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DosING ERRORS MADE BY PARAMEDICS DURING PEDIATRIC PATIENT SIMULATIONS
AFTER IMPLEMENTATION OF A STATE-WIDE PEDIATRIC DRUG DOSING REFERENCE

John D. Hoyle, Jr., MD, Glenn Ekblad, DO, MSN, MPH, Tracy Hover, BS, Alyssa
Woodwyk, MS, Richard Brandt, MS, Bill Fales, MD, Richard L. Lammers, MD

ABSTRACT

Background: Drug dosing errors occur at a high rate for
prehospital pediatric patients. To reduce errors, Michigan

Received February 23, 2019 from Departments of Emergency
Medicine and Pediatrics and Adolescent Medicine, Western
Michigan University, Homer Stryker, MD School of Medicine,
Kalamazoo, Michigan (JDH); Department of Emergency
Medicine, Western Michigan University, Homer Stryker, MD
School of Medicine, Kalamazoo, Michigan (GE, RLL); Division of
EMS and Disaster Medicine, Department of Emergency Medicine,
Western Michigan University, Homer Stryker, MD School of
Medicine, Kalamazoo, Michigan (TH, BF); Division of
Epidemiology and Biostatistics, Department of Biomedical
Sciences, Western Michigan University, Homer Stryker M.D.
School of Medicine, Kalamazoo, Michigan (AW); Department of
Medical Education, Western Michigan University, Homer Stryker,
MD School of Medicine, Kalamazoo, Michigan (RB). Revision
received April 26, 2019; accepted for publication May 9, 2019.

Presented at the 2018 National Association of EMS Physicians Annual
Meeting, recipient of the Best Pediatric Research Presentation.

In accordance with Taylor & Francis policy and our ethical
obligation as researchers, we are reporting that J.D. Hoyle holds
the U.S. patents on 2 drug-dosing devices. He currently has no
licensing or royalty arrangements for these patents and receives
no income from them. He has an approved plan for managing
any potential conflicts arising from these patents. The remaining
authors report no conflicts of interest. The authors alone are
responsible for the content and writing of the paper.

This project is supported in part by the Health Resources and
Services Administration (HRSA), Maternal and Child Health
Bureau (MCHB), Emergency Medical Services for Children
(EMSC) Targeted Issues Grant Program under grant number
H34MC30325. This information or content and conclusions are
those of the author and should not be construed as the official
position or policy of, nor should any endorsements be inferred
by HRSA, HHS, or the U.S. Government.

The investigators wish to thank Mr. Mark Williams and the staff
of the Western Michigan University, Homer Stryker, MD School
of Medicine for their help and support during this study.

Address correspondence to John D. Hoyle, Jr., Department of
Emergency Medicine, Department of Emergency Medicine and
Pediatrics and Adolescent Medicine, Western Michigan
University, Homer Stryker, MD School of Medicine, 1000
QOakland Dr., Kalamazoo, MI 49008, USA. E-mail:
john.hoyle@med.wmich.edu

Color versions of one or more of the figures in the article can be
found online at www.tandfonline.com/ipec.

© 2019 National Association of EMS Physicians

d0i:10.1080/10903127.2019.1619002

implemented a state-wide pediatric dosing reference
(PDR), with doses listed in milliliters, the requirement
that doses be drawn into a smaller syringe from a pre-
loaded syringe using a stopcock, and dilution of certain
drugs to different concentrations. Purpose: To evaluate
the rate of medication errors, including errors of omission
and commission, after implementation of a state-wide
PDR. Methods: EMS crews from 15 agencies completed 4
validated, simulation scenarios: an infant seizing, an
infant cardiac arrest, an 18-month-old with a burn, and 5-
year-old with anaphylactic shock. Agencies were private,
public, not-for-profit, for-profit, urban, rural, fire-based,
and third service. EMS crews used their regular equip-
ment and were required to carry out all the steps to
administer a drug dose. Two evaluators scored crew per-
formance via direct observation and video review. An
error was defined as >20% difference compared to the
weight-appropriate dose. Descriptive statistics were uti-
lized. Results: A total of 142 simulations were completed.
The majority of crews were (58.3%) Emergency Medical
Technician-Paramedic (EMTP)/EMTP. For the cardiac
arrest scenario, 51/70 (72.9%; 95% CI: 60.9%, 82.8%) epi-
nephrine doses were correct. There were 6 (8.6%, 95% CI:
2.0%, 15.1%) 10-fold overdoses and one (1.4%; 95% CI:
-1.4%, 4.2%), 10-fold under dose. In the seizure scenario,
28/50 (56.0%; 95% CI: 42.2%, 69.8%) benzodiazepine doses
were correct; 6/18 (33.3%; 95% CI: 11.5%, 55.1%) drug
dilutions were incorrect resulting in dosing errors.
Unrecognized air was frequently entrained into the
administration syringe resulting in under doses. Overall,
31.2% (95% CI: 25.5%, 36.6%) of drug doses were incor-
rect. Obtaining an incorrect weight led to a drug dosing
error in 18/142 (12.7%, 95% CI. 7.2%, 18.2%) cases. Errors
of omission included failure to check blood sugar in the
seizure scenario and failure to administer epinephrine
and a fluid bolus in anaphylactic shock. Conclusion:
Despite implementation of a PDR, dosing errors, includ-
ing 10-fold errors, still occur at a high rate. Errors occur
with dilution and length-based tape use. Further error
reduction strategies, beyond a PDR and that target errors
of omission, are needed for pediatric prehospital drug
administration. Key words: pediatric; drug dosing; patient
safety; medication errors; adverse drug events
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INTRODUCTION

Multiple studies have demonstrated that pediatric
prehospital drug-dosing errors occur at a high rate
(1-9). These studies have revealed an error rate


http://crossmark.crossref.org/dialog/?doi=10.1080/10903127.2019.1619002&domain=pdf&date_stamp=2019-06-07
http://www.tandfonline.com/ipec

2 PReHOSPITAL EMERGENCY CARE  IlI/E 2019 Vorume 0 / NUMBER O

10-11 kilograms (21-25 pounds) /11-18 Months (Purple)
CONDITIONS/MEDICATIONS
Normal Vitals: HR: 80-160, RR: 20-30, Systolic BP: 72-110 mmHg, Blood Glucose > 60 mg/d|
Development: (12 mos) Able to cruise and beginning to walk. (15-18 mos) Uses cup well along with some spoon agilitly.

