Fall-Prevention Strategies and Patient Characteristics
That Impact Fall Rates After Total Knee Arthroplasty
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BACKGROUND: Fall prevention has emerged as a national quality metric, a focus for The Joint
Commission, because falls after orthopedic surgery can result in serious injury. In this study,
we examined patient characteristics and effects of fall-prevention strategies on the incidence of
postoperative falls in patients undergoing total knee arthroplasty.

METHODS: We reviewed electronic records of all patients who fell after total knee arthroplasty
between 2003 and 2012 (10 years). Patient demographics, including age, sex, and body mass
index, were analyzed. The impact of various fall-prevention efforts, including provider and patient
education, Hendrich Il Fall Risk Model, fall-alert signs, and the use of patient lifts on the inci-
dence of falls, also was studied.

RESULTS: Between January 2, 2003, and December 31, 2012 (10 years), 15,189 total knee
arthroplasties were performed at Methodist Hospital, Mayo Clinic Rochester, MN. The overall
fall rate was 15.3 per 1000 patients (95% confidence interval [Cl]: 13.4-17.4). The rate varied
significantly (P < 0.001) during the 10-year period with an initial increase followed by a gradual
decrease after the initiation of the fall-prevention strategies. From multivariable analysis adjust-
ing for the temporal trends over time, the odds of falling were found to increase with older age
(odds ratio = 1.7 and 2.0 for those 70-79 and >80 compared with those 60-69 years of age;
P < 0.001) and were lower for patients undergoing revision compared with primary total knee
arthroplasties (odds ratio = 0.6, P = 0.006). There was no statistically significant difference in
fall rates by sex or body mass index. Most patient falls (72%; 95% Cl: 66%—78%) occurred within
their own rooms. Elimination-related falls (those that occurred while in the bathroom, while going
to and from the bathroom, or while using a bedside commode) comprised a majority (59%; 95%
Cl: 53%-65%) of the falls. Most patients who fell were not considered high risk according to the
Hendrich Il Fall Risk Model. Twenty-three percent of falls were associated with morbidity, includ-
ing 7 return visits to the operating room and 2 new fractures.

CONCLUSIONS: Our data demonstrate a reduction in fall incidence coinciding with the imple-
mentation of a multi-intervention fall-prevention strategy. Despite prevention efforts, patients
of advanced age, elimination-related activities, and patients in the intermediate phase (late
postoperative day 1 through day 3) of recovery continue to have a high risk for falling. Therefore,
fall-prevention strategies should continue to provide education to all patients (especially elderly
patients) and reinforce practices that will monitor patients within their hospital rooms. (Anesth
Analg 2014;XXX:00-00)

knee arthroplasty (TKA) is unknown, it is estimated that
falls occur in 1.6% of all hospitalized patients.? Postoperative
falls have the potential for serious morbidity and even mor-
tality.® As a result, fall-prevention programs have emerged to
help hospitals prevent these adverse events.

Although there is no evidence that any single interven-

national attention as a hospital quality metric. In 2012,
the Centers for Medicare & Medicaid Services extended
Medicare’s no-pay policy to include falls and trauma that
produce “fracture, dislocation, crushing, and other inju-
ries.”! These “preventable” events could result in reduced

Falling after major orthopedic surgery is receiving

reimbursement for inpatient services. Thus, fall prevention
has become a safety goal of The Joint Commission and an
emerging focus of quality improvement programs at many
hospitals. Although the specific incidence of falling after total
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tion (e.g., patient education,* bed alarms,® alert bracelets,®
exercise programs, and type of flooring)” reduces falls in
the hospital setting, multiple intervention strategies have
shown promise for decreasing the rates of falling.>'* Formal
fall-prevention strategies were implemented at Mayo Clinic
in 2005, and by 2010, all patients undergoing consulta-
tion before TKA were provided specific orthopedic fall
education.

During the past 10 years, there have been significant
advances in minimally invasive surgical techniques and
anesthesia practices for TKA, including the use of regional
anesthesia to decrease pain, initiate early mobilization,
and shorten hospital stay.!'® Femoral nerve blockade has
shown superior effectiveness for postoperative analgesia in
patients having TKA compared with both IV opioid therapy
and epidural analgesia and has been performed routinely
at our institution (unless contraindicated) for these patients
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since 2003."31* Although peripheral nerve blockade for post-
operative pain management has shortened recovery after
TKA, its use has been associated with falls.’>"” The primary
aim of this study was to describe the incidence of postop-
erative falls in patients undergoing TKA to assess whether
the incidence of falls decreased with the implementation of
various fall-prevention strategies. As a secondary aim, we
assessed the association of various patient and procedural
characteristics with postoperative falls to guide future pre-
vention efforts.

