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Introduction

Plasticizers are chemical compounds added to rigid plastics, 
such as plastic medical devices, to make them flexible, soft and 
to extend their lifetime. Phthalates, such as di-(2-ethylhexyl) 
phthalate (DEHP), are the best-known and most widespread group 
of plasticizers (1). Unfortunately, phthalates have been classified 
as endocrine disrupting chemicals and were restricted in the EU 
Medical Devices Regulation (EU MDR 2017/745) and gradually 
replaced by alternative plasticizers (2). The neonatal intensive care 
unit (NICU), an important environment for providing essential care 
to premature neonates, relies on invasive plastic medical devices. 
In addition, premature neonates hospitalized in the NICU are 
susceptible to potential toxic plasticizers, as exposure happens at 
a critical developmental period, while being at risk for long-term 
impaired respiratory and neurodevelopment (3).

Nutrition as a source of plasticizer exposure 
in neonates

To start with, we demonstrated that DEHP and several alternative 
plasticizers are still present in relevant amounts in nutrition related 
products in the NICU of the Antwerp University Hospital, even 
though all devices were labelled by the manufacturers as DEHP-
free (4, 5). Tris (2-ethylhexyl) trimellitate (TOTM) was identified as 
the main alternative plasticizer in plastic medical devices used for 
neonatal parenteral and enteral nutrition (4, 5). Interestingly, the 
low migration potential of TOTM provides opportunities to reduce 
exposure. Ex vivo simulation of parenteral nutrition administration 
showed that lipid emulsions contained high concentrations 
of DEHP and several alternative plasticizers (4). Nevertheless, 
concentrations were estimated to result in daily exposures below 
safe reference values (4). Concerning enteral nutrition, formula 

milk was shown to contain significantly higher levels of endocrine 
disrupting phthalates, compared to human milk collected from 
mothers of premature neonates in the NICU (5). Ex vivo simulation 
of preterm formula milk administration led to a phthalate exposure 
up to three times above the reference value (5).

Current exposure to plasticizers  
in premature neonates

In parallel, human biomonitoring was used to quantify whole-body 
exposure during clinical practice. Therefore, a prospective cohort 
(Clinicaltrials.gov identifier NCT05404815) was set up including 
premature neonates (n=132) born at <31 weeks gestational age 
and/or <1500 g birth weight in the Antwerp University Hospital. 
Urinary concentrations of plasticizers’ biomarkers were measured 
weekly using liquid-chromatography coupled to tandem mass 
spectrometry, showing ongoing exposure of premature neonates 
to both phthalate and alternative plasticizers during their NICU 
stay (6). More immature children, especially receiving respiratory 
support and/or blood products, are at increased risk of exposure 
above “safe” levels. Time trend analysis showed increasing 
phthalate metabolite levels the first few days of life until four 
weeks postnatal. 57% had at least once during their NICU stay an 
estimated plasticizer exposure above the reference levels (6).

In addition, we described the first field study to detect biomarkers 
of exposure to phthalate and alternative plasticizers in neonatal hair 
samples (7). Our results showed that hair sampled from premature 
neonates after NICU stay contained significantly higher metabolite 
concentrations of both classic phthalates and alternative plasticizers, 
when compared to healthy control neonates and adults. In addition, 
continuous NICU exposure to non-invasive respiratory support and 
a gastric tube was correlated with increased concentrations in hair 
samples, indicating accumulation in this alternative matrix (7).
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Health effects of plasticizer exposure  
in the neonatal intensive care unit

Lastly, follow-up of the Plastic-NICU cohort was used up to study 
the correlation between neonatal exposure to both phthalates 
and alternative plasticizers, and clinical respiratory and neuro
developmental outcome at one-year of age (8). Neurodevelopmental 
outcome was assessed at 12 months corrected age using the 
validated Bayley Scales of Infant and Toddler Development-III (9). 
Respiratory outcome was assessed using a parent-completed 
questionnaire (10), assessing respiratory symptoms and respiratory-
associated health-care utilization during the first year of life. To 
assess simultaneous exposure to different compounds, weighted 
quantile sum regression was used to address mixture effects (11).