Condition

Medication - (confirm concentration is as specified) Volume
Albuterol Nebulized (2.5 mg/3 mL) 3ImL

ide Nebulized (0.5 mg/2.5 mL if wheezing) 1.25 mL
IM/IV/10 (50 mg/mL) Diluted with 4 mL Normal Saline = 10 mg/mL (Anaphylaxis only] 1 mL (Diluted)
Epinephrine 1:1000 IM (1 mg/mL) er 1 EpiPen Jr. IM (Severe symptoms only) 0.1mLIM
Solu-Medrol IV/10 (125 mg/2 mL) Diluted with 3 mL Normal Saline = 25 mg/mlL 0.8 mL (Diluted)
Midazolam IM (5 mg/mL) Give first if no IV 0.2 mLIM
Midazolam IV (5 mg/mL) Diluted with 4 mL Normal Saline = 1 mg/mL 0.5 mL (Diluted)
Fever Acetaminophen PO (160 mg/s mL) 3.75mLPO
Hypoglycemia D25% (12.5 g/50 mL) 25 mL of D50% diluted with 25 mL of Normal Saline = D25% Give Slow IV 20 mL (D25%)
(<60 mg/dL) Glucagon IM (1 mg/mL) 0.5mLIM
Fentanyl IV (100 mcg/2 mL) Diluted with 8 mL Normal Saline = 10 meg/mL 1 mL (Diluted)
Pain Control  Fentanyl IN (100 mcg/2 mL) Divide dose equally between both nostrils 0.2mLIN
Morphine IV/IM/IO (10 mg/mL) Diluted with 9 mL Normal Saline = 1 mg/mL 1 mL (Diluted)
Naloxone IV/IM (2 mg/2 mL) 1mL
Naloxone IN {2 mg/ 2mL) Divide dose equally between both nostrils 1mLIN
Fluid Bolus  Normal Saline 200 mL IV/IO - May repeat x 1 PRN 200 mL
OPA: 60 mm NPA: 18 F BVM: Child Laryngoscope: 1 (straight)
ET Tube: 3.5 (cuffed) ET Depth: 12 em No ETI unless unable to ventilate

Bronchospasm ,:. st

Seizure

Narcotic 0D

Equipment

‘g‘gg Adult >14 Years

FiGure 1. Pediatric Drug Reference for 10-11 kg patient.

10-11 kilograms (21-25 pounds) /11-18 Months (Purple)
CARDIAC RESUSCITATION

Normal Vitals: HR: 80-160, RR: 20-30, Systolic BP: 72-110 mmHg. Blood Glucose > 60 mg/dl
Resuscitation Medication - (confirm concentration Is as specified) Volume
Epinephrine 1:10,000 (1 mg/10 mL prefilled syringe) IV/I0 Q 3-5 min for arrest/bradycardia’ 1mL
Amiodarone (150 mg/3 mL) IV/IO for shock resistant V-Fib imL
*Lidocaine (100 mg/5 mL) IV/10 for wide-complex tachycardia 0.5 mL
Atropine (1 mg/10 mL) IW/IO for bradycardia unresponsive to Epinephrine’ 2mL
*Adenasine (6 mg/2 mL) IV/IO 1st Dose. Dilute with 4 mL Normal Saline to produce 1 mg/mL. For SVT (HR >180) 1 mL (Diluted)
*Adenosine (6 mg/2 mL) IV/IO 2nd Dose. Dilute with 4 mL Normal Saline to produce 1 mg/mL. For SVT (HR > 180) 2 mL (Diluted)

Electrical Therapy Repeat”
Defibrillation (pediatric pads preferred) Adult pads may be used anterior/posterior. 401)

*Synchronized Cardi sion” for
Equipment

OPA:60 mm NPA:18 F BVM: Child Laryngoscope: 1 (straight)

ET Tube: 3.5 (cuffed) ET Depth: 12 cm No ET/ unless unable to ventilate
Fluid Bolus

Normal Saline 200 mL IV/10 - May repeat x 1 PRN

*Contact Medical Control Prior to Administering
CPR if HR < 60 after O,

“May adjust to closest available energy setting

ble tachycardia 201

FIGURE 2. Pediatric Drug Reference for 10-11kg patient.

>30% for all drugs with an error rate for epineph-
rine of >60% (1, 4, 7-9). In a national survey of

in the hospital setting have been shown to cause
morbidity and mortality (11, 12).

paramedics, 42.8% stated they were familiar with a
case where a pediatric patient had received an
incorrect dose of medication (3). Review of pediatric
emergency medical services (EMS) cases has shown
that administering a medication increases the odds
of a severe patient safety event (10). Based on prior
research, prehospital drug dosing errors affect
approximately 22,000 children under 12 years old in
the United States each year (1). Drug dosing errors

Prior research has shown that one contributing
cause to pediatric prehospital drug dosing errors is
paramedics performing drug dose calculations (2, 5,
13). Such calculations can be a complicated multi-step
process that requires obtaining an accurate patient
weight, recall of the correct dose of drug per kilo-
gram, correct multiplication of weight times dose,
conversion of dose in milligrams or grams to millili-
ters, drawing up the correct number of milliliters,
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and administering the correct number of milliliters to
the patient. An error at any one of these steps can
lead to a dosing error. Carrying out such calculations
represent a significant cognitive load on paramedics
who often have limited real-life experience or recent
training on pediatric drug dosing (1). In addition,
paramedics frequently must carry out such tasks in
chaotic and austere environments without the ancil-
lary support, such as additional personnel or pharma-
cists, found in the hospital (1).

In order to decrease pediatric prehospital drug dos-
ing errors, the state of Michigan adopted the MI-
MEDIC Emergency Medical Services pediatric dosing
reference (PDR) in 2014 with the goal of eliminating
drug calculations (Figures 1 and 2) (14). The PDR is
required for use by all Michigan EMS agencies and is
consistent with Michigan’s statewide Pediatric EMS
Protocols and the National EMS Model Clinical
Guidelines (15). The PDR includes the patient condi-
tion (e.g., bronchospasm/anaphylaxis, seizure, hypo-
glycemia, cardiac resuscitation), drug, dose in
milligrams, and dose volume in milliliters. It is color-
coded to correlate with the Broselow-Luten Tape
(BLT). Prior to introduction of the PDR, paramedics
typically relied on memory for drug doses and had to
carry out mathematical calculations for all doses.
Prior to introduction of the PDR, there was no
standard reference mandated by state protocol.

