
Using the Hendrich II Inpatient Fall Risk Screen to Predict 
Outpatient Falls after ED Visits

Brian W. Patterson, MD MPH1,2, Michael D. Repplinger, MD PhD1,3, Michael S. Pulia, MD 
MS1, Robert J. Batt, PhD MBA MEM1,8, James E. Svenson, MD MS1, Alex Trinh, BS1, Eneida 
A. Mendonça, MD PhD4, Maureen A. Smith, MD PhD2,5,6, Azita G. Hamedani, MD, MPH, 
MBA1, and Manish N. Shah, MD MPH1,5,7

1BerbeeWalsh Department of Emergency Medicine, University of Wisconsin School of Medicine 
and Public Health

2Health Innovation Program, University of Wisconsin – Madison

3Department of Radiology, University of Wisconsin School of Medicine and Public Health

4Department of Biostatistics and Medical Informatics and Department of Pediatrics University of 
Wisconsin School of Medicine and Public Health

5Departments of Population Health Sciences, University of Wisconsin School of Medicine and 
Public Health

6Department of Family Medicine, University of Wisconsin School of Medicine and Public Health

7Department of Medicine, Division of Geriatrics, University of Wisconsin School of Medicine and 
Public Health

8Wisconsin School of Business, University of Wisconsin-Madison

Abstract

Setting—Academic medical center ED.

Design—Retrospective electronic record review.

Participants—Individuals aged 65 and older seen from 1/1/2013– 9/30/2015

Measurements—We evaluated the utility of routinely collected Hendrich II fall risk scores in 

predicting ED visits for a fall within 6 months of an all-cause index ED visit.
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Results—Among in-network patient visits resulting in discharge with a completed Hendrich II 

score (N = 4366), the return rate for fall within 6 months was 8.3%. The area under the ROC curve 

(AUC) when using the score to predict return visits for falls was 0.64. In a univariate model, the 

OR for returning with a fall in 6 months was 1.23 (95%CI 1.19–1.28) for a one point increase in 

Hendrich II score. When included in a model with other potential confounders or predictors of fall, 

the Hendrich II score remains a significant predictor of return visit for fall (aOR 1.15, 95%CI 

1.10–1.20). The area under the ROC curve (AUC) for this model was 0.75.

Conclusion—Routinely collected Hendrich II scores demonstrated correlation with outpatient 

falls, but would likely have little utility as a stand-alone fall risk screen. When combined with 

easily extractable covariates, the screen performs much better. These results highlight the potential 

for secondary use of EHR data for risk stratification of ED patients. Using data already routinely 

collected, patients at high risk of falls after discharge could be identified for referral without 

requiring additional screening resources to be employed.
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Introduction

Falls among older adults are a major public health concern, with significant morbidity and 

mortality. Despite guidelines1 and quality measures,2 screening for fall risk remains 

inconsistent in the primary care setting.3,4 The Emergency Department (ED), where patients 

are generally at higher risk of outpatient falls than the general population,5–7 offers an ideal 

additional site to identify high risk patients. While multi-specialty guidelines recommend 

screening for fall risk in the ED,1,8 guideline adherence to falls screening is generally 

inadequate in ED settings.9 Interventions to screen ED patients prior to discharge for risk of 

outpatient falls have not been widely implemented and are an identified research priority 

within the field of geriatric emergency medicine.10,11

ED-based screening tests have been advocated, and in many cases implemented through 

regulatory requirements, for many other conditions such as alcohol abuse,12 domestic 

violence,13 suicide risk,14 and low literacy.15 Given the competing demands to deliver acute 

illness care, there is little enthusiasm from providers for adding additional screening for non-

emergent conditions to the ED workflow.10 Furthermore, despite previous efforts at 

improving ED-based fall prevention, no existing interventions satisfy the need for a scalable, 

adaptable, and measurable model suitable for wide dissemination and implementation.16

Many ED patients, however, are screened for inpatient falls, due to the financial penalties on 

hospitals with high inpatient fall rates.17,18 Numerous screens exist for inpatient fall risk 

including the Hendrich II instrument,19 which includes several questions similar to those 

used in validated outpatient fall screens. Although widely implemented,17 to our knowledge, 

this instrument has not been studied with regard to its ability to predict outpatient falls after 

an ED visit.6
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The objective of this study was to evaluate the utility of routinely collected Hendrich II fall 

scores in predicting returns to the ED for falls within 6 months. We hypothesized that the 

Hendrich II instrument would have predictive utility in screening for outpatient fall risk.