We showed that exposure of premature neonates to specific 
plasticizer mixtures during NICU stay might be associated with 
neurodevelopment at 12 months corrected age (8). We found 
associations of increased levels of plasticizer mixtures, with 
worse fine motor and receptive communication skills on one 
hand, and better gross motor and expressive communication 
skills on the other hand. These seemingly conflicting results are 
in line with a systematic review showing that epidemiological 
studies in older populations are not entirely consistent either over 
different aspects of neurodevelopment (12). We hypothesized 
that the impact of perinatal phthalate exposure during a period 
of increased susceptibility, may follow a non-linear trajectory on 
different neurodevelopmental domains (12), and could potentially 
even accelerate specific neural networks (13). In addition, the used 
outcome measures at one year must be interpreted with caution, 
as the predictive validity for further neurodevelopment has been 
shown to be moderate (14).

Regarding the impact on neonatal lung development, experimental 
studies suggest that perinatal phthalate exposure can modify 
lung parenchyma both at structural (e.g., reduced gas exchange 
surface, and increased collagen deposition) and functional (e.g., 

alteration of type II pneumocyte function) levels (1). Indeed, our 
results show that NICU exposure to plasticizer mixtures was also 
associated with increased respiratory morbidity (increased odds 
for repeated airways infections, and respiratory-related healthcare 
visits) during the first year of life (8). Mixture analysis revealed that 
phthalates and alternative plasticizers were important contributors 
to the observed effects. Likewise, observational studies in non-
NICU populations showed a similar strong positive association 
between prenatal or early childhood DEHP exposure and later 
asthma development, and eczema (1).

Future perspectives

Both ex vivo and in vivo studies showed that, despite changing 
regulations, DEHP is still present in neonatal intensive care medical 
devices, and labelling is insufficient to guarantee its absent. 
However, it should be noted that the sunset date, after which 
companies cannot market or use endocrine disrupting phthalates 
in medical devices, was postponed from 27 May 2025 to 1 July 
2030 (Commission Regulation (EU) 2023/2482). Therefore, our 
first recommendation would be to not only draft regulations, but 
also to enforce implementation into practice.

Next, although environmental toxicologists have addressed the 
problem of plasticizer exposure for some time, the production 
and use of safe plastic medical devices also relies on physicians 
and hospitals asking for phthalate-free products. On a day-
to-day basis, clinicians can try to use “DEHP-free” products 
where available, by examining the icon of DEHP absence/
presence (≤/> 0.1 mass percent DEHP), which is obligatory on 
the package of all plastic medical devices present on the EU 
market. In addition, we recommend both physicians and hospital-
purchasing departments to cooperate with legislative bodies and 
manufacturers to determine alternative strategies.

Alternative plasticizers have been used for over a decade based 
on acute toxicity in animal studies after enteral exposure. 

FIGURE: A premature neonate staying in a neonatal intensive care unit (NICU), exposed to a chemical-intensive environment during 
a critical period for brain and lung development.
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Nevertheless, current oral reference values are not adequate for IV 
hazard assessment, given the IV exposure route results in higher 
bioavailability. Therefore, repeat dose toxicity studies after IV 
exposure should be performed to represent the parenteral route 
of exposure. Nevertheless, since the EU MDR does not describe a 
reference to guide manufacturers in the choice and amount to be 
integrated into plastic medical devices, we recommend providing 
legal and extralegal frameworks for the changing use of alternative 
plasticizers.

This thesis also recommended future research priorities. First, our 
biomonitoring studies highlighted that the assessment of factors 
influencing plasticizer leaching from respiratory support and the 
resulting direct airway exposure during clinical use, remain an 
important knowledge gap and potential starting point to reduce 
future exposure. As done for the enteral and parenteral leaching 
experiments, we would recommend starting from a clinical 
theoretical assumption, for example by collecting exhaled breath 
condensate during simulation experiments. Next, pharmacokinetic-

pharmacodynamic approaches based on individual parameters 
as birth weight, creatinine excretion and postmenstrual age, might 
aid in more precise estimated daily intake interpretations. Lastly, to 
further study the associated health effects of neonatal plasticizer 
exposure, follow-up studies at older age are needed to confirm or 
disapprove the found associations at later developmental stages.

Conclusion

To conclude, this thesis highlights ongoing iatrogenic exposure of 
premature neonates to phthalates and alternative plasticizers in the 
NICU, despite the EU Medical Devices Regulation. It underscores 
the urgent need for targeted interventions to reduce exposure, 
enhance regulatory frameworks, and improve clinical practices. 
By addressing these gaps, the healthcare community can better 
safeguard this vulnerable population from potential long-term 
health impacts.
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