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ABSTRACT

Objective: The study sought to develop and evaluate an electronic health record–based child abuse clinical deci-

sion support system in 2 general emergency departments.

Materials and Methods: A combination of a child abuse screen, natural language processing, physician orders,

and discharge diagnoses were used to identify children <2 years of age with injuries suspicious for physical

abuse. Providers received an alert and were referred to a physical abuse order set whenever a child triggered

the system. Physician compliance with clinical guidelines was compared before and during the intervention.

Results: A total of 242 children triggered the system, 86 during the preintervention and 156 during the interven-

tion. The number of children identified with suspicious injuries increased 4-fold during the intervention

(P< .001). Compliance was 70% (7 of 10) in the preintervention period vs 50% (22 of 44) in the intervention, a

change that was not statistically different (P¼ .55). Fifty-two percent of providers said that receiving the alert

changed their clinical decision making. There was no relationship between compliance and provider or patient

demographics.

Conclusions: A multifaceted child abuse clinical decision support system resulted in a marked increase in the

number of young children identified as having injuries suspicious for physical abuse in 2 general emergency

departments. Compliance with published guidelines did not change; we hypothesize that this is related to the in-

creased number of children identified with suspicious, but less serious injuries. These injuries were likely

missed preintervention. Tracking compliance with guidelines over time will be important to assess whether

compliance increases as physician comfort with evaluation of suspected physical abuse in young children

improves.
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INTRODUCTION

Child maltreatment is a leading cause of death and disability in chil-

dren. In the United States, over 3 million reports are made to Child

Protective Services annually. In 2016, 1750 children died from mal-

treatment, and close to 800 were due to physical abuse.1 Failure to

recognize abuse in less severe forms may result in repeated abuse

and increased morbidity and mortality.2–6 Many children with abu-

sive injuries had been previously evaluated by a physician who did

not recognize the abuse.2–8

The American Academy of Pediatrics (AAP) developed guide-

lines related to which children should be screened for physical abuse
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and with which tests.9–11 Despite these guidelines, physicians do not

consistently screen for physical abuse, even in high-risk situa-

tions.12,13 Studies have shown disparities in screening related to pa-

tient2,12–18 and hospital characteristics.19 While black and hispanic

children with public insurance are more likely to be screened than

are white children with private insurance, when white children with

private insurance are screened, they are more likely to be diagnosed

with abuse, suggesting screening bias.17 Nonpediatric hospitals have

lower rates of screening and diagnosing abuse than pediatric hospi-

tals do. Hospital type (general vs pediatric) is also associated with

large variations in the frequency of diagnosis of child abuse, with

marked underdiagnosis of abuse in general hospitals.12 The annual

volume of young, injured children in a general hospital is was associ-

ated with the probability of performing a skeletal survey, a critically

important disparity because most children in the United States are

evaluated at general, not pediatric, hospitals.12

Experiences outside the field of child abuse have demonstrated

that clinical guidelines alone are insufficient to standardize care and

improve quality of care on a long-term basis.20–22 Emerging litera-

ture demonstrates that the electronic health record (EHR) can be

used to improve screening rates in a wide variety of diseases, result-

ing in earlier intervention, decreased disparities and improved out-

comes.23–26

We have previously reported on the development, validation,

and evaluation of an EHR-based child abuse clinical decision sup-

port system (CA-CDSS) at UPMC Children’s Hospital of Pittsburgh

(CHP), a pediatric level I trauma center.27,28 The current study was

designed to evaluate whether a similar CA-CDSS could be developed

in 2 general EDs with a similar, but not identical, EHR.

MATERIALS AND METHODS

Setting
The study took place in the emergency departments (EDs) at UPMC

Hamot and UPMC Mercy, 2 of the 13 general EDs in the UPMC

Hospital system. UPMC Mercy is in the city of Pittsburgh and has a

pediatric burn unit. UPMC Hamot, a level II trauma center, is in

Erie, Pennsylvania, about 2 hours from Pittsburgh. They are both

urban teaching hospitals staffed by general ED physicians.

Cerner MillenniumVR (Cerner Corporation, Kansas, MO) is the

EHR used in both EDs. The Cerner platform and all forms at

UPMC Hamot and UPMC Mercy are different from CHP where the

first CA-CDSS was developed.

