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Introduction
Transitions of care (TOC) for pediatric patients during 

discharge are a complex process.1 While each TOC set-
ting serves as an opportunity to optimize the efficacy 
and safety of medication management, it also is one 
setting where medication-related problems may occur.2,3 
According to a study by Wu et al,4 approximately 34% 
of pediatric discharges have been associated with care 
failures in pediatric patients during TOC. Here, the care 
failures were defined as any problem that had occurred 
during discharge, including failure to receive discharge 
instructions and education. Findings from a systematic 
review by Glick et al5 revealed that errors related to par-
ent execution of pediatric patient discharge instructions 
from the inpatient setting and emergency department 
(ED) are common. Medication dosing errors were preva-
lent, with 33% to 50% of caregivers incorrectly dosing 
their children’s liquid medications.5 Furthermore, poor 
medication adherence was observed. This was espe-
cially problematic in low-income families where nearly 
33% of caregivers had failed to pick up the prescribed 
medications for their children.5

The importance of TOC has been cited by the World 
Health Organization, The Joint Commission (TJC), 
Agency for Healthcare Research and Quality, and the 
Institute for Safe Medication Practices.2,6–8 Despite the 
widely recognized importance of TOC, quality standards 
for pediatric TOC from the hospital to home are lacking, 
leading to reduced quality of health care transition and 
health outcomes.1,9 Data specific to pediatric TOC are 

limited; however, it is known that pediatric patients are 
more susceptible to harm from medication errors than 
adults.10 As research involving TOC for pediatric patients 
is still evolving, interventions shown to reduce readmis-
sion rates in adult patients, such as discharge planning 
and call-backs for follow-up, may be considered when 
developing pediatric TOC programs.11 As medication 
experts, pediatric pharmacists are uniquely positioned 
to affect the rates of medication-related errors at TOC. 
According to the IPITCH study conducted in adults, a 
statistically significant reduction in the rate of inpatient 
readmission or ED visits within 30 days following dis-
charge was observed in patients who received phar-
macist intervention including medication reconciliation, 
discharge counseling, and postdischarge phone calls.12

This narrative review aims to 1) characterize patient 
populations that may benefit from TOC interventions; 
2) assist pediatric pharmacists and pharmacy leaders 
by describing discharge TOC interventions for pediatric 
patients (Table 1); and 3) highlight the important structural 
elements and resources (Table 2) that need to be ac-
counted for when implementing (Table 3) and evaluat-
ing (Table 4) the effectiveness of TOC interventions at 
pediatric hospitals.

Identification of Targeted Population of 
TOC Interventions

While TOC interventions may have the potential to 
benefit all pediatric patients, pharmacists wishing to 
show measurable benefits to new services may want 
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to prioritize and target pediatric populations at higher 
risk for hospital readmission, especially when resources 
are constrained. The Centers for Medicare and Med-
icaid Services outlines 6 conditions (acute myocar-
dial infarction, chronic obstructive pulmonary disease, 
heart failure, pneumonia, coronary artery bypass graft 
surgery, elective primary total hip arthroplasty, and/or 
total knee arthroplasty) to target as part of the Hospital 
Readmissions Reduction Program; however, most of 
these conditions are uncommon in pediatric patients.13 
There is paucity of literature to guide clinicians to ef-
ficiently identify targeted patients in the pediatric popu-
lation who may benefit most from TOC interventions. 
One study conducted in pediatric patients found the 
highest readmission rates in the following 10 diagno-
ses: anemia or neutropenia, appendectomy, asthma, 
bronchiolitis, gastroenteritis, pneumonia, seizure, 
sickle cell crisis, upper respiratory tract infection, and 
ventricular shunt.14 Here, the prevalence of readmission 
varied between 3% and 23%.15 While the complexity of 
disease management may contribute to readmission 
rates, institutional variations were found that may sug-

gest factors beyond the pathogenesis of disease may 
affect readmissions.14,15 As such, pharmacists wishing 
to design effective TOC interventions at discharge, 
and leaders supporting these transition initiatives, may 
want to examine institution-specific readmission rates to 
determine specific patient populations that may benefit 
from targeted TOC management.

TOC Interventions During Hospital 
Discharge

Familiarizing oneself with the various types of TOC 
interventions is a critical first step in program develop-
ment. Planning for a successful hospital discharge is a 
complex process that often starts days to weeks before 
the patient leaves the hospital. As medication experts, 
pharmacists are uniquely suited to perform many as-
pects of discharge including medication reconciliation, 
medication education, and other medication-related 
interventions to ensure accurate dosing, medication 
access, and adherence. For pharmacists wishing to 
design effective hospital discharge programs, it is 

Table 1. TOC Interventions During and After Hospital Discharge

Intervention Task

During hospital discharge

 Medication reconciliation • �Performed by pharmacist and/or pharmacy technicians

 Medication education • �Use medication lists, which may be created by the pharmacist or generated 
by using programs such as My Med Action Plan and My Meds

• �Provide the smallest oral syringe size and demonstrate accurate 
administration technique

• �Use pictograms, particularly for low-literacy patients
• �Apply the teach-back method

 Medication access • �Provide bedside medication delivery 
• �Facilitate medication transfers to the patient’s local pharmacy
• �Arrange mail orders to be completed by the hospital’s outpatient pharmacy
• �Ensure prior authorization of relevant medications to avoid delays

 Medication adherence tools • �Provide low-cost, low-tech pill boxes
• �Provide handmade medication calendars
• �Send text message medication reminders
• �Recommend smart phone applications
• �Recommend electronic pill boxes with refill reminders
• �Integrate medication adherence equipment into EMRs

After hospital discharge

 �Comprehensive, patient-specific 
interventions

• �Use telephone follow-up, messages via email and/or SMS, or home visits for 
discharge follow-up

• �Address issues related to medication use and management through patient 
education, medication order clarification, adjustment of medication therapy, 
laboratory monitoring, and assistance in obtaining medication

 �Focused, disease-state or outcomes-
specific interventions

• �Develop a collaborative practice agreement that focuses on specific disease 
state or patient outcomes such as the pharmacist-driven interventions on 
susceptibility-antibiotic mismatch, no antibiotics prescribed with positive 
culture, need for renal dose adjustment, and drug-drug interactions

EMRs, electronic medical records; SMS, short message service; TOC, transitions of care
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important to consider what those programs involve, 
required resources for success, and how progress will 
be monitored and evaluated.

Medication Reconciliation. Medication errors are 
often linked to medication reconciliation during TOC. 
Studies in adults have shown that more than 50% of 
medication errors occur at care transitions, and up 
to 67% of medication histories contain 1 or more er-
rors.16,17 While medication reconciliation is completed 
by non-pharmacist providers in many institutions, it 
may be more appropriate for pharmacists to perform 
this function. A study examining the completeness 
of medication reconciliation performed by pediatric 
resident physicians in pediatric asthma admissions 
showed incomplete documentation in 40% of cases.18 
In contrast, a randomized controlled trial showed 
that pharmacist-performed medication reconciliation 
decreased discrepancies in adult internal medicine 
patients when compared with physician-performed 
medication reconciliation.19 Lee et al20 showed a 
similar decrease in discrepancies at discharge with 
a pharmacist-managed program. Furthermore, a sys-
tematic review on medication reconciliation that dem-
onstrated pharmacist intervention, either at admission 
or discharge, decreased medication discrepancies 
throughout care transitions.21 In addition to pharmacist 
involvement in medication reconciliation, pharmacy 
technicians have been shown to decrease the num-
ber of medication errors, improve patient safety, and 
reduce costs.22 Gardella et al22 showed pharmacy 
technician–managed medication reconciliation in the 
ED reduced the number of potential harmful errors from 
13.7% to 1.5%, compared with a nurse-driven process. 
One study estimated the economic value of medication 
reconciliation conducted by pharmacist and pharmacy 
technicians to a net benefit of $206 per patient via 

prevention of adverse drug events.23

Medication reconciliation can be completed as a 
single intervention or paired with other interventions 
at the time of discharge. For example, some adult 
discharge TOC programs have successfully paired 
pharmacist medication reconciliation with discharge 
medication education.24,25 Anderegg et al26 found that 
implementation of a pharmacy practice model, which 
included pharmacy technician medication reconciliation 
for all patients and pharmacist discharge education for 
high-risk adult patients, reduced 30-day readmission 
rates by 5.5% and resulted in $780,000 in annual cost 
savings. Data supporting pharmacist involvement in dis-
charge medication reconciliation for pediatric patients 
are limited; however, positive results of medication 
reconciliation performed at the time of admission have 
been reported in children.27,28 Based on the positive 
results seen from pharmacy discharge medication 
reconciliation in adult patients, pharmacist involvement 
in discharge medication reconciliation in pediatric pa-
tients is a reasonable intervention to consider when 
aiming to improve pediatric TOC at discharge.

Medication Education. In addition to an accurate 
discharge medication list, it is vital to provide accom-
panying education in order to assure success post 
discharge. While data supporting pharmacist involve-
ment in medication education are more robust for 

Table 2. Structural Components of a Comprehensive 
Discharge Program

• �Begin discharge education planning at admission 
including daily discussion on rounds

• �Provide visual education tracking for providers and 
patients or caregivers

• �Use standardized EMR education documentation

• �Ensure electronic systems continuity between inpatient 
and outpatient pharmacy settings

• �Ensure patients or caregivers leave the hospital with 
medications in hand

• �Provide written instructions for patients or caregivers to 
supplement verbal education

• �Commit to continuous improvement with 
multidisciplinary group with pharmacy support

EMR, electronic medical record

Table 3. Framework to Guide the Implementation of 
TOC Interventions

• �Gather key stakeholders

• �Estimate FTE needs

• �Identify outcomes for improvement

• �Identify technology and documentation needs

• �Establish workflow of how patients will receive  
the TOC intervention

• �Design study to show efficacy

FTE, full-time equivalent; TOC, transitions of care

Table 4. Process Measures to Track Discharge Pro-
gram Success

• �Write prescriptions prior to discharge orders

• �Fill prescriptions at an outside pharmacy versus retail 
pharmacy embedded within an inpatient setting

• �Partner with outpatient pharmacy 

• �Document discharge education

• �Deliver prescriptions to bedside

• �Consult orders for discharge education

• �Document follow-up calls
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adult patients, programs in pediatric patients involving 
pharmacist education have also been reported.3,29–33 
Literature describing beneficial education techniques 
and strategies for pediatric patients and caregivers is 
abundant, and such strategies should be considered 
by any pharmacists seeking to improve TOC through 
education.

One such strategic example that may assist with 
education in TOC is the use of a written medication list. 
As an important part of discharge medication education, 
TJC requires an updated medication list at the time of 
discharge.34 The medication list provided should be 
clear, accurate, easy to follow, and contain all neces-
sary information to empower adherence. Use of the 
medication list is a common intervention in pharmacist 
medication education programs.29 Medication lists can 
be generated from the electronic medical record (EMR) 
but may not contain all components relevant to pediat-
ric patients. For example, the ability to specify adminis-
tration times on the medication schedule, incorporate 
images of dosage forms, and display complex dosing 
schedules such as tapers or multiday weekly dosing 
may not be included in EMR-generated medication 
lists. Subscription-based programs can be purchased 
to assist health care providers in creating a more com-
plete medication list suited for education, such as My 
Med Action Plan (MedActionPlan.com LLC, Peapack, 
NJ)35 and My Meds (MyMeds Inc, Minneapolis, MN).36 
Pharmacists can also create their own medication lists.

Evidence to support the importance of medication 
education has been well documented in the pediatric 
literature. Bailey et al37 found that 28% of caregivers 
misunderstood dosage instructions for oral liquid medi-
cations prescribed for children and that low literacy was 
a risk factor for misunderstanding. According to a Gallup 
analysis, researchers found that over 50% of Americans 
in the 16 to 74 age range could not read at or above 
the sixth-grade reading level.38 There are many specific 
counseling interventions that have been shown to 
improve caregiver understanding and decrease medi-
cation errors at home. A 2022 study by Algabbani et 
al39 tested the understanding of medication dosing and 
administration instructions from patient information leaf-
lets (PILs) or PILs with pictograms given to caregivers of 
children younger than 13 years. Of 130 caregivers, 43% 
were identified as having limited health literacy.39 The 
researchers found a statistically significant difference 
in medication understanding in the group of caregivers 
provided with both the PILs and pictograms compared 
with the group who received PILs only.39

Many studies have demonstrated the benefit of 
prescribing and labeling pediatric prescriptions using 
only metric units, as well as provision of oral syringes 
and demonstration of oral syringe technique.40–42 In a 
study by Yin et al,43 the provision of the smallest-size 
oral syringe capable of measuring the medication dose 
was associated with less overdoses than with larger 

syringes. Similarly, the use of pictograms and the teach-
back method has been associated with decreased 
medication errors.41,44 The teach-back method is an 
educational technique in which the educator asks the 
patient to teach-back what they have learned to the 
provider in their own words to verify understanding of 
information. A study by Vepraskas et al45 demonstrated 
caregivers’ preference for use of live demonstration and 
use of the teach-back method at the time of a pediatric 
patient discharge. This evidence led to the American 
Academy of Pediatrics (AAP) statement on the use of 
metric units for liquid medications for children in 2015.46 
In this statement, the AAP strongly states that pharma-
cies and hospitals should provide appropriately sized 
oral syringes and use advanced education strategies 
such as teach-back, demonstration, and pictograms to 
reduce caregiver errors with these devices.46

Although the teach-back method has shown to be 
effective in TOC, medication education is not a one 
size fits all intervention. Low literacy and health literacy 
of caregivers are consistently associated with greater 
likelihood of medication errors and pharmacists should 
be mindful of health literacy when designing discharge 
education programs.37,43 A randomized controlled 
trial comparing pharmacist discharge education with 
a control group without pharmacist education found a 
decrease in 30-day readmissions amongst patients with 
low health literacy.25 There are many ways to measure 
health literacy and some institutions use these assess-
ments at the time of admission.47,48 These measures 
may be advantageous when identifying patients to 
target for pharmacist discharge education. Regardless 
of whether the institution can incorporate the use of a 
health literacy assessment into discharge medication 
education, a universal precautionary approach as-
suming low literacy and emphasizing the teach-back 
method should be used.49,50

Medication Access. While an accurate medication 
list and comprehensive medication education are 
both important, these interventions can be futile if the 
patient does not obtain their prescribed medications 
for home use. As a strategy to increase medications 
in hand at discharge for children, bedside medication 
delivery (BMD) service has been established in some 
organizations.3,51–53 Studies have shown that poverty 
and vehicle access negatively affect pediatric patients 
in low income families, which a BMD intervention 
may ameliorate.54 Furthermore, according to a study 
conducted by Gupta et al,53 BMD service combined 
with medication education to pediatric patients and 
caregivers resulted in improved timeliness of the first 
antibiotic dose administered at home. This study also 
suggested that children experience less visits to the 
ED and reduced rates of readmission when discharge 
medications were received through the BMD service.53 
In pediatric patients with asthma, BMD was shown to 
increase the percentage of patients with medications 
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in hand at discharge from 15% to greater than 80%.52 
In another study by Mallory et al,3 BMD service accom-
panied with medication education also resulted in an 
increase of patients with medications in hand from 2% 
to 85% at discharge, as well as noted improvements in 
patient satisfaction and understanding of medications. 
Rogers et al51 evaluated the effect of a BMD service led 
by pharmacy students, targeting pediatric patients, and 
found reduced medication error rates and increased 
prescribing to the hospital’s outpatient pharmacy from 
57% to 73% following implementation of the interven-
tion. Other TOC interventions suggested to promote 
medication access for pediatric patients include facili-
tating the medication refill processes through medica-
tion transfers to the patient’s local pharmacy, arranging 
mail orders to be completed by the hospital’s outpatient 
pharmacy, or ensuring timely prior authorization of 
relevant medications to avoid delays.3,55,56

Medication Adherence Tools. Despite access to 
medications at discharge and medication education, 
patients may still not adhere to a prescribed regimen 
owing to forgetfulness or intentional non-adherence 
secondary to adverse effects, lack of perceived ben-
efits, or to exercise control over their condition. Medi-
cation non-compliance has been found to be higher 
in adolescent patients, patients in larger families, and 
those of lower socioeconomic status.57 Inclusion of all 
family members in the care of chronically ill children 
and adolescent patients, as well as considerations to 
incorporate increasing adolescent patient responsibility 
in their own care, improves adherence rates.58,59 One 
method piloted by Kroon Van Diest et al60 combined 
adolescent autonomy over chronic migraine prophy-
lactic therapy adherence with secondary caregiver 
oversight.

While patient and caregiver inclusion in the transition 
plan has been shown to be important, the development 
of useful tools to navigate this process has also shown 
significant advancement. The number and complexity 
of medication adherence tools publicly available have 
skyrocketed over the past few decades. Tools have 
evolved from the low-cost, low-tech pill boxes and 
handmade medication calendars to more expensive, 
cutting-edge smart phone applications, electronic pill 
boxes with refill reminders, and medication adherence 
equipment integrated into EMRs.61 These adherence 
tools may provide routine and structure to patients, 
decreasing opportunities for non-compliance due to 
forgetfulness. Chronically ill pediatric patients espe-
cially noted increases in medication non-adherence 
on non-school days when they had less structured 
schedules.59 The incorporation of text message medi-
cation reminders, smart phone applications, electronic 
pill boxes or caps, and dose counters on inhalers were 
noted by pediatric survey participants as potential 
ways to increase medication compliance.59 These 
findings were mirrored in a study examining preferred 

medication adherence technologies in adolescent 
patients with sickle cell disease and a second study in 
inner-city patients with asthma, with the latter demon-
strating improved medication adherence with the use 
of these tools.62,63

Resource Considerations for TOC 
Interventions During Hospital Discharge

The interventions discussed in the previous sections 
are key components many successful discharge TOC 
programs use. As outlined above, interventions can 
be implemented as single elements or part of more 
comprehensive programs, and the patient popula-
tion targeted can be narrow or broad depending on 
institution-specific trends, available resources, and 
organizational maturity surrounding care transitions. 
Prior to implementing any new program, pharmacists 
and other health care providers should consider the 
patient population being targeted, specific outcome 
measurements for improvement, and the scope of 
program necessary to target those goals. Use of a short 
pilot of proposed services may be helpful to determine 
needed resources. Consideration of full-time equiva-
lents (FTEs) of staff support required and the electronic 
tools required for implementation and documentation 
of interventions are key to the program’s success.

Best practice for building a comprehensive and 
effective TOC program is to establish a top-down 
approach beginning with senior leadership support. 
This step is particularly key to success if significant 
resources are needed to support the program. Similar 
models are recommended for organizational medi-
cation safety programs, which include TOC, in best 
practice models.64–66 The Minnesota Hospital Associa-
tion67 recommends beginning efforts to transform TOC 
with securing leadership support for a program. They 
recommend establishing a multidisciplinary team to 
organize, communicate, and align TOC strategic plans 
and goals throughout the organization.67 Because 
much can change throughout a hospital admission, 
which may affect the ultimate discharge plan of care, 
robust process measures such as reassessment of and 
updates to the medication discharge plan throughout 
the admission are critical within an organization.68 Dedi-
cated resources and strategic organizational alignment 
for medication reconciliation and discharge planning 
yield better safety and error outcomes than programs 
that lack such resources, therefore alignment with a 
systemwide approach can be helpful.69–73

In addition to a leadership-level approach to support 
TOC programs, electronic systems used in targeting pa-
tients and documenting interventions are critical in any 
discharge program’s success. Medication reconciliation 
should be documented consistently in the EMR by all 
staff involved in the process.74 Similarly, a standardized 
approach to documentation of medication education 
is critical to closed-loop communication among the 
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medical team. Best practices include beginning the 
medication education process with a pharmacy consult 
order, performing education delivery after the receipt of 
prescription medications where possible, and conclud-
ing with education documentation.3,68,75–77

For programs focused on improving medication 
access, electronic systems that establish continuity 
between inpatient and outpatient pharmacy systems 
remain best practice. However, these programs are 
typically expensive and resource intensive to imple-
ment unless both parties are operated under the same 
business entity.3,68,75 Regardless, a holistic approach 
to the provision of pharmacy services from inpatient 
service to outpatient discharge prescription dispensing 
is ideal. Mallory et al3 demonstrated this via transform-
ing a discharge medication process from 2% to 85% of 
medications in possession at hospital discharge within a 
21-month time frame by focusing on several systematic 
approaches and several plan-do-study-act cycles that 
included continuity between EMR systems within the 
hospital and their outpatient pharmacy.

To integrate TOC interventions within an institu-
tion’s information technology infrastructure, access to 
relevant software for use in education and adherence 
interventions may need to be secured by the institu-
tion to achieve best outcomes. Programs such as My 
Med Action Plan and My Meds, which can be used to 
generate medication lists and patient adherence tools, 
can be useful to clinicians; however, these come at a 
significant cost to the institution.35,36 Other interventions 
such as pill boxes, patient-managed reminders, or smart 
phone applications may require less institutional finan-
cial investment and still yield positive returns. Additional 
structural elements to consider include staff education, 
standard work, tools to support communication, and 
coordination of care, which includes processes for 
identification of high-risk populations.67

TOC Interventions After Hospital 
Discharge

Even in the presence of a comprehensive discharge 
TOC program, it is common for patients to encounter 
questions or complications in the immediate postdis-
charge period. Development of discharge follow-up 
interventions may further optimize postdischarge 
patient outcomes. Within these follow-up programs, 
a variety of services have been described to benefit 
pediatric patients. Most of these interventions aim to 
provide multiple functions, including medication-related 
assistance, as well as some degree of care coordina-
tion, following discharge.31,75-80 When implementing a 
postdischarge follow-up program, pharmacists must 
consider the method of delivery, resources required, 
and the outcomes or interventions targeted including 
how progress will be measured.

Delivery Models for Discharge Follow-up. Many 
methods of pharmacist-led postdischarge follow-up have 

been documented in the literature including telehealth, 
in-person clinic visits, and in-home visits.31,81–84 Telehealth 
discharge follow-up programs, primarily telephone 
follow-up (TFU), offer the advantage of fewer required 
resources than in-home and clinic visits. The use of TFU 
to communicate with patients and families following 
ED or hospital discharge is well described in the adult 
population.81 TFU encounters can be completed by a 
variety of members of the health care team, making them 
an appealing option for optimizing patient outcomes, 
while freeing up provider time. These programs range 
significantly in scope, intensity, and purpose.

The target population of postdischarge TFU programs 
ranges from broad patient groups, such as those in a 
single service line, to smaller select groups of patients, 
such as those with a single complex disease state. In 
2009, Jack et al85 published their experience with a ro-
bust reengineered discharge program for adult internal 
medicine patients, which included a pharmacist’s calling 
patients 2 and 4 days post discharge to reinforce dis-
charge education and complete medication reconcilia-
tion. This intervention resulted in decreased health care 
utilization after discharge in patients randomly assigned 
to the TOC group.85 In the pediatric population, Nguyen 
et al31 reported results of a TOC program that included 
medication reconciliation, pharmacist discharge counsel-
ing, and pharmacist-led TFU for patients discharged from 
a free-standing children’s hospital. This program used a 
partnership with nurses to target children with medical 
complexity and resulted in a 5-month cost savings of 
over 20 thousand dollars.31 The approach of targeting 
patient populations at highest risk for postdischarge 
complications or readmission has been well described 
in the adult literature. Successful programs focusing on 
heart failure, chronic obstructive pulmonary disease, and 
diabetes, have all been reported.86–90 This approach has 
been described in pediatric facilities as well.78,79 In a small 
intensive TFU intervention targeting 4 pediatric patients 
with medical complexity and high rates of readmission, 
pharmacists reported a decrease in admissions for 3 of 
4 patients and increased satisfaction with the health care 
system for all patients.78 In a much larger study, Teufel 
et al79 similarly reported a decrease in 90-day readmis-
sions from 15% to 8% in pediatric patients with asthma. 
Similar outcomes have been reported with targeted 
TFU programs focused on hospital-based outcomes for 
antimicrobial stewardship.91–94

TFU programs, including those described thus far, 
are commonly completed by a member of the hospital 
care team; however, discharge follow-up can be also 
facilitated by an outpatient care team. This model was 
described in targeted adult patient populations, as well 
as across a system using criteria to identify adults at risk 
for discharge issues.95–97 A similar program was piloted 
in a level 3 pediatric primary care medical home serving 
patients with medical complexity.98 Pharmacists included 
patients who had external specialist notes or hospital 



Pediatric Pharmacist Discharge TOC Interventions Hovey, S et al

www.jppt.org 186	  J Pediatr Pharmacol Ther 2023 Vol. 28 No. 3

discharge summaries directed towards the primary care 
team.98 The authors found an average of 5.63 medication 
discrepancies per patient with medical complexity and 
3.77 in patients without medical complexity, and found 
medication therapy delays occurred in 16.1% of the popu-
lation.98 TFU programs have also been used to facilitate 
postdischarge communication between health care 
teams and patients. Young et al99 compared the efficacy 
of telephone and videophone follow-up with pediatric 
caregivers following discharge after surgery for scoliosis. 
Both groups received follow-up with a nurse on day 3 
following discharge, and both modes of communication 
were deemed successful depending on patient or care-
giver characteristics and preferences.99 Use of telehealth 
visits following discharge has also been demonstrated 
in the neonatal population. An observational cohort 
study using follow-up telehealth visits, completed by a 
trained telemedicine provider within 1 week of neonatal 
intensive care unit discharge, identified issues related to 
medication administration in 13% of patients.100

While telehealth has been shown to assist health 
care providers and patients in TOC, programs targeting 
in-person postdischarge follow-up with pharmacists 
have also been reported. Pharmacists may have a role 
in facilitating appropriate clinic follow-up during this 
transitional period by assuring appropriate appointments 
are scheduled with the patient’s primary or specialty 
provider.82,96 An alternative approach is the establish-
ment of clinics that specifically serve the postdischarge 
hospital population. Referred to as transitional care 
clinics, this type of program lends itself to targeting 
high-risk patient populations, as determined by medi-
cal complexity or disease state. To date, programs such 
as these have been best described in adults.90,97 One 
program in Taiwan, dedicated to providing follow-up 
care for patients without a primary care provider, used 
a hospitalist-run transitional care clinic as a component 
of a robust postdischarge transitional care program.83 
Pharmacist-led home visit transitional programs fol-
lowing hospital discharge have also been described, 
though with less frequency. Daliri et al84 reported on 
a multifaceted pharmacy-led postdischarge follow-up 
program in the Netherlands, which included a home visit 
by the patient’s community pharmacist. These authors 
reported decreased medication-related problems from 
65.9% to 52.4% in the pharmacist group compared with 
usual care.84

With discharge follow-up being an important aspect of 
TOC programs, it is also important to note that methods 
of discharge follow-up do not typically run successfully in 
isolation. Importantly, many programs described herein 
also function as an extension of a discharge education 
program.31,83,84,85,96 These types of programs help to 
ensure consistent delivery and reinforcement of informa-
tion. Some of the described programs also function as a 
single component of a complex follow-up program that 
hybrids multiple approaches.83,84,96 The postdischarge 

follow-up program described by Daliri et al,84 for example, 
included a unique collaboration between inpatient and 
outpatient pharmacists. While no single approach to 
postdischarge follow-up will be suited for all hospitals, 
collaborative and hybrid approaches should be consid-
ered to optimize workflow and resources.

Interventions for Discharge Follow-up. As hetero-
geneous as the method of follow-up can be, so too 
is the focus of interventions during these encounters. 
Comprehensive pediatric programs described herein 
primarily focus on assuring continuity of care assisting 
with access to medications, and/or providing medication 
reconciliation and education.31,78,80,98,100 Others provide 
more narrowly focused pharmacy services, including 
medication and symptom education for specific disease 
states or culture follow-up services.79,94,99,101

Many of the TOC programs described thus far are 
examples of comprehensive TOC programs. The TFU 
program implemented by Nguyen et al31 included medi-
cation reconciliation, discharge counseling, and follow-
up phone calls for all patients discharged from a single 
children’s hospital. Following discharge counseling, TFU 
was completed by a pharmacist at 1, 7, and 14 days after 
discharge.31 The most common interventions made at the 
TFU encounters were drug order clarification, assistance 
in obtaining medication, and dose rounding.31 In the post-
discharge program described by Condren et al,98 a clinic 
pharmacist contacted caregivers of patients recently 
discharged from a hospital or a specialist visit via TFU 
to identify and resolve any medication discrepancies. In 
addition to medication reconciliation, pharmacists were 
able to provide patient education, adjust drug therapy, 
coordinate care between providers, recommend labo-
ratory monitoring, and facilitate patient appointments.98 
Hopkins et al80 used an automated discharge communi-
cation tool to target pediatric patients discharged from an 
academic pediatric hospital. Responses requiring action 
were communicated and routed to a clinician interface 
for follow-up.80 Similarly, the discharge follow-up home 
visits described provided a comprehensive approach to 
medication management after discharge.78,84

Other programs have developed interventions that 
focus on specific disease state or patient outcomes. 
Teufel et al79 reported on a disease-specific targeted 
quality improvement approach for discharge follow-up in 
pediatric patients with a primary diagnosis of asthma. In 
this TFU program, patients were contacted at 3 and 30 
to 45 days post discharge, which resulted in a reduction 
in ED visits and hospital admissions within 90 days of 
discharge.79 Another high-yield area of focused interven-
tion is antimicrobial stewardship. Dumkow et al91–93 have 
reported success over several years with pharmacist-
driven follow-up cultures in the ED and urgent care set-
tings, importantly including a component of TFU focused 
on symptom assessment and communication of results. 
The work by this group has demonstrated the utility of a 
collaborative practice agreement in the urgent care set-
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ting, which allowed pharmacists to intervene on suscep-
tibility or antibiotic mismatch, no antibiotics prescribed 
with positive culture, need for renal dose adjustment, and 
drug-drug interactions.93 Overall, the results of the stud-
ies comparing pre- and post-program outcomes showed 
an increase in rates of appropriate antibiotic prescribing 
and a potential to affect rates of readmission.92,93 One 
retrospective chart review describes experience extrapo-
lating this approach to a pediatric-specific population, 
using a collaborative practice agreement in a pediatric 
ED.94 Patients discharged from the ED with suspected 
infection and pending microbiologic tests were routed 
to a clinical pharmacist for review.94 Pending evaluation, 
the pharmacist could initiate, modify, or discontinue 
drug therapy; the pharmacist then followed up with the 
patient or caregiver for education.94 In the first 6 months 
of implementation of this program, representing 1040 
encounters, there was no effect on rate of return visits to 
the ED, compared with pre implementation.94 However, 
the authors reported more judicious use of antimicrobials 
and faster time to patient follow-up.94

Resource Considerations for TOC 
Interventions After Hospital Discharge

Similar to resource considerations for TOC interven-
tions during hospital discharge, pharmacists wishing 
to implement TOC interventions after discharge need 
to consider the patient population targeted, scope of 
interventions, and measurements of success. In addition 
to deciding which interventions should take place during 
a postdischarge encounter, pharmacists must consider 
the structure and resources needed to maintain such a 
program. If significant investment is needed to support 
the intervention, such as additional FTEs or electronic 
resources, a plan to obtain them should be developed 
prior to implementation of the program. Regardless of the 
resources available, beginning with organizational senior 
leadership support is a key structural factor in ensuring 
the success of a patient-centered outreach program. 
Setting strategic goals and initiatives with data analyt-
ics to track progress are important to advancing any 
outreach program via quality improvement. In programs 
in which resources are limited, a structure that supports 
preferentially targeting patient populations at high risk of 
readmission is preferred, especially those with objective 
measures that may link historical local readmission rates 
or a validated readmission risk assessment tool with 
potential targeted intervention strategies.102,103

Resources needed to support various patient-cen-
tered outreach programs are highly dependent on the 
type of follow-up interventions performed. For example, 
automated outreach interventions, such as email, tele-
phone, or short message service (SMS) interactions, 
require informational technology resources to ensure 
customer usability and timely intervention strategies. 
The type and number of FTEs needed to build, test, and 
maintain such programs should be considered prior to 

implementation but will differ considerably from more 
individualized types of programs, which are dependent 
on continued investment health care provider FTEs. 
Additionally, the intervention being used should be 
reconciled with the appropriateness of automated out-
reach and available resources, as some interventions 
have been shown to be equally efficacious if automated 
rather than investing in human resources to support.104 
Even with some automated outreach systems, addi-
tional human resources may need to be considered if 
responses to automated patient outreach need to be 
managed by health care providers (e.g., pharmacists, 
nurses, physicians) or non–medically trained personnel 
(e.g., clinic administrative staff). Identifying target patient 
populations to help reduce organizational overhead as-
sociated with patient-centered outreach programs has 
been shown to be an effective tactic; however, without 
an automated system in place to identify such targeted 
patients, the work effort to direct human efforts will be 
slowed, and expenses linked to human resources will 
rise, by manual targeting activities. Therefore, most 
manual patient-centered outreach programs have a hy-
brid model in which there is a manual method of contact, 
such as a live telephone call or a live in-home or clinic 
visit, coupled with an automated method of detecting 
the targeted patient population.91–93,98

Conclusion
The importance of improving TOC processes at hospi-

tal discharge for pediatric patients is clear for numerous 
reasons ranging from increased medication adherence 
to improved health outcomes and health care cost 
reduction. This review provides an overview of TOC 
interventions to integrate at discharge along with the 
structural elements and resources to consider during 
the implementation of TOC interventions at pediatric 
hospitals throughout the course of an admission. This 
information should help create a framework for pediatric 
pharmacists and pharmacy leaders wishing to implement 
changes and discharge TOC (Table 3). TOC interven-
tions will continue to evolve and expand with advancing 
research and quality improvement, allowing pediatric 
pharmacists to further optimize hospital discharge and 
help improve the quality of pediatric care.
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Introduction
Medication safety is a vital component of patient care 

and it carries significant implications within pediatric 
practice. A Sentinel Event Alert issued by the Joint 
Commission describes that adverse drug events are 3 
times more likely to occur in pediatric patients compared 
with adults.1 Estimates indicate 1% to 10% of medication 
errors lead to harm.2

Amoxicillin-clavulanate (AMC) is an oral combina-
tion beta-lactam/beta lactamase inhibitor antibiotic 
introduced into the US market in the mid-1980s. Sub-
sequently, the number of commercially available ratio 
formulations have increased, resulting in 5 currently 
available amoxicillin to clavulanate ratios (i.e., 2:1, 4:1, 
7:1, 14:1, 16:1) among 11 dosage formulations on the US 
market.

There is perceived variability in ratio selection ap-
proach per observation and conversations with pediatric 

clinicians. Choosing an incorrect ratio has efficacy and 
toxicity implications. The potential for decreased effec-
tiveness against beta-lactamase producing pathogens 
exists if using traditional/lower/standard dosing (e.g., 
≤45 mg/kg/day) and a high ratio formulation (e.g., 14:1) 
as the clavulanate dose delivered may not achieve phar-
macodynamic targets and would not be consistent with 
labeled dosing (Table 1).3–5 Using a lower than optimal 
amoxicillin to clavulanate ratio has the potential to induce 
gastrointestinal toxicity, specifically diarrhea.6–8 Anecdot-
ally, practitioners may choose a ratio solely based on 
whichever formulation will produce a convenient volume 
for administration (e.g., 5 mL, 7.5 mL).

Commonly used dosing references include AMC dos-
ing recommendations which, because of the references’ 
language on formulation selection and depending on the 
formulation chosen, could deliver anywhere from 1.8 to 
12.9 mg/kg/day of clavulanate.9 Interestingly, when the 
combination parenteral antibiotic ticarcillin-clavulanate 
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potassium, used primarily for infections caused by re-
sistant Gram-negative organisms, was available on the 
US market, dosing recommendations of 200 to 300 mg/
kg/day would deliver 6.7 to 10 mg/kg/day of clavulanate. 
Existing gaps in the literature, with respect to the optimal 
mg/kg clavulanate dose needed to achieve pharmaco-
dynamic targets when in combination with amoxicillin, 
may compound challenges associated with appropriate 
AMC formulation selection.

There are additional challenges when using these 
formulations when caring for children within an adult 
hospital as compared with a stand-alone children’s hospi-
tal. Clinicians may cross cover adult and pediatric areas, 
and formulary choices may be influenced by the wider 
patient population age set. Because of the complexity, 
clinical repercussions, and medication safety implica-
tions of inappropriate ratio use, we set out to determine 
AMC formulation use patterns across the United States.

Materials and Methods
This was a cross-sectional descriptive survey of 

health-system practitioners. A 12-question (~5 min-
utes) electronic Qualtrics (Provo, UT) survey was 
distributed via listservs (American College of Clinical 
Pharmacy pediatrics, infectious diseases, ambulatory 
care, pharmacy administration; American Society of 

Health-System Pharmacists; Pediatric Pharmacy As-
sociation members), and to selected pediatric Vizient 
members. Survey data were collected for an 8-week 
period between June and August 2019. Total number 
of surveys distributed was not available due to listserv 
management by external organizations and potential for 
duplication or overlap of recipients. The survey instru-
ment used conditional logic and included a maximum 
of 12 questions to assess respondent demographics, 
AMC formulation availability, and formulation selection 
rationale. Survey questions were multiple choice, brief 
response, multiple response, and multiple response 
with an other text-text box option.

