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ABSTRACT
Introduction
[bookmark: _Hlk106807115]Pharmaceutical treatment in the neonatal intensive care unit (NICU) is challenging, and newborns are often exposed to numerous different medicines during their hospitalization
There is currently insufficient knowledge of gestational age dependent medicine disposition, and accordingly the use of off-label medicines, i.e., use of medicines outside its approved marketing authorization, is high. This study aims to estimate the off-label medicine use in Danish neonatal departments.
Methods
By using data from the Danish National Pharmaceutical Hospital Purchase Database, we identified the most commonly occurring medicines and calculated the on/off-label ratios for premature and term neonates. Data was extracted on ATC level 5 and based on defined daily doses as per WHO.
Results
Data included was covering the 4 high-level NICUs and 10 of 13 of the intermediate/standard level neonatal departments in Denmark. Of the identified medicines, 87% and 70% did not have approved marketing authorization for use in premature and full-term neonates, respectively. Furthermore one-fifth of the top 100 medicines did not have a (Danish) marketing license. Overall, the presence of off-label medicines was widespread covering virtually all ATC groups and no ATC group had an off-label level lower than 50%. Finally, in 21% of the identified medicines, additives from 8 different chemical groups with potential deleterious effects for neonates were identified.
Conclusion
Off-label medication in the Danish neonatal departments is widespread, and the current state of neonatal official regulatory drug approval leaves both patients and neonatologists in a limbo between legal pharmaco-regulation and clinical need for pharmacotherapy in neonatology. 






Bullet Point Summary
What is already known about this subject
· Gestational age dependent drug disposition is insufficiently explored
· Premature and term newborns are often exposed to off-label medication 
· The lack of regulatory approval of neonatal medicines puts newborns at risk of receiving suboptimal doses, which subsequently leads to an increased risk of adverse - or insufficient effects of the medicines 
What this study adds
· Also, in Denmark off-label medication is widespread in neonatology i.e., 90% for prematurely newborns and 70% for term-born newborns
·  One-fifth of the 100 most used medicines in newborns do not have a (Danish) marketing license 
· Pediatric information and age limits are not uniformly reported in the Summary of Product Characteristics


INTRODUCTION
Pharmaceutical treatment in the neonatal department is challenging and off-label medicine use i.e., use of a medicine outside its regulatory approved marketing authorization, is high (1–5). It is well known that infants in the neonatal intensive care unit (NICU) are exposed to a large number of medicines. This was again demonstrated in a recent international review of studies of drug utilization in the NICUs showing a high mean number of medicines per infant, with several studies reporting >30 medicines per infant (6). As increasingly more premature and even more complex neonatal illnesses are being treated, we are likely to see these challenges intensified in the coming years (7). 
Generally, there is insufficient scientific knowledge of gestational age dependent drug disposition (8), which potentially puts the neonates at risk of receiving suboptimal drug doses with a subsequent increased risk of adverse or insufficient drug effects. And almost adding insult to injury, a Delphi survey (9) revealed that, although the use of ‘off-label’  medicines in neonates is widespread in Europe, there exists no common scientific and regulatory approach to this phenomenon. Therefore, a shared clinical meaningful and legally well-defined definition of the off-label use concept is currently missing. 
In order to reduce off-label drug use in paediatric patients, the Pediatric Regulation was implemented by the European Union in 2007 and has prompted further paediatrics drug research (10–16). Yet, for ethical and practical reasons, neonates and particularly the preterm neonates are extremely rarely included in traditional drug development programs (13,17,18), and pharmaceutical companies largely refrain from proactively investing in the neonatal sector, as reported by the European Medicines Agency (EMA) among others (12,19–21). This seems to be an indisputable fact as several international studies have cemented a massive off-label medicine use in the European NICUs of around 90%, even more than a decade after the Pediatric Regulation came into force (22,23). 
[bookmark: _Hlk109042675]The aim of this study was to estimate the off-label medication use in all neonatal departments in Denmark using data from the Danish National Pharmaceutical Hospital Purchase Database (ApoBi).

