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ABSTRACT

Background: Millions of patients receive medications in
the Emergency Medical Services (EMS) setting annually,
and dosing safety is critically important. The need for
weight-based dosing in pediatric patients and variability
in medication concentrations available in the EMS setting
may require EMS providers to perform complex calcula-
tions to derive the appropriate dose to deliver. These fac-
tors can significantly increase the risk for harm when
dose calculations are inaccurate or incorrect. Methods: We
conducted a scoping review of the EMS, interfacility
transport and emergency medicine literature regarding
pediatric medication dosing safety. A priori, the authors
identified four research topics: (1) what are the greatest
safety threats that result in significant dosing errors that
potentially result in harm to patients, (2) what practices or
technologies are known to enhance dosing safety, (3) can
data from other settings be extrapolated to the EMS envir-
onment to inform dosing safety, and (4) what impact
could standardization of medication formularies have on
enhancing dosing safety. To address these topics, 17 PICO
(Patient, Intervention, Comparison, Outcome) questions
were developed and a literature search was performed.

Results: After applying exclusion criteria, 70 articles were
reviewed. The methods for the investigation, findings
from these articles and how they inform EMS medication
dosing safety are summarized here. This review yielded
11 recommendations to improve safety of medication
delivery in the EMS setting. Conclusion: These recom-
mendations are summarized in the National Association
of EMS PhysiciansVR position statement: Medication Dosing
Safety for Pediatric Patients in Emergency Medical Services.
Abbreviations: EMS: Emergency Medical Services;
NAEMSP: National Association of EMS Physicians; PICO:
Population, Intervention, Control, Outcome; RCT:
Randomized Controlled Trial. Key words: medication
dosing safety; emergency medical services for children;
cognitive unloading; systematic review
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NAEMSP Position Statement, Approved by the
Board on July 1st, 2020
Inaccurate dosing of medications given to chil-

dren receiving medical care is a known and fre-
quent issue. Errors can include acts of commission
and omission. Root causes of dosing errors are
multifactorial and include provider inexperience,
performing complex calculations in a stressful envir-
onment, and infrequent exposure to pediatric
patients. These risks are known to exist across all
phases of emergency care but may be magnified in
the EMS setting. To mitigate the risk of medication
dosing errors in pediatric encounters occurring in
the EMS setting, the National Association of EMS
Physicians endorses the following statements:

� Performing mathematical dosing calculations at the
bedside is an area at very high risk for error. EMS
agencies and providers should utilize dose-derivation
strategies that avoid use of calculations at the patient
side (GRADE Moderate).
� Tools that provide pre-calculated weight-based

dosing and preclude the need for calculation by
EMS providers can reduce dosing errors. Such
tools should:
� be approved by the local medical director to

ensure concordance with the agency’s
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2020
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protocols and with the local agency’s usual
and customary concentrations of medica-
tions in their supply.

� be achieved through a standardized formu-
lary which allows for pre-calculation of all
drug dosing for children and adults.

� report doses in volumetric units (mL) of
medications in the concentration available
in the agency formulary rather than mass-
based units (mg, mcg).

� be provided in preprinted or electronic for-
mats that are immediately accessible at the
point of care.

� be able to be modified in a timely and sys-
tem-wide manner when drug shortages force
product substitutions

� Kilograms should be the standard unit of weight
used in the EMS setting (GRADE Moderate).
� Pediatric patient weight should only be meas-

ured and/or recorded in EMS patient care
records using kilograms. Electronic documenta-
tion platforms should default to automatic con-
version of pounds to kilograms.

� Where pediatric weights are previously
expressed or reported in units other than kilo-
grams, conversion templates, electronic patient
care record platforms, or other pre-calculated
tools should be utilized to convert units from
pounds to kilograms.

� Unaided conversions from pounds to kilograms
by the paramedic in the field should be avoided.

� Pediatric patient weight should be confirmed at the
time care is delivered (GRADE Low).
� Weight should not be visually estimated.
� Weight may be estimated by asking a parent the

child’s weight, using a validated weight-estima-
tion tool based on a child’s length, preferen-
tially, or by age (the least accurate method).

� Weight-based dosing requires both cognitive and
psychomotor skills that decline with infrequent use
(GRADE Low).
� Efforts should be made to increase opportunities for

EMS providers to practice and perform pediatric
weight-based-dosing using scenario-based simula-
tion training and through increased supervised clin-
ical exposure where available. Simulation should
include the use of the same weight estimation tool
and dosing aid that will be used clinically.