Participation was voluntary and anonymous aside 
from a question asking the name of the respondent’s 
organization. This was included to identify and rec-
oncile duplicate responses submitted from the same 
organization. A repeated response was defined as ≥ 2 
responses from the same organization and a duplicate 
response was defined as matching another response 
from the same organization exactly. Participants were 
encouraged to answer all survey questions but were 
able to skip questions.

Descriptive statistics were calculated using Statisti-
cal Package for Social Sciences version 26 (SPSS, Inc, 
Chicago, IL).

Table 1. Amoxicillin Dose and Delivered Clavulanate Dose

AMC Ratio (AMC Formulation Examples) Delivered Clavulanate Dose (mg/kg/day)

Amoxicillin dose: 45 mg/kg/day
 4:1 (125 mg/5 mL, 250 mg/5 mL, 500 mg tablet)
 7:1 (200 mg/5 mL, 400 mg/5 mL, 875 mg tablet) 
 14:1 (600 mg/5 mL)

11.25*
6.43†
3.21‡

Amoxicillin dose: 90 mg/kg/day
 4:1 (125 mg/5 mL, 250 mg/5 mL, 500 mg tablet)
 7:1 (200 mg/5 mL, 400 mg/5 mL, 875 mg tablet) 
 14:1 (600 mg/5 mL)

22.5*
12.86*
6.43†

AMC, amoxicillin-clavulanate

* �Potentially supratherapeutic clavulanate dose.
† �Intended (labeled) clavulanate dose.
‡ �Potentially subtherapeutic clavulanate dose. 

Table 2. Formulation Availability Among Hospital Types*

Number of Formulations

1 2–4 5–7 8–9 10

Children’s hospital within acute care hospital
 Pediatric patients
 Neonatal patients

1.7
83.9

32.8
16.1

56.9
0

7.8
0

0.9
0

Stand-alone children’s hospital
 Pediatric patients
 Neonatal patients

2.8
69.7

40.8
28.8

50.7
1.5

4.2
0

1.4
0

* �Data reported in %.
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Results
One hundred ninety independent responses were 

received and included in analysis. Although there were 
repeated responses (n = 37), there were no instances 
of the duplicate responses identified (n = 0) exactly 
matching another from the same organization. Most 
respondents (61.7%) identified their institutions as a 
children’s hospital within an acute care hospital while 
the remainder (38.3%) were from stand-alone children’s 
hospitals. The survey tool did not further determine if 
stand-alone children’s hospitals were independent or 
a part of a larger health system.

Respondents reported a median (IQR) pediatric bed 
capacity of 130 (71, 253) with as few as < 10 and large 
as > 650. Responsibility for choosing specific AMC ratio 
formulations within institutions rested with prescribers 
(55%) more so than pharmacists (45%).

Ninety-eight percent and 21% of respondents indi-
cated their institutions supplied multiple AMC formula-
tions for pediatric and neonatal patients, respectively. 
Institutions indicating multiple formulations, supplied 
a mean ± SD of 5.1 ± 1.7 and 1.3 ± 0.6 formulations for 
pediatric and neonatal patients, respectively. Table 2 
describes the formulation availability, by hospital type, 
among pediatric and neonatal patients.

The 875-mg and 500-mg tablets were the most 
common tablet formulations for pediatric patients with 
91.6% and 72.6% of respondents indicating availability, 
respectively. Fewer than 30% of respondents indicated 
pediatric availability for other tablet forms. Among liquid 
formulations for pediatric patients, the 600 mg/5 mL 
and 400 mg/5 mL were most commonly reported. Table 
3 displays liquid formulation availability for pediatric 

and neonatal patients.
Table 4 describes formulation availability by indica-

tion. Roughly one-third of respondents reported using 
at least 2 different formulations for the treatment of 
acute otitis media (AOM; 28.1%), sinusitis (31.2%), lower 
respiratory tract infection (36.5%), skin and soft tissue 
infection (30.3%), or urinary tract infection (29.1%).

Respondents reported a variety of rationales influ-
encing the availability of liquid formulations. Roughly 
two-thirds (69.5%) indicted stocking multiple formula-
tions due to clinical need, which encompassed efficacy 
and toxicity considerations as well as dosage volume 
measurability. This was followed by rationales of limit-
ing formulations due to error concerns (42.8%) and to 
comply with US Food and Drug Administration labeling 
(12.8%). Less than 10% of respondents chose additional 
rationales including don’t know (9.1%), local resistance 
patterns (8.6%), no difference in formulations (5.3%), 
and no rationale (1.6%).

Discussion
This is the first evaluation of AMC formulation use 

patterns across the United States, with respondents 
from each of the 9 Centers for Disease Control and 
Prevention geographical regions, despite the growth 
of AMC formulations since initial marketing. Significant 
AMC formulation selection variability, both in terms of 
formulary availability and selection, exists. A limitation of 
our survey is the response rate was not available as the 
total number of surveys distributed was not known. Our 
findings highlight that along with varied ratio availability, 
institutions stock multiple different formulations with clini-
cal need cited as the most common reason. This is an 

Table 4. Formulation Availability by Indication*

Formulation Indication

AOM Sinusitis LRTI SSTI UTI

2:1 2.2 2.3 2.8 6.2 4.6

4:1 11.8 16.5 18 30.9 37.7

7:1 30.9 52.8 52.2 80.9 76

14:1 80.9 62.5 68 24.7 18.3

16:1 15.7 11.9 15.7 5.1 3.2

AOM, acute otitis media; LRTI, lower respiratory tract infection; SSTI, skin and soft tissue infection; UTI, urinary tract infection

* �Data reported in %.

Table 3. Liquid Formulation Availability for Pediatric Patients and Neonatal Patients*

125 mg/5 mL 250 mg/5 mL 200 mg/5 mL 400 mg/5 mL 600 mg/5 mL

Pediatric (1 mo–18 yr) 23.2 37.9 18.9 74.2 87.4

Neonatal (0–29 days) 28.2 28.2 9.4 36.5 22.1

* �Data reported in %.
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important consideration as practitioners often use AMC 
for infections primary caused by Streptococcus pneu-
moniae and those caused by beta-lactamase producing 
Gram-negative pathogens. Optimizing AMC’s phar-
macokinetic and pharmacodynamic characteristics to 
meet the myriad of anticipated infections challenges an 
institution’s approach to streamline product availability.

A question becomes how many different ratios an 
institution should make available. One consistent ap-
proach across institutions, including free-standing chil-
dren’s hospitals and adult-focus health systems caring 
for pediatric patients, is unrealistic. Clinical need may 
drive formulation availability, but data supporting optimal 
indication-specific clavulanate dosing are lacking. This is-
sue is highlighted among data on formulation availability 
by indication. There appears to be an inclination toward 
a higher ratio for AOM where S pneumoniae is arguably 
the most concerning causative organism. With alteration 
of penicillin binding site proteins, the primary mechanism 
of antibiotic resistance encountered with S pneumoniae 
associated otitis media, the need for beta-lactamase 
inhibition is diminished. The trends are less clear with 
infections more likely stemming from beta-lactamase 
producing Gram-negative bacteria (Table 4).

The implication of our data is clear. Potential exists for 
the selection of a lower AMC ratio for a condition when 
a higher ratio is warranted to optimate drug properties 
and limit adverse effects. A corresponding potential ex-
ists for the selection of a higher AMC ratio in conditions 
where a lower ratio would be needed to optimize effi-
cacy, through the delivery of a higher mg/kg clavulanate 
dose. Further study of AMC pharmacodynamics, while 
the desire may be low, could contribute to the collec-
tive knowledge and answer the question of how much 
clavulanate is required.

In the free text comments, 2 respondents indicated 
use of AMC as a pro-motility agent since the clavulanate 
component is known to cause increased intestinal mo-
tility and diarrhea.6–8 While antibiotics are occasionally 
used for non-antimicrobial indications (e.g., macrolides 
or tetracyclines for inflammation or macrolides for 
gastrointestinal motility), there are concerns regarding 
the induction of antimicrobial resistance, specifically S 
pneumoniae and Enterobacteriaceae (common pediatric 
pathogens), with long-term AMC use for this indication.10,11 
Practices like these provide reminders of the importance 
of local antimicrobial stewardship efforts even for drugs 
like AMC, which may not garner as much attention as 
others.

Conclusion
Education opportunities exist to ensure optimal use, 

formulation availability, and selection in order to yield 
desired clinical outcomes and avoid unnecessary errors 
and adverse events. Based on the results of this survey, 
the authors recommend the following:

1) �Organizations may consider limiting the number of 

formulations available to encourage safe medication 
practices and decrease confusion by leveraging 
an individualized approach based on local needs, 
patient factors, and clinician preference.

2) �A broad and continuous educational campaign will 
support appropriate efficacy, mitigate toxicity or 
adverse events, and encourage the safe and effec-
tive use of various formulations. This may include 
formalized didactic activity (prescribers, nurses, and 
pharmacy staff), electronic health record prompts, 
learning management system modules, patient 
education, and clinical decision support.

3) �Limit the use of AMC for chronic use outside of the 
antimicrobial setting.
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Introduction
The results of the prevalence study of HIV infection, 

carried out in 2012 in the general adult population during 
the Demography and Health Survey in Mali, showed a 
decrease in the HIV prevalence rate from 1.3% to 1.1%. 
This makes Mali a country with low prevalence and a 
tendency towards stabilization.1

The discovery of effective antiretroviral (ARV) drugs 
has changed the prognosis of HIV infection from a rapidly 
fatal disease to a chronic one. It has reduced the mortality 
and morbidity rate associated with this infection.2 The 
Malian ARV Access Initiative, through the resources of 
the Malian state, has allowed free access to ARVs in 
2004, as well as access to treatment for a large num-
ber of people living with HIV and improvement of their 

quality of life.3 Multiple ARV therapies have significantly 
improved the prognosis of HIV infection. With increase 
in the life expectancy of patients, and the decrease in 
morbidity and mortality related to this disease, occur-
rence of serious or moderate adverse drug reactions 
(ADRs) has been reported. These adverse effects heavily 
jeopardize the quality of life of patients and compromise 
their health.4

Knowledge about ARV toxicity has improved consider-
ably with accumulated experience of therapeutic com-
binations given to patients over the long term.5,6 Oumar 
et al7 described adverse effects of ARVs in HIV-infected 
children in Sikasso, Mali. They reported that 13 children 
had ADRs, including one grade 3 ADR or most severe. 
This study has shortcomings in the number of reported 
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adverse events. In the interest of improving the care of 
children, we deemed it necessary to carry out this work.

Materials and Methods
Study Participants. The study was conducted at the 

pediatric Unit of Care and Accompaniment for People 
Living With HIV (USAC) of Bamako, Mali. Active (inten-
sive monitoring) pharmacovigilance methodology was 
adopted. HIV-positive children receiving drug combi-
nations of ARVs were included. The study included 
children receiving ART for a period of 6 months or 
longer who had an ADR manifestation and informed 
consent from their parents or guardians. This inclu-
sion criterion was chosen to avoid confusion between 
adverse events associated with ARV drugs in actual 
use, and adverse events associated with ARVs given 
in a previous round of therapy but interrupted for more 
than 3 months (change of regimen). We did not include 
patients naive to ART, patients receiving the same ART 
for less than 6 months, patients with acute concomitant 
illness, and children whose parental consent was not 
obtained. From May 1, 2014, to July 31, 2015, these pa-
tients were intensively monitored by a pharmacist for 
any ADRs during follow-up visits to the ART center (an 

initial visit after a 2-week period, followed by monthly 
visits). ADRs were identified by an interview with the 
patient and/or the parent’s attendants, as well as a 
review of outpatient case records, laboratory reports, 
clinicians’ notes, and prescriptions at each follow-up 
visit. Well-documented, suspected ADRs were reviewed 
and assessed by a senior academic clinical pharmacist. 
When appropriate, suspected ADRs were discussed 
with the clinicians. The World Health Organization 
(WHO) ADR probability scale was used for causality 
assessment.8 Severity of ADRs was assessed with the 
Modified Hartwig and Siegel scale.9 Reactions were 
coded by using WHO Adverse Reaction Terminolo-
gies Data and collected through questionnaires and 
chart reviews.

The interview of the child or person having custody 
of the child was performed at each follow-up visit. After 
inclusion, children were seen every month. Day 1 of 
inclusion is denoted T0; week 2 of inclusion is denoted 
T1; the first month of follow-up is M1, the second month 
is M2, the third month is M3, and the sixth month is M6. 
Adherence was measured by asking patients to recall 
the number of doses missed yesterday, the day before 
yesterday (4 days), and during the previous week during 
the interview.10 ADRs were graded on a 4-point scale 
with the WHO severity grading.8 Grade 1 was classified 
as “mild,” with no limitation of daily activities; grade 2 
was classified as “moderate,” with mild to moderate limi-
tation of activities; grade 3 was classified as “severe,” 
with marked limitation of activities; and grade 4 was 
classified as “life-threatening,” with extreme limitation 
of activities and significant medical intervention. The 
types of ADRs assessed were skin reactions (cutaneous 
allergy and toxicity); respiratory disorders (respiratory 
symptoms); digestive disorders (vomiting, dysphagia, 
diarrhea); fever and biological ADRs (anemia, creatinin-
emia, and hypoglycemia).

Statistical Analysis. Continuous variables were ex-
pressed as median (IQR) and categorical variables as 
numbers (percentage). According to their distribution, 
continuous variables were compared by using Kruskall-
Wallis tests and frequencies by using chi-square or 
Fisher exact tests as appropriate. For associations 
between demographic and clinical characteristics and 
ART adherence, a multivariable logistic regression 
model was used to investigate factors associated with 
ART adherence. All factors associated with ART ad-
herence in bivariate analysis with a p value <0.2 were 
included in the model. Sex variable was forced into the 
multivariable model. Before performing a multivariable 
analysis, age and cluster of differentiation 4 (CD4) rate 
variables were log-transformed. A p value <0.05 was 
considered as statistically significant. All the tests were 
2-sided. Statistical analyses were performed with SAS 
software (version 9.4; SAS institute Inc, Cary, NC).

Table 1. Demographic and Clinical Characteristics of 
Participants in the ADR Study in HIV-Infected Children 
in Mali, N = 146

Characteristic Result

Age, median (IQR), mo 36 (17–84)

Sex, n (%)
 Male
 Female

66 (45.2)
80 (54.8)

Weight, median (IQR), kg 12 (8–20)

CD4, median (IQR) 339 (146–730)

PVL, copies/mL, n (%)
 ≤100,000
 >100,000

69 (47.3)
77 (52.7)

WHO clinical stage, n (%)
 1
 2
 3
 4

24 (16.4)
52 (35.6)
53 (36.3)
17 (11.6)

Therapeutic design, n (%)
 2 NRTIs + 1 NNRTI
 2 NRTIs + 1 PI

98 (67.1)
48 (32.9)

Prophylactic treatment, n (%)
 No
 Yes

32 (21.9)
114 (78.1)

ADR, adverse drug reaction; CD4, cluster of differentiation 4; NNRTI, 
non–nucleoside reverse transcriptase inhibitor; NRTIs, nucleoside 
reverse transcriptase inhibitors; PI, protease inhibitor; PVL, plasma 
viral load; WHO, World Health Organization
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Table 2. Demographic and Clinical Characteristics of Participants According to ART Adherence, in HIV Infected 
Children in Mali, N = 146

ART Adherence p value 

No (n = 22) Yes (n = 124)

Age, median (IQR), mo 72 (24–120) 36 (16–84) 0.093

Sex, n (%)
 Male 
 Female

10 (45.5)
12 (54.6)

56 (45.2)
68 (54.8)

0.979

Weight, median (IQR), kg 16 (8–20) 12 (8–20) 0.624

CD4 rate, median (IQR) 235.50 (60.0–521.0) 351.0 (182.0–752.0) 0.118

PVL, copies/mL, n (%)
 1: ≤100,000 
 2: >100,000 

9 (40.9)
13 (59.1)

60 (48.4)
64 (51.6)

0.517

WHO clinical stage, n (%)
 1
 2
 3
 4

4 (18.2)
4 (18.2)
11 (50.0)
3 (13.6)

20 (16.1)
48 (38.7)
42 (33.9)
14 (11.3)

0.267

Therapeutic design, n (%)
 2 NRTIs + 1 NNRTI
 2 NRTIs + 1 PI

15 (68.2)
7 (31.8)

83 (66.9)
41 (33.1)

0.909

Prophylactic treatment, n (%)
 No
 Yes 

14 (36.6)
8 (36.4)

100 (80.7)
24 (19.4)

0.094

Adverse Effects, n (%)
 Cutaneous allergy 
  Absent 
  Grade I, II, III 
 Cutaneous toxicity 
  Absent 
  Grade I, II, III
 Respiratory symptoms
  Absent 
  Grade I, II, III
 Vomiting
  Absent 
  Grade I, II 
 Dysphagia
  Absent 
  Grade I, II 
 Diarrhea 
  Absent 
  Grade I, II, III 
 Fever
  Absent 
  Grade I, II, III 
 Imputation method
  I, II, III
  IV, V

18 (81.8)
4 (18.2)

14 (63.6)
8 (36.4)

12 (54.6)
10 (45.5)

21 (95.5)
1 (4.6)

16 (72.7)
6 (27.3)

19 (86.4)
3 (13.6)

13 (59.1)
9 (40.9)

15 (68.2)
7 (31.8)

89 (71.8)
35 (28.2)

83 (66.9)
41 (33.1)

70 (56.5)
54 (43.6)

102 (82.3)
22 (17.7)

106 (85.5)
18 (14.5)

98 (79.0)
26 (21.0)

93 (75.0)
31 (25.0)

66 (53.2)
58 (46.8)

0.326

0.763

0.868

0.201

0.207

0.568

0.123

0.193

(Table cont. on page 200)
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Results
A total of 146 HIV-positive patients receiving ART 

were included in this study. Median age of participants 
was 36 months, with 80 (54.8%) females in the study. 
ART adherence was observed in 124 (84.9%) partici-
pants. The median CD4 rate was 339; 52.74% of partici-
pants had plasma viral load (PVL) >100,000 copies/mL 
and 78.1% received prophylactic treatment. More than 
half of patients (67.1%) received 2 nucleoside reverse 
transcriptase inhibitors (NRTIs) + 1 non–nucleoside re-
verse transcriptase inhibitor (NNRTI) as therapeutic regi-
men. Regarding WHO clinical stage, 35.6% and 36.3% 
of participants were beginning ARV treatment at stage 
II and III, respectively. Among other clinical ADRs, the 
symptoms most observed in patients were respiratory 
symptoms (43.8%), cutaneous toxicity (33.6%), allergy 
(26.7%), fever (27.4%), and diarrhea (19.9%) graded in 
categories 1 to 3 (Table 1).

Table 2 shows bivariate analysis between participant 
demographics, clinical characteristics, and ART adher-
ence. Participants with adherence to ART tended to be 
younger than those with non-adherence to ART (36 vs 
72 months, p = 0.093). Regarding clinical conditions, a 
smaller percentage of participants who received pro-
phylactic treatment were in the ART adherence group 
than in the ART non-adherence group (19.4% vs 36.4%, 
p = 0.094). No other difference between clinical condi-
tions or biological effects (as ADRs) and adherence to 
ART was found is this study (all p values >0.05.

Table 3 shows a multivariable analysis of factors as-
sociated with ART adherence. We found that patients 
who received prophylactic treatment (OR = 0.35; 95%, 
0.11–1.14; p = 0.083) tended to be present less frequently 
in the ART adherence group. The trend in the associa-
tion between age and ART adherence was no longer 
significant in multivariable analysis (Table 3).

The regimens that showed the most side effects 
were zidovudine + lamivudine + nevirapine; stavudine 

+ lamivudine + nevirapine; zidovudine + lamivudine + 
lopinavir/ritonavir; and abacavir + lamivudine + lopina-
vir/ritonavir (Table 4).

Discussion
An active surveillance method was adopted for this 

study. Our finding of prevalence of ADRs during inten-
sive monitoring was similar to that observed in other 
studies.11–13 These studies used similar methodologies 
for ADR detection among pediatric populations. Most of 
the ADRs were predictable because they were common 
(incidence 1 in 100 and <1 in 10). The finding relating to 
preventability was substantially higher than observed in 
a study conducted by Mehta et al14 (46.2%). For most of 
the preventable ADRs, preventive measures for ADRs 
were not adequately explained to patients: for example, 
often no instructions were given to patients to avoid fatty 
foods and dairy products for the prevention of nausea 
and vomiting in patients receiving zidovudine.

The period following the first 2 weeks of treatment was 
associated with most skin disorders. Localized urticaria 
was found in 15.1% of cases; and macules, papules, and 
dry desquamation, in 21.23%. It appeared only in children 
who had triple-combination therapy with nevirapine. 
Indeed, many authors15 have identified nevirapine as 
being responsible for cutaneous adverse effects. One 
study reported about 10% to 15% of cases of adverse 
effects due to nevirapine. In most patients, a definite 
improvement in skin condition was observed after ne-
virapine was discontinued. Nevirapine use and female 
sex were identified as risk factors for the development 
of skin reactions in the population, similar to findings in a 
study by De Lazzari et al.16 However, these reactions did 
not meet all of the qualitative criteria for an ADR signal. 
In our study, anemia was considered an ADR signal.

Two studies reported the proportion of admissions 
attributed to preventable ADRs as 0.1%17 and 0.5%.13 
Only 1 study, conducted in South Africa, reported HIV 

Table 2. Demographic and Clinical Characteristics of Participants According to ART Adherence, in HIV Infected 
Children in Mali, N = 146 (cont.)

Clinical Laboratory sides effects (%)
 Hemoglobin
  Absent 
  Grade I, II, moderate 
  Grade III, and IV, severe
 Transaminases
  Absent 
  Grade I, II, III 
 Serum Creatinine
  Absent 
  Grade I, II, III
 Hypoglycemia
  Absent 
  Grade I, II, III

5 (22.7)
12 (54.6)
5 (22.7)

19 (86.4)
1 (4.6)

20 (90.9)
0 (0.0)

16 (72.7)
6 (27.3)

37 (29.8)
61 (49.2)
26 (21.0)

109 (87.9)
7 (5.7)

106 (85.5)
9 (7.3)

101 (81.5)
23 (18.6)

0.826

0.862

0.527

0.344

ART, antiretroviral therapy; CD4, cluster of differentiation 4; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTI, non–nucleoside reverse 
transcriptase inhibitor; PI, protease inhibitor; PVL, plasma viral load; WHO, World Health Organization
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prevalence of 15% among children admitted for ADRs.13
Digestive disorders generally appeared within 3 

months after treatment. In our study 2 people had nausea 
with moderate diet limitation. We observed moderate 
episodes of vomiting (13.7%), more than 3 episodes per 
day or lasting for more than a week.18 Vomiting was a 
common ADR observed among patients who were on 
regimens containing zidovudine.19 Most of these patients 
experienced vomiting half an hour after ingesting the 
drug. Most of the gastrointestinal ADRs were observed 
in the first few weeks of therapy, and symptoms were 
self-limiting. Gastrointestinal disorders are one cause 
of medication non-adherence.2 Patients receiving a 
zidovudine-containing regimen had greater risk of vomit-
ing, similar to that observed in another study.13

Dysphagia was present in 14.4% of cases, with mild 
grade I and no difficulty in swallowing. Moderate diarrhea 
or persistent diarrhea, 5 to 7 stools per day, or diarrhea 
for more than 1 week had 29cases 19.9%. Oumar et 
al7 reported digestive disorders in 31.4% of cases. De-
meester et al20 found diarrhea in 21% of cases in Rwanda. 
Dicko et al21 observed 20.5% of cases of diarrhea in Mali. 
Didanosine frequently causes digestive discomfort such 
as diarrhea.22 A study on nevirapine showed that it was 
responsible for vomiting and nausea in 3% of cases, 
and for diarrhea in 16% to 20% of cases.23 Didanosine 
caused pancreatitis in 5% to 10% of patients.22 We did 
not report pancreatitis in our study because we did not 
test for lipase or amylase. We thus could not find the 
etiology of the digestive disorders observed.

Approximately 20% of the study subjects had no 
biological adverse effects.24 There was a statistically 
significant difference in the levels of toxicity in recorded 
biological events. However, different degrees of hemo-
globin (Hb) toxicity were the most observed in our study 
with 11.6% of life-threatening cases.5

Many authors5,25–28 have found anemia among the 
adverse effects. Zidovudine is the main cause of hema-
totoxicity.29 Renner et al5 demonstrated that of children 
born to mothers treated with zidovudine, 7 had anemia 
at birth or at 1 month of age. Poor adherence due to 
adverse events was seen mainly at the start of treat-
ment, because most adverse events occurred 2 to 3 
weeks after ARV initiation.5 Anemia occurred in patients 
receiving zidovudine-containing regimens (Hb <7 g/dL) 
within the first few weeks to few months after initiation 
of therapy. In most cases, severe anemia (Hb <4 g/dL) 

Table 3. Multivariable Analysis of Factors Associated With Adherence to ART in HIV-Infected Children in Mali, 
N = 146

OR 95% CI p value

Age, yr 0.99 0.98–1.00 0.132

Sex, male vs female 1.01 0.37–2.72 0.988

CD4 rate 1.12 0.51–2.56 0.775

WHO clinical stage
 Stage 2 vs 1
 Stage 3 vs 1
 Stage 4 vs 1

1.93
0.55
0.57

0.39–9.54
0.13–2.39
0.08–3.98

0.419
0.424
0.571

Prophylactic, treatment, yes vs no 0.35 0.11–1.14 0.083

Dysphagia, yes vs no 0.52 0.15–1.75 0.289

Fever, yes vs no 0.50 0.16–1.62 0.250

Imputation method, yes vs no 0.97 0.28–3.32 0.960

ART, antiretroviral therapy; CD4, cluster of differentiation 4; WHO, World Health Organization

Table 4. ARV Regimens Used in Children

Regimen Frequency Percentage

2 NRTIs + 1 NNRTI
 ZDV+3TC+NVP*
 d4T+3TC+NVP*
 TDF+3TC+EFV
 ABC+3TC+NVP
 ZDV+3TC+EFV
 TDF+3TC+NVP
 ddI+3TC+NVP
 ddI+3TC+ZDV
 ddI+3TC+NVP

61
21
6
3
2
2
1
1
1

62.3
21.4
6.2
3.1
2.0
2.0
1.0
1.0
1.0

2 NRTIs + 1 PI
 ZDV+3TC+LPV/RTV*
 ABC+3TC+LPV/RTV
 TDF+3TC+LPV/RTV
 d4T+3TC+LPV/RTV
 ddI+3TC+LPV/RTV
 ddI+ABC+LPV/RTV

26
9
8
3
1
1

54.2
18.7
16.6
6.3
2.1
2.1

ARV, antiretroviral; NRTIs, nucleoside reverse transcriptase inhibitors; 
NNRTI, non–nucleoside reverse transcriptase inhibitor; PI, protease 
inhibitor
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was not observed in the study. In almost all cases, an 
improvement in Hb concentration was observed on 
discontinuation of zidovudine, similar to the findings 
reported by Koduri and Parekh.19

The 2 NRTIs + 1 NNRTI regimen had the greatest com-
bination of side effects. The ZDV/3TC/NVP regimen was 
used in more than 62.3% of pediatric patients receiving 
ART, followed by d4T/3TC/NVP, which accounted for 
21.4%. Our results are similar to studies of children in 
Ethiopia.30 Our study yielded similar results to the study 
conducted at Jos University teaching hospital in Nigeria 
in which the ZDV/3TC/NVP regimen constituted about 
70.1% of ARV regimens.31 However, this study was a pe-
diatric retrospective study. Of note, initially, at the time 
of our study, the use of d4T had been discontinued by 
the health authorities of Mali (in 2012) owing to ADRs. 
Replacement with ZDV required laboratory monitoring 
(Hb). Both ABC and TDF had very little use in the pedi-
atric setting in Mali. Because of ADRs, we have adopted 
certain strategic measures. After a month of treatment, 
we replaced some ARVs responsible for the ADRs; we 
changed the initial ARV regimen to solve the problem 
of ADRs.32

Adherent patients had more adverse effects than 
non-adherent patients; however, there were no statisti-
cally significant differences observed between the 2 
groups (Table 2).

Most of our patients had good adherence to ART 
(85%) vs non-adherence (15%). Our results were similar 
to those of other studies.7 Adverse drug effects were 
more frequent in adherent patients than non-adherent 
patients. This result is similar to that of Rajesh et al33 in 
a study on adults in India.

In our study, factors such as forgetfulness, the job 
of the guardian, or guardian’s mode of transportation 
were negatively associated with adherence, most likely 
because most of our patients were children under the 
care of a parent or guardian. This is consistent with 
published studies.34

Some limitations are noted. First, the small sample 
size limits the statistical power for difference and as-
sociation of evidence, which explains the absence of 
risk factors between ARV use and ADRs in HIV-positive 
children despite certain, probable, and possible causal-
ity. Secondly, the active surveillance design of the study 
limits any conclusions regarding the detection of rare 
side effects. Third, the few number of non-adherence 
is also a limitation.

Conclusion
In this study, we found 78.6% of ADRs were caused 

by ARVs. Adherent patients had more frequent ADRs 
than non-adherent patients; however, there were no 
statistically significant differences observed between the 
2 groups. The ZDV+3TC+NVP regimen was more incrimi-
nat in this study. We recommend a pharmacovigilance 
system for sustainable management of side effects that 

arise in patients infected with HIV in Mali.
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Introduction
Pediatric hypertension affects 2% to 5% of children and 

adolescents in the United States and is frequently un-
derdiagnosed and undertreated.1–6 A study by Shapiro et 
al2 found that as many as two-thirds of pediatric patients 
are not screened for hypertension at clinic visits. Kaelber 
et al4 found that only 23% of patients who meet criteria 
for hypertension are diagnosed with hypertension, and 
only 5.6% of diagnosed patients are treated. Patients 
with pediatric hypertension are frequently referred to 
cardiology or nephrology subspecialists for workup 
and treatment.1 However, the Association of American 
Medical Colleges predicts a shortage of 9300 to 17,800 
medical specialists including pediatric subspecialists by 
2033, and rural communities may have fewer than 20% 
the number of general pediatricians and specialists per 
capita as urban communities.7,8 Rural patients also report 
statistically significantly lower appointment adherence 
and lower-quality patient-provider communication on 

quality of care surveys.9 Data show that the prevalence 
of pediatric obesity is increasing in the United States, the 
so-called obesity epidemic, and obesity is strongly linked 
to primary hypertension in pediatric patients.3,10,11 As the 
care gap for children and adolescents with hypertension 
widens, and as hypertension and elevated blood pres-
sure in pediatric patients most likely contributes to car-
diovascular disease in adults, there is a need to improve 
drug therapy management for pediatric hypertension.

Pharmacists engaged in ambulatory care clinics ex-
tend ambulatory care services, reduce the burden on 
overloaded physicians, and decrease costs.12–14 Physi-
cians respond well to pharmacists in ambulatory care 
settings and pharmacists can improve outcomes for pa-
tients and practices.13–15 Although the benefit of deploy-
ing pharmacists in ambulatory care settings has been 
demonstrated, the pharmacist’s role in these settings is 
still being defined, including pediatric settings, where 
there is no standard practice model.16,17 The objective 
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ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CDTM, collaborative drug therapy management; CKD, 
chronic kidney disease; DHP, dihydropyridine.

*  Contraindications to ACE-Is include pregnancy, angioedema, and coadministration with aliskiren.

Figure 1. CDTM treatment algorithm.
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of this study was to determine if pharmacist-physician 
collaborative drug therapy management (CDTM) could 
improve rates of blood pressure control in a pediatric 
hypertension clinic.

Methods
This study was a controlled trial of physician-phar-

macist CDTM versus traditional care. We intended to 
determine if CDTM for pediatric hypertension is non-
inferior to traditional care.

Participants. Participants were patients at a pedi-
atric cardiology clinic in Northeast Louisiana with 2 
pediatric cardiologists. To be included in the study, 
patients needed to be aged 4 to 20 years at enrollment 
and have a diagnosis of elevated blood pressure or 
primary or secondary hypertension as defi ned in the 
2017 pediatric hypertension guidelines.1 Patients who 
were pregnant or had physical preclusion to routine 
blood pressure measurement, such as patients with 
missing limbs or abnormal vasculature, were excluded. 
Patients in the CDTM group provided consent or assent 
as appropriate for age. We were not able to conduct 
the consent/assent process in languages other than 
English, so to respect patient autonomy and rights, 
patients who could not speak English or did not have 
a caregiver able to speak English were excluded from 
the study. Non–English-speaking patients were not 
excluded from the CDTM service.

Comparisons. Patients were enrolled in the CDTM 
group prospectively from January 2020 through De-
cember 2021. Patients were seen and diagnosed by 
1 of 2 supervising cardiologists and referred to the 
pharmacist for CDTM. CDTM visits were placed on 
the pharmacist’s schedule, which had 20 hours/week 
available for appointments. During visits, the pharmacist 
could counsel about medications and therapeutic life-
style choices such as diet and exercise, issue prescrip-
tion orders and laboratory orders by way of a protocol 
based on the 2017 pediatric hypertension guidelines, 
and order follow-up visits (Figure 1).1 The pharmacist also 
issued oscillometric blood pressure devices for home 
blood pressure monitoring at no cost to patients and 
taught proper use to patients and caregivers. Patients 
aged 13 years and older who were capable of home 
blood pressure monitoring were invited to schedule 
virtual visits after their fi rst visit with the pharmacist.

Patients with hypertension who were seen in the 
clinic between January 2018 and December 2019 
were retrospectively included in the traditional care 
group. Traditional care patients were managed by the 
pediatric cardiologists with or without assistance from 
nurse practitioners or physician assistants. Traditional 
care patients did not have the option for telemedicine, 
nor were they issued home blood pressure monitors.

Outcomes. The primary outcomes were the propor-
tion of patients at goal blood pressure at 3, 6, and 12 
months and time to control (TTC) of blood pressure. 

Goal blood pressure was defi ned as in-clinic blood 
pressure <95th percentile for age, sex, and height in 
children or <130/80 mm Hg in adolescents. Time to 
control was defi ned as days until achievement of goal 
blood pressure, provided goal blood pressure was 
maintained through the end of the study period. The 
start date for all primary outcomes was the fi rst visit 
with above-goal blood pressure. Secondary outcomes 
included appointment adherence and a composite of 
serious adverse drug events and hypertension-related 
unanticipated health care encounters. All appointments 
with any provider or service in the cardiology clinic were 
counted for adherence outcomes, but if a patient had 
multiple appointments on the same day, such as an 
echocardiogram and a provider visit, this was counted 
only once.

Statistical Methods. All categorical outcomes were 
assessed with chi-square statistics with a non-inferiority 
margin of 20% (δ = 0.2). TTC was assessed by using 
a Kaplan-Meier estimate. With an alpha of 0.05, we 
determined that we would need 324 patients for 90% 
power to establish non-inferiority. All patients who met 
inclusion criteria, attended at least 2 visits with the 
pharmacist (CDTM) or physician (traditional care), and 
were followed up for at least 3 months were included 
in the intention-to-treat (ITT) analysis. ITT patients who 
had at least 1 visit with above-goal blood pressure were 

BP, blood pressure; CDTM, collaborative drug therapy management; 
ITT, intention to treat.

Figure 2. Patient fl owchart for patients in the CDTM 
(prospective) group. 



Collaborative Management of Pediatric HypertensionDonald, B et al

 J Pediatr Pharmacol Ther 2023 Vol. 28 No. 3 207www.jppt.org

included in the modifi ed intention-to-treat (mITT) analy-
sis. The mITT population was used for assessments of 
blood pressure control. The ITT population was used 
for assessments of adherence and safety. All statistical 
analyses were performed by using R in the RStudio 
environment.18,19 Assessment was conducted with group 
assignments blinded.

Results
One hundred fi fty-six patients were screened for in-

clusion in the CDTM group. Of those patients screened, 
151 were included. Reasons for exclusion included not 
providing or withdrawing consent (3) or not having a 
caregiver who speaks English (2). In the traditional care 
group, 115 patients were screened and all 115 met inclu-
sion criteria. Of all patients included, 125 (CDTM) and 79 
(traditional) were included in the ITT analysis, and 100 
(CDTM) and 78 (traditional) were included in the mITT 
analysis (Figures 2 and 3). Baseline characteristics were 
similar between groups (Table 1).

Primary Outcomes. Achievement of at-goal blood 
pressure at 12 months was statistically signifi cantly 
higher in the CDTM group, occurring in 54 (54%) pa-
tients in the CDTM group compared with 28 (36%) in 
the traditional care group (OR, 2.09; 95% CI, 1.14–3.85; 
p = 0.016) (Table 2). This diff erence also existed at 6 
months (OR, 2.21; 95% CI, 1.18–4.12; p = 0.012) and at 3 
months (OR, 2.92; 95% CI, 1.44–5.91; p = 0.002). Median 
TTC was 44 days shorter in the CDTM group (63.5 days; 
IQR, 36.75–129.75) than in the traditional care group 

(107.5 days; IQR, 58.25–249) (p = 0.026) (Figure 4).
Safety Outcomes. One patient in each group expe-

rienced possible angioedema while taking lisinopril. 
Both patients’ symptoms resolved after discontinuing 
lisinopril. Two patients in the CDTM group and 1 patient 
in the traditional care group were referred to acute 
care for observation following elevated blood pressure 
measurements. All 3 patients’ blood pressure resolved 
during observation. No other study-related serious ad-
verse events or unanticipated health care encounters 
were reported.

