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Abstract

Study design Retrospective chart review.

Objectives To compare the proportion of fallers and the patient level and fall characteristics among inpatients who had
experienced at least one fall in a spinal cord injury (SCI), an acquired brain injury (ABI), and a neuromusculoskeletal disease
(NMS) rehabilitation program.

Setting Tertiary rehabilitation hospital.

Subjects Inpatients who had experienced at least one fall during rehabilitation.

Methods Patient and fall level variables were extracted from electronic medical records over a 5-year period (January 1,
2011 to January 1, 2016): hospital program, age, sex, Functional Independence Measure (FIM) scores, length of stay,
number of medications, as well as fall date, time, location, cause, harm, fall risk assessment data, and whether the fall was
witnessed. The impact of hospital program on fall was examined using bivariate and multivariable analysis.

Results Two hundred and thirty-seven (16%) inpatients experienced at least one fall during the study period. Inpatients with
SCI had the highest proportion of fallers (20%) and fell later after admission than inpatients in the other programs. Patients
with ABI were more likely to sustain moderate-to-severe physical harm from falls. Taking >5 medications at time of fall and
being earlier in one’s rehabilitation course were associated with increased fall rate among fallers.

Conclusions Although the type of program was not a significant predictor of fall rate in the multivariable analysis, there were
some important differences among the rehabilitation programs on patient and fall level characteristics. These results may be
useful when developing and timing fall prevention interventions for inpatient rehabilitation.

Introduction

Patients undergoing in-hospital rehabilitation following

debilitating injury or medical conditions face a significant

risk of falling [1]. Inpatient fall rates range from 13 to 14%
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inpatients fall more often during daylight hours and it has
been shown that those with lower admission FIM scores,
increasing age, and those who are earlier on in their reha-
bilitation course have a higher risk of falling [1, 2]. Previous
studies have investigated these fall risk factors in general
rehabilitation populations but there is a lack of evidence
comparing falls between different groups of patients
undergoing inpatient rehabilitation (e.g., stroke, SCI, neu-
romuscular conditions, etc.). The objective of this study was
to compare the proportion of fallers as well as the patient
level and fall level characteristics among fallers in a spinal
cord injury (SCI), an acquired brain injury (ABI), and a
neuromusculoskeletal disease (NMS) program, as well as
the causes and consequences of the falls. A secondary
objective was to examine the sensitivity of the CAMP-V
fall risk assessment tool used at our facility that uses
medical factors including cognition impairment, anesthesia,
altered elimination, mobility impairment, previous falls, and
vision impairment to screen for fall risk.

Methods

This study was conducted in a single tertiary rehabilitation
hospital within the Vancouver Coastal Health (VCH)
authority in British Columbia, Canada that provides inpa-
tient and outpatient rehabilitation care. We conducted a
retrospective study with evaluation of inpatient falls in three
inpatients programs (ABI, SCI, and NMS). The SCI pro-
gram admits both traumatic and nontraumatic SCI; the ABI
program admits patients with cerebrovascular accidents and
traumatic brain injury; and the NMS program admits
patients with multisystem trauma, solid organ transplanta-
tions, and neuromuscular disease such as amyotrophic lat-
eral sclerosis, multiple sclerosis, and Guillain—Barré
syndrome. The protocol for this study was approved by the
Hospital and University Research Ethics Committees.
Analysis of the inpatient falls occurring in the SCI, ABI,
and NMS programs over a period of 5 years (January 1,
2011 to January 1, 2016) was conducted using an online
VCH hospital incident reporting system. The following
information was obtained from this system: hospital pro-
gram, age, fall date, time, and location, whether a fall was
witnessed by hospital staff or not, cause, whether a CAMP-
V fall risk assessment was done, and whether the faller was
identified as being at risk. The CAMP-V assessment
accounts for whether a patient has cognitive impairment,
altered bowel or bladder elimination, mobility impairment,
previous falls, and impaired vision to predict fall risk. In
addition, the patients’ degree of harm from the fall was
determined by the observing nurse and physicians at the
time of the incident and was included in the analysis.
Additional patient information was obtained from the

