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Abstract
Medication errors in the reconstitution of oral suspensions, which include excessive dilution, may affect the treatment outcome 
despite the correct diagnosis and selection of appropriate treatment.

Objective: To document the practice of parents/caregivers adding more than double the recommended volume of water to 
oversized bottles of oral Azithromycin or Cefixime suspensions.

Method: An exploratory survey was conducted using self-administered anonymous questionnaires. It involved the participation 
of 32 pediatricians from different pediatrics departments at Maiwand Teaching Hospital, an inner-city hospital in Kabul. The 
survey aimed to gather pediatricians' experiences with parents/caregivers adding excessive water to Azithromycin or Cefixime 
oral suspensions to approximately twice the recommended concentration

Results: Twenty-five participating pediatricians (78.1%) reported encountering at least one instance where more than double 
the recommended amount of water was added to Azithromycin or Cefixime suspensions. The majority of these cases (84%) were 
observed in the outpatient department. Eighteen participants (72%) thought the issue was rare or infrequent, while seven (28%) 
thought it was frequent.

Conclusion: Bottles of oversized oral antibiotic suspensions had been filled up with water to nearly their full volumes, which 
reduced the concentration of active substances to half or less, and may threaten the treatment outcome. This problem is not 
confined to any particular country but can arise in any situation where non-healthcare professionals reconstitute pediatric oral 
suspensions using oversized bottles. Improved reconstitution education, separate diluent bottles for oral suspension, and the 
establishment of standards and ceilings relative to total dose volume for oral suspension bottles are recommended.
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1. Introduction
Medication errors by patients may affect the treatment outcome 
even if a correct diagnosis was made and an appropriate treatment 
was selected. Drug use in pediatrics needs particular attention, 
not only from prescribers and dispensers but also from the 
pharmaceutical industries and parents/caregivers. Children are 
considerably more vulnerable to medication errors [1]. Many 
studies about medication errors/irrational drug use have been 
published, some of them about inappropriate reconstitution of oral 
suspensions [2-7]. Pediatric dosage forms are characteristically 

complex due to various factors, including the diverse patient 
population, challenges with patient compliance, and safety 
concerns specific to children [8]. These dosage forms must adhere 
to specific criteria to meet the requirements of both patients and 
caregivers. It is frequently observed that “appropriate dosage 
forms of medication are often not available for use in newborns, 
infants, and young children [9].” Oral suspensions are considered 
more suitable dosage forms for children. Numerous pediatric 
medications are available in powder form, which is reconstituted 
with a specific amount of liquid. Appropriate use of suspensions 
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involves correct reconstitution, appropriate concentration, accurate 
dose administration, adherence to the recommended duration of 
treatment, and proper storage conditions [6]. A study conducted 
in France revealed a high incidence of errors in reconstituting 
liquid oral preparations, with approximately half of the caregivers 
incorrectly reconstituting the medication [7]. Given that the 
reconstitution of oral suspensions is typically performed by parents 
or caregivers in Afghanistan, as in many other countries, there is 
a higher likelihood of inappropriate reconstitution of suspensions 
occurring [7,10]. The issue becomes particularly concerning when 
it comes to antibiotics, which are commonly available as powders 
for reconstitution for oral suspensions [9]. Antibiotics are among 
the most commonly used drugs in pediatrics [11]. underdosing 
antibiotics can have severe health implications, not only for the 
patient but also in terms of promoting antibiotic resistance [12,13].
While the majority of oral antibiotics for pediatric outpatients are 
in powder form for oral suspensions, there are limited reports 
about their appropriate use [10]. Several factors, including the 
volume of the reconstituted liquid, have been identified as potential 
contributors to reconstitution problems [10]. A prospective 
observational study reported a caregiver error prevalence of 46% 
in the reconstitution of amoxicillin suspension [7]. 

As previously reported, the practice of adding excessive water 
to oral suspensions results in a reduction in the concentration of 
active ingredients to some degree. The problem becomes more 
severe when the concentration is reduced to half or less during 
reconstitution. This occurs when bottles with empty spaces 
exceeding the total dose volume are filled with water up to nearly 
their full volume. Currently, standards or maximum volume for 
empty space in oral suspension bottles to facilitate shaking could 
not be identified. Some suspensions have packaging sizes that are 
disproportionately large, with bottle volumes exceeding twice the 
total dose volume.

