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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.'” 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.>**

Falls in healthcare, including emergency departments (ED), continue to be of
crucial concern.’”” 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.>*'°

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 injuriesj’”*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.'*"?

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."*™'> 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."®

Fall injuries can range from minor bruising and other
soft tissue injuries to death.” 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.!” Other consequences of falls include loss of mobi-
lity, functional decline, loss of independence, psychological
consequences, social impact, and institutionalization.'® 2

While we know falls can result in serious injuries and
even death, little research has focused on fall prediction
in an ED setting.'*?*° Terrell and colleagues retrospec-
tively tested the inpatient Hendrich II model in an ED."°
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.”* 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.***°

Having the ability to predict and prevent falls is of
fundamental clinical relevance. Accurate prediction of
risk is the first step in prevention.”” 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.?’ 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."> Although
the original HDS has been used successfully in the ED, the
characteristics of ED fallers may differ from those in other
hospital units.'®**** 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.'**%2°

Outcome and Predictor Variables

The outcome variable, falls, was operationally defined as
an unplanned descent to the floor with or without injury.*
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."* 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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Table | Frequency Analysis of Predictor Variables for the
Retrospective Model Validation

Cases Missing Sensitivity

Present (n) | Data (n) (%)
Age 152 0
0-19 years 3 N/A 2
2040 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 0 329
Toileting Needs 33 | 21.9
Volume/Electrolyte Issues | 37 0 243
Communication/Sensory 55 0 36.2
Issues
Behavioral Issues 75 3 50.3

Abbreviation: N/A, not applicable.

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.’’
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

eHDS©

Mobility

Medications

Behavior

ED HDS Fall Risk

Figure | Fall risk screening tool used for prospective validation.

19

Total falls

Excluded 4

accidental falls physiologic falls

Excluded 2 unanticipated

Included 13 anticipated
physiologic falls

Identified as not at-
risk by eHDS 0

Identified as at-risk
by eHDS 13

Figure 2 Flow diagram of categorization of patient falls for inclusion in the final analysis.
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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.

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.'* 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.*?

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).'%* Neither of
these studies reported specificity and Scott and colleagues

reported neither sensitivity nor specificity.'®**** 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.**-**

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.'® 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
than
indicate.'®**** It is also possible that this new process

have a higher specificity findings would
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

Table 2 Comparison of Sensitivity and Specificity Among
Hendrich Il, Kinder I, and Emergency Hester Davis Scale

Hendrich | KINDER | 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.'® 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,
encouraged.

independent evaluation in these sites is

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 a multisite study. It
is a valid and reliable tool suitable for use in clinical

33,34

practice. 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.

Disclosure

Dr Amy Hester reports Founder, equity holder from HD
Nursing, LLC, Travel Support from Vizient Speakers
Medical
Consulting, grants from Health InnovatAR, grants from
HealthTech Arkansas, outside the submitted work. In addi-
tion, Dr Amy Hester has a patent HD Falls Program with

Bureau, personal fees from Hester Legal

royalties paid to HD Nursing. The authors report no other
conflicts of interest in this work.

References

—_

. Bergen G. Falls and fall injuries among adults aged >65 Years—
United States, 2014. Morb Mortal Wikly Rep. 2016;65(37).
doi:10.15585/mmwr.mm6537a2

2. Fillo KT. Serious Reportable Events in 2017: Acute Care Hospitals,
Non-Acute Care Hospitals and Ambulatory Surgical Centers. Bureau of
Health Care Safety and Quality, Clinical Quality Improvement; 2018.

. Joint Commission. Preventing falls and fall-related injuries in health
care facilities. Sentinel Event Alert. 2015;55:1-5.

4. Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake C.
Medical costs of fatal and nonfatal falls in older adults. J Am Geriatr
Soc. 2018;66(4):693-698. doi:10.1111/jgs.15304

. Currie L. Advances in patient safety: fall and injury prevention. In:
Hughes RG, editor. Patient Safety and Quality: An Evidence-Based
Handbook for Nurses. Rockville (MD): Agency for Healthcare
Research and Quality (US); 2008.

