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OBJECTIVES Parents and caregivers of children with medical complexity (CMC) manage complex medication 
regimens (CMRs) at home. Parental understanding of CMRs is critical to safe medication administration. 
Regarding CMR administration, we 1) described the population of CMC receiving CMRs; 2) assessed 
parental perceived confidence and understanding; and 3) evaluated parental demonstrated understanding.

METHODS Cross-sectional clinic-based assessment of knowledge and understanding of CMC using CMRs 
who received primary care in a large pediatric complex care clinic. CMRs were identified by the receipt 
of ≥1 of the following: 1) ≥10 concurrent medications; 2) ≥1 high-risk medication; or 3) ≥1 extemporaneously 
compounded medication. Parents reported their perceived confidence and understanding of CMRs, and 
then demonstrated understanding through 3 medication-related tasks.

RESULTS Of 156 CMCs, most were <10 years of age (63.5%), white (75%), had neurologic impairment (76.9%), 
and used a median of 8 medications (IQR, 5–10). Parents were female (76.9%) with a mean age of 38.8 ± 11.5 
years, white (69.9%), spoke English (94.2%), and had some college education (82.1%). On 11 confidence and 
understanding statements, most parents reported a high perceived level of understanding and confidence, 
with combined agreement or strong agreement ranging between 81.2% and 98.7%. Only 73.1% correctly 
identified medications taken for specified conditions, 40.4% reported complete dosing parameters, and 
54.8% correctly measured 2 different medication doses. Significant differences existed between parental 
perceived understanding versus the 3 demonstrated tasks (all p < 0.05).

CONCLUSIONS Substantial opportunities exist to improve medication safety and efficacy in the outpatient, 
in-home setting including improved medication-specific education and medication-related supports.
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complexity; CMR, complex medication regimen; CNS, central nervous system
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Introduction
Parents and caregivers (subsequently referred to 

as parents) of children with medical complexity (CMC) 
manage complex medication regimens (CMRs). CMRs 
may consist of numerous, complex, and high-risk 
medications. Literature supports that CMC can be 
regularly prescribed ≥5 scheduled medications, with 
parents administering up to 35 daily doses, often via 
alternative routes of administration requiring dosage 
form manipulation.1 In outpatient, in-home settings, 
the administration and monitoring of medications are 
performed most frequently by parents, rather than 
trained health care professionals. Although some CMC 
have available home nursing resources, parents have 
the primary responsibility in the care of CMC, including 
accurate administration of CMRs. Correct administration 
and adherence require knowledge and understanding 
of CMRs, including indications and medication-specific 
information (e.g., dosage form, instructions, expected 

outcomes). However, gaps in understanding of medi-
cation instructions across all literacy levels have been 
identified; in a study evaluating comprehension of 
after-visit instructions after primary care visits, parents 
were only able to accurately name 71% of the medica-
tions and describe administration instructions 37% of 
the time.2

While CMRs and polypharmacy are often medically 
necessary for CMC, the concomitant use of multiple 
medications increases the potential risk of administra-
tion errors, interactions, adverse events, adherence is-
sues, and parental misunderstanding, which may affect 
patient safety.3 For example, certain high-risk medica-
tions (e.g., clonidine and non-stimulant psychotropic 
medications) have been reported in the literature to 
be associated with major safety events such as inad-
vertent dosing errors resulting in significant toxicity.4,5 
Two recent systematic reviews6,7 argued for expanded 
research in children, aimed at interventions targeted at 
reducing medication errors and improving adherence.
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Parental knowledge of and skills related to CMRs 
are critical to ensuring safety. Thus, the primary objec-
tives of this study were to 1) describe the population 
of children with CMC receiving CMRs, including the 
types of medications used; 2) assess parents’ per-
ceived confidence related to CMRs; 3) assess parents’ 
understanding of CMRs; and 4) compare differences 
in parental perceived confidence and understanding 
versus demonstrated understanding and knowledge 
of CMRs.

