
OR I G I N A L R E S E A R C H

Predictive Model Development and Validation of

the Emergency Hester Davis Scale© for Fall Risk

Screening
This article was published in the following Dove Press journal:

Nursing: Research and Reviews

Stella Kientz1

Amy Hester 2

1Regional Accreditation, Regulatory &

Licensing, Kaiser Permanente, Pasadena,

CA, USA; 2Center for Nursing

Excellence, University of Arkansas for

Medical Sciences, Little Rock, AR, USA

Introduction: Falls are among the most serious adverse events in healthcare. Patients

presenting to the emergency department may be at risk for falls due to various conditions.

The ability for clinicians to quickly and accurately determine fall risk is vital to the

implementation of appropriate fall prevention efforts.

Methods: A secondary data analysis was used to construct the initial emergency Hester

Davis Scale (eHDS) fall risk screening model. The model was first retrospectively developed

and then prospectively validated concurrently in an urban academic medical center in the

south-central United States and in a large, urban emergency department (ED) on the west

coast of the United States. The retrospective sample included 152 fallers. The prospective

sample included 13 fallers and a random sample of 216 non-fallers. Statistical analyses

included descriptive statistics, sensitivity, specificity, and receiver operating characteristic

(ROC) curve procedures.

Results: Retrospective analysis of data including 152 ED fallers experiencing anticipated

physiologic events revealed three salient screening variables including mobility, medications,

and behavior. Prospective data included a random sample of 216 non-fallers and 13 fallers

from the two participating hospitals from 110,445 combined ED visits. The derived tool

correctly identified risk in all 13 anticipated physiologic falls. The use and interpretation of

the ROC curve analysis contributed to further evaluation.

Discussion: The eHDS can accurately identify adults at risk for falling in the ED and can be

the first step in preventing falls and subsequent fall-related costs.

Keywords: accidental falls/prevention and control, health risk assessment, emergency room

nursing, emergency departments

Introduction
Background and Objectives
Falls remain one of the most common adverse events in healthcare. In 2017, falls

were the number one cause of fatal and nonfatal injuries in adults 65 years and

older.1,2 Although adults in this age group are at higher risk for falling, any patient

experiencing physiological changes associated with medical conditions, medica-

tions, behavioral or other factors may be at risk for falls. Thirty to fifty percent of

falls in the US result in injury and had estimated costs in 2015 of nearly $50 billion

in persons ≥65 years.3,4

Falls in healthcare, including emergency departments (ED), continue to be of

crucial concern.3,5-7 Inpatient fall rates range from 1.7 to 25 falls per 1000 patient
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days with an overall risk of falling ranging from 1.9% to

3%. Lower rates have been reported in the ED and range

from 0.15 to 0.288 falls per 1000 patient visits.5,8–10

Because falls are such a prevalent issue and are consid-

ered a nurse-sensitive metric of performance by the

American Nurses Credentialing Center Magnet Recognition

Program, the Joint Commission has emphasized the need to

reduce fall-related injuries.7,11–14 In addition, since 2008,

fall-related injuries occurring during care have been classi-

fied as hospital-acquired conditions, and as such, the Centers

for Medicare and Medicaid no longer reimburses providers

or hospitals for treating them.12,13

Three types of falls well documented in the literature

include anticipated physiologic, accidental, and unantici-

pated physiologic falls. Anticipated physiologic falls are

predictable, include those caused by morbidities such as

gait disturbances, and constitute most falls. Accidental

falls, due to slips or trips, and unanticipated physiologic

falls from syncope or seizure, are unpredictable.13–15 In

2015, “intentional falls” was added to this list by the

National Database for Nursing Quality Indicators. By defi-

nition, these events are not truly falls nor are they con-

sidered predictable, but still need to be accounted for.16

Fall injuries can range from minor bruising and other

soft tissue injuries to death.5 Brain injuries and injuries to

the hips, legs and feet are among the most fatal and costly of

fall injuries. These injury types account for 78% of fatalities

and 79% of fall-related costs. Occurring in 33% of nonfatal

falls, fractures account for 61% of nonfatal fall-related

costs.17 Other consequences of falls include loss of mobi-

lity, functional decline, loss of independence, psychological

consequences, social impact, and institutionalization.18–22

While we know falls can result in serious injuries and

even death, little research has focused on fall prediction

in an ED setting.10,23–25 Terrell and colleagues retrospec-

tively tested the inpatient Hendrich II model in an ED.10

In their study, the sensitivity of the Hendrich II model

was 37.5%. Specificity was not reported. Alexander,

Kinsley and Waszinski implemented a fall prevention

program using a prediction model they designed for the

ED called the KINDER 1 fall risk assessment tool.23 The

KINDER 1 correctly identified 73% of fallers during the

implementation program. Specificity of the tool was not

reported. In a study of the MEDFRAT fall prediction tool

developed by Flarity, Pate and Finch, researchers sought

to determine the validity and reliability of this tool.

