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Abstract
Background  Paediatric cancer survival rates continue to improve with overall long-term survival now over 80%. 
A significant proportion of conventional and novel cancer therapies have cardiovascular toxicities which become 
increasingly relevant as long-term survival improves. At present, within the Italian healthcare setting, a systematic 
approach to the detection and management of cardiotoxicity in paediatric patients is lacking, and most available 
recommendations are extrapolated from adult evidence. This study aimed to assess current practices in cardiovascular 
care delivery for childhood cancer patients and survivors in Italy.

Materials and methods  An online 23-item nation-wide questionnaire was created by the Italian Society of 
Paediatric Cardiology (SICP) and the Italian Paediatric Haematology-Oncology Association (AIEOP) to explore the care, 
management and surveillance tools used to manage cardiotoxicity among paediatric patients and survivors. The 
survey was distributed among physicians within the AIEOP network.

Results  Thirty-six of the 49 centres answered to the survey (response rate 73.4%). Most respondents (n = 30, 83.3%) 
indicated that children are regularly screened for cardiotoxicity. The cardiological evaluation included the following 
echocardiographic methods to guide decisions on whether to start cardioprotective strategies or modify oncologic 
treatment protocols: Simpson biplane ejection fraction (EF) (n = 23, 63%) and left ventricle (LV) global longitudinal 
strain (GLS) (n = 5, 13.9%).

Conclusions  Results reveal significant heterogeneity in clinical practice among different centres. This report unveils 
the urgent need for unified recommendations to improve detection and long-term follow-up of cardiotoxicity to 
enhance cardiologic outcomes of paediatric cancer patients.
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Introduction
Although cancer remains a significant cause of morbidity 
and mortality in children, advances in early diagnosis and 
novel therapies have markedly improved survival rates [1, 
2]. As a result, an increasing number of childhood can-
cer survivors (CCS) are exposed to the long-term effects 
of both cancer and cancer therapies [3]. The pediatric 
population is often regarded as a relatively pure model 
for studying treatment-related cardiotoxicity. Late car-
diovascular (CV) effects often persist beyond the com-
pletion of cancer therapy and frequently intensify during 
puberty and adulthood, once traditional CV risk factors 
emerge [3–5]. These effects may manifest as left ven-
tricular (LV) dysfunction, cardiomyopathy, heart failure 
(HF), coronary artery disease, stroke, pericardial disease, 
arrhythmias, and valvular and vascular dysfunction [6]. 
Chemotherapy agents have different CV complications 
and anthracyclines (AC) are the most well-known ther-
apy related to cardiac dysfunction, leading to both early 
and late-stage HF. Immune effector cell therapies used in 
paediatric haematological malignancies exhibit as com-
mon toxicity the cytokine release syndrome, a systemic 
inflammatory response which can lead to CV decompen-
sation [7]. The risk of CV issues is further heightened by 
chest radiation or cranial spinal irradiation, which can 
result in additional damage to the myocardium, valves, 
and coronary arteries [8, 9]. Current guidelines recom-
mend longitudinal monitoring of the CV health in CCS, 
both during and after cancer treatment, through clini-
cal standardized cardiovascular surveillance, as well as 

comprehensive echocardiographic assessment [10–12]. 
Long-term CV effects of cancer treatments could be min-
imized by limiting the cardiotoxic effect of AC cumulative 
dose through preventive cardioprotective agents, reflect-
ing a broader move toward proactive CV risk mitigation, 
rather than reactive surveillance alone [13–18]. Advances 
in chest radiation techniques (involved field, intensity-
modulated therapy) have also reduced cardiac exposure, 
contributing to lower rates of HF, pericardial disease, and 
valvular disease. Nevertheless, CV complications during 
and after cancer treatment remain a significant concern, 
continuing to affect the long-term health of this grow-
ing patient population [19]. While adult cardio-oncology 
owns well-established guidelines, the management of 
paediatric cancer patients diagnosed with cardiotoxicity 
still lacks a systematic approach and uncertainties per-
sist regarding how to integrate prevention, monitoring, 
and treatment strategies into the routine clinical practice 
[20, 21]. The expanding CCS cohort faces a lifelong risk 
of treatment-related late effects, underscoring the need 
for structured, risk-adapted long-term follow-up. In this 
context, the Survivor Passport (SurPass) was developed 
within the Pan-European Network for Care of Survivors 
after Childhood and Adolescent Cancer (PANCare) and 
the European Society for Paediatric Oncology networks 
[13, 22]. SurPass provides clinicians and survivors with 
secure access to individual medical histories, and offers 
surveillance and screening recommendations aligned 
with international guidelines [23, 24]. In the Italian set-
ting, the healthcare system offers universal and equitable 

