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Abstract

Objectives: The aim of the study was to report the outcome of cardiac catheterisation in
low-weight patients. Background: Data regarding cardiac catheterisation in infants weighing
<2500 g are scarce. Methods: We reviewed all cardiac catheterisations performed in infants
weighing <2500 g between January 2000 and May 2016. An analysis with respect to the type
of procedure, the complexity of procedure (procedure type risk), and haemodynamic vulner-
ability index was finally carried out. We report the occurrence of deaths and complications
using the adverse event severity score. Results: A total of 218 procedures were performed on
211 patients. The mean age and weight were, respectively, 15 ± 26 days (range, 0–152) and
2111 ± 338 g (range, 1000–2500). Procedures were interventional and diagnostic, respectively,
in 174 (80%) and 44 (20%) patients. Out of 218, 205 (94%) were successful. Eleven complica-
tions (5%) occurred – six with an adverse event severity score of 4 and five with an adverse
event severity score of 3. Ten patients (91%) showed a favourable outcome, and one died (stent
thrombosis few hours after patent ductus arteriosus stenting). No correlation was found
between lower weight and occurrence of death (p= 0.68) or complications (p= 0.23). The grav-
ity scores (procedure type risk and haemodynamic vulnerability index) were not predictive of
complications. Conclusions: Cardiac catheterisation in infants weighing <2500 g appears fea-
sible and effective with low risk. The weight should not discourage from performing cardiac
catheterisation in this population.

Infants with congenital heart disease have a higher incidence of low birth weight.1–3 Advances in
perinatal medicine have led to dramatic improvements in survival among low-birth-weight
infants.4 This has resulted in increasing numbers of low-birth-weight infants with congenital
heart defects requiring therapy. However, mortality among premature and low-birth-weight
infants undergoing surgery for congenital heart defects remains high.5 Therefore, catheter-based
interventions as a palliative and therapeutic option have been increasingly used to improve the
mortality of high-risk low-birth-weight infants. Few large studies reporting their catheterisation
experience have shown increased risk of mortality and complications in low-birth-weight
infants.6–18 Nevertheless, technical feasibility, outcome, and complications of cardiac catheter-
isation in this specific population need clarifications. That is why this procedure for low-birth-
weight infants is still very debated by neonatologists and paediatricians. Patent ductus arteriosus
is very frequent in the population of premature babies. Its transcatheter closure has been
reported and is expanding. In this context and before expansion, we think that morbidity
and mortality of cardiac catheterisation, in general, in this peculiar population of low-
birth-weight infants should be provided. The objective of our study was to share our experience
with low-birth-weight infants describing the results of cardiac catheterisation in small infants
weighing <2500 g.

Methods

The population

Weperformed a retrospective review of patients weighing<2500 g who underwent cardiac cath-
eterisation in our centre from January 2000 to July 2016. Informed consent was obtained from
parents. The study was performed with approval from our institutional review board.

Data collection

Demographic data were recorded, including gender, gestational age, birth weight, comorbidity,
and type of ventilation used, if any. All procedures were divided according to their interventional
or diagnostic nature. To better categorise the risk of procedures, procedures were classified
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according to the haemodynamic vulnerability index and the pro-
cedure type risk as described by Bergersen et al.10,11 Finally, data on
tolerance of the procedure were recorded by taking into account
any adverse reaction classified according to the time of occurrence:
per procedure and short term (<30 days post-catheterisation).
The complications were classified according to the adverse event
severity score, which categorises complications ranging from 1
to 5 (negligible, minor, moderate, severe, catastrophic). This score,
defined by Bergersen et al, is used in the international nomencla-
ture of congenital cardiac catheterisation.10,12,13 The events
reported were death, cardiorespiratory arrest, respiratory failure
requiring invasive mechanical ventilation, haemodynamic insta-
bility, vascular wounds, acute anaemia requiring transfusion of
red blood cells, arrhythmia, and any complication requiring any
active medical or surgical procedure responsible for an extension
of the length of stay or an increase in morbidity.

Data and statistical analysis

The descriptive analysis of efficacy and tolerability covered the
entire cohort. We first analysed the occurrence of death on the
whole population and then according to weight categories
(<1500, 1500–2000, and 2000–2500 g), in order to study a possible
correlation between the rate of complication and lower weight.
Then, we compiled the complications according to their time of
occurrence. Analysis was performed using MedCalc software
(Mariakerke, Belgium). The qualitative variables are expressed
by their associated distribution frequency and 95% confidence
interval. The comparison was made by chi-squared or by exact
Fisher tests. Quantitative variables are expressed as mean, standard
deviation, associated 95% bilateral confidence intervals when the
distribution of the variable is Gaussian; or minimum, maximum,
median, and quartiles if the distribution is non-Gaussian.
Depending on the distribution of each variable, comparisons were
made either by Student t-test or by Wilcoxon test. All tests were
carried out bilaterally with a risk of first alpha species set at 5%.

