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Objectives

• Quick overview of PECARN – who, what, where, …

• Review some of the output & impact on pediatric 
care 

• Involve the participants in next steps… 



What about PEM Research 
Networks? 
• Pediatric conditions that are high risk are rare

• 90% of children seen in non-children’s hospitals for 
emergency visits

• Ratio of clinicians to scientists in PEM is ‘high’ – we 
love to practice

• PEM – we don’t have an organ system or pediatric 
specific institute – low % of funding dollars for 
children



PECARN Goals 

• Develop new evidence 

• Implement best practice across the continuum of 
EMSC 

• Develop next generation of EMSC researchers 

• Develop & initiate prehospital funded research

• Meet performance goals – enrollment & quality
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The Pediatric Emergency Care Applied Research Network 

(PECARN) – since 2015 – Seven nodes & DCC
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Research Studies and 
Content Working Groups

• Registry / Core Data set
• EMSA - Prehospital Study 

& Working Group 
• Respiratory / Asthma
• Evaluation of Trauma
• Evidence Development
• Knowledge Translation
• STI Interventions / 

Prevention

• Study Specific
• Mental health screening,
• ETOH Screening,
• Probiotics
• DKA
• Febrile infants / RNA 

Biosignatures
• TXA for pediatric trauma
• Sepsis screening
• Safety / Diagnostic errors

• Mentoring - Future 
investigators



Who can Submit a PECARN Proposal? 

• Good ideas / concepts should be submitted 
through one of the 7 nodes – to a PI

• Projects can be done through nodal / non-PECARN 
process if small 

• Formal PECARN proposals go through a ‘rigorous’ 
vetting from the Steering Committee - - to enhance 
the product



What are some next steps - - EMSC Research

What can you do next? Who are your partners? 

How can they be used in EMSC Practice

Reduce tests Deliver more specific care

Present several PECARN projects

Discovery Implementation



Outline for each project

Discovery / Evidence 
Development

• What is the aim(s) of 
our research project?

• What are our methods 
that will get us there?

• What is the result / 
outcome from the new 
discovery / evidence?

QI / Implementation Science

• What are we trying to 
do? 

• What is our plan / 
change to get results?

• How we will know it 
helped?



Cervical Spine – Immobilization / Injury 



Cervical Spine – Immobilization / Injury 



8 predictors of C-Spine Injury

• Altered mental status

• Focal neurologic deficits

• Complaint of neck pain

• Torticollis

• Substantial torso injury

• Predisposing condition

• Diving mechanism

• High risk MVC



What next? 

NIH R21 then R01 to develop and refine 
prediction rule for CSI in both pre-
hospital and ED setting

- Immobilize less

- Image less 

Cervical Spine – Immobilization / Injury 



Decision Rules for Acute 
Neuroimaging after Head Trauma



Epidemiology of Pediatric Head Trauma

• Trauma the leading cause of death inchildren > 1 year

• Traumatic brain injury (TBI) the leading cause of death and 
disability due to trauma (> 70% of deaths)

• On an annual basis in the U.S., blunt head trauma in 
children results in:
• 6,000 deaths

• 60,000 hospitalizations

• 620,000 ED visits (~50% evaluated with CT scans, use of CT 
increasing over the past decade, much variability in care)



• Prospective observational study with > 40,000 
children with GCS 14-15 

• Derivation of low risk findings

• Validation of rule in subsequent population



The PECARN Head Injury Study

Goal: to derive a clinical decision rule to accurately 
identify children at near zero risk of clinically 
important traumatic brain injuries after blunt 
trauma with high accuracy and wide 
generalizability



Results
57,030 eligible

42,412
(78.3%)

11,749              
(21.7%)

88 ciTBI

(1.0%)

EnrolledNot enrolled

54,161 GCS 14-15

2,869 GCS <14 
or other exclusion 

Validation
8,627

Derivation
33,785

288 ciTBI

(0.9%)



The PECARN TBI Rules 
(derived and validated)