METHOD
Study setting 
Denmark has approximately 5.9 million inhabitants and 61-63.000 births per year (24). The overall prematurity rate is 6-7% (25). For this study, all Danish unique neonatal departments were identified through information acquired from the Danish Paediatric Society and cross-referenced with the Danish National Hospital Pharmacy Sales Database (ApoBI/Targit). All neonatal departments or subunits were contacted by phone or e-mail to verify their pharmaceutical purchase policy and debtor information. Neonatal departments that were administratively registered as a subdivision of another department and therefore had shared pharmaceutical purchase systems, were excluded. Thereby only data from departments or subunits with a dedicated debtor account for neonatal use was included in the study. 
Data collection
[bookmark: _Hlk107992052]Data on all pharmaceutical products purchased in Danish neonatal departments from 1 April 2020 to 31 March 2021 was extracted from the Danish National Hospital Pharmacy Sales Database (ApoBI/Targit). April 1st represents the official date on which the supply list is published in accordance with the national procurement agreements. Data was extracted on anatomical therapeutic chemical classification (ATC) level 1-5 and based on defined daily doses (DDD) as per WHO (26). 
Data analysis
Data cleaning 
Data cleaning took place in three steps. 
i) Each pharmaceutical product was evaluated for clinical relevance on ATC-Level 1 by three senior neonatologists (MDs), independently. Obvious non-medications e.g., disinfectants, bandages, and diet supplements were excluded. In case of divergent evaluations, consensus was achieved by a round table discussion with participation of 2 senior clinical pharmacologists (MDs). 
ii) A list of 100+ medicines were constructed based on the quantity of purchased products measured in DDDs. In case more than one product was purchased within the same generic substance and ATC group, the product with the highest quantity measured in DDDs was selected for further analysis. For example, purchase of solutions in the strengths of 1 mg/ml and 5 mg/ml were both registered for the generic substance midazolam (ATC Code N05CD08) in the quantities of 503 DDDs and 2.513 DDDs, respectively. Based on quantity, the midazolam solution for injection/infusion in the strength of 5 mg/ml was selected for further analysis. 
 iii) The procedure was repeated, where 3 neonatologists independently reviewed the selected medicines, now corresponding to ATC-level 5. In this step obvious non-neonatal medications e.g., 500 mg paracetamol and 400 mg ibuprofen tablets purchased for co-hospitalized mothers were excluded. 
Eventually each medicine on the final list of 100 products was reviewed and analysed for off-label and off-license use in addition to content of potential pernicious additives by a clinical pharmacologist. See the final “Top 100” list in the supplementary, Table 1. 
The Summary of Product Characteristics (SmPC) for each pharmaceutical product, officially approved by either the EMA or the Danish Medicines Agency, was obtained. The SmPCs were consulted on the 15th of May 2022 at the latest. The on/off-label classification was then registered for each drug for the pre-specified age groups: i) prematurely born children (i.e., neonates born before GA < 37 completed weeks of gestation), ii) term born children (i.e., neonates born after 37 completed weeks of gestation GA >37 weeks), but within the neonatal period (i.e., within the first 28 days after birth). 
Due to the hierarchical structure of a SmPC, the lower age limit specified in the SmPC section 4.1 (indication(s)) or 4.2 (posology) was noted for each pharmaceutical product. In addition, it was noted if age specified neonatal data were presented in SmPC section 5.2 (pharmacodynamic and pharmacokinetic properties) in case there was no authorized paediatric indication in accordance with the EMA SmPC guideline (27). 
[bookmark: _Hlk106559462]Potential pernicious additives 
The SmPC for each individual medicine was reviewed for potential pernicious additives according to the European Commission guideline on “Excipients in the labelling and package leaflet of medicinal product for human use” (28).
Licensing status
Licensed medicinal products were defined as products with a Danish marketing authorization and a valid SmPC as per EMA or the Danish Health Authorities. Pharmaceutical products available for compassionate use or manufactured by extemporaneous preparation did not have a valid SmPC and were classified as unlicensed (9). 
Off-label use
Definitions of off-label drug use were adapted from the official EMA off-label definition provided in the European Glossary, which reads as follows “the use of a medicine for an unapproved indication or in an unapproved age group, dose, or route of administration” (29). Since purchasing data was used and not individualized reel life data, only off-label use based on age groups could be evaluated in the present study. According to the EMA, age limits must be stated for the first time in the summary of product characteristics in section 4.1, which refers to the indication(s) the medicine is approved for (30). 
By a random sample test, we found a tendency for the population of neonates rarely to be specified in 4.1. We therefore chose to extend the on-label classification to include section 4.2, which refers to Posology. The Danish Patient Safety Authority and The Danish Medicine Agency were contacted and consulted in this question to achieve consensus on the on/off-label definition in the population of neonates. However, no clear distinction between on/off-label classification in the neonatal population could be achieved from the Danish health authorities in relation to the framework of this study. 
In addition, we classified off-label use as lack of neonatal data in general or if contraindicated (SmPC section 4.3) in the newborn population in the SmPC, as per definition adapted from consensus approaches in previously internationally published studies on the subject (9,31). We accepted any mention of prematurity, regardless of specific gestational age, as on-label for premature children. Subclassification in degrees of prematurity, e.g., a gestational age above/below 28 weeks.
For pharmaceutical products available for compassionate use or manufactured by extemporaneous preparation no (valid) SmPCs are available and hence no specific lower age limit for approval could be defined. 
Statistical analysis
Standard descriptive statistics were used as applicable. Data were analysed using R software (R Core Team R 2022) 
Ethical considerations
[bookmark: _Hlk110324924]Ethics approval was not required because the study used data from administrative registers and was therefore exempt from obtaining individual informed consent as per national regulations for register-based studies in Denmark.