patients’ electronic medical record including demographic
data of each individual, diagnosis, medications taken at the
time of fall, and FIM score at admission including motor
and cognitive sub scores. The FIM score consists of 13
motor tasks and 5 cognitive tasks and performance is rated
on a seven-point scale and it has been shown to be a reliable
tool to determine a patient’s level of disability [10]. Total
FIM score was obtained by summing total FIM motor score
and total FIM cognitive scores. The total number of inpa-
tients discharged from the hospital was obtained from
admission and discharge records and corrected for service
interruptions to ensure patients were only counted once.
Descriptive statistics were used to describe proportion of
fallers, fall level information, and patient-level character-
istics, for all hospital programs combined and stratified for
each program. Bivariate analyses were performed on
demographic variables, medications, risk assessment, tim-
ing of fall, and FIM scores to determine whether there was a
significant difference in these factors among three hospital
programs. Continuous variables were compared using
ANOVA if they were normally distributed, and using
Kruskal-Wallis test if the normality assumption was not
met. Categorical data were compared using Chi-squared test
unless the expected cell counts were smaller than 5, in
which case Fisher’s exact test was used. Receiver operating
characteristic (ROC) analysis was carried out to assess the
sensitivity of the risk assessment tool. A zero-truncated
Poisson regression was run for the full cohort to evaluate
the impact of hospital program as well as age at injury, total
FIM at admission, number of medications, number of weeks
after admission in which a fall occurred and time of fall on
the fall rate. Akaike information criterion was used to
evaluate and compare models on goodness of fit. Associa-
tions with a p value <(0.05 were considered statistically
significant. All analyses were performed using SAS soft-
ware, Version 9.4 of the SAS System for Windows.
Copyright® 2013. SAS Institute Inc., Cary, NC, USA.

Results
Proportion of fallers

A total of 1492 patients underwent inpatient rehabilitation
within the three programs of the rehabilitation center over
the S-year study period. Of the patient population, 237
inpatients who were fallers were included in this study:
(n=93, 39%) SCI, (n =97, 41%) ABI, and (n =47, 20%,
Table 1) NMS inpatients.

The SCI program had the highest proportion of fallers
(20%), followed by the ABI (18%) and NMS (10%) pro-
grams. The proportion of fallers was statistically sig-
nificantly different among three programs, further implying
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Table 1 Patient-level characteristics for the entire cohort (n = 237)

Total cohort n =237 SCI n=93 39.2%

ABI n=97 40.9% NMS n=47 19.8% P value

Variable

Age; mean (SD) 46.2 (15.6)
Male; n (%) 152 (64.1)
Total number of falls: median (IQR) 1.0 (1.0)
Total admission FIM scores: mean (SD) 71.4 (24.8)
Admission cognitive FIM scores: median (IQR) 31.0 (13.0)
Admission motor FIM scores: mean (SD) 43.9 (20.4)
Total discharge FIM scores: median (IQR) 110 (27.5)
Discharge cognitive FIM scores: median (IQR) 33.0 (7.0)
Discharge motor FIM scores: median (IQR) 79.0 (22.5)
Length of stay (days): median (IQR) 91.0 (61.0)

445 (16.5) 45.2 (14.7) 51.5 (14.9) 0.03
68 (73.1) 58 (59.8) 26 (55.3) 0.06
1.0 (1.0) 1.0 (1.0) 1.0 (1.0) 0.31

71.5 (21.4) 62.9 (25.7) 90.3 (19.0) <0.0001
35.0 (2.0) 22.0 (10.0) 35.0 (3.0) <0.0001
39.1 (17.7) 42.6 21.1) 57.4 (18.9) <0.0001
114.0 (28.0) 102.0 (27.0) 112.5 21.0) 0.004
35.0 (0.0) 27.0 (9.0) 34.0 (3.0) <0.0001
80.0 (25.0) 76.0 (22.0) 80.0 (20.0) 0.63
96.0 (51.0) 100.0 (74.0) 56.0 (46.0) <0.0001

For normally distributed variables, mean (SD) was reported. For nonnormally distributed variables, median (IQR, interquartile range) was reported

that SCI program had significantly higher proportion of
fallers compared with the NMS program.

A total of 351 falls were recorded. Seventy-six patients
(32%) had more than one fall, with three patients having
multiple falls on the same day. The number of patients with
multiple falls were (n = 35, 36%) in the ABI program, (n =
28, 30%) for the SCI program, and (n =13, 28%) NMS
program, respectively. The median number of falls was 1
[Interquartile range (IQR): 1] and did not differ significantly
between programs (p = 0.31, Table 1), or between patients
with nontraumatic SCI and traumatic SCI (p = 0.14).