In recent years, concerns have emerged regarding the excessive 
dilution of some oral antibiotic suspensions due to the oversized 
bottles. Oversized bottles may contribute to overdilution that 
can lead to suboptimal dosing, while, potentially compromising 
patient safety and treatment outcomes. This issue was previously 
mentioned in an electronic letter, but no published study was found 
about it [14]. Therefore, to ascertain the presence of this problem 
and get some preliminary information, an exploratory survey was 
designed. The importance of this issue extends beyond Afghanistan 
and applies to any country where the reconstitution of pediatric 
oral suspensions is not carried out by healthcare professionals, 
particularly in relation to the availability of oversized bottles for 
such medications. There are reports indicating that in numerous 
countries, parents/caregivers are responsible for the reconstitution 
of pediatric oral suspensions [7,10].

Objective: To document the practice of parents/caregivers adding 
more than double the recommended volume of water to oversized 
bottles of oral Azithromycin or Cefixime suspensions.

2. Method
2.1 Study Design
Exploratory survey.

2.2 Study Population and Sampling
A non-probability sampling method was employed to select 
participants for the study. Pediatricians from Maiwand Teaching 
Hospital, an inner-city hospital in Kabul, were chosen. This 
hospital is particularly advantageous for conducting this study 
due to its central location within the city and its busy pediatric 
outpatient department. The participants from this hospital are 
likely to have meaningful insights related to the research topic, 
given that the hospital had a monthly pediatrics outpatient 
attendance of approximately 10,000. As the hospital supports such 
a large number of patients on an outpatient basis, the physicians 
there would have significant exposure and experience pertaining 
to the research question. 

2.3 Study Tool: The Questionnaires
The focus of the study was to gather information on pediatricians' 
experiences related to the specific issue of interest. Short 
anonymous self-administered questionnaires were utilized. These 
questionnaires were specifically designed for this study and 
underwent subsequent revisions to enhance their appropriateness 
and effectiveness. Distribution of the questionnaires took place 
in person, allowing participants sufficient time to complete them 
at their convenience. Participants were provided with a clear 
explanation of the survey's objective. They had the option to 
return the questionnaire blank if they chose not to participate. 
The participants were inquired about instances they encountered 
during their practice where parents/caregivers added more than 
double the required amount of water to Azithromycin or Cefixime 
oral suspensions. These two specific antibiotic oral suspensions 
were chosen because they are packaged in bottles with larger 
empty spaces compared to the total dose volume. The total dose 
volumes for Azithromycin and Cefixime are 15 ml and 30 ml, 
respectively, while the bottles' capacities exceed 30 ml and 60 ml 
correspondingly. If the participants answered affirmatively to the 
aforementioned question, they were further prompted to provide 
details regarding the location of the encounter (outpatient/inpatient 
department or elsewhere), their course of action in that situation, 
and their estimation of the frequency of this problem.

3. Analysis
Since the study's objective was to confirm the problem's existence 
and get preliminary information, descriptive statistics were used.
 
4. Ethical Issues
Ethical considerations were considered during the study. It was 
designed as a non-interventional research, and participation by 
the pediatricians was voluntary. The questionnaires used in the 
study were both anonymous and concise. The purpose of the study 
was explained to the participants. It is important to note that all 
participants were medical doctors. Therefore, the act of filling 
out and returning the questionnaires was considered as implied 
consent to participate. Approval from the Research Committee of 
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Kabul University of Medical Science (Reference: 9-20/9/1401) 
was obtained.

5. Results
Data from a total of 32 questionnaires were analyzed, resulting in 
a response rate of 69.56%. The distribution of respondents across 
departments was as follows: 21 from general pediatrics, 6 from 
neonatology, and 5 from the pediatric surgery department. Among 
the 32 pediatricians, 25 (78.1%) reported encountering at least 
one instance where more than double the recommended amount 

of water was added to Azithromycin or Cefixime suspensions 
(Table 1). The majority of these cases (84%) were observed in the 
outpatient department (Table 2). Regarding their perception of the 
issue, 18 participants (72%) considered it to be rare or infrequent, 
while 7 participants (28%) believed it to be a frequent occurrence. 
When faced with such cases, approximately half of the respondents 
prescribed the same medication but emphasized the importance 
of correct reconstitution, while 5 participants (20.8%) opted to 
change the medication (Table 3).