The PDR requires dilution of certain drugs to
more standard concentrations with instructions on
how to complete dilutions. For pediatric patients
(those <37kg) adenosine, diphenhydramine, meth-
ylprednisolone, midazolam (for IV administration),
dextrose, and fentanyl (for IV administration)
require dilution. For adults, only midazolam and
fentanyl for IV administration require dilution. As
an example, midazolam is supplied in a 5mg/1mL
concentration. For IV administration, the PDR pro-
vides instructions to dilute the 1ml of midazolam
with 4ml of saline to produce a 1mg/1mL concen-
tration. This process is carried out by using a 10-mL
saline flush syringe, pushing out 6 mL of saline and
drawing up the one mL of drug. Then, a 3-way
stopcock is attached to the 10-mL syringe containing
the diluted drug and a 1-mL or 3-mL syringe is
attached to the stopcock. The diluted drug is then
transferred into the smaller administration syringe.
When the PDR was introduced, it was accompanied
by an on-line training program as well as instruc-
tion on drug dilution and administration. The
Michigan Division of EMS and Trauma, which is
the state EMS licensing agency, requires Emergency
Medical  Technician-Paramedics = (EMTPs) in
Michigan to complete an on-line pediatric medica-
tion administration course bi-annually. This course

covers use of the PDR, drug dilution, and drug
administration.

We sought to determine the impact of the PDR on
drug dosing errors utilizing 4 pediatric simulation
scenarios with EMS crews from 15 different EMS
agencies throughout Michigan and compare errors
found in simulation before and after implementation
of the PDR. We further sought to identify errors of
omission and commission in these scenarios.

METHODS

Study Population and Design

This study was approved by the Michigan
Department of Health and Human Services
Institutional Review Board. This study is covered
under a Michigan Department of Health and
Human Services special project designation similar
to a federal certificate of confidentiality.

This was an observational study of paramedics in a
convenience sample of 15 EMS agencies throughout
Michigan. This study is a subanalysis of an on-going
quality improvement study, the Michigan Pediatric
EMS Error Reduction Study (MI-PEERS). The agencies
were public, private, not-for-profit, for-profit, third-
service and fire-based. These agencies represented
urban, suburban and rural service populations. The
combined service population of the agencies was
approximately 2.5 million persons or 24.7% of the
state’s population based on 2018 U.S. Census data (16).
In order to be included in the simulations for the
study, crew members had to be licensed providers for
a study agency. Crews configurations represented the
typical crew configurations for each agency.

Each crew completed 4 previously validated pedi-
atric simulation scenarios; (1) an infant with a seizure
who was also hypoglycemic, (2) an 18-month-old
with a partial thickness burn, (3) a 5-year-old with
anaphylactic shock, and (4) an infant in cardiac arrest
(4, 7, 8). Manikins utilized were Newborn Hal
(infant), Pediatric HAL (18-month-old), and HAL ]Jr
(5-year-old) (Gaumard, Miami, FL). Each of the crews
completed all 4 of the scenarios in the same order in
one discrete time period. Crews were required to use
their usual equipment and drug bags. If an agency’s
medical control did not allow for their drugs to be
used, the study team provided them with sham
drugs that were identical to their usual drugs. Crews
were required to carry out all of the usual steps to
administer drugs to a patient, including determining
the simulated patient’s weight, calculating the dose,
drawing the drug up, diluting if required and inject-
ing the drug. For EMTP/EMTP crews, the crew
made the determination as to who would determine,



draw up and administer drug doses. Drug adminis-
tration is not in the scope of practice for Emergency
Medical Technician-Basics (EMTBs) and Emergency
Medical Technician-Intermediates (EMTIs). In the
EMTP/EMTB and EMTP/EMTI crews, the EMTP
determined, drew up, and administered drug doses.
If the EMS crew asked, they could obtain a correct
weight, in pounds, from the simulated patient’s
guardian in 2 of the cases (the infant cardiac arrest
and the 18-month-old burn). In the remaining cases
(the infant seizing and the 5-year-old with anaphyl-
actic shock), the guardian did not know a weight,
and the crew would have to obtain a weight from
some other method (BLT, simulated patient age, etc.)
A dose error was defined as >20% difference from
the weight-appropriate dose based on definitions
used in prior research (1, 9).

Data Collection and Analysis

Simulations took place in a either a mobile simula-
tion unit or simulation center. Simulation sessions
were recorded using professional-grade security video
cameras with digital zoom capability and video soft-
ware. Two study team members (JH, GE) directly
observed all simulations in the simulation space and
graded performance on a standardized scoring sheet.
Each simulation session video was reviewed by the
study staff (JH, GE, TH) and scoring was discussed.
Any disagreements regarding a scoring item were
resolved by consensus. If consensus could not be
reached, the item was scored as correct.

Data from the scoring sheet was entered into
RedCap (Research Electronic Data Capture) (17). Data
was exported into Excel (Microsoft, Redmond, OR)
and analyzed using SAS software (SAS, Cary, NC, V
9.4) to produce descriptive statistics with means,
medians and confidence intervals. Drug dosing errors
for the current study were compared to results from a
simulation study that took place prior to implementa-
tion of the PDR (4) for drugs that were analyzed in
both studies (epinephrine 1mg/1mlL, epinephrine
1mg/10mL, dextrose, and benzodiazepines).