Bivariate analysis
Patient-level characteristics

Demographics The average age of the patients included in
the cohort was 46+ 16 and differed significantly among
programs, highest in the NMS program (52 + 15 years),
followed by the SCI (45+17 years) and ABI (45=+15
years) programs (p = 0.03). Although only marginally sta-
tistically significant, there were a higher proportion of males
in the SCI program (n = 68, 73%) than ABI (n =58, 60%)
and NMS program (n = 26, 55%) (p = 0.06, Table 1).

FIM scores Total admission FIM scores were significantly
different among three inpatient programs, with patients
admitted to the NMS program having the highest mean
scores (90 + 19), that is, the highest functional ability and
ABI having the lowest degree of function, with a mean
score of (63 £26, p<0.001). Median cognitive FIM scores
were lowest in patients with ABI (22, IQR: 10, p <0.0001);
mean admission motor FIM scores were lowest in SCI
patients (39 = 18) (p <0.001, Table 1).

Total and cognitive FIM scores at discharge were
significantly different among three programs, with patients
in the SCI program having the highest median total (114,
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IQR: 28, p =0.004) and cognitive FIM scores (35, IQR: 0,
p <0.0001) at discharge. Discharge motor FIM scores did not
differ significantly among three programs (p = 0.63, Table 1).

Length of stay Total length of stays at the rehabilitation
center were significantly different among three programs,
with patients in the ABI program having the longest median
length of stay (100 days, IQR: 74), followed by SCI pro-
gram (96 days, IQR: 51) and NMS program (56 days, IQR:
46, p <0.0001).

Fall level characteristics

Timing of falls More than half of the falls (n=192,
54.7%) occurred between 8 a.m. and 4 p.m. There was no
difference in frequency of falls in terms of nursing shift
times among programs, with most falls (n =309, 88%)
occurring during the first (7 a.m. to 3 p.m.) and second
(3 p.m. to 11 p.m.) nursing shifts (p = 0.76). However, the
median number of weeks after admission in which a fall
occurred differed between programs, being longest in the
SCI program (7 weeks), followed by the ABI (5 weeks) and
NMS (3 weeks) programs (p < 0.001, Table 2).

Similarly, when rehabilitation quintiles (five equal inter-
vals of a patient’s entire stay) were looked at, the median
quintile of falls in this study was the third quintile. Patients
in ABI and NMS programs mostly fell in the second
quintile, while patients in the SCI program fell in the third.

Fall location, causes, and degree of harm In all programs
combined, most falls occurred on the patient’s pro-
gram location (n =301, 86%) with the remainder occurring
in a therapy location (n =34, 10%) and dining areas (n =
16, 5%). Patients with SCI had a higher frequency of falls
occurring in a therapy location (n =16, 12%) compared
with patients with ABI (n = 15, 9%) and NMS (n =3, 5%,
p =0.04).
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Table 2 Fall level characteristics for the entire cohort (n = 351)

Variable Total cohort SCl n=132 ABI n=159 NMS n=60 P value*
n=2351 37.6% 45.3% 17.1%
Time of falls; n (%) 0.92
00:00-07:59 51 (14.5) 18 (13.6) 23 (14.5) 10 (16.7)
08:00-15:59 192 (54.7) 72 (54.6) 90 (56.6) 30 (50.0)
16:00-23:59 108 (30.8) 42 (31.8) 46 (28.9) 20 (33.3)
Nursing shifts; n (%) 0.76
07:00-14:59 190 (54.1) 72 (54.5) 89 (56.0) 29 (48.3)
15:00-22:59 119 (33.9) 45 (34.1) 53 (33.3) 21 (35.0)
23:00-06:59 42 (12.0) 15 (11.4) 17 (10.7) 10 (16.7)
Number of weeks falls occur after admission: median (IQR) 5.0 (8.0) 7.0 (7.0) 5.0 (11.0) 3.0 (5.0) <0.0001
Fall location; n (%) 0.04
Patient floor 301 (85.8) 107 (81.1) 142 (89.3) 52 (86.7)
Therapy location (gym pool) 34 (9.7) 16 (12.1) 15 (9.4) 3 (5.0
Cafeteria/dining room 16 (4.5) 9 (6.8) 2 (1.3) 5(8.3)
Witnessed yes; n (%) 110 (31.3) 39 (29.6) 51 (32.1) 20 (33.3) 0.84
Cause of falls 0.08
Using bathroom (toilet, commode, showering, bathing) 51 (14.5) 18 (13.6) 22 (13.8) 11 (18.3)
Walking with or without assistance/bending/reaching/leaning 89 (25.4) 27 (20.5) 42 (26.4) 20 (33.3)
Attempting to transfer or sit between bed/stretcher/chair/ 133 (37.9) 53 (40.2) 67 (42.1) 13 (21.7)
wheelchair
Other 78 (22.2) 34 (25.8) 28 (17.6) 16 (26.7)
Degree of harm; n (%) 0.004
No harm 229 (65.2) 76 (57.6) 117 (73.6) 36 (60.0)
Minor harm 112 (31.9) 54 (40.9) 35 (22.0) 23 (38.3)
Moderate-severe harm 10 (2.9) 2 (1.5) 7 (4.4) 1(1.7)
Number of medications at fall; n (%) 0.74
<5 279 (79.5) 104 (78.8) 129 (81.1) 46 (76.7)
>5 72 (20.5) 28 (21.2) 30 (18.9) 14 (23.3)