Subjects
Subjects were children under 2 years of age evaluated in the UPMC

Hamot or UPMC Mercy EDs who triggered the EHR-based alert

system. The protocol was approved by the Institutional Review

Boards of the University of Pittsburgh (for UPMC Mercy) and

UPMC Hamot. A waiver of informed consent was approved.

Embedding of triggers into the EHR
In contrast to the Cerner platform at CHP, where discrete fields trig-

gered the alert system, the Cerner platform at UPMC Hamot and

UPMC Mercy does not use discrete fields for chief complaint or

nursing documentation of the physical exam. Instead, we used natu-

ral language processing (NLP) to identify words within the “focused

assessment” and “chief complaint” fields to trigger the alert system.

We also used specific orders and discharge diagnoses and responses

to the physical abuse-focused questions within child abuse screen

which is used at all both UPMC Hamot and Mercy.29 The triggers

are seen in Table 1.

Design
A pre-post design analysis was performed. An 8.3-month preinter-

vention period ran from September 29, 2015, to May 10, 2016.

During this time, research staff could see which providers (physician

or advanced practice providers [APPs]) would have received alerts if

the system were live, but there was no impact on clinical care. The

preintervention period was used to resolve coding or information

technology errors, evaluate the NLP system, develop the pop-up

alert and physical abuse order set and assess preintervention compli-

ance with AAP guidelines.

During the preintervention period, all NLP triggers were evalu-

ated to determine whether they were overtriggers and coding was

adjusted to correct for overtriggers. Almost all criteria that prevent

activation of the CA-CDSS listed in Table 1 were developed based

on the NLP evaluation. For example, the word fell in the chief com-

plaint of a child <6 months of age was initially coded as an NLP

trigger. During the preintervention period, we recognized that

infants who “fell asleep” would trigger; the code was corrected to

account for this. Once all the NLP corrections were made at the end

of the preintervention period, we ran a final report and used that

data as our preintervention data.

The preintervention period was followed by an 8.6-month inter-

vention from May 11, 2016, to January 31, 2017. During the inter-

vention period, when a patient triggered the alert system, a light

bulb icon appeared on the tracking board (Figure 1) and the pro-

vider (physician or APP) received a pop-up alert (Figure 2), which

suggested using the physical abuse order set (Figure 3A and B). The

provider had to acknowledge the pop-up alert; each provider re-

ceived the alert once per patient at the time they opened the chart.

The physical abuse order set at UPMC Hamot and UPMC Mercy is

different from the one at CHP because of differences in the capacity

of the hospitals to evaluate and treat pediatric patients and the train-

ing and experience of the providers as it relates to child abuse. A

comparison of the CA-CDSS at CHP and UPMC Hamot/UPMC

Mercy is shown in Table 2.

In both CA-CDSS, tests recommended by the AAP guidelines are

prechecked in the order set. Tests that are scenario specific are pre-

ceded by a note that describes the circumstance under which it is rec-

ommended. The order sets are specific to ED evaluation of

suspected physical abuse and do not include testing, which would be

conducted after admission or for other types of abuse or neglect.

End-user education and feedback
Before the start of the intervention period, attending physicians and

APPs at both hospitals received communication from their respec-

tive ED directors about the introduction of the CA-CDSS. The com-

munication included an explanation of the CA-CDSS and screen

shots of the alert and order sets. The nurses had all been trained pre-

viously in how complete the child abuse screen.

Three months after the start of the intervention period, each phy-

sician and APP at UPMC Hamot and UPMC Mercy was emailed an

anonymous survey using Qualtrics (Qualtrics, Provo, UT), a web-

based survey service. The survey was designed both to educate pro-

viders about the CA-CDSS and obtain feedback. The survey asked

providers about their knowledge of the components of the CA-

CDSS, whether it altered clinical decision making, and whether they
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Table 1. Triggers embedded into the EHR at UPMC Hamot and UPMC Mercy