. Morse JM. Enhancing the safety of hospitalization by reducing
patient falls. Am J Infect Control. 2002;30(6):376-380. doi:10.1067/
mic.2002.125808

. Perell KL, Nelson A, Goldman RL, Luther SL, Pricto-Lewis N,
Rubenstein LZ. Fall risk assessment measures: an analytic review.
J Gerontol A Biol Sci Med Sci. 2001;56(12):M761-6. doi:10.1093/
gerona/56.12.m761

. Bouldin ELD, Andresen EM, Dunton NE, et al. Falls among adult
patients hospitalized in the United States: prevalence and trends.
J Patient Saf. 2013;9(1):13—17. doi:10.1097/PTS.0b013e3182699b64

. Halfon P, Eggli Y, Van Melle G, Vagnair A. Risk of falls for hospi-
talized patients: a predictive model based on routinely available data.
J Clin Epidemiol. 2001;54(12):1258-1266. doi:10.1016/s0895-
4356(01)00406-1

10. Terrell KM, Weaver CS, Giles BK, Ross MJ. ED patient falls and
resulting injuries. J Emerg Nurs. 2009;35(2):89-92. doi:10.1016/].
jen.2008.01.004

. American Nurses Credentialing C, American Nurses Credentialing C,
Magnet Recognition Program. 2014 Magnet Application Manual,
2013.

12. Hart J, Chen J, Rashidee A, Kumar S. Epidemiology and impact of
patient falls in healthcare facilities. Patient Saf Qual Healthc.
2009;12-14.

13. Hester AL, Davis DM. Validation of the Hester Davis Scale for fall
risk assessment in a neurosciences population. J Neurosci Nurs.
2013;45(5):298-305. doi:10.1097/JNN.0b013e31829d8b44

14. Morse JM. Preventing Patient Falls. Thousand Oaks, Calif.: Sage
Publications; 1997.

. Rutledge D, Donaldson N, Pravikoff D. Fall risk assessment and
prevention in healthcare facilities. Online J Clin Innov. 1998;1
(9):1Y33.

(95)

W

[=))

~

o]

O

1

—_

1

W

6 submit your manuscript

Dove

Nursing: Research and Reviews 2020:10


https://doi.org/10.15585/mmwr.mm6537a2
https://doi.org/10.1111/jgs.15304
https://doi.org/10.1067/mic.2002.125808
https://doi.org/10.1067/mic.2002.125808
https://doi.org/10.1093/gerona/56.12.m761
https://doi.org/10.1093/gerona/56.12.m761
https://doi.org/10.1097/PTS.0b013e3182699b64
https://doi.org/10.1016/s0895-4356(01)00406-1
https://doi.org/10.1016/s0895-4356(01)00406-1
https://doi.org/10.1016/j.jen.2008.01.004
https://doi.org/10.1016/j.jen.2008.01.004
https://doi.org/10.1097/JNN.0b013e31829d8b44
http://www.dovepress.com
http://www.dovepress.com

Dove

Kientz and Hester

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

Staggs VS, Davidson J, Dunton N, Crosser B. Challenges in defining
and categorizing falls on diverse unit types: lessons from expansion
of the NDNQI falls indicator. J Nurs Care Qual. 2015;30
(2):106-112. doi:10.1097/NCQ.0000000000000085

Stevens JA, Corso PS, Finkelstein EA, Miller TR. The costs of fatal
and non-fatal falls among older adults. /nj Prev. 2006;12(5):290-295.
doi:10.1136/ip.2005.011015

Alexander BH, Rivara FP, Wolf ME. The cost and frequency of
hospitalization for fall-related injuries in older adults. Am J Public
Health. 1992;82(7):1020-1023. doi:10.2105/ajph.82.7.1020

Lee A, Mills PD, Watts BV. Using root cause analysis to reduce falls
with injury in the psychiatric unit. Gen Hosp Psychiatry. 2012;34
(3):304-311. doi:10.1016/j.genhosppsych.2011.12.007

Sterling DA, O’Connor JA, Bonadies J. Geriatric falls: injury severity
is high and disproportionate to mechanism. J Trauma. 2001;50
(1):116-119. doi:10.1097/00005373-200101000-00021

. Stevens JA. Falls among older adults: public health impact and

prevention strategies. Generations. 2003;26(4):7-14.