RESULTS
Data from all of Denmark's 4 high-level NICUs and 10 of 13 of the intermediate/standard level neonatal departments was included in the present study. These departments cover approximately 60.000 of the annual 63.000 births in 2021 (24), and approximately 6000 neonatal hospitalization of which approximately 3.600 are premature (25).
Three intermediate/standard level neonatal departments were excluded as they did not have a unique dedicated debtor-account making it impossible to distinguish between the neonatal department and the associated paediatric department. Of the 100 most purchased medicines in Danish neonatal departments, we found that 70% did not have an approved marketing authorization (off-label) for use in the population of neonates, i.e., infants younger than 28 days, born at term. For the population of premature infants, we found that the amount of off-label classified medicines increased to 87%. For details, see Table 1.
The identified top 100 medicines covering 12 of the 14 ATC level one groups in the Anatomical Therapeutic Chemical (ATC) Classification System proposed by the World Health Organization Collaborating Centre for Drug Statistics Methodology (WHOCC) (32). The exemptions were the ATC groups L (Antineoplastic and immunomodulating agents) and P (Antiparasitic products, insecticides, and repellents). Among the individual ATC groups, we found the level of off-label classified medicines to range between 50% and 100%. For details, see table 2. Notably, in the largest ATC groups J (Anti-infective for systemic use), 7 of 15 (47%) medicines had an approved marketing authorization for use in the population of neonates, while in the equally sized group A (Alimentary tract and metabolism), only 4 of 15 (30%) of medicines could be classified as on-label. In 6 of 12 (50%) of the individual ATC groups, the medicines were classified as 100% off-label for use in premature i.e., ATC group D, G, H, M, S, and V. For details, see table 3.
When assessing the SmPCs for each of the individual medicines included on the top 100 list (Table 1 in supplementary), we found that 21% of the medicines contained various additives that have either a known or suspected detrimental effect on newborns. A total of 8 different such groups of additives were identified. Several of these additives have been associated with severe and even fatal adverse events. See Table 3 for details.
We found their latest update of the SmPCs to be of various time intervals ranging from 12 days to 4325 days, which is almost 12 years (median 565 days, IQR [325;1203]). Despite 75% of SmPCs were updated within the recent 3,3 years, only 42% of the SmPCs contained specific information about newborn/premature children in section 4.1, with 58% of the SmPCs containing this information in section 4.2. However, when scrutinizing the SmPCs of the 70% off-label medicines, we did find additional information on neonates of various clinical relevance in section 5.1 or 5.2 in 29% (20 out of 70 medicines), yet this information was not enough to render them on-label for use in a neonatal/premature population.
Finally, in a sub-analysis, when applying the EMA regulatory criteria of requiring the specification of the age limits to be stated in SmPC section 4.1, the off-label classification rate rose to 90% in neonates and 95% in premature neonates (See table 1). Furthermore, 16/100 (16 %) of the top 100 medicines had an approval for children i.e., children or paediatric population stated in SmPC section 4.1. or 4.2, without any age limit specified. Four percent of the medicines had no age specifications at all. Five percent of the medicines had a weight limit, but no specific age limit specified.
For full data on classification on individual medicines and their additives, please see supplemental table 1.