METHODS

After IRB and written informed consent waiver approval,
all patients who fell after TKA between 2003 and 2012 were
identified retrospectively via the use of both the Mayo
Clinic Total Joint Registry and the Mayo Clinic Department
of Nursing patient fall database. The Mayo Clinic Total
Joint Registry is a previously validated and comprehen-
sive registry of all data collected for each joint-replacement
surgery performed at Mayo Clinic since 1969, which was
used to obtain historical control (no fall) data.'® Study inclu-
sion was restricted to reported falls in patients undergoing
TKA (primary elective, revision, and primary elective with
resection) performed at Mayo Clinic Rochester Methodist
Hospital. Only patients refusing research authorization
were excluded.

Patient demographics (age, sex, body mass index [BMI],
American Society of Anesthiologists status), date of surgery,
anesthesia type (general anesthesia alone, neuraxial anes-
thesia alone, peripheral nerve block postoperative analgesia
with general anesthesia, peripheral nerve block postopera-
tive analgesia with neuraxial anesthesia, peripheral nerve
blockade alone), type of surgery (primary TKA, revision
TKA, bilateral TKA, resection TKA), postoperative manage-
ment (postoperative pain management such as peripheral
nerve blockade and discharge disposition), and details of
fall were collected from the electronic medical record.

Initial fall-prevention strategies were implemented at
Mayo Clinic in 2005. The use of a validated screening tool,
the Hendrich II Fall Risk Model (HFRMII), was collected
on all patients undergoing total joint arthroplasty since 2005
(Appendix). Patients at risk for falls were identified and fur-
ther protected by fall-alert signs and bed alarms within their
patient rooms acknowledging their significant risk for fall-
ing. From May 2007 to March 2008, all inpatient orthopedic
surgery rooms were remodeled to include ceiling lifts for
safer transfers. By February 2009, orthopedic preoperative
education began to include nurse-driven patient education
emphasizing risks for falling. Finally by 2010, all patients
undergoing consultation before TKA were offered specific
orthopedic fall education. For patients falling before 2005,
data used to complete the HFRMII were abstracted retro-
spectively from the electronic medical record. Fall abstrac-
tion was performed in duplicate by both the Department
of Anesthesiology and the Department of Nursing at Mayo
Clinic. Anesthesia-specific data also were abstracted.

Study data were deidentified, collected, and man-
aged using REDCap (Research Electronic Data Capture)-
validated electronic data-collection tools hosted at Mayo
Clinic designed to support data capture for research studies.
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Statistical Analysis

In all cases, the rate of falls is expressed as falls per 1000
patients. For all analyses used to assess characteristics
potentially associated with falls, patients who experienced
multiple falls during the same hospitalization were counted
only once. Patient characteristics (age, sex, BMI, type of
TKA) were analyzed as categorical variables via use of the
categories presented in Table 1. Univariate analyses compar-
ing the frequency of falls across patient characteristics were
performed using the 2 test. To assess whether the rate of
falls changed during the 10-year calendar period, a logistic
regression analysis was performed with fall as the depen-
dent variable and calendar time as the explanatory variable.
For this analysis, calendar time was modeled using a natu-
ral cubic spline with 3 equally spaced knots. In addition,
a multiple logistic regression analysis was performed that
included calendar time along with characteristics found to
be significant in univariate analyses. In all cases, 2-tailed P <
0.05 were considered significant. Analyses were performed
using SAS version 9.3 and JMP software, a statistical soft-
ware package from SAS Institute Inc., Cary, NC.

RESULTS

Between January 2, 2003, and December 31, 2012 (10 years),
15,189 TKAs were performed at Methodist Hospital, Mayo
Clinic Rochester, MN. During the study period, 235 falls
were reported in 232 patients (3 patients had 2 falls each
during the same hospitalization). The overall fall rate was
15.3 per 1000 patients (95% confidence interval [CI]: 13.4—
17.4). A timeline of fall-prevention interventions and inci-
dence of falls is detailed in Figure 1. During the 10-year time
period, the rate of falls changed significantly (natural cubic
spline, P < 0.001) with an initial increasing trend followed
by a gradual decrease after the initiation of fall-prevention