Children < 2 years Children 2-18 years

1. Severe mechanism of injury

2. History of LOC > 5 sec

3. GCS = 14 or other signs of 

altered mental status

4. Not acting normally per parent

5. Palpable skull fracture

6. Occipital/parietal/temporal scalp 

hematoma 

1. Severe mechanism of injury

2. History of  LOC

3. GCS = 14 or other signs of 

altered mental status

4. History of vomiting

5. Severe headache in the ED

6. Signs of basilar skull fracture

Children are at very low risk of clinically-important traumatic brain injury 
(TBI) if they meet all criteria in age-specific rule:



Recommendations for children younger than 2

The Rule



Recommendations for children younger than 2

Suggestions



Recommendations for children 2 years and older

The Rule
The Rule



Recommendations for children 2 years and older

The Rule

Suggestions





How to get clinicians to use the prediction rules?



Knowledge Translation Pipeline

• EBM – continuum here

Glasziou and Haynes, 2005



Challenges to Knowledge Translation using 
Computerized Algorithms
The human brain

Shankar Vedantam (author of “The Hidden Brain” and 
NPR social science correspondent) and Berkeley 
Dietvorst (Wharton doctoral student)

• Even though algorithms typically outperform humans, we 
are distrustful of algorithms

• People fail to use algorithms even when they see it 
outperform humans

• Humans fear machines (“algorithmic aversion”)

NPR Radio, February 3, 2015



Translating Research into Practice
What PECARN is doing…



Pediatrics 2017



Specific Aims

1. To develop and pilot test a computer-based data 
collection and recommendation system to 
implement the PECARN TBI prediction rules.

2. To assess whether this system decreases the 
number of (unnecessary) head CTs in the ED in 
children at very low risk of important brain injuries.



Blunt Head Trauma Assessment



Decision Support: Patient < 2 years who meets rule



CT rates in patients with minor blunt head trauma at very low risk of clinically-
important TBI (N=7,482) at intervention EDs before and after implementation 
of CDS (adjusted for time trends)

EDs 

Months 
Before 
CDS

*
 

Months 
After 
CDS

*
 

CT rate 
before CDS 

CT rate  
after CDS 

Unadjusted 
Odds Ratio 

Adjusted Odds Ratio 
(95% CI)

 **
 

P 
value

**
  

Intervention 

PED 1 

13.1 10.1 52/963 (5.4%) 22/705 (3.1%) 0.56 0.56 (0.34 , 0.94) 0.03 

Intervention 
PED 2 

14.2 12.0 18/434 (4.1%) 7/264 (2.7%) 0.63 0.60 (0.25 , 1.47) 0.3 

Intervention 

PED 3 

13.2 10.1 65/809 (8.0%) 39/898 (4.3%) 0.52 0.49 (0.32 , 0.74) <.001 

Intervention 
PED 4 

9.6 15.7 22/158 (13.9%) 42/319 (13.2%) 0.94 0.66 (0.24 , 1.87) 0.4 

Intervention 

GED 1 

15.7 12.3 7/341 (2.1%) 10/391 (2.6%) 1.25 1.25 (0.47 , 3.33) 0.7 

Intervention 
GED 2 

15.7 12.3 15/556 (2.7%) 23/521 (4.4%) 1.67 1.78 (0.92 , 3.47) 0.09 

Intervention 

GED 3 

15.6 12.3 3/88 (3.4%) 3/165 (1.8%) 0.52 0.52 (0.07 , 3.91) 0.7 

Intervention 
GED 4 

15.6 12.3 12/303 (4.0%) 16/567 (2.8%) 0.70 3.30 (0.60 , 22.08)
***

 0.2 

All 

Intervention 
EDs  

. . 194/3,652 

(5.3%) 

162/3,830 

(4.2%) 