Materials and Methods
Study Design. This was a single-center cross-

sectional study of CMC using CMRs who received 
primary care in a large pediatric complex care clinic 
serving >4000 patients. The study was approved by 
the Colorado Multiple Institutional Review Board, an 
administrative body that protects the rights and welfare 
of human research subjects participating in research 
activities conducted under the auspices of the Univer-
sity of Colorado and its affiliates.

Identification of Subjects. Subjects between the 
ages of 0 and 21 years with CMC and CMRs who could 
speak and understand English were consecutively en-
rolled between November 1, 2015, and May 31, 2016. 
Children with medical complexity were identified by 
using the Pediatric Medical Complexity Algorithm and 
further categorized by neurological impairment status 
and AHRQ’s (Agency for Healthcare Research and 
Quality’s) chronic condition indicator.8–10 CMRs were 
identified by meeting ≥1 of the following criteria: 1) ≥10 
concurrent scheduled medications (polypharmacy); 
2) receipt of ≥1 high-risk medication; and/or 3) receipt 
of ≥1 extemporaneously compounded medication. 
For this study, high-risk medications were defined as 
scheduled, long-term opioids; anticoagulants; anti-
epileptic agents; stimulant medications; psychotropic 
medications; agents to treat tone/spasticity; or sleep 
aids.11,12 These medications were chosen owing to their 
association with adverse drug reactions and owing to 
CMC use patterns. Parents were approached for study 
participation during routine, in-person clinic visits.

Consent, Enrollment, and Survey Administration. 
After consent and enrollment, demographic, diagnoses, 
and medication regimen–specific data were manually 
extracted from the electronic health record. Parents 
then completed an in-person survey adapted from 
similar previously published surveys and accounting for 
key pharmacotherapy aspects required for complete 
understanding, adherence, and outcomes (for full sur-
vey, see Supplemental Table 1).13–16 The survey included 
demographic questions as well as 5-point Likert scale 
questions about perceived understanding/knowledge 
and confidence pertaining to CMRs. Study data were 
managed with REDCap electronic data capture tools.17

Parental Understanding. Parents demonstrated 
knowledge of CMRs through assessment of 3 tasks. 

First, a live, in-clinic and observed assessment of the 
parent’s ability to accurately draw up 2 doses of liquid 
medication, using oral syringes. Accuracy was defined 
strictly as no errors in measurement, including no air 
bubbles, in order to account for all medication types. 
Because parent medication measurement accuracy 
may have different implications based on a specific 
medication’s therapeutic window, we defined accuracy 
by using the strictest definition. To isolate measuring 
technique irrespective of specific medications, parents 
performed this assessment using water.

The second assessment of parental understanding 
was correct identification of medications prescribed for 
2 patient-specific complex conditions identified by the 
principal investigator. Selected conditions were those 
of highest clinical relevance. Owing to the medical 
complexity of the patient population, the correct recall 
and identification of medications associated with 2 
patient-specific complex conditions served as a proxy 
measure to represent knowledge of all patient-specific 
conditions and associated medications.

The third and final assessment of demonstrated 
parental understanding was parents’ recall and descrip-
tion of complete medication instructions for 1 patient-
specific complex medication identified by the principal 
investigator, including indication, formulation (e.g., 
tablet/capsule versus liquid, and milligram strength or 
concentration), dose, frequency, and route of adminis-
tration.13,15 The selected medication was chosen on the 
basis of clinical relevance. Complete accuracy required 
correct identification of all parameters. For both the 
patient-specific indications and the complex medication 
regimen, parents were asked to recall this information 
without any written information in front of them.

Statistical Analysis. Descriptive statistics were 
calculated for patient demographics and for survey 
responses. Five-point Likert survey responses were 
collapsed into binary responses, with Strongly Agree 
or Agree indicating a positive response. The McNemar 
test for paired proportions was used to compare pa-
rental perceived versus demonstrated understanding. 
Confounding variables (e.g., socioeconomic status, 
highest level of education, presence of home nursing) 
were accounted for in a multivariable logistic regres-
sion in order to describe the relationship between 
parental characteristics and demonstrated understand-
ing, adjusting for the type of CMR. Only survey items 
with <5% missing data, unless noted otherwise, were 
analyzed. Owing to extremely low usage of intravenous 
and intramuscular medications in our subjects, only 
data pertaining to enteral or inhaled medications were 
analyzed. A significance level of 0.05 was used. Data 
were analyzed by using Stata 16.0 (Stata Corp, College 
Station, TX).