� Engineering controls for human factors should be
implemented in the labeling, packaging, and storage
of medications and medication delivery sundries kept
in stock, in both medical bags and on-board EMS
vehicles (GRADE Very Low).
� Whenever possible and feasible, EMS agencies

should consider having a standardized formulary

and avoid stocking multiple concentrations of a
particular drug in their usual and custom-
ary supply.

� EMS agencies should consider the use of infu-
sion pumps for the delivery of infused medica-
tions. Infusion pumps have been shown to be
associated with faster achievement of therapeutic
medication blood concentration and faster thera-
peutic effect than buretrols.

� There is insufficient evidence to either support
or refute the practice of independent double
checking for the administration of medicines by
EMS providers

� Medical directors should be aware of factors in the
EMS setting that increase the likelihood of an error in
weight estimation and dose calculation
(GRADE Moderate):
� There is a higher risk of weight estimation error

among patients that are less than 10 years old.
� Weight estimation errors are more frequent dur-

ing encounters where the patient is being resusci-
tated, receiving an analgesic, or having a seizure.

� Drug shortages increase the risk for medication
dosing errors, as they force EMS agencies to
stock drugs in different concentrations, volumes,
labeling, or packaging than their usual and cus-
tomary supply.

Medication Dosing Safety for Pediatric Patients:
Recognizing Gaps, Safety Threats, and Best Practices
in the Emergency Medical Services Setting. A
Position Statement and Resource Document from
NAEMSP Resource Document

INTRODUCTION

Approximately 10% of all Emergency Medical
Services (EMS) patients are pediatric patients (1,2).
However, few pediatric EMS patients receive medica-
tions in this setting (3). Pediatric medication dosing
is weight-based, potentially requiring complex dosing
calculations. Infrequent pediatric encounters, com-
bined with the need to determine the correct dose,
and the potential for cognitive and emotional stress
during EMS care of severely injured or ill pediatric
patients can increase the risk for dosing errors (4–6).
Even in the relatively controlled inpatient environ-
ment, medication errors are known to be more com-
mon in pediatric patients (7). Reports indicate that as
many as 37% of pediatric patients administered a
medication in the EMS setting have received an
inaccurate dose, though it is not clear how many of
those inaccurate doses have resulted in harm (8,9).
To address the high risk of medication dosing

errors in pediatric patients, it is imperative to
understand the evidence and develop guidelines
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and recommendations to mitigate this problem. To
this effort, the authors identified several key con-
cepts which are presented and discussed in this
resource document. These concept areas include:
1. What is known about enhancing dosing safety for

patients in the EMS setting?
2. What are the greatest latent and active safety threats

to pediatric medication dosing?
3. Can dosing safety education and strategies from other

settings, (e.g., the emergency department, operating
room, inpatient units, and intensive care units) be
adapted to the EMS setting?

4. What is known about the role of standardized
formularies in dosing safety? Are standardized
formularies and pre-calculation of doses effective
methods for decreasing errors? Are drug shortages
and concerns for medical director autonomy barriers
to standardization of formularies?

METHODS

PICO Questions

To address the key concept areas above, the fol-
lowing 17 Population-Intervention-Control-Outcome
(10) (PICO) Questions were iteratively developed by
the investigators for this scoping review. For the
purposes of this study, we defined the term
“pediatric patient” to include infants, toddlers,
school-age children, and adolescents. The Key con-
cept areas are included here, and the complete
PICO questions are available as supplemen-
tal material.
1. Key concept area #1: What is known about enhancing

dosing safety for patients in the EMS setting?
2. Key concept area #2: What are the greatest latent and

active safety threats to medication dosing?
3. Key concept area #3: Can dosing safety education

and strategies from other settings, (e.g., the
emergency department, operating room, inpatient
units, and intensive care units) be adapted to the
EMS setting?

4. Key concept area #4: What is known about the role
of standardized formularies in dosing safety? Is a
standardized formulary protocol a means for
precalculation of doses and decreasing errors? Are
drug shortages and concerns for medical director
autonomy barriers to standardization of formularies?