DISCUSSION
Authorization of pharmaceutical products for specific uses and groups of patients is intended to ensure safety, efficacy, and overall quality (21). Yet, the results of the present study based on nationwide pharmaceutical hospital purchase data demonstrate a massive presence of off-label medicines in the Danish neonatal departments. 
Off label use in Danish NICUs 
The included neonatal departments represent the vast majority of neonatal care in Denmark. We found that as little as one-tenth and one-third of the most commonly used medicines in Danish neonatal departments had an approved marketing authorization for use in premature and full-term neonates, respectively. Furthermore one-fifth of the top 100 medicines did not have a (Danish) marketing license at all. In general, we found widespread off-label medicine use covering virtually all ATC groups, as we found that no ATC group had a lower off-label level than 50%. In half of the ATC groups, all identified medicines were classified as off-label for use in preterm neonates, which should be seen in the light of the additional finding of 1 in 5 medicines containing additives that have either a known or suspected adverse effect on neonates. 
The findings in the present study are in concordance with international studies reporting similar percentages of off-label use (1–3,5,33,34). A meta-analysis from 2015 (35) revealed that 71-100% of the neonates received at least one off-label/off-licensed drug during their stay in the NICU, and that premature neonates were more likely to receive off-label medication as compared to term born neonates. Overall, the off-label/off-license medication use in neonates was found to be in the range of 28.4%-91.8%. It should be noticed that off-label use can be recorded in different ways and in addition the off-label classification may vary from study to study, making direct comparison between our result between our results and the existing literature difficult (22). 
Off label classification
Importantly, there is no uniform classification on off-label medication in Europe. In the present study, we found that depending on the intended enforcement by the health authorities regarding age-specific approval requirements specified in section 4.1 or 4.2 of the SmPC, the percentage of neonatal off-label use ranged between 70-90%. Here the neonatal population appears to be more frequently included in SmPC section 4.2 rather than in 4.1. This despite the Delphi panel back in 2008 stressed the importance of detailed information in the SmPC section 4.1 in relation to defining off-label use. Concordantly, the EMA SmPC guideline states that “a specific requirement for the indication section is the necessity to state the age limits of the indicated population in that this attribution of an age group in the indication statement allows the differentiation between medicinal products with or without paediatric indication” (30,36). Thus, strictly following this guidance, the presence of off-label medicines in the NICUs in Denmark is as high as 90 % and 95 % for term born neonates and preterm neonates, respectively (Table 1).
[bookmark: _Hlk110326801][bookmark: _Hlk110327932]This illustrates that not only are off-label medicines extensively used in neonatology but also that the definition hereof is difficult, particularly for non-regulatory knowledgeable healthcare professionals. Despite the effort of the EMA to standardize the paediatric information in a SmPC guideline, the age limits are still not uniformly reported. This may be due to delayed procedures for harmonizing the SmPCs, but we nevertheless found most SmPCs updated within the recent three years. Consequently, the clinical prescription as well as the legal framework under statutory obligations becomes complicated for the neonatologists to interpret.
Potentially pernicious additives
Another problem in the wake of prescribing off-label medicines, is the risk of administering potentially harmful additives to the newborn. Neonates and in particular preterm neonates are subjects for a not insignificant toxicity risk when exposed to some additives e.g., benzyl alcohol, propylene glycol and polysorbate, see Table 3. Nevertheless, a widespread presence of these in the most used medicines in the Danish NICUs was demonstrated. The manufacturer is obliged to specify potentially problematic additives in the SmPC (37), but it is ultimately up to the neonatologist to interpret the risk. Severe toxicity syndromes may occur due to the physiological immature clearance pathways in neonates (14,38,39). In addition, the exact content of additives is rarely stated in the SmPC, just as threshold values ​​are unknown for most additives(28,40). To make matters worse, there is great variation in the use of additives from manufacturer to manufacturer, and even within medicines products with origin from the same manufacturer e.g. the medicine product Solu-Medrol where the solvents for the strengths 500 mg and 1 mg contain benzyl alcohol but not in the strengths 40 mg and 125 mg (41). It even appears that medicines developed and approved for use in the paediatric population may contain problematic additives e.g., the oral solution Pinex junior®, which contains both benzyl alcohol and propylene glycol. Demonstrating the fact that the neonatal population is often overlooked, also in the regulatory system.
Overall neonatal pharmacotherapy is practice based and clinical neonatologists are often left with insufficient information, making decision on adequate drug doses very difficult. Our findings, and that of others, indicate that the high quality and safety standards applied to adult drug use assessment have not been applied to children, leading to extensive off-label and even off-science drug use in neonatology. 

Strengths and limitations
This study draws strength from being a nationwide register-based study. As all purchased medicines are registered in the ApoBi database, we have virtually full coverage of all hospitalized neonates, and we believe the omission of 3 minor intermediate/standard level neonatal departments is unlikely to significantly skew the results. However, we do not have individual patient data e.g., born at term or prematurely, thus the number of off-label medicines administered to preterm and/or term born could not be registered. In addition, not all purchased medicines are necessarily administered to a patient and there may be significant waste. 
Furthermore, we dichotomously divided the neonates into preterm/term children, yet our finding of 13% of medications being on-label for preterm infants does not necessarily mean that these medicines are on-label for all degrees of prematurity as detailed in the appendix. Finally, as doses and administration routes were not examined in detail in this study, we may underestimate the off-label use of an otherwise classified on-label drug, for instance given in doses that exceeds the dose specified in SmPC section 4.2 or medicines that are manipulated or administered by other routes, e.g., intravenous drug formulation administered orally in a gastrointestinal probe which is common practice in neonatology.
Future directions
Off-label use of medication will constantly play an important role in neonatology as long as there is limited authorized treatment options. The European Paediatric Regulation made a Paediatric Investigational Plan (PIP) mandatory, prescribing studies in the paediatric population and making report of the results mandatory in the Marketing Authorisation (MA) documentation unless a waiver is granted (22). However, Toma et al (22) recently described that even though the number of PIPs including neonates and infants has actually increased over the last decade, the number of medicines approved for preterm and term newborn remains extremely low. Thus, one can only hope that more PIPs will lead to more available medicines with a neonatal indication in a future perspective. Cynical speaking, it seems unlikely that pharmaceutical companies will feel obligated to solve this problem under the current regulatory measures (18,22,42).
The development of support tools for neonatologists based on available science from both the pharmaceutical industry and academia as well expert knowledge is therefore important to ensure safe medication of the newborn (40,43). Consequently, formulary/recommendation lists for neonates have been developed in some European countries e.g., the Netherlands(44) and Denmark (45). Such measures could advantageously be extended to more countries and pharmacological communities. Similarly, many SmPCs do not specify any age at all, and future changes should strive towards explicitly mentioning age groups - both approved and not-approved groups. 
Conclusion  
We demonstrated a very high presence of off-label medicine in the Danish neonatal intensive care units. Despite the EMA's efforts, there is still an unacceptable shortage of medicines with an approved marketing authorization for use in the neonatal population. Harmonization of the SmPCs to include accurate information on age limits should begin immediately, just as the wider pharmacological scientific community should work together to address safe medication of the newborn.


