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Background

Numerous studies have documented the risk of medication 
errors in the in-patient setting for pediatric patients.1–6 
Several of these studies have documented that dosing and 
administration errors are the most common type of medica-
tion errors in children.1–3 Analgesics and antimicrobials are 
associated with the highest error rates.3–6 These errors have 
been attributed to several factors including calculation 
errors and lack of standardization between published dosing 
guidelines.1,3,4

Previous studies have primarily focused on errors that 
occur in the in-patient setting.1–3,5 However, few studies have 
evaluated the potential errors that occur during transitions of 
care among children discharged from the hospital. One 
recent study found that 80% of pediatric in-patient discharge 

prescriptions had >1 prescribing error.7 Providers at most 
children’s hospitals utilize computerized prescriber order 
entry (CPOE) systems to prescribe medications during the 
in-patient setting as well as at the time of hospital discharge. 
While CPOE has reduced the number of calculation errors 
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for weight-based dosing in children, it may result in a differ-
ent type of dosing error when unreasonable and unmeasura-
ble doses are calculated (e.g. 50.143 vs 50 mg).8 If prescribed, 
unmeasurable doses, may also contribute to caregiver admin-
istration errors of oral liquid medications. For example, if a 
child is prescribed an amoxicillin suspension (400 mg/5 mL) 
with a dose of 333 mg, the resulting volume would be 
4.16 mL. Caregivers may have difficulty in administering the 
correct dose given the standard markings on commonly uti-
lized oral syringes.

Currently, limited studies have evaluated the most com-
mon medications and prevalence of unrounded doses pre-
scribed to children upon hospital discharge.7,9–11 One recent 
study noted that children with multiple maintenance medica-
tions had an increased number of medication discrepancies 
during transitions of care.12 The purpose of this descriptive 
study was to quantify and describe discharge prescriptions in 
hospitalized children.

Methods

This cross-sectional, retrospective, cohort study included 
children <18 years if they received >1 discharge prescrip-
tion during January, April, July, or October, during a 1-year 
time frame (2014) at a 314-bed tertiary-care, academic chil-
dren’s hospital. These 4 months were selected to serve as a 
representative month for each of the four seasons, to account 
for seasonal variation in disease state presentation and asso-
ciated medication use. For example, in the United States, 
respiratory infections may be more predominant in the win-
ter months, and asthma exacerbations may be common in the 
fall and spring. As a result, the types of discharge medica-
tions would vary from season to season based on the reason 
for admission. After Institutional Review Board approval, 
patients were identified within the CPOE system. If patients 
were discharged >1 time during the study period, each dis-
charge encounter was counted separately. Patients without 
discharge medications were excluded.

Demographic data collected included age, home medica-
tions, and primary service provider. The providers were clas-
sified as attending physicians, physician trainees (i.e. fellows 
or residents), or non-physician provider. Discharge prescrip-
tion data included the number of medications prescribed at 
discharge, medication frequency (i.e. maintenance vs as 
needed (PRN)), dosage formulations (e.g. liquids, capsules, 
tablets), and need for extemporaneous preparation for oral 
liquids. Each medication was categorized as 1 of 24 classes 
according to the American Hospital Formulary Services 
(AHFS) Pharmacologic Therapeutic Classification.13

The primary objective was to identify the median num-
ber of discharge prescriptions per patient. Secondary objec-
tives included an evaluation of the dosage formulation, 
frequency, and AFHS system.13 Additional secondary objec-
tives included a comparison of the top four AHFS classes 
and prevalence of unrounded medication doses between the 
service type and physician provider level. The service type 

was differentiated into surgical versus medical services to 
account for potential differences in prescribing practices, 
disease states, and patient populations between these two 
groups. For the provider level, only the trainee and attend-
ing physicians’ prescriptions were compared in order to 
delineate the impact of level of experience. Non-physician 
discharge prescriptions were excluded from this analysis as 
this allowed for a direct comparison of trainee status for pre-
scribers in the same discipline. Doses were categorized as 
appropriately rounded or unrounded based on the definition 
consistent with Jones et al.8 and was defined as (1) unrounded 
dose calculated to <0.1 unit (e.g. mg, mcg) for non-neona-
tal intensive care unit (non-NICU) patients and a dose cal-
culated to <0.01 unit (e.g. mg, mcg) for NICU patients and 
(2) an unrounded volume per dose defined as the corre-
sponding volume of medication calculated to <0.1 mL for 
non-NICU patients and volume dose calculated to <0.01 mL 
for NICU patients.