Appointment Adherence. In the CDTM group, 35 
(28%) patients had at least 1 “no show” missed appoint-
ment, compared with 23 (29%) in the traditional care 
group (OR, 0.95; p = 0.86). There were a total of 58 (9%) 
no show appointments for CDTM patients, compared 
with 45 (16%) no show appointments for traditional care 
patients (p < 0.01) (Table 3).

Medication Usage. Drug choice was similar between 
groups, except that patients in the CDTM group were 
more likely to receive angiotensin receptor blockers 
(ARBs) (p = 0.03) (Table 4). This refl ects the success 
of challenging some CDTM patients on ARBs who did 
not tolerate angiotensin-converting enzyme inhibitors 
(ACE-Is).20

Discussion
In this study, we improved drug therapy management 

in hypertensive pediatric patients through use of a phar-
macist-physician collaboration. Our primary outcomes, 
at-goal blood pressure at 12 months and TTC of blood 
pressure, both met statistical criteria for non-inferiority 
and superiority of CDTM. The number needed to treat 
was 6 patients enrolled for 12 months in CDTM to achieve 
1 additional controlled hypertension case. This mirrors 
similar results found when deploying clinical pharma-
cists in adult settings, where pharmacist collaborators 
with the ability to issue prescription orders improve 
rates of at-goal blood pressure by as much as double 
traditional care.13,21–24 The results of this study provide 
another mechanism to improve the nationwide low rates 
of successful treatment for pediatric hypertension.25–31

We expected telemedicine to improve appointment 
adherence by reducing travel time and time away from 
home, work, and school for patients and caregivers. 
While telemedicine was underused, our missed appoint-
ment rate was still lower in the CDTM group. In both 
groups, patients were called after missed appointments 
to reschedule, by a nurse for traditional care and by the 
pharmacist for CDTM. It is possible that the novelty of the 
clinic motivated patients to keep CDTM appointments, 
or else the increased frequency of visits made it easier 
for CDTM patients to remember their appointment times.

Pharmacotherapy choices were similar between 
groups. CDTM patients were more likely to receive 
a thiazide-like antihypertensive or renin-angiotensin-
aldosterone system (RAAS) inhibitors, and traditional 

Figure 3. Patient fl owchart for patients in the tradi-
tional care (retrospective) group.
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care patients were more likely to receive beta blockers, 
but these diff erences were not statistically signifi cant. 
This diff erence can be explained by the pharmacist’s 
protocol, which preferred fi rst-line agents (thiazides, 
RAAS inhibitors, dihydropyridines) over second-line 

agents (including beta blockers). The only statistically 
signifi cant diff erence was ARB use. During the study, 
1 patient experienced dramatically improved blood 
pressure after switching from an ACE-I to an ARB.20

This resulted in the pharmacist’s attempting the same 
switch in some other patients who were not at goal on 
dual therapy as an extra step before advancing to triple 
therapy or moving to second-line agents.

In addition to the clinical pharmacist’s time, resources 
required for our practice model included physician time 
for protocol and collaborative care discussions; admin-
istrative support for credentialing, electronic medical 
record access, and scheduling; clinic staff  support for 
rooming patients; clinic space; and home blood pressure 
monitors. In practice, the cost of home monitors may be 
transferred to some third-party payors or to patients. 
For this study, the most challenging resource was clinic 
space, as the examination rooms and other clinic space 
were shared by physicians, advanced practice providers, 
and the pharmacist.

Strengths of this study include a realistic, easy-to-
replicate practice. We designed this practice to resemble 
typical pharmacist-provider clinics across the United 
States.32 The pharmacist’s schedule was open for the 
entire 20 hours/week for patient appointments, which 

Table 1. Baseline Characteristics

CDTM Traditional p

Age, mean ± SD, yr
 Age 4–12, n (%)
 Age 13–17, n (%)
 Age 18–20, n (%)

12.4 ± 3.5
57 (46)
66 (53)

2 (2)

12.6 ± 3.5
36 (46)
37 (47)
6 (8)

0.67
>0.99
0.41
0.03

SBP, median (IQR), percentile* 95 (88–98) 97 (92–99) 0.06

DBP, median (IQR), percentile* 89 (74–96) 78 (50–94) 0.01

BMI, mean ± SD, kg/m2 28.7 ± 7.8 28.8 ± 7.8 0.91

BMI, median (IQR), percentile† 97 (90–99) 97 (88.5–99) 0.67

Obese, n (%) 83 (66) 51 (65) 0.79

Severely obese, n (%) 52 (42) 30 (38) 0.61

Height, median (IQR), percentile† 86 (60–98) 82 (56–96.5) 0.37

BMI, body mass index; CDTM, collaborative drug therapy management; DBP, diastolic blood pressure; SBP, systolic blood pressure

*  Percentile for age, height, and sex.
†  Percentile for age.

Table 2. Primary Outcomes: At-Goal Blood Pressure at 3, 6, and 12 Months and Time to Control of Hypertension

CDTM (N = 100) Traditional (N = 78) OR (95% CI) 

Outcome

At-goal blood pressure
 12 mo
 6 mo
 3 mo

54 (54%)
48 (48%)
39 (39%)

28 (36%)
23 (29%)
14 (18%)

2.09 (1.14–3.85)
2.21 (1.18–4.12)

2.92 (1.44–5.91)

CDTM, collaborative drug therapy management.

Strata
— Group = CDTM

– •– •– Group = Traditional

Figure 4. Kaplan-Meier graph for time to control of 
hypertension.
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could be 30 minutes or 1 hour. Patient appointment slots 
were supposed to be long enough for the pharmacist 
to prepare to see the patient, conduct the visit, consult 
with the physician, if necessary, and write a progress 
note into the patient’s chart—the pharmacist schedule 
was designed to closely emulate other provider sched-
ules. Patient scheduling was managed mostly by clinic 
staff, so appointments could be added even when the 
pharmacist was not present. Finally, this is the first study 
in pediatric hypertension to report rates of control at 
short-term intervals.26

Our study also had some limitations. We originally 
intended for many of our CDTM patient encounters to 
occur via telemedicine. After the initial in-person visit to 
enroll patients and provide and teach patients to use 
a home blood pressure monitor, we expected eligible 
patients—those patients at least 13 years of age who 
could fit one of our home monitoring cuffs and demon-
strate proper technique—would be managed mostly by 
telemedicine. This would have helped with the problem 
of clinic space and the need for patient rooms. However, 
telemedicine acceptance was low in our study patients. 
Early in the COVID-19 pandemic, our clinic encouraged 
telemedicine visits where possible. This might have 
reasonably catalyzed our telemedicine service, but only 
7 patients chose to schedule and attend more than 1 
telemedicine session during the entire duration of the 

study. Reasons for low acceptance of telemedicine are 
unknown.

As an additional limitation, only in-clinic blood pres-
sure measurements were used in assessing outcomes, 
instead of gold standard ambulatory blood pressure 
monitoring. Home blood pressure logs for CDTM patients 
were reviewed and may have influenced provider deci-
sions but were not used to assess study outcomes. Also, 
there are no home blood pressure monitors available in 
the United States that are validated for use in children.33 
Because of this, we could not take full advantage of 
home blood pressure monitoring for patients aged 12 
years and younger.

This article describes clinical outcomes associated 
with physician-pharmacist CDTM. We are planning a 
pharmacoeconomic analysis of the cost-effectiveness 
of our model, which may provide further justification 
for deploying a clinical pharmacist in similar settings. 
We also recognize the need for further research into 
telemedicine, specifically the reasons for low adoption 
of telemedicine, billing, and clinics covering multiple 
disease states.

Conclusion
This study describes a novel pediatric hypertension 

clinic using physician-pharmacist CDTM. We found that 

Table 3. Secondary Outcomes: Missed Appointments

CDTM Traditional OR (95% CI) 

Outcome

Patients with ≥1 “no show” 35/125 (28%) 23/79 (29%) 0.95 (0.51–1.8)

“No show” appointments 58/620 (9.4%) 45/280 (16%) 0.54 (0.35–0.82)

CDTM, collaborative drug therapy management

Table 4. Medication Usage

CDTM, % Traditional, % p 

ACE-I or ARB*
 ACE-I
 ARB

73
62
14

61
57
4

0.13
0.37
0.03

Aldosterone antagonist 1 0 -

Alpha agonist 11 5 0.22

Amiloride 2 0 -

Beta blocker 13 23 0.11

Calcium channel blocker (dihydropyridine) 28 33 0.52

Calcium channel blocker (non-dihydropyridine) 1 1 0.94

Thiazide-like antihypertensive 27 16 0.08

ACE-I, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CDTM, collaborative drug therapy management

* �Some patients received both an ACE-I and ARB at different times in their therapy (no patients received an ACE-I and ARB concomitantly).
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this approach improves rates of at-goal blood pressure, 
time to at-goal blood pressure, and appointment adher-
ence without compromising patient safety. Physician-
pharmacist collaboration is permitted in most US jurisdic-
tions, so provided resources such as pharmacist time and 
clinic space can be allocated, our practice model could 
be reasonably emulated and improve patient manage-
ment in a variety of settings.
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Introduction
“Drug-related problems (DRPs) are drug treatment-

related events or situations that interfere with the 
intended health outcome after treatment.”1 DRPs can 
occur anytime during prescribing, dispensing, or ad-
ministrating, and anyone taking a drug can experience 
DRPs. One study showed common DRPs included poor 
therapy control, non-optimal drug, intentional non-
adherence, drug-drug interactions, inappropriate drug, 
and inappropriate dosages.2,3 In our study, we surveyed 
DRPs related to prescribing through examining physi-
cian prescriptions, including unintentional prescribing 
errors and non-compliance with prescribing guidelines 

made by physicians. DRPs are usually caused by errors 
in prescribing by physicians and pharmacists, errors 
in dispensing medicine by nurses, or a lack of drug 
knowledge and compliance on the part of patients. 
DRPs can lead to treatment failure and increase the 
need for follow-up visits, rehospitalization, or additional 
medications to manage negative consequences, thus 
significantly increasing the cost of treatment. A study by 
Ayalew et al4 indicated that DRPs accounted for between 
1.3% and 41.3% of hospital admissions, depending on the 
studies and the populations studied. Moreover, between 
0% and 5.7% of patients died because of DRPs. Annu-
ally in the United States, DRPs are estimated to lead to 
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17 million emergency department visits and 8.7 million 
hospital admissions. In developing countries (including 
Vietnam), 38.46% of patients experienced DRPs during 
treatment.5 Many studies worldwide have proven the 
role of pharmacists in detecting and amending DRPs.5–7 
Pharmacist-led interventions have been shown to reduce 
the rate of DRPs, health care costs, and mortality and 
improve patients’ quality of life by providing information 
on the condition of disease for patients, or side effects 
of the drug, and proposing appropriate drug guide-
lines.8–10 A study of a French pharmacist-led intervention 
on prescribing antibiotics in pediatric outpatient clinics 
reported that physicians agreed to adjust 93.7% of the 
DRPs identified.11 The involvement of clinical pharmacists 
has influenced patient-oriented clinical outcomes in 
Canada, contributing to a decrease in the incidence or 
slow course of disease and complications, and increased 
survival rate and control-related risk factors.12 Moreover, 
clinical pharmacist assistance reduced the number of pa-
tients exposed to DRPs related to medications.13 Despite 
the important role of pharmacists-led interventions, many 
medical facilities in Vietnam have incorrect prescriptions 
owing to a lack of clinical pharmacists and management 
software, resulting in DRPs from prescription errors, 
such as overuse of vitamins and the prescribing of too 
many drugs or inadequate instructions for drug use. 
Therefore, it leads to non-guaranteed treatment, af-
fecting the process of drug adherence and increasing 
DRPs in Vietnam.14

DRPs can occur among any patient group and at 
any age, particularly in children. Compared with adults, 
children have a continuously changing metabolism and 
incompletely developed physical structure and biologi-
cal functions; they thus have a greater risk of develop-
ing DRPs. Pediatric patients also face a greater risk of 
DRPs because of limited data on pediatric drug efficacy 
and safety, unsuitable dosage form, and differences in 
pharmacokinetics or pharmacodynamics of drugs for 
different age groups.15 It is estimated that half of all chil-
dren have at least 1 chronic disease. Still, only about 60% 
received prescriptions over the past 12 months.16 Even 
though children need good health care for comprehen-
sive mental and physical development, many studies on 
reducing DRPs have been conducted among patients 
aged 18 years and older,17–19 but studies among children 
are still limited. We therefore conducted a study to as-
sess the effectiveness of a pharmacist-led intervention 
to reduce DRPs in prescription, thus ensuring effective 
treatment outcomes for pediatric outpatients at Can Tho 
Children’s Hospital.

Materials and Methods
Study Design and Population. To study prescrip-

tion errors, we conducted a randomized controlled 
trial involving all physicians at outpatient clinics for 
patients with health insurance at a children's hospital 
in Can Tho City.

Study Setting and Recruitment. Vietnam has en-
hanced the role of clinical pharmacist interventions in 
outpatient prescribing-related DRPs in recent years. 
Pharmacists usually analyze prescriptions and report 
their findings at hospital progress meetings to reduce 
prescribing issues. In hospitals with complete phar-
macist human resources, pharmacists check prescrip-
tions manually or with software before they are given 
to patients to immediately recommend interventions 
for physicians. The development of a prescribing 
checking system on software has supported prescrib-
ing pharmacist-driven interventions with remarkable 
results in front-line hospitals with many outpatient 
prescriptions (with a volume of 1000 to 2000 per 
day). In the case of the studied hospital, no software is 
available for pharmacists to review prescriptions. The 
hospital prescriptions are retrospectively reviewed, 
then reported during the progress meeting or medical 
review to limit outpatient prescribing-related DRPs. 
Specifically, clinical pharmacists record DRPs identi-
fied and develop information about drugs related to 
the identified DRPs. Such information, together with 
recommended information for prescribing (produced 
from such information), is presented during hospital 
meetings by a clinical pharmacist. Two other clinical 
pharmacists are in charge of answering physicians’ 
questions related to the presented content.

Baseline recruitment took place in January 2020. 
Data were collected after the intervention in August 
2020. We recruited all clinical pharmacists in the 
hospital, namely 3 people who received postgradu-
ate training or short-term training in clinical pharmacy. 
All of the fixed or rotating physicians at 14 internal 
clinics under the health insurance department were 
recruited for the study, excluding those absent during 
the research period (owing to school attendance or 
maternity leave). The examining outpatient schedule 
consists of 4 fixed physicians in the outpatient depart-
ment (scheduled weekly, with 2 being on duty every 
other week), and 2 to 5 daily arranged physicians from 
the internal medicine departments. Therefore, each 
physician prescribed medications at least once every 
2 weeks. Thus, we collected prescriptions for at least 2 
weeks for each period to collect sufficient prescriptions 
of all physicians recruited. We screened prescriptions 
of recruited physicians for eligibility. The exclusion 
criteria were prescriptions at follow-up visits or lacking 
patient information (age, sex, and weight). In our study, 
the minimum number of physician prescriptions at each 
stage was 25, so we randomly selected 25 prescrip-
tions per physician at each period.

Randomization and Intervention. We used an online 
randomization number generator (randomization.com) 
to divide physicians randomly into 2 groups and select 
prescriptions by each physician. We sorted physicians 
alphabetically by name and randomly allocated them 
to 2 equal parallel groups (control and intervention), 
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using a blocking technique with random permuted 
blocks of 2, 4, or 6 physicians. We sorted prescriptions 
according to the physicians who had prescribed them 
and numbered them in reverse chronologic order. To 
arrange prescriptions with the same date, we used 
patient codes. Numbered prescriptions were randomly 
permuted and selected in order of their appearance. 
Allocation concealment was not implemented in our 
study owing to the short intervention period because 
it was unlikely uninfl uenced on the results.

In 3 intervention weeks, physicians from the control 
group received only the usual interventions (via reports 
and meetings). In contrast, their counterparts in the 
intervention group were provided with recommended 
prescribing information, edited by pharmacists, apart 
from the usual interventions. Pharmacists intervened 
in DRPs in the following ways: 1) in the fi rst week, pre-
paring content and reporting DRPs during a hospital 
progress meeting; (2) in the second week, providing 
physicians with further information on medicine related 
to each DRP group; and (3) in the third week, repeating 
the information (Supplemental Table S2). Further, during 
the intervention period, clinical pharmacists oversaw 
answering questions and providing additional informa-
tion required by physicians. During the intervention 
period, the information provided to physicians was from 
the same references as the DRP assessments.

Data Collection. Clinical pharmacists identifi ed DRPs 
related to baseline prescriptions, based on references 
commonly used at the hospital: instruction manual; 

Pediatric Treatment Regimen (outpatient section) of 
the Children’s Hospital; guidelines for diagnosis and 
treatment of several children’s diseases by the Ministry 
of Health; and the Vietnamese National Drug Formu-
lary. Additional references were the British National 
Formulary for Children20; Micromedex21; UpToDate22; 
AHFS (American Hospital Formulary Service) Drug 
Information23; and eMC (electronic Medicines Com-
pendium)24. Any non-conformity to the above-indicated 
DRPs is classifi ed according to PCNE (Pharmaceutical 
Care Network Europe) 9.1 (Supplemental Table S3). 
We examined prescriptions collected at each stage 
to evaluate pharmacist-led intervention effi  cacy in 
decreasing the prevalence of prescription-related 
DRPs. The proportion of prescriptions with DRPs was 
the primary outcome. Secondary outcomes were the 
proportions of prescriptions with specifi c types of DRPs 
(drug choice, dose selection, dosage form, and dosing 
timing relative to meals). Patient characteristics might 
infl uence the eff ect of DRP occurrence in addition to 
pharmacist-led interventions, especially when these 
features diff er at baseline and post-intervention. We 
therefore performed multivariate logistic regression to 
evaluate the eff ectiveness of the pharmacist-led inter-
vention and adjust the eff ects of the survey factors (age 
group, sex, primary disease, total drugs in prescription).

Analysis. We analyzed data with Microsoft Excel 
2019 and IBM SPSS statistics 26.0 software. Qualitative 
variables (patient characteristics, DRPs) were described 
by frequency and percentage. We compared the dif-

Figure. Flowchart of the study population.
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ferences between patient characteristics and DRPs of 
prescriptions and differences between characteristics 
of the control and intervention groups at baseline and 
post-intervention, with 95% confidence. We used a chi-
square test and Fisher test (when more than 20% of the 
comparison table cells had an expected value of <5) to 
compare the 2 ratios. The independent samples t tests 
(for quantitative variables with normal distribution) and 
Mann-Whitney U test (for quantitative variables without 
normal distribution) were used to compare the 2 mean 
values (mean number of DRPs per prescription) of 2 
independent samples (control and intervention group at 
baseline and post-intervention). A multivariable logistic 
regression model and variable Enter method were used 
to determine factors affecting DRP occurrence.

Results
Sample Characteristics. The Figure summarizes col-

lecting data on baseline characteristics and outcomes 
after the pharmacist-led intervention. Of 40 eligible phy-
sicians, 31 (77.5%) were included; 9 (22.5%) physicians 
were excluded on the basis of our exclusion criteria. Of 
the 31 included physicians, 15 (48.4%) were randomly 
assigned to the control group and 16 (51.6%) to the 
intervention group. We randomly collected 25 prescrip-
tions per physician at each stage, with 775 prescriptions 
(375 from the control group and 400 from the interven-
tion group). Most physicians had a university degree 
(5 times higher than a master’s degree) and less than 
5 years seniority. The difference between the control 
and the intervention groups’ physician characteristics 
(age, sex, education level, seniority) was not statistically 
significant, as presented in Table 1.

At the start of the study, most patients receiving pre-
scriptions were older than 2 years but not older than 
6 years (47.2%); 55.5% were males, and 77.4% were 
diagnosed with respiratory disease. Most patients had 

no comorbidity and fewer than 5 drugs in their prescrip-
tions. Patient characteristics between the control and 
intervention groups showed no significant difference 
(p > 0.05). The other patient characteristics are shown 
in Table 2. Prescriptions with DRPs in the control and 
intervention groups accounted for 231 of 375 (61.6%) 
and 257 of 400 (64.3%), respectively; prescriptions 
involving 1 DRP were twice as many as those involving 
2 to 5 DRPs. Overall the most common DRPs were 
dose selection and administration timing: 34.5%, and 
31.5%, respectively (Table 3). The difference between 
the proportion of DRPs and specific types of DRPs 
(except for DRPs related to dosage and overdose) in 
the control and intervention groups was not statistically 
significant (p > 0.05). This serves as the foundation 
for comparing these variables throughout the post-
intervention (Table 3).

At the endpoint, age, sex, comorbidities of the control 
group, the intervention group, and the 2 combined were 
not significantly different from baseline (p > 0.05). Still, 
differences were found in the main disease and the total 
number of drugs in prescriptions (p < 0.001) (Table 2).

Intervention Outcomes. After the pharmacist-led 
intervention, the overall proportion of prescriptions 
with DRPs decreased from 63% to 45%. The figure for 
the intervention group was 41%, lower than that for the 
control group (49.3%). The difference was statistically 
significant (p = 0.02). The proportion of prescriptions 
with 1 DRP in the control and intervention groups 
decreased to 39.7% and 32.8%, respectively, with a 
statistically significant difference (p = 0.043). Overall, 
the proportion of specific DRP types (except for those 
related to administration times associated with meals) 
had decreased significantly by endpoint, with no sig-
nificant difference between the control group and the 
intervention group (p > 0.05). Overall, the proportion 
of DRPs related to administration time associated with 

Table 1. Physician Characteristics

Physician 
Characteristics

Control Group (n = 15) Intervention Group (n = 16) Overall (N = 31) p value

n % n % n %

Age, mean ± SD, yr 30.8 ± 3.3 30.6 ± 6.1 30.7 ± 4.9 0.216*

Sex
 Female
 Male

6
9

40.0
60.0

9
7

56.3
43.8

15
16

48.4
51.6

0.366†

Education
 Undergraduate
 Postgraduate

13
2

86.7
13.3

13
3

81.3
18.7

26
5

83.9
16.1

1.000‡

Seniority 
 <5 yr
 ≥5 yr

10
5

66.7
33.3

13
3

81.3
18.7

23
8

74.2
25.8

0.433‡

* �Mann-Whitney U test.
† �Chi-square test.
‡ �Fisher exact test.
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meals had not decreased significantly at the endpoint 
(p > 0.05). Specifically, the figure for the control group 
increased from 31.7% to 34.9%. In contrast, it decreased 
from 31.3% to 25.3% for the intervention group, with a 
statistically significant difference between the control 
and intervention groups at the endpoint (p = 0.003) 
(Table 3).

Multivariate logistic regression analysis showed that 
physicians’ prescriptions in the intervention group were 
less likely to lead to DRPs than prescriptions in the con-
trol group (OR, 0.672; 95% CI, 0.496–0.910); differences 
were statistically significant (p = 0.01). Patients aged >2 
years to ≤6 years were more likely to have DRPs than 
those aged ≤2 years (OR, 1.871; 95% CI, 1.340–2.613); 
differences were statistically significant (p < 0.001). 
Prescriptions with 5 or more drugs were more likely to 
lead to DRPs than those with fewer drugs (OR, 5.037; 
95% CI, 2.472–10.261); differences were statistically 
significant (p < 0.001) (Table 4).

Discussion
Principal Findings. Our pharmacist-led intervention 

involved identifying and reporting DRPs, repeatedly 
providing drug information, and answering physicians’ 
drug-related questions for 3 weeks. The main contents 
of the interventions were DRP-related information on 
drug selection, dosage form, dose selection, and timing 
of drug administration. The effect of the intervention 
in reducing DRP occurrence was proven by the lower 
proportion of prescriptions with DRPs in the intervention 
group (41%) than in the control (49.3%) at the endpoint 
(p = 0.02). Noticeably, the proportion of DRPs related to 
the timing of administration relative to meals increased in 
the control condition and decreased in the intervention, 
with a statistical difference between the 2 conditions at 
the endpoint. When prescribing, health care providers 
should pay particular attention to drug administration 
time relative to meals and the number of drugs in pre-
scriptions (≥5 drugs in prescriptions) for patients aged 
>2 to ≤6 years, because these were significantly related 
to DRP occurrence.

Explanations and Comparison with Other Studies. 
Our results corroborated previous studies that 
demonstrated pharmacist-initiated interventions’ 
important role in reducing prescription-related DRPs. 
A systematic review showed that clinical pharmacists 
contributed to a decrease in DRPs by providing prompt 
and accurate drug-related information to prescribers.25 
Many pharmacist-led interventions were applied, 
including additional prescription review, diagnosis 
assessment, drug information, pharmacokinetic 
consultation, identification and management of DRPs, 
and adverse event prevention. An intervention study by 
Nguyen Anh Nhut19 on prescriptions for outpatients ≥18 
years old, using the same intervention methods as our 
study, also showed a positive outcome, reducing DRP 
prevalence from 89% to 74.9%.

Throughout the years, DRPs related to dose were 
consistently reported to be the most common, with 
prevalence ranging from 34.2% to 78%.15,26–28 This ten-
dency was seen at baseline in our study (34.5%). After 
the intervention, the proportion in the intervention group 
decreased from 38.8% to 16.5% (p < 0.001), and the 
figure for the control group decreased from 29.9% to 
16.5% (p < 0.001), with no statistical difference between 
the 2 groups at the end (p = 0.990). Overdoses and 
underdoses in both groups also decreased (p < 0.001). 
In pediatric prescribing, dose selection and calculation 
are often complicated and time-consuming. Overdoses 
increase the risk of adverse drug reactions, while un-
derdoses decrease the effectiveness of treatment and 
prolong its duration, thereby affecting treatment costs. 
Most drugs (such as paracetamol, antibiotics, corticoste-
roids, and proton pump inhibitors) require weight-based 
dose calculations. In addition, the content of the solution, 
for example, syrup for pediatrics, is usually indicated in 
“mg,”; however, to facilitate pediatric administration, “mL, 
teaspoon, tablespoon” are often used when prescribing, 
often leading to confusion and errors in dose selection. 
As reported in our findings, the reduction in incorrect 
doses showed that the hospital was paying special 
attention to reducing dose-related DRPs. This may be 
because inappropriate dosage causes significant nega-
tive effects for patients and increases treatment costs 
and time. Our findings also showed that physicians now 
regularly update drug use instructions and more carefully 
calculate doses.

The proportion of incorrect timing of administration 
relative to meals decreased in the intervention condition. 
It increased in control, resulting in the most significant 
difference between both at the endpoint (31.3% to 25.3% 
vs 31.7% to 34.9%, respectively). With specific drugs, such 
problems could reduce or even prevent effective treat-
ment outcomes, and the lack of studies that evaluate 
this DRP type made it difficult to compare results. Fur-
thermore, the timing of administration related to meals is 
often ignored in prescribing by physicians because they 
consider it unimportant for treatment. This led to a minor 
post-intervention decrease in the proportion of DRPs 
reported concerning administration time. We detected 
that DRPs and their negative effects should be carefully 
identified and reported to increase the awareness of 
physicians and other health care providers.

The proportion of DRPs related to drug choice and 
dosage form was significantly reduced at the endpoint, 
but without statistical difference between the 2 groups (p 
> 0.05). DRPs related to drug selection in the intervention 
group decreased from 4.5% to 2.8% (p = 0.001), similar 
to the control group but without statistical significance 
(p = 0.185). Nevertheless, intervention on drug selec-
tion is favorable, as pharmacists explained that DRPs 
related to drug choice, prescribing unnecessary drugs, 
and inappropriate diagnosis could lead to adverse reac-
tions, increase in treatment costs, or refusal of payment 
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by health insurance. The proportion of DRPs related 
to dosage form in the intervention and control groups 
decreased (from 10% to 4.5%, p < 0.001 vs from 11.2% to 
4.5%, p = 0.003, respectively). Thus, both groups had 
almost equal reduction rates, but that did not mean that 
our intervention was ineffective. This may have been due 
to inadequate information from the pharmacy depart-
ment regarding dosage forms. This issue occasionally 
raises conflicting opinions from physicians who question 
whether the dosage form significantly affects outcomes. 
Nevertheless, choosing the adequate form makes it 
easier for family members to measure doses, ensuring 
the best treatment effects.

Multivariate logistic regression analysis showed that 
prescriptions by physicians in the intervention group 
were less likely to lead to DRPs than in the control 
group (OR, 0.672; 95% CI, 0.496–0.910); results were 
statistically significant (p = 0.010) and confirmed the ef-
fectiveness of the pharmacist-led intervention in reduc-
ing DRPs. Patients aged >2 to ≤6 years were more likely 
to experience DRPs than patients aged ≤2 years (OR, 
1.871; p < 0.001); these results seem to contradict those 
of other studies.22,24,25 The difference may be because in 
our study, patients aged >2 to ≤6 years were prescribed 
more drugs than younger patients, which led to a higher 
risk of DRPs. Polypharmacy (≥5 drugs) raised the prob-
ability of developing DRPs when compared with <5 drugs 
(OR, 5.037; p < 0.001). These results were consistent 
with previous studies, which reported that the higher 
the number of drugs, the more likely the occurrence of 
DRPs 26,31,32 because each prescribed drug could cause 
1 or more types of DRPs.

Like other pediatric studies, we did not find sex related 
to DRPs (p = 0.692).26,27,29,30 Moreover, our study did not 
find comorbidities related to DRPs; these results differed 
from findings in the inpatient study.27 In the inpatient 
study, the number of prescribed drugs sometimes did 
not increase with the number of diseases diagnosed.

In our study, physician-related factors (education and 
seniority) did not affect DRPs. This suggested that DRP 
occurrence could be due to work overload, leading to 
physicians’ inadequate updating of drug information. 
Therefore, pharmacist-led interventions to provide drug 
information can help physicians remember and keep 
up with drug information, reducing prescription DRPs.

Strengths and Weaknesses of the Study. For our 
study, we performed an in-depth assessment of a 
pharmacist-led intervention that helped to minimize pre-
scription-related DRPs in pediatrics in Vietnam. Providing 
prescribing information repeatedly over 3 weeks was 
shown to reduce DRPs significantly. The feasibility of the 
study is worth mentioning, because it is inexpensive and 
can be widely replicated. The research was conducted 
when the clinical pharmacist’s role in Vietnam was gain-
ing attention, and hospitals were focused on limiting 
inappropriate prescribing involving errors in indications 
and contraindications. The intervention study provided 
concrete evidence of its value, encouraging closer co-
operation between physicians and clinical pharmacists 
to help patients achieve optimal treatment results.

However, several limitations in our study should be 
considered. Firstly, we only identified DRPs in prescrip-
tions without evaluating their effects on treatment out-
comes. Further studies could consider assessing the 

Table 4. Multivariant Regression Analysis of Factors Influencing DRP Occurrence

Characteristics OR 95% CI p

Intervention No (control group)
Yes (intervention group)

1.000
0.672

0.496–0.910 0.010

Patient ages ≤2 yr
>2 and ≤6 yr 

>6 yr

1.000
1.871
1.303

1.340 - 2.613
0.865 - 1.963

<0.001
0.206

Patient sex Female
Male

1.000
1.061

0.791–1.423 0.692

Main diseases Respiratory diseases 
Other diseases

1.000
0.856

0.634–1.155 0.308

Comorbidities No
Yes

1.000
0.786

0.544–1.134 0.432

Number of drugs or 
prescription

<5
≥5

1.000
5.037

2.472–10.261 <0.001

Education of 
physician

Undergraduate
Postgraduate

1.000
0.820

0.501–1.341 0.429

Seniority of physician <5 yr
≥5 yr

1.000
1.088

0.717–1.652 0.692

DRP, drug-related problem. p values < 0.05 considered statistically significant
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in-depth effect of DRPs on patients, based on our results 
to propose precise and effective interventions. Further, 
our intervention focused on hospital reports and only 
provided drug information on identified DRPs. Different 
physicians often had different types of prescription-
related DRPs. Still, pharmacists in the study did not join 
with physicians to solve specific cases of DRP occur-
rence, resulting in the relatively high post-intervention 
proportion of prescriptions with DRPs in both groups. 
Moreover, the number of prescriptions with more than 5 
drugs decreased after intervention both for control and 
intervention groups, which is a bias in our study. The rea-
son is that there are also hospital interventions in addition 
to the study’s intervention. Additionally, owing to drug 
supply at the hospital, the number of available drug items 
decreases from time to time, leading doctors to prescribe 
fewer medications in the post-intervention period. We 
recommend conducting further studies to provide drug 
information for specific physicians, based on our study 
intervention programs. Such “tailored” information would 
be more concise and easily understandable, leading to 
a higher effect. Another bias might be the absence of 
allocation concealment and controlling physicians in the 
control group learning about the intervention. However, 
the intervention period in our study was short, without 
a follow-up period; thus, this was less likely to affect 
physicians’ prescribing behaviors and the study results. 
Further interventions should be implemented on the 
basis of our study with an extended period to understand 
the pharmacist-led intervention efficacy with allocation 
concealment to reduce errors.

Conclusion
In conclusion, a pharmacist-led intervention improved 

DRP occurrence related to physicians’ prescribing for 
pediatric outpatients with health insurance. In further 
research, pharmacists could cooperate with physicians in 
the prescribing process to provide tailored interventions.
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Introduction
Cannabis is the most widely used illicit drug in the 

United States, with the highest prevalence of use in 
individuals ages 18 to 25 years.1 As of November 29, 
2021, a total of 18 states have legalized recreational 
marijuana and 37 states have regulations allowing for 
medical marijuana use with a valid prescription.2 As a 
result of legislative changes, there have been increasing 
rates of cannabis abuse and subsequent diagnoses of 
cannabinoid hyperemesis syndrome (CHS).3

Cannabinoid hyperemesis syndrome is character-
ized by episodes of cyclic nausea and vomiting as a 
result of chronic cannabis use. It is an acute on chronic 
condition that is often refractory to standard antiemetic 
medications.4 It is a diagnosis of exclusion requiring the 
elimination of other potential etiologies prior to effective 
treatment for the condition.4 The diagnosis is further 

complicated by the perceived social stigma and reper-
cussions associated with cannabis.5 These and other 
factors cause patients to be admitted to the hospital for 
extensive medical testing and symptomatic management 
with ineffective initial therapies.6

In pediatric patients, the use of marijuana products 
has significantly increased since 2014, when Colorado 
became the first state to legalize recreational marijuana. 
Following these legislative changes, the cases of emer-
gency department visits for adolescent CHS doubled 
during 1.5 years.4,7 Moreover, prevalence results from the 
Monitoring the Future study show statistically significant 
increases in marijuana use in US students in the 8th, 10th, 
and 12th grades.4,8 As of 2021, the lifetime prevalence of 
marijuana use for students in these grades was 10.2%, 
22.0%, and 38.6%, respectively.8

Most studies evaluating the effective management of 
CHS have been performed in adult patients. These stud-
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ies have found traditional antiemetic therapies, including 
serotonin (5-HT3) antagonists and phenothiazines, to be 
ineffective for the management of this condition because 
they do not target the cannabinoid receptors 1 and 2, 
and transient receptor potential vanilloid 1 receptors 
implicated in CHS.1 This has led to the use of nontra-
ditional antiemetic medications as first-line therapy for 
symptomatic management, such as benzodiazepines, 
haloperidol, and topical capsaicin.6

The literature assessing antiemetics used to treat 
pediatric patients with CHS is limited, with only a handful 
of studies describing effective treatment modalities. The 
available studies have described the use of benzodiaz-
epines, haloperidol, and topical capsaicin as effective 
treatment modalities in pediatric patients with diagnosed 
CHS.4 The primary objective of this study was to identify 
antiemetics used for the management of pediatric CHS. 
The secondary objectives of this study were to compare 
the efficacy and safety of these antiemetics for the treat-
ment of pediatric CHS.

Materials and Methods
As part of the standard Penn State Health (PSH) In-

stitutional Review Board protocol, an external company 
provided a list of potential individuals to be reviewed 
for the study using all ICD-10 codes involving cannabis 
from October 1, 2018, to September 30, 2021, inclusive. 
Potential patients collected from the electronic health 
record (EHR) at PSH Children’s Hospital were retro-

spectively evaluated for inclusion in the study based 
on the following criteria: age ≤18 years; admitted as 
observation or inpatient status in either the emergency 
department (ED) or pediatric units; and had a clinical 
diagnosis of CHS, defined as a minimum frequency 
of weekly use of marijuana plus at least 1 of the fol-
lowing symptoms: 1) stereotypical episodic vomiting 
resembling cyclic vomiting syndrome in terms of onset, 
duration, and frequency; 2) resolution of symptoms 
with cessation of tetrahydrocannabinol products; 3) 
relief with external thermoregulation (hot showers); or 
4) epigastric or periumbilical pain (Rome IV criteria).9 
Exclusion criteria included patients admitted to an adult 
service (i.e., not cared for by a pediatrician), patients 
who were erroneously included in the report (i.e., did 
not have an encounter involving cannabis), patients 
who had a cannabis ICD-10 code but did not receive a 
formal diagnosis of CHS (i.e., cannabis use disorder), 
and patients who had an outpatient encounter outside 
of the ED (e.g., health care visit with institution provider 
at outpatient clinic).