6. Discussion 
The sample consisted of pediatricians working in a busy pediatric 
hospital, enhancing the likelihood to offer relevant and valuable 
information concerning the research question. The response rate 
of 69.56% achieved in this study falls within an acceptable range 
[15]. The findings of the study indicate that the addition of more 
than double the recommended amount of water to oral suspensions 
of Azithromycin or Cefixime was observed. The majority of 
participants reported encountering these diluted suspensions in the 
outpatient department, as patients returning for follow-up visits 
often bring their current medications with them. It is important 
to note that this study focused solely on documenting the 
existence of the problem and did not investigate the prevalence, 
causes, or consequences of inappropriate reconstitution in detail. 
Additionally, it should be acknowledged that not all children who 
were prescribed these antibiotics were able to be monitored, and 
not all cases of inappropriate reconstitution revisited healthcare 
facilities. Based on the perceptions of the pediatricians involved 
in the study, the majority (72%) considered the issue to be rare or 
infrequent, while 28% believed it to be a frequent occurrence.

This study specifically examines the issue of oral suspension 
bottles that have a larger empty space than the total dose volume. 
When these bottles are filled nearly to their maximum capacity 
with water, it results in a significant decrease in the concentration 
of the active ingredient, which can have implications for treatment 
outcomes. In the context of antibiotics, excessive dilution can 
lead to underdosing, potentially contributing to an increased rate 
of antibiotic resistance [13,15]. Antibiotic resistance is a global 
concern that poses a significant threat to public health [16]. Its 
impact extends beyond individual patients and has negative 
economic consequences for society as a whole [18]. Previous 
studies have reported instances of adding extra water to oral 
suspensions, but the extent revealed by this study surpasses what 
has been previously documented [1]. The presence of oversized 
bottles with empty spaces that exceed the total dose volumes, 
and far exceed what is necessary for proper shaking, could not be 
justified  Apart from other potential factors, the oversized bottles 
themselves appear to be a significant and distinct contributing 
factor to the over dilution of oral suspensions  The central finding 
of this study, concerning the overdilution of antibiotic suspensions 

Department General 
pediatrics 
N=21(%) 

Neonatology
 N=6(%)

Pediatric
 Surgery
 N=5(%)

Total 
N=32(%)

Encountered 16(76.19) 6(100) 3(60) 25(78.12)
Not Encountered 5(23.8) 0(0) 2(40) 7(21.87)

Table1: Reported Cases According to Departmentsa

Table 2: Places of Encountered Cases 

Place of encounter N=25(%)
Outpatient department 20(80)
Inpatients department 1(4)
Outpatient and Inpatients department 1 (4)
Elsewhere 3(12)

Actions taken N=24 (%)
Prescribed same medication with emphasis on correct reconstitution 12(50)
Changed medication 5(20.8)
Other actions 4(16.6)
Not remembered 3(12.5)

Table 3: Actions taken by Pediatricians While Encountering Cases 
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due to the use of oversized bottles, extends beyond the context 
of Afghanistan. Considering that the two antibiotic suspensions 
investigated in this study are imported from other countries, and 
that the reconstitution of oral suspensions is performed by parents 
or caregivers in many countries, the implications of these findings 
have broader regional and international relevance [7,10]. 

The study suggests that this issue may have implications 
for medication safety and effectiveness in various settings, 
emphasizing the need for awareness and potential interventions at a 
broader scale. In order to enhance the appropriate reconstitution of 
oral suspensions, particularly in countries where reconstitution is 
typically performed by individuals who are not health professionals, 
it is recommended to implement educational interventions at 
various levels. Similar recommendations have been made in other 
studies to address this issue [6,10,17]. Additionally, it is important 
to establish standards for oversized bottles of oral suspensions to 
ensure appropriate dosing and minimize the risk of over dilution. 
Further comprehensive studies are warranted to investigate the 
causes, prevalence, and consequences of adding extra water 
to antibiotic suspensions in oversized bottles. These studies are 
necessary to provide a deeper understanding of the underlying 
factors contributing to this practice and its potential impact on 
patient outcomes. By understanding the underlying factors and 
potential impact, healthcare professionals, policymakers, and 
educators can implement evidence-based approaches to mitigate 
the problem and promote appropriate reconstitution practices. 
Ultimately, these efforts can improve medication safety, enhance 
treatment outcomes, and contribute to the overall well-being of 
patients.

7. Conclusion
The practice of adding extra water to oral suspensions was already 
known, but this study reports: Bottles of oversized oral antibiotic 
suspensions had been filled up with water to nearly their full 
volumes, which reduced the concentration of active substances to 
half or less, and may threaten the treatment outcome. This problem 
is not confined to any particular country but can arise in any 
situation where non-healthcare professionals reconstitute pediatric 
oral suspensions using oversized bottles. Improved reconstitution 
education, separate diluent bottles for oral suspension, and the 
establishment of standards and ceilings relative to total dose 
volume for oral suspension bottles are recommended.

Acknowledgment 
The participation of pediatricians of Maiwand Hospital is 
acknowledged. We also acknowledge M. Barin Bahain lecturer 
at Kabul University of Medical Sciences for his input in the 
discussion section.