Interrater reliability was 0.70, reflecting the moderate

agreement of scores among clinicians. Due to technical

difficulties, they were unable to obtain further validity

and reliability from the first study.24,26

Having the ability to predict and prevent falls is of

fundamental clinical relevance. Accurate prediction of

risk is the first step in prevention.27 Without accurate risk

prediction, implementation of fall prevention interventions

is subjective at best, which jeopardizes any standard care

approach for preventing falls and related injuries. With

identified predictive risk characteristics, nurses could

quickly implement prevention interventions.27 Increased

use of such strategies could translate into decreased falls

and fall-related injuries in the emergency department.

The Hester Davis Fall Risk Assessment Scale (HDS) has

been validated to predict fall risk in the hospital.13 Although

the original HDS has been used successfully in the ED, the

characteristics of ED fallers may differ from those in other

hospital units.10,23,24 In addition, the HDS is a comprehensive

risk assessment tool that drives care planning based on iden-

tified risk factors. In the ED setting, a screening tool can

provide more efficient identification of risk that allows for fall

prevention safety bundles to be utilized. Therefore, the pur-

pose of this study was to validate a derivative of the HDS, the

emergency Hester Davis Scale (eHDS), which could poten-

tially provide a more efficient tool for predicting anticipated

physiologic falls occurring in the ED.

Methods
Source of Data, Participants and Sampling
This study included retrospective development and pro-

spective validation of the eHDS. The setting was an

academic medical center in the south-central US and

a large metropolitan hospital system in southern

California. Both sites include Level 1 trauma centers.

The retrospective analysis sample was adult ED patients

aged 18 and older treated at the study sites who had

a documented fall while being treated in the ED between

August 2014 and September 2015. The prospective sam-

ple included all patients treated in the ED at both the

south-central site and a large, urban Level 1 Trauma

Center in Los Angeles during the 10 months from

April 2016 to January 2017. All fallers and a random

sample of non-fallers were included. Randomization was

performed by using every third admission to the ED

based on admitting records for the study sites.

A secondary data analysis strategy was used to measure

sensitivity and develop the model by retrospective analysis

of adult falls in the ED. Once the model was retrospectively
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validated, we prospectively validated it at the two study

sites described above. All data used for analysis were

aggregated and deidentified, so no personal health informa-

tion was utilized. Approval was obtained from the Kaiser

Permanente Southern California institutional review board

(protocol #10986) before beginning the study. In addition,

an academic conflict of interest committee based at the

University of Arkansas for Medical Sciences monitored

the study under a management plan to protect against com-

mercial bias in the conduction and reporting of the study.

Lists of patients who had fallen were retrieved. All

adults who fell during their ED visit were considered for

inclusion. Patients falling more than once were referred to

as “repeat fallers.” Only the first fall of each faller was

used for analysis in order to maintain the independence of

the observations. This is consistent with previous studies

evaluating risk factors associated with predicting falls in

the hospital.14,28,29

Outcome and Predictor Variables
The outcome variable, falls, was operationally defined as

an unplanned descent to the floor with or without injury.30

To ensure data accuracy regarding type of fall, the

researchers examined all incident reports (reports of falls

occurring in the ED) and medical records. Once all falls

were confirmed, the researchers performed a review of

each event to determine the type of fall each patient

experienced. Only anticipated physiologic falls, consid-

ered predictable, were included for modeling. Specific

patient variables of interest for inclusion in the retrospec-

tive model validation included: age, fall history, mobility,

medications, cognitive impairment, toileting needs,

volume/electrolyte issues, communication/sensory issues,

and behavioral issues. The content and construct validity

of these variables had already been established through

psychometric validation of the HDS.13 All these variables

were included at the request of frontline ED nursing staff

who were familiar with the original HDS model.

Missing Data and Statistical Analysis

Methods
For the prospective validation, emergency nurses were

trained to use the instrument during the triage process before

it was deployed into patient care via the Epic electronic

medical record (2019 Epic Systems Corporation, Verona,

WI). Compliance in completing the tool accurately was

monitored during the study period at both participating

institutions. All patients receiving triage at the study sites

were screened for falls using the new tool. Standard reporting

tools from Epic were utilized to collect data from the medical

records. Cases with missing data were excluded from the

prospective analysis. Sensitivity and specificity were mea-

sured, and the ROC procedure was used to measure the Area

Under the Curve (AUC) for the eHDS. All statistical analyses

were completed using SPSS v25 (SPSS Predictive Analytics,

2017, IBM Corporation, Armonk, NY).