Statistical analyses

Data were collected and managed using Research Electronic 
Data Capture (REDCap) electronic data capture tools.14 
Categorical variables, including demographics between 
admission months and differences between service type and 
physician provider level, were compared using asymptotic 
Pearson’s chi-square tests or Fisher’s Exact tests, as appro-
priate. As median (interquartile (IQR)) ranges were utilized 
to summarize continuous data, Kruskal–Wallis nonparamet-
ric rank tests were used to compare demographics between 
admission months and differences between service types. 
Post hoc tests were performed using Steel–Dwass–
Critchlow–Fligner nonparametric method for all pairwise 
comparisons if the Kruskal–Wallis test was found signifi-
cant. Analyses were conducted using SAS software v9.4 for 
Windows (SAS Institute.; Cary, North Carolina).

Results

Demographics for the 852 patients with >1 discharge medi-
cation described in Table 1. October had the highest number 
of discharges (n = 389), accounting for 45% in this cohort. In 
the overall population, the majority (52.2%) were male at a 
median age of 4 years. Most patients (n = 671; 78.8%) were 
discharged from a medical service with a majority from 
General Pediatrics (n = 421; 62.7%), followed by the 
Hematology/Oncology (n = 125; 18.6%) and Gastroenterology 
teams (n = 30; 4.5%). There were 181 patients (21.2%) dis-
charged from a surgical service, with the most common being 
Pediatric Surgery (n = 160; 88.4%) and Orthopedics (n = 6; 
3.3%). Physicians prescribed 49.4% of discharge medica-
tions, including physician trainees (n = 369; 87.6%) and 
attending physicians (n = 52; 12.4%). The remaining 50.6% 
were prescribed by non-physician providers. The overall hos-
pital length of stay (LOS) was a median (IQR) of 3 days (2–
6). An overall difference in LOS was noted between the 
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4 months (p = 0.013) with January’s median stay (4.5 days) 
being longer than April (3.0 days, p = 0.049), July (3.0 days, 
p = 0.014) and October (3.0 days, p = 0.018). No other pair-
wise comparisons significantly differed.

The overall median (IQR) number of home medications 
upon admission was 1 (1–4), whereas new medications at 
discharge was 2 (1–3) and total number of discharge medica-
tions of 3 (2–6). The median number of discharge medica-
tions between January, April, July, and October was 4 (2–7), 
4 (2–6), 3 (1–5), and 3 (2–6). The only statistically signifi-
cant difference between calendar months was April versus 
July (p = 0.031) and January versus July (p = 0.011). Patients 
on the medical services had a higher median number of home 
medications discontinued upon admission than those on sur-
gical services, 2 (1–2) versus 1.5 (1–2), p < 0.01. In addition, 
patients on the medical service had a higher median number 
of new medications added at discharge than those on surgical 
services, 2 (1–3) versus 2 (1–2), p < 0.01. Despite this, there 
was no difference in the overall net change of home medica-
tions stopped and new medications added between the medi-
cal versus surgical services, 1 (0–2) versus 1 (1–2), p = 0.621.

There were 3427 total discharge prescriptions. Table 2 
provides an overview of medication frequency, dosage for-
mulations, and AHFS classes. The majority (82.6%) were 
discharged on a maintenance medication with a median 
(IQR) of 3 (1–4) per patient; most (59.9%) also received at 
least one PRN medication, with a median of 1 (1–3). When 
analyzing the medications based on dosage formulations, 
most children received either a liquid medication or capsule/
tablet, with a limited number of children receiving supposi-
tories or injectable medications (Table 2). The majority 
(n = 615; 72.2%) received either a commercially available or 
extemporaneously prepared liquid medication, with a median 
of 2 (1–3) and 1 (1–1) medication(s) per patient, respec-
tively. The most common AHFS class was central nervous 
system (CNS) agents (51.1%), with patients receiving a 
median of 2 (1–2). The majority (n = 306; 70.3%) of these 
patients received >1 analgesic. The next three most com-
mon AHFS classes prescribed were anti-infectives (44.0%), 
gastrointestinal (43.7%), and hormones and synthetic substi-
tutes (24.3%). There was variability between the prescribing 
of these AHFS classes between trainees versus attending 
physicians and medical versus surgical services (Table 3).