Search Strategy

Two reviewers performed a solo literature search
for each PICO question. MesH search terms were
derived from the Intervention and Control items in
the PICO questions outlined above and included

articles that were relevant to dosing safety in the
EMS setting and/or pediatric dosing safety in other
settings. When there were neither relevant pediatric
or EMS studies, adult studies from hospital settings
were sought. Each primary reviewer identified rele-
vant abstracts in the PubMed database; PubMed
was the sole database used to conduct the review.
Additional sources were sought via web searches
with Google Scholar, and by hand searching from
the citations in reviewed articles. Inclusion criteria
included clinical trials, observational studies, sys-
tematic reviews and case reports written in English.
Exclusion criteria included non-peer reviewed litera-
ture, and articles written in languages other than
English. Each pair of reviewers performed the litera-
ture review from July 17 to August 18, 2018.
Supplementary literature search and review was
performed August 15–22, 2019.

Literature Review Process

For each PICO question, two investigators inde-
pendently reviewed the literature to address each
question and grade the quality of the evidence. The
review process is depicted in Figure 1, a PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) Statement (11). Reviewers then
shared the relevant abstracts with their co-reviewer.
In the second phase of the review process, the

two reviewers examined the abstracts provided by
their co-reviewer and determined whether the
abstract fit the PICO question being assessed.
When both reviewers agreed that an abstract was
relevant, the corresponding manuscript was eval-
uated in the third phase of the review process.
When the reviewers disagreed, there was a discus-
sion about the abstract, and the two reviewers
attempted to reach consensus. If consensus could
not be reached a predesignated referee was con-
sulted to render a judgment. Abstracts found to be
relevant to more than one PICO question were
evaluated with the data abstraction for each rele-
vant PICO question.

Data Abstraction

During the review process, each PICO question
reviewer abstracted each study’s methods, objective
findings (if any), subjective findings (if any), biases,
and limitations. The reviewer then assigned a
strength of the evidence using a standardized rubric
(Table 1). The strength of the evidence was deter-
mined using a rubric provided by the NAEMSP
Board of Directors and the Standards and Practice
Committee when the Situation-Background-
Assessment-Recommendation document proposing
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this work was accepted. Reviewers abstracted data
from articles of all five levels of evidence.
After abstracting data from each manuscript for

the PICO question at hand, the co-reviewers
exchanged the data from their reviews. If discrep-
ancies occurred in the conclusions drawn from the
literature review, the primary reviewers worked to
reach consensus when possible. In cases where
consensus could not be reached, the predesignated
referee was consulted to render a judgment. The
findings of the two reviewers were then combined,
in tabular form, representing a consensus abstrac-
tion of each manuscript. The consensus abstractions
were assembled into tables for each PICO question.
The findings from this third phase of the evalu-
ation are the primary outcome of this scop-
ing review.

Data Summarization

Data abstraction tables were submitted to the lead
investigator, who considered the relevance of each
abstract to the study questions. Evaluation consisted
of the study populations, including types of pro-
viders determining medication doses and the popula-
tion of pediatric patient being treated; the strength of
the evidence; biases; methodological strength; and
the effect of interventions on dosing safety. The data
summarization was used to draft evidence-based rec-
ommendations for pediatric EMS medication dosing
safety. It should be noted that articles with Level V
evidence were not included in determining the evi-
dence-based recommendations. Each position in the
position statement was graded High, Medium, Low,
or Very Low according to the Grading of

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097
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FIGURE 1. Prehospital pediatric dosing safety scoping review flow diagram.

4 PREHOSPITAL EMERGENCY CARE �/� 2020 VOLUME 0 / NUMBER 0



Recommendations Assessment, Development and
Evaluation (GRADE) approach (12).

RESULTS

The working group evaluated 86 articles and iden-
tified 70 articles about pediatric dosing safety rele-
vant to EMS practice. Abstracted data from the
articles, with summaries of methods and findings,
can be found in the Appendix. There were no
Evidence Level I Articles, 27 Level II articles, 26 Level
III articles, 14 Level IV articles, and 3 Level V articles.
An overarching theme in the literature review was a
lack of EMS research pertinent to medication safety,
and that data from hospital-based studies required
extrapolation for use in EMS practice.

DISCUSSION

Key concept area #1: What is known about enhanc-
ing dosing safety in the EMS setting?