Results
Of 480 eligible CMCs identified during the study pe-
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riod, 32.5% (n = 156) were consented for study participa-
tion and completed all study procedures (Figure 1). The 
in-clinic demonstration of measurement of medications 
was completed by 86.5% of parents.

Demographics and Clinical Characteristics of 
Study Population. Most patients were <10 years of 
age (63.5%), white (75%), had neurological impairment 
(76.9%), and used a median of 8 medications (IQR, 5–10) 
(Table 1). Of these children, 23.1% met the polypharmacy 
enrollment criteria, 95.5% met the high-risk medication 
criteria, and 35.9% met the compounded medication 
criteria; 41.7% of children met 2 enrollment criteria and 
6.4% of children met all 3 criteria. The most common 
primary diagnoses included cerebral palsy, unspecified 
(11.5%); extreme prematurity (i.e., gestational age 24 
weeks) (7.6%); and chromosomal abnormality, unspeci-
fied (6.4%) (Supplemental Table 2). Many of the study 
subjects had medical comorbidities; among all recorded 
diagnoses, comorbidities occurring with >5% frequency 
were disorders of psychological development (11.1%), 
generalized epilepsy (10.1%), and sleep disorders (5.1%) 
(Supplemental Table 3).

Most parents were female (76.9%) with a mean age 
of 38.8 ± 11.5 years, white (69.9%), had a biological rela-
tionship to the child (82.1%), spoke English (94.2%), and 

had at least some college education (82.1%) (Table 2).
Most Frequent Medications Used. A total of 1175 

medications were prescribed. The most frequent 
medications included vitamins (14.5%), antiepileptic 
drugs (13.6%), and psycholeptic (e.g., antipsychotics, 
anxiolytics, hypnotics, and sedatives) drugs (8.9%) 
(Table 3). A full list of medications used by CMC, in-
cluding non-prescription medications, is described in 
Supplemental Table 4. The most frequently prescribed 
medications differed by the type of enrollment cri-
teria (e.g., polypharmacy, high-risk medications, or 
compounded medications); however, vitamins and 
antiepileptic drugs were commonly used amongst 
all 3 groups. Of the 97 unique high-risk prescription 
medications used, the top 3 were levetiracetam (10.3%), 
baclofen (6.7%), and clonidine (5.2%). Of the 27 unique 
compounded medications used, the top 3 were lanso-
prazole (17.1%), baclofen (11.8%), and zinc (7.9%). A list of 
all compounded medications used by CMC is described 
in Supplemental Table 5.

Perceived Parental Confidence and Understanding. 
On 11 confidence and understanding statements, par-
ents reported a high perceived level of understanding 
and confidence, with combined agreement or strong 
agreement ranging between 81.2% and 98.7% (Table 

Figure 1. Screening, eligibility, and study inclusion.
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Table 1. Demographic, Clinical, and Medication-Related Characteristics of Children With Medical Complexity 
and Complex Medication Regimens (N = 156)

Characteristic Result

Age, n (%), yr

<1 7 (4.5)

1–4 39 (25)

5–9 53 (34)

10–12 23 (14.5)

13–18 34 (22)

Sex, n (%)

Male 78 (50)

Female 78 (50)

Race, n (%)

Caucasian 117 (75)

African American 9 (5.8)

Hispanic/Latino 2 (1.3)

Asian 2 (1.3)

Hawaiian/Pacific Islander 1 (0.6)

American Indian/Alaska Native 3 (1.9)

Other/unknown 22 (14.1)

Complex chronic condition, n (%) 156 (100)

Neurological impairment, n (%) 120 (77)

Number of medications in all patients, median (IQR) 8 (5–10)

≥10 Medications 

Patients receiving, % 23.1

Number of medications, median (IQR) 11 (10–13)

≥1 High-risk medication 

Patients receiving, % 95.5

Number of high risk medications, median (IQR) 3 (2–4)

≥1 Compounded medication 

Patients receiving, % 35.9

Number of compounded medications, median (IQR) 1 (1–2)

Receipt of Home Nursing, n (%) 79 (50.6)

Medications Administered by Family at Home, %

0-24 9.0

25-49 4.5

50-74 13.5

75-100 70.5

Unknown 2.5
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4). Parents perceived a high level of understanding of 
handling of missed doses (90.1%) and when to call the 
physician (95.4%) but were less clear about potential 
side effects (81.2%) or how to handle adverse effects 
(83.2%). Parents reported confidence in their abilities 
to administer enteral medications (>90% for each 
statement).