Results

Patients’ characteristics

In 211 patients weighing<2500 g at the time of catheterisation, 218
procedures were performed. Seven patients had two procedures.
Themean age at catheterisation was 15 ± 26 days. Themeanweight
on the day of catheterisation was 2111.1 ± 338 g. The patients’
characteristics are summarised in Table 1.

Characteristics of procedures

Forty-four procedures (20%) were diagnostic; 174 procedures
(80%) were interventional, 80 and 94 of which being, respectively,
palliative and curative. Interventional catheterisation consisted of:
(1) Rashkind intervention (n= 59: 55 transposition of great
arteries [TGA], 1 hypoplastic left heart syndrome, 1 double outlet
right ventricle with pulmonary stenosis, 1 pulmonary atresia
with intact ventricular septum [PAIVS] with hypoplastic RV);
(2) perforation/dilatation of the pulmonary valve (n= 54: 20 perfo-
rations including 17 PAIVS and 3 pulmonary atresia with ventricu-
lar septal defect [PA-VSD]); (3) stenting of patent ductus arteriosus
(n= 10: 2 complex TGA, 1 PA-VSD, 5 PAIVS, 2 univentricular
heart with pulmonary atresia); (4) closing patent ductus arteriosus
(n= 10); (5) aortic valvuloplasty (n= 10); (6) dilation of aortic
coarctation (n= 9); (7) pulmonary artery dilation (n= 4, including
right ventricular outflow tract stenting in 2); (8) temporary

Table 1. Characteristics of included patients.

Studied variables
Number of patients= 211;
number of procedures= 218

Gestational age (weeks) N= 211

N (missing data) 206 (5)

Mean ± sd 35.6 ± 3.4

Median (Q1–Q3) 36.0 (34.0–38.0)

Min, Max 25.5, 42.0

Genetic syndrome, N (%) 211 (100%)

Yes 16 (7.6%)

No 195 (92.4%)

Prematurity, n (%) 211 (100%)

Yes 119 (56.4%)

No 92 (43.6%)

Haemodynamic vulnerability
index, n (%)

218 (100%)

0 35 (16.1%)

1 100 (45.9%)

2 71 (32.6%)

3 10 (4.6%)

4 2 (0.9%)

Type of congenital heart
diseases, n (%)

211 (100%)

Transposition of great arteries 64 (30.3%)

Pulmonary atresia intact ventricular
septum

28 (13.3%)

Pulmonary valve stenosis 28 (13.3%)

Pulmonary atresia with ventricular
septal defect

18 (8.5%)

Patent ductus arteriosus 15 (7.1%)

Coarctation of the aorta 11 (5.2%)

Aortic valve stenosis 10 (4.7%)

Ventricular septal defect 7 (3.3%)

With hypoplastic aortic arch
without coarctation and PDA

5

Isolated 2

Others 30 (14.2%)

Complete atrioventricular block (AVB) 8

Univentricular heart 7

Tetralogy of fallot 4

Complete atrioventricular canal defect 3

Anomalous left coronary artery from the
pulmonary artery

2

Atrial septal defect 2

Pulmonary vein stenosis 1

Coronary fistula 1

Pulmonary hypertension/alveolar
capillary dysplasia

1

Corrected tga with ventricular septal
defect and pulmonary stenosis

1

TGA, transposition of great arteries; PDA, patent ductus arteriosus.
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endovascular pacing wire for complete atrioventricular block
(n= 10); (9) coronary angioplasty (n= 3); (10) vascular embolisa-
tion (n= 4, 1 coronary fistula, 3 MAPCA); and (11) 1 pericardio-
centesis (post arterial switch operation). Among interventional
catheterisations, success rate was 92.5%; 7.5% (n= 13/174) were
considered unsuccessful.

Complications

In our series, we identified 19 complications (8.7% of all per-
formed procedures): 14 occurred during the procedure and 5
within the first 30 days of catheterisation (see Table 2). No com-
plications were observed after 30 days of catheterisation. All but
one had favourable outcome without sequelae. One patient died
(due to catheterisation itself or to the post-care management)
despite resuscitation from acute arterial duct stent thrombosis
that occurred within 30 days post-procedure, giving a mortality
rate of 0.4% for cardiac catheterisation. The comparison of

populations with complications with those who did not experi-
ence any complications in post-procedure is presented in Table
3. All-cause mortality study according to weight classes found
no correlation between weight reduction andmortality. The com-
parison of patients according to the procedure type risk score
showed no statistically significant difference in all-cause mortal-
ity in our population.

