-lungs machine, PA: pulmonary artery, PAH:
pulmonary arterial hypertension, TCPC: total cavopulmonary connection.
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occlusion) for catheter interventions was 93.5%. Table 3 summarizes the intra-interventional findings and
interventions performed.

3.3 Adverse Events
Intra- and post-procedural complications (AEs) were scored as suggested by Bergersen et al. [10] with a

severity level for AEs ranging from (1-None to 5-Catastrophic). There was a total of 29 (9.1%) intra-

Table 3: Illustration of diagnostic results of all 317 CC as well as of the consequent 179 interventional CC
performed

Results of diagnostic CC n %

Vessel stenosis (arterial/venous) 123 38.8

Normal findings 85 26.8

Venovenous-collaterals/MAPCAs 25 7.9

Vascular occlusion 16 5.0

Elevated PAP 15 4.7

Other 13 4.1

Coronary artery anomalies 11 3.5

Elevated EDP/Poor ventricular function 11 3.5

Restrictive ASD/PFO 6 1.9

Pericardial effusion 6 1.9

Valvular insufficiency/stenosis 6 1.9

Intervention n %

None 138 43.5

Stent placement (in PA) 78 24.6

Aortic arch procedure 14 4.4

Balloon angiplasty (in PA) 14 4.4

Shunt procedure** 14 4.4

Coils/Devices closure MAPCAs 11 3.1

Coils/Devices closure venovenous collaterals 9 2.8

Recanalisation occluded vessels 9 2.8

Stent placement (other than in PA) 8 2.5

Pericardial drainage 7 2.2

Atrial septum procedure* 5 1.6

Hybrid procedure 5 15.7

Other 2 0.06

Balloon valvuloplasty 2 0.06

Fontan fenestration procedures 1 0.3
Abbreviations: ASD: atrial septal defect, EDP: end-diastolic pressure, MAPCAs: major aorto-pulmonary
collateral arteries, PAP: pulmonary artery pressure, PA: pulmonary artery, PFO: patent foramen ovale.
*Atrial septum procedure: ASD/PFO stent implantation, static balloon atrial dilatation, Rashkind
maneuver; **Shunt procedure: stent implantation in the shunt to reduce its dimension or balloon
dilatation of the shunt in case of partial thrombosis.
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procedural and 37 (11.6%) post-procedural adverse events. Most of these events were minor (AE severity
level ≤3), while 9 (2.8%) intra-procedural events were major (AE severity level ≥4). All procedure related
minor and major AEs and severity levels are detailed in Table 4.

In relation to the number of CC performed in each PTRC, the relative risk for the occurrence of any intra-
or post-procedural complication was the highest in procedure type risk category 3 with 40%, followed by
PRTC 4 with 30%, PTRC 2 with 17%, and 0% of PRTC 1.

Incidence of adverse events was not influenced by patients’ weight (p = 0.1), patients’ age (p = 0.26),
time from initial surgery to early CC (p = 0.08), ICU-time after CC (p = 0.09), interval from CC to death
(p = 0.6), mechanical ventilation prior to CC (p = 0.9), CC on ECMO (p = 0.1), inotropic support prior to
CC (p = 0.09) or underlying uni- versus biventricular heart disease (p = 0.71). Procedure time was shorter
in patients without AEs (p < 0.01).

3.4 Impact and Outcome of Early Post-Operative Cardiac Catheterizations
To assess the potential influence on the clinical outcome of the performed early post-operative CC

interventions, different clinical parameters were evaluated. Clinical improvement of heart failure (e.g.,
reduced work of breathing, improved capillary refill, etc.) was noticed within 24 h after early CC in
87/179 (49%) interventional CC. Reduction of oxygen supplementation (within 24 h from CC) was
documented in 71/179 (40%), reduction of inotropic support in 15/179 (8%), and reduction in the amount
of pleural drainage in 4/179 (2%) patients was observed.

