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Abstract 

This publication is the first to report current global pediatric oral extemporaneous compounding practices. 

Complete survey responses were received from 470 participants actively involved in oral extemporaneous 

compounding across all the World Health Organization (WHO) regions. The survey addressed formulation 

of oral extemporaneous liquids, including the use of commercial or in-house vehicles, flavoring excipients, 

source of formulation recipes, and beyond use dates (BUDs). Over 90% of the survey participants prepare 

oral liquids. Oral solid dosage forms, comprising capsules and powder papers (sachets) are also frequently 

prepared for children, albeit to a lesser extent. The top 20 active pharmaceutical ingredients compounded 

for children, globally, are: omeprazole, captopril, spironolactone, propranolol, furosemide, phenobarbital, 

hydrochlorothiazide, ursodeoxycholic acid, sildenafil, melatonin, clonidine, enalapril, dexamethasone, 

baclofen, caffeine, chloral hydrate, trimethoprim, atenolol, hydrocortisone, carvedilol and prednisolone. 

Diuretics, drugs for acid-related disorders, and beta-blockers are the top three most frequently 

compounded classes per the WHO Anatomical Therapeutic Chemical (ATC) classification system. The 

principal need identified for the practice of extemporaneous compounding for children is the 

development of an international, open-access formulary that includes validated formulations, as well as 

updated compounding literature and guidelines. Furthermore, improved access to data from stability 

studies to allow compounding of formulations with extended BUDs. 
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Introduction 

The practice of off-label prescribing in children is globally prevalent and can lead to ineffective treatment, 

non-adherence, and increased risk of adverse drug reactions [1-3]. Regulatory initiatives to improve 

development of medicines for children have surfaced globally, mandating ethical research and suitable 

authorization to ensure efficacy and safety. Significant pediatric regulatory initiatives include the United 

States’ (US) Food and Drug Administration (FDA) Best Pharmaceuticals for Children Act (BPCA) of 2002 [4] 

and Pediatric Research Equity Act (PREA) of 2003 [5], as well as the European Union’s European Medicines 

Agency Pediatric Research Investigation Plan (PIP) of 2007 [6]. While these initiatives have made 

significant strides in increasing the number of new medicines available for children as well as providing 

new pediatric indications for already approved medicines [7, 8], there continues to be a lack of attention 

dedicated to furthering the development of older, off-patent medicines commonly used in pediatric 

populations. In fact, these “older” medicines predominate the World Health Organization (WHO) Model 

List of Essential Medicines for Children (EMLc), within which only one third of included oral preparations 

feature age-appropriate formulations for children aged one to five years [9]. The negative consequences 

of off-label prescribing are further exacerbated by this deficiency in formulation age-appropriateness, 

defined as meeting the specific needs of pediatric patients via personalized strengths, child-friendly 

dosage forms, and improved acceptability [10]. 

In the current paucity of commercially available, age-appropriate medicines labeled for children, pediatric 

extemporaneous compounding is prevalent. Poor availability of key essential medicines for children has 

been identified in central African countries [11], and in low resource settings, medicines that are 

commercially available as age-appropriate formulations in other markets are frequently compounded 

[12]. Extemporaneous compounding of oral medications for children is a common practice in hospital and 

community pharmacies in Europe and North America when authorized age-appropriate formulations are 

not available or when medicines are used outside of their licensed adult indications [13-15]. Despite the 

widespread use of pediatric oral extemporaneous preparations, little is known about the practice of 
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extemporaneous compounding for children on a global scale. National and regional studies in the US and 

Europe have shown that there is considerable variability in current practices and regulations [16, 17]. 

The International Pharmaceutical Federation (FIP) Pediatric Formulations Focus Group (PFFG) strives to 

achieve global harmonization of pediatric oral extemporaneous compounding practices and encourage 

research into accessible age-appropriate formulations for children. The present study aims to identify 

current global pediatric oral extemporaneous compounding practices, challenges, and needs. 

Methods 
 
The FIP PFFG comprises pharmacists, scientists, academics, and physicians with experience in pediatric 

medicines. PFFG members from the different WHO regions — Africa, the Americas, the Eastern 

Mediterranean, Europe, South-East Asia, and the Western Pacific — contributed to developing the data 

collection survey (Reference: https://www.who.int/countries/).  The anonymous, web-based survey was 

translated into nine languages in collaboration with compounding experts from the different WHO 

regions. Survey languages included: Arabic, Chinese, English, French, Italian, Japanese, Portuguese, 

Spanish, and Turkish. The data was collected using the survey platform, Qualtrics XM (Provo, UT, USA). 

The introduction to the survey included a consent statement and an explanation of the study objectives 

and how the findings will be used. The study was exempted from full ethics review by Butler University's 

Institutional Review Board (IRB). 

A pilot survey was developed and disseminated by PFFG members to their contacts in different geographic 

regions. It was reviewed for clarity and unambiguity and was refined to achieve the final survey. The 

official survey was launched on November 1st, 2021, and closed on June 1st, 2022. The FIP PFFG global 

survey was distributed through PFFG members, professional networks, contacts of compounding experts 

worldwide, and FIP member organizations.  

The opening question to the survey was a conditional branching question to identify participants that 

currently compound pediatric oral extemporaneous preparations. The survey included 16 multiple-choice 

and open-ended questions distributed into three sections (Supplementary Fig. 1). Questions in Section 1 

pertained to dosage forms and APIs most frequently compounded. Questions in Section 2 addressed 

formulation of oral extemporaneous liquids, including the use of commercial or in-house vehicles, 

flavoring excipients, source of formulation recipes, and beyond use dates. Questions in Section 3 

pertained to pharmacy practice and included discipline, country, and geographic region of practice, as 

https://www.who.int/countries/
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well as the challenges and additional needs associated with practice. Participants provided open ended 

responses to their challenges and needs, and the responses were classified into one of 14 groups. For the 

question regarding region of practice, participants were invited to select from any of the WHO regions, 

with the Region of the Americas further subdivided into North and South America. Survey results were 

analyzed globally and by WHO region using Qualtrics Survey Software and Microsoft Excel. Only oral 

dosage forms were considered for data collection and analysis. 