There is moderately strong evidence to support the
use of preprinted dosing cards for the care of pediat-
ric patients in the EMS setting. Expert opinion (13)
and peer reviewed research by Bernius et al. (14), Kaji
et al. (15), and Hoyle et al. (9) have suggested that
preprinted dosing cards decrease the cognitive load
on EMS providers when performing pediatric medi-
cation dosing. Studies conducted in the hospital set-
ting have shown dosing cards promote cognitive
unloading and reduce errors (16). However other
studies have shown there is variation in dosing accur-
acy based on what dosing card system providers use
(17,18). Rappaport et al used a simulation-based set-
ting to compare a tape-based preprinted dosing sys-
tem that provided pre-calculated drug doses given in
volumetric units to a tape-based preprinted dosing
system that required paramedics to calculate actual
doses and found that the pre-calculated tape system
performed better with regard to reductions in cogni-
tive errors, improved dosing accuracy, and shortened
time to drug administration (18).

TABLE 1. Rubric for assigning levels of evidence

Therapeutic studies
Examining the results of a type of treatment

Diagnostic studies
Investigating a diagnostic test or procedure Economic/Political statements

Level I Multiple individual high quality
randomized controlled trial, all
reaching consistent conclusions
Systematic review of Level I
randomized controlled trials with
homogeneous study results

Testing of previously developed
diagnostic criteria in series of
consecutive patients with
universally applied established
reference standard(s)
Systematic review of level I studies

Sensible costs and alternatives with
values obtained from many studies
Systematic review of level I studies

Level II Systematic review of Level I studies
with heterogenous or inconsistent
results, or systematic reviews of Level
II studies.
A high quality randomized controlled
trial (statistically significant or not
statistically significant with narrow
confidence intervals)
Lesser quality randomized controlled
trial poor follow up, no or inadequate
blinding, wide confidence intervals,
improper or unsuccessful
randomization)
Prospective comparative study

Systematic review of Level II studies
Development of diagnostic criteria
on the basis of consecutive patients
with universally applied
reference standard(s)

Systematic review of Level II studies
Sensible costs and alternatives
with values obtained from
limited studies

Level III Case control study
Retrospective comparative study
Systematic review of level III studies

Study of nonconsecutive patients
without consistently applied
reference standard(s)
Systematic review of level
III studies

Analysis based on limited
alternatives and costs
Systematic review of level
III studies

Level IV Case series Case control study
Poor reference standard

No sensitivity analysis

Level V Expert opinion
Editorial
Non-peer reviewed published in a
trade journal

Expert opinion
Editorial
Non-peer reviewed published in a
trade journal

Expert opinion
Editorial
Non-peer reviewed published in a
trade journal
Government documents
White papers
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With the ubiquity of smart phones and tablet
devices, electronic dosing tools are an important aid
to the EMS care of pediatric patients. As medical
directors consider these programs, ensuring that
there was medical oversight of dosing app develop-
ment is key (19). Single-site randomized controlled
trials (RCTs) have demonstrated that dosing apps
improve the accuracy of medication dosing during
simulated resuscitations in the emergency depart-
ment (20) and the EMS setting (21). Another RCT,
conducted for burn patients, provided a three-way
comparison between a novel pediatric dosing app, a
paperboard dosing wheel, and a conventional dos-
ing calculations (22). In this study, the app and the
wheel both provided quicker, more accurate dosing
than conventional calculations. Finally, a digital
weight calculation app accounting for patient gen-
der and body habitus yields more accurate weight
estimates than length-based tapes (23).
Weight estimates are a barrier to accurate dosing

in the EMS setting. Paramedics report their discom-
fort in estimating pediatric weights and medication
doses (4,6) and as many as 20% of pediatric patients
have an inaccurate weight estimate in the out-of-
hospital setting (6,24). EMS dispatchers demonstrate
some degree of accuracy in obtaining information
about patient weights in pounds from parents dur-
ing 911 calls (25). An estimated weight given to
EMS providers prior to arrival on scene can assist in
pre-arrival planning and may mitigate dosing
errors. A simulation-based study showed a hybrid
model in which pediatric dosing was done in both
pounds and kilograms reduced medication dosing
errors when a dosing aid was used (26).
This scoping review examined the utility of

stretcher scales for improving dosing safety. A sin-
gle study by Sinha et al. demonstrated that use of
the Broselow-Luten Tape resulted in mean differ-
ence of 2.6 kg in the estimation of weight when
compared to the weight obtained with a stretcher
scale (27). However, this study was limited by a
small sample size, and larger pediatric patients (for
whom a 2.6 kg difference between estimated and
measured weight would be less clinically signifi-
cant) were over-represented in the sample, making
the results of this study difficult to apply to younger
and smaller pediatric patients.
There is some evidence to support the use of a