Form name/who

completes the form

Name and value of field which results in a trig-

ger when combined with patient age

Age requirement

for triggering

Criteria which prevents activation of

the child abuse alert system

First

trigger

Child abuse screening

form/RN

“Are any of the following findings present on

physical examination? In a non-mobile child

– ANY bruise, burn, subconjunctival hemor-

rhage, or frenulum injury. In a mobile child –

Bruises, burns or other markings in the shape

of an object; or Bruises on non-bony promi-

nences/protected regions (eg, torso, genitalia/

buttocks, upper arms, ear, neck); or More

bruises than you would expect to see in even

an active child.” with “yes” response (Q3)

<2 y NA 16 (10)

Child abuse screening

form/RN

“Are you concerned that the history may not be

consistent with the injury or illness” with a

“yes” response (Q2)

<2 y NA 13 (8)

ED Assessment Form v2:

Focused assessment of

complaint; Chief com-

plaint/RN

Any of the following words in a CC or focused

assessment for a child <12 months of age: as-

sault, abuse, bruis, burn, not moving, frac-

ture, fx, broke, injury, sprain, deformity,

subconjunctival hemorrhage, petechiae, ar-

rest, hematom, ecc, echy, OR contus

<1 y (<6 mo for

“injury”)

Do not trigger if trigger word is pre-

ceded by denie, no, or not; if Burn

is preceded by Dr; if cord precedes

fall or fell; if broke is followed by

out, English, or or; if fever pre-

cedes broke

54 (35)

ED Assessment Form v2:

Chief complaint; fo-

cused assessment/RN

Any of the following words in a child <6

months of age: “fall,” “fell”

<6 mo Do not trigger if Fall or Fell is fol-

lowed by asleep do not trigger on

fallot

28 (18)

Orders/MD Order for bone survey infant x-ray, bone survey

limited x-ray or bone survey x-ray

<2 y NA 14 (9)

Orders/MD Order for x-ray of clavicle, foot, finger, hand,

knee, femur, tibia, fibula, wrist, ankle, skull,

elbow, humerus, shoulder, skeletal, or ex-

tremity

<1 y NA 7 (4)

Discharge/MD DC instruction title of abuse, fracture, injury,

injuries, burn, cast, contusion, clavicle, dislo-

cation, subluxation, hematoma, hyphema,

nursemaid, hemorrhage, or bruise

<1 y Do not trigger is if inj is preceded by

head

13 (8)

Discharge/MD DC diagnosis of “contus” <1 y 8 (5)

Discharge/MD DC instruction of child abuse, abuse and ne-

glect, jaw fracture, nose fracture, sternum

fracture, or rib fracture

<2 y NA 1 (1)

Discharge/MD Follow up in depart with clinic or office that has

ortho, plastic, burn trauma (to pick up Burn

Trauma Center-UPMC Mercy; Children’s

Hospital Orthopedic Clinic; CHP Orthope-

dics; CHP Plastics Department; Hamot Or-

thopedic Clinic; Hamot Orthopedic Hand;

Hamot Orthopedics)

<1 y NA 2 (1)

Values are n (%).

CA-CDSS: child abuse clinical decision support system; CHP: Children’s Hospital of Pittsburgh of University of Pittsburgh Medical Center; DC: discharge; ED:

emergency department; EHR: electronic health record; MD: medical doctor; NA: not applicable; RN: registered nurse; UPMC: University of Pittsburgh Medical

Center.

Figure 1. The lightbulb icon on the emergency department tracking board that appears when a patient has triggered the child abuse clinical decision support sys-

tem. The information in the figure is from the Cerner development domain. There are no patient data in the figure.
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felt they needed more education about the CA-CDSS. The survey

was considered exempt by both Institutional Review Boards.

Throughout the intervention period, individual providers re-

ceived feedback and education from the site principal investigator if

they did not assess for physical abuse in situations in which it was

necessary (eg, 2-month old with a bruise) or if they did not use the

order set when it should have been used.

Data collection
Subject-specific data: The following data were downloaded directly

from the EHR for all children who triggered the CA-CDSS: facility

(UPMC Hamot or UPMC Mercy), date of ED visit, medical record

number, age, race, sex, zip code, insurance (private, public, none),

and the trigger that activated the alert system. Race was assigned by

the registrar using a drop-down menu and analyzed as a dichoto-

mous variable (Caucasian, not Caucasian).