 
Results 
 

Summary of global survey responses 

The PFFG global survey received a total of 1,274 responses. Incomplete responses were excluded from 

the data analysis, which resulted in a total of 736 valid responses. The survey was designed to collect data 

from compounding pharmacists and technicians who currently compound pediatric oral extemporaneous 

preparations. The survey, however, was distributed across many channels and likely reached other 

pharmacy professionals. As such, the opening question of the PFFG global survey aimed to filter out 

pharmacists and technicians who are not actively involved in pharmaceutical compounding. A total of 

34.9% of the respondents identified that they are not involved in the compounding of pediatric oral 

extemporaneous preparations. Despite not being active in compounding, these professionals are 

expected to be related to the practice to a certain extent given their inclusion in the distributing channels 

of the survey.  

All negative responses were directed to a separate question to understand the reasons why these 

professionals are not actively involved in pharmaceutical compounding. The three reasons provided 

within the survey were selected at similar rates by negative respondents. 23.0% of negative respondents 

selected that pediatric oral extemporaneous preparations are ordered from outsourcing facilities rather 

than prepared in-house. While the pharmacy professionals who selected this response are not directly 

involved in pediatric extemporaneous compounding, they likely dispense the extemporaneous 

preparations. 22.6% of negative respondents selected “not needed for our patient population.” 

Considering that these respondents were included in the survey distribution channels, it is likely that they 

are involved with extemporaneous compounding but not for pediatric patients specifically. 21.2% of 

negative respondents indicated a lack of necessary resources, which suggests that these pharmacists and 

technicians are familiar with pediatric oral extemporaneous preparations but are unable to practice 

compounding. Negative respondents were permitted to select more than one reason and to provide other 
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individualized reasons for their lack of active involvement in pediatric oral extemporaneous compounding. 

A total of 42 “other” responses were received, including: “We advise on whether crushing tablets is 

appropriate then tell parents to do this at home”; “Lack of prescriptions”; “Extemporaneous preparations 

not considered important despite that there is lack of availability of appropriate pediatric medicines.”  

The pharmacists and technicians who responded “Yes” to the opening question are actively involved in 

pediatric oral extemporaneous compounding and thus were considered valid participants in the PFFG 

global survey. In total, 479 participants from all regions of the world are included in the data analysis. The 

most representative WHO region in this survey is Europe (47.2%), followed by the Western Pacific (15.7%), 

South America (13.4%), the Eastern Mediterranean (8.1%), North America (7.5%), Africa (6.1%) and South-

East Asia (2.1%) (Fig. 1). A similar number of survey participants practice in community or compounding 

pharmacies (50.3%) and hospital pharmacies (47.6%), while only a small percentage of respondents 

practice in outsourcing facilities (2.1%).  

Dosage forms and source of active pharmaceutical ingredients (APIs) 

Oral dosage forms need to be age-appropriate to promote medication adherence and, consequently, 

treatment efficacy [3, 18]. The PFFG global survey therefore addresses the type of oral dosage forms 

extemporaneously prepared. Survey results revealed that oral liquids are the most frequently 

extemporaneously prepared oral dosage form for children worldwide. Over 90% of the survey participants 

prepare oral liquids, including solutions, suspensions, and syrups (Fig. 2). Oral solid dosage forms are also 

frequently prepared for children, albeit to a lesser extent. Capsules and powder papers, also known as 

sachets, are prepared by 44% and 43% of survey participants, respectively. In contrast, oromucosal 

preparations are infrequently prepared on a global scale. Only 9% and 5% of survey participants prepare 

troches and lozenges or lollipops, respectively. Additional findings were observed when considering each 

WHO region separately. In Africa, capsules were not reported by any of the survey participants. In the 

Eastern Mediterranean, there were no reports of oromucosal preparations. The top three oral dosage 

forms in Europe, the Eastern Mediterranean, North America, and South America are, in decreasing order: 

oral liquids, capsules, and powder papers. South-East Asia and the Western Pacific share the same top 

three oral dosage forms, but powder papers are more prevalent than capsules. 

All extemporaneous preparations comprise one or more APIs and excipients formulated into the 

corresponding dosage form. When available, APIs may be sourced as bulk powders from compounding 

suppliers. Alternatively, APIs included in commercial medicines, commonly tablets and capsules, may be 
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used directly in extemporaneous preparations. Commercial tablets are cut and finely crushed, whereas 

commercial capsules are opened, and the resulting powder is used in the extemporaneous compounding 

of both solid and liquid oral dosage forms. On a global scale, the different sources of APIs used to 

compound pediatric oral extemporaneous preparations were comparable (Fig. 3a). On a regional level, 

however, there are important differences to highlight. Use of bulk API powders appeared to comprise the 

lowest source of API in Africa, the Eastern Mediterranean, North America, and the Western Pacific (Fig. 

3b). Africa features the overall lowest use of bulk API powders, with less than 7% of pharmacists and 

technicians using bulk APIs as opposed to almost 80% using commercial tablets. This may be explained by 

the lack of accessible bulk powders in low- and middle-income countries (LMICs); pharmacists must rely 

almost exclusively on the commercial medicines available, which are most often tablets. In contrast, South 

America uses predominantly bulk powders in the preparation of their pediatric oral dosage forms. South-

East Asia appears to use the three different API sources to a similar extent. Important differences are also 

highlighted when the compounding settings are compared. Although all settings use both commercial 

medicines and bulk APIs, it is not surprising that outsourcing facilities use mainly bulk APIs. Interestingly, 

however, community and compounding pharmacies use mainly bulks APIs, whereas hospital pharmacies 

rely more on crushing and opening commercial tablets and capsules (Fig. 3c). The preference for 

commercial medicines in the hospital setting may be explained by the budgetary constraints and sourcing 

complexities of hospital systems.  