0.79 0.72 (0.53 , 0.99) 0.04 

Control PED
†
 

†
 

†
   6/378 (1.6%) 12/418 (2.9%) 1.83 1.85 (0.69 , 4.98) 0.2 

Control GED
†
 

†
 

†
 22/311 (7.1%) 10/385 (2.6%) 0.38 0.35 (0.16 , 0.75) 0.007 

	



CT rates in all patients with minor blunt head trauma 
(N=16,635) at intervention EDs before and after CDS (adjusted 
for time trends)	

EDs 

CT Rate 

Before CDS 

CT Rate 

After CDS 

 

Unadjusted Odds 

Ratio (95% CI) 

Adjusted Odds Ratio 

(95% CI)* P value 

Intervention PED 1 474/2,366 (20.0%) 275/1,673 (16.4%) 0.79 (0.67, 0.93) 0.78 (0.67 , 0.92) 0.004 

Intervention PED 2 187/1,438 (13.0%) 117/1,036 (11.3%) 0.85 (0.67, 1.09) 0.84(0.66 , 1.07) 0.2 

Intervention PED 3 389/1,930 (20.2%) 273/1,912 (14.3%) 0.66 (0.56, 0.78) 0.66 (0.56 , 0.78) <.001 

Intervention PED 4 288/596 (48.3%) 447/1,002 (44.6%) 0.86 (0.70, 1.06) 0.86 (0.70 , 1.05) 0.1 

Intervention GED 1 68/535 (12.7%) 53/550 (9.6%) 0.73 (0.50, 1.07) 0.73 (0.50 , 1.07) 0.1 

Intervention GED 2 177/1,056 (16.8%) 100/830 (12.0%) 0.68 (0.52, 0.89) 0.80 (0.48 , 1.36) 0.4 

Intervention GED 3 25/167 (15.0%) 29/249 (11.6%) 0.75 (0.42, 1.33) 0.74 (0.41 , 1.31) 0.3 

Intervention GED 4 81/480 (16.9%) 87/815 (10.7%) 0.59 (0.42, 0.82) 0.93 (0.50 , 1.72) 0.8 

All Intervention EDs 1,689/8,568 (19.7%) 1,381/8,067 (17.1%) 0.84 (0.78, 0.91) 0.91 (0.86, 0.97) 0.002 

Control PED
†
 90/638 (14.1%) 86/688 (12.5%) 0.87 (0.63, 1.19) 0.86 (0.63, 1.18) 0.3 

Control GED
†
 81/521 (15.5%)  63/547 (11.5%) 0.71 (0.50, 1.01) 0.71 (0.50, 1.02) 0.06 



CT rates in patients with minor blunt head trauma who were not 
at very low risk for ciTBI by PECARN TBI prediction rule criteria 
(N=7,117) at intervention EDs before and after CDS (adjusted for 
time trends)

	

EDs 
CT Rate 

Before CDS 
CT Rate 

After CDS 
Unadjusted Odds Ratio 

(95% CI) 
Adjusted Odds Ratio   

(95% CI)* P value* 

Intervention PED 1 405/1,206 (33.6%) 241/790 (30.5%) 0.87 (0.72, 1.05) 0.87 (0.72 , 1.05) 0.2 

Intervention PED 2 154/657 (23.4%) 94/444 (21.2%) 0.88 (0.66, 1.17) 0.88 (0.66 , 1.17) 0.4 

Intervention PED 3 295/890 (33.1%) 223/818 (27.3%) 0.76 (0.61, 0.93) 1.36 (0.87 , 2.13) 0.2 

Intervention PED 4 249/362 (68.8%) 380/586 (64.8%) 0.84 (0.63, 1.11) 1.15 (0.65 , 2.05) 0.6 

Intervention GED 1 59/154 (38.3%) 41/131 (31.3%) 0.73 (0.45, 1.20) 0.73 (0.45 , 1.21) 0.2 

Intervention GED 2 154/372 (41.4%) 76/236 (32.2%) 0.67 (0.48, 0.95) 0.68 (0.48 , 0.96) 0.03 