Physician-specific data: Race, sex, and the number of years in

practice since completion of residency were collected for all ED

attendings.

Outcome measures: Each ED record was reviewed to evaluate

for 3 measures: whether it was reasonable for the physician or APP

to be concerned about physical abuse as defined previously,28

Figure 3. (A) The initial screen of physical abuse power plan. The provider needs to select the appropriate subphase. (B) A sample subphase: “Bruise in an infant.”

Figure 2. Pop-up alert received by providers when a child triggered the child

abuse clinical decision support system.
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whether the child’s injury fit into 1 of the clinical scenarios being

evaluated (Table 3), and whether the attending physician was com-

pliant with AAP guidelines in these specific scenarios. It was consid-

ered reasonable to be concerned about physical abuse in any of the

following situations: the patient had an injury that should result in

screening for physical abuse based on the AAP guidelines, the pa-

tient had a nonspecific symptom known to be associated with child

abuse, the patient was the sibling of a child with suspected physical

abuse, the patient was involved in an incident of domestic violence,

the patient had previously been a victim of abuse, an adult raised

concerns for abuse, the patient died unexpectedly, or there was a

misassessment by a medical professional that raised concern for

abuse (eg, nurse believed an infant had a bruise that was actually a

birthmark). The clinical scenarios being evaluated represent only a

subset of the situations in which it would be reasonable for a physi-

cian to evaluate for abuse, but are the ones for which there are clear

AAP guidelines.

Compliance with AAP guidelines was assessed as fully compli-

ant,” “partially compliant,” “not compliant” or “met clinical sce-

nario but clinical judgment made evaluation unnecessary.” Fully,

partially and not compliant were defined were defined as completing

all parts, only some part or none of AAP recommended evaluation,

respectively. “Met scenario but clinical judgment made evaluation

unnecessary” was used in the following circumstances established a

priori: injury occurred in a public place or was witnessed by a disin-

terested adult, a cruising or walking infant had a toddler’s fracture,

the patient had a preexisting diagnosis (eg, hemophilia) that

explained the injury or an infant 6 to <12 years old had a single

bruise on a bony prominence after a developmentally appropriate

trauma (eg, bruise to the forehead after a fall off a bed). Subjects in

this group were not included in the denominator for the purposes of

calculating compliance.

Children transferred to CHP from UPMC Hamot or UPMC

Mercy were excluded because the objective of the study was not to

evaluate compliance at CHP. If patients were transferred from

UPMC Hamot to the burn unit at UPMC Mercy, the entire evalua-

tion between both sites was used to assess compliance.

Statistical analysis
Descriptive statistics were used to examine demographic and com-

pliance variables. The primary outcome was the proportion of cases

in the preintervention and intervention groups in which the provider

was compliant with the AAP guidelines for evaluation of suspected

Table 2. Comparison of CA-CDSS at CHP vs UPMC Hamot and

UPMC Mercy

CA-CDSS at CHP CA-CDSS at

UPMC Hamot

and UPMC Mercy

Study period Baseline 10/21/14-4/6/15 Preintervention 9/

29/15-5/10/16

RCT 4/8/15-11/10/15 Intervention 5/11/

16-1/31/17

Use of a universal

child abuse screen

No Yes

Use of natural lan-

guage processing

No Yes

Use of discrete fields

in nursing docu-

mentation

Yes No

Pop-up alerts to pro-

viders

Yes; provider continue to

receive alerts until a

physical abuse order set

is used or until provider

selects option to stop

alerts

Yes, 1 alert per

provider

Provider response to

the alert

Provider has 3 options to

respond to alert to see

the physical abuse order

set–

Provider can only

acknowledge

the alert

Yes, see the physical abuse

order set

Not now (“snooze” the

alert until chart is opened

again

No, never see the order set

(extinguish further

alerts)

Physical abuse specific

order sets

Yes Yes

Does the alert link

provider directly to

the order set?

Yes No

CA-CDSS: child abuse clinical decision support system; EHR: electronic

health record; RCT: randomized controlled trial; RN: registered nurse;

UPMC: University of Pittsburgh Medical Center.