It is important to note that the excipient composition of tablets and capsules varies according to the 

commercial manufacturer, which may affect the stability of the APIs in extemporaneous preparations. 

Stability data of extemporaneous preparations formulated from different generics or innovator drug 

products are not necessarily interchangeable. Furthermore, some tablets and capsules may be challenging 

to manipulate, particularly those with sustained-release or enteric coatings, which may result in dose 

inaccuracies.  

Most frequently dispensed pediatric oral extemporaneous preparations 

Survey participants were presented with an open-ended question regarding their top three pediatric oral 

extemporaneous preparations (by volume and/or frequency). Figure 4 illustrates the top 20 APIs 

extemporaneously compounded into oral pediatric preparations, globally, as reported by survey 

participants. Carvedilol and prednisolone received a similar number of responses and are therefore tied 

at number 20. Reported APIs were assessed for inclusion on the WHO EMLc. The EMLc includes the most 
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efficacious, safe, and cost-effective medicines to meet the primary health needs of a population for 

children up to and including 12 years of age. These essential medicines should be available and affordable 

for children’s healthcare in appropriate and quality dosage forms [19]. Of the top 20 APIs, nine are 

featured on the EMLc: omeprazole, spironolactone, propranolol, furosemide, phenobarbital, 

hydrochlorothiazide, dexamethasone, caffeine, and trimethoprim. The APIs were classified according to 

the WHO Anatomical Therapeutic Chemical (ATC) classification system [20]. The ATC system classifies APIs 

into five different levels. The first level is comprised of 14 main anatomical/pharmacological groups. The 

main groups are further subdivided into the second level, which is either a pharmacological or therapeutic 

group. ATC 2nd level pharmacological or therapeutic subgroups were selected for classification of the most 

frequently extemporaneously compounded oral pediatric medicines. Analysis was conducted to identify 

the pharmacologic or therapeutic classes of medicines, per WHO ATC 2nd level classification, most 

frequently compounded globally (Fig. 5). It was determined that diuretics, drugs for acid-related disorders, 

and beta-blockers are the top three most frequently compounded classes. Supplementary Table 1 

illustrates the WHO ATC 2nd level classification, as well as the common pediatric indications as described 

by the British National Formulary (BNF) for Children [21], for each of the APIs most frequently featured in 

extemporaneously compounded oral pediatric preparations.  

Potential reasons why APIs are frequently compounded may include lack of availability of authorized age-

appropriate pediatric preparations in different geographic regions, excessive cost of available authorized 

preparations, shortcomings of authorized formulations with regard to safety of excipients (e.g., presence 

of alcohol, propylene glycol, parabens) or inadequate acceptability (e.g., swallowability, palatability, 

frequency of administration). Insufficient stability of commercially available aqueous liquid formulations 

may also contribute to the need for extemporaneous compounding. For example, Omeprazole is 

hygroscopic and rapidly degrades below pH 7.8 while exhibiting maximum stability at pH 11 [22]. One 

method of extemporaneously preparing omeprazole oral solution is by dissolving omeprazole capsule 

contents in sodium bicarbonate 8.4% w/w solution [22]. The resulting solution is to be refrigerated and 

has an extensive beyond use date (BUD) of 45 days, per United States Pharmacopeia (USP) beyond use 

dating for non-preserved aqueous solutions. Captopril undergoes oxidative degradation in aqueous 

solutions and is catalyzed by metal ions. Captopril solution displays higher stability at acidic pH and is 

extemporaneously compounded in water with the addition of ascorbic acid tablets [23]. Atenolol displays 

highest stability in pH 4 aqueous solutions, and exposure of atenolol solutions to ultraviolet light cause 
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drug decomposition at acidic and neutral pHs. Atenolol suspension is extemporaneously compounded in 

commercial vehicles at pH 4-4.5 and is stored in amber bottles [24]. 

 
Further regional analyses into the top ten most frequently compounded medicines was conducted using 

responses to the multiple-choice question on APIs most frequently dispensed (by volume and/or 

frequency). Participants were not limited to the number of APIs they could select from the 68 APIs 

provided. The results are summarized into the top ten most frequently dispensed APIs for each WHO 

region in the supplementary section (Supplementary Fig. 2).  

While diuretics are the most frequently compounded globally, specifically spironolactone, furosemide, 

and hydrochlorothiazide (Figure 5), a further analysis into the top ten most frequently compounded 

medicines per region revealed that furosemide and spironolactone are most frequently compounded in 

Africa, Europe, the Eastern Mediterranean, the Western Pacific, and South America (Supplementary Fig. 

2). Omeprazole is the most frequently compounded medicine for acid-related disorders globally and in all 

world regions, except Africa. Interestingly, Africa’s list of top ten most frequently compounded medicines 

did not include an API for acid-related disorders. The most frequently compounded beta-blocking agents 

globally include propranolol, atenolol, and carvedilol. Propranolol is most compounded in Europe, the 

Eastern Mediterranean, South-East Asia, and South America, while atenolol is most frequently 

compounded in Europe, and carvedilol in Africa and Europe. The most frequently compounded drugs 

acting on the renin-angiotensin system include captopril and enalapril. Captopril is the most frequently 

compounded in all regions except the Western Pacific. Enalapril is frequently compounded in Africa, 

Europe, and South America.  

Melatonin and chloral hydrate are the most frequently compounded psychloeptics globally; however, 

melatonin only appears on the top ten compounding list for South America. Clobazam is another 

psycholeptic that appears on the list of most frequently compounded medicines only in the Western 

Pacific. The differences between the regional and global results may be attributable to how the survey 

question was presented. The most frequently compounded medicines globally (Fig. 4) were determined 

by analysis of responses to the question where respondents entered the top three pediatric oral 

extemporaneous preparations (by volume and/or frequency). While the regional trends were determined 

from a different question where participants selected from a list of medicines that were frequently 

dispensed, the results were subsequently summarized into the top ten extemporaneously compounded 

medicines for each region (Supplementary Table 1). Hence while chloral hydrate was observed as one of 
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the most frequently compounded APIs globally, upon regional analysis of the results, it was not one of the 

top 10 most frequently compounded in any of the world regions as other medicines received a higher 

count per region.  