There were 1233 liquid medications prescribed to 615 
patients, and 154 (12.5%) of these medications were 

unrounded. There was no significant difference between 
medical versus surgical services that prescribed an unmeas-
urable dose of a liquid medication at discharge, 12.2% ver-
sus 14.3%, p = 0.417. However, there was a significant 
difference in the number of trainees versus attending physi-
cians, 17.8% versus 9.5%, p = 0.048.

Discussion

This is the first study to evaluate the number and type of med-
ications that hospitalized children received at discharge. 
Previous studies have evaluated discharge prescription review 
programs, but few have qualified the type of medications that 
children received.7,9–11 The majority (79%) from our study 
were discharged from a medical service, and 82.6% were dis-
charged on a maintenance medication. The median (IQR) 
number of total discharge medications was 3 (2–6), but there 
was no difference in the overall net change of home medica-
tions stopped and new medications added at discharge. The 
purpose of this descriptive study was to utilize this informa-
tion to help our institution develop a program that would aid 
in transitions of care. Currently, our institution does not have 
a formal medication discharge prescription program (MDPP); 
other institutions have implemented a program and found 
positive effects on medication errors and cost-savings.7,10,11

Most patients were discharged from a medical service, 
with the primary service being General Pediatrics (62.7%). 
During the study, there were four General Pediatrics teams, 
three were teaching teams and one staffed by pediatric attend-
ings. This finding was consistent with a study by Huynh 
et al.9 who conducted a prospective, multi-center study over a 
5-month period in 244 children who received >1 medication 
and noted that General Pediatrics had the most discharges.9 
We also noted that 50.6% of discharge medications were pre-
scribed by non-physician providers, such as physician associ-
ates/nurse practitioners. At our institution, these non-physician 
providers care for children on specialty medical services like 
Gastroenterology, Cardiology, and Hematology/Oncology. 
The remaining medications were prescribed by physicians, 
with the majority being physician trainees (87.6%). A com-
parison was made between attendings and trainee physicians 
to identify if level of experience impacted the selection of 
unrounded or appropriate dose of an oral liquid medication. 
However, we did not compare differences in discharge medi-
cations between non-physician and physician providers as it 

Table 1.  Baseline demographics (n = 852).

Characteristics January (n = 74) April (n = 146) July (n = 243) October (n = 389) p value

Males, no. (%) 35 (47) 90 (62) 118 (49) 202 (52) 0.0651

Age (years), median (IQR) 2.00 (0.75–9) 3.00 (0.87–11) 5.00 (1–11) 5.00 (1–11) 0.4442

Hospital length of stay (days), median (IQR) 4.5 (3–9) 3 (2–7)a 3 (2–6)a 3 (2–6)a 0.0132

1Asymptotic Pearson’s chi-square test.
2Kruskal–Wallis one-way test.
aDiffered significantly from January using Steel–Dwass–Critchlow–Fligner pairwise comparison procedure.
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would be difficult to quantify the level of training and experi-
ence for non-physician providers who may have had previous 
work experience to ensure an adequate comparator group. We 
did not analyze the frequency or types of medication errors, 
but these data provide a baseline since previous studies have 
noted increased medication errors with physician trainees 
versus attendings.15,16

The median (IQR) number of home medications for the 
overall patient population was 1 (1–4) with the median num-
ber of new medications at discharge of 2 (1–3), for a median 
of 3 total medications (2–6) at discharge. In addition, patients 
on medical services had a higher number of medications 
added at discharge compared with those on surgical services, 
2 (1–3) versus 2 (1–2), p < 0.01. This finding is consistent 
with Christiansen et al.7 who evaluated a pharmacist-led pre-
scription review program over a 30-day period and found 
that the mean number of discharge prescriptions was 3, range 
1–9. Similar to Christiansen et al.,7 we did not stratify these 
medications based on the medical complexity of the chil-
dren. As the number of medically complex children in the 
hospital setting increase, this could result in a greater aver-
age number of discharge medications. Approximately 19.8% 

of children <18 years have special health care needs, requir-
ing a mean number of 5–9 medications.12,17,18 It is probable 
that these children may be initiated on additional medica-
tions at discharge. As a result, some studies have noted that 
medically-complex children would be at increased risk of 
medication errors.18