REsuLTS

A total of 142 simulations were completed; Seizure
(36), Burn (35), Anaphylactic Shock (36), and Cardiac
Arrest (35). Crew demographics are shown in Table
1. The dose error rate for specific drugs is shown in
Table 2. Overall 31.2% of drug doses were incorrect.
Overdoses are shown in Table 3 and under doses are
shown in Table 4. Errors made when drugs were
diluted are shown in Table 5. In the seizure scen-
ario,28/50  (56.0%; 95% CL: 422%, 69.8%)

PReHOSPITAL EMERGENCY CARE  IlI/E 2019 Vorume 0 / NUMBER O

TabLE 1. Crew demographics

Parameter Number/%
Sex Male 44/65 (67.7%)
Years of experience

<1 year 11 (16.92%)
1-2 years 11 (16.92%)
34 years 8 (12.31%)
5-7 years 14 (21.54%)
8-10 years 10 (15.38%)
11-15 years 6 (9.23%)
16-20 years 5 (7.69%)
Crew configuration

EMTP/EMTP 21 (58.3%)
EMTP/EMTB 12 (33.3%)
EMTP/EMTI 3 (8.3%)

EMTP = Emergency Medical Technician-Paramedic; EMTB = Emergency Medical
Technician-Basic; EMTI = Emergency Medical Technician-Intermediate.

benzodiazepine doses were correct; 6/18 (33.3%; 95%
CI: 11.5%, 55.1%) drug dilutions were incorrect result-
ing in dosing errors. In 1/36 seizure cases (2.8%; 95%
CI: -2.6%, 8.2%) the crew was unable to dilute D50 to
D25 despite using the PDR and reading the dilution
instructions. They abandoned their attempt and
administered glucagon. Table 6 demonstrates errors
for specific drugs, assessed via simulation, before and
after implementation of the PDR.

Six (8.6%, 95% CI: 2.0%, 15.1%) of the 1mg/10mL
epinephrine doses for cardiac arrest were 10-fold over-
doses. There was one (1.4%, 95% CI: —1.4%, 4.2%) 10-
fold under dose. The under dose occurred when a 2-
paramedic crew stated that “we dilute all drugs for
peds” and diluted the cardiac epinephrine, which is
not diluted per the PDR. Unrecognized air bubbles
were in the administration syringe in 31/264 (11.7%,
95% CI: 8.1%, 16.3%). These were administered to the
simulated patient and contributed to under dosing.
This included one case where the entire 1-mL dose was
air. Analysis of this error revealed the following: the
EMTP had the stopcock turned off to the 1-mL syringe
they were trying to fill from the 10-mL syringe contain-
ing diluted fentanyl. The 1-mL administration syringe
was placed into the stopcock port but was not seated
tightly. This allowed air to be drawn into the adminis-
tration syringe from around the stopcock hub when the
EMTP thought they had filled the syringe with liquid
from the 10 mL containing diluted fentanyl through the
stopcock. We compared the drug dose error rate in sim-
ulations before the PDR was introduced (4) to the error
rate after the PDR was introduced for drugs that were
used in both time periods (Table 6). The error rate has
significantly decreased following the PDR introduction.

Errors of omission were found in the seizure, ana-
phylactic shock and burn simulation scenarios. In the
seizure scenario, failure to check a blood glucose
occurred in 7/36 (19.4%, 95% CI: 8.2%, 36.0%) cases.
In the anaphylactic shock case, epinephrine was not
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TaBLE 2. Total number of doses and number correct

Drug/route # Correct/total % Correct (95% CI)

Midazolam IM 21/32 65.6% (46.8%, 81.4%)
Midazolam IV 7/18 38.9% (17.3%, 64.3%)
Dextrose 20/28 71.4% (51.3%, 86.9%)
Epinephrine (1mg/1mL) IM 22/30 73.3% (54.1%, 87.7%)
Diphenhydramine 24/30 82.8% (64.2%, 94.2%)
Methylprednisolone 10/13 76.9% (46.2%, 95.0%)
Fentanyl IN 2/4 50.0% (6.8%, 93.2%)

Fentanyl IV 37/57 64.9% (51.1%, 77.1%)
Morphine IV 4/6 66.7% (22.3%, 95.7%)
Epinephrine (1mg/10mL or 1:10,000) IV 51/70 72.9% (60.9%, 82.8%)
All drugs 198/288 68.8% (63.5%,74.2%)

TaBLE 3. Overdoses

Drug/route Number of overdoses ~ Magnitude of overdose (median and range)  95% Confidence Interval of median
Midazolam IM 2 2.25 (0.50) (2.00, 2.50)
Midazolam IV 8 3.75 (3.50) (2.00, 5.00)

Dextrose 3 7.69 (6.15) (1.54, 7.69)
Epinephrine (1mg/1mL) IM 4 6.67(2.00) (4.67, 6.67)

Fentanyl IN 1 1.25* *

Fentanyl IV 16 5.00 (10.75) (2.40, 8.00)
Morphine IV 2 6.10(8.20) (2.00, 10.20)
Epinephrine (1 mg/10mL or 1:10,00) IV 13 3.6 (18.60) (1.60, 10.00)

*Confidence intervals could not be calculated for a single incidence.

TaBLE 4. Under doses

Drug/route Number of under doses Magnitude of under dose(median and range) 95% Confidence Interval of median
Midazolam IM 9 0.50 (0.70) (0.10, 0.60)
Midazolam IV 3 0.75 (0.15) (0.60, 0.75)
Dextrose 5 0.73 (0.49) (0.28, 0.77)
Epinephrine (1mg/1mL) IM 4 0.67 (0) (0.67, 0.67)
Diphenhydramine 2 0.55 (0.10) (0.50, 0.60)
Methylprednisolone 1 0.43 (0) *
Fentanyl IN 1 0.25 (0) *
Fentanyl IV 4 0.60 (0.70) (0.00, 0.70)
Morphine IV 0 N/A N/A
Epinephrine (1 mg/10mL or 1:10,00) IV 6 0.07 (0.70) (0.01, 0.70)

*Confidence intervals could not be calculated for a single incidence.

TaBLE 5. Dilution errors

Drug/route Dilution errors #/(% of total doses) Overdoses/Under doses#/#
Midazolam IM 3 (11.1%) 0/3
Midazolam IV 6 (41.7%) 3/3
Dextrose 6 (27.3%) 2/3
Epinephrine (1mg/1mL) IM 0 0/0
Diphenhydramine 4 (6.9%) 2/2
Methylprednisolone 0 0/0
Fentanyl IN 1 (33. 3%) 0/1
Fentanyl IV 9 (6.8%) 7/0
Morphine IV 1 (16.7%) 0/0
Epinephrine (1 mg/10mL or 1:10,00) IV 1 (1.5%) 0/1
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TaBLE 6. Dose errors pre and post MI-MEDIC pediatric drug reference implementation

Percent of correct doses
(95% Confidence Interval) pre PDR

Drug (Indication)