The systemic corticosteroids most frequently compounded globally are dexamethasone, hydrocortisone, 

and prednisolone. Dexamethasone and hydrocortisone also appeared on the lists of the top ten most 

frequently compounded medicines for the Eastern Mediterranean and North American regions, 

respectively.  Phenobarbital is the most frequently compounded antiepileptic globally and in Africa and 

the Western Pacific. Antiepileptics most frequently compounded in Africa also include levetiracetam, 

carbamazepine and acetazolamide. Acetazolamide is a carbonic anhydrase inhibitor also indicated for 

open-angle glaucoma in children. Clonazepam was another antiepileptic determined to be one of the most 

frequently compounded medicines in North America.  

Trimethoprim is the most frequently compounded antibacterial for systemic use globally; however, it does 

not feature in the top ten most frequently compounded medicines in any region. Vancomycin and 

metronidazole are antibacterials that are frequently compounded in the Eastern Mediterranean and 

North America, respectively. Ursodeoxycholic acid indicated for cholestasis is frequently compounded 

globally, as well as in Europe, the Eastern Mediterranean, and North America. Sildenafil, indicated for 

pulmonary arterial hypertension in children, is frequently compounded globally as well as in Africa, 

Europe, the Eastern Mediterranean, and North America.  

 
 
Formulation of Pediatric Oral Liquids 

Liquid preparations for oral use, mainly solutions and suspensions, contain one or more active substances 

in a suitable vehicle. Although oral liquids may be rapidly prepared, allow dosing flexibility by variable 

volumes, and are easy to administer to pediatric patients, their formulation and stability can be complex. 

Issues with drug solubility, homogeneity, taste masking, and stability must be considered when 

compounding oral liquid medicines. Several categories of excipients are usually required to ensure 

homogenous and stable formulations, including solubilizing, or suspending agents, buffers, and 

preservatives, as well as excipients to enhance palatability, including sweetening and flavoring agents. 

However, the choice of excipients must also consider the patient’s age (e.g., ethanol and propylene glycol 

cosolvents), which adds even more complexity to the extemporaneous preparation of oral liquid dosage 

forms.   
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The PFFG global survey shows that the formulation recipes for pediatric oral liquids are mostly obtained 

from journals or books. Online databases, pharmacopeias, and national formularies were utilized to 

similar extents, whereas in-house formularies and personal or team experiences were the least employed 

(Fig. 5).  

Some countries, such as Portugal and Spain, have developed their own national formularies including 

validated standard operating procedures (SOPs). There are pharmacopeias that also include SOPs for 

frequently dispensed compounded medications, such as the USP Compounding Compendium and the 

European Pharmacopeia. These official formularies are a key contributor to the quality and safety of 

pharmaceutical compounding, since pharmacists are likely to use the same validated SOPs across the 

country [17]. In-house formularies are commonly seen in hospital pharmacies and often feature SOPs for 

the most frequently dispensed compounded medications.  

Stability is the extent to which a product retains, within specified limits and throughout its period of 

storage and use, the same properties, and characteristics that it possessed at the time of its manufacture. 

It is a global term that refers to the chemical, physical, microbiological, therapeutic, and toxicologic 

stability of a product [25]. The BUD is the date after which a compounded medication is not to be used 

because its stability is no longer guaranteed (United States Pharmacopeial Convention). When oral liquids 

are prepared, pharmacists should have evidence to support the assigned BUD. In the absence of a 

validated stability study, official pharmacopeial criteria should apply to determine the BUD of a given 

compounded medication. The PFFG global survey shows that pharmacopeia guidelines and compounding 

books comprise the majority of reference sources utilized to assign the BUD of pediatric oral liquids, at 

68% response rate each. Online databases and scientific journals comprised 48% and 43% of responses, 

respectively. Validated stability studies, published in scientific journals and referenced in online 

databases, are the ideal reference sources; however, the extemporaneously compounded preparations 

must comprise the exact formulation for the stability data to be valid.  For instance, if the pediatric oral 

liquid includes a different vehicle or a different preservative, the validated stability study no longer 

applies. In this case, compounding pharmacists are recommended to follow the pharmacopeia guidelines 

to assign the estimated BUD. Since oral vehicles vary considerably in composition, it is to be expected that 

pharmacopeia guidelines are commonly used to assign BUDs to pediatric oral liquids. 

Acceptability of medicines in children is multi-faceted determined by context of use, patient 

characteristics and product characteristics [26]. APIs commonly have an unpleasant taste which can 
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compromise medicine acceptability, leading to inconsistent and variable dosing [27].Taste masking of 

unpleasant APIs administered as oral liquids is an approach to increase patient adherence. The PFFG global 

survey illustrates that although the practice of flavoring occurs in every region of the world, 56% of the 

surveyed compounding pharmacists and technicians do not add flavors to pediatric oral liquids. The 

Eastern Mediterranean and South America are exceptions, however, where flavoring appears to be a 

common practice (Fig. 6). In South America, most pharmacists and technicians (77%) add flavors to 

pediatric oral liquids. Brazil, the largest country in South America, has a long tradition of pharmaceutical 

compounding and specialized compounding pharmacies are widespread. The high level of specialization 

in this country may be the reason why medicine acceptability and patient adherence are important, and 

thus compounded medications are prepared to meet individual patient needs. 

In North America, most pharmacists (69%) do not add flavors to the pediatric oral liquids, despite the 

accessibility of flavoring agents and flavoring information. However, commercial oral vehicles, the 

majority of which contain flavoring and sweetening agents, are popular in North America, which may 

explain the minimal use of flavors in this region. As for Europe, most pharmacists were found not to add 

flavors (57%), however prior evidence suggests a heterogeneity in compounding practices across 

European countries [17].  