Table 1. Patient Characteristics and Rate of Falls

Falls®
n No. Rate P
Overall 15,189 232 15.3
Age, years <0.001
<49 902 5 5.5
50-59 2783 26 9.3
60-69 4905 59 12.0
70-79 4908 101 20.6
>80 1691 41 24.2
Sex 0.999
Male 6613 101 15.3
Female 8576 131 15.3
Body mass 0.375
index, kg/
m2
<24.9 1722 17 9.9
25.0-29.9 4493 74 16.5
30.0-34.9 4493 70 15.6
35.0-49.9 2564 43 16.8
>40.0 1916 28 14.6
TKA 0.003
Primary 12564 209 16.6
Revision 2625 23 8.8

TKA = total knee arthroplasty.

aTwo hundred thirty-two patients experienced 235 falls. For all analyses,
patients with multiple falls were counted once. Rate is expressed as falls
per 1000 patients.
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Figure 1. Timeline of interventions and incidence of falls. Logistic regression analysis using a natural cubic spline with 3 equally spaced
knots to assess temporal trends in the rate of falls over the calendar time (2003-2010) was used to determine the predicted curve. The fall

rate varied significantly (P < 0.001) during the 10-year period, with an i
fall-prevention strategies.

Table 2. Multivariable Logistic Regression Results?

Characteristic OR 95% ClI P
Age, years <0.001
<49 0.5 0.2-1.2
50-59 0.8 0.5-1.3
60-69 1.0 Reference
70-79 1.7 1.2-2.4
>80 2.0 1°3=310
TKA 0.006
Primary 1.0 Reference
Revision 0.6 0.4-0.8

OR = odds ratio; Cl = confidence interval; TKA = total knee arthroplasty.
2Age and type of TKA were modeled using categorical variables with OR >1
indicating an increased likelihood of falls compared with the reference group. In
addition to age and type of TKA, the multiple logistic regression model adjusted
for calendar time using a natural cubic spline with 3 equally spaced knots.

strategies. A summary of patient demographics/variables
according to fall status is presented in Table 1.

From univariate analysis, the rate of falls was found to
increase with older age (P < 0.001) and was significantly
(P =0.003) lower for patients undergoing revision TKA com-
pared with primary TKA. There was no significant differ-
ence in fall rates between males and females. Furthermore,
there was no significant difference in fall rates between
World Health Organization BMI classification® groups.
From a multivariate analysis adjusting for temporal trends
over calendar time, older age (P < 0.001) and primary TKAs
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nitial increase followed by a gradual decrease after the initiation of the

(P =0.006) were found to be independently associated with
an increase likelihood of falling (Table 2).

Data Related to Falls

Patient-related, timing, and injury data on falls are shown
in Figure 2 and Table 3. Approximately 70% of the falls
occurred in patients who were not considered high risk for
falling according to the HFRMII. The timing of a majority of
the falls occurred at the end of postoperative day (POD) 1
and on POD 2 (Figure 2). Patients fell most often (72%; 95%
CIL: 66%-78%) within their own rooms. Of note, point esti-
mates are provided along with 95% ClIs calculated using the
normal approximation to the binomial. Elimination-related
falls (those that occurred while in the bathroom, while going
to and from the bathroom, or while using a bedside com-
mode) comprised a majority (59%; 95% CI: 53%-65%) of the
falls. From multiple logistic regression analysis restricted
to data for patients who fell, the likelihood of falls being
elimination related was not significantly associated with
age (P = 0.52) or type of surgery (revision versus primary,
P =0.24). Similarly, the percentage of falls occurring during
in the intermediate phase of recovery (late POD 1 through
POD 3) was not associated with age (P = 0.65) or type of
surgery (P = 0.43). Peripheral nerve blockade use was found
in a majority of patients undergoing TKA, including among
those patients who fell (95%). Of those who fell, 40% still
had a femoral catheter in place, 33% had a catheter in place
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Falls

MN to 6am
6am-noon
MN to 6am
6am-noon
MN to 6am
6am-noon
noon-6pm
MN to 6am
6am-noon
noon-6pm
MN to 6am
6am-noon
noon-6pm

Table 3. Fall and Injury Data

n Percent

Hendich I

Not done 54 23

No risk 154 66

High risk 27 11
Time of fall

Unknown 2 1

Known 233 99

6:00 AM—10:00 Am 22 10

10:00 AmM—2:00 Pm 52 22

2:00 pM—6:00 pPm 52 22

6:00 PM—10:00 Pm 42 18

10:00 pPv—6:00 Am 65 28
Injury

No 181 77

Yes 54 23
Injury type

Bleed/drainage from incision 30 56

Contusion or abrasion 8 15

Laceration 7 13

Requiring intervention 3 6

Return to operating room 7 13

New fracture 2 4
Continued peripheral nerve blockade

Yes 229 97

No 6 3
ASA physical status

-1l 130 55)

-1v 101 43

Missing 4 2
Primary anesthetic

General anesthesia 107 46

Neuraxial 124 53

Missing 4 2

ASA = American Society of Anesthiologists.

within 12 hours before the fall, and 26% >12 hours after
catheter removal. Finally, there was serious morbidity asso-
ciated with 23% of falls, including 7 return visits to the oper-
ating room and 2 new fractures. No falls resulted in death.