In 36/317 (11.4%) procedures diagnostic or interventional CC led to establishment of a new medication
post procedure. These included anti-pulmonary hypertensive drug medication in 23/36 (64%), further anti-
congestive heart failure medication (e.g., milrinone or ACE inhibitors) in 6/36 (16%), and intensified
anticoagulation treatment due to suspected thrombus formation in 7/36 (20%) cases.

Table 4: Specification of all intra- and post-procedural adverse events (AEs) (total n = 66) associated with
the early, post-operative CC performed in this study and their corresponding adverse event (AE) severity
level. Intra-procedural mortality was zero

AE Intra-procedural Post-procedural

1 Transient AV-Block II (n = 1) None (n = 0)

Small paravasation of contrast (n = 1)

2 Transient AV-Block III (n = 1) Femoral arterial thrombosis (n = 34)

Medium paravasation of contrast (n = 7)

SVT, requiring treatment (n = 4)

3 AV-Block III, requiring temporary pacing (n = 3) Embolisation of stent (n = 1)

Venous rupture, not requiring surgery (n = 1) Lung bleeding, surgical repair (n = 1)

Tracheal bleeding (n = 2)

4 Bradycardia, requiring resuscitation (n = 4) Arterial rupture, surgical repair (n = 1)

Damage of RV wall, surgical repair (n = 1)

Venous rupture, surgical repair (n = 2)

Arterial rupture, surgical repair (n = 2)

5 None (n = 0) None (n = 0)

Total (n = 29) Total (n = 37)
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3.5 Intra-Procedural Aspects of Diagnostic and Transcatheter Procedures Related to Preceding CHS
The CC interventions were analyzed stratified by the type of surgery performed for all groups with

n > 20, namely right ventricle to pulmonary artery (RV-PA) conduit, arterial switch operation (ASO), total
cavopulmonary connection (TCPC), bidirectional cavopulmonary connection (BCPC), Norwood
operation and AP-Shunt (aorto-pulmonary shunt) surgery.

Figs. 1–6 show all clinical indications, which led the team to decide for a diagnostic CC and the resulting
interventions that followed the diagnostic CC findings.

3.5.1 RV-PA Conduit
A total of 39 CC after RV-PA conduit were performed at a median of 2 (9) (IQR) days after CHS (Fig. 1).

Suspected PA-stenosis 17/39 (43.5%), hypoxemia 10/39 (25.6%), and prolonged postoperative course 4/39
(10.2%) were the most frequent indications for CC. In these indication subgroups, vessel stenosis was found
in 15/17 (88.2%), 8/10 (80%) and 2/4 (50%) cases, respectively. After diagnostic CC a total of 29/39 (74.3%)
interventional, 1/39 (2.6%) hybrid, and 1/39 (2.6%) surgical procedures were performed. The most common
intervention involved stent implantation for a stenotic vessel in 24/29 (82.7%) cases. Clinical improvement
resulted in 23/29 (79.3%) patients. All interventions were successful. Median time to the next intervention,
either transcatheter or surgically, was 70 (IQR 194) days.

3.5.2 ASO
Twenty-three CCs after ASO were performed at a median of 15 (IQR 9) days from CHS (Fig. 2).

Suspected anomalies of the coronary arteries were the main indication for CC 14/23 (60.1%) followed by
arrhythmias 5/23 (21.7%). In case of suspected postoperative coronary artery abnormality residual
aortopulmonary collateral arteries (MAPCAs) were present in 6/14 (42.9%) while a coronary anomaly
was found only once 1/14 (7.1%). All patients presenting with arrhythmia (5/5%, 100%) had normal
coronary artery findings. Following the diagnostic procedures, a total of 7/23 (30.4%) interventions and
1/23 (4.3%) surgery were performed. All interventions were coil occlusions of significant residual
MAPCAs or veno-venous collaterals. Clinical improvement was seen in 4/7 (57.1%) patients. All
interventions were successful. Interval to next intervention (either surgical or interventional) was 17
(IQR 170) days.