Discussion

This study assessed the feasibility and safety of cardiac catheterisa-
tion in children weighing <2500 g. It showed that cardiac catheter-
isation is feasible and efficient, with a risk of morbidity and
mortality acceptable for the patient. In our population, only one
death was directly attributable to catheterisation, which represents
a mortality rate of 0.46% of the procedures. This is in agreement
with the literature data in which the mortality rate secondary

Table 2. Complications according to the time of occurrence.

Complications per procedure

Congenital heart disease Type of procedure Complication
AES
score Treatment Outcome

Peri-procedural complications

PAIVS Dilation of the pulmonary valve Flutter 1 Spontaneous conversion Favourable

PA-VSD Perfþ dilation of the
pulmonary valve

Transient AVB 1 Spontaneous conversion Favourable

PA-VSD Diagnostic cath Transient AVB 1 Spontaneous conversion Favourable

PAIVS Dilation of the pulmonary valve Transient arrhythmia 1 Spontaneous conversion Favourable

PAIVS PDA stenting Flutter 1 Spontaneous conversion Favourable

PA-VSD Diagnostic cath Apnoea/extreme bradycardia
(sedation)

2 Resuscitation Favourable

PAIVS PDA stenting Acute stent thrombosis 3 Anticoagulation/balloon dilatation Favourable

PA-VSD Perfþ dilation of the
pulmonary valve

Pericardial effusion 3 Transcatheter pericardiocentesis
at the end of procedure

Favourable

Coarctation of the aorta Dilation of the aorta Bleeding at puncture site 3 Blood transfusion Favourable

PA-VSD Perfþ dilation of the
pulmonary valve

Right coronary occlusion
secondary to clot
embolism

4 Tracheal intubation/mechanical
ventilationþ inotropic drugs

Favourable

Mitral and aortic atresia PDA stenting Arrhythmiaþ haemodynamic
instability

4 Tracheal intubation/mechanical
ventilationþ endocavitary
cardioversion

Favourable

D-TGA Rashkind Flutter 4 Endocavitary rapid pacing Favourable

D-TGA Rashkind Flutter 4 Endocavitary rapid pacing Favourable

Tetralogy of Fallot PDA stenting and dilation of the
pulmonary valve

Transient AVB 4 Spontaneous conversion Favourable

Complications within the first 30 days

PAIVS Perforationþ dilation
of the pulmonary valve

Pericardial effusion 1 None Favourable

LPA arising from
subclavian artery

Diagnostic cath Acute thrombosis of the
femoral artery

2 Continuous IV heparin Favourable

PA-VSD Diagnostic cath Acute thrombosis of the
femoral artery

3 Continuous IV heparin Favourable

D-TGA Rashkind Bleeding at the puncture site 4 Blood transfusion Favourable

PA-VSD PDA stent Acute thrombosis of the stent 5 Resuscitation, heparin Death

AES; adverse event severity; PA-VSD, pulmonary atresia with ventricular septal defect; PAIVS, pulmonary atresia with intact ventricular septum; D-TGA, D-transposition of great arteries; LPA, left
pulmonary artery; PDA, patent ductus arteriosus.
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to a complication of catheterisation fluctuates between 0.3 and
3%.7,8,15–17 The overall rate of major complications (adverse event
severity score > 2) in our study was around 5% (95% CI 2–8.5%).
This rate is also lower than the rates reported in previous studies.
Thus, Learn et al, who had studied the prevalence of complications
on the C3PO series, found a rate of 13%.12 Zepeda et al also had a
13% complication rate for 143 procedures performed in children of
all ages, regardless of weight.18 Our complication rate was even
lower than the rate of Backes et al, who reported the occurrence
of post-procedure complications in 13.7% of patients weighing
<3000 g and in 6.8% of patients weighing >5000 g. The rate of
complication in our study is finally very encouraging since it
was lower than the rate reported for patients recognised as less
risky (i.e. patients weighing >5000 g).14

Several previous studies have shown that a weight <2500 g was
associated with an increase in the complication rate ranging from
26 to 56% with a higher rate in case of interventional catheterisa-
tion.7,8,16,17 This was not found in our study: the comparative study
according to weight classes did not find any correlation between
the occurrence of complications or death and lower weight. This
suggests, contrary to previous studies,6,13,14 that lower weight
(<2500 g) is not a risk factor for morbidity and mortality in our

study. This consideration is really important in the management
of low-weight children with congenital heart disease, which repre-
sents a large proportion of patients (36,000 births per year;
EUROCAT study).1,19