Percent of correct doses
(95% Confidence Interval) post PDR

Midazolam (seizure) 24.0% "
Dextrose (seizure)
Epinephrine 1mg/mL IM (anaphylaxis)

Epinephrine 1 mg/10mL IV (cardiac arrest) 31.0%*

6% (2.5%, 8.8%)
25.0% (9.7%, 30.3%)

65.6% (46.8%, 81.4%)*
71.4% (51.3%, 86.9%)
73.3 % (54.1%, 87.7%)
72.9% (60.9%, 82.8%)

*Confidence interval not given in comparison publication.
TComparison study allowed for administration of “any benzodiazepine.”
*Data represent first dose of midazolam administered intramuscularly.

administered in 6/36 (16.7%, 95% CI: 6.4%, 32.8%), a
fluid bolus was not administered in 14/36 (38.9%,
95% CI: 23.1%, 56.5%), diphenhydramine was not
administered in 4/36 (11.1%, 95% CI: 0.8%, 21.4%),
and methylprednisolone was not administered in 8/
36 (22.2%, 95% CI: 8.6-35.8). For the burn case, in 1/
35 (2.9%, 95% CI: 0.0%, 14.9%) cases, no initial pain
medicine was administered and in 5/35 (14.3%, 95%
CI: 4.8%, 30.3%) cases, a second dose of pain medicine
was not administered, despite a high pain score.

Errors of commission included administration of
atropine in 5/35 (14.3%, 95% CI: 2.7%, 25.9%) of the
cardiac arrest cases. Two simulated patients (5.7%,
95% CI: —2.0%, 13.4%) were intubated contrary to a
restriction on pediatric intubation in state protocols
to cases that could not be oxygenated or ventilated
with a bag-valve mask. In the seizure scenario, a
second dose of midazolam was administered in 9/36
cases (25%, 95% CI: 10.9%, 39.1%) prior to checking a
blood glucose and in one case a third dose was
administered prior to checking a blood sugar.

The weight used for drug calculation was obtained
by using the BLT in 87/142 (61.3%, 95% CI: 52.7%,
69.3%), asking the guardian the child’s age in 35/142
(24.7%, 95% CI: 17.8%, 32.6%), asking the guardian
how much the child weighed in 17/142 (12.0%, 95%
CL: 6.7%, 17.3%), guessing the weight 2/142 (1.4%,
95% CI: 0.2%, 0.5%), and there was no weight estima-
tion in 1/142 (0.0%, 95% CI. 0.0, 0.0). EMS crews
asked the guardian how much the child weighed in
55/142 cases (38.7%, 95% CI: 30.7%, 47.3%); however,
the weight from the guardian was used for drug cal-
culations in only 17/142 (12%, 95% CI: 6.7%, 17.3%)
cases. In these 17 cases, the crew did not use an alter-
native method (BLT, patient age) to determine the
weight for drug calculations and their only source for
weight was that given by the guardian. Obtaining an
incorrect weight led to a drug dosing error in 18/142
(12.7%, 95% CI: 7.2%, 18.2%) cases.

DiscussiON

Since the introduction of the MI-MEDIC pediatric
drug reference and its associated training, dosing

errors, as evaluated by simulation, have decreased.
However, dosing errors continue at an unacceptably
high rate with 31% of all doses being incorrect. This
represents an incremental improvement in patient
safety, but leaves significant room for continued
improvement. Our results are similar to the results
found by Kaji et al. (9), who introduced a quality
improvement initiative in 2 counties in California to
reduce epinephrine dosing errors. Effectiveness was
assessed via chart review. Their effort included a PDR,
with doses listed in milligrams instead of milliliters
(thus requiring a mathematical calculation) encourage-
ment to use the BLT and the requirement that medical
control be contacted after the first dose of epinephrine
was administered (9). They found an increase in cor-
rect epinephrine doses from 44.2 to 64.9%.

Our study found a similar increase for all of the 7
drugs tested, with multiple routes of administration.
From the Kaji et al. study (9) and the current study,
one can conclude that a pediatric dosing reference
for EMS can reduce errors significantly, but does
not eliminate the errors, leaving 31% of doses incor-
rect (Table 2). We can compare our epinephrine
dose error rate to that of Kaji et al (9). We experi-
enced an 8% greater improvement over Kaji et al.
(9). The MI-MEDIC PDR has doses listed in millili-
ters, eliminating mathematical conversions from
milligrams to milliliters. The California study refer-
ence still required conversion from milligrams to
milliliters. Although training differences may have
played a role, this suggests that eliminating math-
ematical conversions and reliance on memorization
of pediatric drug doses can have a positive effect on
drug dosing accuracy. However, this study also sug-
gests that additional patient safety tools must be
tested, in conjunction with the PDR to determine if
further error reductions are possible.

One of the strengths of our study was the use of
simulation to assess errors. This allowed for expert
personnel to observe the entire drug administration
process across multiple agencies using standardized
cases. Direct observation has been found to identify
more adverse drug events versus chart review or
incident reporting (18). In fact, many of the errors
we found went unrecognized by the personnel that
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made them. Since such errors were not realized, it is
unlikely they would be documented.

The PDR calls for dilution to make drug concen-
trations easier to interpret (e.g. making midazolam a
1mg/1ml concentration instead of 5mg/1ml). The
Institute for Safe Medication Practices has stated as
one of its safe practice guidelines that “Only dilute
IV push medications when recommended by the
manufacturer, supported by evidence in peer-
reviewed biomedical literature, or in accordance
with approved institutional guidelines.” They fur-
ther state that, “Unnecessary dilution adds complex-
ity to the drug administration process and
introduces a needless risk of making medication
errors and contaminating sterile IV medications or
solutions” (19, 20).

Despite written directions on the PDR for dilu-
tion, we observed multiple types of errors that lead
to under and overdoses. These errors led to over
and under-diluted drug solutions and mistaking the
diluted volume listed on the PDR for the volume of
native drug to be administered followed by a saline
flush, which some EMTPs stated they thought was
the “dilution.” This resulted from misinterpretation
of the instructions and lack of familiarity with the
dilution process. Dilution is a multistep process that
also requires additional equipment (3-way stopcock,
flush syringe) beyond what would be used for a
drug that is not diluted. This must be found in the
equipment bag which adds complexity to the pro-
cess of delivering a drug dose to a child, already a
rare event for an EMTP (1-3).