3.5.3 TCPC
In 29 cases a CC after TCPC was performed, 2 (IQR 12) days after CHS. Indications for CC after TCPC

were diverse (Fig. 3). Prolonged postoperative course in 8/29 (27.5%), elective diagnostic angiography in
7/29 (24.1%), suspected pulmonary artery stenosis or suspected pulmonary arterial hypertension/elevated
pulmonary resistance or both in 5/29 (17.2%) and hypoxemia in 4/29 (13.7%) lead to the decision for a
CC. Overall, vessel stenosis was the most frequent diagnostic finding in 12/29 (41.4%) cases, in case of
prolonged postoperative course in 4/8 (50%), suspected PA-stenosis in 3/5 (60%), and hypoxemia in
2/4 (50%) cases. Postoperative diagnostic angiography without clinical suspicion showed normal results
in 5/7 (71.4%) patients. According to the diagnostic findings, 17/29 (58.6%) CC interventions and 2/29
(6.9%) surgical procedures followed. Overall, stent placement in the pulmonary arteries was the most
frequent intervention, in 10/12 (83.3%) cases of suspected vessel stenosis and in 2/5 (40%) cases of
elevated PAP. All interventions were successful. A relevant clinical improvement was seen in 14/17
(82.3%) cases. After the catheter procedure the interval to the next surgical or interventional procedure
was median 262 (IQR 315) days.
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Figure 1: Indications for 39 CC within 30 days from CHS in patients with RV-PA shunt (A). Results of
diagnostic CC and consequent interventions (B)
Abbreviations: RV-PA: right ventricle to pulmonary artery, ECMO: extra corporeal membrane oxygenation, HLM: heart-lungs
machine, PAP: pulmonary artery pressure, PAH: pulmonary arterial hypertension, PA: pulmonary artery, ASD: atrial septal defect,
PFO: patent foramen ovale, EDP: end-diastolic pressure, MAPCAs: major aorto-pulmonary collateral arteries, CoA: aortic coarc-
tation, BCPC: bidirectional cavopulmonary connection, TCPC: total cavopulmonary connection, AP: aorto-pulmonary.
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Figure 2: Indications for 23 CC within 30 days from CHS in patients after ASO (A). Results of diagnostic
CC and consequent interventions (B)
Abbreviations: ASO: aortic switch operation, PAP: pulmonary artery pressure, PAH: pulmonary arterial hypertension, PA: pul-
monary artery, ASD: atrial septal defect, PFO: patent foramen ovale, EDP: end-diastolic pressure, MAPCAs: major aorto-pulmonary
collateral arteries, CoA: aortic coarctation.
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Figure 3: Indications for 29 CC within 30 days from CHS in patients after TCPC (A). Results of diagnostic
CC and consequent interventions (B)
Abbreviations: TCPC: total cavopulmonary connection, PAP: pulmonary artery pressure, PAH: pulmonary arterial hypertension, PA:
pulmonary artery, ASD: atrial septal defect, PFO: patent foramen ovale, EDP: end-diastolic pressure, MAPCAs: major aorto-pul-
monary collateral arteries
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Figure 4: Indications for 69 CC within 30 days from CHS in patients after BCPC (A). Results of diagnostic
CC and consequent interventions (B)
Abbreviations: BCPC: bidirectional cavopulmonary connection, ECMO: extra corporeal membrane oxygenation, HLM: heart-lungs
machine, PAP: pulmonary artery pressure, PAH: pulmonary arterial hypertension, PA: pulmonary artery, ASD: atrial septal defect,
PFO: patent foramen ovale, EDP: end-diastolic pressure, MAPCAs: major aorto-pulmonary collateral arteries, CoA: aortic
coarctation.