	Table 1: Off-label/licensed drugs in Danish neonatal departments

	Classification
	Prematures a
	Neonatesb

	Off-labelc
	87%
	70%

	Off-licensed
	19%
	19%

	Off-label (restricted criteria)d
	95%
	90%

	ATC: Anatomical Therapeutic Chemical (ATC) classification system; a) Prematures: any gestational age <37 weeks; b) Neonates: newborns at term and up to 28 days after birth; c) as per inclusive definition of on/off-label; d) when using the EMA requirement of age limits being specified in section 4.1 of the SmPC (See text for details).










	Table 2: Off-label medications in Danish neonatal departments per ATC group

	ATC groupa
	Prematuresb 
	Neonatesc 

	A: Alimentary tract and metabolism
(n=15)
	93%
	73%

	B: Blood and blood forming organs
(n= 12)
	67%
	58%

	C: Cardiovascular system
(n=16)
	88%
	81%

	D: Dermatologicals
(n=4)
	100%
	100%

	G: Genito-urinary system and sex hormones (n=1)
	100%
	100%

	H: Systemic hormonal preparations
(n= 7)
	100%
	67%

	J: Antiinfectives for systemic use
(n=15)
	87%
	53%

	M: Musculo-skeletal system
(n=3)
	100%
	67%

	N: Nervous system
(n=14)
	86%
	71%

	R: Respiratory system
(n=6)
	67%
	67%

	S: Sensory organs
(n=6)
	100%
	86%

	V: Various
(n=2)
	100%
	50%

	ATC: Anatomical Therapeutic Chemical (ATC) classification system; a) 12 of the 14 ATC groups were represented; b) Prematures: any gestational age <37 weeks; c) Neonates: newborns at term and up to 28 days after birth (See text for details)






	Table 3: Potentially pernicious additives in “top 100” medicines in Danish neonatal wards.

	Additive
	No of drugs and routes of administration
	Potential deleterious effect(s) for neonates using the relevant routes of administration

	Benzalkonium chloride
	3a)
	Has caused eye irritation and dryness in adults. No data are available in neonates.

	Benzoic acid
	2b)
	Absorption through the immature skin of neonates is significant. May cause bilirubinaemia and jaundice in neonates (up to 4 weeks old) due to displacement of bilirubin from albumin. 

	Benzyl alcohol
	2c) 
	Intravenous administration of benzyl alcohol has been associated with serious adverse events and death in neonates (“Gasping syndrome”). The minimum amount of benzyl alcohol at which toxicity may occur is not known.

	Cetyl or cetostearyl alcohols
	3d)
	May cause local skin reactions.

	Ethanol 
	3e)
	Co-administration with medicines containing e.g., propylene glycol or ethanol may lead to accumulation of ethanol and induce systemic toxicity. 

	Parahydroxybenzoates and their esters
	10f)
	May cause allergic reactions (possibly delayed).

	Polysorbate 80
	2g)
	Doses > 80 mg/kg/day of polysorbate has caused severe (fatal) hepatoxicity in neonates.

	Propylene glycol
	2h)
	Co-administration with any substrate for alcohol dehydrogenase may induce serious adverse events in neonates e.g., metabolic acidosis and hyperosmolarity.

	In total
	In total, 21/100 drugs (21%) contained one or more of 8 different groups of potentially pernicious additives. Only the potential deleterious effect(s) for the relevant route of administration are given in this table (See text and below).

	Reference: EMA (https://www.ema.europa.eu/en/annex-european-commission-guideline-excipients-labelling-package-leaflet-medicinal-products-human; https://www.ema.europa.eu/en/documents/scientific-guideline/draft-information-package-leaflet-regarding-polysorbates-used-excipients-medicinal-products-human_en.pdf)
a) topical (ophthalmic) administration; b) topical (skin) administration; c) oral and parental administration; d) topical (skin) and oral administration; e) oral and parental administration; f) rectal, oral, and parental administration; g) oral administration; h) oral administration
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	SUPPLEMENTARY
 
Table 1: The 100 most common drugs in Danish neonatal departments

	ATC group
	ATC
	Genericum
	

Commercial name
	SmPC 
(latest update)
	Lower approval (age/weight)
	On/off-label status
	Potentially pernicious additives

	
	
	
	
	
	