Graphical Abstract
Paediatric Cardio-Oncology framework in Italy: strengths and challenges for a collaborative care pathway



Page 3 of 9Pozza et al. Cardio-Oncology           (2026) 12:56 

access to care to all citizens, including long term follow-
up for CCS. This uniform healthcare context provides a 
unique opportunity to evaluate variability in cardiotoxic-
ity detection and management across paediatric oncology 
centres. Within this framework, it becomes particularly 
important to standardize clinical practices and harmo-
nize care pathways in different hospital settings.

This paper reports the results of a survey investigating 
the current practices in the management of cardiotoxicity 
across Italian Paediatric Haematology-Oncology Asso-
ciation (AIEOP) centres. The study was not designed 
to assess the prognostic impact of preventive strate-
gies, screening modalities, or therapeutic interventions 
for cancer treatment-related cardiotoxicity in chil-
dren. On the contrary, the primary aim was descrip-
tive, aiming to capture contemporary clinical practices 
across AIEOP centres and to explore areas of consis-
tency and divergence relative to current evidence-based 
recommendations.

Materials and methods
The survey items were developed by a multidisciplinary 
team within Italian Society of Paediatric Cardiol-
ogy (SICP) and AIEOP members, informed of existing 
international guidelines and position statements, as 
well as aware of areas of limited evidence and practice 
heterogeneity.

A cross-sectional survey was designed and submit-
ted to all 49 haemato-oncology centres belonging to the 
AIEOP network. Each centre was invited to participate 
and provided with a link to complete the questionnaire, 
which was administered online through the Google 
Forms platform between August and December 2024. 
Only one response per centre was admitted and the cover 
letter accompanying the questionnaire emphasized that 
responses should reflect local hospital practices rather 
than personal opinions. To maximize the accuracy of 
centre-level data and reflect institutional policies, the 
survey targeted senior paediatric oncologists in leader-
ship position, often serving as division director or clini-
cal lead staff. The questionnaire comprised 23 questions 
divided into four sections, and it is available in the Sup-
plemental Material. The survey questions focused on key 
domains where recommendations vary or remain incom-
pletely defined, reflecting the ongoing gap in detection 
and management of cardiotoxicity in paediatric cancer 
patients [25–27].

The first section consisted of seven items address-
ing the general characteristics of cancer patients treated 
at each centre. These items covered the centre’s clinical 
specialization (haematology, hemato-oncology, and/or 
oncology), the availability of a haematopoietic stem cell 
transplantation (HSCT) programme (autologous and/or 
allogeneic), and the framework for cardiologic referral.

The second section comprised eight questions focus-
ing on the biochemical monitoring of cardiotoxicity dur-
ing cancer treatment. Specifically, we investigated the 
use of cardiac biomarkers, troponin I (TnI), troponin 
T (TnT), and N-terminal pro-brain natriuretic peptide 
(NT-proBNP), given that their diagnostic and prognos-
tic roles in the paediatric setting remain incompletely 
defined [28–32]. We also included questions on rou-
tinely assessed echocardiographic parameters, with the 
aim of identifying which measures guide chemotherapy 
changes or the initiation of cardioprotective therapy [10]. 
Finally, questions addressing the use of cardiac magnetic 
resonance (CMR) were included to evaluate how centres 
integrate advanced multimodality imaging as an adjunct 
to echocardiography in the assessment of cardiotoxicity 
[33–35].

The third section examined locally implemented car-
dioprotective strategies, focusing on primary and sec-
ondary pharmacological interventions, in light of the 
limited consensus on their use and timing in paediatric 
cardio-oncology [16].

The final section addressed the management of long-
term follow-up after completion of oncologic treatment, 
including surveillance protocols for CCS and oncologists’ 
evaluation of satisfaction with cardiology services.

Results
Thirty-six of the 49 AIEOP centres responded to the sur-
vey, reaching a 73.4% response rate. Notably, all high-
enrolling centres (i.e. university hospitals managing the 
full spectrum of oncologic diseases) were among the 
respondents.