References
1. Miller, M. R., Robinson, K. A., Lubomski, L. H., Rinke, M. 

L., & Pronovost, P. J. (2007). Medication errors in paediatric 
care: a systematic review of epidemiology and an evaluation 
of evidence supporting reduction strategy recommendations. 
BMJ Quality & Safety, 16(2), 116-126.

2. Ofori-Asenso, R., & Agyeman, A. A. (2016). Irrational use of 
medicines—a summary of key concepts. Pharmacy, 4(4), 35.

3. Manias, E., Street, M., Lowe, G., Low, J. K., Gray, K., & Botti, 
M. (2021). Associations of person-related, environment-
related and communication-related factors on medication 
errors in public and private hospitals: a retrospective clinical 
audit. BMC Health Services Research, 21(1), 1-13.

4. Roughead, E. E., Semple, S. J., & Rosenfeld, E. (2016). 
The extent of medication errors and adverse drug reactions 
throughout the patient journey in acute care in Australia. 
International journal of evidence-based healthcare, 14(3-4), 
113-122. 

5. Manias, E., Cranswick, N., Newall, F., Rosenfeld, E., Weiner, 
C., Williams, A., ... & Kinney, S. (2019). Medication error 
trends and effects of person‐related, environment‐related 
and communication‐related factors on medication errors in 
a paediatric hospital. Journal of paediatrics and child health, 
55(3), 320-326. 

6. Zyoud, S. E. H., Abu Taha, A., Araj, K. F., Abahri, I. A., 
Sawalha, A. F., Sweileh, W. M., ... & Al-Jabi, S. W. (2015). 
Parental knowledge, attitudes and practices regarding 
antibiotic use for acute upper respiratory tract infections in 
children: a cross-sectional study in Palestine. BMC pediatrics, 
15(1), 1-9.

7. Berthe-Aucejo, A., Girard, D., Lorrot, M., Bellettre, X., Faye, 
A., Mercier, J. C., ... & Prot-Labarthe, S. (2016). Evaluation 
of frequency of paediatric oral liquid medication dosing errors 
by caregivers: amoxicillin and josamycin. Archives of disease 
in childhood, 101(4), 359-364.

8. Sam, T., Ernest, T. B., Walsh, J., Williams, J. L., & European 
Paediatric Formulation Initiative. (2012). A benefit/risk 
approach towards selecting appropriate pharmaceutical 
dosage forms–An application for paediatric dosage form 
selection. International journal of pharmaceutics, 435(2), 115-
123.

9. Knoppert, D. C. (2009). Pediatric formulations: international 
issues and potential solutions. Pediatric Drugs, 11, 55-56.

10. Hu, H., Wu, F. L. L., Hu, F. C., Yang, H. Y., Lin, S. W., & 
Shen, L. J. (2013). Effectiveness of education programs about 
oral antibiotic suspensions in pediatric outpatient services. 
Pediatrics & neonatology, 54(1), 34-42.

11. Sturkenboom, M. C., Verhamme, K. M., Nicolosi, A., Murray, 
M. L., Neubert, A., Caudri, D., ... & Wong, I. C. (2008). Drug 
use in children: cohort study in three European countries. 
Bmj, 337.

12. Falagas, M. E., Athanasoulia, A. P., Peppas, G., & 
Karageorgopoulos, D. E. (2009). Effect of body mass index 
on the outcome of infections: a systematic review. Obesity 
reviews, 10(3), 280-289.

13. Roberts, J. A., Kruger, P., Paterson, D. L., & Lipman, J. 
(2008). Antibiotic resistance—what’s dosing got to do with 
it?. Critical care medicine, 36(8), 2433-2440.

14. Daanish F, Atiq A, Mohmand, Faqiryar N. Relatively large 
bottles of pediatrics oral suspensions: a potential factor for 
inappropriate use [electronic response to Bielicki J A, Barker 
C I S, Saxena S, Wong I C K, Long P F, Sharland M et al. Not 