	Prematurea) 
	Neonatesb)
	

	Alimentary tract and metabolism
	A02BC05
	Esomeprazole
	Esomeprazol "SUN"
	01-10-18
	Children, > 1 year
	off-label
	off-label
	

	
	A03BA01
	Atropine
	Atropin "SAD"
	13-05-20
	Children, age unspecified
	off-label
	off-label
	

	
	A05AA02
	Ursodeoxycholic acid
	n/ac)
	n/ac)
	n/ac)
	off-licensed
	off-licensed
	 

	
	A06AD11
	Lactulose
	Lactulose "NMI"
	28-01-19
	Infants, < 5 months
	off-label
	on-label
	

	
	A06AD65
	Macrogol
	Lacrofarm®
	15-01-21
	Children, > 2 years
	off-label
	off-label
	

	
	A06AG10
	Docusate Sodium
	Glyoktyl®
	18-10-21
	Children, age unspecified
	off-label
	off-label
	Methyl parahydroxybenzoate

	
	A07AA02
	Nystatin
	Nystatin "Orifarm"
	01-03-20
	Newborn, GA unspecified
	off-label
	on-label
	Methyl parahydroxybenzoate

	
	A09AA02
	Pancreatic multi enzymes
	Kreon für kinder®
	07-02-22
	Children, < 4 years
	off-label
	off-label
	Cetyl alcohol

	
	A10AB05
	Insulin aspart
	Fiasp®
	23-09-21
	Children, > 1 year
	on-label
	on-label
	 

	
	A11CC03
	Alfacalcidol
	Etalpha®
	02-06-21
	Children, <20 kg
	off-label
	off-label
	Methyl parahydroxybenzoate

	
	A12BA01
	Potassium chloride
	 Potassium chloride "SAD"
	12-04-19
	Age unspecified
	off-label
	off-label
	

	
	A12CB01
	Zinc sulphate
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	Paraoxibenzoate

	
	A12CX**
	Phosfate
	
n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	Methyl parahydroxybenzoate

	
	A12AA06
	Calcium lactogluconate
	Calciumgluconat "B. Braun"
	10-03-16
	Newborn, GA unspecified
	off-label
	on-label
	

	
	A12AA07
	Calcium chloride
	Calcium chloride "SAD"
	28-07-16
	Children, <3 years
	off-label
	off-label
	

	Blood and blood forming organs
	B01AB01
	Low Molecular Weight Heparin
	Heparin "SAD"
	07-11-18
	Premature, GA < 35weeks
	on-label
	on-label
	

	
	B01AB04
	Dalteparin
	Fragmin®
	30-11-20
	Children, age unspecified
	off-label
	off-label
	

	
	B01AB05
	Enoxaparin
	Inhixa® 
	19-01-22
	Adults
	off-label
	off-label
	

	
	B01AB10
	Tinzaparin
	Innohep®
	14-02-20
	Adults
	off-label
	off-label
	

	
	B02BA01
	Phytomenadione
	Konakion "Novum"
	23-04-19
	Premature, GA < 36weeks
	on-label
	on-label
	

	
	B05BA01
	Amino acids
	Vaminolac®
	16-11-20
	Premature, GA unspecified
	on-label
	on-label
	

	
	B05BA03
	Glucose
	Glucose "Fresenius Kabi"
	23-10-21
	Newborn, <3 kg
	on-label
	on-label
	

	
	B05BB02
	Potassium-sodium-glucose solution
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	B05XA03
	Sodium chloride
	Sodium chloride "B. Braun"
	20-09-17
	Children, age unspecified
	off-label
	off-label
	

	
	B05XA05
	Magnesium sulfate
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	B05XA14
	Sodium glycolate
	Glycophos®
	03-04-19
	Adults
	off-label
	off-label
	

	
	B05ZB** 
	Potassium 
	Prismasol®
	12-08-21
	Newborn, GA unspecified
	off-label
	on-label
	 

	Cardiovascular system
	C01BC04
	Flecainide
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	C01CA03
	Norepinephrine
	Norepinephrine "SAD"
	03-10-17
	Age unspecified
	off-label
	off-label
	Methyl parahydroxybenzoate

	
	C01CA04
	Dopamine
	Dopmin®
	10-03-21
	Adults
	off-label
	off-label
	

	
	C01CA07
	Dobutamine
	Dobutrex®
	27-02-19
	Adults
	off-label
	off-label
	

	
	C01CA24
	Epinephrine
	Adrenalin "SAD"
	09-11-20
	Premature, GA unspecified
	on-label
	on-label
	Methyl parahydroxybenzoate

	
	C01EA01
	Alprostadil
	Alprostadil "Paranova"
	21-08-17
	Newborn, GA unspecified
	off-label
	on-label
	Ethanol

	
	C01EB10
	Adenosine
	Adenocor®
	24-02-22
	Adults 
	off-label
	off-label
	

	
	C01EB16
	Ibuprofen
	Pedea®
	18-06-19
	Premature, GA < 34 weeks
	on-label
	on-label
	