Patient data extracted from the PSH EHR included pa-
tient demographics (age, sex, ethnicity, height, weight), 
type of admission (ED or inpatient pediatric unit), and 
the presence of nausea and/or vomiting. Additional 
data points collected included antiemetic medication(s) 
received, patient documented response to antiemetic 
therapy, scheduled versus as-needed prescribed anti-
emetic therapy, described medication adverse effects, 
and length of stay. Patient documented response to an-
tiemetic therapy was elucidated from the EHR through 
chart documentation as either a reduction in subjective 
nausea or objective recorded vomiting. Efficacy was 
described as either a partial or full reduction in nausea 
and/or vomiting symptoms. If multiple antiemetics were 
ordered for a patient, they were recorded in order of 
administration time to best capture response to pre-
scribed therapy. Benzodiazepines, butyrophenones, 
and topical capsaicin have been previously described 
in literature as effective treatment for pediatric CHS4 
and were classified in this study as nontraditional an-
tiemetic therapy. All other antiemetics were classified 
as traditional therapy. One investigator reviewed each 
patient record to determine eligibility for inclusion in 
the study, whereas 2 investigators reviewed 5% of the 
patient charts as a quality assurance marker of data 
collection accuracy.

Statistical analysis was performed using SPSS v28 
(IBM Corp, Armonk, NY). Median values were calculated 
for demographic data. Frequencies and percentages 
were also calculated for sex, ethnicity, admission type, 
and length of stay. Kruskal-Wallis and χ2 tests were 
performed to compare partial or full symptom resolution 
with traditional and nontraditional antiemetic therapies. 
A p value of <0.05 was determined to be statistically 
significant.

Table 1. Patient and Admission Characteristics (N = 19)

Parameter Value

Age, median (range), yr 16.8 (12–18)

Sex, n (%)
 Male
 Female

6 (31.6)
13 (68.4)

Height, median (range), cm 167 (150.0–182.9)

Weight, median (range), kg 62.3 (36.5–94.3)

Ethnicity, n (%)
 White 
 Black or African American
 Hispanic or Latino
 Not documented or other

9 (47.4)
3 (15.8)
4 (21.1)
3 (15.8)

Admission type, n (%)
 Emergency department
 Inpatient

5 (26.3)
14 (73.7)

Length of stay, n (%), days
 1
 2
 3
 5
 6
 7

3 (15.8)
7 (36.8)
2 (10.5)
4 (21.1)
1 (4.3)
2 (8.7)



Cannabinoid Hyperemesis Syndrome Geraci, E et al

224	  J Pediatr Pharmacol Ther 2023 Vol. 28 No. 3 www.jppt.org 

Results
From October 1, 2018, to September 30, 2021, a total 

of 432 patient encounters were screened for inclusion 
in the study, of which 19 met inclusion criteria (Figure 1). 
Participants had a median age of 16.8 years, and 68% 
were female. There were 19 initial patient encounters 
with 33 repeat encounters involving 9 patients. Demo-
graphic information can be found in Table 1.

Traditional antiemetics were ordered 77% of the 
time, whereas nontraditional antiemetic medications 
were ordered 23% of the time during the initial patient 
encounter. Ondansetron was the most frequently or-
dered traditional antiemetic, whereas lorazepam was 
the most frequently ordered nontraditional antiemetic. 
Other traditional antiemetics ordered for patients 
included phenothiazines (promethazine, prochlorpera-
zine), antihistamines (diphenhydramine, hydroxyzine, 
cyproheptadine, scopolamine), metoclopramide, and 
trimethobenzamide. Haloperidol and droperidol were 
the other nontraditional antiemetics ordered. Capsaicin 
was briefly ordered for 1 patient during a repeat admis-
sion but was immediately discontinued because of a 
burning sensation and was not included in the efficacy 
analysis. A list of antiemetic medications ordered by 
class can be found in Table 2.

Clinically significant differences were found between 
traditional and nontraditional antiemetic agents and 
response in nausea and vomiting symptoms during the 
initial encounter (Figure 2). Nontraditional antiemetic 
medications had a greater reduction for nausea and 
vomiting symptoms compared with traditional anti-
emetics. Patients who received traditional antiemetics 
continued to have nausea and vomiting symptoms after 
medication administration more often than those who 
received nontraditional antiemetics (16 of 35 vs 2 of 10, 
p = 0.08). Across both initial and repeat encounters, 

partial or full symptom resolution occurred 59% of the 
time with traditional antiemetic therapy and 72% of the 
time with nontraditional antiemetic therapy (Figure 3). 
No differences were noted between traditional and 
nontraditional antiemetic prescribing on sex, ethnicity, 
or length of stay.

In general, antiemetic medications were well toler-
ated among patients. One patient reported extrapyrami-
dal effects following administration of metoclopramide, 

Table 2. Frequency of First Prescribed Medication 
by Drug Class and Classification of Antiemetics 
Received

Parameter Value, n (%)

Antiemetic–Drug Class
 First prescribed 
  5-HT3 antagonist
  Butyrophenone
  Phenothiazine
  Antihistamine
  Benzodiazepine
  D2 antagonist
 Second prescribed 
  5-HT3 antagonist
  Benzodiazepine
  D2 antagonist
 Third prescribed
  Phenothiazine
  Antihistamine
  D2 antagonist
 Fourth prescribed
  5-HT3 antagonist
  Benzodiazepine
 Fifth prescribed
  5-HT3 antagonist
  Phenothiazine
 Sixth prescribed
  Phenothiazine

5 (26.3)
2 (10.5)
1 (5.3)
4 (21.1)

5 (26.3)
2 (10.5)

11 (78.6)
2 (14.3)
1 (7.1)

1 (25)
2 (50)
1 (25)

3 (75)
1 (25)

1 (50)
1 (50)

1 (100)

Antiemetic Classification
 First 
  Nontraditional
  Traditional
 Second
  Nontraditional
  Traditional
 Third
  Nontraditional
  Traditional
 Fourth
  Nontraditional
  Traditional
 Fifth 
  Nontraditional
  Traditional
 Sixth
  Nontraditional
  Traditional

7 (36.8)
12 (63.2)

2 (14.3)
12 (85.7)

0 (0)
4 (100)

1 (25)
3 (75)

0 (0)
2 (100)

0 (0)
1 (100)

5-HT3, serotonin receptor subtype 3 D2, dopamine-2 receptor

CHS, cannabinoid hyperemesis syndrome.

Figure 1. Patient selection based on exclusion 
criteria.
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which resolved upon discontinuation of the medication. 
The patient was subsequently switched to trimethoben-
zamide and had no further adverse effects. One patient 
reported burning with topical capsaicin immediately 
after application and was quickly discontinued after 
application.

Discussion
To date, this study represents the largest analysis of 

antiemetic use in pediatric patients with CHS. Patient 
demographics of this study were consistent with those 
in other published pediatric CHS studies. Traditional 
antiemetics were more frequently ordered compared 
with nontraditional antiemetics. Although statistical 
significance was not observed, clinically significant 
improvements in nausea and vomiting symptoms were 
noted with nontraditional antiemetics compared with 
traditional antiemetics. Adverse effects were generally 
reported as mild and well tolerated.

Previous literature has identified more traditional an-
tiemetic therapies, such as ondansetron and prometha-
zine, as being ineffective in the treatment of CHS.4,6 
Prescribers ordered traditional antiemetics almost 77% of 
the time in this study. However, these agents collectively 
reduced nausea and vomiting symptoms 59% of the time 
when ordered. Ondansetron and promethazine were the 
most prescribed antiemetics and demonstrated partial 
or full resolution of nausea and vomiting symptoms best 
of the traditional antiemetic agents (33 of 52 [63.5%] 
and 12 of 19 [63%], respectively). Diphenhydramine and 
metoclopramide had less of an overall effect on nausea 
and vomiting symptoms, with partial or full symptom 
resolution occurring infrequently (5 of 15 [33.3%] and 5 
of 13 [38.5%], respectively).

Conversely, literature-classified effective (nontradition-
al) antiemetics for the treatment of pediatric CHS were 
ordered approximately 23% of the time. When assessed 
collectively, greater improvement in nausea and vomiting 

symptoms was observed, with partial or full symptom 
resolution occurring 72% of the time. Lorazepam was 
the most frequently prescribed appropriate antiemetic 
and demonstrated improvement of nausea and vomit-
ing symptoms in 14 of 18 orders (78%). This supports 
described success with benzodiazepines in previous 
studies.10–12 Interestingly, haloperidol resolved symptoms 
in 5 of 9 patients (56%), although droperidol improved 
nausea and vomiting symptoms in 4 of 4 patients for 
whom it was prescribed. Like haloperidol, droperidol is 
a butyrophenone that is thought to provide antiemetic 
activity through antagonism of dopamine-2 receptors.13,14 
Compared with haloperidol, it is associated with a 
quicker onset of action and a greater incidence of QTc 
prolongation, warranting a black box warning. Although 
droperidol demonstrated improvements in nausea and 
vomiting in this study, previous studies in adult patients 
suggest that the antiemetic efficacy of droperidol may 
not be as favorable as that of haloperidol.15 At present, 
droperidol may be useful in the treatment of pediatric 
CHS and deserves additional assessment.

Several antiemetic medications were identified in this 
study that have not been studied in the treatment of 
pediatric CHS to date. Cyproheptadine (5 of 6 [83%]), hy-
droxyzine (1 of 1 [100%]), scopolamine (2 of 2 [100%]), and 
trimethobenzamide (1 of 1 [100%]) demonstrated good 
reduction of nausea and vomiting symptoms. However, 
the small number of orders for these medications, in ad-
dition to droperidol, makes it difficult to draw meaningful 
conclusions. The observed efficacy of hydroxyzine and 
scopolamine in this study is inconsistent with previous 
adult literature.16,17 Moreover, the use of cyproheptadine 
and trimethobenzamide has not previously been de-
scribed in pediatric or adult literature. Due to the very 
small sample size for these agents, further studies are 
warranted to describe these agents and their role in the 
management of pediatric CHS.

All antiemetics were well tolerated with minimal report-
ed adverse effects. While the various antiemetics used 
were generally safe, nontraditional antiemetics for CHS 

Figure 3. Percent improvement of symptom resolu-
tion (partial or full) following traditional and nontradi-
tional antiemetic administration.

Figure 2. Antiemetic agent prescribed and symptom 
outcomes after medication administration for initial 
encounter.

c Nontraditional; g Traditional
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can have significant adverse effects. Pediatric patients 
exposed to benzodiazepines may be at a higher risk of 
experiencing paradoxical effects including hyperactivity, 
aggressive behavior, and respiratory distress.18 Haloperi-
dol and droperidol are known to cause QTc prolongation, 
hypotension, and extrapyramidal symptoms including 
tardive dyskinesia to varying extents.13,14,19 Literature 
suggests the proarrhythmic potential of droperidol may 
be more pronounced compared to haloperidol.15 Topical 
capsaicin can elucidate a burning or tingling sensation 
when applied to the skin that may be intolerable to some 
patients,20 as was observed in this study. Appropriate 
consideration and monitoring of adverse effects should 
factor into therapy selection for pediatric patients.

This study has several limitations that merit discussion. 
First, it is a retrospective study that relies on documen-
tation of multiple healthcare providers during a patient 
encounter. It is possible that inadequate or inaccurate 
documentation of nausea and vomiting may have led 
to underreporting of symptoms and overestimation of 
perceived benefit. Second, the use of ICD-10 codes 
for identification of patients in this study may not have 
captured all cases of pediatric CHS within our hospital. 
All ICD-10 codes involving cannabis were included in the 
search to control for this limitation as much as possible. 
Third, despite being the largest study of pediatric CHS 
to date, the sample size is small (n=19), and study power 
could not be assessed. Given the nature of this condition, 
multicenter studies should yield more robust outcomes. 
Fourth, there is no validated nausea assessment tool 
for pediatric CHS. Clinical assessment of nausea can 
be variable and inconsistent from patient to patient and 
by healthcare providers. Fifth, the criteria for diagnos-
ing CHS in pediatric patients is extrapolated from adult 
criteria using Rome IV classification. This could affect 
identification of pediatric CHS cases. The development 
of pediatric-specific diagnostic criteria is an area for 
future consideration. Finally, there were instances in 
which patients had symptoms consistent with diagnoses 
of CHS, but were excluded from the study as they were 
not admitted to the institution. These patient encounters 
may have provided valuable insight into the outpatient 
antiemetic management of pediatric CHS.

Conclusion
Cannabinoid hyperemesis syndrome is an under-

recognized and underdiagnosed condition character-
ized by cyclic vomiting related to chronic cannabis use. 
Abstinence from cannabis remains the most effective 
approach to mitigating morbidity associated with CHS, 
although medications such as lorazepam or droperidol 
may have some benefit in managing toxidrome symp-
toms. Traditional antiemetic prescribing remains a key 
barrier to effective management of pediatric CHS.
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Introduction
The incidence of venous thromboembolism in children 

has increased, reported as a 70% increase between 
2001 and 2009. The mainstay of treatment is either 
unfractionated heparin (UFH) or low-molecular-weight 
heparin.1–3 Activated partial thromboplastin time (aPTT) 
has historically been used to monitor UFH anticoagu-
lation. The most recent CHEST guidelines from 2012 
describe that therapeutic aPTT ranges in children should 
correspond to an anti–factor Xa activity (anti-Xa) of 0.35 
to 0.7 units/mL.3,4 Although aPTT monitoring is lower 
cost, simple to perform, and broadly available, it is also 
reported to have wide variability in reagent sensitivity. It 
is also dependent on other coagulation proteins, such as 
factor VIII and fibrinogen, and is an acute-phase reactant, 
which can lead to falsely elevated results in acutely ill 
children.5 These potential confounders may affect the 

accuracy of measurements.
Recent pediatric studies report a poor correlation 

between aPTT and anti-Xa activity, causing some insti-
tutions to shift towards using anti-Xa as the standard 
assessment parameter for UFH infusions.4,6,7 Anti-Xa can 
also be influenced by confounders (hypertriglyceridemia 
and hyperbilirubinemia) because of its colorimetric assay, 
but unlike aPTT it allows for a direct measure of UFH inhi-
bition of factor Xa.8 Historically, anti-Xa is not as broadly 
available and can be more expensive than using aPTT.

Many children’s hospitals have recently changed 
their monitoring assay to anti-Xa, and it is unclear if this 
change is associated with improved outcomes in the 
pediatric population.6 Available adult data favor the use 
of anti-Xa because there is less variability of concen-
trations, fewer rate adjustments, and quicker time to 
therapeutic range.9–13 Data in children are limited, with 1 
study suggesting similar time to first therapeutic value 
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with either assay.14
At our institution, UFH monitoring was adjusted in 

October 2017 from aPTT to anti-Xa for improved labo-
ratory accuracy with less reagent variability. In order to 
assess the effects of this change in UFH monitoring, the 
objective of this study was to compare the percentage 
of time in therapeutic range between aPTT and anti-Xa 
for therapeutic UFH monitoring in pediatric patients.

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

cohort study conducted at a large academic medical 
center (121-bed children’s hospital within a hospital). Pa-
tients younger than 18 years who received UFH at thera-
peutic dosing with measured aPTT values between 
October 3, 2015, and October 2, 2017 (prechange), and 
measured anti-Xa values between October 3, 2017, and 
October 3, 2019 (postchange) were included. Patients 
who received extracorporeal membrane oxygenation, 
continuous renal replacement therapy, anti-thrombin 
replacement therapy, concomitant anticoagulants and/
or bridging, prophylactic UFH and/or low-molecular-
weight heparin, UFH administered less than 12 hours, 
and UFH orders without stated aPTT or anti-Xa goal 
were excluded. A generated report of UFH infusion 
orders on all pediatric units was screened for eligibility 
based on the stated inclusion and exclusion criteria. 
Multiple orders on individual patients were included 

if part of different encounters or therapeutically inde-
pendent, defined as having been off UFH infusion for 
at least 24 hours. The shared electronic medical record 
was used for further screening of eligibility as well as 
data collection.

Patient demographic data included sex, race, weight, 
and age. The UFH indication, minimum and maximum 
UFH rate, total days of UFH therapy, total number of 
aPTT or anti-Xa values, total number of therapeutic val-
ues, hours within therapeutic range defined as from first 
therapeutic value to next non-therapeutic value, hours 
to first therapeutic value, rate of UFH when therapeutic, 
and potential confounders for non-therapeutic values 
(bilirubin, triglyceride, noted clotting factor deficiency, 
and antithrombin) were assessed. Data were collected 
for a given UFH order until the infusion was either dis-
continued or the target aPTT or anti-Xa was adjusted. 
Laboratory-defined therapeutic ranges for aPTT were 
determined and updated with each new reagent batch 
using the Brill-Edwards curve. The targeted ranges 
were patient specific, but most commonly they were 
45 to 55, 50 to 70, and 75 to 100 seconds for aPTT and 
0.2 to 0.4 units/mL or 0.3 to 0.7 units/mL for anti-Xa.

End Points. The primary outcome of this study was 
to compare the percentage of time the aPTT and anti-
Xa values were in therapeutic range while on UFH. 
Therapeutic range, for the purposes of this study, was 
defined as the goal aPTT or anti-Xa value that was be-
ing targeted for a given patient. Secondary outcomes 

Table 1. Baseline Patient Demographics and UFH Data

Patient Demographics aPTT (n = 33) Anti-Xa (n = 32) p value

Age, median (IQR), yr
 <1 yr, n
 1–3 yr, n
 >3 yr, n

0.5 (0–2)
13
16
4

1 (0–2)
16
13
3

0.45

Female sex, n % 15 (45) 16 (50) 0.71

Weight, median (IQR), kg 4.8 (3.5–6.9) 5.4 (3.5–7.5) 0.54

Race or ethnicity, n %
 White (non-Hispanic)
 African American
 Asian
 Hispanic
 Other

17 (52)
4 (12)
2 (6)
9 (27)
1 (3)

12 (38)
5 (16)
3 (9)

10 (31)
2 (6)

0.83

UFH indication*
 New thrombus
 Valve replacement
 Shunt or stent placement
 Warfarin bridge
 Diminished LE pulses
 Other

14
3
5
1
11
5

12
2
3
4
13
5

N/A

Duration of UFH Infusion, median (IQR), days 3 (2–5) 3 (2–5.3) 0.49

anti-Xa, anti–factor Xa; aPTT, activated partial thromboplastin time; LE, lower extremity; N/A, not applicable; UFH, unfractionated heparin

* �Data representing individual orders, rather than numbers of patients.
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included mean time to first therapeutic value, mean 
minimum UFH rate, mean maximum UFH rate, mean 
UFH rate when first therapeutic, mean rate adjustments, 
and select adverse events (major or minor bleeding 
events, new or worsening thrombus).

For adverse events, bleeding events were confirmed 
via progress notes in the electronic medical record 
and new or worsening thrombus was confirmed by 
imaging. If a bleeding event was noted, hemoglobin 
and blood pressure before and after UFH infusion, 
number of blood transfusions (administered based on 
clinical judgment), and imaging studies were collected. 
Bleeding events were defined based on International 
Society on Thrombosis and Haemostasis classifications, 
with major bleeding involving either a 2 g/dL (20 g/L) or 
more decrease in hemoglobin, 2 or more transfusions 
of red blood cells or whole blood, or death due to 
bleeding event.15 A decrease in systolic blood pressure 
of 20 mm Hg or more was also included in the major 
bleeding criteria to assess for hemodynamic instability 
associated with bleeding.

Statistical Analysis. For statistical analysis, mean 
(SE), median (IQR), and percentages were used to de-
scribe summary demographic and clinical data. Fisher 
exact test and χ2 test were used for categoric variables 
and Wilcoxon rank sum was used for non-parametric 
continuous variables. Mixed-effects analysis of variance 
models were used to test for treatment differences in 
percentage of time in therapeutic range, time to first 
therapeutic dose, and total rate adjustments to control 
for multiple observations and admissions per patient. 

Time to first therapeutic dose was log transformed to 
achieve normality. Sample size was dependent on avail-
able patients between the conversion to anti-Xa moni-
toring and Institional Review Board approval. A p value 
of less than 0.05 was considered statistically significant.

Results
A total of 297 UFH infusion orders were screened 

for eligibility. Of the 297 initial orders, 156 were in the 
aPTT group and 141 in the anti-Xa group. Because of 
exclusion criteria, 117 UFH orders for aPTT and 102 UFH 
orders for anti-Xa were excluded (Figure 1), leaving 39 
orders in each group. These orders encompassed a 
total of 65 patients in the final analysis, with 33 patients 
in the aPTT group and 32 patients in the anti-Xa group. 
Approximately 84% (55) of patients had 1 infusion order, 
11% (7) had 2, and 5% (3) had 3 orders.

Among included patients, the mean age was 1.4 years 
(1 month to 9 years). The mean weight was 6.7 kg (1–24). 
Females comprised 48% of the entire sample. Baseline 
patient demographic information between cohorts is 
shown in Table 1. No statistically significant differences 
in demographics were noted between the 2 groups.

The primary outcome of mean percentage of time 
within therapeutic range is shown in Figure 2. The anti-
Xa cohort had a statistically significant greater mean ± 
SE percentage of time within therapeutic range than the 
aPTT cohort (50.3 ± 0.043 vs 26.9 ± 0.043, p = 0.002).

Secondary outcomes are shown in Table 2. Although 
not statistically significant, patients in the anti-Xa 
cohort reached therapeutic range sooner (14 ± 3.88 

Table 2. Secondary Outcomes 

UFH Data or Clinical Outcomes aPTT (n = 33) Anti-Xa (n = 32) p value

Minimum rate, median (IQR), units/kg/hr
 <1 yr old
 1–3 yr old
 >3 yr old

14 (10–20)
14.1
14.5
17.5

20 (10–25)
19.2
19.2
20

0.038

Maximum rate, median (IQR), units/kg/hr 
 <1 yr old
 1–3 yr old
 >3 yr old

25.3 (20–31)
26.7
25.4
29.5

28 (20–32)
29.1
28.4
24.7

0.51

Therapeutic rate, mean ± SE, units/kg/hr †
 <1 yr old
 1–3 yr old
 >3 yr old

17.9 ± 1.81
18.8
16.3
23.5

22.1 ± 1.81
23.8
20.2
22.7

0.13

Hours to first therapeutic concentration, mean ± SE 23.2 ± 3.88 14 ± 3.88 0.38

Total rate adjustments mean ± SE 8.9 ± 0.98 3.9 ± 0.98 0.003

Bleeding events
 Major
 Minor

6
3
3

0
0
0

N/A

Thrombosis during therapy 2 2 N/A

anti-Xa, anti–factor Xa; aPTT, activated partial thromboplastin time; N/A, not applicable; UFH, unfractionated heparin
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hours) compared with aPTT (23.2 ± 3.88 hours, p = 
0.38). A higher therapeutic mean infusion rate was 
seen in the anti-Xa group (22.1 ± 1.81 units/kg/hr) vs the 
aPTT group (17.9 ± 1.81 units/kg/hr, p = 0.13), which was 
also not statistically signifi cant. Median minimum and 
maximum UFH infusion rates were higher in the anti-
Xa cohort, with higher minimum rate being statistically 
signifi cant (20 [IQR, 10–25] vs 14 [IQR, 10–20] units/
kg/hr; p = 0.038). The median maximum rates trended 
higher in the anti-Xa group (28 [IQR, 20–32] vs 25.3 
[IQR, 20–31]; p = 0.51). There were statistically signifi -
cantly fewer mean rate adjustments to the UFH infusion 
in the anti-Xa cohort compared with aPTT (3.9 ± 0.98 
vs 8.9 ± 0.98; p = 0.003). Both treatment groups had 
2 patients each with new or worsening thrombosis on 
UFH therapy. The only bleeding events (3 major and 3 
minor) occurred in the aPTT cohort.

Discussion
Limited data regarding optimal UFH monitoring in 

children have led to questions regarding best practices 
in assay selection. The available data in adults tend 
to favor the use of anti-Xa monitoring, with decreased 
variability, fewer rate adjustments, and quicker time to 
therapeutic range.9–13 In this study, we demonstrated 

pediatric patients monitored with anti-Xa at our institution 
had statistically and clinically signifi cant higher percent-
age of time in therapeutic range compared with those 
monitored with aPTT.

Available pediatric literature assessing anti-Xa and 
aPTT monitoring assays is limited. Trucco et al14 assessed 
time to fi rst therapeutic value in patients ages 21 years 
and younger with both assays and found no signifi cant 
diff erence. Our primary outcome of time within therapeu-
tic range adds a novel end point to the limited literature 
evaluating anti-Xa monitoring in the pediatric population. 
Although time to fi rst therapeutic value is clinically impor-
tant, time within therapeutic range is also an important 
data point that represents overall duration of therapeutic 
eff ect. This addresses concerns of subtherapeutic or 
supratherapeutic values that could contribute to either 
treatment failure or higher risk of bleeding, although data 
regarding this area are lacking.16 The increased time in 
therapeutic range, combined with lower incidence of 
bleeding in the anti-Xa cohort, possibly represents a 
more stable and reliable monitoring parameter for UFH 
infusions. In addition, assessing time within therapeutic 
range provides a more time-oriented outcome that is 
applicable to clinical practice, where a more prolonged 
duration of therapeutic time is of primary concern.

anti-Xa, anti–factor Xa activity; aPTT, activated partial thromboplastin time; CRRT, continuous renal replacement therapy; ECMO, extracorporeal 
membrane oxygenation; UFH, unfractionated heparin. 

Figure 1. Flow diagram of included unfractionated heparin orders.
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Other findings include a statistically significantly 
higher minimum infusion rate, as well as a trend toward 
higher mean therapeutic infusion rate for the anti-Xa 
group compared with the aPTT cohort. The higher infu-
sion rates may be due to increased use over time of 
UFH order sets that recommend appropriately higher 
doses for younger patients, for example, 28 units/kg/hr 
for infants compared with 15 to 20 units/kg/hr in older 
children. Additional findings from our study suggest 
the anti-Xa monitoring cohort required statistically and 
clinically significantly fewer rate adjustments during 
therapy (3.9 vs 8.9, p = 0.003) and reached therapeutic 
range more quickly compared with the aPTT monitoring 
cohort (14 vs 23.2 hours, p = 0.38). Although the time 
to first therapeutic concentration was not statistically 
significant, it represents a clinically meaningful trend. 
These findings are consistent with adult data noting 
fewer rate adjustments and a quicker time to therapeutic 
range when monitoring UFH therapy with the anti-Xa 
assay. Depending on institutional factors, there may be 
a potential for decreased costs associated with anti-Xa 
monitoring if fewer blood draws are needed, as well as 
fewer instances of line access and subsequent infection 
risk, although that was outside the scope of this study.

Despite higher infusion rates, there were no significant 
bleeding events in the anti-Xa cohort compared with 
6 events in the aPTT group. Only 2 patients in each 
group had new or worsening thromboses while on UFH 
therapy. Post hoc assessment of bleeding episodes us-
ing the more recently developed Bleeding Assessment 

Scale in Critically Ill Children criteria was consistent with 
the a priori definition in classifying bleeding episodes.17 
Based on these criteria, 3 patients still qualified as severe 
bleeding as a result of a greater than 20% decrease in 
hemoglobin from baseline. Upon further review, none 
of the patients had concentrations outside the thera-
peutic range to explain these findings. This study was 
not powered to assess clinical outcomes, so caution in 
interpreting this data is warranted. In addition, patients 
had a variety of targeted ranges because therapeutic 
values were defined in our study as being within the 
ordered goal. The actual targeted range was patient 
specific and determined based on a given patient’s 
clinical status, bleeding risk, and indication for therapy. 
This enhances external validity because the therapeutic 
targets were patient specific and not representative of 
a singular UFH goal.

Recent data by Saini et al18 obtained simultaneous 
anti-Xa and aPTT in 95 patients and found that peak 
anti-Xa and peak aPTT values were not predictive of 
major or minor bleeding. Because patients in our study 
monitored with anti-Xa had fewer rate adjustments and 
spent more time in the therapeutic range, it may suggest 
that the lower risk of supratherapeutic values and excess 
variability would lead to a more stable therapy and po-
tentially fewer bleeding events, without an increase in 
worsening thromboses. These findings should prompt 
future studies to investigate infusion rate and safety 
outcomes in pediatric patients on UFH being monitored 
with the anti-Xa monitoring assay, given our small sample 
size and inadequate power to detect differences in 
safety outcomes.

Limitations of our study include the retrospective 
nature and the pre- and post-study design. This may 
confound data with temporal differences during histori-
cal treatment periods, including use of aPTT and anti-Xa 
assays, as well as biases inherent to observational stud-
ies. These include incorrect documentation of goals for 
respective UFH monitoring assays and deviations from 
the institution’s UFH infusion monitoring policy, such 
as incorrect rate adjustments based on resulted values 
or when providers request rate changes outside of the 
normal titration schedule. Administration of bolus doses 
was not collected as a data point because it is rarely 
used per institutional practice outside of extracorpo-
real membrane oxygenation cannulation or pulmonary 
embolism, which may confound time to first therapeutic 
value. Another potential limitation was increased use 
of heparin order panels, which may explain the higher 
infusion rates in the anti-Xa cohort due to improved 
dosing recommendations based on patient age. Lastly, 
our small sample size limits the interpretability of any 
clinical outcomes, which should be addressed by larger, 
prospective studies to achieve adequate power.

Figure 2. Comparison of least-squares means ± 
SE of percentage of time within therapeutic range. 
Center line: median. Center shape (circle or cross): 
mean. Box: 25th–75th percentile. Bottom whisker: 
minimum. Top whisker: maximum, excluding outliers. 
Dots above box: outliers, as defined by more than 1.5 
times the IQR beyond the upper quartile.

anti-Xa, anti–factor Xa activity; aPTT, activated partial thromboplastin 
time. 

      aPTT;      anti-Xa



Heparin Monitoring Assays in Pediatric PatientsHaftmann, R et al

www.jppt.org 	 J Pediatr Pharmacol Ther 2023 Vol. 28 No. 3	 233

Conclusion
In summary, we report a retrospective cohort study 

in which children receiving UFH monitoring using the 
anti-Xa assay experienced a statistically and clinically 
significantly greater time within therapeutic range 
compared with aPTT. Additionally, a trend towards 
shorter time to first therapeutic value was also observed 
in the anti-Xa group. Prospective studies comparing both 
monitoring assays are required to further assess clinical 
outcomes in the pediatric population.
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Introduction
Febrile neutropenia (FN) represents one of the most 

common oncologic emergencies in pediatric patients 
receiving cytotoxic chemotherapy. It is defined as an 
absolute neutrophil count (ANC) of less than 500 cells/µL 
and a single temperature of at least 38.3°C, or persistent 
temperature of 38°C for >1 hour.1,2 It is estimated that 10% 
to 50% of patients with solid tumors, and >80% of those 
with hematologic malignancies will develop a fever 
during at least 1 chemotherapy cycle associated with 
neutropenia.3,4 This is especially concerning in patients 
who are expected to have profound neutropenia (ANC 
<100 cells/mm3) and neutropenia lasting ≥7 days, such 
as those receiving induction chemotherapy for acute 
leukemia.4 Fever may be the only sign of infection a 
patient exhibits and it is not always possible to identify a 
clear source or pathogen; however, FN warrants prompt 
recognition and treatment with antimicrobials to reduce 
the risk of mortality.5,6

Monotherapy with an antipseudomonal penicillin, 
fourth-generation cephalosporin, or carbapenem is 
currently recommended as empiric antibiotic therapy in 
pediatric FN pending microbiologic identification and 
susceptibility data.2 Antibiotic treatment for FN may 
be tailored to address commonly implicated organ-
isms, such as Escherichia coli, Staphylococcus spp, 
Streptococcus spp, and Pseudomonas aeruginosa, yet 
many microbiologic investigations fail to identify a clear 
pathogen or source of infection.1,2,7 In the absence of this 
information, clinicians reach for empiric broad-spectrum 
antimicrobial regimens and use clinical markers, such as 
defervescence and ANC count recovery, to guide treat-
ment duration. Continuing antimicrobial therapy until 
ANC ≥500 cells/mm3 represents a traditional treatment 
end point in current guidance for patients with clinically 
or microbiologically documented infections.1–3 In addi-
tion, this end point often defines the care of neutropenic 
patients without an identified microbiologically defined 
bloodstream infection (MD-BSI) because of the paucity of 
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definitive guidelines or recommendations for discontinu-
ing antibiotics if a source of fever is not found. Because 
ANC recovery may take upwards of 7 days in patients 
with prolonged neutropenia, broad-spectrum antimi-
crobials may be used long after a patient’s defervesce.3 
Unfortunately, long courses of treatment are not benign 
because of the risks of adverse effects, drug toxicity, and 
the development of antimicrobial resistance.

The purpose of this study is to characterize the man-
agement of the pediatric FN population at a children’s 
hospital within a large academic medical center and 
identify the proportion of patients with MD-BSI. In ad-
dition, components of empiric antibiotic therapy, initial 
modification of empiric therapy, and duration of antibi-
otics were examined to evaluate the general treatment 
course of these patients.

Materials and Methods
This study was a single-center, retrospective chart 

review of patients admitted to the University of North 

Carolina Children’s Hospital between January 1, 2016, 
and December 31, 2019, with a diagnosis of FN. Pa-
tients were identified from a report generated from 
the electronic medical record. Inclusion criteria were: 
1) admission diagnosis with FN secondary to underlying 
oncologic diagnosis, 2) age 0 to 21 years, 3) ANC <500 
cells/mm3, 4) single temperature ≥38.3°C or persistent 
temperature of 38°C for >1 hour, and 5) blood cultures 
drawn before antibiotic initiation. Our institution rou-
tinely admits all pediatric patients presenting with FN. 
The primary outcome of this study was the proportion 
of MD-BSI among pediatric patients with FN. Second-
ary outcomes included empiric antibiotic therapy, 
initial modification of empiric therapy, and duration of 
antibiotic therapy in patients without MD-BSI.

Following the Infectious Disease Society of America 
(IDSA) and American Society of Clinical Oncology 
(ASCO) guidelines,1,2 our institutional practice is to initi-
ate cefepime (50 mg/kg intravenously every 8 hours) as 
empiric therapy for patients presenting with FN. Blood 

Table 1. Baseline Demographic and Clinical Characteristics* 

Variable Result

Age, median (IQR), yr 7 (4–12.5)

Weight, median (IQR), kg 22.8 (16.4–39.6)

Sex, male, n (%) 42 (51.8)

ANC, median (IQR), cells/µL 100 (0–200)

Body temperature, median (IQR), Celsius 38.7 (38.2–39.2)

Duration of fever, median (IQR), days 2 (1–3)

Duration of neutropenia, median (IQR), days 4 (2–7)

Presence of central venous catheter, n (%) 79 (97.5)

Primary oncologic diagnosis, n (%) 
 Liquid 
  Acute lymphoblastic leukemia 
  Hodgkin lymphoma
  Burkitt lymphoma
  Grey zone lymphoma
 Solid
  Ewing sarcoma
  Osteosarcoma
  Neuroblastoma
  Rhabdomyosarcoma
  Wilms tumor 
  Other 

44 (54.3)
38 (46.9)

3 (3.7)
2 (2.5)
1 (1.2)

37 (45.7)
10 (12.3)
7 (8.6)
6 (7.4)
4 (4.9)
3 (3.7)
7 (8.6)

Stage in treatment, n (%)
 Induction
 Consolidation
 Delayed intensification
 Maintenance
 Staging not indicated

15 (18.5)
7 (8.6)
8 (9.9)

23 (28.4)
28 (34.6)

ANC, absolute neutrophil count

* �Data derived from 81 patient encounters in 64 unique patients.
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cultures are primarily obtained from the patient’s central 
venous catheter (CVC) only. It is standard practice that 
all patients receive Pneumocystis jirovecii prophylaxis 
during chemotherapy. The addition of an empiric glyco-
peptide is reserved for patients with suspected central 
line infection, skin and soft tissue infections, mucositis, 
or those presenting with clinical instability. Typical prac-
tice within our institution is to continue antibiotics until 
recovery of ANC >500 cells/mm3 and resolution of fever.

Baseline patient data collected included age, sex, 
weight, primary oncologic diagnosis, stage in therapy, 
ANC and body temperature on admission, and pres-
ence of a CVC. Additional clinical data collected in-
cluded duration of fever, duration of neutropenia, and 
whether blood cultures were obtained from a central 
or peripheral catheter. Antibiotic administration infor-
mation was also collected, including choice of empiric 
antibiotic, initial changes to antibiotic therapy (escala-
tion, de-escalation, or no modification), and duration of 
antibiotic therapy. Escalation of therapy was defined as 
the addition of a glycopeptide, aminoglycoside, or a 
switch to an agent with an expanded spectrum of activ-
ity compared with the empiric therapy. De-escalation 
was defined as narrowing the spectrum of antibiotic 
therapy compared with the empiric regimen. No modi-
fication was defined as an empiric regimen remaining 
unchanged until the cessation of FN therapy.

Descriptive analyses were used to assess end points 
using Microsoft Excel. We presented descriptive sta-
tistics as median (IQR) for continuous variables and as 
proportion (%) for categoric variables.

Results
A total of 665 patient encounters were screened for 

inclusion. Of these, 569 encounters were excluded for 
not meeting body temperature or ANC criteria for FN 

based on IDSA and ASCO guidelines. There were 29 
unique patient encounters excluded because the blood 
cultures were drawn after antibiotic administration. 
A total of 81 encounters of FN episodes met inclusion 
criteria. Of the 81 encounters, there were 64 unique 
patients consisting of 50 patients with only 1 encoun-
ter and 14 patients with at least 2 or more admission 
encounters. Baseline patient characteristics are sum-
marized in Table 1.