Table 3. American Academy of Pediatrics guidelines for evaluation

of children under 2 years of age with injuries concerning for physi-

cal abuse

Clinical scenario American Academy of Pediatrics

recommended evaluation

Noncruising infant <12 mo

of age with a fracture(s)

Skeletal survey, CBC/platelets,

AST/ALT

Infant <6 mo of age with

bruise(s)

Skeletal survey, neuroimaging (CT

or MRI), CBC/platelets, PT/PTT,

von Willebrand screen, Factor

VIII, Factor IX (von Willebrand

and factors not needed if bruise in

the shape of an object), AST/ALT

Infant 6 to<12 mo of age not

yet cruising with a

bruise(s)a

Skeletal survey, CBC/platelets, PT/

PTT, von Willebrand screen, Fac-

tor VIII, Factor IX (von Wille-

brand and factors not needed if

bruise in the shape of an object),

AST/ALT

Infant <12 mo of age with a

non–motor vehicle–

associated intracranial

hemorrhageb

Skeletal survey, CBC/platelets, PT/

PTT, Factor VIII, Factor IX,

d-dimer, fibrinogen, AST/ALT

Children <2 y of age reported

to Child Protective Services

for concerns of physical

abuse

Skeletal survey

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CBC:

complete blood count; CT: computed tomography; MRI: magnetic resonance

imaging; PT: prothrombin time; PTT: partial thromboplastin time.
aOther than a single bruise to a bony prominent after an age-appropriate

trauma (eg, child 8 mo of age with a bruise to the forehead after a fall off a

bed).
bNot relevant for general emergency departments because infants with in-

tracranial hemorrhage would all be transferred to a pediatric level I trauma

center.
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physical abuse. We also assessed whether compliance was related to

patient and/or provider demographics. SPSS 23.0 (IBM Corp,

Armonk, NY) was used for all analyses. A P value <.05 was consid-

ered significant.

RESULTS

Preintervention and intervention period
A total of 242 children <2 years of age triggered the alert system, 86

during the preintervention period and 156 during the intervention.

The 242 children represented 4.3% of the 5564 children <2 years of

age who presented to the UPMC Hamot and UPMC Mercy EDs dur-

ing the preintervention and intervention period, but just 0.12% of

all patients of any age who presented during this time. The propor-

tion of all patients seen in the ED who were <2 years of age was sig-

nificantly greater at UPMC Hamot than at UPMC Mercy (6.0% vs

0.9%; P< .001).

Seventy-four percent (180 of 242) of the subjects were evaluated

at UPMC Hamot; 26% were evaluated at UPMC Mercy. Median

age was 7.9 (interquartile range, 4.3-11.3) months of age and 9.3

(interquartile range, 5.1-14.6) months of age at UPMC Hamot and

UPMC Mercy, respectively; this difference was not significant

(P¼ .09). Demographics of the patients who did not trigger the alert

system were compared (Table 4).

The frequency with which each trigger alerted the system is in

Table 1. We did not identify a statistically significant difference in

the most common triggers between the 2 sites. In 81% of cases (195

of 242), the trigger was considered appropriate insofar as the sce-

nario that resulted in a trigger should have raised the concern for

abuse; there was not a significant difference between the preinter-

vention and intervention period. Seventy percent (33 of 47) of the

overtriggers were due to the NLP.

In the preintervention period, 12% (10 of 86) of subjects who

triggered the system met 1 of the 5 clinical scenarios compared with

28% (44 of 156) in the intervention period (P¼ .02) In 96% (149 of

156) of cases in the intervention period, the provider received the

alert; 79% of the time the alert occurred when the chart was opened.

The remainder of the time, the alert occurred when an order was

placed. In the 4% (7 of 156) of cases in which the provider didn’t re-

ceive an alert, the provider did not open the EHR or place an order

after the trigger occurred.

Compliance
Preintervention and intervention period (Figure 4)

In 10 of the 65 cases in preintervention period in which it was rea-

sonable to be concerned about abuse, the subject met 1 of the clini-

cal scenarios; providers were fully compliant 70% (7 of 10) of the

time and noncompliant 30% (3 of 10) of the time. In the interven-

tion period, subject met a clinical scenario in 130 of the cases in

which it was reasonable to be concerned about abuse; providers

were fully compliant 34% (15 of 44) of the time, partially compliant

16% (7 of 44) of the time, and noncompliant 50% (22 of 44) of the

time. There was no difference in the rate of noncompliance between

the preintervention and intervention groups (P¼ .55).