	
	C01AA05
	Digoxin
	Compassionate use
	n/ac)
	n/ac)
	off-licensed
	off-licensed
	 

	
	C03CA01
	Furosemide
	Furosemide "Accord"
	11-11-19
	Adolescents, > 15 years
	off-label
	off-label
	

	
	C03DA01
	Spironolactone
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	C07AB02
	Metoprolol
	extemporaneous preparation
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	C07AA05
	Propranolol
	Hemangiol®
	21-10-20
	Infants, > 5 weeks
	off-label
	off-label
	Propylene glycol

	
	C08CA01
	Amlodipine
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	C09AA01
	Enalapril maleate
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	C09AA02
	Enalapril maleate
	Enacodan®
	26-08-21
	Children, > 20 kg
	off-label
	off-label
	

	Dermatologicals
	D01AC02
	Miconazole
	Brentan®
	15-12-20
	Children, age unspecified
	off-label
	off-label
	Benzoic acid

	
	D04AB06
	Tetracaine
	n/ac)
	n/ac)
	n/ac)
	off-licensed
	off-licensed
	 

	
	D06AX01
	Fusidic acid
	Fucidin®
	22-07-14
	Children, age unspecified
	off-label
	off-label
	Cetyl alcohol

	
	D07AA02
	Hydrocortisone
	Mildison Lipid®
	24-06-21
	Age unspecified
	off-label
	off-label
	Cetostearyl alcohol, Benzyl alcohol, Propylene glycol

	Genito-urinary system and sex hormones
	G04BE03
	Sildenafil
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	Systemic hormonal preparations
	H02AB02
	Dexamethasone
	Dexavit®
	07-10-21
	Children, > 2 years
	off-label
	off-label
	

	
	H02AB04
	Methylprednisolone
	Solu-medrol®
	23-06-21
	Newborn, GA unspecified
	off-label
	on-label
	

	
	H02AB06
	Prednisolone
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	H02AB09
	Hydrocortisone
	Solu-Cortef®
	01-11-21
	Children, age unspecified
	off-label
	off-label
	

	
	H02AA02
	Fludrocortisone
	Florinef®
	10-02-22
	Children, age unspecified
	off-label
	off-label
	Sodium benzoate

	
	H03AA01
	Levothyroxine sodium
	Eltroxin®
	14-05-21
	Newborn, GA unspecified
	off-label
	on-label
	

	Antiinfectives for systemic use
	J01CA01
	Ampicillin
	Ampicillin "STADA"
	02-08-19
	Children, age unspecified
	off-label
	off-label
	

	
	J01CE01
	Benzylpenicillin
	Benzylpenicillin "Panpharma"
	04-10-21
	Newborn, GA unspecified
	off-label
	on-label
	

	
	J01CF02
	Cloxacillin
	Cloxacillin "Macure"
	27-05-21
	Children, age unspecified
	off-label
	off-label
	

	
	J01CR02
	Amoxicillin
	Imaxi®
	13-11-20
	Children, < 40 kg
	off-label
	off-label
	Propylene glycol, Benzyl alcohol

	
	J01CR05
	Piperacillin / tazobactam combination
	Piperacil /Tazobactam "Fresenius Kabi"
	08-02-21
	Children, > 2 years
	off-label
	off-label
	

	
	J01DC02
	Cefuroxime
	Cefuroxime "Fresenius Kabi"
	14-09-21
	Newborn, GA unspecified
	off-label
	on-label
	

	
	J01DD01
	Cefotaxime
	Cefotaxim "MIP"
	12-07-10
	Premature, GA unspecified
	on-label
	on-label
	

	
	J01DH02
	Meropenem
	Meropenem "Bradex"
	08-02-21
	Infants, > 3 months
	off-label
	off-label
	

	
	J01GB01
	Tobramycin
	Tobramycin "SUN"
	28-09-21
	Children, > 6 years
	off-label
	off-label
	

	
	J01GB03
	Gentamicin
	Gentamicin "B.Braun"
	21-12-21
	Newborn, GA unspecified
	off-label
	on-label
	

	
	J01XA01
	Vancomycin
	Bactocin®
	21-06-16
	Newborn, GA unspecified
	off-label
	on-label
	

	
	J01XD01
	Metronidazole
	Metronidazole "Baxter Viaflo"
	14-03-18
	Premature, GA < 40 weeks
	on-label
	on-label
	

	
	J01XX08
	Linezolid
	Linezolid "Fresenius Kabi"
	09-03-18
	Adults, > 18 years
	off-label
	off-label
	

	
	J02AC01
	Fluconazole
	Fluconazol "Fresenius Kabi"
	10-02-21
	Newborn, at term
	off-label
	on-label
	

	
	J02AA01
	Amphotericin B
	Ambisome liposomal®
	23-06-20
	Infant, > 1 month
	off-label
	off-label
	