https://qualitysafety.bmj.com/content/16/2/116.short
https://qualitysafety.bmj.com/content/16/2/116.short
https://qualitysafety.bmj.com/content/16/2/116.short
https://qualitysafety.bmj.com/content/16/2/116.short
https://qualitysafety.bmj.com/content/16/2/116.short
https://www.mdpi.com/2226-4787/4/4/35
https://www.mdpi.com/2226-4787/4/4/35
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07033-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07033-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07033-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07033-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07033-8
https://www.ingentaconnect.com/content/wk/xeb/2016/00000014/f9980003/art00003
https://www.ingentaconnect.com/content/wk/xeb/2016/00000014/f9980003/art00003
https://www.ingentaconnect.com/content/wk/xeb/2016/00000014/f9980003/art00003
https://www.ingentaconnect.com/content/wk/xeb/2016/00000014/f9980003/art00003
https://www.ingentaconnect.com/content/wk/xeb/2016/00000014/f9980003/art00003
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpc.14193
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-015-0494-5
https://adc.bmj.com/content/101/4/359.short
https://adc.bmj.com/content/101/4/359.short
https://adc.bmj.com/content/101/4/359.short
https://adc.bmj.com/content/101/4/359.short
https://adc.bmj.com/content/101/4/359.short
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://www.sciencedirect.com/science/article/pii/S0378517312005091
https://link.springer.com/article/10.2165/0148581-200911010-00018
https://link.springer.com/article/10.2165/0148581-200911010-00018
https://www.sciencedirect.com/science/article/pii/S1875957212001635
https://www.sciencedirect.com/science/article/pii/S1875957212001635
https://www.sciencedirect.com/science/article/pii/S1875957212001635
https://www.sciencedirect.com/science/article/pii/S1875957212001635
https://www.bmj.com/content/337/bmj.a2245.pdf+html
https://www.bmj.com/content/337/bmj.a2245.pdf+html
https://www.bmj.com/content/337/bmj.a2245.pdf+html
https://www.bmj.com/content/337/bmj.a2245.pdf+html
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2008.00546.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2008.00546.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2008.00546.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2008.00546.x
https://journals.lww.com/ccmjournal/fulltext/2008/08000/Antibiotic_resistance_What_s_dosing_got_to_do_with.32.aspx
https://journals.lww.com/ccmjournal/fulltext/2008/08000/Antibiotic_resistance_What_s_dosing_got_to_do_with.32.aspx
https://journals.lww.com/ccmjournal/fulltext/2008/08000/Antibiotic_resistance_What_s_dosing_got_to_do_with.32.aspx
https://www.bmj.com/content/351/bmj.h5447/rr
https://www.bmj.com/content/351/bmj.h5447/rr
https://www.bmj.com/content/351/bmj.h5447/rr
https://www.bmj.com/content/351/bmj.h5447/rr


Volume 2 | Issue 11 | 368Int J Clin Med Edu Res 2023

too little, not too much: problems of selecting oral antibiotic 
dose for children]. BMJ 2015. 

15. Fincham, J. E. (2008). Response rates and responsiveness 
for surveys, standards, and the Journal. American journal of 
pharmaceutical education, 72(2).

16. Little, P., Francis, N. A., Stuart, B., O'Reilly, G., Thompson, 
N., Becque, T., ... & Verheij, T. (2021). Antibiotics for lower 
respiratory tract infection in children presenting in primary 
care in England (ARTIC PC): a double-blind, randomised, 

placebo-controlled trial. The Lancet, 398(10309), 1417-1426.
17. Chedoe, I., Molendijk, H., Hospes, W., Van den Heuvel, E. R., 

& Taxis, K. (2012). The effect of a multifaceted educational 
intervention on medication preparation and administration 
errors in neonatal intensive care. Archives of Disease in 
Childhood-Fetal and Neonatal Edition, 97(6), F449-F455.

18. McGowan Jr, J. E. (2001). Economic impact of antimicrobial 
resistance. Emerging infectious diseases, 7(2), 286.

https://opastpublishers.com/

Copyright: © 2023 Ershad Ahmad Mushkani, et al. This is an 
open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the 
original author and source are credited.

https://www.bmj.com/content/351/bmj.h5447/rr
https://www.bmj.com/content/351/bmj.h5447/rr
https://www.ajpe.org/content/72/2/43.short
https://www.ajpe.org/content/72/2/43.short
https://www.ajpe.org/content/72/2/43.short
https://www.thelancet.com/article/S0140-6736(21)01431-8/abstract
https://www.thelancet.com/article/S0140-6736(21)01431-8/abstract
https://www.thelancet.com/article/S0140-6736(21)01431-8/abstract
https://www.thelancet.com/article/S0140-6736(21)01431-8/abstract
https://www.thelancet.com/article/S0140-6736(21)01431-8/abstract
https://fn.bmj.com/content/97/6/F449.short
https://fn.bmj.com/content/97/6/F449.short
https://fn.bmj.com/content/97/6/F449.short
https://fn.bmj.com/content/97/6/F449.short
https://fn.bmj.com/content/97/6/F449.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2631707/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2631707/