Methods

Study Design and Setting

We performed a retrospective observational study using patient Electronic Health Record 

(EHR) data at a single academic medical center ED with level 1 trauma center accreditation 

and approximately 60,000 patient visits per year. The study was designed in accordance with 

the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) 

statement and was IRB-approved.20 Our outcome of interest was a fall visit to the ED within 

6 months of an index visit. We chose ED visits for fall (as opposed to any fall) both due to 

data availability and the relevance of an ED-specific fall outcome to those considering 

implementing screeing in the ED.

Population

Subjects were included in the study if they presented to the University of Wisconsin-

University Hospital ED, were discharged, and were aged 65 years or older (the 

recommended age at which the CDC recommends routine, outpatient fall risk screening).21 

We limited our analysis to discharged patients who had a PCP in our health system, 

minimizing the effect of the inpatient stay and maximizing the quality of collected 

comorbidity data and probability that subjects would return to our ED for care. Data were 

collected from 1/1/2013– 9/30/2015, during which time all patient visits were coded using 

ICD-9 codes.

Measurements

At all ED visits during the study time period, nurses completed a triage screening process. 

This consisted of an electronic flowsheet including the Hendrich II instrument 

(Supplementary Table S1). Nurses were instructed to fill out this flowsheet for all patients, 

but the EHR system did not include a “hard stop” forcing completion. The Hendrich II Score 

as implemented includes questions regarding confusion/disorientation/impulsiveness, 

depression, altered elimination, dizziness, gender, administration of high risk medications, 

and a “rising from chair” test.. As this was a retrospective study, no intervention or education 

surrounding fall risk was provided to the nursing staff. After all elements of the Hendrich II 

Score are entered, the flowsheet calculates the total score and flags a patient as high risk for 

inpatient fall if the score is greater than 4. All elements of the score were extracted from the 

EHR for analysis.

Based on our prior work,22 we defined fall visits as those in which patients presented with a 

chief complaint indicating a fall, or had a mechanism of injury code which specifically 

indicated a fall mechanism. In addition to the Hendrich II Scores and our fall outcome, we 

extracted patient demographics (age, gender, race/ethnicity, and insurance status) and factors 

affecting mode of presentation to the ED (arrival mode and Emergency Severity Index (ESI) 

triage category). The ESI is a widely-used triage system for ED patients, which categorizes 
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patients into five levels, from 1 for the most acute to 5 for the least acute, and has been 

validated for use in the geriatric population.23 We also report the Center for Medicare and 

Medicaid Services’ hierarchical condition categories (HCC) scores, which are used for 

baseline risk adjustment.24

Data Analysis

Data were extracted from the EHR and analyzed using Stata® 13.1 (StataCorp, College 

Station, TX). In the main analysis, we excluded all visits in which any component of the 

Hendrich II score was missing. We estimated two logistic regression models to evaluate the 

association between Hendrich II score assigned at an index visit and return for fall within 6 

months. The first model evaluated the Hendrich II score alone, and the second included other 

variables preselected based on the potential for additional predictive value or confounding. 

These variables were age, gender, insurance status, mode of arrival, triage ESI acuity score, 

HCC score, and presence of Fall at the index visit. Both of these models were created 

censoring cases with missing Hendrich II data.

After completing our primary analysis, for robustness, we recreated the above logistic 

models using a multiple imputation approach which uses the full dataset and imputes values 

for observations missing data. We used STATA25 to perform a chained equation multiple 

imputation model. We created 10 imputed datasets using predictive mean matching with five 

nearest neighbors to generate Hendrich II scores based on the above control variables. After 

creation of imputed datasets, logistic regression was performed on each imputed dataset and 

results were generated by averaging over the estimated results.

To test for selection bias, we investigated the association between missing scores at index 

visit and returns for fall within 6 months. Here we again created two logistic regression 

models: one including only presence of a score at an index visit, and one controlling for the 

same list of potential confounders used in the main result analysis as above.

RESULTS

We had 21,322 visits to the ED during the study period, of which 6,595 were both 

discharged and had a PCP in our network, making up our study population (Figure 2). 

Among all patient visits with an in-network PCP presenting to the ED (both admitted and 

discharged, N = 13,062), 15.7 percent were fall related. Among this group of fall patients, 

37.5% had been seen in the ED within the prior 6 months. Among discharged patients who 

had a PCP, 4,366 (66.2%) had a Hendrich II Score completely recorded (Table 1). Patients 

were predominant older, female, and white, with Medicare insurance and two-thirds had an 

ESI acuity score of 3. Among visits with a completed Hendrich II Score (N = 4366), the 

return rate for fall within 6 months was 8.3%.