Interestingly, the PFFG global survey shows opposite practices when hospital pharmacies and community 

pharmacies are compared. 68% of hospital pharmacies do not practice flavoring, while only 45% of 

community or compounding pharmacies do not practice flavoring. This may be attributed to hospitals 

provide around-the-clock patient care, and hospitalized patients may require lifesaving compounded 

medications at any time of the day or night. The practice of flavoring, although a key contributor to patient 

adherence, may not be considered critical to the quality and safety of the compounded medications in 

emergency situations. In addition, hospitals in some regions commonly operate under tight budgetary 

constraints and therefore only essential products and ingredients are likely to be sourced. 

Pediatric oral liquids are commonly prepared by adding the API(s) to a suitable vehicle, which may be 

locally prepared at the pharmacy or commercially manufactured by a compounding supplier. Commercial 

vehicles allow for straightforward and rapid preparation of oral liquids with assured quality and 

appropriate organoleptic characteristics for oral administration. Validated stability studies are available 

for a wide range of APIs in commercial vehicles, which assure an extended BUDs for the corresponding 

liquid preparations.  
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The PFFG global survey shows that 63% of pharmacists use commercial vehicles, and they are utilized in 

all regions of the world, predominantly in North America (Fig. 7). The most frequently used commercial 

vehicles are SyrSpend (Fagron), Ora-Plus, Ora-Sweet, and Ora-Blend (Paddock/Perrigo), which are 

manufactured by compounding suppliers that operate in North America. As a result, it is expected that 

commercial vehicles are highly popular in this region, with 97% of pharmacy professionals utilizing 

commercial vehicles. In contrast, in the regions of Africa and South America, almost 50% of the pharmacies 

do not commonly use commercial vehicles in the preparation of their pediatric oral liquids. In Africa, the 

main reasons are likely to be the limited availability of commercial vehicles and, when available, their 

unaffordable cost. In South America, pharmacies are likely to use locally prepared vehicles to allow for 

more affordable medicines. In Brazil, compounded medications are popular and widespread due to their 

affordable cost.  

Both hospital and community pharmacies use commercial vehicles in the preparation of their pediatric 

oral liquids. There is a higher prevalence in the hospital setting (68%) when compared to the community 

setting (59%), which may be explained by the need to quickly prepare and dispense oral liquids to 

hospitalized pediatric patients. Furthermore, hospitals may have specialist pediatric centers and therefore 

utilize commercial vehicles to accommodate a larger patient population.  

Less prevalent commercial vehicles were reported in the “Other(s)” category, with commercially 

manufactured simple syrup constituting the most frequently described. An example of commercial simple 

syrup includes Excipiente Acofar Jarabe Simple, supplied by Acofarma (Madrid, Spain). Anhydrous 

commercial oral liquid vehicles, which allow for extended BUDs by default due to the low water activity, 

were also reported, thus representing a valuable option for compounding APIs that are lipophilic, unstable 

in water, or feature limited data on aqueous stability. It was additionally stated by the survey participants 

that there are no commercial vehicles registered in Poland for pharmaceutical compounding and that 

there are no commercial vehicles available in Pakistan.  

Locally prepared vehicles are mostly universal vehicles described in official formularies or 

pharmacopoeias. Examples include the Simple Syrup BP (British Pharmacopoeia) (85% w/v sucrose) and 

“B.9. Vehicle for the preparation of oral suspensions, sugar-free” described in the Portuguese Galenic 

Formulary (CETMED, 2005). Locally prepared vehicles are a valuable option for pharmacies as they 

overcome the high barrier costs of commercially manufactured vehicles. In-house vehicles are commonly 

prepared in advance and in large quantities to facilitate the preparation of individualized medications, as 
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needed. In-house developed vehicles are more affordable than the commercially manufactured vehicles; 

however, they do not commonly feature abundant stability studies and therefore scientific evidence for 

quality and safety is scarcer. The PFFG global survey shows that in-house developed vehicles are utilized 

by 51% of pharmacists in all world regions, and their use is particularly prevalent in Africa, South America, 

and South-East Asia (Fig. 8a). The only regions that do not commonly use in-house vehicles are North 

America and the Western Pacific, in which most survey participants, 69% and 81%, respectively, reported 

that they do not use in-house vehicles. When analyzing the data by pharmacy practice, it is observed that 

hospital pharmacies and outsourcing facilities are less likely to develop their own locally prepared 

vehicles, as opposed to the community or compounding pharmacies (Fig. 8b). 

Out of the response choices provided for in-house developed vehicles, simple syrup constitutes the most 

frequently used in-house vehicle at 60% of reported global responses. This may be attributable to its 

straightforward preparation and the readily available, affordable sucrose component. Simple syrup also 

has low water activity and therefore a preservative is not needed if used at the pharmacopeial 

concentration of 85% w/v. The use of methylcellulose gel accounted for 13% of the global responses. 

Methylcellulose gel offers relatively high viscosity and therefore improved palatability however it is 

relatively time consuming to prepare. Use of cherry syrup was reported at 3% and other less prevalent in-

house developed vehicles were reported in ‘other(s)’, category included anhydrous vehicle, 

carboxymethyl cellulose (CMC) gel and sugar-free vehicle. 

 

Challenges and needs of pediatric oral extemporaneous preparation and practices 

Participants were presented with an open-ended question to describe their needs and/or challenges 

related to pediatric oral extemporaneous compounding. Responses were classified into the groups 

illustrated in Figure 9. The principal need identified for the practice of extemporaneous compounding for 

children is the development of an international, open-access formulary that includes validated 

formulations, as well as updated compounding literature and guidelines. Participants further emphasized 

that validated formulations should contain information on preparation methodology, stability data, pH, 

and organoleptic properties. Pharmacists reported that it is difficult for them to find validated 

formulations and that there is a compelling need for a platform where expertise is exchanged, and 

questions are addressed. Addressing these needs will help minimize the risks reported with compounding 

which include use of incorrect ingredients and quantities and the formulation of unstable products [28, 

29]. 
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The second most identified need reported by pharmacists is improved access to data from stability studies 

to allow compounding of formulations with extended beyond use dates (BUDs). The need for stability data 

under conditions of high humidity and temperatures was also noted. Pharmacists reported the need for 

validated formulations using safe and readily available excipients. It is necessary to develop simple 

formulations that can be replicated in hospital and community pharmacies. Respondents commented that 

data on safety and dose limits of excipients is lacking, as well as the impact of the formulation changes on 

drug pharmacokinetics.  