Intervention GED 3 21/66 (31.8%) 25/70 (35.7%) 1.19 (0.58, 2.43) 1.20 (0.58 , 2.44) 0.6 

Intervention GED 4 66/139 (47.5%) 70/196 (35.7%) 0.61 (0.39, 0.96) 0.64 (0.41 , 1.00) 0.05 

All intervention EDs 1,403/3,846 (36.5%) 1,150/3,271 (35.2%) 0.94 (0.86, 1.04) 1.03 (0.91 , 1.17) 0.6 

Control PED 84/230 (36.5%) 70/223 (31.4%) 0.80 (0.54, 1.17) 0.79 (0.53, 1.18) 0.2 

Control GED 58/157 (36.9%) 52/117 (44.4%) 1.37 (0.84, 2.22) 1.35 (0.82, 2.21) 0.2 



Torso trauma is the second leading 
cause of death from trauma and 
hemorrhage is the leading etiology  



Trauma is the leading cause of morbidity and 
mortality in children in the US

CDC 2010



In the initial 24 hours after injury, hemorrhage is 
the leading cause of death

Lansink. Eur J 
Trauma Emerg
Surg 2013



There are no drug treatments for injured 
children to improve outcomes



Tranexamic Acid (TXA)

• Antifibrinolytic agent

• FDA approved for hemophilia and menorrhagia

• Most frequently used for pediatric and adult surgery 

• Inexpensive

• Safe





• 20,000+ adults with significant hemorrhage
• Randomized to TXA or placebo
• All-cause mortality: TXA 1463 [14.5%] vs. Placebo 1613 

[16.0%], NNT = 67
• No increase in adverse events

Lancet 2010





Traumatic Injury Clinical Trial Evaluating 
Tranexamic Acid in Children

TiC-T  C



Can we improve the identification & 
management of occult depression in 
teenagers? 



Screening of Teens for Mental 
Health / Depression



Depression management in EDs 

Actively 
depression

Positive high risk 
screening

Screen negative



ED STARS - -

Aim 1 and 2 data is complete with 7000 patients 
enrolled at multiple PECARN sites. 



ED Stars 

Aim 3 and 4 begun in July – enrolling high risk and low risk 
patients to validate the CAS and if the IAT adds to prediction 
of attempts



What is the best treatment for ED / 
Prehospital management of status 
epilepticus after failure of 
benzodiazepine? 

• Which secondary antiepileptic is most effective?

• Which is safer? 

Funded through NINDS 



ESETT – Established Status 
Epilepticus Treatment Trial
• Partnership with neurology, general EM and PEM

• Life threatening and time sensitive condition - - use 
of EFIC (exception from informed consent)

• Currently enrolling with pediatric enrollment ahead 
of schedule

• Randomization to one of three therapies – valproic 
acid, fosphenytoin, levetiracetam 

• Study procedures – complete in 1 hour

Funded through NINDS 





Febrile infants - Background

 20 - 35 % of urban pediatric emergency department (ED) 
visits are for fever

 ~ 500,000 ED visits in the U.S. for infants 60 days or 
younger are for fever

 Many more to clinics and offices



How can we better manage febrile 
infants (<2 months of age)
• Identification of etiology to improve management

• Reduce health services use in low risk infants

• Reduce admission for young infants who can be 
managed at home



Urinary tract infections in 7-9%

 Sensitivity of UA ~ 85-95%

 Dipstick (LE) only slightly less sensitive than full UA

- Lack of inflammation likely asymptomatic bacteruria

 Urine concentration matters (3 vs 6 WBC/HPF)

 UA sensitivity close to 100% in bacteremic UTIs 

Newer data about UA and UTI in infants 0-2 
months old with temp > 38

o 
C



 Much data suggest that the peripheral WBC at either end 
of the spectrum is not a good screen for 
bacteremia/bacterial meningitis (Bonsu 2003)

Newer data about WBC thresholds and IBI



The Next Frontier

RNA Transcription Biosignatures

 Alternative to pathogen identification:

Measure the host response to infection by measuring gene



The Next Frontier

RNA Transcription Biosignatures



The Next Frontier

RNA Transcription Biosignatures





Diabetic ketoacidosis and cerebral injury:
Do fluids make a difference?