The MD-BSI was the etiology of fever in 9.9% (8 of 
81) of FN episodes (Table 2), in all of which the pa-
tients presented with a previously placed CVC. Most 
patients had blood cultures drawn from the CVC only 
(76 of 81). A total of 7 of the 8 patients with MD-BSI 
had blood cultures drawn from the CVC. One patient 
had a blood culture drawn peripherally, resulting in a 
positive blood culture growing Staphylococcus capitis. 
Most of the patients with MD-BSI (46.9%) were those 
with a diagnosis of acute lymphoblastic leukemia 
(ALL). None of the organisms that caused MD-BSI 
required vancomycin therapy or expressed methicillin 
resistance. The most common empiric antibiotic regi-
men was cefepime (62%), followed by cefepime and 
vancomycin (25%). Other empiric therapies used are 
described in the Figure.

Most patients categorized as de-escalation or no 
modification had a fever duration of 3 days or less 
(14 of 17 and 36 of 39, respectively). Of the 24 patients 
categorized as escalation, 11 (45.8%) of them had 
fever of at least 4 days. A total of 17 patients had an 
initial modification of empiric antibiotics classified as 
de-escalation, and 6 of them required re-escalation of 
therapy. No re-escalations were due to a new MD-BSI. 
The most common de-escalation type was the discon-
tinuation of vancomycin (83.3%), and the most common 
type of escalation was the addition of vancomycin 
(50%). Nearly half of the patients (48.1%) did not have 
any modification of their empiric antibiotic regimen. 
Other modifications to empiric antibiotic therapy are 
described in Table 3.

The median total duration of antibiotics in patients 
without MD-BSI (73 of 81) was 3 days (IQR, 5–9) as 
listed in Table 4. A total of 22 patients (30.1%) without 
MD-BSI had antibiotics discontinued at ANC resolu-
tion. However, 20 patients (27.4%) without MD-BSI 
continued on antibiotic therapy beyond ANC recovery; 
25% continued for 5 days or more. More than a third 
of patients (42.5%) had antibiotics discontinued before 
ANC recovery with no documented complications.

Discussion
In this single-center, retrospective review, most FN 

episodes were not due to an MD-BSI. The proportion 
of MD-BSI among children admitted with FN between 
2016 and 2019 was 9.9%, a slightly lower proportion 
compared with that reported in the literature of 17% to 
30%.5,6,8-10 Most patients were initiated on appropriate 

Table 2. Proportion of Microbiologically Defined 
Bloodstream Infection and Species Isolated*

Variable Result, n (%)

Yes 8 (9.9)

MSSA 2 (25)

Citrobacter koseri 1 (12.5)

Staphylococcus capitis 1 (12.5)

Escherichia coli 1 (12.5)

E coli and Bacillus cereus 1 (12.5)

Neisseria spp 1 (12.5)

Candida spp 1 (12.5)

No 73 (90.1)

MSSA, methicillin-susceptible Staphylococcus aureus

* �Data derived from 81 patient encounters in 64 unique patients.
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empiric therapy for FN based on guidelines and insti-
tutional recommendations. De-escalation of antibiotic 
therapy, specifically vancomycin, or cessation of antibi-
otic therapy before neutropenia resolution did not result 
in any documented complications in patients without 
MD-BSI. Of the patients categorized as de-escalation, 
64.7% (11 of 17) had a primary oncologic diagnosis of 
ALL. Those categorized as escalation were more evenly 
divided among liquid and solid tumors (13 of 24 vs 11 of 
24, respectively).

Discontinuation of antibiotics in patients without MD-
BSI varied at this institution in terms of occurring before 
ANC recovery, at ANC recovery, or after. None of the 28% 
of patients who had antibiotic therapy extended beyond 
ANC resolution had an MD-BSI; however, data regard-
ing infections other than MD-BSI were not collected. 
The results of this study suggest that implementation 
of a guideline targeting safe de-escalation of empiric 
antimicrobials, earlier than neutrophil recovery alone, in 
patients without MD-BSI would have a significant effect.

Antimicrobial stewardship programs (ASPs) have 
emerged as a system of strategies for the optimization 
of antimicrobial management. Recent evidence has 
sought to investigate how ASP affects broad-spectrum 
antimicrobial use, treatment outcomes, and costs in pe-
diatric hematology-oncology populations.11,12 One single-
center study found that the implementation of an ASP 
reduced the use of broad-spectrum antimicrobials and 
produced annual cost savings of nearly $60,000 without 
compromising the average length of hospital stay, mor-
tality rate, or appropriateness of empirical treatment for 
bacteremia in pediatric hematology-oncology patients.12 
Additional chart reviews of small cohorts of pediatric 
patients with leukemia receiving care for FN also sug-
gest that therapy de-escalation based on antimicrobial 
susceptibility data does not result in complications.8,13-164 
In fact, many patients who underwent de-escalation 

received shorter courses of antimicrobials than those 
who did not.8 Although studies have been published on 
the de-escalation of antibiotics in pediatric FN patients, 
including those with MD-BSI and before ANC recovery, 
there is no consensus on how to appropriately de-
escalate pediatric patients with FN and no identified 
infectious source.8,13-16 In addition to these studies, some 
organizations, like ASCO, have provided guidance on 
risk stratification and antibiotic de-escalation strategies; 
however, hesitancy among pediatric oncology providers 
remains a barrier for strategy implementation.17

In a systematic review assessing the safety of protocol-
guided discontinuation of antibiotics regardless of ANC, 
compared with continuation of antibiotics until ANC reso-
lution, found no difference in all-cause mortality between 
the 2 groups. However, no strong safety conclusions 
could be made from this data.13,15,16 Similarly, Santolaya 
et al14 found that cessation of antimicrobials in children 
with FN and known respiratory viral infection minimized 
antibiotic exposure without complications. The patient 
populations evaluated in these studies were similar to 
the mix of liquid and solid tumors in our study, with the 
exception of Reinecke et al8 who included patients with 
ALL or AML only.

Our study identified several opportunities for quality 
improvement and guideline design within this institution 
regarding the management of pediatric patients with FN. 
Given the differences in practice regarding antibiotic 
discontinuation in patients without MD-BSI, a guideline 
may provide standardization of timely discontinuation of 
antibiotics upon neutrophil recovery, or prior to recovery, 
if appropriate. Additionally, based on the characterization 
of this FN population, and in accordance with the ASCO 
and IDSA guidelines, the results support the discontinu-
ation of vancomycin as empiric therapy in FN patients 
without MD-BSI after 48 hours. Although these data sug-
gest appropriate de-escalation of antibiotics, the risk of 
infection-related complications in neutropenic patients 
contributes greatly to physician hesitancy. Collabora-
tion on guideline development and discussion of both 
generalized and local data are imperative to obtaining 
physician acceptance and successful implementation.

There were expected limitations to this study based on 
the retrospective and single-center design, including less 
external validity of the results. Additionally, this review fo-
cused solely on antibacterial agents and bacterial causes 
of bloodstream infections specifically. It is well known 
that patients receiving cytotoxic chemotherapy are at 
increased risk for fungal and viral infections and data 
for those infections were not collected during this study. 
Despite these limitations, these results may be used as 
guidance to minimize unnecessary antibiotic exposure 
in patients with prolonged neutropenia without MD-BSI.

Conclusion
In conclusion, this retrospective review demonstrates 

a slightly lower proportion of MD-BSI in our pediatric 

Figure. Initial empiric antibiotic regimens. Data 
derived from 81 patient encounters in 64 unique 
patients. Other: cefepime/vancomycin/metronida-
zole; cefepime/vancomycin/levofloxacin; cefepime/
clindamycin; levofloxacin.
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patients presenting with FN compared with reported 
literature. Additionally, there were inconsistencies in 
practice of the timing of discontinuation of antibiotic 
therapy in patients without MD-BSI. These results high-
light an opportunity for developing a guideline to support 
the discontinuation of antibiotics before ANC recovery.
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Introduction
Antibiotics are commonly prescribed in pediatric 

patients for ear, respiratory tract, and urinary tract infec-
tions (UTIs). Exposure to antibiotics can lead to adverse 
effects, some of which may be inappropriately diagnosed 
and documented as drug allergies, thereby limiting fu-
ture therapeutic options.1 Antibiotics can also alter the 
natural gut flora, leading to additional long-term con-
sequences for children, including an increased risk for 
obesity, antibiotic resistance, and Clostridioides difficile 
infections.1 Several studies have evaluated outpatient 
antibiotic prescribing in children with respiratory tract 
infections, but relatively few studies have evaluated 

prescribing for UTIs.
The annual incidence of UTI in children in the United 

States is 3.5%, with 8% of girls and 2% of boys affected 
by 7 years of age.2,3 According to the American Academy 
of Pediatrics (AAP), a definitive diagnosis of UTI is made 
with both a urinalysis suggestive of UTI (i.e., pyuria and/
or bacteriuria) and a urine culture positive for a uropatho-
gen with at least 50,000 colony-forming units (CFUs) 
per milliliter from a catheter or suprapubic aspiration 
sample.4 However, obtaining urine samples in children 
can be challenging and invasive, and contaminants can 
confound the diagnosis.

The most common causative organism in UTI is 
Escherichia coli, responsible for 85% to 90% of cases 
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in children, but the preferred antimicrobial agent for UTI 
in children and adolescents is not well defined.3–5 The 
AAP guidelines focus on patients ages 2 to 24 months, 
stating there are insufficient data to determine whether 
the recommendations apply to children older than 24 
months. The recommended oral treatments, per AAP, 
include amoxicillin-clavulanate, cephalosporins (e.g., 
cephalexin, cefuroxime, cefixime), and sulfamethoxazole-
trimethoprim.4 For patients who have poor oral intake 
or more severe illness requiring intravenous therapy, 
aminoglycosides, cephalosporins (e.g., ceftriaxone, 
ceftazidime), or piperacillin-tazobactam are considered. 
The National Institute of Health and Care Excellence has 
very similar recommendations, which include pediatric 
patients up to age 16 years.4,6 The recommended dura-
tion of therapy for UTI is also controversial. The AAP 
recommends 7 to 14 days, although there is literature 
supporting the shortened duration of 7 days because of 
a lack of significant differences in outcomes compared 
with 10- or 14-day courses.7 The AAP states that courses 
less than or equal to 3 days have been associated with 
treatment failure; however, various international guide-
lines for pediatric UTI recommend 3-day courses for 
uncomplicated lower UTI.4,8,9

The lack of clear UTI treatment guidelines for older 
children is reflected in previous studies, which have 
found a wide variability in prescribing, as well as a 
significant proportion of antibiotics prescribed inap-
propriately.10,11 Thus, the aim of the current study was to 
characterize antibiotic prescribing for pediatric UTI in 
an academic medical center, to provide guidance to our 
prescribers and inform future antimicrobial stewardship 
initiatives at our institution.

Materials and Methods
This was a retrospective review of pediatric patients 

treated for a UTI in the emergency department (ED) 
and outpatient clinic at the University of Illinois Hospital 
& Health Sciences System (UIH) in Chicago, Illinois, 
between January 1, 2014, and August 31, 2018. The pri-
mary objective was to describe the antibiotic regimens 
prescribed for UTI, and the secondary objectives were 
to characterize diagnostic workup for UTI and sum-
marize susceptibility patterns for commonly isolated 
uropathogens. The AAP criteria for the definition of a 
UTI were used for analyzing data.

Patients ages 2 months to ≤18 years were identified 
by a query of the UIH ED and clinic electronic medical 
records for ICD-9 or ICD-10 discharge diagnosis of UTI 
during the specified time frame. ICD-9 codes 599.0 
and 788.1, and ICD-10 codes N39, N39.0, N39.8, N39.9, 
and R30.0 were used for inclusion. Progress notes 
from the encounter were independently reviewed for 
accuracy of the diagnosis code for inclusion. Patients 
could be included more than once if the UTI encounters 
were separated by >2 weeks. Patients with underlying 
kidney or urinary tract abnormalitities, complicated 

UTI, pyelonephritis, or asymptomatic bacteriuria were 
excluded. ICD-9 codes 590.1, 590.8, and 771.82, and 
ICD-10 codes N10 and P39.3 were used for exclusion. 
Asymptomatic bacteriuria was determined by review 
of progress notes.

In addition to demographic data, presenting symp-
toms (i.e., fever, dysuria, hematuria, frequency, urgency, 
abdominal pain, suprapubic pain, flank pain, vomiting, 
feeding intolerance), urinalysis (i.e., nitrites, leukocyte 
esterase, white blood cells [WBCs], bacteria, epithelial 
cells), method of urine collection (i.e., suprapubic as-
piration, catheterization, clean catch, bag specimen), 
details of the antibiotic regimens (i.e., drug, dose, route, 
frequency, duration), urine culture (i.e., CFU, organism), 
and susceptibility results were collected.

Data were entered and analyzed using Research 
Electronic Data Capture (REDCap, version 8.11.9) and 
Microsoft Excel 2016. Descriptive and frequentist statis-
tics were used to analyze the data. Results are reported 
as median with IQR for non-parametric data or mean 
with standard deviation for parametric data.

Results
Of 469 encounters between August 2017, and August 

2018, a total of 262 were excluded (see Supplemental 
Table). Among the 207 patients included, 97 (47%) 
were managed in the ED, 69 (33%) in urgent care, and 
41 (20%) in the outpatient clinic. No patient in this data-
set was included more than 1 time; each patient was a 
unique encounter. The median age was 5.7 years (IQR, 
3.2–9.4), and 183 patients (88.4%) were female. Present-
ing symptoms most commonly included dysuria (57%), 
fever (37%), and abdominal pain (34%). Patients could 
have presented with more than 1 symptom.

Antibiotics were prescribed for 199 patients (96.1%) 
during their visit, with 2 additional patients prescribed 
antibiotics after their visit. Reasons for not prescribing 
antibiotics at the time of their visit included physician 
preference to call patient and send a prescription if 
symptoms persisted, no bacteruria, symptom manage-
ment with phenazopyridine, and education for urinary 
hygiene. Of the empiric antibiotics prescribed, half 
were a third-generation cephalosporin, followed by 
cephalexin and sulfamethoxazole-trimethoprim (Figure 
1). The most common duration of treatment was 7 to 
10 days (Table 1). The empiric antibiotic regimen was 
revised in 15 cases, because of insurance coverage 
(7), patient intolerance (3), pathogen resistance (2), 
de-escalation (1), wrong dose (1), and lack of clinical 
improvement (1). Antibiotics were discontinued in 5 
cases because of negative urine culture (4) and lack 
of clinical improvement (1).

A urinalysis was collected in 207 patients; not all 
samples had both macroscopic and microscopic analy-
sis performed (Table 2). Microscopic analysis for WBC 
count and presence of bacteria was not done for 42.5% 
of urinalyses. Most urinalyses (73.4%) were negative 
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for nitrites. Presence of leukocyte esterase, pyuria, 
and extent of bacteruria were variable. Urine cultures 
were collected in 161 patients (77.8%). The method of 
urine collection was either a voided sample (91.3%) or 
a catheterized sample (8.6%). Voided samples include 
clean-catch and bagged specimens because the elec-
tronic health record did not diff erentiate. No samples 
were collected by suprapubic aspiration.

Of the 161 urine cultures collected, 80 (49.7%) resulted 
with <50,000 CFU bacteria, and 25 (15.5%) resulted 
in no growth. The urine cultures with ≥50,000 CFU 
bacteria most commonly showed E coli or Proteus 
mirabilis, regardless of the method of urine collection 
(Figure 2). Other isolates included Enterococcus spe-
cies, alpha-hemolytic Streptococcus, Staphylococcus 
saprophyticus, coagulase-negative Staphylococcus, 
and Citrobacter species. For the 75 E coli isolates, 97% 
were susceptible to third-generation cephalosporins, 
95% were susceptible to nitrofurantoin, and 84% were 
susceptible to sulfamethoxazole-trimethoprim (Table 3). 
Cefazolin results were reported for 27 E coli isolates 
and showed 67% susceptibility based on the microbiol-
ogy lab breakpoint of minimum inhibitory concentration 
(MIC) ≤2 mg/L (Table 4).

Discussion
Urinary tract infection is a common reason for anti-

biotic exposure in pediatric patients, but inconsistency 
in recommendations for management contributes to 
variability in clinical practice, which should be a focus 

for antimicrobial stewardship. We aimed to characterize 
current prescribing practices for pediatric UTIs to identify 
opportunities for improvement, which are categorized 
below. Our results demonstrated empiric prescribing of 
broad-spectrum agents and an incomplete diagnostic 
evaluation for UTI in most patients, which may have 
limited the clinician’s ability to narrow or discontinue 
empiric therapy when appropriate.

Diagnostic Evaluation Including Appropriate Urine 
Collection Method and Microscopic Urinalysis. Urinaly-
sis and urine culture are important diagnostic tools that 
can be challenging to obtain in the pediatric population 
depending on the age and capabilities of the patient. In 
this analysis, we found that only 8.6% of patients had 
urine collected by catheterization, whereas the remain-
ing patients had a bagged or voided sample. When 
stratifi ed by age, only 35% of patients ages ≤2 years and 
11% of patients ages >2 to 5 years had urine collected by 
catheterization, resulting in contaminated or diffi  cult to 

Table 1. Duration of Therapy (n = 201)

Days n (%)

3–5 52 (25.9)

7–10 144 (71.6)

14 5 (2.5)

Table 2. Urinalysis Results (n = 207)

n (%)

Macroscopic
 Nitrites
  Negative
  Positive
  Not done
 Leukocyte esterase
  Negative
  Trace
  Small
  Moderate
  Large
  Not done

152 (73.4)
53 (25.6)

2 (1)

14 (6.8)
21 (10.1)
36 (17.4)
40 (19.3)
94 (45.4)

2 (1)

Microscopic
 WBC 
  <5 cells/hpf
  ≥5 cells/hpf
  Not done
 Bacteria
  None
  Rare
  Few
  Moderate
  Many
  Not done

8 (3.9)
111 (53.6)
88 (42.5)

15 (7.2)
40 (19.3)
20 (9.7)
14 (6.8)
31 (15)

88 (42.5)

hpf, high-power fi eld; WBC, white blood cell

g Cefdinir; g Cephalexin; g Sulfamethoxazole-trimethoprim; 
g Nitrofurantoin; g Cefi xime; g Amoxicillin; 
g Amoxicillin-clavulanate; g Fluoroquinolone

Figure 1. Empiric antibiotic agent (n = 199).
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interpret urinalysis and urine culture results. Of note, the 
presence of squamous cells to assess for contamination 
was not collected. The AAP UTI guidelines for patients 
ages 2 to 24 months provide a strong recommendation 
to obtain urine through catheterization or suprapubic 
aspiration because a reliable diagnosis of UTI cannot 
be made with a culture from urine collected in a bag.4 
These results highlight an area for education in both the 
ED and clinic settings for providers to use and document 
the appropriate method of urine collection in order to 
confirm the diagnosis.

Nearly all patients in this study had a urinalysis ob-
tained, but 88 samples (42.5%) were missing the micro-
scopic analysis to assess for WBC and bacteria. A urine 
dipstick may have been the only test completed, which 
is often done as a point-of-care test at the bedside for 

faster macroscopic results, but it does not include micro-
scopic analysis. In comparison, urine samples collected 
and sent to the microbiology lab usually include both the 
macroscopic and microscopic components. In patients in 
whom UTI is suspected, urine WBC and bacteria results 
are necessary for accurate diagnosis of UTI.

Narrower Empiric Therapy and Creation of Institu-
tion Pediatric-Specific Antibiogram. The most com-
monly prescribed antibiotic was a third-generation 
cephalosporin (cefdnir more than cefixime). This may be 
unnecessarily broad given the susceptibility results of 
E coli at this institution. We can speculate several reasons 
for this trend, including, at the time of this study, that the 
microbiology lab did not routinely report cefazolin sus-
ceptibilities, and therefore these data were not included 
in the antibiogram. Cefazolin susceptibilities could still be 

Table 3. Antibiotic Susceptibility Results for all Escherichia coli Isolates* (n = 75)

Antibiotic Susceptible, % Intermediate, % Resistant, %

Amikacin 100 — —

Ampicillin 52 1 47

Ampicillin-sulbactam 59 12 29

Cefazolin See Table 4

Cefepime 97 — 3

Ceftazidime 97 — 3

Ceftriaxone 97 — —

Gentamicin 96 1 3

Imipenem 100 — —

Levofloxacin 92 — 8

Nitrofurantoin 95 5 —

Piperacillin-tazobactam 95 1 4

Tobramycin 97 3 —

Sulfamethoxazole-trimethoprim 84 — 16

* �Includes all E coli resulted in urine culture regardless of colony-forming units.

Figure 2. Urine culture results for ≥50,000 colony-forming units (CFUs; n = 81). *Void includes clean-catch and 
bagged urine samples.
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provided by request. Given the MIC of isolates reported 
for cefazolin in this study (Table 4), we can see that the 
susceptibility of E coli to cefazolin is close to 80% (22 iso-
lates) when applying the urine-specific breakpoint of ≤16 
mcg/mL.12 Additionally, because UIH children’s hospital is 
within the adult hospital, the antibiogram includes results 
from adult and pediatric isolates and is largely driven 
by adult resistance patterns, which may underestimate 
the susceptibility of other narrow-spectrum antibiotics 
that may be considered. For example, the susceptibility 
of E coli to sulfamethoxazole-trimethoprim is 68% per 
the UIH antibiogram, but our study shows that isolates 
in pediatric patients are likely more susceptible (84%). 
Creating a pediatric-specific antibiogram is a meaning-
ful antimicrobial stewardship intervention; however, we 
currently lack the necessary number of positive isolates 
to do so at our institution.

Reassess and Tailor Antibiotic Therapy. Choosing 
narrower empiric antibiotics and de-escalating or dis-
continuing antibiotics when appropriate are important 
antimicrobial stewardship strategies, particularly in pedi-
atric patients to avoid unnecessary exposure to antibiot-
ics during childhood. In this study, nearly half (49.7%) of 
the 161 urine cultures showed <50,000 CFU of bacteria, 
including 25 (15.5%) with no growth, thus not meeting 
the AAP guideline definition. Despite this, antibiotics 
were discontinued in only 4 cases because of a nega-
tive culture. This may be a result of a lack of resources 
to follow up on negative urine cultures and discontinue 
antibiotics. Although the prescribing practices were not 
stratified by site of encounter, the current practice in our 
ED is to follow up on positive urine cultures to assess 
whether the empiric antibiotic prescribed is appropriate 
given the resulting susceptibility results. Usually this 
involves changing antibiotic therapy if the organism is 
not covered, but it rarely includes de-escalation to a 
narrower antibiotic, which only occurred in 1 case in this 
study. There is currently no formal procedure for nega-
tive cultures. Possible barriers to de-escalation could be 
the need for patients to fill another prescription, which 
may include another copay and visit to the pharmacy. 
Additionally, the ED provider staffing at the time of cul-

ture results may not feel comfortable de-escalating or 
shortening therapy for a patient without personally per-
forming an exam, especially if the patient is improving on 
the current regimen. The duration of therapy was most 
commonly 7 to 10 days, and shorter or longer durations 
of therapy did not appear to be driven by the age of 
the patient (e.g., 3- to 5-day courses were prescribed to 
patients ranging in age from <1 to 18 years). Given that 
pyelonephritis was excluded, 14-day treatments may also 
be unnecessarily long for uncomplicated UTI.

Overall, our results are similar to those of Lee et al,13 
which showed narrower-spectrum empiric antibiotics 
like cephalexin may be more appropriate in pediatric 
patients, and that antibiotics are seldom discontinued 
in children with negative urine cultures.13 Our findings 
of nearly half (49.7%) of our pediatric patients being pre-
scribed antibiotics despite not meeting UTI diagnostic 
criteria is consistent with the results from Alghounaim et 
al,14 in which 46.4% of patients received antibiotics de-
spite negative urine cultures.14 Our study showed multiple 
areas for improvement in the management of pediatric 
UTI at this institution, including using a more appropriate 
urine collection method, ordering a urinalysis, choosing 
narrower empiric antibiotic regimens, routinely reporting 
cefazolin susceptibility using urine-specific breakpoints, 
and following up with negative urine cultures. These 
aspects could be protocolized in an empiric treatment 
guideline for our institution and reassessed in the future 
to evaluate the change in prescribing practices.

Study Limitations. The retrospective nature of the 
study introduced several limitations that affected data 
collection and analysis. The documentation in the elec-
tronic health record did not consistently include the data 
requested, or the details of the data were insufficient for 
analysis. For example, both bagged urine samples and 
clean-catch voided samples are reported as “voided,” 
which may have resulted in overestimation or underes-
timation of the appropriateness of the urine collection 
used in different ages of patients. Additionally, important 
microscopic urinalysis data (WBC and bacteria count) 
were missing because of the urinalysis type (bedside 
dipstick versus formal laboratory sample) performed. 
Other pertinent data unavailable in the medical record 
included compliance with the prescribed regimen, ad-
missions or visits at outside institutions, or changes to 
the antibiotic regimen by outside providers. Because of 
the retrospective design, some data that were collected 
could not provide significant insight into prescribing 
practices that could lead to antimicrobial stewardship 
interventions. Although allergy data were collected, their 
effect on antibiotic choice could not be determined via 
chart review because prescribers did not document the 
reason for empiric antibiotic choices.

Conclusion
The AAP guidelines for UTI provide evidence and 

recommendations for the management of infants and 

Table 4. Cefazolin Susceptibility Results for Esch-
erichia coli Isolates (n = 27)

Result n (%)

Susceptible 18 (67)

Intermediate 0

Resistant 9 (33)

 MIC 8 1

 MIC 16 3

 MIC ≥64 5

MIC, minimum inhibitory concentration
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young children, whereas the median age of the patients 
in this study was about 6 years. These results add to 
the existing literature by attempting to characterize the 
management of UTI in older pediatric patients. This 
study also emphasizes the importance of antimicrobial 
stewardship activities, including ensuring appropriate 
diagnosis of UTI with microscopic urinalysis and urine 
culture, choosing narrower-spectrum antibiotic therapy, 
and discontinuing empiric therapy when appropriate.
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Introduction
Voriconazole, an extended-spectrum triazole antifun-

gal with activity against a variety of clinically important 
yeasts and molds, is approved by the US Food and 
Drug Administration for use in adults and children aged 
≥2 years.1,2 Therapeutic drug monitoring (TDM) is rec-
ommended, with target serum trough concentrations 
variable among resources. Targets greater than 1 to 2 
mcg/mL are generally recommended to optimize ef-
ficacy, while a maximum trough of 6 mcg/mL is typically 
recommended to limit toxicity.3–6 Pharmacokinetic data 
have demonstrated that children require weight-based 
dosing proportionately larger than adults to achieve 
therapeutic serum trough concentrations, largely owing 
to non-linear saturable pharmacokinetics in children, as 
well as age-related changes in clearance mechanisms.7–13 

Recommendations for initial starting doses in children are 
published, but no formal guidelines exist to guide timing 

and frequency of TDM or dose modifications needed to 
achieve and maintain therapeutic drug concentrations.11,14 
We performed a quality improvement project to identify 
the initial voriconazole dose used in different age groups, 
the proportion of patients achieving target serum con-
centrations with the initial dose, and subsequent TDM 
and dose modifications needed to maximize the propor-
tion of children achieving and maintaining therapeutic 
voriconazole serum concentrations. We hypothesized 
that currently recommended doses do not achieve target 
drug concentrations in most children and multiple TDM-
guided dose modifications are necessary to achieve 
and maintain therapeutic voriconazole concentrations.

Materials and Methods
We retrospectively reviewed records of patients who 

were treated with voriconazole at Children’s Wisconsin 
from November 1, 2012, to August 1, 2019. We included 
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patients aged <18 years who received voriconazole for 
at least 48 hours. Patients prescribed voriconazole for 
prophylaxis were excluded. Patients were identified 
by using the electronic medical record. Institutional 
voriconazole clinical practice guidelines changed over 
time, based on local data, though generally followed 
the American Academy of Pediatrics (AAP) dose rec-
ommendation of 18 mg/kg/day divided twice daily for 
2 doses (load) then 16 mg/kg/day divided twice daily 
(maintenance) for children aged <12 years, and 12 mg/
kg/day divided twice daily for 2 doses (load) then 8 mg/
kg/day divided twice daily (maintenance) for patients 
aged ≥12 years up to standard adult maximum doses.11,15 
Most modifications in the guideline were related to 
monitoring parameters. Though our guideline did not 
specify whether doses should be given intravenously 
(IV) or enterally, guidance was included to consider IV 
therapy in children aged <12 years owing to pharmaco-
kinetic variability in this population. Directions on the 
medication administration record within the electronic 
health record recommend to hold tube feeds and/or 
give 1 hour before or after a meal. Voriconazole serum 

trough concentrations were drawn at steady state after 
initiation of therapy or a change in dose, every 1 to 2 
weeks after achieving the target concentration, or at 
any time toxicities were suspected. Individual patient 
dosing (including decisions regarding receipt of a 
loading dose and dose modifications) and monitoring 
regimens were determined by the treating physician 
and a pharmacist with expertise in pharmacokinetics.15

Demographic data, voriconazole doses, TDM values 
and timing, and patient-reported drug toxicities were 
collected. Invasive fungal infection category (proven, 
probable, possible, and other) was classified by us-
ing definitions from the European Organization for 
Research and Treatment of Cancer/Invasive Fungal 
Infections Cooperative Group.16 Voriconazole serum 
trough concentrations drawn ≥2.5 days following drug 
initiation or dosage change were accepted as “steady 
state” measurements. We allowed this timeframe be-
cause voriconazole serum concentrations are a “send 
out” test at our institution, and this allowed for flexibility 
of scheduling around weekends and holidays. Steady-
state voriconazole serum trough concentrations of 1 

Table 1. Demographic and Clinical Characteristics of Patients

All Ages Age <12 yr Age ≥12 yr p value

Patients, N (%) 59 33 (55.9) 26 (44.1) N/A

Age, median (IQR), yr 10.4 (3.7–14.7) 3.9 (2.5–8.3) 15.1 (13.6–16.7) N/A

Female, N (%) 29 (49.2) 18 (62.1) 11 (37.9) 0.35*

Weight, median (IQR), kg 31.4 (14.1–62.7) 14.4 (12.8–24.9) 65 (49.9–71.9) N/A

Diagnosis
 Proven infection
 Probable infection
 Possible infection
 Other

22 (37.3)
3 (5.1)

25 (42.4)
9 (15.2)

12 (54.6)
0 (0)

15 (60)
6 (66.7)

10 (45.4)
3 (100)
10 (40)
3 (33.3)

0.26†

30-Day mortality, N (%) 8 (13.6) 3 (37.5) 5 (62.5) 0.28†

Hospital length of stay, median (IQR), days 30 (12–57) 27 (11–55) 34.5 (14–57) 0.52‡

Voriconazole duration of therapy, 
median (IQR), days

30 (9–83) 34 (6–83) 29 (13–76) 0.52‡

Number of voriconazole serum concentration 
measurements per patient§, median (IQR) 

3.5 (2–9) 5.5 (2–11) 3 (1–7.5) 0.21‡

Time to steady-state voriconazole serum 
concentration measurement, median (IQR), days
 All patients
 Loading dose
 No loading dose

5 (3–9)
5.5 (4–8)
5 (3–9)

Starting dose route, N (%)
 Intravenous
 Enteral

36 (61)
23 (39)

24 (66.7)
9 (39.1) 

12 (33.3)
14 (60.9)

0.04*

Received a loading dose, N (%) 21 (36.8) 11 (52.4) 10 (47.6) 0.66*

N/A, not applicable (categories are intentionally different)

* �Chi-square test.; † Fisher exact test; ‡ Mann-Whitney test; § Among patients with at least 1 serum voriconazole concentration measurement.
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to 6 mcg/mL were designated “therapeutic” (within 
target range). The dose associated with each TDM 
measurement was defined as the majority of doses 
received prior to that TDM. For patients with more than 1 
TDM measurement, this would be the majority of doses 
administered after the preceding TDM measurement. 
Patient-reported drug toxicities were defined as visual 
disturbances, audio or visual hallucinations, or skin 
photosensitivity.

Patients were categorized by age groups: <2 years, 
2 years to <12 years, or ≥12 years. All data for patients 
<12 years were analyzed together owing to the low 
number of patients in the <2 years category. Continuous 
data are reported as median and IQR. We compared 
the dose associated with reaching therapeutic steady-
state voriconazole serum trough concentration and the 
proportion of patients reaching the therapeutic target 
by age category, using Mann-Whitney U test and chi-
square test. We used a generalized linear estimating 
equation assuming gamma distribution with an identity 
link function, patients as clusters and composite sym-
metry covariance structure to estimate the effects of 
patient age, administered dose, and dose formulation 
(IV or enteral) on the steady-state voriconazole serum 
trough concentration.17

Results
A total of 105 patients received voriconazole during 

the study period (Figure S); 59 patients met inclusion 
criteria (Table 1). The median age (IQR) of all included 
patients was 10.4 (3.7–14.7) years; 33 (56%) were aged 
<12 years (7 of these were <2 years) and 26 (44%) were 
aged ≥12 years. Proven or probable infection was diag-
nosed in 25 of 59 (42%) patients. The median duration 
of therapy was 30 days (9–83 days). The number of 
serum voriconazole TDM measurements per patient 
was 6 (2–11) and 3 (1–7.5) among those aged <12 years 
and ≥12 years, respectively. Most patients (61%) initiated 
therapy with IV voriconazole and 37% received a load-
ing dose. There were no differences in demographic or 
clinical characteristics (e.g., 30-day mortality, hospital 

length of stay) between age groups, except that chil-
dren aged <12 years were more likely to start therapy 
with the IV formulation of voriconazole.

Forty-two patients had at least 1 steady-state vori-
conazole serum trough concentration measured; 21 
were aged <12 years and 21 were aged ≥12 years. 
The median time to steady-state measurement was 
5 days overall (Table 1). Half (50%) were prescribed 
a concomitant proton pump inhibitor. Of those with a 
steady-state measurement, 21 of 42 (50%) achieved the 
target concentration (1–6 mcg/mL) at the first steady-
state measurement (regardless of age). Among those 
achieving the target concentration (n = 21) at the first 
steady-state measurement, the dose was 19.1 mg/kg/
day (16.0–20.5) vs 11.8 mg/kg/day (8.9–12.0) in patients 
aged <12 years and ≥12 years, respectively (Table 2).

An additional 13 of 42 (31%) patients reached the 
target voriconazole serum trough concentration at 
some point after the first steady-state measurement. 
For those 13 patients, the dose was 25.8 mg/kg/day 
(24.4–33.8) and 14.6 mg/kg/day (13.2–16.1) in patients 
aged <12 years and ≥12 years, respectively (Table 3).

In total 34 of 42 (81%) patients had a steady-state 
voriconazole serum trough concentration value within 
the target range (either on initial TDM or subsequently). 
The dose required to first achieve a value in the target 
range showed great variability, especially in patients 
aged <12 years (Figure 1). The time to achieve a value 
within the target range was 8.5 days (5–32) for patients 
<12 years and 6.5 days (3–10.5) for patients ≥12 years 
(p = 0.1), consistent with reported half-life of the drug 
(3–8 days).2,18–20 For the 13 patients who did not reach 
the target voriconazole serum trough concentration 
on the first steady-state measurement, 9 reached the 
target concentration by the second TDM evaluation, 
3 by the third evaluation, and 1 on the fourth steady-
state measurement.