Vellas BJ, Wayne SJ, Romero LJ, Baumgartner RN, Garry PJ. Fear of
falling and restriction of mobility in elderly fallers. Age Ageing.
1997;26(3):189-193. doi:10.1093/ageing/26.3.189

Alexander D, Kinsley TL, Waszinski C. Journey to a safe environment:
fall prevention in an emergency department at a level I trauma center.
J Emerg Nurs. 2013;39(4):346-352. doi:10.1016/j.jen.2012.11.003
Scott RA, Oman KS, Flarity K, Comer JL. Above, beyond, and over
the side rails: evaluating the new Memorial Emergency Department
Fall-Risk-Assessment Tool. J Emerg Nurs. 2018;44(5):483-490.
doi:10.1016/j.jen.2018.01.007

Stoeckle A, Iseler JI, Havey R, Aebersold C. Catching quality before
it falls: preventing falls and injuries in the adult emergency
department. J Emerg Nurs. 2018. doi:10.1016/j.jen.2018.08.001

Nursing: Research and Reviews

Publish your work in this journal

Nursing: Research and Reviews is an international, peer-reviewed,
open access journal publishing original research, reports, reviews
and commentaries on all aspects of nursing and patient care. These
include patient education and counseling, ethics, management and
organizational issues, diagnostics and prescribing, health outcomes,

26.

27.

28.

29.

30.

3

—

32.

33.

34.

Flarity K, Pate T, Finch H. Development and implementation of the
Memorial Emergency Department Fall Risk Assessment Tool. Adv
Emerg Nurs J. 2013;35(1):57-66. doi:10.1097/TME.0b013e318
27c6a54

Tinetti ME. Factors associated with serious injury during falls by
ambulatory nursing home residents. J Am Geriatr Soc. 1987;35
(7):644-648. doi:10.1111/j.1532-5415.1987.tb04341.x

Fischer ID, Krauss MJ, Dunagan WC, et al. Patterns and predictors of
inpatient falls and fall-related injuries in a large academic hospital. Infect
Control Hosp Epidemiol. 2005;26(10):822-827. doi:10.1086/502500
Krauss MJ, Nguyen SL, Dunagan WC, et al. Circumstances of patient
falls and injuries in 9 hospitals in a midwestern healthcare system. Infect
Control Hosp Epidemiol. 2007;28(5):544-550. doi:10.1086/513725
Ganz DA, Hunag C, Saliba D, et al. Preventing Falls in Hospitals:
A Toolkit for Improving Quality of Care. Rockville, MD: Prepared by
RAND Corporation, Boston University School of Public Health, and
ECRI Institute under Contract No. HHSA2902010000171 TO #1;
2013.

. Hester AL, Tsai PF, Rettiganti M, Mitchell A. Predicting injurious

falls in the hospital setting: implications for practice. Am J Nurs.
2016;116(9):24-31. doi:10.1097/01.NAJ.0000494688.10004.85
Flack PA The many faces of ROC analysis in machine learning.
University of Bristol: Bristol, UK; 2004. Available from: www.cs.
bris.ac.uk/~flach/. Accessed October 23, 2019.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22(3):276-282. doi:10.11613/BM.2012.031

Park SH, Goo JM, Jo CH. Receiver operating characteristic (ROC)
curve: practical review for radiologists. Korean J Radiol. 2004;5
(1):11-18. doi:10.3348/kjr.2004.5.1.11

Dove

economics and resource management, improving patient safety in all
settings. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published
authors.

Submit your manuscript here: http://www.dovepress.com/nursing-research-and-reviews-journal

Nursing: Research and Reviews 2020:10

submit your manuscript

Dove


https://doi.org/10.1097/NCQ.0000000000000085
https://doi.org/10.1136/ip.2005.011015
https://doi.org/10.2105/ajph.82.7.1020
https://doi.org/10.1016/j.genhosppsych.2011.12.007
https://doi.org/10.1097/00005373-200101000-00021
https://doi.org/10.1093/ageing/26.3.189
https://doi.org/10.1016/j.jen.2012.11.003
https://doi.org/10.1016/j.jen.2018.01.007
https://doi.org/10.1016/j.jen.2018.08.001
https://doi.org/10.1097/TME.0b013e31827c6a54
https://doi.org/10.1097/TME.0b013e31827c6a54
https://doi.org/10.1111/j.1532-5415.1987.tb04341.x
https://doi.org/10.1086/502500
https://doi.org/10.1086/513725
https://doi.org/10.1097/01.NAJ.0000494688.10004.85
http://www.cs.bris.ac.uk/~flach/
http://www.cs.bris.ac.uk/~flach/
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.3348/kjr.2004.5.1.11
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