The physical abuse order set was only used 6 times during the in-

tervention period—5 times at UPMC Hamot and once at UPMC

Mercy. Physicians were fully compliant in 83% (5 of 6) of the cases

in which the physical abuse order set was used.

Case mix in the preintervention vs intervention period

The distribution of injuries identified in the preintervention vs inter-

vention period is seen in Table 5. Every infant < 12 months of age

in both the preintervention and intervention period with an intracra-

nial hemorrhage was transferred to CHP.

Among the 54 subjects who met clinical scenarios plus the 9 who

were transferred to CHP (and, therefore, excluded from the evalua-

tion of compliance), there were 16 who were ultimately diagnosed

with physical abuse.

Physician demographics and association with compliance

A total of 47 (n¼24 UPMC Hamot, n¼23 UPMC Mercy) attend-

ing physicians evaluated patients during the preintervention and in-

tervention period: 83% were men, 91% were Caucasian, and all

completed an emergency medicine residency. There was no associa-

tion between any physician or patient demographic and compliance.

End-user feedback

In addition to the 51 attending physicians, an additional 88 APPs

and medical residents evaluated patients with attending supervision.

Of the 139 providers, 40 (29%) responded to the survey; 85% were

physicians (either attendings or residents). Eighty percent (31 of 39)

remembered receiving an alert. Fifty two percent (16 of 31) said that

the alert altered their clinical decision making; 84% (32 of 38) never

accessed the physical abuse order set.

DISCUSSION

This is the first study, to our knowledge, to evaluate the use of an

EHR-based CA-CDSS in general EDs and the use of NLP to identify

at risk patients in real time. Improving identification and evaluation

Table 4. Comparison of demographics of children <2 years of age

seen at UPMC Hamot and UPMC Mercy during the preintervention

and intervention period who did and did not trigger the CA-CDSS

Children <2 y

of age at UPMC

Hamot who

did not trigger

the CA-CDSS

(n¼ 4947)

Children <2 y

of age at UPMC

Hamot who

triggered the

CA-CDSS

(n¼ 180)

v2/P

Male 2768 (54) 96 (53) 0.01 (.924)

Caucasian 3127 (61) 120 (67) 0.55 (.458)

Public

insurance

1076 (21) 150 (83) 162.39 (<.001)

Children <2 y

of age at UPMC

Mercy who did

not trigger the

CA-CDSS

(n¼617)

Children <2 y

of age at UPMC

Mercy who

triggered the

CA-CDSS

(n ¼ 62)

v2/P

Male 366 (54) 31 (50) 0.11 (.743)

Caucasian 224 (33) 34 (55) 5.10 (.024)

Public

insurance

196 (29) 52 (84) 28.93 (<.001)

Values are n (%).

CA-CDSS: child abuse clinical decision support system, UPMC: University

of Pittsburgh Medical Center.
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of physical abuse in general EDs is critical to decrease morbidity and

mortality. While most children with severe injuries due to abuse are

treated in pediatric trauma hospitals, ED care often occurs in gen-

eral EDs30 where the rate of missed abuse is higher.12

The large increase in the number of subjects identified by the

CA-CDSS and the corresponding increase in the number of children

who met 1 of the clinical scenarios was unexpected. To assess

whether this was due to an unexpectedly low level of triggering pre-

intervention vs a high level in the intervention period, we reviewed

data from the CA-CDSS in the same 2 hospitals in the 8 months af-

ter the intervention period (February 1, 2017, to September 30,

2017); 150 subjects triggered, almost identical to the number in the

intervention period. There are likely several reasons for the increase

number of patients who triggered during the intervention period.