Characteristics and organization of centres (items 1–7)
Among the 36 centres that participated in the survey, 17 
(47.2%) were in hospitals with a paediatric unit, 6 (19.4%) 
in paediatric hospitals with an oncology-haematology 
unit, and 13 (33.3%) in paediatric hospitals with both 
oncology-haematology and transplant units. Within 
these facilities, 10 centres (83.3%) perform both autolo-
gous and allogeneic HSCT, while 2 centres (16.7%) per-
form only autologous HSCT. Over half of the respondent 
centres (n = 21, 58.3%) oversee the full spectrum of onco-
logical and non-oncological conditions, including malig-
nant and non-malignant haematological disorders, brain 
tumours, solid tumours, and immunodeficiencies (Fig. 1).

Most respondents (n = 30, 83.3%) reported working in 
centres with dedicated cardio-oncology referral path-
ways, incorporating both instrumental and biochemi-
cal monitoring in case of systolic dysfunction, as well as 
structured long-term follow-up protocols. Figure 2 illus-
trates the cardiology referral frameworks available for 
cardiotoxicity monitoring across centres, with cardiology 
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evaluations being requested directly through a desig-
nated referral service in 25 centres (83.3%).

Referral patterns differed according to the cardiologist’s 
training: half of the centres (n = 18) referred patients to a 
paediatric cardiologist and 5 (13.9%) to an adult cardiolo-
gist, while cardio-oncologists were involved in 36.1% of 
centres (Fig. 3).

The survey also explored whether referrals are sup-
ported by sufficiently detailed clinical information. In 
23 centres (80.6%), referrals are accompanied by com-
prehensive information, including the patient’s cancer 
history, risk stratification, treatment phase, and cumu-
lative AC dose. In contrast, 13 centres (19.4%) provide 
no accompanying documentation, with the cardiology 
evaluation requested solely through direct phone contact 
from the oncologist in 6 centres (31%).

Strategies for cardiovascular health surveillance (items 
8–15)
Routinary use of biomarkers during cancer treatment is 
not common. However, in case of suspected cardiotoxic-
ity, 25 centres (69.4%) perform biochemical monitoring. 
Amon these, 24 centres (68.6%) measure NT-proBNP, 
TnI, and TnT while only 9 centres (25.7%) use TnI alone.

Regarding instrumental imaging, advanced echocar-
diographic techniques are used infrequently: right ven-
tricular strain in 7 centres (19.4%), 3-dimensional (3D) 
EF calculation in 4 (11.1%), and myocardial performance 
assessment using Myocardial Work (MW) only in 2 
(5.6%).

The standard evaluation of left ventricle ejection frac-
tion (LVEF) using short axis m-mode measurement 
with the Teichholz formula remains the most com-
mon approach (83.3%, n = 30), followed by the Simpson 
biplane EF method (77.8%, n = 28). Global longitudinal 
strain (GLS) is performed in just over half of the centres 
(52.8%, n = 19). Any changes in chemotherapy proto-
cols or the start of cardioprotective strategies are mostly 
based on Simpson biplane LVEF reductions (n = 23, 63%) 
and 5 centres (13.9%) rely only on GLS measurement 
(Fig. 4).

CMR is not routinely performed. In 25 centres (75.8%) 
it is used in case of suspected acute myocarditis, whereas 
in 21 centres (63.6%) it is employed to assess chronic 
myocardial dysfunction. The use of CMR for research 
purposes is limited to only 4 centres (12.1%).

Pharmacologic strategies for mitigating and preventing 
cancer treatment-related cardiotoxicity (item 16–18)
Primary cardioprotective strategies were implemented in 
17 centres (47.2%). All 17 centres used liposomal AC, and 
among these, 8 centres (22.2%) additionally administered 

Fig. 2  Type of cardiological referral in the surveyed AIEOP centres

 

Fig. 1  Distribution of treated diseases among surveyed AIEOP centres (CNS: central nervous system)
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dexrazoxane. A detailed overview of cardioprotective 
strategies and secondary cardioprotective therapies is 
provided in Table 1.

In most centres (n = 31, 83.3%) the decision to start car-
dioprotective therapy or modify the chemotherapy pro-
tocol is shared between oncologist and cardiologist in a 
multidisciplinary meeting.

Follow-up strategies (item 19–23)
In all 36 surveyed AIEOP centres, patients at the end of 
treatment enter an internal follow-up program and 27 
centres (75%) routinely use the survivor passport (Sur-
Pass) to support the long-term follow-up [22]. Regard-
ing exercise prescription, 22 centres (61.1%) offer a 

structured physical rehabilitation program, which is 
implemented during cancer treatment in 21 centres 
(55.6%). Finally, 23 oncologists (75%) report good collab-
oration with cardiologists.