Since most drugs are not diluted for adults, one
of the only times this skill is carried out or practiced
is with a pediatric patient. Exceptions to this are
fentanyl and midazolam when administered IV,
which EMTPs regularly dilute for adult patients.
Even with this more frequent skill practice, a
decrease in error was not seen compared with other
drugs that are not diluted, except when adminis-
tered to children. A difference in error rate was also
seen with midazolam when administered IM (65.6%
correct) versus IV (38.9% correct). The PDR requires
that IM midazolam be given undiluted while IV
midazolam must be diluted. This 26.7% difference
in error rate also questions the practice of drug dilu-
tion. Although the state of Michigan requires para-
medics to complete a pediatric medication
administration practical every 2 years, this did not
eliminate the errors we observed. One can argue
that given the already rare nature of administering
a drug to a child (1), and the difficulty EMTPs have
with pediatric drug calculations (12, 21), that train-
ing every 2 years may not be effective at decreasing
errors. A prior Michigan simulation study

demonstrated that despite having completed
Pediatric Advanced Life Support in the last 6
months, EMTPs had a high rate of pediatric medica-
tion dosing errors (5).

Our simulations allowed us to observe a previ-
ously undescribed phenomenon for prehospital
pediatric medication administration-entrainment of
air into the administration syringe and administra-
tion of that air to the simulated patient. Although it
is doubtful that the amount of air itself would be
harmful, it still contributed to under dosing of
medication, especially those given in small volume
syringes (e.g., 1mL). This phenomenon was
observed when medications were drawn directly
into an administration syringe and with transfer to
a second syringe for dilution. The training EMS
crews receive for dilution requires pushing out a set
amount of saline from a pre-loaded 10-mL saline
flush syringe, such that the volume matches the
dilution volume in the PDR instructions, and then
drawing up the entire volume of the supplied drug
vial. Next a 3-way stopcock is affixed to the syringe
with diluted drug and a smaller administration syr-
inge (e.g., 1mL or 3mL) is attached to the stopcock.
Diluted drug is then pushed into the administration
syringe. An unintended consequence of this process
is that the air in the stopcock, typically about
0.2-0.3mL, is pushed into the administration syr-
inge. In our simulations, this amount of air was
rarely recognized or eliminated. A way to avoid this
would be to prime the stopcock with diluted drug
prior to attaching the administration syringe.
Uniformly, this was not done.

We found various errors of omission in our study.
Failure to check a blood sugar in the seizing simu-
lated patient occurred 19.4% of cases. This has
decreased from 64% in simulation assessment prior
to the advent of the PDR. This is a dramatic
improvement, but it is uncertain why this improve-
ment  occurred. The  treatment  condition
“Hypoglycemia” is located just one condition below
the “Seizure” condition on the PDR and it is pos-
sible that this served as a visual cue.

There were a number of failures to administer
epinephrine and a fluid bolus to the hypotensive
anaphylaxis simulated patient. Epinephrine adminis-
tration and volume expansion are truly lifesaving in
anaphylactic shock. The PDR states that epinephrine
should be given for “Severe symptoms only”. It is
possible that this statement unintentionally creates a
barrier to epinephrine administration. Another pos-
sible explanation is that the drugs are listed in
alphabetical order (albuterol, diphenhydramine, epi-
nephrine, solumedrol) on the PDR. It is possible
that moving epinephrine to the first position may



increase its rate of administration. For the scenario,
the hypotension and tachycardia would not resolve
unless epinephrine and a fluid bolus were adminis-
tered. The PDR lists normal vital signs as well as
drug doses. Despite this, there appeared to be fail-
ure to recognize hypotension. The quality improve-
ment study that the present study is a part of has
placed new emphasis on the appropriate treatment
of anaphylaxis including administration of epineph-
rine, volume expansion for hypotension and recog-
nition of abnormal vital signs. Additional strategies
should be employed to improve treatment of ana-
phylaxis by paramedics. Although there were omis-
sions of pain medicine for the burn simulation,
these were relatively low compared to prior studies
(22-24). Prior studies examined extremity trauma,
while our simulation was a burn. It is possible that
pain management is more obvious to a paramedic
in a burn, and our simulated patient was cry-
ing loudly.

Errors of commission were also common. In the
cardiac arrest scenario, atropine was administered
in 14.3% of cases and simulated patients were intu-
bated in 5.7% of cases. Neither of these actions is
called for by protocol, which calls for epinephrine
as the only drug and bag-valve mask for ventilation.
Reasons given for the intubations were that the
crew was “going to have a long transport”
(30 minutes or longer). Given these long transport
times, one could argue that intubation is reasonable,
although it is not in the protocol. In the seizure
scenario, prior to checking the blood glucose, a
second and even a third dose of midazolam were
administered. In the scenario, the simulated patient
was hypoglycemic and the seizure would resolve
after administration of one dose of midazolam and
one dose dextrose. The Michigan state pediatric
protocol calls for administration of midazolam first
and then checking blood glucose. In our study, the
blood glucose was frequently not checked as rapidly
as desired. Strategies to improve this, such as add-
ing a sticker to the midazolam vial that states
“check blood sugar” should be investigated.

The EMS crews in our study used multiple meth-
ods to obtain the simulated patient’s weight. The
most frequent method to obtain a weight was the
BLT. Crews asked the parent for the weight in
38.7% of the cases, but then utilized this weight
(which for purposes of the simulation was consid-
ered accurate), in only 12% of the cases suggesting a
reluctance to trust the weight from the parent. Two
recent systematic reviews have demonstrated that
parental estimates are more accurate than the BLT
for weight estimation (25, 26). Another study found
that emergency medical dispatchers can obtain
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accurate pediatric weights from 9-1-1 callers (27).
Note, however, that weights obtained from parents
are in pounds, not kilograms, which adds the poten-
tial error of a pounds to kilogram conversion error,
or even failure to convert pounds to kilograms at
all. A focus group study revealed that paramedics
think in pounds, not kilograms, when determining a
pediatric patient weight (2), and this may be true
with adult patients as well. If paramedics think in
terms of pounds and asking the parent for the
child’s weight is the most accurate method for
them, short of a scale weight, then providing a drug
dose reference, based on pounds may make sense.
The PDR used in this study lists both pounds and
kilograms on each page. Further research is needed
to see if using weights in pounds instead of kilo-
grams is safer and less error prone.