Results
Data from 152 first time fallers in the study sites from

August 2014 to September 2015 were included in

a secondary data analysis to begin the development of

the tool with an aim of reducing the pool of variables to

only those necessary for accurate prediction. Our goal was

to develop a screening tool for initial use in the triage

setting that would provide quick, easy, and accurate pre-

diction of fall risk. Data were obtained from both the study

site’s variance reporting systems. The data source allowed

for the collection of the demographic age but did not

include information on patient gender. Ages of the

152 first time fallers ranged from 19 years to 98 years

with a mean age of subjects being 65.5 years.

The presence of the nine predictor variables described

above was determined for each of the fallers. Age was

transformed into a categorical variable for analysis.

Sensitivity of each variable was evaluated using frequency

analysis. Findings from the frequency analysis of predictor

variables for the retrospective model validation are pre-

sented in Table 1. Combinations of variables were manually

evaluated to determine which combination of the fewest

number of variables would yield the highest percent sensi-

tivity. This analysis revealed three variables of significance

in predicting anticipated physiologic falls in the ED setting.

These variables included mobility, medications, and beha-

vior. Using only these three variables to predict fall risk in

the 152 first time fallers yielded a sensitivity of 93.4%.

Because including any of the other variables (age, fall his-

tory, cognitive impairment, toileting needs, volume/electro-

lyte issues and communication/sensory issues) did not

improve the sensitivity, these variables were excluded from

the model implemented in the prospective evaluation. The

remaining three variables were operationalized into a fall

risk screening tool for use by nurses in the ED within the

electronic health record as illustrated in Figure 1. Nurses

screened the patient as a positive fall risk if they identified
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any issues with either mobility, medications, or behavior

during the triage process.

ED visits to the study sites during the ten-month pro-

spective study included 110,445 combined visits. A total of

19 patients (1.6%) experienced falls during the study period.

Of these, 13 patients had an anticipated physiologic fall.

Figure 2 presents the flow diagram of the categorization of

patient falls for inclusion in the final analysis. Seven patients

were female (54%) and six were male (46%). The average

age of fallers was 52.1 years (range 19–100 years). This is

consistent with the average age of fallers in other studies.31

The fall rate during the study period was 0.118 falls per 1000

patient visits. There was no missing data for fallers. Twenty

non-faller cases were excluded for missing data.

Prospective Model Performance and

Updating
Initial sensitivity of the eHDS that included all three vari-

ables derived from the secondary analysis was 100%.

Initial specificity, obtained from a random sample of 216

non-fallers, was 41%. In a review of the factors, it was

determined that medications were always scored together

with either mobility or behavior, but never as a single

predictor. Therefore, the category of medications was

removed from the model leaving two predictor variables

as illustrated in Figure 3. Removing medications from the

model did not affect sensitivity and increased specificity to

68%. Interrater reliability was established by having the

tool developer present three case studies to 20 staff nurses.

Two cases were patients with fall risk, and one case study

was a patient without fall risk. The interrater reliability of

the final model was 90%. The ROC analysis of the final

Table 1 Frequency Analysis of Predictor Variables for the

Retrospective Model Validation

Cases

Present (n)

Missing

Data (n)

Sensitivity

(%)

Age 152 0

0–19 years 3 N/A 2

20–40 years 16 N/A 10.5

41–60 years 35 N/A 23

>60 years 98 N/A 64.5

Fall History 51 0 33.6

Mobility 102 0 67.1

Medications 97 2 64.7

Cognitive Impairment 50 0 32.9

Toileting Needs 33 1 21.9

Volume/Electrolyte Issues 37 0 24.3

Communication/Sensory

Issues

55 0 36.2

Behavioral Issues 75 3 50.3

Abbreviation: N/A, not applicable.

eHDS©

Mobility

Medications

Behavior

ED HDS Fall Risk

Figure 1 Fall risk screening tool used for prospective validation.