For the 34 patients who ever achieved a therapeutic 
voriconazole concentration, there were 132 follow-up 
TDM measurements. Fifty-nine percent and 81% of 
those steady-state measurements were in the thera-
peutic range in patients aged <12 years and ≥12 years, 

Table 2. First Voriconazole Serum Trough Concentration at Steady State by Age

Age Group Voriconazole Serum 
Concentration, mcg/mL

Number of Patients, n (%) Dose, Median (IQR), 
mg/kg/day

All (N = 42) <1
1–6
>6

13 (31.0)
21 (50.0)
8 (19.0)

20.2 (9.9–25.5)
12.0 (11.4–19.1)
16.0 (11.9–18.6)

<12 yr (n = 21) <1
1–6
>6

8 (38.1)
9 (42.9)
4 (19.1)

25.3 (20.3–29.8)
19.1 (16.0–20.5)
16.0 (15.9–21.6)

≥12 yr (n = 21) <1
1–6
>6

5 (23.8)
12 (57.1)
4 (19.1)

9.0 (7.9–9.9)
11.8 (8.9–12.0)
13.0 (7.0–18.6)
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respectively (Table 4).
The route of administration at fi rst steady-state TDM 

was balanced overall, with 22 of 42 (52%) administered 
enteral voriconazole formulations (suspension or tablet) 
and 20 of 42 (48%) treated with the IV formulation. 
The dosage used prior to the fi rst steady-state TDM 
measurement was higher for those receiving an enteral 
formulation compared with the IV formulation (Table 

5). The plot of voriconazole serum concentration by 
administered dose showed a great overlap between 
enteral and IV formulations (Figure 2). In multivariable 
analysis of the dose used prior to the steady-state 
TDM, the eff ect of both administered dose (p = 0.013) 
and formulation (p = 0.016) was statistically signifi cant 
for patients aged ≥12 years, but only dose (p = 0.016), 
not formulation (p = 0.115), was statistically signifi cant 

Table 3. Voriconazole Dose Needed to Reach Therapeutic Voriconazole Serum Trough Concentration (1–6 
mcg/mL) in Patients Who Did Not Reach Therapeutic Target Until After the First Steady-State Measurement

Age Group Number of Steady State Measurement When 
Therapeutic Target Achieved, Median (Range)

Dose, Median (IQR), mg/kg/day

All (n = 13) 2 (2–4) 24.4 (17.4–27.0)

<12 yr (n = 9) 2 (2–4) 25.8 (24.4–33.8)

≥12 yr (n = 4) 2 (2–3) 14.6 (13.2–16.1)

Age N Dose, median (IQR), mg/kg/day Minimum, mg/kg/day Maximum, mg/kg/day

<12 yr 18 22.3 (18.0–27.1) 11.4 42.6

≥12 yr 16 12.0 (9.8–14.0) 5.7 19.1

Figure 1. Dose (mg/kg/day) associated with the fi rst therapeutic (1-6 mcg/mL) steady state voriconazole serum 
trough concentration among patients who had therapeutic drug monitoring, by age 
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for those aged <12 years (Table 6).
Eight of the 42 (19%) patients with at least 1 steady-

state voriconazole serum trough measurement never 
achieved a concentration within the target range. Of 
those, 4 were subtherapeutic (<1 mcg/mL), 2 were su-
pratherapeutic (>6 mcg/mL), and 2 had both sub- and 
supra-therapeutic measurements (but no measure-
ments within the target range). Eighteen patients had 
a voriconazole serum trough concentration >6 mcg/mL 
at some point during therapy (including steady-state 
and non–steady-state measurements). Five patients 
had voriconazole discontinued owing to an elevated 
serum drug concentration (>6 mcg/ml); of these, 3 (60%) 
reported adverse effects (visual disturbances or hal-
lucinations). Nine patients who never had an elevated 
voriconazole serum trough concentration reported a 
symptom potentially related to voriconazole toxicity.

Discussion
Our study highlights the challenges of dosing voricon-

azole to achieve therapeutic drug concentrations in chil-
dren. When we used voriconazole at doses approximat-
ing the AAP recommendations, only half of the patients 
achieved target serum concentrations with the initial 
regimen. However, after subsequent dose modifications 

based on TDM, we were able to eventually reach the tar-
get in over 80% of patients, though this required multiple 
steady-state voriconazole serum trough concentration 
measurements. Achieving therapeutic concentrations 
also required administration of doses nearly 75% larger 
than the AAP-recommended dose in patients aged <12 
years, with almost 4-fold variability between minimum 
and maximum doses; and 50% larger in patients aged 
≥12 years.11,14 Doses required to reach target therapeutic 
concentrations for patients in this study were similar to 
those reported for children from the Netherlands.21

Similar to other studies, we found large variability in the 
voriconazole dose needed to reach target serum con-
centrations, most notably in patients aged <12 years.7–12,21 
The dramatic variability of dose needed to reach and 
maintain goal concentrations in pediatric patients has 
been attributed to non-linear saturable pharmacokinetics 
in children, age-related changes in the type and function 
of clearance mechanisms, CYP2C19 genotype, race, 
and sex.1,2,13,18,19,22

Administered formulation may also be a factor in 
achieving and maintaining a therapeutic voriconazole 
trough concentration, as oral bioavailability has been not-
ed to be lower and more variable in children (40%–80%) 
than in adults (90%–100%).7,10,23 Our findings that dosing 

Table 4. Steady-State Voriconazole Serum Trough Concentration Measurements After Reaching the Thera-
peutic Target by Age Group

Age Group Voriconazole Serum 
Concentration, mcg/mL

Number of Measurements, N (%) Dose, Median (IQR), mg/kg/day

<12 yr (n = 18) <1
1–6
>6

23 (31.1)
44 (59.5)

7 (9.5)

30.8 (24.4–38.0)
30.4 (22.8–36.8)
37.5 (31.9–42.6)

≥12 yr (n = 16) <1
1–6
>6

9 (15.5)
47 (81.0)
2 (3.5)

17.9 (13.2–19.1)
11.6 (7.3–14.4)

20.6 (17.9–23.3)

Table 5. Dose Used at First Steady State by Route of Administration

Age Group Voriconazole Serum 
Concentration, mcg/mL

N (%) Dose, Median (IQR), mg/kg/day

Total Enteral IV Enteral IV

All (N = 42) <1
1–6
>6

13 (31.0)
21 (50.0)
8 (19.0)

9 (40.9)
12 (54.5)

1 (4.5)

4 (20.0)
9 (45.0)
7 (35.0)

20.2 (9.9–25.5)
15.8 (9.8–19.6)

19.2

16.3 (8.8–23.1)
12.0 (11.6–16.0)
15.9 (8.0–17.9)

<12 yr (n = 21) <1
1–6
>6

8 (38.1)
9 (42.9)
4 (19.1)

5 (50.0)
5 (50.0)

0 (0)

3 (27.3)
4 (36.4)
4 (36.4)

25.5 (25.0–
33.8)

20.1 (19.1–20.5)
N/A

20.3 (12.4–25.8)
16.0 (13.7–20.1)
16.0 (15.9–21.5)

≥12 yr (n = 21) <1
1–6
>6

5 (23.8)
12 (57.1)
4 (19.1)

4 (33.3)
7 (58.3)
1 (8.3)

1 (11.1)
5 (55.6)
3 (33.3)

9.4 (8.4–13.6)
10.6 (8.3–13.6)

19.2

5.2
11.9 (11.6–12.0)
8.0 (6.3–17.9)

IV, intravenous; N/A, not applicable



High Voriconazole Doses Needed in Children Zembles, T et al

252	  J Pediatr Pharmacol Ther 2023 Vol. 28 No. 3 www.jppt.org 

formulation was not associated with voriconazole se-
rum trough concentrations in patients aged <12 years 
highlights the unpredictable pharmacokinetics and oral 
bioavailability in this age group. Though this effect of 
dosage formulation is more predictable in patients aged 
≥12 years than in those aged <12 years, patients in both 
age groups need repeated monitoring after a change 
in dosing formulation to ensure the voriconazole serum 
concentration remains in the target range. We support 
initial IV therapy for children aged <12 years owing to 
these differences.

Similar to findings in previous studies, we achieved 
the target voriconazole serum concentration in only 50% 

of patients, using initial doses that approximated AAP 
recommendations.8,9 Another 30% achieved the target 
only with dose adjustments and additional TDM. Larger 
initial doses (exceeding AAP recommendations) may be 
necessary to achieve therapeutic concentrations at the 
first steady-state measurement. Though the risk exists 
for a supratherapeutic concentration with larger initial 
doses, we did not observe that in our population, nor 
did we identify a concerning number of patients need-
ing to stop therapy owing to toxic drug concentrations 
or patient-reported adverse effects.

Currently, no formal guidelines exist to direct TDM tim-
ing or frequency, or subsequent dose adjustments, when 

Figure 2. Steady-state serum voriconazole concentration by administered dose, showing both enteral and 
intravenous formulations by age.

Table 6. Association of Voriconazole Serum Concentration With Dose and Formulation by Age

Parameter Estimate* 95% Confidence Limits p value

Children aged <12 yr
 Intercept†
 Dose, mg/kg/day
 Formulation (IV vs enteral)

0.543
0.065
1.233

−1.280
0.002
−0.287

2.367
0.128
2.753

0.559
0.043
0.112

Children aged ≥12 yr
 Intercept
 Dose, mg/kg/day
 Formulation (IV vs enteral)

0.022
0.204
2.154

−1.767
0.043
0.406

1.810
0.364
3.902

0.981
0.013
0.016

IV, intravenous; * Generalized estimation equation parameter estimates; model based on 150 steady-state therapeutic drug monitoring mea-
surements in 42 patients. † The intercept represents the serum voriconazole concentration in the absence of intervention and is not statistically 
significantly different from zero in this model.
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treating children with voriconazole. In our study cohort 
the median time to achieve target voriconazole serum 
trough concentrations was about 1 week. For children 
with a serious invasive fungal infection, it may be prudent 
to prescribe a second antifungal agent until therapeutic 
voriconazole concentrations can be confirmed. Our inter-
nal guideline recommends increasing the total daily dose 
by 50% for subtherapeutic voriconazole serum trough 
concentrations.15 For supratherapeutic voriconazole se-
rum trough concentrations, our guideline recommends 
holding 1 dose followed by a decrease in the total daily 
dose by 25%, with repeated TDM at steady state. Our 
patients required TDM approximately every 1 to 2 weeks 
to ensure target concentrations were either achieved 
or maintained.

Strengths of our study include longitudinal data col-
lection over a 7-year period with real-world experience, 
using a variety of doses over time. Limitations include 
small sample size within age subcategories, paucity of 
use of loading doses, and use of both IV and enteral dos-
ing within a treatment course, which may have affected 
drug concentrations. Additionally, voriconazole serum 
trough concentrations were accepted as “steady state” if 
drawn at ≥2.5 days after initiation or dose change, though 
most were drawn around day 5. This was allowed for 
scheduling conflicts, such as weekends or holidays, and 
reflects our real-world experience. However, this could 
have resulted in premature dose reductions or escala-
tions if early TDM was acted on. Other limitations include 
lack of data related to hepatotoxicities, differences in 
drug metabolism (e.g., CYP2C19 polymorphisms), drug 
interactions, and patient comorbidities.

Conclusion
Reaching therapeutic voriconazole serum trough 

concentrations required doses larger than currently 
recommended, and multiple TDM measurements were 
required to achieve and maintain therapeutic serum 
concentrations.
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Introduction
Medication device misconnections between in-

compatible routes represent a small but preventable 
source of significant medication errors in the health 
care setting. Notably, inadvertent administration of 
enteral/oral liquids via the intravenous route can result 
in catastrophic consequences. Physical modifications 
have been implemented to syringes and tubing systems 
to prevent misconnections between the enteral and in-
travenous routes in accordance with recommendations 
from the International Organization for Standardization 
(ISO), an independent, non-governmental global orga-
nization for establishing national standards bodies. ISO 
launched standards for enteral systems (ISO 20695) and 
small-bore connectors (ISO 80369-1 and 3) that clearly 
delineate design criteria for the enteral route from other 
routes, similarly to the device standards recently applied 
to respiratory and neuraxial systems.1,2

Through the Global Enteral Device Supplier Associa-
tion, manufacturers joined forces to create ENFit, a re-
verse orientation syringe and tubing design to decrease 
risk of misconnections, standardize enteral connections, 
and adhere to ISO-80369 criteria. Enteral-specific device 

systems evolved for the safe provision of nutrition, but 
their use has been extrapolated to medications as well. 
The standard female ENFit syringe has been proposed 
as the solution to enteral misconnections, but it has 
faced scrutiny by pediatric providers for dosing accuracy 
issues, especially with low volumes.2–4 Contrary to tradi-
tional male slip tip syringes that are inserted in female 
enteral tubes, the female enteral syringe fits around the 
male enteral tube connection, creating a new physical 
space that may lead to inaccurate medication dosing. 
The standard ENFit syringe tip contains 0.2 mL of volume, 
which can result in significant over or underdosage if 
improperly used. The ENFit with low dose tip (LDT) fea-
ture has a small, internal male lumen inside the female 
syringe tip, which creates a moat that can serve as a 
reservoir for drug. Although the ENFit LDT was designed 
to overcome dosing inaccuracy seen with the standard 
ENFit syringe, computational fluid dynamics data and 
post-marketing clinical evaluation suggest that the LDT 
may still have unacceptable dosing variance (DV).5–8 ISO 
standard 20695 reflects the inability of the LDT to reliably 
increase dosing accuracy compared with the standard 
ENFit syringe, delineating the LDT as an “alternative 
design.” A recent US Food and Drug Administration 
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(FDA) warning was released that cautions the potential 
for overdosage with the ENFit LDT.9

Preterm neonates often require extended dura-
tion of enteral tube use to meet their nutritional and 
medication needs until developmental maturity allows 
for safe oral administration.10 Oral/enteral medication 
doses less than 1 mL are associated with higher risk of 
dosing errors in young children, and commonly result 
in need for hospitalization.11 Enteral medication doses 
in the neonatal population are frequently low volumes 
(<1 mL) and require accurate dosages to help prevent 
unintended medication consequences.6 Compared 
with adults, younger patients are 3 times more sus-
ceptible to medication overdoses and the associated 
complications.12 Neonates are particularly vulnerable to 
medication errors, given wide intra- and interpatient vari-
ability in developmental pharmacokinetics and dynamics, 
relative lack of prospectively evaluated neonatal dosing 
literature, unavailability of population-specific dosage 
formulations, and higher propensity for significant 
morbidity and mortality.13–15 Given these characteristics, 
dosing inaccuracy with enteral syringes in neonates likely 
represents a high-risk practice, since seemingly small 
variations in volumes delivered can result in clinically 
significant toxicity or treatment failure.13–15

In a previous publication, we demonstrated that DV ex-
ceeded 10% from the intended dose nearly 3 times more 
with ENFit LDT as compared with male oral syringes 
(p = 0.003).6 In this study, we evaluated the performance 
of Nutrisafe2 (NS2), an ISO-compliant enteral syringe, 
that was designed specifically for neonatal patients and 
compared it to the ENFit LDT. Computational fluid dy-
namics evaluation suggests that the NS2 may decrease 
the potential for overdosage seen with the ENFit LDT 
from 0.12 mL to 0.029 mL due to its smaller syringe tip. 
There are no currently published clinical studies of the 
NS2 syringe to validate these findings. As health care 
systems move toward ISO compliant enteral systems, it 
is imperative that they understand the challenges related 
to dosing accuracy across the spectrum of available op-

tions to determine which is safest for neonatal patients. 
Given the lack of peer-reviewed clinical evaluation of 
these syringes, we sought compare the dosing accuracy 
of the NS2 to ENFit LDT.

Materials and Methods
An in vitro study was conducted at WakeMed Health 

and Hospitals. Two types of enteral syringes were 
evaluated. Methodology was based on a previous 
evaluation.6 Based on previous studies showing the 
majority of DV in smaller volume syringes, 3 syringe 
sizes were selected (NeoMed ENFit LDT: 0.5 mL, 1 mL, 3 
mL; Vygon NS2: 0.5 mL, 1 mL, 2.5 mL) for evaluation. For 
each syringe size, 2 intended volumes were evaluated: 
a low volume (low volume: 20% of syringe capacity) and 
a high volume (high volume: 80% of syringe capacity). 
For example, for a 1-mL syringe, the low volume was 0.2 
mL while the high volume was 0.8 mL. FDA-approved 
instructions for use for each were followed.16 The test 
liquid was dispensed from a bulk glass bottle with the 
corresponding adapter (ENFit or NS2) and directly from 
a medication cup.

To match previous methodology and to represent 
a common outpatient medication, brompheniramine 
maleate/dextromethorphan HBr/phenylephrine HCl oral 
liquid (Children’s Dimetapp Cold & Cough; Pfizer, Inc, 
Sanford, NC) was used for all syringe tests. Volumetric 
measurement of dosages and confirmation of dose 
delivered via gravimetric assessment were completed 
in accordance with other clinical dosing accuracy stud-
ies.6,17,18 A pre-weighed graduated cylinder and pipettor 
were used to determine density and specific gravity 
of the brompheniramine maleate/dextromethorphan 
HBr/phenylephrine oral liquid. An Ohaus Adventurer 
scale was used for measuring all tests (precision/ac-
curacy = 0.001 g). A single investigator measured all 
doses for assessment. Dosing variance was calculated 
by dividing the difference between the actual and in-
tended volume by the intended volume.

Based on our previous evaluation,6 to detect a 15% 

Table. Testing Conditions

 ENFit LDT NS2

Total tests, n 150 150

0.5-mL syringe, n
 Bulk bottle, n 
 Medication cup, n

50
30
20

50
30
20

1 mL syringe, n
 Bulk bottle, n
 Medication cup, n

50
30
20

50
30
20

3/2.5-mL syringe, n 
 Bulk bottle, n
 Medication cup, n

50
30
20

50
30
20

LDT, low dose tip; NS2, Nutrisafe2
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absolute reduction in unacceptable DV, a minimum 
of 104 samples in each arm would be needed for a 
desired power of 80% and a Type 1 error rate of 0.05. 
Statistical analysis was completed using JMP v16. Chi-
square, t test, and analysis of variance were used as 
appropriate. The primary outcome was the comparison 
of the frequency of DV exceeding 10% of the intended 
dose for all NS2 syringes compared with the ENFit 
LDT. Secondary outcomes describe the overall dosing 
performance of the 2 female designs based on syringe 
size and nominal capacity.

Results
A total of 300 tests were completed (ENFit LDT= 150, 

NS2 = 150). The distribution breakdown is summarized 
in the Table. For each syringe size (n = 50), half the tests 
were completed at 20% (n = 25) and half at 80% (n = 25) 
syringe capacity. The LDT had significantly more tests 
with an unacceptable DV compared with the NS2 (48% 
vs 4.7%, p < 0.0001).

Absolute DV was significantly higher in theLDT 
group compared with NS2 (11.9% vs 3.5%, p < 0.0001). 
The overall distribution of DV for the 2 syringe types 
is described in Figure 1A. DV was inversely propor-
tional to syringe size (Figure 1B), where 0.5 mL syringes 
demonstrated greater variance for both syringe types 
(16.1% vs 4.6%, p < 0.001 for LDT vs NS2, respectively). 
For 1 mL syringes, LDT had higher DV (10.7% vs 2.8%, 
p < 0.0001), but mean DV was within acceptable ranges 
for both syringes in the 3 mL/2.5 mL tests groups (8.8% 
vs 3.3%, p < 0.001). When assessing DV by syringe type 
and medication dispensing source (Figure 1C), LDT tests 
from bulk bottles with adapter caps had a higher DV 
compared with NS2 (13.3% vs 3.9%, p < 0.001). Medica-
tion cups were associated with acceptable DV for both 
ENFit LDT and NS2 syringes (9.7% vs 2.9%, p < 0.0001). 
The effect of syringe capacity on DV is presented in 
Figure 2. Accuracy and precision were improved with 
increasing dosing volumes for both syringe types.

Discussion
When choosing the appropriate enteral design for 

neonatal patients, the risk of compromised dosing ac-
curacy must be considered in conjunction with the risk 
of device misconnection. Based on this evaluation, the 
neonatal ISO-compliant NS2 enteral syringe had sig-
nificant greater dosing accuracy as compared with the 
ENFit LDT. The ENFit LDT was associated with a greater 
proportion of tests that fell outside of an acceptable DV, 
which is consistent with previous clinical evaluations.6–8

A recently published computational evaluation was 
completed that confirms the potential for the ENFit 
LDT to contribute to unintentional overdosage.8 The 
authors predict that the LDT may overdose by as much 
as 34.7% when using a 0.5-mL syringe, which was com-
parable with experimental results showing a maximum 
overdosage of 39.6%.6 For the 1 mL LDT, the calculated 

maximum overdose was 18.1%, which fell within the 
range of the previously published experimental values 
of 10.5 to 26.4%.6 When fluid remained in the moat, the 
computation fluid analysis predicted overdosages as 
high as 300% of the intended dose with the 0.5 mL LDT 
and 148% with the 1 mL LDT. The 1 mL LDT was found to 
have up to 1.5 times higher maximal overdosage when 
compared with the legacy male slip tips. Overdosage 
potential was nearly 2-fold higher for 0.5 mL than 1-mL 
syringes of both types.

While this study adds to the currently sparse body 
of literature regarding enteral device dosing accuracy, 
several pertinent factors were not evaluated, including 
drug properties (i.e., viscosity and surface tension) that af-
fect flow behavior, contribution of drug particulates from 
crushed medications, and the use of filling adapters (i.e., 
filling straw or bottle cap adapter). Published literature 
describes the effect of viscous liquid on dosing accuracy 
of oral syringes, where slow flow rates lead to bubbles 
in syringes and surface adhesion that results in volume 
loss.19 Failure to account for the physical properties of 
liquid medications in this study significantly decreases 
its applicability to real-world device use. Additional 
considerations with this evaluation include the pressure 
dynamics within the syringe and fittings themselves, 
realistic characterization of uncertainties with respect 
to manufacturing tolerances and characterization of 
the dynamic transfer of fluids with varied compress-
ibility (i.e., vacuum effects caused by air in the syringe 
or leakage into the fittings). In effect, the computational 
study identified a single source of inadequacy in the 
LDT syringe, namely the geometry of the syringe and 
fittings. However, it is quite possible that operational 
factors could lead to even greater inaccuracies. The 
failure of this dynamics model to replicate measure-
ments achieved by real-world application of the syringes 
further underscores the inadequacy of a single variable 
evaluation, where actual volume measurements are the 
gold standard for how much drug reaches the patient. 
A comprehensive fluid dynamics evaluation of syringe 
application could shed light on the questions remain-
ing after the initial analysis performed by Guha et al.8 
Additional studies including evaluation of adapters are 
greatly needed, instead of assuming their use reduces 
the degree of dosing inaccuracy to a clinically acceptable 
range with the LDT.

For health care systems who choose to use ENFit LDT 
syringes, mitigating the risk of overdosages is critical for 
safe medication delivery in neonatal patients. Despite 
not testing the effect of filling adapters on dosing ac-
curacy, Guha et al8 recommend their use to reduce DV 
to ≤ 10%. Our results using the ENFit bottle cap adapter 
reveal that dosing accuracy is not improved to ≤ 10%, so 
the end user must interpret this recommendation with 
caution. We did not test the accuracy associated with 
filling straws, but the use of a medication cup without 
a straw was found to be more accurate than the bottle 
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DV, dosing variance; LDT, low dose tip; NS2, Nutrisafe2.

Figure 1. (A) Overall DV by syringe type. (B) DV by syringe size. (C) DV by medication dispensing source. ENFit 
LDT 3 mL is presented with NS2 2.5-mL syringes.

A

B

C
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cap adapter. Additionally, the authors did not evaluate 
the use of adapters for oral use, which adds another 
layer for potential over and underdosage. Of note, the 
FDA-approved instructions for use of the ENFit LDT do 
not currently require the use of either adapter type (fi lling 
or oral administration), so these remain optional acces-
sories. ENFit manufacturer recommendations suggest 
that use of such adapters is intended to improve dosing 
accuracy for both the standard and LDT syringes, but 
publicly available clinical data to prove or disprove this 
recommendation are lacking. Based on the results of this 
study, it does not appear that the risk of overdosages is 
universally mitigated by the use of bulk bottle adapters.

This study confi rms prior computational fl uid dynamic 
analysis of the NS2 syringe, which suggested lower 
potential for overdosage compared with the ENFit LDT.5
The NS2 syringe performance is likely due to its design, 
where the syringe tip is smaller and has less potential 
volume available for displacement when connected 
to an enteral tube.5 This syringe may provide an ISO-

compliant option for health care systems with neonatal 
patients to provide both dosing accuracy and reduced 
risk of misconnections. The drawback to this design 
compared with ENFit LDT is that there would not be 
one enteral system for all patients. While this may not be 
problematic for standalone children’s hospitals, it may 
have signifi cant eff ects for larger health systems that 
care for adults, pediatrics, and neonates.

There are several limitations to this study, including 
that tests were completed with a single manufacturer of 
ENFit LDT syringes. Diff erences in manufacturing may 
aff ect device performance, so the results of this study 
may not be able to be extrapolated to all available de-
vices.20 Each test was performed by a single experienced 
evaluator, so it is not possible to determine the eff ect 
of interuser technique variability on DV. The eff ect on 
DV by less experienced users, such as parents or other 
non–health care professional caregivers, should be 
evaluated, especially given previously published reports 
that parents often struggle with oral liquid medication 

DV, dosing variance; LDT, low dose tip; NS2, Nutrisafe2.

Figure 2. DV by syringe capacity. NS2 2.5-mL syringes (20% capacity = 0.5 mL, 80% capacity = 2 mL), ENFit 
LDT 3-mL syringes (20% capacity = 0.6 mL, 80% capacity = 2.4 mL).
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administration.21–23 Only 1 liquid medication formulation 
was used in this study, which may limit the ability to pre-
dict the effect of drug characteristics, such as viscosity 
and particle size, on syringe performance. Enteral straw 
and oral adapters were not evaluated in this analysis, so 
there can be no conclusion drawn regarding their ability 
to improve dosing accuracy.

Conclusion
This study further validates that ENFit LDT syringes 

have a higher risk of dosing inaccuracy compared with 
other available designs, even when used with bulk bottle 
adapters.4–7 The Nutrisafe2 syringe may have a dosing 
accuracy advantage over the ENFit LDT in the neonatal 
population given its smaller syringe tip, which decreases 
the maximal volume that may be unintentionally deliv-
ered with medication administration. Smaller syringes 
are associated with increased dosing inaccuracy, un-
derscoring the need for development of oral medication 
formulations with appropriate concentrations and dosing 
volumes for neonates. As new enteral devices enter the 
market, it is imperative that they are tested for safety as 
well as precision and accuracy, particularly when they 
are to be used in patients who may be at high risk of 
therapeutic failure or toxicity. Clinical evaluations are 
critical to validate experimental conditions modeled in 
computational fluid dynamic studies. Given the inability 
of bulk bottle adapters to improve dosing accuracy to 
≤ 10% in this study, further clinical studies are needed 
to evaluate the FDA statement supporting their use to 
overcome LDT syringe performance issues. The ENFit 
LDT should be used cautiously in neonatal patients until 
more data are available to ascertain how they may be 
safely used in this population.
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Introduction
Studies have demonstrated transitions of care are 

risk points for medication errors, particularly when in-
volving high-risk drugs and/or patients.1 Improvements 
in the medication reconciliation process across these 
transitions are associated with lower risk of errors. 
Some approaches to improvements include detailed 
pharmacist-mediated comprehensive medication review 
at hospital admission, pharmacist-conducted medication 
reconciliation at discharge, and providing documentation 
for patients to assist with communication when transition-
ing from secondary to primary care.1 Both professional 
and regulatory organizations address the importance 
of adequate attention to medication reconciliation.2–5 
Pediatric oncology patients are particularly challenging 
because both the patients and their medication regimens 
are complex, potentially putting them at high risk for 
medication errors.

The initial discharge after a cancer diagnosis can 

be an overwhelming experience for patients and their 
caregiver(s). Caregivers are defined as a family member 
or a person who regularly cares for a sick child. Children 
with medical complexity are more vulnerable to medi-
cation errors than those without medical complexity.6 
Gold et al6 suggest that to minimize medication errors, 
discharge medication education should provide a criti-
cal safety checkpoint before medication management 
is transitioned back to the caregiver. Additionally, they 
suggest that medication education requires the engage-
ment of caregivers, which can be a major factor to suc-
cessfully transitioning home.6 Four major themes were 
discussed with caregivers to better understand their 
needs, which included quality of information, informa-
tion delivery, personalization and/or individualization, 
and self-efficacy.6 Overall, caregivers prefer high-quality 
discharge medication education provided by experts 
that allows them to feel confident in their ability to care 
for their child once at home.6
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Pharmacist-led discharge medication reconciliation re-
view with caregivers has the potential to identify medica-
tion discrepancies and reduce potential harm, according 
to many studies.7–10 More specifically, clinical pharmacy 
services provide direct pharmaceutical care to patients 
to ensure the optimal use of medications.8 A study 
conducted by Tuffaha et al8 observed clinical pharmacy 
services in outpatient pediatric oncology clinics. They 
found the most common clinical interventions made by 
clinical pharmacy specialists were related to education 
and safety, followed by clarification and therapeutic in-
terventions.8 Clinical interventions under the education 
category were defined as patient education provided 
to patients and/or caregivers. Interventions related to 
safety were divided into 5 different categories: chemo-
therapy evaluation, non-chemotherapy evaluation, drug 
interactions, adverse drug reactions, and medication 
errors. Clarification interventions were defined as the 
pharmacist needing to clarify an order with a prescriber. 
Lastly, chemotherapy or non-chemotherapy changes 
were interventions documented under the therapeutic 
category.8 Involving a clinical pharmacy specialist in the 
outpatient setting is crucial in optimizing continuity of 
care and preventing adverse events from occurring. 
A study conducted by Ali et al9 found that inclusion 
of a clinical oncology pharmacist into a specialized 
outpatient clinic plays an integral role in minimizing the 
adverse effect(s) of medications and readmission into 
the hospital. Another study aimed to describe the key 
activities performed by a clinical pharmacist in an outpa-
tient pediatric hematology, oncology, transplant clinic.10 
The authors reported the most frequent activities in the 
outpatient clinic were obtaining best possible medication 
histories, providing medication counseling, and creating 
adherence aids.10

Clinical pharmacy specialists at our institution are 
closely integrated into interdisciplinary teams in both 
the inpatient and outpatient settings and provide a va-
riety of medication-focused services. These individuals 
collaborate with care teams in ensuring the best pos-
sible outcomes of medication therapy in these complex 
pediatric and adolescent patients, some of whom are 
non-English speaking. Patients may be discharged fol-
lowing an inpatient stay with as many as 24 different 
medications, attesting to the complexity of therapy. All 
patients are counseled by a pharmacist prior to being 
discharged from the hospital.

To ensure that patients and caregivers understand 
and comply with their medication regimen, an outpatient 
appointment with a clinical pharmacy specialist shortly 
following discharge is conducted with the patient and 
their caregivers. Our specific project aim was to evaluate 
the effect of pharmacist interventions made during first-
time discharge appointments conducted shortly after a 
patient was discharged from the hospital. Our goal was to 
describe the possible benefits of this approach to patient 
management, thus improving caregiver satisfaction on 

transitions of care. The primary outcomes of the study 
were to describe the effect of pharmacy interventions 
made at first-time discharge follow-up education ap-
pointments and to assess caregiver satisfaction with the 
follow-up discharge education process. The secondary 
outcome was to identify tools used at discharge that 
best facilitated patient and caregiver understanding of 
medications.

Materials and Methods
Participants and Setting. This was a single-center, 

quality improvement study conducted at a specialized 
pediatric hospital in southeastern US region. This 
project was granted quality improvement designation 
following review by the Institutional Review Board. 
Patients were included in the study if: 1) it was their first 
discharge from the hospital after diagnosis with new 
medications added as part of their treatment, 2) they 
were discharged after first course of chemotherapy, 3) 
they were a relapsed or refractory patient with a new 
chemotherapy regimen, or 4) it was a first discharge 
after hematopoietic stem cell transplant. These points 
of care were chosen for inclusion in the study given 
the complexity of medication regimens and patients 
and caregivers having limited experience administering 
and managing multiple medications at home. Except 
in rare circumstances, all medications and medication 
supplies were dispensed from the St. Jude Children’s 
Research Hospital outpatient pharmacy. Decisions for 
dispensing medications were made without consider-
ation of insurance reimbursement. Patients were not 
excluded from the study based on language, cultural, or 
socioeconomic barriers. Video, telephone, or in-person 
language interpreters were used for non–English-
speaking patients or caregivers.

Procedure. Outpatient follow-up appointments in the 
clinic were scheduled at patient discharge by either 
the clinical pharmacy specialist or another pharmacist 
conducting discharge counseling on the day of patient 
discharge; this appointment was coordinated to oc-
cur on the same day of follow-up appointment with 
medical providers. These follow-up appointments with 
medical providers typically occurred within a few days 
(2–3) after discharge. The outpatient clinical pharmacy 
specialist was responsible for conducting the follow-up 
education; in most cases this clinical pharmacy spe-
cialist was not involved with the initial discharge from 
inpatient status. Interventions made by this individual 
during the appointment were documented using a stan-
dardized data collection tool. The following information 
was collected in the standardized data collection tool 
and in a patient education form in the electronic health 
record: appointment details (i.e., clinic location, reason 
for follow-up appointment, duration of visit), medica-
tion information (i.e., number of medications, type of 
medications), pharmacist interventions (i.e., reinforce-
ment of medication regimen, adjusting antiemetic or 
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bowel regimens, drug-food interactions, etc.), and 
barriers identified during the appointment (i.e., re-
quired language interpreter, reprinting of medication 
calendar, etc.).

At the time of the first-time discharge follow-up ap-
pointment, the clinical pharmacy specialist provided 
a survey to the caregivers. The survey consisted of 
16 questions related to all phases of the discharge 
process. The survey included Likert-type, multiple-
choice, and fill-in-the-blank questions (Supplemental 
Figure). Originally the survey was offered to patients 
using an institutional Web-based platform. However, 
when early experience demonstrated that no care-
givers were using this tool, we made the decision to 
switch to a printed paper copy which was provided 
directly to caregivers when the appointment was com-
pleted. The survey was then completed anonymously 
and returned to the patient’s corresponding clinic and 
collected by the clinical pharmacy specialist.

Responses on the standardized data collection tool 
and the survey were tabulated and presented as per-
centages and ranges, where applicable.

Results
Seventy-eight first-time discharge follow-up appoint-

ments were conducted from January to May 2021. The 
most common primary location was the solid tumor or 
neuro-oncology clinic (48%), followed by the leukemia 
clinic (42%). The most common reason for follow-up was 
discharge after first course of chemotherapy (77%). The 
average number of medications a patient was receiving 
was 10 (range, 3–24). Additionally, approximately 26 pa-
tients (33%) were receiving a medication that was given 
intravenously, intramuscularly, or subcutaneously. The 
median duration of each appointment was 17 minutes 
(range, 5–65; Table 1). In addition, clinical pharmacy 
specialists spent a median of 10 minutes (range, 2–60) 

reviewing the patient’s electronic health record prior 
to the appointment.

A clinical pharmacy specialist made at least 1 inter-
vention with a patient, caregiver, or other health care 
provider in 85% of the first-time discharge follow-up 
appointments. Additionally, multiple interventions 
were made in 46% of cases (Figure 1). The most com-
mon intervention made during the appointment was 
reinforcement of medication regimen (31%). Adjusting 
antiemetic regimens and bowel regimens were the 
second and third most common interventions docu-
mented, at 19% and 9%, respectively. Modification of 
medication regimen to address drug-food interactions 
(5%), correction of timing or frequency medication er-
rors (5%), and changed medication formulation (5%) 
were also documented interventions during the ap-
pointment. Other interventions documented during the 
first-time discharge follow-up appointment included, 
but were not limited to, correction of inappropriate 
dosing, discussing stability of medications, conducting 
a drug-allergy investigation, and ordering drug blood 
or serum concentrations to assist with pharmacokinetic 
interpretation (Table 2). Some of the clinical pharmacy 

Table 1. Baseline Characteristics

Characteristic Value, N = 78

Clinic location, n (%)
 Solid tumor or neuro-oncology clinic
 Leukemia clinic
 Bone marrow transplant clinic

37 (48)
33 (42)
8 (10)

Duration to review patient’s profile prior to appointment, median (range) 10 min (2–60)

Duration of follow-up appointment, median (range) 17 min (5–65)

Reason for follow-up appointment, n (%)
 Discharge after first course of chemotherapy
 First-time discharge after transplant or cellular therapy
 Relapsed or refractory patient starting new chemotherapy regimen
 First discharge from hospital after diagnosis without receiving chemotherapy

60 (77)
8 (10)
6 (8)
4 (5)

Number of medications, mean (range) 10 (3–24)

Intravenous, intramuscular, or subcutaneous medications, n (%) 26

Figure 1. Number of interventions at first-time dis-
charge follow-up appointments.
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specialists noted providing education to improve ad-
herence of liquid medications. For example, 1 strategy 
provided by the clinical pharmacy specialists was hiding 
the medication in a small amount of juice, chocolate 
milk, applesauce, or pudding. Additionally, the clini-
cal pharmacy specialists suggested, for large-volume 
doses, to break the administration into small amounts 
to complete the full dose within 30 minutes. A correc-
tion of inappropriate dosing was documented twice 
by clinical pharmacy specialists; in both situations, the 
pharmacist documented the caregiver was administer-
ing the wrong dose, although the correct dose was on 
the label; 1 of these was directly related to the patient’s 
chemotherapy.

Thirteen surveys were completed and returned by 
caregivers; 100% of the caregivers reported the follow-
up appointment was helpful. All but 1 caregiver reported 
they learned something new about their patient’s 
medications during the follow-up appointment. One 
caregiver reported having a problem with their patient’s 
medications at discharge, which was due to a missing 
medication (Figure 2). All caregivers reported they felt 
more comfortable with their patient’s medications after 
the fi rst-time discharge follow-up appointment (Figure 
3). Additionally, caregivers reported the most useful 

resource provided at discharge was the medication 
calendar (85%). Other helpful tools noted by caregiv-
ers were a paper handout with medication information 
(62%) and a pill box (15%; Table 3).

Discussion
This quality improvement study demonstrated phar-

macists play a vital role in helping manage complex 
pediatric hematology and oncology medication regi-
mens at follow-up discharge appointments. One of the 
primary goals of this study was to describe the eff ect of 
a pharmacist during these fi rst-time discharge follow-up 
appointments; the results describing the number and the 
type of interventions affi  rm the positive eff ect of a clini-
cal pharmacy specialist. As previously described in the 
literature, including a pharmacist in the outpatient setting 
can play a vital role in minimizing adverse drug events 
and readmission of patients to the inpatient setting.1,7–10

This particular study focused on the specifi c eff ect of 
pharmacist interaction with a patient or caregiver—only 
one subset of the many interactions involving a clinic-
based pharmacist.