	Musculo-skeletal system
	M03AB01
	Succinylcholine chloride
	Suxameton "SAD"
	01-11-18
	Children, age unspecified
	off-label5
	off-label
	Benzyl alcohol

	
	M03AC09
	Rocuroniumbromid
	Rocuronium "Fresenius Kabi"
	13-09-21
	Newborn, GA unspecified
	off-label
	on-label
	

	
	M03AC11
	Cisatracurium besylate
	Nimbex®
	30-11-20
	Infants, > 1 month
	off-label
	off-label
	

	Nervous system
	N01AF03
	Thiopental
	Tiomebumalnatrium "SAD"
	17-12-18
	Children, age unspecified
	off-label
	off-label
	

	
	N01AH01
	Fentanyl
	Fentanyl "B.Braun"
	27-01-20
	Children, > 2 years
	off-label
	off-label
	

	
	N01AX10
	Propofol
	Propofol "B.Braun"
	15-06-20
	Infants, > 1 month
	off-label
	off-label
	

	
	N01BB52
	Lidocain patch
	Tapin®
	30-10-20
	Newborn, GA unspecified
	off-label
	on-label
	

	
	N02BE01
	Paracetamol
	Paracetamol "B. Braun"
	03-01-20
	Newborn, at term
	off-label
	on-label
	

	
	N02CX02
	Clonidine
	n/ac)
	n/ac)
	n/ac)
	off-licensed
	off-licensed
	 

	
	N02AA01
	Morphine
	Morphine "SAD"
	28-07-16
	Children, age unspecified
	off-label
	off-label
	

	
	N03AB05
	Fosphenytoin
	Pro-epanutin®
	23-04-20
	Children, > 5 years
	off-label
	off-label
	

	
	N03AX14
	Levetiracetam
	Kevesy®
	07-06-21
	Children, > 4 years
	off-label
	off-label
	

	
	N03AA02
	Phenobarbital
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	Polysorbat 80, Ethanol

	
	N05CC01
	Chloral hydrate
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	N05CD08
	Midazolam
	Midazolam "Hameln"
	27-10-20
	Premature, GA < 32 weeks
	on-label
	on-label
	

	
	N05CH01
	Melatonin
	n/ad)
	n/ad)
	n/ad)
	off-licensed
	off-licensed
	

	
	N06BC01
	Caffein
	Peyona®
	22-12-21
	Premature, GA unspecified
	on-label
	on-label
	

	Respiratory system
	R03BA02
	Budesonide
	Budenova®
	27-08-19
	Infants, > 6 month
	off-label
	off-label
	Polysorbat 80

	
	R03BB01
	Ipratropium bromide
	Atrovent®
	03-05-22
	Children, age unspecified
	off-label
	off-label
	

	
	R03CC02
	Salbutamol
	Ventoline®
	10-01-22
	Children, > 4 years
	off-label
	off-label
	

	
	R05CB13
	Dornase alfa 
	Pulmozyme®
	25-04-17
	Children, > 5 years
	off-label
	off-label
	

	
	R07AX01
	Nitric oxide
	INOmax®
	15-01-21
	Premature, GA ≥ 34 weeks 
	on-label
	on-label
	

	
	R07AA02
	Poractant alfa 
	Curosurf®
	08-12-16
	Premature, > 700g
	on-label
	on-label
	

	Sensory organs
	S01ED01
	Timolol
	Optimol®
	10-12-20
	Newborn, GA unspecified
	off-label
	on-label
	 

	
	S01FA06
	Tropicamide
	Mydriacyl®
	30-10-18
	Adults
	off-label
	off-label
	Benzalkonium chloride

	
	S01FB01
	Phenylephrine
	n/ad)
	n/ad)
	n/ad)
	off-label
	off-label
	Benzalkonium chloride

	
	S01HA02
	Oxybuprocaine
	n/ac)
	n/ac)
	n/ac)
	off-licensed
	off-licensed
	

	
	S01AA01
	Chloramphenicol
	Chloramphenicol "DAK"
	19-05-20
	Children, age unspecified
	off-label
	off-label
	

	
	S01AA13
	Fusidic acid
	Fusithalmic®
	27-07-20
	Children, age unspecified
	off-label
	off-label
	Benzalkonium chloride

	Various
	V03AB15
	Naloxone
	Forvel®
	02-08-18
	Newborn, GA unspecified
	off-label
	on-label
	

	
	V03AB23
	Acetylcysteine
	Mucomyst®
	18-10-21
	Age unspecified
	off-label
	off-label
	

	ATC Anatomical Therapeutic Chemical (ATC) classification system; GA gestational age; N/a not applicable; a) Premature: any GA<37 weeks at birth; b) Neontates: born at term and younger than 28 days after birth; c) Compassionate use, no relevant SmPC exists; d) Extemporaneous preparation, no relevant SmPC exists.




