International Journal of Cardiology 203 (2016) 325-330

Contents lists available at ScienceDirect

CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Haemodynamic characterisation and heart catheterisation complications @ Crosshark
in children with pulmonary hypertension: Insights from the Global TOPP

Registry (tracking outcomes and practice in paediatric

pulmonary hypertension)

M. Beghetti **!, I. Schulze-Neick ™', RM.F. Berger ©', D.D. vy !, D. Bonnet ', R.G. Weintraub "', T. Saji &',
D. Yung ™!, G.B. Mallory !, R. Geiger'!, J.T. Berger !, RJ. Barst !, T. Humpl ™, for the, TOPP investigators

TOPP Registry investigators (not listed in the author's list) by country alphabetical order:

S. Mattos ", Z.C. Jing ©°, Z.Y. Han °, L. Sondergaard ?, T. Jensen P, M. Levy °%, S. Mebus 9, Ch. Apitz ', A. Szatmari °,
L. Ablonczy %, 0. Milanesi , V. Favero !, T. Pulido Y, P. De La Garza Y, J.M. Douwes *, H. Brun ", L. Moll %,

K. Michalak Y, W. Kawalec *, M. Zuk *, M. Fasnacht Boillat ¥, R. Olgunturk %, S. Serdar Kula #, D. Alehan *¢,

RW. Day *°, E. Austin %, D.J. Moore *, A.M. Atz %%, J.A. Feinstein *°,

™ Royal Portuguese Hospital, Maternal-Fetal Cardiac Unit, Recife, Brazil

© State Key Lab of Cardiovascular Disease, FuWai Hospital, Peking Union Medical College and Chinese Academy of Medical Science, Beijing, China
P Rigshospitalet, University of Copenhagen, Heart Center, Copenhagen, Denmark

9 German Heart Centre, Munich, Germany

" Universitdtsklinikum Giessen, Giessen, Germany

° Hungarian Institute of Cardiology, Pediatric Cardiac Center, Budapest, Hungary

t Universita di Padova, Dipartimento di Pediatria, Padova, Italy

" National Heart Institute, Mexico City, Mexico

V' Rikshospitalet, Section for Pediatric Cardiology, Oslo, Norway

W Polish Mothers Hospital Research Institute, Lodz, Poland

* Children's Memorial Health Institute, Department of Cardiology, Warsaw, Poland

Y Universitdts-Kinderklinik, Zurich, Switzerland

“ Gazi Universitesi Tip Fakultesi, Pediyatrik Kardiyoloji ABD, Ankara, Turkey

2 Hacettepe University IThsan Dogramaci, Tip Fak, Pediyatrik Kardiyoloji, Ankara, Turkey

3 University of Utah, University of Health Care, Division of Pediatric Cardiology, Salt Lake City, USA

¢ Vanderbilt Children's Hospital, Division of Cardiology, Nashville, USA

' Medical University of South Carolina, Charleston, USA

¢ Stanford University Medical Center Packard Children's Hospital, Palo Alto, USA

2l Center for Congenital Heart Diseases, Pediatric Cardiology, Beatrix Children's Hospital, University Medical Center Groningen, University of Groningen, Netherlands
% M3C-Paediatric Cardiology, Université Paris Descartes, Necker Enfants Malades, AP-HP, Paris, France

@ Pediatric Cardiology, Department of the Child and Adolescents, Hopital des Enfants, University of Geneva, Switzerland
b Cardiac Unit, Great Ormond Street Hospital for Children, London, UK

€ Center for Congenital Heart Diseases, Pediatric Cardiology, Beatrix Children's Hospital, University Medical Center Groningen, University of Groningen, Netherlands
4 Pediatrics, University of Colorado School of Medicine, Aurora, USA

€ M3C-Paediatric Cardiology, Université Paris Descartes, Necker Enfants Malades, AP-HP, Paris, France

T Royal Children's Hospital, Murdoch Children's Research Institute, Melbourne, Australia

& Toho University Medical Center Omori Hospital, Tokyo, Japan

" Seattle Children's Hospital, University of Washington School of Medicine, Seattle, USA

! Texas Children's Hospital, Baylor College of Medicine, Houston, USA

J Innsbruck Medical University, Pediatric Cardiology, Innsbruck, Austria

X Children's National Medical Center, Pediatric Critical Care and Cardiology, WA, USA