It was noted by respondents that more stringent, in-process and final quality control was required in some 

regions, as well as national guidelines and government oversight. Government restrictions on establishing 

compounding facilities, restrictions on batch manufacture, and formulary restrictions were also reported. 

Unavailability of appropriate compounding labs, instruments, and workforce capacity were other 

commonly reported challenges. Furthermore, difficulty of sourcing extemporaneously compounded 

products from outsourcing facilities and long lead time is an obstacle for some medicines.  

Additional reported barriers to compounding included time-consuming preparation and accuracy of dose, 

especially with low dose drugs. Other challenges included the drug dissolution process and formulating 

homogenous suspensions. Some APIs are only available as coated or modified release dosage forms, 

making compounding more challenging. Moreover, there is limited information available on the impact 

of interchanging tablets and capsules formulated with different excipients on physical-chemical properties 

and stability of compounded formulations.  

Further noted obstacles to compounding included limited availability of bulk API powders and excipients 

as well as access to storage recipients and dosing devices. When bulk API powders are available, they are 

expensive or can only be purchased from manufacturers in large quantities which cannot be consumed 

prior to their expiration. It was also reported that commercial vehicles are not available in some world 

regions, or the cost is too high. Pharmacists highlighted the need for the pharmacopeial formulas for 

suspending vehicles as well as formulations utilizing simple vehicles that can be prepared in-house. In 

addition, formulas for vehicles that do not contain sugars are needed. Palatability was also reported to be 

a concern for oral liquids despite the inclusion of flavoring agents and sweeteners; particularly that the 

bitter taste of some medicines is difficult to mask. Furthermore, taste is subjective, and it would be ideal 

to change the flavoring agent based on the child’s preference.   
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Pharmacists reported the critical need to remain up to date with modern practices as well as concerns 

regarding their limited training and expertise in compounding. There were also reports on the lack of 

physician awareness of the practice of compounding and that prescriptions for extemporaneous 

medicines were often missing information. Improved communication between physicians and 

pharmacists was needed for accurate pediatric prescribing.   

Survey responses highlighted the need for authorized, age-appropriate formulations that are affordable. 

While authorized liquid products may exist in some regions, the cost may be prohibitive for government 

funding in LMICs or for individuals to procure. Responses also noted the high cost of extemporaneously 

compounded formulations and the need for government subsidies for pediatric patients. High pricing 

variability between different extemporaneous manufacturers as well as reimbursement from insurance 

companies was reported to be a challenge.  

 

Study limitations 

An unequal distribution of responses from different geographic regions was attained, as illustrated in 

Figure 1.  Furthermore, WHO geographic regions constitute a heterogenous group of countries which may 

therefore limit extrapolation of some of the findings to each country within the different regions. 

Moreover, individuals may not identify as belonging to a region as defined by the WHO; for example, 

Türkiye is classified by the WHO as European while many respondents identified as belonging to the 

Eastern Mediterranean. Survey participants were allowed to enter their country and select their region in 

response to open and multiple-choice questions, respectively. To analyze the survey results consistently 

per WHO region, the regions reported by the survey participants were adjusted, when necessary, to align 

with the WHO regions.  

 

Conclusions 

The FIP PFFG global survey illustrates that the most frequently extemporaneously compounded oral 

pediatric medicines globally, as classified per WHO ATC pharmacological/therapeutic group, are diuretics, 

drugs for acid related disorders and beta-blockers. Furthermore, oral liquids far exceeded capsules and 

powder papers (sachets) as dosage forms of choice for extemporaneous pediatric compounding. Inter-

regional and inter-practice variability were observed with respect to source of APIs, source of formulation 

recipes, use of in-house and commercial vehicles, flavoring oral liquids, and assigning of BUDs. While there 
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is heterogeneity in pediatric extemporaneous preparations and practices worldwide, the survey revealed 

there is a common global need for freely accessible formulation sources constituting safe, and simple 

formulations with validated stability and shelf-life. Furthermore, appropriate resources and training were 

reported to be needed for pharmacy professionals to undertake the practice of extemporaneous 

compounding accurately. Through addressing these global needs, some of the challenges and risks 

associated with compounding can be mitigated.  
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Figure Legends 

Figure 1. Responses from WHO regions as percentage of survey participants. 

Figure 2. Oral dosage forms prepared for children globally as percentage of survey responses. 

Figure 3 
Figure 3a. Source of APIs used in pediatric oral extemporaneous preparations as percentage of 
survey responses.   
Figure 3b. Source of APIs used in pediatric oral extemporaneous preparations as percentage of 
survey responses by WHO Region.  
Figure 3c. Source of APIs used in pediatric oral extemporaneous preparations as percentage of 
survey responses by compounding practice setting.     

Figure 4. Top 20 APIs most commonly compounded globally as pediatric oral extemporaneous 
preparations as a percentage of frequently compounded medicines 

Figure 5. Source of formulation recipes used for pediatric oral extemporaneous preparations as 
percentage of survey responses. 

https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2021.03
https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2021.03
https://www.who.int/tools/atc-ddd-toolkit
https://www.who.int/tools/atc-ddd-toolkit
http://www.clinicalpharmacology.com/
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Figure 6. Practice of flavoring oral liquids as percentage of survey responses by WHO region. 

Figure 7. Use of commercial vehicles as percentage of survey responses by WHO region. 

Figure 8. 
Figure 8a. Use of vehicles developed in-house as percentage of survey responses by WHO 
region. 

Figure 8b. Use of vehicles developed in-house as percentage of survey responses by 
compounding practice setting.  