Significant improvement in drug dosing accuracy
has occurred since the introduction of the PDR (14).
However, use of the PDR alone has not eliminated
errors. These findings are similar to those found by
Kaji et al. (9) in their assessment of 1mg/10 mL epi-
nephrine (9). We were able to demonstrate
improved drug dosing accuracy in a benzodiazepine
(midazolam), dextrose, and epinephrine 1mg/1mL
dosing as well. Unlike the PDR used in the Kaji
et al. (9) study, the MI-MEDIC PDR has doses listed
in milliliters, eliminating the need for math in an
emergency situation. With benzodiazepines, it
should be noted that the simulation study prior to
implementation of the MI-MEDIC PDR called for
“any benzodiazepine” to be delivered in order to be
scored correctly (4). The EMS protocol at that time
called for the benzodiazepine to be delivered via the
intravenous or intraosseous route. In contrast, the
EMS protocol for the current study calls for the first
dose of midazolam to be delivered intramuscularly.
It should be noted that if a second dose of midazo-
lam is delivered, the protocol and PDR require that
the midazolam be diluted and delivered either intra-
venous or intraosseous. We noted a decrease in
drug dosing accuracy from 65.6 to 38.9% when
second doses were given. The act of dilution adds
additional steps and equipment, likely adding to
cognitive load and contributing to the error rate
along with the introduction of air bubbles when uti-
lizing a 3-way stopcock as part of the dilu-
tion process.

LIMITATIONS

This study is limited by the fact that these cases
were simulations and not real-life events. However,
in order to capture this many real-life pediatric
cases would require a very large amount of time
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and/or funding. Simulation offers advantages over
chart or database review in that all aspects of
patient care can be monitored and errors identified.
It is possible that real-life patient encounters have
an increased level of provider stress over simulation
leading to increased errors that simulation is unable
to capture. This study was conducted with para-
medics in one state and may not be generalizable to
EMS agencies in other states. However, our study
did cover a large number of agencies serving a
wide-range of populations and crew configurations.
It is possible that the reduction in errors was due to
something other than the PDR. However, there was
no other significant change made during this time
period to account for the difference.

CONCLUSION

Since the introduction of the MI-MEDIC pediatric
dosing reference, medication errors have decreased.
However, errors, including 10-fold errors, continue to
occur at an unacceptably high rate, with 31% of all
doses incorrect. Errors occurred with dilution that
resulted in over and under doses of medication.
Elimination of dilution, as has been recommended in
the hospital setting, should be strongly considered.
Unrecognized air bubbles in the administration syr-
inge contribute to under doses. Errors of omission
included failure to check blood glucose in seizing
simulated patients and failure to administer epineph-
rine and a fluid bolus in anaphylactic shock. A pedi-
atric dosing reference with the dose volume listed
represents an incremental improvement in patient
safety. However, in order to eliminate the significant
number of remaining errors, additional error reduc-
tion strategies, including improved drug dosing sys-
tems, more frequent pediatric training and education,
regular pediatric drug dosing practice that includes
calculating, drawing up and administering drugs, are
needed for pediatric prehospital drug administration.
Further research is needed to define the safest preho-
spital pediatric drug administration strategies.

References

1. Hoyle Jr. JD, Davis AT, Fales WD, Trytko JA, Putman KK.
Medication dosing errors in pediatric patients treated by
emergency medical services. Prehospital Emerg Care. 2012;
16(1):59-66. d0i:10.3109/10903127.2011.614043.

2. Hoyle Jr. JD, Sleight D, Henry R, Chassee T, Fales WD,
Mavis B. Pediatric prehospital medications dosing errors: A
mixed methods study. Prehospital Emerg Care. 2016;20(1):
117-124. doi:10.3109/10903127.2015.1061625.

3. Hoyle Jr. D, Crowe RP, Bentley MA, Beltran G, Fales WD.
Pediatric Prehospital Medication Dosing Errors: A National
Survey of Paramedics. Prehospital Emerg Care. 2017;21(2):
185-191. doi:10.1080/10903127.2016.1227001.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lammers RL, Byrwa M]J, Fales WD, Hale RA. Simulation-
based assessment of paramedic pediatric resuscitation skills.
Prehospital Emerg  Care. 2009;13(3):345-356. d0i:10.1080/
10903120802706161.

Lammers RL, Byrwa M, Fales WD. Root causes of errors in a
simulated prehospital pediatric emergency. Acad Emerg Med.
2012;19(1):37-47. doi:10.1111/§.1553-2712.2011.01252.x.
Lammers R, Fales W, Byrwa M, Hale RA. Simulation-based
assessment of paramedic pediatric resuscitation skills. Acad
Emerg Med. 2007;14(5, Supplement 1):5158. doi:10.1197/
j-aem.2007.03.1153.

Lammers R, Willoughby-Byrwa M, Fales WD. Medication
errors in prehospital management of simulated pediatric ana-
phylaxis. Prehospital Emerg Care. 2014;18(2):295-304. doi:
10.3109/10903127.2013.856501.

Lammers R, Willoughby-Byrwa M, Fales WD. Errors and
error-producing conditions during a simulated, prehospital
pedaitric cardiopulmonary arrest. Simul Healthc. 2014;9(3):
174-183. d0i:10.1097 /SIH.0000000000000013.

Kaji AH, Gausche-Hill M, Conrad H, Young KD, Koenig W],
Dorsey E, Lewis R]. Emergency medical services system
changes reduce pediatric epinephrine dosing errors in the
prehospital setting. Pediatrics. 2006;118(4):1493-1500. doi:
10.1542 /peds.2006-0854.

Meckler G, Hansen M, Lambert W, O'Brien K, Dickinson C,
Dickinson K, Van Otterloo ], Guise J-M. Out-of-hospital pedi-
atric patient safety events: Results of the CSI chart review.
Prehospital Emerg Care. 2018;22(3):290-299. d0i:10.1080/
10903127.2017.1371261.

Kaushal R, Bates DW, Landrigan C, McKenna K], Clapp MD,
Federico F, Goldmann DA. Medication errors and adverse
drug events in pediatric inpatients. JAMA. 2001;285(16):
2114-2120.

Wong ICK, Ghaleb MA, Franklin BD, Barber N. Incidence
and nature of dosing errors in paediatric medications: a sys-
tematic review. Drug Saf. 2004;27(9):661-670. doi:10.2165/
00002018-200427090-00004.