As noted, 3427 medications were prescribed at discharge, 
with 82.6% of children receiving >1 maintenance medica-
tion. The two most common AHFS classes were CNS agents 
(51.1%) and anti-infectives (44.0%). Several studies have 
evaluated the top medications classes prescribed for children 
and found similar results with the most common being anal-
gesics/sedatives and anti-infectives, which are also noted to 
have increased medication errors.3,5,9

To our knowledge, no prior study has evaluated discharge 
medication formulations in children. We noted that children 
received a number of different dosage formulations includ-
ing commercially available or extemporaneously prepared 
liquid medications, capsules/tablets, injectable medications, 
and suppositories. Most children received either a liquid 
medication or capsule or tablet. As this is a single-center 
study, it is difficult for us to compare our findings on the 

Table 2.  Discharge prescriptions by frequency, dosage form, and American Hospital Formulary Service classifications.

Variable No. (%) of patients 
receiving (n = 852)

Median (IQR) per patient 
receiving (row n noted below)

Medication frequency
  Maintenance 704 (82.6) 3 (1–4)
  PRN 510 (59.9) 1 (1–3)
Medication dosage formulations
  Commercially available liquid medications 504 (59.2) 2 (1–3)
  Capsules or tablets 421 (49.4) 2 (1–4)
  Extemporaneously prepared liquid medications 111 (13.0) 1 (1–1)
  Injectable medications 49 (5.8) 1 (1–2)
  Suppositories 15 (1.8) 1 (1–1)
AHFS classifications
  Anti-histamine agents 122 (14.3) 1 (1–1)
  Anti-infective agents 375 (44.0) 1 (1–2)
  Anti-neoplastic agents 57 (6.7) 1 (1–1)
  Autonomic agents 190 (22.3) 1 (1–1)
  Blood derivative agents 1 (0.1) 1 (1–1)
  Blood formation, coagulation, and thrombosis agents 72 (8.5) 1 (1–1)
  Cardiovascular agents 109 (12.8) 1 (1–2)
  Central nervous system agents 435 (51.1) 2 (1–2)
  Contraceptive agents 1 (0.1) 1 (1–1)
  Electrolytic, caloric, and water balance agents 101 (11.9) 1 (1–2)
  Eye, ear, nose, and throat preparation agents 76 (8.9) 1 (1–1)
  Gastrointestinal agents 372 (43.7) 1 (1–2)
  Hormones and synthetic substitute agents 207 (24.3) 1 (1–2)
  Local anesthetic agents 7 (0.8) 1 (1–1)
  Respiratory tract agents 64 (7.5) 1 (1–1)
  Skin and mucous membrane agents 87 (10.2) 1 (1–1)
  Smooth muscle relaxant agents 7 (0.8) 1 (1–1)
  Vitamins 99 (11.6) 1 (1–1)

PRN: as needed medication; AHFS: American Hospital Formulary Service.
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variation of dosage forms compared to other health-systems. 
The majority (72.2%) received >1 commercially available 
or extemporaneously prepared liquid medication. Yin et al.19 
evaluated the association between the type of dosing unit 
used for liquid medications (i.e. mL vs teaspoon/tablespoon) 
and resulting medication errors by caregivers in 287 children 
discharged from an emergency department; they found that 
41.1% of caregivers made an error and had two-times higher 
odds for errors when prescribed as teaspoon/tablespoon ver-
sus mLs (45.1% vs 31.4%, p = 0.04; adjusted odds ratio = 1.9; 
95% Confidence Interval (CI):1.03–3.5). We found that 
12.5% of liquid medications were unrounded and not easily 
measurable using a standard oral syringe. Difficulties in 
accurate measurement and potential risk for further error 
could occur if unrounded doses are prescribed.