Figure 9. Needs and/or challenges related to pediatric oral extemporaneous compounding as a 
percentage of survey responses         
  
 
 
 



Figure 1 

 

 

Figure 2 

 

 



Figure 3a 

 

 

Figure 3b 

 



Figure 3c 

 

 

Figure 4 

 

 

 



Figure 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 6 

 

 

 

 

 



 

Figure 7 

 



Figure 8a 

 



Figure 8b 

 

 

 

 

 

 

 

 

 

 

 



Figure 9 

 



Table 1: Pediatric indications of the top 20 most frequently extemporaneously compounded oral 

pediatric medicines globally 

 

API Therapeutic 
category (WHO 
ATC 2nd level)1 

Indication in children WHO EMLc2 

Omeprazole Drugs for acid 
related disorders 

Helicobacter 
pylori eradication, tx of 
gastric and duodenal ulcers, 
Zollinger-Ellison syndrome, 
gastro-oesphageal reflux 
disease, acid-related 
dyspepsia 

Yes 

Captopril Agents acting on 
renin-angiotensin 
system 

Hypertension, heart failure, 
proteinuria in nephritis, 
diabetic nephropathy in 
type I diabetes mellitus 

No 

Spironolactone Diuretic Oedema in heart failure and 
in ascites 
Nephrotic syndrome 
Reduction of hypokalaemia 
induced by diuretics or 
amphotericin B 

Yes 

Propranolol Beta blocking 
agents 

Hyperthyroidism with 
autonomic symptoms, 
thyrotoxicosis, thyrotoxic 
crisis, hypertension, 
migraine prophylaxis, 
arrhythmias 

Yes 

Furosemide Diuretics Oedema in heart failure, 
renal disease and hepatic 
disease, pulmonary oedema 

Yes 

Phenobarbital Antiepileptics Epilepsy except atypical 
absence seizures, status 
epilepticus,  

Yes 

Hydrochlorothiazide3 Diuretics Hypertension and 
adjunctive treatment of 
edema 

Yes 

Ursodeoxycholic acid Bile and liver 
therapy 

Cholestasis, Improvement of 
hepatic metabolism of 
essential fatty acids and bile 

No 



flow, in children with cystic 
fibrosis 

Sildenafil4 Urological Pulmonary arterial 
hypertension 

No 

Melatonin Psycholeptics Sleep onset insomnia, 
delayed sleep phase 
syndrome, insomnia in 
patients with learning 
disabilities and behavior 
that challenges, insomnia in 
patients with ADHD 

No 

Clonidine Antihypertensives Severe hypertension No 

Enalapril Agents acting on 
renin-angiotensin 
system 

Hypertension, heart failure, 
proteinuria in nephritis, 
diabetic nephropathy 

No 

Dexamethasone Corticosteroids for 
systemic use 

Suppression of 
inflammatory and allergic 
disorders, croup 

Yes 

Baclofen Muscle relaxants Chronic severe spasticity of 
voluntary muscle 

No 

Caffeine Psychoanaleptics Neonatal apnea Yes 

Chloral hydrate Psychloeptics Sedation for painless 
procedures, severe 
insomnia (in patients with 
suspected or definite 
neurodevelopmental 
disorder when insomnia is 
interfering with daily life  

No 

Trimethoprim Antibacterials for 
systemic use 

Respiratory tract infections, 
prophylaxis of recurrent 
urinary tract infection, lower 
urinary-tract infection 

Yes 

Atenolol Beta blocking 
agents 

Hypertension, arrhythmias No 

Hydrocortisone Corticosteroids for 
systemic use 

Adrenal crisis  (in patients with 
adrenal insufficiency who are 
steroid-dependent), Acute 
adrenocortical insufficiency 
(Addisonian crisis), Congenital 
adrenal hyperplasia, Adrenal 
hypoplasia, Addison’s disease, 
chronic maintenance or 
replacement therapy 

No 

Carvedilol Beta blocking agent Adjunct for heart failure No 



Prednisolone Corticosteroids for 
systemic use 

Croup, asthma, 
autoimmune inflammatory 
disorders, autoimmune 
hepatitis, corticosteroid 
replacement therapy, 
infantile spasms, idiopathic 
thrombocytopenic purpura, 
nephrotic syndrome, 
ulcerative colitis, Crohn’s 
disease 

No 

 

 

1 WHO ATC 2nd level: WHO Anatomic Therapeutic Classification by pharmacological/therapeutic subgroup 

2 WHO EMLc: WHO Essential Medicines Children Core List 

 

3 While, sildenafil falls under the urological ATC class, it is indicated for pulmonary and arterial 

hypertension in children. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 2: Top 10 APIs most commonly compounded as pediatric oral extemporaneous 

preparations as a percentage of frequently compounded medicines per region 

 
Fig.2a Africa 

 

 

Fig. 2b Eastern Mediterranean 

 

 



Fig. 2c Europe 

 

 

Fig. 2d North America 

 

 

 

 

 



Fig. 2e South America 

 

 

Fig. 2f South East Asia 

 

 

 



Fig. 2g Western Pacific 

 

 

 

 

 
Aspirin (acetylsalicylic acid), propranolol HCl (propranolol hydrochloride), ursodeoxycholic acid also 

known as Ursodiol. 
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English

Questions

Pediatric Oral Extemporaneous Preparations & Practices
 
To select your preferred language, please scroll down the
English language tab on the top right.
 
The International Pharmaceutical Federation (FIP)
Pediatric Formulations Focus Group strives to achieve
global harmonization of oral extemporaneous pediatric
compounding practices. Your participation in this survey
will support this goal by helping us understand oral
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extemporaneous pediatric compounding practices,
needs and challenges in your geographic region.
Participation in this survey is completely anonymous and
voluntary. By completing the survey you are giving us
permission to collate and publicly share the data for the
purpose of harmonizing global oral extemporaneous
pediatric preparation practices.
 

Consent Statement
 
Study purpose: To understand oral extemporaneous
pediatric compounding practices, needs and challenges.
The survey will gather your responses on oral
extemporaneous preparations for children. 
 