*p values were for the comparison of fall characteristics in three programs

The causes of falls did not differ significantly among
programs. Transfer related activity was the most common
cause (n = 133, 38%) attributed to falls and was followed by
walking with or without assistance (n =89, 25%) and
bathroom activities including toileting, showering, and
bathing activity 51 (n =51, 15%). The remaining (n =78,
22%) fall causes were listed as “other” within the fall
database. About (n =110, 31%) of falls were witnessed,
with similar proportions in three programs (p = 0.84).

Most falls resulted in no physical harm among the SCI
(n=76, 58%), ABI (n=117, 74%), and NMS (n = 36,
60%) programs. However, more falls in patients with ABI
(n="17, 4%) resulted in moderate-to-severe harm compared
with falls in patients with SCI (n =2, 2%) and NMS (n =1,
2%) (p = 0.004).

Medications The distribution of grouped medications
was similar among patients in the three programs, with
80% of patients (n = 279) patients having less than or equal

to five medications at the time of the fall (p=0.74,
Table 2).

Risk assessment At our facility, the CAMP-V risk assess-
ment was performed on 65% of all inpatients, and 57% of
the assessed patients were identified as being at risk for falls.
Subsequent sensitivity analysis of the assessment tool
revealed an area under the ROC curve of 0.54, indicating
very poor predictive power of this risk assessment tool.

Multivariable analysis In zero-truncated Poisson regres-
sion model on fall rate, the number of medications and
number of weeks after admission in which a fall occurred
were the only two significant predictors. After adjusting
for other variables in the model, patients who have more
than five medications fall significantly sooner in their
rehabilitation stay compared with patients with five or less
medications at the time of fall (p=0.02). Similarly,
patients fall significantly soon after admission compared
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-rr:gbrl:s;Oﬁeé?_gﬁn:;t:irr}:g:gson Independent variables Coefficients Standard error 95% o P value
fallers confidence limits
Lower Upper
Intercept —3.55 0.47 —4.46 —2.63 <0.0001
Age 0.0003 0.006 —0.01 0.01 0.96
Total FIM at admission —0.01 0.004 —0.01 0.002 0.12
Number of medications
<5 —0.45 0.19 —0.83 —0.08 0.02
>5 Baseline - - -
Weeks —0.1 0.02 —0.14 —0.06 <0.0001
Identifying program
ABI inpatient —0.04 0.21 —0.45 0.36 0.83
NMS inpatient —0.32 0.31 —0.93 0.30 0.32
SCI inpatient Baseline - - - -
Time of fall
00:00-07:59 0.44 0.30 —0.14 1.02 0.14
08:00-15:59 0.21 0.20 —0.19 0.61 0.30
16:00-23:59 Baseline - - - -

The p value for the whole model was <0.0001, meaning that the model was significantly better than an
intercept only model. N =232 used for the model; coefficients are log counts of number of falls

with near discharge (p <0.0001, Table 3). The program
(SCI, ABI, and NMS) which is the predictor of interest in
this study was not a significant predictor of the fall rate
among fallers.

Discussion

In this study, it was observed that the SCI program had a
higher proportion of fallers (20%) compared with the ABI
program (18%) and NMS program (10%). This contrasts
with previous reports that show that patients with traumatic
SCI had lower fall incidences compared with patients with
ABI who had a history of stroke [1, 2]. The SCI program
included primarily patients with traumatic SCI (75%) and
there was no difference in the fall rate between those with
traumatic and nontraumatic injuries. As previous research is
based out of the United States and this study takes place in a
Canadian facility, differences in models of care and
admission times may account for this discrepancy in pro-
portion of fallers.