! Pediatrics, Columbia University, New York, USA

™ Cardiology and Critical Care, University of Toronto, Toronto, ON, Canada

* Corresponding author at: Pediatric Cardiology Unit, Children's Hospital, University Hospital of Geneva, 6 rue Willy Donzé 1211 Geneva 14, Switzerland.
E-mail address: maurice.beghetti@hcuge.ch (M. Beghetti).
! This author takes responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation.

http://dx.doi.org/10.1016/j.ijjcard.2015.10.087
0167-5273/© 2015 Elsevier Ireland Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2015.10.087&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2015.10.087
mailto:maurice.beghetti@hcuge.ch
Journal logo
http://dx.doi.org/10.1016/j.ijcard.2015.10.087
Unlabelled image
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard

326

ARTICLE INFO

Article history:

Received 5 May 2015

Received in revised form 4 September 2015
Accepted 12 October 2015

Available online 23 October 2015

Keywords:
Catheterisation
Heart defects
Congenital
Hypertension
Pulmonary
Paediatrics

M. Beghetti et al. / International Journal of Cardiology 203 (2016) 325-330

ABSTRACT

Background: The TOPP Registry has been designed to provide epidemiologic, diagnostic, clinical, and outcome
data on children with pulmonary hypertension (PH) confirmed by heart catheterisation (HC). This study aims
to identify important characteristics of the haemodynamic profile at diagnosis and HC complications of paediatric
patients presenting with PH.

Methods and results: HC data sets underwent a blinded review for confirmation of PH (defined as mean pulmo-
nary arterial pressure >25 mm Hg, pulmonary capillary wedge pressure <12 mm Hg and pulmonary vascular re-
sistance index [PVRI] of >3 WU x m?). Of 568 patients enrolled, 472 who fulfilled the inclusion criteria and had
sufficient data from HC were analysed. A total of 908 diagnostic and follow-up HCs were performed and compli-
cations occurred in 5.9% of all HCs including five (0.6%) deaths. General anaesthesia (GA) was used in 53%, and
conscious sedation in 47%. Complications at diagnosis were more likely to occur if GA was used (p = 0.04) and
with higher functional class (p = 0.02). Mean cardiac index (CI) was within normal limits at diagnosis when
analysed for the entire group (3.7 L/min/m?; 95% confidence interval 3.4-4.1), as was right atrial pressure despite
a severely increased PVRI (16.6 WU x m? 95% confidence interval 15.6-17.76). However, 24% of the patients
had a Cl of <2.5 L/min/m? at diagnosis. A progressive increase in PVRI and decrease in CI was observed with
age (p<0.001).

Conclusion: In TOPP, haemodynamic assessment was remarkable for preserved CI in the majority of patients de-
spite severely elevated PVRI. HC-related complication incidence was 5.9%, and was associated with GA and higher

functional class.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Pulmonary hypertension (PH) remains an important cause of mor-
tality and morbidity [1]. It is characterised by a progressive increase in
pulmonary vascular resistance (PVR) and pulmonary arterial pressure
(PAP) that ultimately leads to right ventricular dysfunction and death.
The definition of pulmonary arterial hypertension (PAH) is based on
haemodynamics using the same criteria for children as for adult patients
[1,2].

Non-invasive tests are useful for screening suspected PH but haemo-
dynamic assessment with invasive heart catheterisation (HC) remains
the gold standard to confirm diagnosis and to assess disease severity
[2-4]. Haemodynamics (PVR and right atrial pressure) are recognised
as risk factors at baseline and important for therapeutic decisions [1,
5-7]. The recent statement of the AHA on the indications for HC in pae-
diatrics recommends HC to assess PVR and reversibility of PH in patients
with congenital heart disease (CHD) or idiopathic PAH (iPAH) when ac-
curate assessment of PVR is needed to make therapeutic decisions [8].
The majority of children with PH enrolled in current registries have
iPAH or CHD-PAH, underscoring the need to perform HC at diagnosis
in this population [9,10]. Multi-centre studies have been published de-
scribing the complication rate of HC in paediatrics but no large studies
have focused on a pure population of PH [11,12]. Controversial opinions
challenge the use of invasive haemodynamics and are mainly focused
on the potential risks of HC [ 1]. With increasing treatment options, accu-
rate characterisation of the disease is needed to provide optimal care as,
until now, targeted therapies have not shown efficacy in other forms of
PH than PAH [2]. The haemodynamic profile for the PH population en-
rolled in TOPP as well as HC-related complications of 908 diagnostic
and follow-up HCs performed are reported.