Table 2. Interventions Made During First-Time Discharge Appointment

Intervention No. (%), n = 119

Reinforcement of medication regimen 37 (31)

Adjust antiemetic regimen 22 (19)

Adjust bowel regimen 11 (9)

Drug-food interaction addressed 6 (5)

Incorrect timing or frequency of medication 6 (5)

Change in medication formulation 6 (5)

Incorrect dose 2 (2)

Other 29 (24)

g No; g Yes

Figure 2. Caregiver responses to satisfaction survey 
(yes or no questions).

g Strongly Disagree; g Disagree; g Neither; g Agree; 

g Strongly Agree

Figure 3. Caregiver responses to satisfaction survey 
(5-point Likert scale).
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Reinforcement of medication regimen was the primary 
intervention documented by clinical pharmacy special-
ists. This intervention was defined as reeducating the 
caregiver on any and potentially all medications at the 
discretion of the clinical pharmacy specialist if they felt 
the caregiver did not have an adequate understanding 
of the child’s medications. Additionally, there were many 
different types of interventions documented by the clini-
cal pharmacy specialists. If these interventions were not 
conducted, medication errors affecting patients might 
have resulted. More specifically, one of the corrections 
of inappropriate dosing documented by the clinical 
pharmacy specialist was directly related to the patient’s 
chemotherapy. If this intervention was not performed, 
this could have resulted in negative patient outcomes.

Clinical pharmacy specialists at our institution are 
credentialed members of the medical staff and are able 
to modify medication regimens under a collaborative 
practice agreement. Interventions could have included 
adjustments to medication regimens based on verbal 
interaction with patients or caregivers, recommenda-
tions to other clinic providers, or direct prescribing or 
discontinuing of medications. It is also important to note 
that this study solely focused on one role that the clini-
cal pharmacy specialist plays in the outpatient clinics. 
They are also responsible for many other tasks daily 
while in clinic.

The other primary goal of this study was to evaluate 
caregiver satisfaction of the first-time discharge follow-
up appointment. Overall, all caregivers reported this 
process was helpful to better understand their child’s 
medications. In addition, all but 1 caregiver reported they 
learned something new about their patient’s medications 
during the appointment. It has been reported that the ini-
tial discharge after diagnosis is extremely overwhelming, 
especially for families of children with medical complex-
ity.6 This study provides additional support for providing a 
follow-up appointment after the initial discharge in order 
to ensure any missing information is provided to caregiv-
ers and the caregiver’s questions are fully answered.

The provision of the medication calendar at discharge 
was reported as the most helpful tool for caregivers. 
As suggested in previous studies, caregivers described 4 
main themes to better understand their needs transition-
ing to the outpatient setting: quality of information, infor-
mation delivery, personalization and/or individualization, 

and self-efficacy.6,10 Creating individualized medication 
calendars to families provides a personalized method 
of ensuring medications are given to the patient at the 
correct dose, time, and frequency.

There are several limitations to this study. First, this is a 
single-center quality improvement study at a specialized 
pediatric oncology hospital. Therefore, the complexity 
of medication regimens at our institution may be more 
significant in our patient population or not easily trans-
latable to other institutions. In addition to complexity, 
it is also important to note the diversity of patients (i.e., 
international) at our institution, which can contribute to 
language barriers and potential misunderstanding be-
tween the pharmacist and caregiver(s). Also, the study 
was conducted during approximately 4 months, which is 
a relatively short duration of time. However, the consis-
tency of feedback provided by caregivers and the docu-
mented interventions by clinical pharmacy specialists 
support this new process. Furthermore, survey participa-
tion was limited. Accrual of additional caregiver surveys 
would enhance our confidence in the data provided. It 
can be hypothesized survey participation was low for 
multiple reasons. Initially, the institutional Web-based 
platform required many data entry fields that took a no-
table amount of time to complete, potentially deterring 
families from completing. On the other hand, once the 
survey was transitioned to paper, caregivers could have 
misplaced the survey after the appointment or failed to 
remember to return the survey. Finally, the unique setting 
of our organization (essentially all medication provided 
to patients by our pharmacy, regardless of insurance 
approval or ability to pay) may mean that the findings 
described here are more unique to our institution.

This first-time discharge follow-up appointment in the 
outpatient clinics led by a clinical pharmacy specialist 
was well received by caregivers at our institution. The 
number of interventions documented throughout this 
4-month period demonstrated a broad array of issues 
that are addressed by this pharmacist and demonstrate 
that there is an integral role for the pharmacist to provide 
services and possibly minimize adverse effects related 
to their medication management. Given the complex 
nature of the patients and treatments seen in our oncol-
ogy population, we believe that a pharmacist who has 
deep understanding of the rationale and risks of phar-
macotherapy for these patients, and of patient-specific 

Table 3. Most Helpful Resources at Initial Discharge as Noted by Caregiver Report

Resource No. (%), N = 13

Medication calendar 11 (85)

Paper handout with medication information 8 (62)

Pill box 2 (15)

St. Jude Pharmacy booklet 1 (8)
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discussions or decisions by the caregiving team, serves 
as the best source for this first-time education of patient 
and caregiver(s). However, this investment does require 
resources; on average, a clinical pharmacy specialist 
spends a total of 27 minutes per patient to adequately 
conduct the appointment; this includes a median of 10 
minutes to review the patient’s profile and 17 minutes 
for the in-person interview. These results may warrant 
further expansion of personnel to ensure this service is 
sufficiently conducted. After completion of this project, 
first-time discharge follow-up appointments will con-
tinue in all outpatient clinics at our institution. Caregiver 
feedback will be periodically assessed to ensure the 
appointment is executed as intended.

Conclusion
This description provides evidence that direct interac-

tion between clinical pharmacy specialists and patient or 
caregiver results in a beneficial effect on those patients. 
Interventions completed by clinical pharmacy specialists 
during the appointment could be considered medication 
errors and, if not caught, may have negatively affected 
patient outcomes. Overall, caregivers were satisfied with 
the new discharge process and reported they felt more 
comfortable with their patient’s medications after the 
first-time discharge follow-up appointment. Key future 
directions will be to educate personnel on the most use-
ful tools used during the initial discharge and potentially 
refine roles for the different provider staff during the 
initial discharge. Ultimately, first-time discharge follow-up 
appointments were widely accepted by caregivers and 
can potentially have a positive effect on patient care.
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Introduction
Fibrinogen is a liver-synthesized key substrate to 

establish the fibrin network that is the end result of the 
coagulation cascade and serves as scaffolding for plate-
let aggregation. Congenital afibrinogenemia is a rare 
autosomal recessive disorder characterized by complete 
deficiency of fibrinogen. This disorder has an estimated 
prevalence of 1:1,000,000 and it manifests clinically with 
bleeding that most often presents in the neonatal period. 
Paradoxically, thrombosis can also be associated with 
this disorder.1 Treatment is provided on demand with 
bleeding episodes, and, in certain scenarios, prophy-
laxis has been administered. When available, treatment 
consists of fibrinogen concentrate replacement to avoid 
exposure to cryoprecipitate owing to risks of increased 
immunogenicity, potential for viral transmission, and in-
creased potential for thromboembolic events. Because 
of the infrequency of these cases, treatment guidelines 
are individualized to the clinical scenario, using the rare 
literature available on fibrinogen concentrate pharma-
cokinetics. Decisions about treatment frequency have 
been guided by the clinical scenario. We present here 
the management approach to a patient with a congenital 
heart defect requiring interventions and with bleeding 
in the neonatal period. The calculated half-life of the 
fibrinogen concentrate in this case of a neonate with a 
bleed and the management outcome with procedures 
can help future clinicians estimate treatment frequency 
in similar patient scenarios.

Case Report
The patient was admitted to our institution after 

being noted to have a murmur at birth after a normal 

pregnancy and an atraumatic, unmanipulated vaginal 
delivery. The birth weight was 3.35 kg at gestational 
age 39 weeks and 3 days. Echocardiogram at birth 
showed critical pulmonary stenosis and hypertrophy 
of the right ventricle; therefore, umbilical arterial and 
venous lines were placed, prostaglandin therapy was 
started, and the patient was intubated and transferred 
to our tertiary care center. On arrival, he underwent 
balloon dilation for critical pulmonary stenosis, with-
out complication; a decrease in saturation levels was 
noted, so a ductus arteriosus (PDA) stent was placed 
and small-dose aspirin (20.5 mg, ~6 mg/kg/day) was 
started to maintain stent patency.

Bilateral cephalohematomas was noted despite the 
patient’s atraumatic delivery; and on preoperative labo-
ratory screening, he had an undetectable fibrinogen 
activity (by Clauss method) and prolonged activated 
partial thromboplastin time (aPTT) at >100 seconds. 
Initial complete blood count was significant for a he-
moglobin of 17.9 g/dL, hematocrit 52%, and platelets 
190 K/µL, which are normal values for age. Prior to 
initial pulmonary stenosis balloon dilation, fresh frozen 
plasma was given, with partial correction in aPTT and 
improvement in fibrinogen to 45 mg/dL. The proce-
dure did not incur any noted bleeding or thrombotic 
complications. Initially the low fibrinogen activity was 
presumed by the primary medical team to be due to 
consumption in the setting of cephalohematomas, so 
fibrinogen replacement was commenced with cryo-
precipitate. He was given doses of 3.8 to 14.5 mL/kg 
(ordered as 1 to 2 units) of cryoprecipitate. After the 
first week postoperatively, fibrinogen and coagulation 
measures were not routinely checked. A repeated 
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check in the subsequent week showed low fi brinogen 
activity again, and hematology was consulted. Umbilical 
arterial catheter and umbilical venous catheter were 
removed as per protocol in the fi rst week of life without 
any bleeding or thrombotic complications.

At the time of hematology consultation when the 
patient had not received cryoprecipitate for 1 week, 
testing showed prolonged reptilase time (92 seconds) 
and thrombin time (39.3 seconds). Thromboelastom-
etry was not available. Genetic testing was sent and 
revealed homozygous mutation in the FGA gene for 
a sequence variant designated c.510+1G>T, which has 
been reported to be pathologic for congenital fi brino-
gen defi ciency.2

The patient received therapy with lyophilized fi brino-
gen concentrate when this diagnosis was confi rmed; 
he received a total of 9 doses of fi brinogen concen-
trate (Human) (RiaSTAP, CSL Behring LLC, Kankakee, 
IL) intravenous at 70 mg/kg/dose in a 25-day period 
(see Figure for doses and subsequent fi brogen activity 
concentrations). This product was used because it was 
the product on formulary. The second cardiac interven-
tion was performed with the safeguard of fi brinogen 
concentrate (concentration of 96 mg/dL morning of 
procedure) at 1 month of life with a second balloon dila-
tion and closure of the PDA. Aspirin was discontinued 
at that time. Ultrasonography for cephalohematomas 
was followed by signifi cant improvement at week 5 but 
with calcifi ed rims noted that corresponded to ongo-
ing bony prominences. Fibrinogen concentrate was 
then changed to be given less frequently to maintain 

a concentration >30 mg/dL for the remainder of the 
patient’s hospitalization given low concern for ongo-
ing bleeding (Figure). A peripherally inserted central 
catheter was placed for administration of repeated 
intravenous medications without complication at the 
time of discharge.

No thrombotic complications were noted in this pa-
tient throughout the course and cephalohematomas 
resolved (to a level possible with ongoing calcifi ed rims). 
In the setting of this patient’s history of cephalohemato-
mas, the use of secondary prophylaxis was discussed 
with the family. As an outpatient he subsequently tran-
sitioned to weekly prophylaxis therapy with fi brinogen 
concentrate for secondary prophylaxis while in infancy 
and with known cardiac condition. As of age 7 months, 
he has been stable on this regimen without bleeding 
or thrombotic complications.

Discussion
Early diagnosis and appropriate treatment of congeni-

tal afi brinogenemia decrease bleeding complications. 
Identifi cation of this rare disorder requires a high index 
of suspicion while monitoring coagulation parameters. 
Congenital afi brinogenemia presents with bleeding 
most often in the neonatal period, although later pre-
sentations can occur with menorrhagia, splenic rupture, 
hemoperitoneum from rupture of the corpus luteum, 
and fi rst trimester miscarriage. In a patient born via an 
unmanipulated birth, large bilateral cephalohematomas 
should trigger evaluation for underlying bleeding dia-

—l— Fibrinogen Level;      Cyproprecipitate;      Fibrinogen Concentrate

Figure. Patients’ fi brinogen concentration over time with therapy.The arrows identify administration of cryopre-
cipitate and fi brinogen concentrate. These data may be helpful for those with a similar clinical scenario to help 
guide frequency of monitoring of fi brinogen concentrations after use of either cryoprecipitate or fi brinogen 
concentrates.
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thesis. Fortunately, this patient received preoperative 
coagulation testing given his cardiac defect, which 
showed a prolonged prothrombin and aPTT. Because 
each of these tests requires the function of the common 
pathway in the coagulation cascade, testing of entities 
of the common pathway may be indicated when both 
are prolonged.

Initial testing for fibrinogen abnormalities is performed 
by measurement of fibrinogen activity through the 
Clauss method. Thrombin time and reptilase time are 
also sensitive to deficiencies in fibrinogen activity and 
were also prolonged in this patient.3 Fibrinogen antigen 
values can also be checked and obtained when testing 
for dysfibrinogenemia via immunoassay. In our patient’s 
case, antigen values were concordantly low, confirming 
the diagnosis of afibrinogenemia.

Replacement of low fibrinogen was initially performed 
with cryoprecipitate, a blood product with a minimum 
amount of fibrinogen required by standards of the 
American Association of Blood Banks.4 There is wide 
variability (range, 120–796 mg) in the amount of fibrino-
gen per bag.5 This variability makes treatment dosing 
difficult and also exposes the patient to the risks of 
blood product administration. Fibrinogen concentrate 
[Human] (RiaSTAP) is 1 of 2 fibrinogen concentrate 
products available in the United States (the other be-
ing fibrinogen [Human] [Fibryga, Octapharma, Vienna, 
Austria US License No. 1646]) that are indicated for 
the treatment of bleeding episodes in patients with 
afibrinogenemia. In published pharmacokinetic studies, 
the elimination half-life of biological fibrinogen is 100 
hours.6 The median elimination half-life of fibrinogen 
concentrate [Human] (RiaSTAP) previously reported is 
roughly 78.7 ± 18.13 hours for fibrinogen activity (69.9 ± 
8.54 hours for patients younger than 16 years and 82.3 
± 20.04 hours for patients older than 16 years).7 To our 
knowledge, there are no published pharmacokinetic 
profiles available for infants. A case report of a neonate 
with bleeding and this diagnosis describes the use of 
cryoprecipitate for treatment.8 The youngest age group 
in published pharmacokinetic studies for fibrinogen 
concentrates consists of 8-year-olds.9 In one case report, 
the estimated elimination half-life with use of fibrinogen 
concentrate in a neonate was also shorter than reported 
in adults, estimated to approximate 48 hours.10 Based 
on the available fibrinogen concentrations collected for 
our patient, the estimated elimination half-life was 24 to 
48 hours. Because a pharmacokinetic sample was not 
drawn, the elimination half-life was extrapolated from the 
time it took for the fibrinogen concentration to decrease 
approximately by half after fibrinogen concentrate [Hu-
man] (RiaSTAP) dose. Fibrinogen [Human] (Fibryga) 
half-life ranges from 45.6 hours to 157 hours (45.6–67 
hours in children younger than 6 years, 57.7–91.6 hours in 
children 6–12 years of age, and 40–157 hours in adults). 
In pharmacokinetic studies, there was no difference in 
the pharmacokinetics of fibrinogen [Human] (Fibryga) 

between adults and adolescents (12–17 years of age). 
However, when compared with adults, studies did show 
that children 1 to 12 years of age experienced a shorter 
half-life.11,12 Thus, similarly to Fibryga, fibrinogen concen-
trate [Human] (RiaSTAP) may have a higher clearance in 
pediatric patients; therefore, the need for higher or more 
frequent dosing.

Once we determined the drug’s half-life in our pa-
tient we were able to choose a timeline for consistent 
administration of the fibrinogen replacement product 
for secondary prophylaxis. The review by Peyvandi et 
al13 suggests that while there is variation in secondary 
prophylaxis use for congenital fibrinogen deficiency, 
the majority of use occurred in patients with a previous 
history of central nervous system bleeding with primarily 
fibrinogen concentrate dosed weekly.

In addition, this report outlines the successful use 
of fibrinogen replacement for cardiac catheterization 
procedures in a patient with congenital afibrinogen-
emia. While fibrinogen replacement has been reported 
for other cardiac procedures, this is the first report in a 
patient with this rare underlying diagnosis. Of note, the 
patient also had a short period of concurrent aspirin 
therapy while he had a stent in place. The concurrent 
use of aspirin therapy may have increased bleeding risk 
with this patient’s underlying afibrinogenemia, which was 
not diagnosed at that time, but fortunately, no bleeding 
was noted.

Conclusion
This case report documents the need for frequent 

redosing of fibrinogen concentrate in a patient with 
congenital afibrinogenemia with bilateral cephalo-
hematomas. We estimated a fibrinogen elimination 
half-life for our patient that was shorter than previously 
reported. Our patient received cardiac catheterizations 
for congenital pulmonary stenosis with the safeguard 
of concentrate as well. Although an exact fibrinogen 
concentrate half-life could not be reported owing to 
insufficient pharmacokinetic data, future management of 
neonatal patients diagnosed with afibrinogenemia may 
benefit from this vignette, which describes frequency 
of need for concentrate in a dynamic, evolving clinical 
situation.
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Prevalence of acute kidney injury in pediatric patients receiv-
ing vancomycin before and after transitioning from trough to 
area under the curve monitoring. Gustavo R. Alvira-Arill, Kel-
ley R. Lee. Jeremy S. Stultz. Department of Clinical Pharmacy 
and Translational Science, College of Pharmacy, University of 
Tennessee Health Science Center, Memphis, TN. Department 
of Pharmacy, Le Bonheur Children’s Hospital, Memphis, TN. 
galviraa@uthsc.edu; 407-319-9927
Introduction: Originally, guidelines for the management of 
complicated methicillin-resistant S. aureus (MRSA) infections 
with vancomycin recommended maintaining serum trough 
concentrations of 15-20 mg/L as a surrogate to area under 
the curve (AUC) as the primary pharmacodynamic predictor 
of vancomycin activity. Recent evidence in adult and pediatric 
patients demonstrates poor correlation of trough concentrations 
to AUC, so these monitoring guidelines were revised to recom-
mend an individualized target for AUC/MIC of 400-600 mg*h/L. 
Despite the lack of evidence for efficacy in pediatric patients, 
several pediatric institutions have transitioned to AUC-based 
monitoring or avoiding serum trough concentrations > 15 mg/L 
to minimize acute kidney injury (AKI) risk. Thus, the purpose of 
this study was to compare the prevalence of AKI in pediatric 
patients that received vancomycin before and after transitioning 
from trough to AUC-based monitoring.
Methods: A retrospective study using the Pediatric Health 
Information System (PHIS) database of patients that received 
vancomycin courses for 4-42 days within the first 3 days of 
admission from January 2015 to December 2021 was per-
formed. Medication administration and diagnosis coding data 
was combined with survey responses provided by pediatric 
infectious diseases pharmacists identifying monitoring strate-
gies used at their respective institutions contributing to PHIS. 
Courses were categorized to trough or AUC-based monitoring 
depending on the date of exposure, documented ICD-9/10 di-
agnosis codes indicating serious infection (such as bacteremia, 
infective endocarditis, meningitis, pneumonia, or sepsis) and/or 
MRSA involvement, and survey responses. As diagnosis codes 
apply to each admission and multiple courses of vancomycin 
may have been administered, only first courses per admission 
were reviewed for analysis. AKIs were similarly identified with 
corresponding ICD diagnosis codes and procedural codes 
indicating dialysis receipt. Generalized logistic mixed effects 
modeling was performed to assess AKI prevalence between 
the two monitoring strategies while adjusting for other factors 
including critical illness and concomitant nephrotoxin exposure.
Results: 20,316 vancomycin courses from 22 institutions con-
tributing to PHIS were included. Based on received survey 
responses, exposure dates, and corresponding diagnostic 
coding; 564 and 19,752 courses were categorized to AUC and 
trough-based monitoring, respectively. 49 (8.7%) AUC and 2267 
(11.5%) trough monitored courses had a documented AKI during 
their respective encounters (adjusted OR 1.14; 95% CI, 0.80-1.62, 

p = 0.475). Covariates/factors independently associated with 
AKI included longer durations of therapy, receipt of concomitant 
nephrotoxins, and ICU admission.
Conclusions: Reported use of AUC or trough-based monitoring 
for vancomycin therapy among pediatric institutions contribut-
ing to PHIS did not demonstrate a difference in prevalence of 
AKI. Study limitations include lack of laboratory data to confirm 
AKI and limiting assessment to first courses within admissions. 
These findings suggest that the type of monitoring strategy 
used may not provide a significant safety benefit with regards 
to prevention of AKI.

Use of ketamine as an adjunct infusion in the neonatal 
intensive care unit. Steven Astrachan, PharmD; Nicole Palaz-
zolo, PharmD, BCPPS, UVA Children’s, Charlottesville, VA. 
Ghu6zk@uvahealth.org
Introduction: Management of critically ill late preterm and term 
infants requiring prolonged invasive mechanical ventilation can 
be challenging. With limited data to guide specific sedative and 
analgesic selections, a multimodal approach is often utilized to 
minimize the risk of adverse effects and maximize the benefits 
from each respective drug class. Opioids and benzodiazepines 
have been used most traditionally but with well-studied con-
sequences, an increasing incorporation of alpha-2 receptor 
agonists such as dexmedetomidine into sedation protocols 
has resulted. However, for the complex infant with refractory 
needs, the remaining options are limited. Ketamine, an NMDA 
antagonist and dissociative anesthetic, is more typically used in 
a bolus fashion for procedural pain and sedation management, 
but presents an interesting alternative. At the UVA Children’s 
Hospital Neonatal Intensive Care Unit, a continuous infusion of 
ketamine has increasingly been incorporated as the fourth-line 
option for the patient who remains refractory to the aforemen-
tioned traditional therapies. 
Methods: At UVA Children’s Hospital, medical records were 
reviewed for NICU patients who were initiated on continu-
ous ketamine infusions during their admission occurring from 
10/6/2018 through 10/6/2022. Data regarding GA, birth weight, 
diagnosis, indication, concurrent infusions, age at initiation, 
prescribing team, duration of infusion, weans, and outcomes 
were recorded for analysis.
Results: Over a four year time period, 21 individual neonates 
were treated with 25 ketamine infusions with 19 recommended 
by the palliative care team. The average GA was 33 and 2/7 
weeks and the average birthweight was 2.39 kg. The average 
PMA at initiation was 49 and 1/7 weeks and mean weight at 
initiation was 5.05 kg. The most common indications for use of 
ketamine were transition to end of life care (11/25), 3rd-4th agent 
for sedation or agitation management (10/25), and as an aid for 
sedative or paralytic weans (3/25). One patient was initiated 
on ketamine by the cardiology team to raise systemic vascular 
resistance. The most common starting dose utilized was 5 mcg/
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kg/min (23/25) with the average peak dose being 18.6 mcg/kg/
min and the maximum dose of 60 mcg/kg/min (n=1). Five patients 
had reported increased secretions most commonly treated with 
sublingual atropine. Of the nine patients who were weaned off 
of ketamine infusions, one patient had reported difficulty with 
the wean process. 6/21 neonates survived to discharge.
Conclusions: In this retrospective chart review, neonates were 
initiated on ketamine primarily for end of life care and as adjunct 
for sedation control in refractory patients. Higher doses did not 
typically have adverse effects causing withdrawal or requiring 
treatment, and when weans did occur, they were generally well 
tolerated. While more data is required to conclude more formal 
guidance on indications and dosing for future use of ketamine, 
this review serves as anecdotal evidence from a large academic 
medical center.

INCIDENCE OF ACUTE KIDNEY INJURY IN PEDIATRIC IN-
TENSIVE CARE UNIT PATIENTS EXPOSED TO ANTIBIOTICS. 
Delaney Bryant, Cheryl Sargel. Nationwide Children’s Hospital, 
Columbus, OH. Delaney.Bryant@nationwidechildrens.org
Introduction: Patients admitted to the pediatric intensive care 
unit (PICU) often require intravenous (IV) antibiotics such as 
vancomycin, piperacillin/tazobactam (PTZ) or cefepime (CPE). 
Recent evidence suggests higher rates of acute kidney injury 
(AKI) associated with the combination of vancomycin and PTZ 
compared to CPE, when using serum creatinine as a marker 
of AKI. PTZ is known to inhibit tubular secretion of creatinine, 
causing elevation in serum creatinine concentrations, and may 
represent a pseudonephrotoxicity. This project aimed to evalu-
ate the incidence of AKI among PICU patients who received 
PTZ, CPE alone or in combination with vancomycin using renal 
biomarkers.
Methods: This is a single-center retrospective electronic medi-
cal record review of patients > 28 days to 18 years old admitted 
to the PICU, between April 1 2022 and September 30 2022, 
who received IV PTZ, CPE with or without IV vancomycin for at 
least 48 hours. Changes in serum creatinine, NGAL, and cystatin 
C were compared from baseline to 24 hours after completion 
of therapy, and need for dialysis 30 days after completion of 
antibiotic therapy was recorded. Patients were excluded if they 
received monotherapy with vancomycin before transitioning to 
combination therapy, received both PTZ and CPE within seven 
days or each other, had chronic kidney disease or need for 
dialysis prior to admission, required extracorporeal membrane 
oxygenation, or were missing baseline serum creatinine values. 
Data analysis was performed using descriptive statistics.
Results: 73 patient were reviewed and 36 met inclusion criteria. 
There were 13 patients treated with CPE (36%), 14 with PTZ 
(39%), 5 with CPE-vancomycin (14%), and 4 with PTZ-vancomycin 
(11%). Overall, 15% of patients who received CPE, 7% who 
received PTZ, 40% who received CPE-vancomycin, and 0% 
who received PTZ-vancomycin had at least a 50% increase in 
serum creatinine after starting antibiotics. Nine patients had a 
urine NGAL recorded, and 7 were indicative of a high AKI risk. 
Seven patients had a cystatin C recorded, 5 of which were 
elevated for age. Dialysis was initiated in 7% of patients who 
received PTZ, 15% who received CPE, and 20% who received 
CPE-vancomycin. While patients treated with CPE had larger 
increases in serum creatinine after starting antibiotics, mean 
baseline and follow up serum creatinine values were highest 
in the PTZ monotherapy treatment group.
Conclusions: The combination of vancomycin and PTZ com-
pared to CPE did not appear to increase the risk of AKI in the 

36 PICU patients included in this study, when using serum 
creatinine as a marker of AKI. No patients who received van-
comycin and PTZ had a significant enough increase in serum 
creatinine from baseline to follow-up to be classified as an AKI.

HIT ME WITH YOUR BEST SHOT: USE OF BEST PRACTICE 
ALERTS IN THE ELECTRONIC MEDICAL RECORD TO REDUCE 
TIME TO IMMUNIZATION ADMINISTRATION IN THE NICU 
CARE UNIT. Jordan Burdine, Shayda Ebrahimi, Maria Franco 
Fuenmayor. UTMB Health Department of Pediatrics, Division of 
Neonatology, Galveston, TX. jlburdin@utmb.edu
Introduction: Studies evaluating children discharged from the 
neonatal intensive care unit (NICU) have shown some infants 
experience delays in receipt of routine childhood immunization, 
whether it be due their low birthweight and prematurity or critical 
condition. This places already at-risk patients at greater risk of 
contracting preventable diseases. Improving the timeliness and 
completion of vaccination is the key to reducing the number 
patients who are either unvaccinated or behind due to a pro-
longed catch-up schedule. A quality improvement initiative was 
designed to assess the adherence of a new best practice alert 
(BPA) notifying prescribers of patients needing immunizations. 
This BPA was implemented in the electronic medical record 
(EMR) in a Level IV NICU with a goal to decrease the days to 
immunization administration by 20% after one year. 
Methods: An electronic BPA was developed by a multidisci-
plinary team to alert prescribers upon chart entry of the need for 
immunizations on designated dates based on the date of birth 
and immunization schedule for every neonate admitted to the 
NICU. An immunization panel was built to accompany the alert 
and direct the prescriber to the necessary immunization, which 
were grouped by age using the Centers for Disease Control and 
Prevention (CDC) recommended vaccine schedule. The BPA 
and panel were approved by the neonatology division at UTMB 
Health in June 2021 and placed in production within the EMR in 
July 2021. A six-month pre-implementation retrospective chart 
review for time of immunization administration was performed 
to obtain baseline time to immunization. A post-implementation 
chart review to assess time to administration was performed for 
July 2021 thru July 2022. BPA firing data was also evaluated 
for this period. Descriptive statistics and student’s t-test were 
performed to evaluate data. 
Results: Patients were evaluated between January 2021 and 
June 2021 (n=22) to establish a baseline time to immunization. 
All patients in which the BPA fired between July 2021 and July 
2022 (n=59) were evaluated in the post-intervention group. The 
mean length of time between patients qualifying for 2-month 
immunizations to the time of administration was reduced from 
18.7 + 28.6 days to 0.32 + 1.40 days (p = 0.0001). Furthermore, 
the mean length of time between patients qualifying for 4- and 
6-month immunizations to the time of administration was re-
duced from 25.6 + 56 days to 0 days (p = 0.0007), and 14.2 + 
16.9 days to 0 days (p = 0.0001), respectively. 
Conclusions: Use of BPAs linked with order panels to notify 
prescribers of patients due to receive immunizations aided in 
the timely prescribing of vaccines and result in a 98.3% reduc-
tion in time to administration. There was a statistically significant 
reduction in the time to immunization for 2-, 4-, and 6-month im-
munizations. Timely administration of immunizations while in the 
NICU aids in protection against preventable diseases in these 
high-risk patients, as well as improves transitions of care by 
ensuring patients are up to date on vaccines prior to discharge. 
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Antithrombin III replacement in the neonatal intensive care 
unit (NICU) in the absence of extracorporeal membrane 
oxygenation (ECMO). Eva Byerley, Teresa Puthoff, Jacque-
line Magers. Nationwide Children’s Hospital, Columbus, OH. 
byerleyeva@gmail.com
Introduction: Some infants may require higher than usual 
doses of unfractionated heparin or low molecular weight 
heparin (LMWH) to achieve therapeutic anticoagulation. These 
infants are often deficient in antithrombin III (ATIII) and benefit 
from replacement. There are varying practices at Nationwide 
Children’s Hospital (NCH) and across the country for calculat-
ing a replacement ATIII dose, including desired ATIII level and 
whether to use a correction factor (CF). The objective of this 
study is to determine the efficacy of chosen ATIII dose calcula-
tion on ability to achieve therapeutic anti-Xa for infants in the 
absence of extracorporeal membrane oxygenation (ECMO) and 
assess frequency of safety events.
Methods: This retrospective chart review analyzed ATIII 
administrations in infants at the NCH main campus neonatal 
intensive care unit (NICU) between 7/1/2012 and 6/30/2022. 
Patients were included if they were less than one year of age, 
received at least one dose of ATIII, and were on concurrent 
unfractionated heparin or LMWH monitored by anti-Xa levels. 
Infants were excluded if they were on ECMO at the time of ATIII 
replacement or had suspected or confirmed ATIII mutation or 
hereditary deficiency.
Results: Eighteen patients and 30 ATIII doses were included. 
Eighty-three percent (25/30) of administrations were calculated 
with a desired ATIII level greater than or equal to 80%. Fifty-
seven percent (17/30) of administrations were calculated using a 
CF. Anti-Xa levels were sub-therapeutic with 18 administrations, 
therapeutic with 11 administrations, and supra-therapeutic with 
1 administration. Therapeutic anti-Xa levels occurred in 44% 
(11/25) of administrations calculated to a desired ATIII level 
greater than or equal to 80%. Of these 11 ATIII administrations, 
8 (73%) were calculated using a CF. Minor bleeding events, 
defined as a drop in hemoglobin greater than or equal to 3 g/
dL in one week, coincided with 8 ATIII administrations, although 
7 of these bleeding events occurred at sub-therapeutic anti-
Xa levels. One of four infants (25%) who experienced a major 
bleeding event achieved a therapeutic anti-Xa level. This ATIII 
administration was calculated with a desired ATIII level greater 
than or equal to 80% and used a CF. Major bleeding events were 
intracranial hemorrhage confirmed by head ultrasound and 
bleeding events leading to discontinuation of anticoagulation.
Conclusions: Therapeutic anti-Xa levels occurred most fre-
quently and with minimal safety events in infants who received 
ATIII doses with a desired ATIII goal greater than or equal to 
80% and using a CF. ATIII replacement may not always achieve 
therapeutic anticoagulation. Drug cost, patient selection and 
risk-benefit of ATIII replacement should be considered.

EFFICACY AND SAFETY OF INTRAVENOUS ACETAMINO-
PHEN FOR THE TREATMENT OF THE PERSISTENT PAT-
ENT DUCTUS ARTERIOSUS IN NEONATES WITH CON-
COMITANT CRITICAL CONGENITAL HEART DISEASE. 
Maria Chacon MD, Bronwyn Crandall and Bao Nguyen 
Puente MD. Children’s National Hospital, Washington D.C. 
bcrandall@childrensnational.org
Introduction: Persistent patent ductus arteriosus (PDA), in 
patients with concomitant critical congenital heart disease 
(CHD) such as defects with left to right shunt, is associated 
with worsening heart failure, and may accelerate the timing 

of surgery. Acetaminophen can be efficacious in closing PDA 
in very premature neonates. This case series assesses the ef-
ficacy and safety of acetaminophen treatment for PDA closure 
in patients with concomitant critical CHD. 
Methods: This is a retrospective, single center study. Neonates 
with persistent PDA and concomitant critical CHD who under-
went acetaminophen therapy for ductal closure were selected. 
Acetaminophen efficacy was assessed based on ductal con-
striction on echocardiogram. Markers of hepatic, renal, and 
respiratory function were evaluated pre- and post-therapy. 
Results: 7 neonates met criteria for inclusion. 2 were term, 3 
late preterm and 2 very preterm. Mean age at time of treatment 
was 7.5 days. All except for one, the PDAs were moderate to 
large at the initiation of treatment. Acetaminophen was given 
intravenously at 15mg/kg every 6 hours. The mean duration 
of treatment was 4 days. At time of treatment completion, the 
PDA was closed in 2 patients, trivial in 2 and small in 3 patients. 
5 out of 7 patients had complete PDA closure one week after 
treatment completion, with resultant decrease in diuretics and/
or respiratory support. No adverse effects were identified. 
Conclusions: Acetaminophen was efficacious and safe in clos-
ing persistent PDA in this small sample of patients with critical 
concomitant CHD. Further studies on the use of acetaminophen 
for PDA closure in this patient population is warranted. 

SUCCESSFUL IMPLMENTATION OF STANDARDIZE 4 SAFE-
TY (S4S) PEDIATRIC CONTINUOUS INFUSION STANDARDS 
AT A STAND-ALONE PEDIATRIC HEALTH CARE SYSTEM. 
Jason M. Evans, Dani Ball, Rhonda Carlton, Jorden Seamands, 
Stephanie Tupper, Mary Kay Weiss. Cook Children’s Health 
Care System, Fort Worth, TX. jason.evans@cookchildrens.org
Introduction: An important component of ASHP's Standardize 4 
Safety (S4S) initiative is the standardization of pediatric-specific 
continuous medication infusions, as supported by FDA, ISMP, 
and PPA. Our institution wished to align our infusion concen-
trations with S4S where possible. However, changing infusion 
concentrations is a difficult endeavor, growing exponentially 
harder with more complex electronic health records (EHR), 
interconnected hardware/software (e.g. infusion pumps), and 
multi-site health care systems. We chose a multiphase imple-
mentation schedule over 3 years with separate Go-Live dates 
for 3 batches spaced approximately 12 months apart.
Methods: Standard and fluid restricted (FR) infusion concentra-
tions were compared to S4S standards. A multi-disciplinary task 
force was created to analyze the findings with key stakeholders 
including pharmacy, pharmacy informatics, information services 
(IS), safety, nursing, transport, biomed, ICU providers, anesthe-
siology, and hospital administration. Several focus-groups were 
held with these stake holders to share vision, gain insight and 
obtain recommendations on specific concentrations. A final-
ized list of standard and FR concentrations was agreed upon 
by all, with any deviations from S4S clearly documented with 
operational or clinical rationale. Implementation was driven via 
an IS Project, chartered and led by an IS Project Manager. A 
three phase approach was utilized with ~12 months between 
each phase. Twice-monthly project meetings were held, with 
weekly meetings approaching each go-live date. Very detailed 
timelines and action items were created and followed closely 
via project-tracking software. Each Go-Live date consisted of 
an ~1 hour EHR migration and a multi-faceted manual reboot/
update of over 700 smart infusion pumps of multiple brands at 
different sites. Go-Live ground-level teams of pharmacy, nurs-
ing, and anesthesia were formed a few days prior to identify 
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and triage any affected patients or other problematic clinical 
situations. Pharmacy and nursing increased staff where able. 
Desktop Alerts and Daily Safety Call announcements were uti-
lized at Go-Lives to drive communication across the system. An 
open-call conversation was maintained during go-live to report 
updates and issues to the taskforce. Post go-live debriefs were 
held to improve the next phase.
Results: 40 medications available at our institution for continu-
ous infusion are S4S applicable. Pre-implementation, 30/40 
medications had a non-recommended concentration in use. 
Specifically, 23 medications had a non-recommended standard 
concentration. Post implementation, only 13/40 medications had 
a non-recommended concentration, with only 5 medications 
having a non-recommended standard concentration.
Conclusions: Successful adoption of the majority of S4S 
standards was achieved over a 3 year period with a multidis-
ciplinary approach. An IS Project Manager, with specific and 
detailed goals and timelines kept the project on pace. Early 
and continuous communication with nursing leadership regard-
ing Go-Live events allowed for no reported adverse events or 
patient harm. Our continuous infusions were simplified and 
streamlined, thus increasing patient safety, optimizing workflow 
and decreasing waste.