Among visits with a completed Hendrich II score, the area under the ROC curve (AUC) for 

Hendrich II score as a predictor of return visit for fall was was 0.64 (Figure in 

Supplementary Figure S2). Table 2 shows test characteristics among the study population 

based on various cutoffs of the Hendrich II score. In a univariate model, each additional 

point on the Hendrich II score had an OR of 1.23(95%CI 1.19–1.28) on returning for a fall 
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within 6 months. When included in a model with other potential confounders or predictors 

of fall, the Hendrich II score remains a significant predictor of return visit for fall (aOR 1.15, 

95%CI 1.10–1.20). This more inclusive model had more predictive value for falls, with an 

AUC of 0.75 (Supplementary Figure S2). Please see Supplementary Table S3 for full 

regression results from the main analysis.

Among discharged patients who had a PCP, 4,366 (33.8%) had at least one element of the 

Hendrich II Score missing and were excluded from analysis. Among those visits with a 

missing Hendrich II Score, the “rising from chair” variable was left unfilled in 90.5% of 

cases, with rates of missingness for other variables ranging from 46–51%. The score sheet 

was completely unfilled in 15% of cases. Supplementary Table S1 lists individual score 

elements including missing variables for all patients. Results of regression in the multiple 

imputation models were similar overall to those in the censored regression model, with AUC 

for the Hendrich II score alone of 0.62, and for the Hendrich II Model along with covariates 

of 0.74. Supplementary Table S3 presents the full results of this analysis.

We also investigated whether the presence of missing values themselves had an effect on 

return visits for fall. In a univariate logistic regression model, the presence of a complete 

Hendrich II Score was associated with a lower rate of return for falls (OR 0.66, 95%CI 0.55–

0.75). When included in a model along with potential confounders, however, there was no 

significant effect on return rates (aOR 0.96, 95%CI 0.8–1.15). For full regression results of 

the missing value analysis, please see Supplementary Table S4.

DISCUSSION

We performed an analysis of the Hendrich II, an existing, widely adopted inpatient fall 

screening instrument, to evaluate its usefulness in screening for outpatient fall risk. We 

showed that increasing scores on the Hendrich II instrument have a strong association with 

future visits for fall. Unfortunately, given the sensitivity and specificity at each score cutoff, 

it is likely insufficient as a standalone instrument for risk stratifying ED patients for fall risk 

beyond their hospital stay. When combined with other variables easily extracted from the 

EHR, however, we demonstrated improved prediction for falls, with an AUC of 0.75. This 

result suggests promise for risk stratifying adults for outpatient falls without adding to 

existing ED workflows using routinely collected EHR data.

Our approach of repurposing the Hendrich II instrument for outpatient falls has several 

advantages when compared to improving or creating a new standalone risk screening 

instrument. It is already widely used to screen for fall risk within hospitals and the data are 

already collected, meaning that there is no additional time or resource cost incurred using 

the results when examining outpatient fall risk. A gap currently exists between fall screening 

guidelines and interventions which are suitable for widespread adoption;16 automating the 

screening process has the potential to address numerous potential barriers to implementation 

by reducing cost in terms of resources, time, and behavioral change.26

There are some disadvantages to implementing the Hendrich II score in the ED setting. 

Specifically, the rising from chair test may not be feasible for all patients in all ED’s. 
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Alternative instruments have been reported: Carpenter et al. developed a screen of 4 

independent factors, reporting a 4% probability of falling in their lowest risk group and 42% 

among the highest,5 and Tiedemann et al. developed and externally validated a screening 

instrument with an AUC of 0.70.7 Both of these instruments require additional staff time for 

in-person screeining implementation.

Regardless of which instrument is used, the need for falls screening and intervention is clear: 

Nearly 15% of our ED visits among patients age 65 and older were fall related, highlighting 

the significant burden of disease for falls. 37.5% of patients with ED visits for falls in our 

study population had been seen in our ED within the previous 6 months, suggesting that the 

ED is an ideal site to capture high risk patients and intervene to modify risk.

Improved fall screening can only modify fall risk when coupled with an effective 

intervention for patients at risk, and both screening and lack of effective interventions have 

been implicated as barriers to improved ED based fall care.27 Multidisciplinary fall 

interevntions have been proven to reduce risk of falls in some settings: the Prevention of 

Falls in the Elderly (PROFET) trial enrolled ED patients after an initial fall, and 

demonstrated that ED based referral for multidisciplinary fall prevention programs reduced 

future fall rates.28

Our study has several limitations. The single site design may limit the generalizeability of 

our results. We know that falls are underreported by older adults,3 and likely the true burden 

of falls is higher than that captured by our outcome of ED visits for fall. However, we have 

no reason to believe that falls are differentially reported based on a screening score, thus this 

effect is unlikely to significantly alter our findings. Given our secondary use of a clinically 

obtained dataset, our study was likely subject to some selection bias.29 Specifically our 

decision to include only those patient who had a PCP may have created a sub-population 

with better access to care. In this case the specificity of our test would be artificially 

increased with little effect on sensitivity, when comparing our results to a more general 