Discussion
This survey, conducted across 36 AIEOP centres in Italy, 
aimed to assess current practices, identify challenges, 
and highlight areas of improvement in the management 
of paediatric oncology patients at risk of cardiotoxicity. 
The high response rate underscores strong awareness of 
cardiotoxicity, particularly among centres experienced in 
treating the full spectrum of paediatric malignancies. The 
features of participating centres reflect the heterogeneous 

Fig. 4  Distribution of echocardiographic parameters used to start cardioprotective therapy or adjust cancer treatment (LVEF2D: Simpson biplane ejec-
tion fraction; LVEF MM: m-mode ejection fraction; GLS: global longitudinal strain; LVEF 3D: three-dimensional ejection fraction)

 

Fig. 3  Schematic representation of cardio-oncology referral pathways among different AIEOP centres
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nature of services provided across Italian institutions, 
where cardiological care is frequently delivered within 
multidisciplinary teams. This variability highlights the 
need for standardized cardiological protocols and uni-
form approaches to ensure equitable and optimal man-
agement of cardiotoxicity.

Although most centres have established cardio-oncol-
ogy pathways, differences in cardiological referrals 
remain, and paediatric specialists are available in only 
half of centres. This gap in expertise underscores the need 
for care tailored to children, as adult cardiologists may 
lack the specialized training required to assess and man-
age paediatric cardiotoxicity effectively. The marked vari-
ability in the cardiology referral process raises concerns 
about its consistency and thoroughness, suggesting a lack 
of standardized procedures, which could result in incom-
plete or delayed assessments and potentially compromise 
the quality and effectiveness of care. Furthermore, rely-
ing on phone contact from oncologists for cardiologic 
evaluation may create communication gaps. On the other 
hand, the fact that 80.6% of cardiologic referrals include a 
comprehensive oncological history and risk stratification 
indicates that most centres recognize the importance of 
contextualizing the evaluation according to the patient’s 
treatment stage.

The survey highlights that most centres implement 
biochemical monitoring as supplementary evaluation to 

detect cardiotoxicity, with NT-proBNP and troponins 
being the most used biomarkers. Interestingly, a signifi-
cant proportion of centres adopt a combination of these 
biomarkers, while a smaller number rely only on TnI. 
This inconsistency in monitoring practices may reflect 
differences in practitioners’ preferences as well as access 
to resources and reflects the lack of standardized bio-
chemical tools, which hinders multicentre studies on this 
aspect and highlights the scarce literature in the paediat-
ric field [31, 32, 36, 37].

The finding that most centres continue to rely exclu-
sively on conventional echocardiographic parameters, 
with only half incorporating GLS for assessment of LV 
function, suggests that many institutions may lack access 
to the most up-to-date guideline-recommended imaging 
modalities for cardiotoxicity surveillance, which advocate 
the use of GLS, particularly when LVEF is borderline [10, 
38]. Notably, in five centres, clinical decisions to start 
cardioprotective therapy are based exclusively on GLS, 
highlighting further heterogeneity in practice and under-
scoring the need for standardized imaging protocols 
across institutions [10, 19, 39, 40]. Strain-guided manage-
ment in adult patients tested in the Strain-Guided Man-
agement Trial in Cardio-Oncology demonstrated that 
early initiation of cardioprotective therapy based only 
on GLS changes improved CV outcome compared with 
standard EF monitoring [41]. Nevertheless, Kouwen-
berg et al. conducted a systematic reviewed showing that 
GLS should not be used as a standalone parameter, as it 
lacks sufficient robustness to serve as the sole diagnostic 
marker of cardiotoxicity in the paediatric population [26, 
42]. Furthermore, initiation of cardioprotective therapy 
in children based solely on GLS changes cannot be uni-
versally recommended, and paediatric-strain evidence 
is still too limited to confirm assumptions derived from 
adult data [19, 40]. Ongoing trials are further refining the 
prognostic and clinical role of deformation imaging in 
paediatric cardio-oncology [43]. These efforts highlight 
the potential of GLS to evolve into a more robust clini-
cal standard tool, possibly guiding therapeutic decision-
making in survivorship care.

The infrequent use of CMR among the surveyed cen-
tres likely reflects both limited access and the current 
lack of strong guideline recommendations emphasizing 
its routine use, despite its potential to provide detailed 
assessments of myocardial function and tissue character-
ization [35].