Currently, our institution does not standardize pharmacist 
responsibility at the time of discharge. The American 
Academy of Pediatrics recommends hospitals utilize clinical 
pharmacists with postgraduate training in pediatric phar-
macy on multidisciplinary healthcare teams, as they play an 
integral role in the medication reconciliation process.20 
Previous studies have described the role of pediatric pharma-
cists on outcomes of discharged patients.7,10,11 Nguyen et al.11 
evaluated the impact of an interprofessional medication dis-
charge program involving a nurse and pharmacist over a 
5-month period; the three most common interventions 
involved clarification of medication orders, assistance in 
obtaining medications, and dose rounding. As noted, we 
found that 12.5% of all liquid medications were unrounded 
and there was a greater number of unrounded liquid medica-
tions between trainees versus attending physicians, 17.8% 
versus 9.5%, p = 0.048. It is possible that implementation of 
a pediatric pharmacist’s review of discharge medications 
would have resulted in identification of these potential errors 
prior to discharge. In addition, creation of a CPOE rule could 
force providers to select a rounded dose. Medication coun-
seling at the time of discharge was performed in some stud-
ies assessing the impact of pediatric pharmacists.7,10,11 In 
2014, the National Council for Prescription Drugs Programs 
issued a White Paper regarding the best practice of dispens-
ing oral liquid medications for community pharmacists.21 
They recommended that best practices include counseling 
for caregivers on appropriate administration and instruction 
on proper dosing devices. It is feasible that involving the 
pharmacist prior to discharge may identify medication doses 
that are easily measurable. Pharmacists can work with other 
members of the healthcare team to provide more in-depth 
patient counseling sessions that can focus on reviewing 
adherence concerns with home medications. This may be 
especially helpful for patients who may need reinforcement 
of administration techniques for medications like albuterol 
and insulin to prevent patients from being readmitted from 
conditions like asthma and diabetes. They could also utilize 
the teach-back method to help address understanding of new 
medications and ensure the caregiver’s ability to accurate 
measure and administer medication doses.22

Despite the positive benefits of pharmacists in the medi-
cation discharge process, it may be difficult to implement 
such a service for all patients. As every institution has vary-
ing levels of acuity, we would recommend to conduct a 
descriptive project such as the present study to establish a 
baseline and identify potential opportunities for improve-
ment between service types and providers. In addition, insti-
tutions could utilize the literature for guidance to identify 
high-risk patients for medication errors at discharge. 
DeCourcey et  al.12 performed a prospective observational 
study in 308 patients <25 years with a chronic disease to 
determine factors associated with medication discrepancies. 
They noted in their multivariable analyses that each addi-
tional home medication (adjusted rate ratio (ARR) 1.07 
(95% CI:1.04–1.10)) and chronic respiratory medications 
(ARR 1.51 (95% CI:1.01–2.28)) were associated with 
increased discrepancies. Therefore, a prudent approach may 
be to target children with >5 maintenance medications, as 
previous studies indicated that medically complex children 
require 5–9 medications.12,18 Pharmacists could also be con-
sulted in children prescribed >1 extemporaneously pre-
pared liquid medication. As noted, 13% received a liquid 
medication that was not commercially available. This is 
important since there can be significant variability in extem-
poraneous formulas compounded by in-patient versus out-
patient pharmacies.23

There are several limitations with this study. First, this 
was a retrospective study that focused on 4 months during a 
1-year time frame. There were 852 patients discharged with 
>1 medication out of approximately 13,000 admissions dur-
ing the 1-year time frame, accounting for 6.6% of admis-
sions. To address this, we included patients discharged 
during each quarter to account for seasonal changes. Second, 
there is no standard definition of unrounded medication 
doses. We utilized a definition from our previous work for 
comparison.8 Third, we did not assess each discharge pre-
scription for the likelihood of a medication error. With the 
retrospective design, it is impossible to accurately check 
each medication dose without clear understanding of the 
indication for each patient. We utilized this descriptive study 
to identify baseline information on the number of medica-
tions, AHFS classes, formulations, unrounded doses of liq-
uid medications, and comparisons of these data between 
service and physician provider level. Future studies should 
focus on the impact of a standardized pharmacist involve-
ment on the impact of an MDPP.

Conclusion

In this study, children received a median of three discharge 
medications, but there was no difference in the overall net 
change of home medications stopped and new medications 
added between medical versus surgical services. Most 
received >1 oral liquid medication, with 13% requiring an 
extemporaneous preparation. The top four AHFS classes 
for discharge prescriptions included CNS, anti-infectives, 
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gastrointestinal agents, and hormones and synthetic substi-
tutes. These data can be used to target children who would 
benefit from an MDPP.
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