DISCUSSION

This study provides robust incidence data for postopera-
tive falls that included more than 15,000 patients undergo-
ing TKA surgery with data during a 10-year interval. The
fall rate we report, 1.5% (232 falls/15,189 patients), is con-
sistent with other previous retrospective reports of 0.7% (8
falls /1190 patients),*' 1.0% (70 falls/ 6912 patients),"" and
2.0% (5 falls /250 patients)* but not as high as a recent retro-
spective study of 2.7% (60 falls /2197 patients).!” Our results

4 www.anesthesia-analgesia.org

MN to 6am

Figure 2. Falls by postoperative day and time.

6am-noon
noon-6pm

echo findings from other authors reporting that older
patients (>65 years) fall more frequently.’”> Patients con-
tinue to fall primarily within their own rooms, with elimi-
nation-related falls comprising a majority of cases. Notably,
most patient falls in this study occurred during the interme-
diate portion of recovery (afternoon on POD 1 through the
morning of POD 3), which aligns with systemic review evi-
dence that fall rates are greater on POD 2 or later, occurring
at a time when patient and provider vigilance may be wan-
ing.!® Perhaps unexpectedly, revision TKA was associated
with a lower risk of falling compared with primary TKA in
our sample. This result conflicts with a recent study report-
ing that patients with greater burden of comorbidity under-
going more complex surgical procedures are at a greater
risk for falling.** Memtsoudis et al.?* similarly report on inci-
dence and patient characteristics of patient falls after total
joint arthroplasty performed in the United States. These
data, also retrospective, consisted of a collection of patient
falls from several institutions within the United States. We
believe that our results represent practice consistent with
most institutions in the United States and provide data on
the largest sample from a single institution to date.

In addition, our study conflicts with other risk factor
associations provided by several smaller studies. Previous
publications have reported independent risk factors for fall-
ing, including sex!** and BMI'7; however, our investigation
found no statistically significant relationships for sex or
BMI in those who fell versus the overall TKA population.
This finding was true even when normal-weight patients
were compared with those who were overweight. Although
it is important to focus on at-risk populations, it may prove
detrimental to restrict fall-monitoring programs to any par-
ticular sex or BMI classification based on earlier evidence.

Peripheral nerve blockade may be associated with an
increased risk for falling.”??>% An investigation on mecha-
nisms of falls among volunteers undergoing isolated periph-
eral nerve blockade (e.g., femoral and sciatic nerve blockade)
demonstrated a reduction in muscle strength that impairs leg
stiffness necessary for pivoting, stair-climbing, and stand-
ing from a seated position.® Furthermore, Wasserstein et
al.”” concluded continuous peripheral nerve blockade to be
an independent risk factor for falling after TKA, with a fre-
quency of 3.1% (58/1900) attributed to continuous femoral
nerve block. Femoral catheters have been a mainstay of post-
operative analgesia at our institution since 2003, and with-
out contraindications, nearly every TKA patient will have a
femoral catheter in place for 48 hours. Femoral catheters were
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present or recently removed in a majority of our patients who
fell; however, the same could be said for the patients who did
not fall. Because we did not collect data on our entire study
population (only those who fell), we were unable to evaluate
the risk of fall associated with femoral blockade. The authors
of a recent systematic review and meta-analysis, however,
concluded the attributable risk of falling from continuous
peripheral nerve blockade alone (1.7%) was not greater than
the expected rate of falling among all patients undergoing
major orthopedic lower extremity surgery.!® Furthermore, in
the most recent retrospective study on inpatient falls, the fre-
quency of falls after TKA was 1.6% (3042/191,570 patients)
and was not related to peripheral nerve block.” Our fre-
quency of 1.5% is much less than that of Wasserstein et al.””
and similar to these more recent and larger series,'®?” which
do not identify peripheral nerve block as a significant risk.