Total falls 
19 

Excluded 4 
accidental falls 

Excluded 2 unanticipated 
physiologic falls 

Included 13 anticipated 
physiologic falls 

Identified as at-risk 
by eHDS 13 

Identified as not at-
risk by eHDS 0 

Figure 2 Flow diagram of categorization of patient falls for inclusion in the final analysis.
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model yielded an AUC of 0.84. Figure 4 presents the

output of this analysis. AUC scores range from 0.5 to 1,

with 0.5 representing no discriminate ability and 1 repre-

senting a perfect test.13 The output in Figure 4 deviates

from a typical curve as the analysis was performed on

a screening tool with a positive/negative result versus

a range of possible cut scores and is considered a convex

curve with good separation between classes of fallers and

non-fallers.32

Discussion
Interpretation
The eHDS correctly identified risk status in all 13 patients

who fell during the study period (sensitivity 100%). In

a random sample of 216 non-fallers, 69 were identified as

at risk (specificity 68%). The sensitivity compares favor-

ably with studies completed by both Terrell and colleagues

and Alexander and colleagues (Table 2).10,23 Neither of

these studies reported specificity and Scott and colleagues

reported neither sensitivity nor specificity.10,23,24 An inter-

rater reliability of 0.90, a high level of agreement among

raters, and an AUC of 0.84 indicate the eHDS is an accurate

fall prediction tool for adult patients in the ED.33,34

To purely test an instrument, we would make

a prediction using the instrument and simply follow the

patient’s outcome. However, this is not viewed as an

ethical approach when we know that there are ways to

prevent what we predict. This is a known treatment para-

dox of falls research.13 Therefore, we implemented a fall

prevention bundle for any patient screened to be at risk by

the eHDS. It is also important to keep in context that each

fall prediction tool is simply a compass to guide the nurse

to know which patients are at risk. Actual fall prevention

is achieved through care planning and implementation of

fall prevention interventions. However, the low rate of

falls in the study site EDs (0.118 per 1000 patient visits)

in this study, compared with 0.228 to 0.57 per 1000 patient

visits in the EDs in other studies, suggests the fall preven-

tion interventions implemented may have prevented falls

that would otherwise have occurred, and thus the tool may

have a higher specificity than findings would

indicate.10,23,24 It is also possible that this new process

changed usual practice in a way that heightened nurses’

awareness of risk and subsequent implementation of fall

prevention bundles that were not previously happening in

any reliable way. In addition, there may have been envir-

onmental design or other factors that contributed to this

performance.

This screening was an additional workflow for the

study sites during the triage process. We are currently

investigating whether surrogate markers from other assess-

ments could be used. The only barrier to implementation

eHDS©

Mobility

Behavior

ED HDS Fall Risk

Figure 3 Final fall risk tool after prospective data evaluation.
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Figure 4 Receiver operating characteristic curve for the emergency Hester Davis

Scale.

Table 2 Comparison of Sensitivity and Specificity Among

Hendrich II, Kinder 1, and Emergency Hester Davis Scale

Hendrich

II

KINDER

1

Emergency Hester

Davis Scale

Sensitivity 37.5% 73% 100%

Specificity n.d.* n.d.* 68%

Note: *No data available.
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we experienced was getting sequenced into the existing

build timelines of the local IT departments, which took

some time. Nurses must be careful to interpret our results

here to avoid overconfidence in the tool as ongoing eva-

luation is recommended.

Limitations
The study was conducted in a large urban and an academic

university hospital, both Level 1 trauma centers, so find-

ings may not be generalizable to smaller, rural hospital

EDs. Ongoing study of the predictive accuracy of the

eHDS should include smaller hospitals and neutral third-

party testing as the content developed during this study is

now proprietary and used by a commercial entity.

Instrument evaluation is an ongoing process. In addition,

we did not match cases between fallers and non-fallers.

Blinding was not used in this study and is not typical in

this type of falls research as it does not contribute to the

research design.13 It is very possible that falls occurred

during the study timeframe that were not reported by

nursing staff. Although we acknowledge that the sensitiv-

ity may not remain perfect over time, evidence from the

two years since initial validation and subsequent use in 65

EDs across the United States indicates the eHDS will

perform well in EDs of various sizes and locations.

Further, independent evaluation in these sites is

encouraged.

Implications for Nurses
The ED is a busy, fast-paced environment and emergency

nurses need a precise, short, reliable, and accurate screen-

ing tool with which to perform fall risk determination. The

eHDS can be quickly completed and accurately identifies

adult patients at risk for falls in the ED. Accurate predic-

tion is the primary step in decreasing falls.

Conclusions
Findings from this study provide strong evidence that the

eHDS is accurate in identifying patients in the ED who are

at risk for falls. The specificity of the eHDS should be inter-

preted with caution, as interventions to prevent falls were in

place during the study period which can falsely lower results

reported here. The eHDS is the first known ED fall risk

screening tool to undergo both retrospective validation and

full prospective psychometric evaluation in amultisite study. It

is a valid and reliable tool suitable for use in clinical

practice.33,34 An accurate tool that is easy to use in the clinical

setting is vital to providing safe and effective care and decreas-

ing the incidence of patient falls in the ED.
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