CHD, 2023, vol.18, no.1 89



Figure 5: Indications for 34 CC within 30 days from CHS in patients after Norwood operation (A). Results
of diagnostic CC and consequent interventions (B)
Abbreviations: ECMO: extra corporeal membrane oxygenation, HLM: heart-lungs machine, PAP: pulmonary artery pressure, PAH:
pulmonary arterial hypertension, PA: pulmonary artery, ASD: atrial septal defect, PFO: patent foramen ovale, EDP: end-diastolic
pressure, MAPCAs: major aorto-pulmonary collateral arteries, CoA: aortic coarctation.
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Figure 6: Indications for 34 CC within 30 days from CHS in patients after AP-shunt placement (A). Results
of diagnostic CC and consequent interventions (B)
Abbreviations: AP: aorto-pulmonary, ECMO: extra corporeal membrane oxygenation, HLM: heart-lungs machine, PAP: pulmonary
artery pressure, PAH: pulmonary arterial hypertension, PA: pulmonary artery, ASD: atrial septal defect, PFO: patent foramen ovale,
EDP: end-diastolic pressure, MAPCAs: major aorto-pulmonary collateral arteries.
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3.5.4 BCPC
A total of 69 CCs 2 (IQR 9) days after BCPC were performed (Fig. 4). Hypoxemia (30/69; 43.5%) and

suspected PA-stenosis (14/69; 20.2%) were frequent indications for CC. Hypoxemia was associated with
vessel stenosis in 15/30 (50%) and veno-venous collaterals in 5/30 (16.6%); suspected PA-stenosis with
evident vessel stenosis in 10/14 (71.4%). After diagnostic CC, 34/69 (49.3%) interventions and 2/69
(28.9%) surgical procedures were performed. Vessel stenosis was associated with the highest rate of
intervention 23/28 (82.2%), including stent placement in the pulmonary arteries in 17/23 (74%).

After diagnostic CC, 34/69 (49.3%) interventions and 2/69 (2.9%) surgeries were performed. A
subsequent clinical improvement was seen in 25/34 (73.5%) patients. In two cases the interventional
procedure was unsuccessful. Procedure-free interval after CC was 85 (IQR 510) days in this group of patients.

3.5.5 Norwood Operation
Thirty-four cases of CC followed 6.5 (IQR 11.5) days after Norwood operation (Fig. 5). Clinical

indications for CC involved many categories, but the most frequent were hypoxemia in 7/34 (20.4%);
failure to wean ECMO therapy in 5/34 (14.7%); and prolonged postoperative course in 5/34 (14.7%)
cases. Overall, vessel stenosis was the most frequent result of CC 11/34 (32.3%) followed by normal
findings in 7/34 (20.6%) and vascular occlusion in 4/34 (11.7%) cases. Therapeutic consequences of CC
were catheter interventions in 17/34 (50%) and a surgical approach in 6/34 (17.6%) of these patients.
Vessel stenosis and vascular occlusion were treated with stent placement in 5/11 (45.5%) and 2/4 (50%)
of patients. In two cases the interventional procedure was unsuccessful and therefore was followed by
surgery. Clinical improvement was described in 11/17 (64.7%) patients. Interval to the next intervention
was median 12 (IQR 11) days.

3.5.6 AP-Shunt
A total of 26 CC after AP-shunt surgery were performed (Fig. 6). Time from CHS was 8.5 (IQR 14.5) days.

Diagnostic angiography of the AP-shunt (7/26; 26.9%); hypoxemia (5/26; 19.3%) and prolonged postoperative
course (3/26; 11.5%), were main indications for CC. Diagnostic angiography of the AP-shunt revealed AP-shunt
occlusion or stenosis in 4/7 (57.1%), while in patients with hypoxemia normal findings were found in 4/5 (80%).
A total of 14/26 (53.8%) interventions and 2/26 hybrid procedures were performed subsequently. In three cases
interventional procedures were unsuccessful and surgery was planned. In case of vessel stenosis or AP-shunt
occlusion a surgical redo-shunt procedure was usually performed. A relevant clinical improvement was seen
in 10/14 (71%) cases. Procedure-free interval after CC was 59 (IQR 87) days.

4 Discussion

There is a variety of different possible post-operative problems or residual lesions after CHS and some
surgical outcomes after CHS in children need further, early and often invasive diagnostic investigation or
interventional transcatheter treatment [11–13]. The threshold to perform further investigations, including
invasive CC studies should be low, if significant hemodynamic or clinical problems are observed in the
early post-operative period. A benefit of CC is the correct delineation of the anatomy and physiology,
which allows for effective therapy; thus, a substantial number of patients undergo reoperation based on
the findings during CC. Furthermore, medical, and interventional treatments performed will have a
positive effect, optimizing postoperative therapy of these patients.