Demonstrated Parental Understanding. Despite a 
high perceived understanding and confidence related 
to CMRs, when asked to identify the medications taken 
for the specified complex problem, 78.1% and 85.4% of 
parents correctly reported for condition 1 and condition 
2, respectively. Only 73.1% were able to correctly report 
for both conditions. Regarding dosing parameters 
for high-risk medications, most parents accurately 
identified from memory the indication for 1 high-risk 
medication (94.9%), but many fewer correctly identified 
the route (84.5%), frequency (80%), dose (69.2%), and 
formulation (45.9%). Only 40.4% were able to report 
complete dosing parameters. For the demonstrated 
measurement of a liquid medication dose, 66.4% were 
able to accurately measure a 4-mL dose, and 63.9% 
measured a dose of 0.35 mL accurately. Only 54.8% 
were able to correctly measure both doses. Regression 
analyses revealed no significant relationships between 
parental characteristics and the ability to successfully 
complete any demonstrated understanding task.

Parental Perceived Versus Demonstrated Under-
standing. For each of the 3 measured domains of 
demonstrated understanding, significant differences 
existed between parental perceived versus demon-
strated understanding (McNemar test, all p < 0.05) 
(Figure 2). For example, although 97.4% of parents 
reported confidence in accurately measuring liquid 
medications, 54.8% correctly measured 2 different 
doses of medications (p < 0.05).

Discussion
In this study of parental understanding of CMRs used 

by CMC, most parents reported high confidence in un-
derstanding of CMRs, but substantially fewer parents 
demonstrated actual understanding of CMRs. The study 
population was composed of younger CMC, many of 
whom had polypharmacy and exposure to high-risk and 
compounded medications. Most of their medications—
many of which included CNS-active medications—were 
administered at home by parents. Parents tended to 
be in their late 30s and with some college education. 
Parents had some difficulty correctly identifying which 
medications were indicated for certain conditions. 
Parents struggled with identification of dosing param-
eters for high-risk medications and were particularly 
challenged by accurate measurement of medications.

While this study represents the first published report 
comparing parental perceived versus demonstrated 
confidence and knowledge pertaining to CMRs for 
CMC, our findings are consistent with existing litera-

Table 2. Demographic Characteristics of Parents 
of Children With Medical Complexity and Complex 
Medication Regimens

Parameter Overall (N = 156)

Age, mean ± SD, yr 38.8 ± 11.5

Sex, n (%)

 Male 21 (13.5)

 Female 120 (76.9)

 Not specified 15 (9.6)

Relationship to child, n (%)

 Biological mother 112 (71.8)

 Biological father 16 (10.3)

 Step, foster, or adoptive mother 8 (5.1)

 Step, foster, or adoptive father 5 (3.2)

 Other 15 (9.6)

Race, n (%)

 Caucasian 109 (69.9)

 African American 6 (3.9)

 Hispanic/Latino 27 (17.3)

 Asian 4 (2.6)

 Hawaiian/Pacific Islander 1 (0.6)

 American Indian/Alaska Native 2 (1.3)

 Other/unknown 7 (4.5)

Language spoken in home, n (%)

 English 147 (94.2)

 Spanish 4 (2.6)

 Other 5 (3.2)

Highest level of education, n (%)

 ≤ 8th grade 3 (1.9)

 Some high school 8 (5.1)

 High-school graduate 14 (9)

 Some college 69 (44.2)

 College graduate 34 (21.8)

 More than college education 25 (16)

 Other 3 (1.9)

Annual income, n (%)

 <$15,000 14 (9)