standardized dose (e.g. a single dose indicated for a
range of weights) to enhance dosing safety in the
EMS setting. The aforementioned study by Kaji
et al. (15) showed that, along with changing from
endotracheal or intravenous epinephrine dosing
with two available concentrations of epinephrine to
one concentration of epinephrine via the

intravenous route only, pre-calculated epinephrine
dosing tools decreased dosing errors by roughly one
third. In the hospital setting, simplifying gentamicin
dosing with a standardized chart decreased errors
by 20% (28). In another study evaluating the
Broselow-Luten Tape, implementation of a single,
fixed medication dose for a range of patient weights
was shown to decrease medication errors during
simulated pediatric resuscitations by 25% (16).
The standard of dosing in the care of pediatric

patients is based on the patient’s weight in kilo-
grams, with both the Emergency Nurses Association
and the American Academy of Pediatrics endorsing
this practice (29). The National Association of State
EMS Officials EMS Compass project explicitly states
pediatric weights should be recorded in kilograms
only (30). There is a latent safety threat in kilogram-
based dosing, however. Shaw et al. showed that in
a hospital setting, 12% of wrong dose errors were
due to errors in converting weight in pounds to
weight in kilograms (31). A study of pediatric
patients treated by EMS providers showed a 35%
incidence of dosing errors, even when the patient
weight was recorded in kilograms (8). Contrary to
patient weights in kilograms, weights recorded in
pounds are more familiar to paramedics practicing
in the United States, and in focus groups paramed-
ics expressed concerns about the potential for error
when they convert pounds to kilograms (5).
Pediatric patients of the same age vary in weight

and height, causing strategies to standardize medi-
cation doses by pediatric patient age to have mixed
results. A 2017 meta-analysis used two parameters
to determine the accuracy of age-based and weight
estimation systems: 70% of weight approximations
are within 10% of the actual weight and 90% of
weight approximations are within 20% of the actual
weight (32). In this study, the Mercy Method, the
PAWPER Tape (33), and parental estimate of the
pediatric patient’s weight yielded more accurate
results than the Broselow-Luten tape. A 2016 meta-
analysis of age-based calculations for estimating
patient weight showed the Advanced Pediatric Life
Support formula yielded the best results when used
to calculate doses for lipophilic drugs (e.g. lidocaine,
atropine, benzodiazepines), and accounted for the
increasing adiposity of pediatric patients (34). In
contrast, several studies demonstrate that age-based
methods are not as accurate as other weight estima-
tion methods. Another meta-analysis published in
2016 considered a large international cohort of pedi-
atric patients and showed that length-based tapes
and parental estimates of weights were more accur-
ate than age-based estimates (35). Similarly, an ear-
lier study by Krieser et al. based in the emergency
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department showed that the Broselow-Luten tape
and parental estimates of pediatric patients’ weights
outperformed age-based weight estimates (36).
Additionally, a study by O’Leary et al. published in
an ethnically diverse Australian emergency depart-
ment also showed that length-based tools out-per-
formed age-based estimates (37).
Key concept area #2: What are the greatest safety

threats to medication dosing (latent or otherwise)?
Calculation of a weight-based medication dose

requires input of several data points into a formula
including the patient’s weight, the concentration of
the drug, and the desired weight-based dose. Figure
2 illustrates this formula and highlights the several
steps in this formula where input errors can result
in incorrect calculations.
Even under non-stressful circumstances, perform-

ing dose calculations carries the risk of making cal-
culation errors. A study by Hubble revealed that
dosing calculations made by paramedics were cor-
rect only 68% of the time in a controlled classroom
environment. Errors of commission included con-
ceptual errors (i.e., errors in setting up the problem),
mathematical errors, errors in weight conversion,
and errors in unit conversion (e.g., grams to milli-
grams) (38). It was noted that more errors were
made among paramedics with more years of experi-
ence. Bernius also demonstrated that paramedic
accuracy in mathematical calculation performed in a
controlled classroom environment was very poor
unless a dosing aid was utilized (14) These findings
are further reinforced by several papers by
Eastwood that showed up to 68% of paramedic