Earlier studies of post-operative CC in children [1–9] mainly described the feasibility and safety of early
post-operative CC, but to our knowledge did not focus on indications and likeliness for interventional
treatment according to the previously performed surgery. As to the diverse surgical strategies, different
underlying anatomies, and different preceding surgeries it is imminent, that the assessed study population
is heterogeneous. Therefore, we aimed to analyze a period of 11-year, where (at least) the interventional
lead and team of the CC laboratory with its standards and interventional philosophy have been stable.
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In case of CHS with preceding RV-PA conduit surgery, suspected pulmonary artery (PA) stenosis or
hypoxia seem valid indications for a CC, since this could be resolved with an intervention in more than
70% of the cases and up to 80% of the patients showed a significant clinical benefit after the intervention.
On the other hand, angiographic visualizations of coronary arteries after ASO and/or arrhythmias mostly
confirmed a good postoperative result without the need for transcatheter interventional treatment. In
6 patients after ASO, where the indication for CC was coronary angiography, the performed interventions
(“consequences”) were coil occlusions of significant residual MAPCAs, which can mimic coronary
undersupply due to diastolic runoff [14].

Interestingly, approximately 61% of interventions were performed in the group of single ventricle
physiology patients at different stages of their palliation. This is despite the fact, that it is institutional
practice to perform CC prior to BCPC and TCPC. In the patients after TCPC the rate of interventions
following diagnostic CC was around 50% and mostly involved treatment of vessel stenosis (pulmonary
artery) associated with prolonged postoperative course. Nevertheless, when a CC intervention was
performed its clinical impact was high. Interestingly, diagnostic angiography without any clinical problem
post TCPC surgery showed normal results in most cases. The cohort after BCPC reflects the largest group
in our study and involves 69 patients. In this group, there were solid indications for CC, such as
hypoxemia or suspected PA-stenosis on echocardiography, which were associated with vessel stenosis
and with a very high rate of interventions as well as a significant clinical impact after the catheter procedure.

The patients after a Norwood procedure had various indications for CC and a lower interventional rate
compared to the other groups. Independently from the indication for CC, vessel stenosis or shunt occlusion
were the most frequent findings, but the associated clinical impact of their treatment was lower than in other
groups. Lastly, the patients after AP-shunt showed, that suspected shunt dysfunction is associated with a high
and urgent need of reintervention, which lead to a clinical benefit in more than 70% of the cases.

Our study showed that these early high-risk CC interventions mostly can be performed safely and target-
oriented, with no intra-procedural mortality. There was a total of 29 (9.1%) intra-procedural and 37 (11.6%)
post-procedural adverse events. Most of these events were minor complications, while only 9 (2.8%) intra-
procedural events stratified as major complications [10]. These occurrence rates of AEs are comparable to
reported rates in normal, elective CC procedures in children in the literature [15,16]. Regarding this, early
post-operative CC should not be postponed. Nevertheless, these interventions should be considered high-
risk and procedural preparation and a multi-disciplinary approach with good surgical and intensive care
back-up are essential.

5 Limitations

This is a retrospective, single center analysis and therefore limitations regarding relatively small
numbers of patients which limits subgroup analysis and risk factor analysis are imminent to this study.
The gold standard of a prospective, randomized control study is ethically not applicable in this
population, and we think that the results of our study are important to justify CC in the early post-
operative period, although they are considered to be high risk interventions. Nevertheless, the lack of a
control group especially limits the interpretation of the impact of these procedures on outcome and
clinical improvement of these patients in the early post-operative period.

6 Conclusion

Cardiac catheterizations in the early postoperative period after CHS can be performed safely and should
not be withheld from patients after CHS. Hypoxemia suspected arterial stenosis and prolonged postoperative
course are solid indications for CC after RV-PA shunt, TCPC and BCPC. After ASO a CC only sporadically
results in an intervention. Suspected AP-shunt dysfunction had a high probability for the necessity of an
interventional transcatheter treatment.
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