 $15,000–$30,000 18 (11.5)

 $30,001–$60,000 50 (32.1)

 $60,000–$100,000 28 (18.0)

 >$100,000 33 (21.2)

 Other 13 (8.3)
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Table 3. Top 10* Most Common Medication Classes Comprising the Overall, Polypharmacy, High-Risk, and 
Compounded Groups
Medication Group† %
Overall study population (N = 1175 total medications)
 Vitamins 14.5
 Antiepileptic drugs 13.6
 Psycholeptic drugs‡ 8.9
 Drugs for acid-related disorders 7.4
 Drugs for constipation 6.7
 Antihistamines for systemic use 5.5
 Psychoanaleptics§ 4.0
 Nasal preparations 3.9
 Analgesic drugs 2.7
 Muscle relaxants 2.7
Polypharmacy group (n = 413 total medications)
 Vitamins 13.6
 Antiepileptic drugs 11.1
 Psycholeptic drugs‡ 8.7
 Drugs for constipation 8.0
 Drugs for obstructive airway diseases 6.8
 Antihistamines for systemic use 6.3
 Drugs for acid-related disorders 6.1
 Nasal preparations 4.4
 Psychoanaleptics§ 3.9
 Topical corticosteroids 2.7
High-risk medication group (n = 1127 total medications)
 Antiepileptic drugs 13.9
 Vitamins 13.9
 Psycholeptic drugs‡ 9.1
 Drugs for acid-related disorders 7.4
 Drugs for constipation 6.6
 Drugs for obstructive airway diseases 5.5
 Antihistamines for systemic use 5.2
 Psychoanaleptics§ 4.0
 Nasal preparations 3.8
 Muscle relaxants 2.8
Compounded medication group (n = 395 total medications)
 Vitamins 14.4
 Antiepileptic drugs 12.2
 Drugs for acid-related disorders 8.4
 Drugs for constipation 6.1
 Psycholeptic drugs‡ 5.8
 Drugs for obstructive airway diseases 5.1
 Nasal preparations 5.1
 Antihistamines for systemic use 4.3
 Diuretic drugs 3.5
 Muscle relaxants 3.3

*  Only the top 10 most common medication classes are reported; therefore, reported percentages may not add up to 100%.
†  Using the Anatomic Therapeutic Chemical (ATC) classification system Level 2 subgroups.
‡  The psycholeptic category includes the antipsychotics, anxiolytics, hypnotics, and sedatives.
§ The psychoanaleptic category includes the antidepressants, psychostimulants, nootropics, antidementia drugs, and combinations with psy-

choleptics.
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ture examining the broader population. Parent liquid 
dosing errors have been consistently reported across 
all health literacy and language groups.18–21 Our study 
similarly found substantial parent errors with liquid 
measurements when using oral dosing syringes even 
without having to first interpret a medication label, 
identify the current oral dosing syringe size, and then 
draw up doses. Unlike previously published studies, 
we also evaluated parents’ ability to correctly identify 
medications for a given complex condition, as well as 
identify dosing parameters associated with a high-risk 
medication. Our study identified gaps in parental under-
standing of CMRs for CMC, which highlight the critical 
need for improved medication education and support 
available to parents. Such efforts represent an impor-
tant target for mitigating potential medication-related 
errors in the population of CMC. In light of this, 3 aspects 
of our study findings deserve further discussion.

First, in order to intervene, we need to be able to 
identify CMC at the highest risk of experiencing medi-
cation-related issues. Although we used an automated 
medication screening process in the electronic health 
record, approximately 40% of potential subjects did not 
have a CMR upon manual review. An accurate, robust, 
validated tool focused on medication regimen complex-
ity (e.g., number and type of medications, number of 
distinct daily doses), degree of required dosage form 
manipulation, health literacy, and spoken language is 