The use of a knee immobilizer may stabilize impaired
quadriceps weakness after total knee replacement.* Similarly,
Jones and Stubblefield® in a small study of 5 cancer patients
with femoral neuropathy were able to show a marked reduc-
tion in number of falls with knee immobilizer use. The use of
knee immobilizers among volunteers also has been shown
to improve leg stiffness and stability.?® Muraskin et al.* are
among many proponents advocating the use of immobilizers
until the effects of femoral nerve blockade recede; however,
these authors acknowledge that, despite the use of immo-
bilizers, patients can and do still fall.’*?%?” The use of knee
immobilizers was not a formal fall-prevention strategy used
at Mayo Clinic from 2003 to 2012. Although we did collect
use of leg brace data on those who fell, missing information
was common for this variable because the postoperative use
of knee immobilizers was unpredictable among our orthope-
dic surgeons during the study period.

Multiple intervention strategies, including provider and
patient education, use of fall-assessment tools, fall-alert signs
and bed alarms, and the use of patient lifts, appear to be collec-
tively effective for fall prevention, as evidenced by a reduction
in postoperative falls during the time period of implementa-
tion at our institution. Interestingly, we found more than 60%
of falls occurred among patients determined at “no risk” of fall
according to the HFRMII, which may indicate identifying those
at risk requires a more vigorous diagnostic tool. In 2007, the
HFRMII was determined to be the best assessment tool for fall
prevention.” A recent systematic review and meta-analysis®
comparing fall-assessment instruments, however, determined
that the St. Thomas Risk Assessment Tool in Falling Elderly
Inpatients (STRATIFY) may be the best tool with more sensi-
tivity and specificity and ease of use for detecting falls among
hospitalized acutely ill adult patients. In addition, STRATIFY
compared with HFRMII accounts for fall as the presenting
complaint for hospital admission or falls that have occurred
on the ward since admission. This inclusion of history of fall-
ing may make for a better assessment tool, considering those
patients with a history for fall are known to be at high risk.6#
We considered applying STRATIFY to a subset of patients;
unfortunately, the subjective questioning necessary for assess-
ment would make it difficult, if not impossible, to retrospec-
tively score information within our fall database. Because the
behavior of various fall instruments varies considerably based
on environment or population, future studies should check
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whether there is a difference between STRATIFY and HRFMII
in the ability to predict falls among patients undergoing TKA.

This study is strengthened by the largest sample size to
date, butitis important to recognize the retrospective nature
of this study has limits, including selection bias, responder,
diagnostic, and reporting bias. However, fall often is charac-
terized as a well-defined and serious event with fall occur-
rences unlikely to go unreported. We also acknowledge that
our results may be limited by changes in surgical, rehabili-
tation, and anesthesia practice during the 10-year interval.
Finally, these study results may not be generalizable to
populations markedly different from this single institution
known for caring for patients undergoing complex primary
and revision knee joint arthroplasties.

In conclusion, our data demonstrate a reduction in fall inci-
dence coinciding with the implementation of a multi-inter-
vention fall-prevention strategy. The relative contribution of
each single intervention is still unknown. Despite prevention
efforts, patients of advanced age, elimination-related falls,
and patients in the intermediate phase of recovery (afternoon
on POD 1 through morning of POD 3) are at high risk for
falling. Until an authoritative fall-assessment tool emerges,
fall-prevention strategies should continue with education
provided to all; but, in particular, initiatives should focus on
further reducing falls in elderly patients and reinforce prac-
tices that will monitor patients within their hospital rooms. g&

APPENDIX

Standardized Fall-Assessment Tool Descriptions
1. Hendprich IT Fall Risk Model (HFRMII)!

¢ Validated screening tool used to assess inpatient fall
risk based on 8 independent risk factors and has been
collected on all patients undergoing total joint arthro-
plasty at Mayo Clinic since 2005.

e A risk score 5 correlates to a high risk for fall (sensi-
tivity 74.9% and specificity 73.9%).

1. St. Thomas Risk Assessment tool in Falling Elderly
Inpatients (STRATIFY)?

e Tool used in conjunction with clinical assessment and
a review of medications to determine if a patient is at
risk for falls.

e STRATIFY total score calculation (Yes = 1, No = 0)

1. Hendrich AL, Bender PS, Nyhuis A. Validation of the
Hendrich II Fall Risk Model: a large concurrent case/
control study of hospitalized patients. Appl Nurs Res
2003;16:9-21

2. Oliver D, Britton M, Seed P, Martin FC, Hopper AH.
Development and evaluation of evidence based risk
assessment tool (STRATIFY) to predict which elderly
inpatients will fall: case-control and cohort studies.
BM]J 1997;315:1049-53
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