The distribution of degree of harm was significantly
different among three programs, with higher rates of minor
harm observed in the SCI program and moderate-to-severe
harm the ABI program. The reason for this difference is not
clear. No previous studies have compared injuries between
these patient populations. We hypothesize that the ABI
program has a higher injury rate because there was a higher
proportion of patients who are ambulatory in the ABI pro-
gram and have greater likelihood to fall from standing
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height than patients with SCI and NMS who are more likely
to fall from a wheelchair or stretcher. Data exploration
showed that in our cohort, ambulatory patients were more
likely to have minor or moderate—severe injuries than
wheelchair users, which makes our hypothesis plausible.

The FIM measure has been shown to be reliable measure
to determine a patient’s level of disability [10]. Multi-
variable analyses on the fall rate among fallers did not
identify that total FIM score on admission was significantly
associated with fall rate. This result was different from other
studies which reported that a higher FIM scores were
associated with lower fall risk [1, 11]. In our study the fall
rate was modeled among fallers, which could be different
from modeling fall risk with nonfallers included. The total
FIM scores at admission differed between programs with
patients admitted to the ABI and SCI having significantly
lower FIM scores than NMS patients. This may contribute
to the higher fall rates seen in the two programs compared
with the NMS program.

Most literature defines polypharmacy as the concurrent
use of greater than five medications by a patient [8, 12, 13].
The risk of falling increases with increased medication use
due to increased risk of interaction and adverse events
[12, 14]. Furthermore, central nervous system acting drugs,
cardiovascular drugs, anticholinergics, and opioid analge-
sics have been associated with increased fall risk [8, 12, 14—
17]. Given that most patients commonly take these medi-
cations, we included the total number of medications in
each category that patients were taking in our multivariable
analysis. The analysis showed that taking fewer than five
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medications belonging to those categories was associated
with reduced the fall rate. Although not statistically sig-
nificant, on average, patients with SCI were taking slightly
more medications at the time of the fall compared with the
other two programs and this may partly account for the high
fall rate seen in the SCI program. It is unclear as to whether
this observed increase in fall risk is due to increased illness
severity in patients requiring more medications or due to the
medication effects.

Lastly, the multivariable analysis showed that the num-
ber of weeks after admission was inversely related to the fall
rate among fallers; that is, patients are at higher risk of
falling sooner after admission to rehabilitation. This is
consistent with previous reports finding that most falls occur
within a few weeks of admission [1, 2]. We found that falls
occurred a median of 5 weeks after admission, with sig-
nificant differences existing between programs. Patients
with SCI were more likely to fall later in their rehabilitation
course with a median fall time of 7 weeks after admission
whereas patients on the ABI and NMS had a median fall
time of 5 and 3 weeks, respectively. This difference may be
because there is a longer delay between admission and
beginning active rehabilitation in the SCI program com-
pared with the other programs.

Finally, as part of our study we investigated the use and
effectiveness of the CAMP-V falls risk admission assess-
ment used at our facility. We found that 67% of patients
were assessed at admission but only 62% of those assessed
were correctly identified as being at risk for falls. Sub-
sequent sensitivity analysis of the tool revealed an area
under the ROC curve of 0.54, indicating a poor predictive
power. This has prompted a review of risk assessment
practices in our facility.

There are several limitations in this study that should be
noted. First, a large portion of data was extracted from
incident reports that were filled out by clinical staff as part
of care so the data quality may not be as high as if it was
done as part of a prospective research study. Secondly,
because the study investigated only patients who fell and
does not include nonfallers, cause—effect relationships
cannot be identified with certainty and this should be
addressed in future research.

In conclusion, we found that the proportion of fallers, fall
characteristics, and the patient-level factors that affect fall
rate among fallers during inpatient rehabilitation are similar
to previous studies. Multivariable analysis revealed that
taking more than five medications at the time of fall and
being earlier in one’s rehabilitation course were associated
with an increased fall rate. Although the type of program
was not a significant predictor of fall rate among fallers in
the multivariable analysis, there were some important dif-
ferences among the rehabilitation programs on patient and

fall level characteristics. Patients with SCI had a higher
proportion of fallers and fall later in their rehabilitation
course. Patients with ABI were more likely to sustain
moderate-to-severe physical harm from falls. The results
indicate that the admitting diagnosis may be useful when
developing and timing fall prevention interventions and this
is an important consideration for rehabilitation adminis-
trators and clinicians.
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