NATIONAL SURVEY ON VERY LOW BIRTH WEIGHT STARTER 
PARENTERAL NUTRITION. Ju Eun Jun, Christine A. Robinson, 
Rachel S. Meyers, Anita Siu, Pooja Shah, Molly Siver. Rutgers 
University, Ernest Mario School of Pharmacy, Piscataway, 
NJ; Morristown Medical Center, Morristown, NJ; Cooper-
man Barnabas Medical Center, Livingston, NJ; Hackensack 
Meridian Jersey Shore Medical Center, Neptune Township, 
NJ; Hackensack University Medical Center, Hackensack, NJ. 
jj561@pharmacy.rutgers.edu
Introduction: Parenteral nutrition (PN) is initiated as early as 
possible in very low birth weight (VLBW) neonates to prevent 
protein catabolism. Each institution takes a different approach 
to assure that appropriate nutrition is administered as soon as 
possible after birth. While there are general recommendations 
on the initial amounts of dextrose, amino acids, and electrolytes 
in VLBW PNs, clinical practice varies. The objective of this study 
is to describe the initial nutritional management for VLBW infants 
in various neonatal intensive care units. 
Methods: This is an Institutional Review Board approved survey 
study. A Qualtrics™ link for a 16-question electronic survey was 
distributed to Pediatric Pharmacy Association (PPA) members 
via the Neonatology, Critical Care and Garden State PPA list-
serv from November 11, 2022 to January 31, 2023. The survey 
had 6 sections: institution characteristics, method of supplying 
starter PN, PN contents and their concentrations, practice of 
fat emulsions, various content maximums in peripheral PN, 
and cysteine-to-amino acid ratio. Duplicate responses from the 
same institution were excluded and incomplete responses and 
outliers were analyzed for interpretation or removal. The primary 
outcome was to identify the most common macronutrients and 
micronutrients in starter PN and their concentrations. Second-
ary outcomes were starting concentrations of electrolytes 
of the VLBW starter PN, starting dose, start time and type of 
fat emulsion, maximum osmolarity, and dextrose and calcium 
concentration permitted in peripheral PN. 
Results: Of 81 survey responses, 5 incomplete and 6 duplicate 
responses were excluded. Of the 70 responses included, 64 
institutions (91%) stocked at least one standardized starter PN 
and 6 institutions (9%) custom-compounded starter PN. Six insti-

tutions with standardized starter PNs also custom-compounded. 
Of the 102 standardized starter PNs, the most common contents 
were amino acids (100%), dextrose (100%), calcium gluconate 
(73%) and heparin (74%). The reported concentrations in mean 
(range), were 3.4% (1.8-6%), 8.9% (5-12.5%), 14.6 mEq/L (2.4-38 
mEq/L), and 0.5 units/mL (0.2-1 units/mL), respectively. Of the 
12 custom-made starter PNs, the most common contents were 
amino acids (100%), dextrose (100%), calcium gluconate (75%), 
and heparin (92%). Mean concentrations were 3.5% (2-6%), 8.9% 
(5-12.5%), 13.3 mEq/L (2.4-38 mEq/L), and 0.46 units/mL (0.25-0.5 
units/mL), respectively. Sodium phosphate (8%), potassium ac-
etate (8%), potassium phosphate (17%), and magnesium sulfate 
(33%) were also reported in custom PNs. The mean initial lipid 
dose was 1.2 g/kg/day (0.5-3 g/kg/day) and the mean maximum 
peripheral osmolarity was 1018 mOsm/L (900-1250 mOsm/L). 
Conclusions: This study indicates that while there are common 
contents reported in VLBW starter PNs, there is a wide variation 
in their concentrations. There is also a variation in the various 
electrolytes in custom-made starter PNs. Future research on 
nutritional needs of VLBW may provide an opportunity to de-
velop standardized starter TPNs. 

MEDICATION DOSE ADJUSTMENTS IN PEDIATRIC PATIENTS 
WITH ACUTE KIDNEY INJURY. Amy L. Kiskaddon, Marla Tan-
ski. Johns Hopkins All Children’s Hospital, St. Petersburg, FL. 
akiskad1@jhmi.edu
Introduction: Pediatric patients with renal impairment have al-
tered pharmacokinetics, resulting in variable responses to phar-
macotherapy. Numerous drugs and their metabolites, including 
many with narrow therapeutic indices, have extensive renal 
elimination. Appropriate dose adjustments are vital to avoid 
toxicity. An increased risk of adverse drug events (ADE) is as-
sociated with drug dosing errors in pediatric patients with renal 
impairment, which can result in increased costs, lengths of stay, 
and hospital readmissions. It is difficult to ensure compliance 
with appropriate dose adjustment of renally eliminated drugs. 
Methods: A single center retrospective study from October 
2022 to December 2022 (inclusive). Patients ≥42 weeks 
gestational age (GA) and <18 years of age, acute kidney injury 
(AKI), and receiving nephrotoxic medication(s) were eligible for 
inclusion. AKI was defined as an increase in serum creatinine 
(SCr) by ≥50% above baseline or ≥0.3 mg/dL in the last 48 
hours. Patients in the emergency center (EC) or on observation 
status were excluded. The primary outcome of this study was to 
quantify the number of medications requiring dose adjustment 
in pediatric patients with AKI. Secondary outcomes included 
identifying medications that were commonly requiring dose 
adjustment and evaluating whether proper dose adjustments 
were made, when appropriate. 
Results: A total of 21 patients, accounting for 43 AKI encounters, 
met eligibility criteria and were included in the study. Fifteen 
(71.4%) of patents were female. The median (range) age and 
weight were: 10 (0-17) years and 26 (2.65-74.3) kg, respectively. 
A total of 13 (61.9%), 3 (14.3%), and 5 (23.8%) patients were 
admitted in the ICUs, hematology/oncology, medical/surgical 
pediatric units, respectively. The median (range) baseline SCr 
was 0.25 (0.2-3.2) mg/dL and SCr associated with AKI was 0.64 
(0.4-8.02) mg/dL. The median (range) medications requiring 
dose adjustments were 3 (2-7) medications per AKI encounter. 
The most common medications (n, %) were antimicrobials (90, 
62%) and gastrointestinal (22, 15.2%) medications. Of note, a 
total of 28.3% of medications requiring dose adjustment for 
AKI were not adjusted. 
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Conclusions: Pediatric patients with renal impairment often 
require dose adjustments to their current medication regimens. 
Future studies evaluating pharmacist driven involvement in such 
processes would be beneficial.

STANDARDIZED NEONATAL ADDITIVE PROJECT (SNAP): A 
CLINICAL PROCESS IMPROVEMENT PROJECT TO ACCELER-
ATE DELIVERY OF INTRAVENOUS FLUIDS FOR NEONATES 
IN A PEDIATRIC UNIT. Cassmain Low1, Simran Mahtani2, 
Joanne Tan2, Serena Chang2, Kelvin Xu1, 1. Pharmacy De-
partment, KK Women’s and Children’s Hospital, Singapore. 2. 
Department of Paediatric Medicine, KK Women’s and Children’s 
Hospital, Singapore. kelvin.xu.sr@kkh.com.sg
Introduction: Term neonates required a unique combination of 
dextrose, sodium and potassium in intravenous fluids due to 
their unique developmental physiology. In general, 2 mMol/kg 
of sodium with or without 1 mMol/kg of potassium are added to 
base solution of dextrose 10% which can cause a great variability 
based on a patient’s weight and daily fluid requirements. As high 
dextrose and, low sodium and potassium combination infusion 
fluids were not available as commercial preparations, providers 
were required to prescribe customised infusion fluids meeting 
those requirements, requiring pharmacy to compound and 
deliver to the patient’s bedside. Each part of the process had 
potential issues that led to either inappropriate infusion fluids 
being administered or a delay in administration. There was also 
a need to reduce wastage in amounts of infusions compounded 
and time needed to correct orders or do ad hoc compounding. 
A clinical process improvement project was initiated to reduce 
inappropriate prescribing of customised infusion fluids as well 
as reduce preparation and administration time for intravenous 
fluids for neonates admitted in the pediatric setting.
Methods: A multidisciplinary team was formed and a root cause 
analysis was conducted. Root causes identified included inap-
propriate order selection, inappropriate type and amounts of 
electrolytes added, time taken for orders to be calculated and 
checked, time for compounding, time for order correction as 
well as changes in orders where the previously compounded 
infusion fluids cannot be used and therefore wasted.
Different amounts of electrolyte additives were simulated for 
term neonates of different weights and fluid volume require-
ments and two standardised preparations were identified – one 
with potassium and one without. The standardised preparations 
of dextrose 10% contain 20.4 mMol/L of sodium chloride with or 
without 10 mMol/L of potassium chloride. When administered in 
doses of 100 to 170 mL/kg/DAY, the infusion fluids will deliver 
a glucose infusion rate of 6.9 to 11.8 mg/kg/min, sodium of 2 
to 3.5 mMol/kg/DAY and potassium (if added) 1 to 1.7 mMol/
kg/DAY. We adopted the following inclusion criteria for safety 
reasons during the pilot phase - Gestational age of more than 
37 weeks, postnatal age of more than 48 hours of life to 1 month 
of age, starting fluid requirements between 100 to 170ml/kg/
DAY with normal sodium requirement of 2 to 4 Mmol/kg/DAY 
and normal Potassium requirement of 1 to 2 mMol/kg/DAY. 
We excluded patients who were younger than 48 hours of 
life, required total fluids of less than 100 mL/kg/DAY, requiring 
electrolytes other than sodium and potassium and patient with 
abnormal baseline sodium and potassium levels as well as those 
with renal impairment or abnormal serum creatinine levels. 
Computerised physician order entry ordersets were created 
for the 2 standardised infusion fluids along with workflows for 
compounding and supply of the mentioned fluids. A pilot was 
conducted in a pediatric ward which admits patients from 0 to 3 

years of age. Plan-Do-Study-Act (PDSA) cycles were conducted 
with time taken to compounding and time taken from order-
ing to administration were collected and analysed alongside 
manpower cost savings. Adverse events and, sodium and 
potassium levels done as part of routine care were collected 
for safety purposes.
Results: Average time taken for compounding customised infu-
sion was 49 minutes compared with 2.5 minutes for customised 
drips made in batches. Average time taken from ordering to 
administration dropped from an initial mean of 221.2 minutes 
to 124.9 minutes and to eventually 9.5 minutes after 2 PDSA 
cycles. Estimated annal savings based on pharmacy manpower 
costs for batch making standardised neonatal infusion fluids 
compared to compounding customised infusion fluids was 
about 370 manhours a year. No adverse events were reported. 
There were no significant differences in levels of sodium and 
potassium noted between patients on the traditional custom-
ised intravenous fluids compared to the new standardised 
neonatal premix.
Conclusions: The use of standardised neonatal intravenous flu-
ids reduced the time between ordering to administration greatly 
and this was facilitated by the reduced complexity of ordering 
customised intravenous infusion fluids and time required for 
compounding. Inappropriate orders for neonatal intravenous 
infusion fluids were also greatly reduced. Pharmacy manpower 
costs were also greatly reduced due to batch compounding 
instead of compounding of individualised intravenous fluids.

INNOVATIVE DEVELOPMENT OF SCHEDULING SYSTEM 
FOR IMPROVED EMPLOYEE SATISFACTION. Sarah Scar-
pace Lucas, PharmD, BCPS, BCPPS, Leigh Ann Witherspoon, 
PharmD, BCPPS, Allyson Thrall, PharmD, BCPPS, Ethel Odia-
kosa, PharmD, Rebecca Deoras, PharmD, BCPPS, Joshua 
Robinson, PharmD, APh, BCCCP. University of California San 
Francisco Benioff Children’s Hospital, San Francisco, CA. 
sarah.lucas@ucsf.edu
Introduction: We developed a proposal to improve employee 
satisfaction in scheduling through the development of a POD-
based team approach. Our tactics included the development of 
5 scheduling PODs for employee self-scheduling of weekday 
shifts, a self-signup process for weekend shifts, and a site-specif-
ic scheduling workgroup for continuous process improvement. 
Staff were divided into five different PODs based on service line 
(Critical Care, Ambulatory Care/Transitions of Care, Heme-Onc/
BMT, Acute Care, Operations) and each POD had a lead sched-
uler that was responsible for scheduling their team as well as a 
certain number of operational shifts determined by POD size.
Methods: It was proposed that the new self-scheduled PODs 
would be able to make specific % improvements in the follow-
ing areas as primary endpoints: 50% decrease in shift trades, 
50% improved ability to schedule team members in the clinical 
evening shift, 20% improved consistency through a reduction 
in double-backing and an improvement in precepting consis-
tency through a goal for 70% in learner rotation time with < 
3 preceptors. Secondary endpoints of staff satisfaction were 
measured through quarterly staff engagement surveys based 
on Gallup methodology which looked at improvement in three 
areas: opportunity to do best, opportunities to learn and grow, 
and opinions seem to count. 
Results: The new scheduling approach was started in August 
2022 and by six months the new scheduling approach was able 
to meet metric goals for three of four of the primary endpoints 
(double backing, trade reduction, and consistency in precepting) 
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and trending toward meeting goals in the ability to schedule 
clinical evening shifts however limited likely due to multiple 
vacancies. For secondary goals, the new scheduling workgroup 
has been able to meet two of three staff engagement goals of 
+0.2 for Gallup survey significance (opinions count, opportunity 
to do best) and were trending toward meeting the third goal of 
learning and growing.
Conclusions: Overall implementing this innovative approach to 
scheduling was able to successfully improve multiple endpoints 
that led to improved employee satisfaction, consistency as well 
as learner consistency in the scheduling process.

EVALUATION OF VANCOMYCIN AREA UNDER THE CURVE 
THERAPEUTIC DRUG MONITORING IN PEDIATRIC PATIENTS. 
Meighan Marlo, PharmD, Zach Thompson, PharmD, MPH, 
BCPPS, Pavel Prusakov, PharmD, BCPPS, BCIDP, Jacqueline 
Magers, PharmD, BCPS. Nationwide Children’s Hospital, Co-
lumbus, OH. Meighan.Marlo@nationwidechildrens.org.
Introduction: In 2020, a revised consensus guideline, endorsed 
by Pediatric Infectious Disease Society, recommended monitor-
ing vancomycin’s area under the curve to minimum inhibitory 
concentration ratio (AUC/MIC) over surrogate parameter (i.e. 
trough). Studies in neonatal and pediatric populations are limited 
to retrospective chart reviews with and without pharmacokinetic 
modeling. There continues to be a paucity of pediatric efficacy 
and toxicity data associated with vancomycin therapy when 
targeting AUC/MIC of 400-600. The purpose of this study was 
to evaluate the proportion of patients attaining AUC/MIC of 
400-600 with institutional empiric vancomycin dosing regimens. 
Methods: This study was a one year retrospective chart review 
at a free standing children’s hospital and affiliated neonatal 
intensive care units (NICU) in Columbus, OH. Patients were 
included if they had received at least two doses of empiric 
institutionally dosed vancomycin and had vancomycin AUC/
MIC therapeutic drug monitoring obtained during the course 
of therapy. Patients were excluded if there was a trough level 
obtained resulting in vancomycin therapy adjustment prior to 
AUC/MIC assessment or if there was incomplete data surround-
ing vancomycin dosing, levels, time of administration, weight, 
urine output, or serum creatinine for time points evaluated. 
Pertinent demographic and clinical data were obtained from 
electronic health records.
Results: Forty-two patients were included in the final evaluation. 
There were 6 infants in the NICU group (median gestational 
age 26 weeks (IQR, 24-30), median birth weight 688 grams 
(IQR, 570-794). Vancomycin was initiated at a median postnatal 
age of 88 days (IQR, 51-124), starting dose was 15 mg/kg for all 
patients with frequencies ranging from every 6-12 hours. Four 
of the six neonates were started at every 8 hour dosing. The 
non-NICU group included 36 children with a median age of 1 
year (IQR, 0.5-2.5). Starting dose of vancomycin was 20 mg/kg 
(IQR, 15-20) with most common frequency of every 6 hours in 
28 (78%) of children. Twenty-three (55%) of 42 children evalu-
ated did not achieve AUC/MIC goals, with 15 children needing 
a dose or frequency increase. There were no incidences 
of vancomycin-induced acute kidney injury (AKI). Out of all 
patients, 10 were on vancomycin to treat bacteremia. In 7 of 
those children, microbiological clearance was attained within 
24 hours after vancomycin initiation and within 48 hours for 
2 others. The last patient had an initial AUC/MIC of 266 with 
microbiological clearance taking 5 days to achieve. There were 
no recurrent infections. 
Conclusions: More than half of total patients did not achieve 

AUC/MIC goals with institutional empiric dosing. The most 
common reason for missing the goal target was inadequate 
dosing. Since there were no incidences of AKI in patients with 
high AUC/MICs, higher empiric dosing should be evaluated in 
future studies.

PHARMACIST PRESCRIBING OF NIRMATRELVIR AND 
RITONAVIR AT A FREE-STANDING CHILDREN’S HOSPITAL. 
Kimberly J. Novak, PharmD, BCPS, BCPPS, FPPA; R. Zach 
Thompson, PharmD, MPH, BCPPS; Jill Blind, PharmD, CCRP; 
Meighan Marlo, PharmD; Whitney Jones, PharmD Candidate; 
Joshua Watson, MD. Nationwide Children’s Hospital; Columbus, 
OH. Kimberly.Novak@NationwideChildrens.org
Introduction: Nirmatrelvir and ritonavir (Paxlovid) was approved 
on December 22, 2021 for emergency use authorization (EUA) 
to prevent the progression of mild to moderate COVID-19 in 
patients 12 years and older, weighing 40 kilograms or more, 
with known risk factors for disease progression. Therapy should 
be initiated as early as possible and within 5 days of symptom 
onset. Tablets may not be split or crushed which may limit fea-
sibility in some pediatric patients or adult patients with swallow 
impairment. Dose adjustment is indicated with an estimated 
GFR (eGFR) of 30-59 mL/min, and use is contraindicated with 
an eGFR of < 30 mL/min or in the setting of severe liver disease 
(Child-Pugh class C). Additionally, many drug interactions ex-
ist with nirmatrelvir and ritonavir, most notably due to strong 
CYP3A4 inhibition by ritonavir, which necessitate dose reduc-
tion or temporary interruption of other therapies. When drug 
interactions cannot be reasonably managed, nirmatrelvir and 
ritonavir use may be contraindicated. Due to the complexity of 
prescribing criteria and drug interaction assessment, we sought 
to centralize nirmatrelvir and ritonavir prescribing as a service to 
our health-system’s patients as well as community prescribers 
for pediatric patients receiving care outside our health-system.
Methods: In January 2022, stakeholders from Clinical Pharmacy, 
Investigational Drugs Services (IDS), and Infectious Diseases (ID) 
collaborated to develop a nirmatrelvir and ritonavir prescribing 
and IDS dispensing workflow utilizing an institutional Collabora-
tive Practice Agreement (CPA). Clinical pharmacists developed 
an internal drug interaction management guide, standardized 
assessment tool, patient/caregiver encounter script, and 
standardized electronic medical record (EMR) documentation 
template for evaluating and prescribing nirmatrelvir and rito-
navir. The nirmatrelvir and ritonavir prescribing workflow was 
implemented in February 2022. Prescribers within our health 
system, as well as community prescribers, were educated to 
call the physician/provider consult-transfer center and ask to 
speak with an ID specialist to make a referral. An ID physician 
would evaluate the patient’s reported symptoms and basic de-
mographics to determine initial eligibility for nirmatrelvir and rito-
navir or an intravenous therapy alternative (monoclonal antibody 
or remdesivir). Patients approved for nirmatrelvir and ritonavir 
would be referred to the COVID-19 Oral Therapies pool in the 
EMR. A clinical pharmacist would contact the patient/caregiver 
by telephone to conduct a full medication reconciliation, perform 
drug interaction analysis, review for renal and liver dysfunction, 
and determine final eligibility based on patient-specific factors. 
The pharmacist would prescribe nirmatrelvir and ritonavir and 
adjust any medications for drug interactions using the CPA, 
or if a contraindication was noted, the pharmacist would refer 
the patient for an intravenous therapy alternative. Education 
regarding nirmatrelvir and ritonavir side effects, drug interac-
tions and associated medication dose changes, and EUA status 
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was provided by telephone. Initially, nirmatrelvir and ritonavir 
was only prescribed through IDS and delivery coordinated with 
a courier service or patient pick-up at our outpatient pharmacy. 
When nirmatrelvir and ritonavir supply became more wide-
spread, dispensing was transitioned to a community pharmacy 
of the patient/caregiver’s choice. When anecdotally noted that 
nirmatrelvir and ritonavir could be prescribed bypassing the 
consult and prescribe workflow, EMR functionality was imple-
mented to require pharmacist verification before electronic 
transmission of the prescription. Pharmacists would provide 
the same review as provided through the referral process. An 
IRB-approved retrospective chart review of pediatric patients 
prescribed nirmatrelvir and ritonavir from March 1, 2022, through 
July 31, 2022 was conducted to evaluate outcomes in pediatric 
patients. A quality improvement audit was performed to evalu-
ate pharmacist referrals for intravenous therapy alternatives as 
well as nirmatrelvir and ritonavir prescribing for adult patients 
within the same time period. 
Results: Eighty-five patients were prescribed nirmatrelvir and 
ritonavir within our institution during the specified timeframe, 
with 37 (44 %) being pediatric patients 12-17 years of age. Over 
60% of pediatric patients were male, and the median age was 
15 years. There were no hospitalizations for progression or 
death from COVID-19 among the patients evaluated. The most 
common risk factors for COVID-19 progression were receipt im-
munosuppressive therapy (n=17, 40%) and obesity (n=14, 33%). 
On average, patients sought therapy 2 days after symptoms first 
appeared. There was documentation of pharmacist review for 
80% of prescriptions, and dose modification interventions were 
made for nine patients (20 %) who were taking interacting medi-
cations. One pediatric patient initially prescribed nirmatrelvir 
and ritonavir was unable to swallow tablets and was referred for 
intravenous therapy. Nirmatrelvir and ritonavir was prescribed to 
47 adult patients (55%) 18 years of age or older during this time 
period, with 31 patients (65 %) having documented pharmacist 
review and 18 (58%) of these patients with dose modification 
interventions. Of the 16 adult patients without pharmacist review, 
9 (56%) had actionable drug interactions with only 2 of these 
patients having prescriber-documented dose adjustment. An 
additional 7 adult patients referred for nirmatrelvir and ritonavir 
were subsequently referred for intravenous therapy due to 
either contraindicated medications (n=6) or inability to swallow 
tablets (n=1).
Conclusions: Due to the large number of potential drug interac-
tions with nirmatrelvir and ritonavir, the pharmacist is critical to 
help ensure patient safety and the safety and effectiveness of 
all medications being taken by the patient. Ongoing prospec-
tive pharmacist evaluation and prescribing of nirmatrelvir and 
ritonavir via a consult service is warranted. Audit data support 
the decision to implement EMR functionality requiring pharma-
cist verification before electronic transmission nirmatrelvir and 
ritonavir prescriptions. An institutional Collaborative Practice 
Agreement for nirmatrelvir and ritonavir prescribing and associ-
ated dose modification interventions is an effective and efficient 
way to operationalize pharmacist prescribing.

TADALAFIL USE IN NEONATES AND INFANTS LESS THAN 
THREE MONTHS OF AGE WITH PULMONARY HYPERTEN-
SION. Katy Stephens1, Peter Johnson2, Jamie Miller2, Ashley 
Benedict2, Madison Casten2, Andrew Cave3. Oklahoma Chil-
dren’s Hospital at OU Health, University of Oklahoma College 
of Pharmacy, University of Oklahoma College of Medicine; 
Oklahoma City, OK. katy.stephens2@ouhealth.com 

Introduction: Neonates and infants can develop pulmonary 
hypertension due to multiple etiologies. Currently, limited 
data exists for pharmacotherapy options for the management 
of pulmonary hypertension in this population. More recently, 
tadalafil, a phosphodiesterase-5 inhibitor, has been explored 
due to its favorable once daily dosing compared to sildenafil. 
However, there is a paucity of data for tadalafil use in pediatrics, 
especially neonates and young infants. The purpose of this 
study was to evaluate tadalafil dosing in neonates and infants 
less than three months of age. 
Methods: This was a descriptive, retrospective review of 
patients less than three months of age who were admitted 
to the neonatal intensive care unit (NICU), cardiac intensive 
care unit (CICU), or pediatric intensive care unit (PICU) and 
received tadalafil between January 1, 2019 and November 30, 
2022. Patients were excluded if they received tadalafil prior 
to admission or if they received less than 48 hours of tadalafil 
during their admission. Data collection included patient demo-
graphics, pulmonary hypertension etiology, tadalafil dosing 
regimens, sildenafil use prior to tadalafil, tadalafil continuation 
at discharge, concomitant pulmonary hypertension therapies, 
echocardiogram findings, vital signs and respiratory require-
ments, hospital length of stay, and noted tadalafil-associated 
adverse effects. The primary objective was to identify the 
median tadalafil dose (mg/kg) administered. Secondary objec-
tives were to identify the indications for tadalafil and adverse 
effects related to tadalafil administration. Descriptive statistics 
were performed for data analyses.
Results: Seventy-four patients were included. Thirty-nine (52.7 
percent) were male, and the median weight at the time of 
tadalafil initiation was 3.52 kg [interquartile range (IQR) 3.17-3.99 
kg]. The median gestational age was 38, 1/7 weeks (IQR 36, 4/7- 
39, 1/7 weeks), and at the time of tadalafil initiation the median 
postnatal age was 43 days (IQR 15-62.8 days). Indications for 
pulmonary hypertension were congenital heart disease (n=52; 
70.3 percent), idiopathic (n=7; 9.5 percent), persistent pulmo-
nary hypertension of the newborn (n=6; 8.1 percent), congenital 
diaphragmatic hernia (n=5; 6.8 percent), meconium aspiration 
(n=3; 4.1 percent), and bronchopulmonary dysplasia (n=1; 1.4 
percent). Twenty-three patients (31.1 percent) were transitioned 
from sildenafil to tadalafil for ease of administration. The median 
initial tadalafil dose was 1 mg/kg (IQR 1-1.05 mg/kg) administered 
once daily. The dose was increased in 26 patients (35 percent) 
to a maximum median dose of 1.5 mg/kg. Fifty-four patients (73 
percent) were discharged on tadalafil. For adverse events, two 
patients (2.7 percent) were noted to have hyperemia following 
tadalafil initiation
Conclusions: Tadalafil dosing in neonates and infants less than 
three months was found to be comparable to published dosing 
of older infants and children. Only two patients were noted to 
have adverse events in the study. Overall, more exploration of 
tadalafil use in this population is needed.

VANCOMYCIN KINETICS NAVIGATOR IS INTENDED FOR 
ADULTS, BUT COULD IT WORK FOR ADOLESCENT PATIENTS 
FOR INITIAL DOSING RECOMMENDATIONS? A QUALITY 
IMPROVEMENT ANALYSIS. A. Jill Thompson, Katherine Malloy. 
Medical University of South Carolina Shawn Jenkins Children’s 
Hospital, Charleston, SC. thompsam@musc.edu.
Introduction: A calculation tool within our electronic medical 
record, the vancomycin kinetics navigator, became available 
at our institution in September 2021. It was intended only for 
adult patients, but due to cross-coverage among adult and 
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pediatric areas, it was used occasionally for adolescent patients. 
The initial vancomycin dosing recommendations the navigator 
generated were based on equations validated only in adults. We 
aimed to assess whether the navigator performed well when 
generating initial dosing recommendations for adolescents.
Methods: All vancomycin serum concentrations from October 
1, 2021 through November 18, 2022 in patients ages 12 through 
17 years were accessed using a report. Patients’ actual phar-
macokinetic parameters were compared to navigator-predicted 
pharmacokinetic parameters and then used to evaluate the 
potential performance of navigator-recommended dosing 
regimens. The dataset including patients’ actual pharmacoki-
netic parameters was then used to design empiric adolescent 
vancomycin regimens.
Results: There were 265 vancomycin concentrations in 93 
patient encounters. After excluding patients for duplicate con-
centrations in same patient (181), impaired kidney function (25), 
patients for whom no pharmacokinetic parameters could be 
calculated (5), and pregnancy (1), 53 concentrations (patients) 
were evaluated. Median age was 15 years (interquartile range 
14-16 years) and median weight was 60 kg (interquartile range 
48-74 kg). The navigator consistently underpredicted vancomy-
cin clearance compared to the actual calculated values derived 
from measured serum concentrations (median predicted versus 
actual clearance, 3.844 L/h versus 6.583 L/h). As a result, the 
navigator overpredicted area under the curve (AUC) values, (me-
dian predicted versus actual AUC 500 versus 327 mg per h/L), 
resulting in the potential for suboptimal vancomycin regimens 
early in therapy if the navigator-recommended dosing regimen 
had been used. No correlation appeared evident between clear-
ance and either age, serum creatinine, or creatinine clearance 
(using Bedside Schwartz glomerular filtration rate calculation). 
Utilizing the pharmacokinetic parameters from this dataset, 
the following initial vancomycin dosing recommendations in 
adolescents with normal kidney function were provided to staff 
as an alternative to relying on the navigator: standard dosing 
targeting AUC 400-600 mg per h/L, 40-60 mg/kg/day divided 
every 6-8 hours, maximum initial regimen 4500 mg/day; central 
nervous system (CNS) infection dosing targeting trough 15-20 
mg/L, 60-70 mg/kg/day divided every 6-8 hours, maximum initial 
regimen 4500-6000 mg/day, with concentration monitoring 
early (day 1-2) and often (every 3-5 days). The every-6-hour 
dosing interval is more likely to be needed in critically ill patients 
or in ages 12-15 years.
Conclusions: The adult-based vancomycin kinetics naviga-
tor should not be used to generate initial vancomycin dosing 
recommendations for adolescent patients. Weight-based initial 
vancomycin regimen suggestions are provided based on tar-
gets (standard versus CNS dosing). 

Pharmacogenomics in Patients with Acute Lymphoblastic 
Leukemia (ALL) to Characterize Vincristine and Triazoles 
Metabolism. M. Tuan Tran, Antonio Arrieta, Negar Ashouri, 
Jaime Frediani, Fiona Lam, Carol Lin. Children’s Health of 
Orange County (CHOC), Children’s Hospital, Orange, CA. 
mtran@choc.org
Introduction: Vincristine (VCR) is commonly used in acute 
lymphoblastic leukemia (ALL), and neurotoxicity associated 
with increased exposure to VCR is broadly recognized. VCR 
has been reported to preferentially metabolized via cytochrome 
P450 (CYP) 3A5 over 3A4 isoform by 14-fold. Substantial 
diversity in CYP enzymes expression have been reported, 
reflecting wide interpatient variability in VCR pharmacokinet-

ics and exposures. Triazole antifungals are commonly used in 
immunocompromised patients for management of invasive 
Candida and mold infections. Triazoles are known inhibitors of 
CYP leading to significant potential for drug interactions with 
VCR. Voriconazole is both a substrate and inhibitor of 2C19 and 
3A4; adverse events from drug interactions with voriconazole 
are unpredictable due to the high genetic polymorphism as-
sociated with CYP2C19. While VCR-associated toxicity has 
been widely reported with concomitant use of triazoles, there 
is no clear guidance to assist clinicians. Our pilot study aims to 
characterize and determine frequency of CYP polymorphisms 
associated with impaired VCR metabolism. 
Methods: Signed informed consent/assent obtained for patients 
aged 1 – 26 years old, diagnosed with ALL or lymphoma and 
received VCR. Patients allergic to triazole or have history of 
liver transplant were excluded. Specimen obtained with buc-
cal swab collection kit and sent to Mayo Clinic Laboratory for 
cytochrome P450 genotyping. 
Results: Forty patients were enrolled from May – October 2022, 
mean age was 9.6 years (range 1.3 – 22.5), 27 (67.5%) males, all 
were diagnosed with ALL. Mean weight, height was 37 kg (range 
11.7 – 132) and 130.3 cm (78 – 188) respectively. Fifteen (37.5%) 
patients identified as Hispanic race, 11 (27.5%) White, 8 (20%) 
patients identified as both Hispanic/White, 4 (10%) Asian and 2 
patients declined to state. Nineteen (47.5%) patients received 
a triazole, primarily as prophylaxis during induction 12 (63.2%). 
The most common triazole was fluconazole (17, 89.5%), and 
one each voriconazole or isavuconazole. Five (12.5%) patients 
were carrier for a reduced function 3A4*22 allele, including 
one with 3A4*22/*22 genotype. Twenty-five (62.5%) patients 
were homozygous for nonfunctional 3A5*3 and are consid-
ered poor metabolizer, another 11 (27.5%) were carrier for one 
nonfunctional allele. Only 4 (10%) patients were carrier for two 
functional genotype, 3A5*1/*1. CYP3A5 nonexpresser was com-
mon in both Hispanic, 13 (86.7%) and White 10 (90.9%) patients. 
Seventeen (42.5%) patients expressed a nonfunctional 2C19*2 
allele, including 3 (7.5%) poor metabolizers with nonfunctional 
2C19*2/*2; 10 (25%) patients were rapid metabolizer, carrier for 
2C19*17, 6 (60%) of whom are Hispanics. Of the 10 (25%) patients 
who experienced VCR-associated neuropathy, 6 (60%) were 
homozygous 3A5*3/*3 and 3 (30%) patients were carrier for 
one nonfunctional allele 3A5*3. 
Conclusions: CYP3A5 nonexpresser is common in Hispanics 
and White patients, potentially leading to decreased VCR me-
tabolism and increased risk for toxicity. CYP2C19 expression var-
ied, close therapeutic monitoring for voriconazole is warranted.

ECHO CHANGES WITH ONE VS. TWO-DAY DOSING REGI-
MENS OF DOXORUBICIN. Megan Wright, Sarah Timaeus, Laura 
Hall. Vanderbilt University Medical Center Department of Phar-
maceutical Services, Nashville, TN. megan.wright@vumc.org
Introduction: Doxorubicin is utilized in a variety of chemo-
therapy regimens and is heavily associated with cardiotoxicity. 
Current standard of care for sarcoma patients uses a two-day 
dosing scheme to limit cardiotoxicity. A one-day dosing scheme 
has been proposed in adolescents to decrease the length of 
hospital stay or healthcare utilization. At this large academic chil-
dren’s hospital, to monitor for cardiotoxicity, echocardiograms 
(ECHO) are obtained at baseline, after 150 mg/m2 of cumulative 
doxorubicin, after 300 mg/m2, then every cycle thereafter. This 
study aims to describe ECHO changes and subsequent inter-
ventions made for patients receiving doxorubicin as a one-day 
or two-day dosing scheme.
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Methods: This is a single center, retrospective chart review 
of patients who received doxorubicin for sarcoma treatment 
at a large academic children’s hospital. In addition to general 
demographic information, the date of ECHO, cumulative dose 
of doxorubicin at time of ECHO, ejection fraction (EF), fraction 
shortening (FS), and any interventions made were collected for 
each ECHO. A clinically significant ECHO change was defined 
as EF<50% or FS <27%. Possible interventions included referral 
to cardio-oncology, completion of a cardiac MRI, initiation of 
cardiac medications, and adjustment in chemotherapy timing. 
Results: From April 2017 to November 2022, 68 patients re-
ceived upfront therapy for Ewing’s sarcoma or Osteosarcoma. 
Fifty-five patients were analyzed, and 49 patients received 
doxorubicin over two days. Prior to therapy initiation, no patients 
had cardiac dysfunction with a median EF of 62.1% and FS of 
37.4%. Most patients received their full doxorubicin course for 
their respective disease state. During the active treatment 
period, 1 patient (16%) in the one-day group had a clinically 
significant ECHO change compared to 3 patients (6%) in the 
two-day dosing scheme. The most common intervention for 
these 4 patients was adjustment in chemotherapy timing. No 
patients were switched from a one-day regimen to a two-day 
regimen. Despite 27% of patients being lost to follow up, there 
was limited evidence of long-term toxicity in either group based 
on post-treatment ECHOs. During the entire study period, 71% 
of patients received a referral to cardio-oncology, with most of 
the referrals occurring at the end of therapy.
Conclusions: A robust comparison between the one-day and 
two-day dosing schemes is difficult given limited utilization of 
the one-day dosing scheme. Regardless of dosing scheme, 89% 
of patients experienced no clinically significant ECHO changes. 
The large number of patients lost to follow-up is thought to 
have occurred due to the COVID-19 pandemic and concerns 
for healthcare exposure. Moving forward, providers can con-
sider utilizing a one-day dosing scheme to limit the burden of 
hospitalization, but there is no conclusive data surrounding 
effects on long term toxicity. 