students scored 50% or lower on a drug dose calcu-
lation examination, with errors including conceptual
errors, arithmetical errors, and computational errors
(39–41). Even when paramedics are not under on-
the-job pressure their ability to perform drug calcu-
lations accurately is poor as demonstrated by
Eastwood and Boyle who reported finding up to
42% of paramedics with four or more years of
experience scoring 50% or less on the drug dose cal-
culation assessment (40,42)
Mathematical computation is an example of

working memory, the capacity to store and
manipulate information for brief periods of time.
Several studies have investigated the effect of
stress on working memory of both non-EMS pro-
viders and EMS providers and have demonstrated
a decremental effect on solving mathematical
problems especially under circumstances with a
high task load (43–46). Interestingly, Beilock’s
study suggests that performance pressure harms
individuals most qualified to succeed by consum-
ing the working memory capacity that they rely
on for their superior performance. This finding
suggests that even the most highly-performing
EMS providers are subject to stress-related detri-
ments in mathematical performance. LeBlanc et al.
investigated the effect of stress on paramedics’
ability to calculate drug dosages under stress and
found that high stress resulted in an increase in
medication dosing errors (47). Several other publi-
cations by LeBlanc also demonstrate the detrimen-
tal effect of acute stress on cognitive performance
of EMS providers (48,49).

FIGURE 2. Latent errors in dose calculation.
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Qualitative investigations of adverse events and
near misses when pediatric patients receive EMS
care have demonstrated that the following latent
safety threats are associated with poor patient out-
comes: a lack of comfort in caring for pediatric
patients, medication errors, the absence of properly
sized equipment, and errors in skill performance
(50,51). More importantly, participants stated errors
were sometimes not reported and therefore the true
frequency of these events may be underestimated.
Paramedics do report being more comfortable pro-
viding medications to pediatric patients when there
is a good relationship with direct medical oversight
and when medication dosing aids are available
when providing analgesia to their pediatric patients
(51). Though most tools for providing drug dosing
information in pediatric emergencies are not specific
to EMS care, survey data of EMS providers suggest
that an EMS-specific length-based tape and standar-
dized protocols would improve EMS pediatric
medication dosing (5).
A specific age-based medication dosing strategy

proposed to improve safety is standardizing doses
based on the 50th percentile weight for a given age.
Commonly used length-based tapes may result in
underestimation of patient weights, with attendant
errors in medication dosing (52,53). A meta-analysis
by Wells et al. showed a commonly used length-
based tape is prone to weight overestimates when
used for pediatric patients in low- and middle-
income countries (52). A 2016 study by Lowe et al.
showed that the Handtevy System outperformed
the Broselow-Luten tape for weight estimation in
taller pediatric patients, while the opposite was true
for shorter pediatric patients (54). Of note, the two
systems are now nearly identical regarding length-
color zones on the length-based tape.
When paramedics use the Broselow-Luten length-

based tape in a simulated resuscitation of an infant
with hypoglycemia and seizures, there were errors
in the use of the tape (e.g. placing the wrong end of
the tape at the patient’s head), yet 80% of the time,
the tape was used to obtain an accurate weight for
the patient (4). A study by the same authors with a
simulated pediatric anaphylaxis patient showed bet-
ter performance of weight estimates (correct 35 of
37 times), and that the Broselow-Luten tape outper-
formed the pediatric wheel and paramedic guessing
for weight estimation (55).
International teams have conducted investigations

in South Africa (17) and Korea (56) of pediatric
patient size variation as a latent safety threat. The
latter study showed limitations in a formula-based
strategy for estimating patient weights and doses by
age, especially among older, heavier pediatric

patients. A study conducted in an Indian tertiary
care hospital showed significant variation between
actual weights and weight estimates from a length-
based tape (57). A study of paramedics conducted
in the United States showed that paramedics could
estimate the weights of pediatric patients with mod-
erate accuracy regardless of age, and that a length-
based tape improved their weight estimates (24).
Appelbaum’s work showed that accounting for
pediatric patient size and body habitus improved
weight estimates, mitigating the latent safety threat
of pediatric patient size variation (23). A study of
179 pediatric patients treated by EMS showed that
pediatric patients aged less than ten years old and
those with seizures or cardiac arrest were more
likely to have incorrect weight estimates by EMS,
and were more likely to have medication dosing
errors (6).
As previously noted, EMS providers care for pedi-