urgently needed to improve medication use and safety 
in CMC. Our data indicate that CMC with CMRs take a 
variety of prescription and over-the-counter medica-
tions, but also a wide range of vitamins and minerals; 
efficient identification of at-risk patients may need to 
focus on specific medications rather than polypharmacy 
counts. Future work focused on the identification of the 
most impactful medications on patient safety will be 
important to help with patient risk stratification. Scor-
ing systems for the stratification of children by medical 
complexity and identification of resources needed 
(e.g., care coordination) have been reported.8,22–24 The 
development of a clinical pharmacy priority score has 
been described in a family medicine setting.25 However, 
to our knowledge, a validated, robust medication regi-
men acuity scoring tool for the identification of at-risk 
patients and their families for adverse drug events, 
including parental understanding, has not yet been 
developed. The tool should also account for transitions 
of care across various health care settings as well as 
between pediatric and adult care, where medication-
related problems or points of confusion may be more 
likely to occur.26–29

The substantial gaps we observed between parental 
confidence and understanding reinforces the need for 
improved medication-related education. Standardized 
education tools to support correct at-home medication 
administration are needed. A recent article written by a 

Table 4. Parental Response to Perceived Understanding and Confidence Survey Questions
% Positive Response* % Negative Response†

Understanding items

I know if/when to call my physician regarding my child’s medications 95.4 4.6

I understand what to do if my child misses a dose of a medication 90.1 9.9

I am satisfied with the explanations I was given regarding my child’s 
medications

88.9 11.1

I understand what to do if my child experiences a side effect to a 
medication

83.2 16.8

I understand the possible side effects of my child’s medications 81.2 18.8

Confidence items

I am confident in my abilities to accurately measure liquid medications 98.7 1.3

I am confident in my abilities to correctly administer all of the 
medications my child is taking

97.4 2.6

I am confident I understand why my child was prescribed each of the 
medications

95.5 4.5

I am confident in administering partial tablets or crushed tablets to my 
child

92.9 7.1

If my provider said it was possible, I would be willing to stop 1 or more 
of the regular medications my child is taking

86.5 13.5

I feel confident that the number of medications my child is taking is 
needed

86.5 13.5

* Strongly Agree or Agree.
† Neutral, Disagree, or Strongly Disagree.
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group of experienced parents of CMC notes the benefit 
of in-person, teach-back sessions as well as visual and 
written instructions to improve understanding.30 Such 
standardized tools should be used universally to ensure 
understanding in the pediatric population. For particu-
larly high-risk patients, a specialized pediatric clinical 
pharmacist, incorporated into the multidisciplinary care 
team, may be well positioned to provide one-on-one 
counseling, particularly as it relates to CMRs. The suc-
cess of the pharmacists’ roles on improving medication 
understanding, beliefs, and adherence has been previ-
ously reported in the adult population and in a variety 
of specialty care settings.31–33 These models should 
be considered and trialed in the pediatric population, 
especially in the complex care setting. Specialized pe-
diatric pharmacists, incorporated into clinic visits, can 
provide an initial evaluation of parental understanding, 
provide baseline education and ongoing assessments 
and educational updates at subsequent clinic visits and/
or through telehealth visits. This type of recurring as-
sessment and education is particularly important when 
new high-risk medications are started or when dosing 
changes occur. Changes in understanding should be 
systematically tracked through integration of a universal 
and standardized approach to medication education in 
this vulnerable population. Additionally, assessments 
and educational interventions need to be developed 
and validated in multiple languages and cultural con-

texts in order to have the broadest impact.
Finally, we measured 3 discrete tasks in clinic, but it 

may additionally be important to understand what hap-
pens in vivo in the home setting, especially since our 
findings indicate most medications are administered 
by parents without home nursing supervision. We mea-
sured 3 aspects of importance for medication safety, but 
there are almost certainly additional factors related to 
safe medication administration. Neither this study nor 
previous reports account for administration errors after 
measurement. For example, if the concentration of an 
extemporaneously compounded medication changes 
and the family measures the previous volume rather 
than following new instructions on the bottle, signifi-
cant dosing errors can occur. While national efforts to 
standardize medication concentrations are underway, 
a high level of variability of compounded concentra-
tions and pediatric-specific dosage forms currently 
exists, which may increase the chance for errors.34–36 
A lack of precision, especially for narrow therapeutic 
index medications, could result in significant adverse 
drug events. Furthermore, medications are commonly 
administered via alternative routes, such as through 
enteral feeding tubes. Finally, even if medications are 
perfectly administered in the in-home environment, 
the monitoring of medication efficacy and safety relies 
heavily on parental knowledge and attention. Parents 
must be well informed about what desired effects and 

Figure 2. Comparison of parental perceived versus demonstrated understanding.