2. Methods

The Registry was designed as a multi-centre, prospective observational cohort study
at 31 centres in 19 countries. Patients underwent clinical assessment and received treat-
ment and follow-up according to the sole judgement of their local physician and were
not on TOPP-related specific diagnostic and therapeutic protocols. Enrolment began in
January 2008. All eligible patients with complete HC data available on 27th February
2012 were included in the analysis.

The study was designed and supervised by an Executive Board (EB). Data manage-
ment and analyses were performed by contract organisations working with the EB. The
protocol was approved by the relevant Institutional Review Boards and/or Ethics Commit-
tees; the study complies with the Declaration of Helsinki; and informed consent has been
obtained from all patients and/or their legal guardians.

Consecutive patients between 3 months and 18 years of age at the time of diagnosis
with PH confirmed by HC were eligible for enrolment in the TOPP Registry. Both newly

diagnosed (incident, within 3 months of enrolment in the registry) patients and previous-
ly diagnosed (prevalent, more than 3 months prior to enrolment) patients were eligible.

Patients were eligible if they had PH belonging to Venice Groups 1, 3,4, or 5 according
to the Venice 2003 clinical classification [13], as this was the actual classification at the
time of registry design.

The diagnosis of “PH-confirmed” required HC confirmation (defined as
mPAP > 25 mm Hg, PVRI > 3 WU x m?, and PCWP < 12 mm Hg). The EB reviewed
all cardiac catheterisation data sets and recalculated PVRI and cardiac output by the Fick
method using a single assumed oxygen consumption table [14] or the recorded cardiac
output as measured by thermodilution (if performed and physiology permitted). Following
this review, patients not fulfilling the above-mentioned definition of PH were excluded
from the analysis of the haemodynamic parameters. Patients for whom a diagnostic HC
could not be performed because of clinical reasons, could be included based on a confirmato-
1y echocardiography and/or histopathology as they may have a follow-up HC.

Overall data on general anaesthesia (GA) and conscious sedation to perform HC was
collected but information on specific drugs was not collected.

Acute vasodilatory response testing (AVRT) was recorded, where the interpretation of
a positive or absent response to AVRT was left with the local physician following the rules
of a non-interventional registry.

Predefined HC-related complications were recorded but were not adjudicated by the
EB. For the purpose of this analysis all diagnostic and follow-up HCs were pooled together.

2.1. Statistical analysis

A statistical analysis plan was written to specify the initial descriptive analysis, and
was completed prior to data finalisation. After team review of the descriptive results, eval-
uation of specific hypotheses (ANOVA) was executed. No formal sample size calculation
was performed, and hence the sample was not powered a priori for specific comparisons.
The analysis population for haemodynamic parameters was the PH-confirmed cohort,
which included only patients who met all enrolment criteria, but all patients were
analysed for HC complications. Continuous data was summarised using descriptive statis-
tics (mean, SD, 95% confidence interval, median, min/max and 25th and 75th percentiles)
and 95% confidence intervals where relevant. Age was grouped for descriptive summaries
(3-24 months, 2-6 years, 7-11 years and 12-18 years). Categorical data was summarised
using counts and percentages. Unless stated otherwise, the denominator for percentages
was the total number of patients with non-missing data for each variable analysed. All
eCRFs were individually reviewed and assessed by EB members. Post-review values
were used in the analyses, unless there was insufficient data for review in which case
the original eCRF data was used. The association between key haemodynamic parameters
and age at diagnosis (years), aetiology and NYHA functional class (FC) was investigated
using an ANCOVA model including all 3 variables. Cardiac index (CI), PVRI and PVRI/
SVRI were log-transformed to improve the assumption of normality.

In order to investigate the potential risk factors for HC complications at diagnosis, lo-
gistic regression analyses were performed. The risk factors investigated were age at diag-
nosis (years), NYHA FC (trend over classes I-IV), aetiology and sedation method, with all
variables retained in the final model. All analyses were performed using SAS statistical
software package (version 8.2 or higher).

3. Results

At the data cut on February 2012, 568 patients were enrolled and
480 fulfilled the inclusion criteria, i.e., are patients for whom PH has
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