Perhaps most importantly, the child abuse screen was not present

during the preintervention period; this accounted for 29 subjects in

the intervention period. The other trigger that was significantly dif-

ferent between the 2 periods was the order for a skeletal survey,

which triggered during the intervention period when it was not or-

dered from within the physical abuse order set. The increase in the

ordering of skeletal surveys may the result of ongoing child abuse–

related education. Increased awareness and recognition of concern-

ing clinical features and improved nursing documentation likely

resulted in additional NLP triggers. This would not be surprising,

given the required nurse training before the intervention and the on-

going educational effort made by nurse stakeholders at both hospi-

tals. There may be other factors that we have not identified.

The high baseline compliance rate of 70% and the lack of im-

provement after introduction of the CA-CDSS were unexpected but,

in hindsight, are likely related to the change in the population of

children being identified. In the preintervention period, only 10 chil-

dren were identified with injuries which met a clinical scenario.

More than 4 times as many children were identified during the inter-

vention period. This is likely due to a combination of the overall in-

crease in the number of subjects who triggered as discussed

previously as well as the specificity of the triggers especially the child

abuse screen. In the intervention period, the trigger system likely

alerted physicians to the possibility of abuse in cases in which there

N= 242 

N= 86
Silent 

mode/baseline 

N= 156
Live period 

N= 21
Not reasonable to be 

concerned about 
abuse/overtrigger

N= 65
Reasonable to be 

concerned about abuse

N= 49
No clinical scenario, 
but reasonable that 

trigger system 
alerted 

N= 16
Met a clinical scenario

N= 6
Met scenario but clinical 

judgement made 
evalua�on unnecessary

N= 10 Met clinical 
scenario and 

needs evalua�on 
for physical abuse 

N= 7
Fully/par�ally 

compliant with 
AAP 

recommenda�ons

N= 3
Not compliant 

with AAP 
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Figure 4. Flow of subjects in both the preintervention period and intervention period including whether they met 1 of the 5 clinical scenarios for which compliance

with American Academy of Pediatrics (AAP) guideline was being measured.

Table 5. A comparison of the injuries identified in the preintervention and intervention periods

Clinical scenarios

Noncruising infant

<12 mo of age

with a fracture(s)

Infant <6 mo of age

with a bruise(s)

Infant 6-11.9 mo of

age not yet cruising

with a bruise (s)a

Children <2 y of age reported

to Child Protective Services

for concerns of physical abuse

(who did not meet other clinical

scenarios)

Total number of unique

children identified with

injuries which

were concerning for abuse

Preintervention 0 1 2 7 10

Intervention 8 10 6 22 44b

aOther than a single bruise to a bony prominent after an age-appropriate trauma (eg, child 8 mo of age with a bruise to the forehead after a fall off a bed).
bThere are 2 children with both a fracture and a bruise.
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were minor injuries—such as a single bruise in a 3-month-old child.

This is the type of case in which the possibility of abuse was likely

not even considered in the past. In contrast, there was no increase in

the cases of abuse which required transport to a level I pediatric

trauma center. A bruise is the most common type of sentinel injury,

a medically minor but clinically important, initial symptom of abuse

that is frequently not recognized or properly evaluated. In a study of

146 infants <6 months of age who were evaluated for abuse after

presenting with what seemed to be an isolated bruise, 50% (73 of

146) had at least 1 additional injury identified when the AAP clinical

guidelines were followed and skeletal survey, neuroimaging, or

blood work was performed.31

We do not believe that the lack of a statistical difference between

the compliance rates in the preintervention vs intervention groups was

due to a type II error. Even if we assume a moderate effect size, a sam-

ple size as small as 10 should be able to detect a 20% difference in

compliance at a power level of 0.8. We also do not believe that it is

due to a secular trend: logistic regression with the dependent variable

as compliance, the independent variable as pre- vs postintervention

and the covariate as the date of the event demonstrates that all the lo-

gistic regression coefficients are nonsignificant. It is possible that the

lack of evidence of a secular trend could be due to insufficient power.

Due to the study design, we do not know the sensitivity of the

CA-CDSS and there may have been additional abuse cases among

children who did not trigger. However, based on data from the Na-

tional Child Abuse and Neglect Data System,1 the rate of physical

abuse in the study population is �0.33%. This suggests that among

the �5500 children in the study, we expect to detect approximately

19 children with physical abuse. As described previously, we

detected 16 children. If we applied the so-called rule of 3 for Ber-

noulli trials to estimate the sample size required to uncover 1 missed

abuse case among those who did not trigger, it is likely that we

would need to review 915 charts to potentially find even 1 false neg-

ative. Finding a very small number (say, 0 or 2) in the sample of

patients who did not trigger would not necessarily help to calculate

the sensitivity of our alert system.