* Significant differences were noted between each of the paired proportions using the McNemar test.
■■ and 95% CIs represent the proportion of parents reporting confidence for a specific medication-related task. ■■ and 95% CIs represent the 
proportion of parents who were observed in-clinic and demonstrated understanding for a specific medication-related task.
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side effects should be expected with CMRs to appro-
priately monitor medication response.

Our findings must be interpreted in the context of 
several limitations. First, this study was conducted at a 
single center and the findings may not be generalizable 
to all CMCs who use CMRs. The study site, however, is 
one of the largest outpatient complex care programs in 
the country and a member of the Children and Youth 
with Special Healthcare Needs National Research 
Network (www.cyshcnet.org). Secondly, inclusion was 
limited to those who could understand and speak 
English, and most parents were white with a higher 
level of education. Similar assessments in non-English 
speakers, and a lower income, lower education, minor-
ity, underserved population may broaden applicability. 
Third, we provided conservative estimates of accuracy 
(i.e., no errors in measurement) to account for high-risk 
medications with narrow therapeutic windows by using 
a strict definition of accuracy. For medications with a 
wide therapeutic window, our definition of accuracy 
may overestimate the impact of parent measurement 
on clinical outcomes. Caregivers were also not allowed 
to use notes during the observation. If notes had been 
allowed, it remains possible that our results would be 
altered. The strict definition of accuracy and the inability 
to use notes was used to account for the worst-case sce-
nario. Next, the in-clinic demonstrated measurement of 
medications was completed by only 86.5% of parents. It 
remains possible that our results may have been altered 
with a more complete response rate. Next, although we 
measured demonstrated parental understanding, using 
standardized tasks, the study design did not assess 
parental interpretation and understanding of medication 
labels or successful at-home administration of medica-
tions. In their specific home environment, parents might 
have been able to correctly demonstrate understanding 
of their child’s specific CMR, as opposed to the in-clinic 
study tasks. Furthermore, this study evaluated parental 
understanding but did not evaluate other members of the 
child’s care-team (e.g., home nursing), whose presence 
could have reduced the potential risk of medication-
related errors. To reduce the in-clinic study burden, we 
selected certain complex indications and medications 
as a proxy of understanding of the entire regimen. This 
may not be representative of the parent’s understand-
ing as a whole.

These limitations notwithstanding, substantial op-
portunities exist to improve medication safety and 
efficacy in the outpatient, in-home setting including a 
systematic approach to identification of patients most 
at risk, improved education, and assessment of in-home 
medication use. Care in this population will remain 
difficult to optimize without a systemwide focus on ad-
dressing these critical gaps. With a unique focus on and 
understanding of medication complexity and nuance 
in this population, pediatric clinical pharmacists may 
be well positioned to participate in the development 

and implementation of interventions.37,38 For example, 
clinical pharmacy telemedicine interventions in the 
ambulatory setting have been shown to positively 
impact outcomes.39–41 Moving forward, pediatric clini-
cal pharmacists may be able to engage in telehealth 
initiatives to better evaluate, understand, and intervene 
on ambulatory and in-home medication-related issues. 
Another potential approach is the implementation of 
required clinical pharmacist-led educational program 
in-clinic at the point of prescribing with a teach-back 
“check off” prior to the parent picking up the medica-
tion at the pharmacy.

Conclusions
A substantial gap exists between parent-reported 

perceived knowledge and actual demonstrated under-
standing of CMRs, which could impact patient safety. 
The development, implementation, and evaluation 
of educational supports and assessment of parental 
understanding both within clinic visits as well as in 
the home setting are needed and may directly benefit 
parents of CMC who must administer CMRs at home. 
Ultimately, enabling parents to continue to provide safe 
and effective medication administration at home may 
improve the ability for CMC to continue to thrive in the 
outpatient environment.
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