Bernius M, Thibodeau B, Jones A, Clothier B, Witting M.
Prevention of pediatric drug calculation errors by prehospital
care providers. Prehosp Emerg Care. 2008;12:486—494. doi:
10.1080/10903120802290752.

Michigan Department of Health and Human Services and
Western Michigan University Homer Stryker, MD School of
Medicine Michigan Medication Emergency Dosing and Intervention
Cards. 2014 [accessed 2017 May 25]. www.michigan.gov/
mdhhs/0,5885,7-339-73970_5093_28508-132264-,00.html.
Cunningham C, Kamin R. National Model EMS Clinical
Guidelines - Version 2.1 [accessed 2018 Jun 29]. https://
nasemso.org/ projects/model-ems-clinical-guidelines/
%0ANational Association of State EMS Officials%0A.

US Census Bureau. Population of Michigan [accessed 2019
Jan 15]. https://www.census.gov/.

McDowell SE, Mt-Isa S, Ashby D, Ferner R. Where errors
occur in the preparation and administration of intravenous
medicines: a systematic review and Bayesian analysis. Qual
Saf Heal Care. 2010;19:341-345. d0i:10.1136/qshc.2008.029785.
Kopp BJ, Erstad BL, Allen ME, Theodorou AA, Priestley G.
Medication errors and adverse drug events in an intensive care
unit: direct observation approach for detection. Crit Care Med.
2006;34(2):415-425. doi:10.1097 /01.CCM.0000198106.54306.D7.
ISMP Safe Practice Guidelines for Adult IV Push
Medications: A compliation of safe practices from the ISMP
Adult IV Push Medication Safety Summit. In: ISMP Adult IV
Push Medication Safety Summit. Horsham, PA: Institute for
Safe Medication Practices; 2015. p. 1-26.


https://doi.org/10.3109/10903127.2011.614043
https://doi.org/10.3109/10903127.2015.1061625
https://doi.org/10.1080/10903127.2016.1227001
https://doi.org/10.1080/10903120802706161
https://doi.org/10.1080/10903120802706161
https://doi.org/10.1111/j.1553-2712.2011.01252.x
https://doi.org/10.1197/j.aem.2007.03.1153
https://doi.org/10.1197/j.aem.2007.03.1153
https://doi.org/10.3109/10903127.2013.856501
https://doi.org/10.1097/SIH.0000000000000013
https://doi.org/10.1542/peds.2006-0854
https://doi.org/10.1080/10903127.2017.1371261
https://doi.org/10.1080/10903127.2017.1371261
https://doi.org/10.2165/00002018-200427090-00004
https://doi.org/10.2165/00002018-200427090-00004
https://doi.org/10.1080/10903120802290752
http://www.michigan.gov/mdhhs/0,5885,7-339-73970_5093_28508-132264-,00.html
http://www.michigan.gov/mdhhs/0,5885,7-339-73970_5093_28508-132264-,00.html
https://nasemso.org/projects/model-ems-clinical-guidelines/
https://nasemso.org/projects/model-ems-clinical-guidelines/
https://www.census.gov/
https://doi.org/10.1136/qshc.2008.029785
https://doi.org/10.1097/01.CCM.0000198106.54306.D7

10

20.

21.

22.

23.

Institute for Safe Medication Practices. Some IV medictions are
diluted unnecessarily in patient care areas, creating undue risk.
Inst Safe Medicat Pract Medicat Saf Alert. 2014;19(2):1-5 [accessed
2018 May 10].  https://www.ismp.org/resources/some-iv-
medications-are-diluted-unnecessarily-patient-care-areas-creating-
undue-risk.

Hubble MW, Paschal KR, Sanders TA. Medication calculation
skills of practicing paramedics. Prehospital Emerg Care. 2000;4:
253-260. doi:10.1080/10903120090941290.

Watkins N. Paediatric prehospital analgesia in Auckland.
Emerg Med Australas. 2006;18(1):51-56. doi:10.1111/j.1742-
6723.2006.00808.x.

Swor RA, McEachin C, Seguin D, Grall K. Prehospital pain
management in children suffering traumatic injuries. Prehospital
Emerg Care. 2005;9(1):40-43. d0i:10.1080/10903120590891930.

24.

25.

26.

27.

PReHOSPITAL EMERGENCY CARE  IlI/E 2019 Vorume 0 / NUMBER O

Hennes HM, Kim M, Parillo R. Prehospital pain manage-
ment: a comparison of providers perceptions and practices.
Prehospital ~ Emerg ~ Care. ~ 2005,9:32-39.  doi:10.1080/
10903120590891705.

Wells M, Goldstein L, Bentley A. The accuracy of emergency
weight estimation systems in children-a systematic review
and meta-analysis. Int | Emerg Med. 2017;10(29):1-43.

Young KD, Korotzer NC. Weight estimation methods in chil-
dren: a systematic review. Amnn Emerg Med. 2016;68(4):
441-451. doi:10.1016/j.annemergmed.2016.02.043.

Chassee T, Reischmann D, Mancera M, Hoyle JD. Emergency
medical dispatchers can obtain accurate pediatric weights
from 9-1-1 callers. Prehospital Emerg Care. 2016;20(6):808-814.
do0i:10.3109/10903127.2016.1168892.


https://www.ismp.org/resources/some-iv-medications-are-diluted-unnecessarily-patient-care-areas-creating-undue-risk
https://www.ismp.org/resources/some-iv-medications-are-diluted-unnecessarily-patient-care-areas-creating-undue-risk
https://www.ismp.org/resources/some-iv-medications-are-diluted-unnecessarily-patient-care-areas-creating-undue-risk
https://doi.org/10.1080/10903120090941290
https://doi.org/10.1111/j.1742-6723.2006.00808.x
https://doi.org/10.1111/j.1742-6723.2006.00808.x
https://doi.org/10.1080/10903120590891930
https://doi.org/10.1080/10903120590891705
https://doi.org/10.1080/10903120590891705
https://doi.org/10.1016/j.annemergmed.2016.02.043
https://doi.org/10.3109/10903127.2016.1168892

	Abstract
	Introduction
	Methods
	Study Population and Design
	Data Collection and Analysis

	Results
	Discussion
	Limitations
	Conclusion
	References