What will be done: We would like you to complete this
survey through an online link, which will take
approximately 10 minutes. This survey includes questions
pertaining to the oral extemporaneous pediatric products
you prepare and the formulations you use. The ultimate
goal is to achieve global harmonization of oral
extemporaneous pediatric compounding practices.
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Benefits of the study: Through an improved
understanding of extemporaneous pediatric
compounding practices, global organizations can work
together to address pediatric formulation challenges and
needs of different geographic regions. 

Study risks: Minimal risks or discomforts are anticipated
from taking part in this study. No identifiable data is being
collected from this survey. You can withdraw from the
survey at any time and your response will not be
recorded. Your participation in this survey is entirely
voluntary; you are free to decide not to participate without
any loss of benefit or without affecting your relationship
with any person at Butler University or FIP.
 
Confidentiality: Your responses will be kept completely
anonymous and no individuals will be identified.
Information will be aggregated across geographic
regions. 
 
How the findings will be used: The findings will be used
to identify ways of improving and harmonizing oral
extemporaneous pediatric compounding practices
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worldwide, such as through the development of training
opportunities or open access databases for pediatric
preparations. The results from the study may be
presented in educational settings and professional
conferences, and the results may be published in a
professional journal and as a report. 
 
For questions about your rights as a research participant
or to discuss problems, complaints or concerns about a
research study, contact the Butler University Office of
Sponsored Programs (OSP) at +1-317-940-9766 or by
emailing IRB@butler.edu. 

By beginning this survey, you acknowledge that you have
read this information and agree to participate in this
research, with the knowledge that you are free to
withdraw your participation at any time.

Do you prepare pediatric oral extemporaneous

I agree

I DO NOT agree
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preparations? *

Why don’t you prepare pediatric oral extemporaneous
preparations?

Pediatric Oral Extemporaneous Preparations:

Dosage forms and active pharmaceutical ingredients (APIs)

Which oral dosage forms do you prepare for children? *
(select all that apply)

Yes

No

Lack of resources

Lack of expertise

Not needed for our patient population

Ordered from outsourcing facilities

Other(s)

Powder papers (sachets) Lollipops (oromucosal)

Capsules Troches / Lozenges (oromucosal)
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Which is the main source of APIs for your pediatric oral
extemporaneous preparations?
(select all that apply)

Considering your pediatric oral extemporaneous
preparations, please select the APIs most frequently
dispensed (by volume and/or frequency):
(select all that apply)

   Oral liquids (solutions,
suspensions and syrups)

Bulk powders (from
compounding suppliers)

Commercial capsules (opening)

Commercial tablets (cutting and
crushing)

ALL OF THE ABOVE (bulk powders
and commercial
tablets/capsules)

Acetazolamide Levetiracetam

Allopurinol Levothyroxine sodium

Amiodarone Loratadine

Amlodipine Melatonin

Aspirin (Acetylsalicylic acid) Metronidazole
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Atenolol Midazolam

Azathioprine Nadolol

Baclofen Nifedipine

Caffeine citrate Nitrofurantoin

Captopril Omeprazole

Carbamazepine Ondansetron

Carvedilol Oxybutynin

Celecoxib Paracetamol

Chloral hydrate Phenobarbital

Cholestyramine Prednisolone

Clindamycin Prednisone

Clobazam Propafenone

Clonazepam Propranolol hydrochloride

Clonidine Ranitidine

Dexamethasone Rifampin

Domperidone Sildenafil citrate

Enalapril Sodium benzoate

Famotidine Sodium bicarbonate

Flecainide acetate Sodium chloride

Fludrocortisone acetate Sotalol

Folic acid Spironolactone

Furosemide Sulfamethoxazole

Gabapentin Tacrolimus
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Which are your top 3 pediatric oral extemporaneous
preparations (by volume and/or frequency)? (example:
phenobarbital 1% suspension)

Pediatric Oral Liquids:

Solutions, suspensions and syrups

   

Glycopyrrolate Topiramate

Hydrochorothiazide Trimethoprim

Hydrocortisone Ursodeoxycholic acid (Ursodiol)

Hydroxycarbamide (Hydroxyurea) Vancomycin

Ibuprofen Voriconazole

Lamotrigine Other(s)

Lansoprazole
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How do you obtain the formulation recipes for your
pediatric oral liquids?
(select all that apply)

How do you determine the beyond-use-date ('shelf-life')
for your pediatric oral liquids?
(select all that apply)

Do you commonly add flavors to your pediatric oral
liquids?

In-house formulary Journals / books

National formulary Online database

Pharmacopeia Personal/ team experience

Pharmacopeia guidelines

Online database

Scientific journals

Compounding books

Yes

No
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Do you commonly use commercial vehicles in the
preparation of your pediatric oral liquids?

If YES, which commercial vehicles do you commonly use in
the preparation of your pediatric oral liquids?
(select all that apply)

Do you commonly use in-house developed vehicles in the
preparation of your pediatric oral liquids?

If YES, which in-house developed vehicles do you

Yes

No

       

Oral Mix (Medisca) SyrPalta (Humco) UniSpend (Fagron)

Ora-Plus, Ora-Sweet
and Ora-Blend
(Paddock / Perrigo)

SyrSpend (Fagron) Other(s)

SuspendIt (PCCA)

Yes

No



3/30/24, 9:51 AMQualtrics Survey Software

Page 11 of 13https://butler.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyP…tSurveyID=SV_38xVTTPjm32bxWe&ContextLibraryID=UR_9txLJWRUX4cyxBb

commonly use in the preparation of your pediatric oral
liquids?

Pharmacy Practice

Please indicate your pharmacy practice:

Where is your pharmacy practice located?

Cherry syrup

Simple syrup

Methycellulose gel

Other(s)

Hospital pharmacy

Community / compounding pharmacy

Outsourcing facility

Africa South America

Europe South East Asia

Eastern Mediterranean Western Pacific
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Please indicate your country:

Please share your needs and/or challenges related to the
pediatric oral extemporaneous preparations and
practices:

Additional comments:

   North America
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