population.30

In our sample, Hendrich II Scores were only completed for 66% of visits. Completion of the 

score was not independently associated with a change in fall rate, however the scores were 

filled out in a subset of our population less likely to return for falls. We would not expect 

scores themselves to influence fall rates, as no attempt was made to lower outpatient fall risk 

among those who had high scores. Likely patients who arrived by ambulance represented a 

sicker subpopulation both more likely to fall in the future, and less likely to receive a fall 

score. In ambulance arrivals nursing staff are more focused on initiating patient care than 

filling out screening instruments, likely explaining the association we observed. Our 

multiple imputation analysis suggests that this process difference had little effect on our 

primary results. Future screening efforts may be able to increase completion rates using 

other EHR data points such as those collected in our study to reserve nursing screening 

questions for further risk stratification among only those patients who are at somewhat 

increased risk based on age, presenting complaint, or other factors.
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CONCLUSIONS

In this analysis, we examined the effectiveness of a widely adopted inpatient fall screening 

instrument for the prediction of serious outpatient falls. We found that the instrument had an 

AUC of 0.64, but given the sensitivity and specificity at each particular cutoff value, would 

likely not be useful as a stand-alone fall risk screen. However, when combined with easily 

extractable covariates, the screen performs much better, with an AUC of 0.75 for return 

visits. These results highlight the potential for secondary use of EHR data for risk 

stratification of ED patients. Using data already routinely collected, patients at high risk of 

future falls after discharge could be identified for referral to fall reduction programs or other 

follow-up measures without requiring additional screening resources to be employed, 

overcoming a major barrier to falls prevention from the ED setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT

We certify that this research is novel. We found relatively poor performance of the 

Hendrich II instrument when used alone, but improved performance when combined with 

data already available in the EHR. These results highlight the potential for secondary use 

of EHR data for risk stratification of ED patients.
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Figure 1. 
Patient flow in the study.
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Table 1
Characteristics of ED Patient Visits According to Whether They Received a Hendrich II 
Score and Fall Visit Variables by Outcome

Characteristics of ED patient visits according to whether the received a Hendrich II score and fall Visit 

Variables by Outcome: All numbers are displayed as Proportion(standard deviation) with the exception of Age 

and HCC, which are displayed as Mean(standard deviation).

All Older Adult
ED Visits With
UW PCP With
Discharge

All Older adults
discharged who
have a HII score

Discharged Pts
with a Hendrich II
score and no return

Discharged Pts
with a Hendrich II
who Do return

N (%) 6595 (100%) 4366 (66.2%) 4003 363

Age 76.1 (8.4) 75.5 (8.2) 75.3 (8.1) 78.3 (8.3)

Gen (% Female) 61.0 (0.5) 60.8 (0.5) 60.2 (0.5) 67.5 (0.5)

Race

White 92.8 (0.3) 92.5 (0.3) 92.5 (0.3) 91.7 (0.3)

Nonwhite 7.2 (0.3) 7.5 (0.3) 7.5 (0.3) 8.3 (0.3)

Insurance Status

Medicaid/BadgerCare 0.3 (0.1) 0.3 (0.1) 0.3 (0.1) 0.3 (0.1)

Medicare 85.6 (0.4) 86.4 (0.3) 86.6 (0.3) 83.8 (0.4)

Commercial/Worker’s Comp 12.7 (0.3) 12.4 (0.3) 12.1 (0.3) 15.7 (0.4)

Unknown 1.3 (0.1) 0.9 (0.1) 0.95 (0.1) 0.28 (0.1)

Mode of Arrival

Family or Self 67.5 (0.5) 76.4 (0.4) 78.4 (0.4) 54.5 (0.5)

  EMS 32.3 (0.5) 23.4 (0.4) 21.4 (0.4) 44.9 (0.5)

Police 0.2 (0.0) 0.2 (0.0) 0.2 (0.0) 0.6 (0.1)

ESI Triage Acuity Score

1 0.0(0.0) N/A N/A N/A

2 19.7 (0.4) 19.5 (0.4) 19.8 (0.4) 16.5 (0.4)

3 69.3 (0.5) 68.9 (0.5) 68.6 (0.5) 71.6 (0.5)

4 10.6 (0.3) 11.2 (0.3) 11.2 (0.3) 11.3 (0.3)

5 0.4(0.1) 0.4 (0.1) 0.4 (0.1) 0.6 (0.1)

Mean HCC score 1.45 (1.3) 1.40 (1.2) 1.35 (1.2) 1.95 (1.4)

Fall at index visit 16.3(0.4) 14.0 (0.3) 12.6 (0.3) 28.9 (0.5)

Rate of Return for Fall at 180 days 9.6(0.3) 8.4 (0.3) N/A N/A
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