atric patients less frequently than adults patients,
and this may be a latent safety threat to medication
dosing (58,59). A 2005 study by Stevens showed
87% of EMS providers in Maine had three or fewer
pediatric calls per month, and that being a para-
medic and/or having more pediatric continuing
education increased comfort with pediatric patients
(60). Strategies to mitigate limited field exposure by
increasing exposure via training have been sug-
gested. However, the role of frequent training in
decreasing medication errors is not clear.
A small RCT by Su et al. that randomized para-

medics to have knowledge evaluations and simu-
lated resuscitation training at six months, simulated
resuscitation training at six months only, or no add-
itional training showed no difference in pediatric
resuscitation knowledge and skills one year after
the study began (61). Simulation-based studies of
two person paramedic-paramedic or paramedic-
emergency medical technician teams showed that
medication dosing errors were common in pediatric
resuscitations (27,62). Paramedics perceive a need
for more frequent pediatric refresher training (51),
and there are data to suggest that frequent refresher
training does decrease the likelihood of medication
dosing errors during EMS patient encounters.
A final potential latent safety threat to pediatric

medication dosing in the EMS setting is the use of
buretrols, rather than calibrated pumps, for infused
medication delivery. A literature search found no
pertinent articles in the EMS setting. One study of
hospitalized pediatric patients receiving chloram-
phenicol showed that delivering infusions using
pumps and anatomically proximal infusion sites led
to higher, faster blood concentration of the drug
than when buretrols and more distal sites were
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used (63,64). Another in vitro study found that use
of a buretrol resulted in residual medication in the
IV tubing (49) resulting in incomplete medication
delivery. In a setting where pediatric patients
received propofol for sedation, the use of an infu-
sion pump was associated with faster and more pre-
dictable medication effects than the use of a
buretrol (65).
Key concept area #3: Can dosing safety education

and strategies from other settings (e.g. the emergency
department, operating room, inpatient units, and
intensive care units) be adapted to the EMS setting?
Given the psychomotor components of medication

dosing in pediatrics, such as using a length-based
tape to estimate weight, drawing up a specific vol-
ume of medication based on patient size, and deliv-
ering a specific volume of medication, simulation
has a role in providing EMS providers the oppor-
tunity to practice and maintain these skills in a real-
istic setting (66,67). Simulation has been used to
improve the accuracy of resuscitation medication
dosing by pediatrics residents in the inpatient set-
ting (16) and in the emergency department (68), and
a meta-analysis by Sarfati et al. showed simulation
improves medication dosing safety for adult
patients (69). The latter study cautions educators to
consider human factors, such as medication prepar-
ation and administration tasks, to avoid introducing
new risks to medication dosing safety.
Lammers et al. have shown the utility of simula-

tion for revealing EMS medication dosing errors
and their causes in a range of pediatric emergencies
(4) including pediatric anaphylaxis (55) and pediat-
ric cardiopulmonary arrest (62). Simulation has also
been used to assess the utility of novel dosing safety
strategies, such as color-coded, pre-measured vol-
ume medication syringes (70). This study by Stevens
et al. conducted in a cohort of 10 paramedics in
Denver, CO found that the novel syringes decreased
time to medication administration and decreased
the incidence of critical dosing errors, however this
study includes several significant limitations includ-
ing small sample size and lack of statistical signifi-
cance and unclear clinical significance of many of
the reported findings.
The use of independent medication dosing cross

checks has been adopted in other clinical settings
for verification of correct dosing and route of
administration for various high-risk medications
(71,72). However reviews of this practice outside
EMS reveal mixed results, with several papers con-
cluding there is insufficient evidence to either sup-
port or refute the practice of independent double
checking for the administration of medicines
(72–75). The Institute of Safe Medication Practices

recommends a tempered approach, stating: “When
employed judiciously, conducted properly, and
bundled with other strategies, manual independent
double checks can be part of a valuable defense to
prevent potentially harmful errors from reaching
patients (76).”
Our review of the literature identified a single

EMS-based study that evaluated the effect of a
team-based cross-check process for medication veri-
fication in the EMS setting (77). This observational
study did report a potential decrease in medication
administration errors after introduction of a medica-
tion cross check procedure, however the study
included several limitations including small sample
size and lack of statistical significance and unclear
clinical significance of many of the
reported findings.
The use of two-provider medication cross check-

ing deserves additional attention as a potential risk-
mitigation practice especially when medication
shortages force EMS agencies to stock medications
in packaging, labeling, or concentrations atypical
from their usual medication supply. Additionally,
the feasibility of performing two-provider cross-
checks when partners are spatially isolated (such as
when one provider is in the patient compartment of
the ambulance and the second provider is driving
the ambulance) deserves additional scrutiny.
Key concept area #4: What is known about the role

of standardized formularies in dosing safety? Is a stand-
ardized formulary protocol a means for pre-calculation of
doses and decreasing errors? Are drug shortages and con-
cerns for medical director autonomy barriers to standard-
ization of formularies?
Standardized formularies for medications in the