The reasons for discrepancies between our study and previously
reported studies are unclear. Multiple explanations can be given.
On the one hand, our population did not include children
<1000 g. Several studies have shown a mortality rate that varied
between 70 and 80% in these patients.20, 21 This difference in prog-
nosis is most certainly inherent to the proportion of extreme
prematurity of these infants. Indeed, the correlation between pre-
maturity and mortality in patients with congenital heart disease is
clearly established.1,22 On the other hand, the proportion of
chromosomal abnormalities in those patients weighing <1000 g
certainly affects the vital prognosis.21 As a result, this study does
not apply to infants weighing<1000 g. Thirdly, themethodological
limitations are those inherent to a retrospective study. The risk of
such studies is to underestimate the number of events. However,
because this population is peculiar, all patients are cared andmoni-
tored in intensive care units for a long period, allowing us to record
all adverse events and to prevent any underestimation of events
andmortality. Fourthly, the indication of catheterisation wasmade

Table 3. Characteristics of the sub-groups according to complications.

Studied variables Complications No complications p value

Prematurity, N (%)

Yes 13 (68.4%) 106 (53.3%) 0.2

No 6 (31.6%) 93 (46.7%)

Haemodynamic vulnerability index, N (%)

0 2 (10.5%) 33 (16.6%) 0.9

1 9 (47.4%) 91 (45.7%)

2 7 (36.8%) 64 (32.2%)

3 1 (5.3%) 9 (4.5%)

4 0 (0.0%) 2 (1.0%)

Age at examination (days)

Mean ± sd 14.9 ± 16.9 15.0 ± 26.7 0.1

Median (Q1–Q3) 7.0 (3.0–23.0) 4.0 (0.0–15.0)

Min, Max 0.0, 64.0 0.0, 152.0

Intubated before cath, N (%)

Yes 0 (0.0%) 40 (20.1%) 0.03

No 19 (100.0%) 159 (79.1%)

Weight at examination (g)

Mean ± sd 2161.3 ± 309.6 2215.9 ± 341.8 0.24

Median (Q1–Q3) 2265.0 (1940.0–2400.0) 2350.0 (2000.0–2490.0)

Min, Max 1500.0, 2500.0 1000.0, 2500.0

Severity score, N (%)

2 3 (15.8%) 30 (15.1%) 0.07

3 9 (47.4%) 137 (68.8%)

4 7 (36.8%) 32 (16.1%)

692 M. Mostefa-Kara et al.

https://doi.org/10.1017/S1047951119000945
Downloaded from https://www.cambridge.org/core. Kean University, on 17 Jul 2019 at 16:16:54, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/S1047951119000945
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


in the absence of clear recommendation and was, therefore, not
standardised. Thus, it was impossible to estimate the number of
infants weighing<2500 gwho could have been candidates for cath-
eterisation but considered “too ill” to benefit from this examina-
tion. The last explanation that can be given is the fact that the
study was conducted within a single tertiary care centre with a sin-
gle operator performing more than 800 cases per year in children.
This is consistent with data from Jayaram et al23 who found that the
rate of severe complications after cardiac catheterisation was
inversely proportional to the number of cases performed by the
centre. Many studies have also shown that the quality of care
and outcome are partially related to the volume of activity of spe-
cialised teams.23–25

The evaluation of scores used by the international nomencla-
ture of congenital catheterisation, C3P0, revealed that the haemo-
dynamic vulnerability index is predictive of the occurrence of
complications or catheterisation-related deaths. It was not the case
in our study. It is, however, interesting for the operator to have this
score in mind to guide his intervention and take necessary precau-
tions pre-, peri-, and post-procedure. It also appears that the pro-
cedure type risk score is not a good indicator of mortality risk. This
score was also not discriminating on the occurrence of complica-
tions in our study. This could be explained by the fact that this
score, which takes into account items such as age in an inaccurate
way (<1 month), may not be appropriate for a population of small
weights. Indeed, in low-birth-weight population, it is more appro-
priate to express age in days and in corrected age.26 It would be
interesting to carry out a multicentric study on the same model
as C3PO for small weights in order to establish a more suitable
score for children <2500 g.

Conclusion

Cardiac catheterisation performed in a tertiary care centre,
whether interventional or diagnosis, is a feasible technique with
low morbidity and mortality in infants previously identified to
be at a high risk. The weight on day of catheterisation for these
small-weight patients no longer seems to constitute a major risk
factor of complication or mortality at least for those weighing
between 1000 and 2500 g. In addition, the procedure type risk score
used by many interventional cardiologists to evaluate the indica-
tions of catheterisation is inappropriate for these patients and
should be excluded from the decision making. Cardiac catheterisa-
tion, being a risky technique, should be avoided as much as is pos-
sible. Non-invasive imaging should always be performed when
possible. The indication of this procedure must be evaluated col-
legially after evaluating the benefits and risks of all alternatives
solutions. Such catheterisations should be performed in tertiary
centres with experience in cardiac catheterisation for low-birth-
weight infants.
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