The higher rate of public insurance among those who triggered

compared with those who did not was not surprising, consistent

with data demonstrating that poverty is a risk for child abuse32,33

and consistent with the data from our CA-CDSS in our pediatric

hospital.28 The higher rate of triggering in black children at UPMC

Mercy is likely related to a strong positive correlation between race

and insurance at UPMC Mercy which is not present at UPMC

Hamot.

The low number of cases in which the physical abuse order set

was used was disappointing and unexpected given our experience at

CHP where the order sets were rapidly incorporated into clinical

use.27 There are several possible reasons for this lack of order set us-

age. The first may be that the provider did not agree with the recom-

mendations in the order set or chose to ignore them; while 52% of

providers stated that the alert changed their clinical decision mak-

ing, a larger proportion probably should have had their clinical

decision-making changed. There is minimal abuse-specific training

or continuing education for general ED physicians; in a single 2011

study, general practitioners had significantly lower knowledge about

child abuse compared with pediatric ED physicians in virtually every

category evaluated.34 Anecdotally, the general ED physicians at

both sites expressed on multiple occasions that they felt the AAP

guidelines were unnecessary and that they could identify abuse

based on their clinical judgment. Research does not support this,

and is the reason why the AAP developed clinical guidelines.2,31,35

Data from pediatricians suggest that addressing both physician atti-

tudes and cognitive factors are critical to improve compliance with

AAP guidelines.36 It is possible that the infrequent use of the order

set was related to the inability to link the alert directly to the order

set; the Cerner platform in our general EDs does not have this func-

tionality. Finally, the low use of the order set might be related to the

relative rarity with which a given provider received the alert; even

the provider who evaluated the greatest number of children with

suspicious injuries evaluated a total of 14 patients over 16 months,

which is fewer than 1 a month. The low volume of abuse cases for

any given provider supports the use of CA-CDSS because clinical de-

cision support can be particularly helpful for diseases and clinical

situations that are rarely encountered by a provider.37,38 We are

tracking whether continued availability of the CA-CDSS including

the order set and ongoing child abuse–related education will in-

crease order set use and compliance over time.

There are several limitations to this study. Perhaps most impor-

tantly, the study design—a before-and-after design—is not ideal. We

considered multiple designs, but due to limitations of the EHR (eg,

it is not possible to make changes to the EHR in only 1 hospital

within the hospital system, which makes a randomization by hospi-

tal or an offsetting of the go-lives impossible), the lack of another

hospital system with an identical EHR (which would have allowed

randomization by hospitals in different hospital systems) and Insti-

tutional Research Board, ED leadership, and logistical issues related

to a randomized controlled trial, we felt the before-and-after design

was the best option. One of the significant concerns with this design

is that it cannot account for secular trends that could influence the

outcome (compliance) independent of the intervention (the CA-

CDSS). However, given more than 20 years of data that demonstrate

a lack of change in compliance with AAP guidelines despite im-

proved awareness and ongoing provider education, we believe that

it is highly unlikely there would be a secular change during the short

time study period.

There is also a limitation related to the Cerner platform itself—it

was not possible, for example, to link the alert to the order set. Scal-

ability is another limitation given the different EHRs in different

hospital systems; this is a limitation of the approach of using the

EHR, however, rather than a limitation of the CA-CDSS per se.

CONCLUSION

A CA-CDSS, comprising a trigger-based alert system, a physician

alert and an ED physical abuse order set, was embedded in the EHR

in 2 general EDs. Identification of young children with injuries

which met of the clinical scenarios increased 4-fold after the CA-

CDSS was introduced. Compliance with AAP guidelines did not in-

crease during the study period, although use of the physical abuse

order set was strongly associated with compliance. Changes in com-

pliance rates may be much slower in general EDs compared with a

pediatric ED in which the absolute volume of children with suspi-

cious injuries and the relative volume for any given provider is sig-

nificantly higher, which allows for a faster learning curve.
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