DKA - epidemiology

 64% of all deaths in children with diabetes 
are associated with DKA 

 Of pediatric deaths due to diabetes, 83-
97% are caused by DKA

 62-63% of DKA-related deaths in children 
are the result of cerebral injury/edema



What causes cerebral injury in 
DKA? (traditional view)

• Cerebral edema occurs in a small minority of 
DKA episodes (~1%)

• Edema and increased ICP in these patients 
leads to cerebral injury

• Variations in DKA treatment likely play an 
important role in causing cerebral edema, 
particularly when DKA treatment leads to a 
rapid decline in osmolality



The fluid controversy
What has spooked us, and motivated us



The fluid controversy
What has spooked us, and motivated us

Case series of 40 children with DKA and 
CE:

“Only 4 of 40 cases occurred at fluid intakes 
less than or equal to 4.0 L/m2/day” (J Pediatr
1988) 



The fluid controversy
What has spooked us, and motivated us

Editorial:

“ Emergency resuscitation should not be given 
unless  ….  shock … If emergency phase 
needed, aliquots of 5-10 cc/kg  ….. brain 
swelling during treatment of severe DKA is a 
tragedy that now may be prevented” 

(J Pediatr 1988)



The fluid controversy
What has spooked us, and motivated us

Letter to the editor:
“To state that brain swelling during treatment of 
severe DKA is a tragedy that now may be prevented 
is unsubstantiated and does little else than give 
plaintiff’s attorneys the rope with which to try to 
hang pediatricians who will have an unfortunate 
encounter with this complication …. Until basic 
research defines the pathophysiology of CE during 
DKA and randomized prospective clinical studies
…we are all guessing about how this 
elephant looks.”  (J Pediatr 1989)



FLuid therapies Under 
Investigation in DKA:  
“the FLUID trial”

Funded by grant 1R01HD062417-01 from the Eunice Kennedy Shriver NICHD. 

PECARN is supported by the Health Resources and Services Administration (HRSA), Maternal 
and Child Health Bureau (MCHB), Emergency Medical Services for Children (EMSC) through 
the following grants: 
U03MC00008, U03MC00003, U03MC22684, U03MC00007, U03MC00001 , U03MC22685, U03MC00006



Objective

To determine the impact of IV fluid 
infusion rate and sodium content on 

neurological and neurocognitive 
outcomes of DKA in children



Methods
Overview and Patient Selection

• Prospective, multi-center,  2 x 2 
factorial design RCT of IV fluid 
treatment for DKA
• 13 PECARN hospitals

• 2011-2017

• Inclusion criteria
• Age 0 - 18 years

• DKA 
• serum glucose > 300 mg/dL, venous pH < 7.25 or serum 

bicarbonate < 15mmol/L



PECARN Studies

• New / Pending – PED SCREEN, Pain management in 
fractures (comp effectiveness), C-spine validation, 
R03 – Disparities in ED
STI screening, Setting a PEM Nursing Research 
Agenda

• Planning Grants – Asthma – IV Magnesium, 
Antimicrobiol Stewardship, Steroids – school based 
asthma program, HUS from STEC   



Pending Pre-Hospital Studies

• Does prehospital asthma therapy reduce ED Admits 
or Length of Stay (and resource use)? 

• Does prehospital identification for possible sepsis 
improve sepsis pathway use & outcomes? 

• Role of simulation & deliberate practice in high risk 
procedures / critically ill or injured children



Summary 
• High impact pediatric illnesses & trauma – multi-

center discovery work & implementation of best 
practice

• Involves 18 Pediatric EDs and 9 prehospital care 
agencies across diverse population

• Improves the ED based research at each institution

• Continues to look for partnerships across content 
experts from EMSC experts & others



Questions? 

Thank you -