EMS setting could offer improved accuracy and
safety for pediatric dosing. In the EMS setting, a
mixed-methods study of paramedics by Hoyle et al.
revealed that EMS providers were frustrated by fre-
quent drug concentration changes and packaging
changes, and that standardization was preferable
(78). A 2007 investigation by Kaji et al. showed a
color-coded standardized epinephrine dose and
route in cardiac arrest yielded an odds ratio of 3.0
for administering an accurate dose (15).
While standardized doses offer a means of

decreasing medication errors, drug shortages may
represent a threat to dose standardization and dos-
ing safety. A review of 1,929 different national drug
shortages showed intravenous medications account
for 70% of medication shortages, and that the
median shortage duration for acute care medications
(242days, IQR 96–624 days) was longer than the
median overall medication shortage duration
(173days, IQR 85–531 days) (79). Work conducted at
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the same site showed that among 1,798 national
drug shortages, medications used in the emergency
setting represented 610 of the drugs, 52.6% of which
were used for life-saving or high-acuity interven-
tions (80). A survey of emergency physicians in
China suggested medication shortages are common
and compromise patient care (81).

LIMITATIONS

The literature analysis presented here reveals a
number of gaps in what is known about pediatric
dosing safety in the EMS setting. The safest means
for determining patient weights (e.g. length-based
tapes versus scales built into stretchers) remains
unknown. More investigations of length-based tapes
and age-based dosing strategies are needed to deter-
mine whether an existing or novel dosing system
provides the safest and most practical means of
administering medications to pediatric patients.
Medication crosschecks might help reduce errors,
but studies explicitly evaluating this strategy in the
EMS setting are lacking and further investigation of
their utility in EMS is needed. One specific reserva-
tion about crosschecks in EMS is that it may not be
practical to conduct a medication cross-check when
the ambulance is in motion, or when there is only
one paramedic present on-site.
There are several safety risks specific to the

United States, including the use of the pound as a
unit of weight measure and higher prevalence of
obesity in the pediatric population, though the
actual effect of obesity and its relationship to clinic-
ally meaningful dose adjustments remains unclear
(82,83). Our investigation yielded no studies that
show whether ideal body weight or actual body
weight was a safer means of determining weights
for medication dosing. The best strategy for pediat-
ric EMS dosing may consider whether the medica-
tion is hydrophilic or hydrophobic (lipophilic).
Carasco et al. provide an excellent discussion of this
topic (33). Medications used in the EMS setting tend
to fall within the hydrophilic category, which is best
dosed based on ideal body weight, in which case
dosing based on 50th percentile strategies is appro-
priate. Of the medications commonly used in the
EMS setting that are hydrophobic (and as such
should ideally be dosed based on actual body
weight), including atropine, benzodiazepines, and
corticosteroids, the majority of these medications
enjoy a broad therapeutic window. While dosing of
these hydrophobic drugs based on IBW will tend to
underdose patients with higher BMIs, dosing of
these medications can typically be easily titrated
to effect.

Simulation and other educational modalities have
been used to assess errors and safety threats to
pediatric medication dosing in the EMS setting how-
ever there are few investigations that show correl-
ation between educational interventions for EMS
providers and improved dosing safety for pediat-
ric patients.
A final limitation to what is known about pediat-

ric medication dosing safety is the potential impact
of statewide or even nationally standardized formu-
laries on the incidence of dosing errors.
Investigations of such an intervention could include
mixed methods approaches, simulation assessments,
and pre- and post- intervention surveillance for dos-
ing errors and harm to patients. However, ongoing
and critical inconsistency in the supply of emer-
gency medications and the subsequent need for
EMS agencies and systems to make frequent substi-
tutions in their usual and customary medication
supply present a major and terminal limitation to
the development and implementation of a standar-
dized formulary at any geopolitical level.

CONCLUSION

EMS medical directors, leaders, and training offi-
cers can incorporate the recommendations offered in
this document to mitigate the risk of pediatric dos-
ing errors.
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