The widespread use of angiotensin converting enzyme 
inhibitors and angiotensin receptor blockers across 
participating centres underscores the adherence to 
evidence-based strategies for mitigating cancer therapy-
related cardiotoxicity [44, 45]. This pharmacologic pat-
tern reflects current guideline-driven recommendations, 
which emphasize the role of neurohormonal modulation 

Table 1  Distribution of cardioprotective strategies and 
secondary cardioprotective therapies across participating 
centres (n = 36), presented as n (%). Primary and secondary 
cardioprotection categories describe the overall strategy 
adopted, while listed combinations represent specific 
pharmacological regimens used for secondary cardioprotection 
(BB: beta-blockers; ACE-i: angiotensin-converting enzyme 
inhibitors; ARB: angiotensin receptor blockers; Ca²⁺A: calcium 
channel antagonists; SGLT2-i: sodium–glucose cotransporter-2 
inhibitors)
Variable Centre n (%)
Cardioprotective strategy

    Primary Cardioprotection 17 (47.2%)

    Primary+Secondary Cardioprotection 19 (52.8%)

    Secondary Cardioprotection 36 (100%)

Secondary cardioprotective regimen

    BB 4 (11.1%)

    ACE-i/ARB 6 (16.7%)

    BB+Ca2+A 2 (5.5%)

    BB + ACE-i/ARB 11 (30.6%)

    BB+Ca2+A+ACEi/ARB 6 (16.7%)

    BB + ACE-i/ARB+SGLT2-i+Ivabradine 2 (5.5%)

    BB+Ca2+A + ACE-i/ARB+Ivabradine 1 (2.8%)

    Ca2+A + ACE-i/ARB 1 (2.8%)

    ACE-i/ARB+Ivabradine 1 (2.8%)

    BB + ACE-i/ARB+Ivabradine 2 (5.5%)

    Total 36 (100%)
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in preserving cardiac function [20, 46]. However, the dif-
ferent use of cardioprotective strategies indicate vari-
ability in physicians’ comfort, perceived risk profiles, or 
institutional protocols, warranting further exploration 
of barriers to full implementation. The limited adoption 
of newer therapies such as SGLT2 inhibitors highlights 
the need for further education and integration of newer 
treatments into clinical practice, which are currently off-
label for the paediatric age [47].

The survey results advocate the importance of estab-
lishing and implementing standardised surveillance pro-
tocols, rather than providing long-term follow-up. All 36 
centres have currently internal follow-up programs at the 
end of cancer treatment, with 75% routinely using Sur-
Pass to track patients’ long-term health, a commendable 
practice that can help ensure continuity of care and facili-
tate timely interventions [12, 48]. Additionally, over half 
of the centres offer physical rehabilitation and prescribe 
exercise during cancer treatment, reflecting growing rec-
ognition of the role of these interventions in survivorship 
care. These practices are crucial not only for mitigating 
treatment-related physical impairments but also for pro-
moting long-term quality of life, consistent with current 
evidence-based guidelines [46, 49].

Although most centres report good collaboration 
between oncologists and referral cardiologists, there 
remains a notable proportion where communication and 
coordination could be improved. Strengthening inter-
disciplinary communication and collaboration could 
enhance patient’s outcome and reduce the burden of CV 
diseases in paediatric cancer survivors.

One limitation of the survey is that it was distributed 
to AIEOP centres and completed by oncologists, with-
out directly interviewing cardiologists. This may provide 
a partial perspective, particularly on cardiologic-specific 
aspects.

Conclusions
The survey findings highlight priority areas for harmo-
nization and targeted implementation efforts within a 
national consensus framework. There is substantial align-
ment with international recommendations in terms of 
multidisciplinary collaboration, risk-informed cardiology 
consultations, and comprehensive long-term follow-up 
programs. In contrast, notable gaps and heterogeneity 
remain in biochemical monitoring of cardiotoxicity and 
in the adoption of advanced imaging techniques for diag-
nosis and follow-up [40]. This inter-society collaborative 
report represents the first step towards mutual under-
standing between SICP and AIEOP, with a view to future 
collaboration in developing shared protocols to detect, 
treat, and study cardiotoxicity during and after paediatric 
cancer treatment. Given the complex interplay between 
oncology and cardiology in cancer treatment, fostering 

closer collaboration between these areas and integrating 
multidisciplinary care models could improve patient’s 
outcome and streamline care delivery.
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