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Abstract
STUDY DESIGN: Retrospective cohort study.

OBJECTIVE: To evaluate falls among elective orthopaedic inpatients at a musculoskeletal
hospital.

BACKGROUND: Falls are the most commonly reported hospital incidents. Approximately 30%
of in-hospital falls result in minor injury, and up to 8% of falls result in moderate to severe injury.
Given the projected rise in elective orthopaedic procedures, it is important to better understand fall
patterns in this population.

METHODS: A retrospective review of electronic medical records and patient charts (2000-2009)
was conducted to identify falls in patients admitted for elective orthopaedic procedures.

RESULTS: There were 868 falls among orthopaedic patients older than 18 years. The fall rate
was 0.9% of admissions, or 2.0 falls per 1000 inpatient days. The average age of the patients who
had fallen was 68 years, and 57.6% were women. Knee replacements (38.2%), spine procedures
(18.5%), and hip replacements (14.7%) were the procedures most commonly associated with

falls. Three hundred eighty-six falls (45.8%) involved bathroom usage. One hundred ten first

falls (13.1%) resulted in injuries. Twenty-eight falls (3.3%) resulted in serious events, including 5
returns to the operating room, 3 transfers to a higher level of care, 14 prosthesis dislocations, 6
fractures, 2 intracranial bleeds, and 1 hemorrhage. Patients with serious injuries were more likely
to fall earlier (mean postoperative days, 2.7 versus 4.1; mean difference, 1.4 days; 95% confidence
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interval: 0.51, 2.3; P=.003) and to have had hip replacement (odds ratio = 3.7; 95% confidence
interval: 1.7, 8.2). Serious injuries were not associated with body mass index, age, gender, hospital
location, day, or fall history.

CONCLUSION: Falls are avoidable events that are poorly described among orthopaedic patients
having elective procedures. This large series identifies hip replacement patients as being at almost
4-fold risk of having a serious adverse event after falling. Larger prospective trials are needed to
confirm results and to inform prevention strategies.
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Falls are the most commonly reported incidents in hospitals.1* Approximately 30% of
in-hospital falls result in minor injury, and up to 8% of falls result in moderate to severe
injury.8:10.12,16,18 Fa||s also lead to longer hospital stays313 and increased costs.3 Even falls
without serious sequelae can contribute to a pernicious “fear of falling” cycle, which can
continue after discharge.1?

Studies evaluating falls have focused primarily on falls in the community, falls in long-term
residential care institutions, and falls in sick hospitalized patients. However, falls that

occur during admission for elective orthopaedic procedures are less well characterized. It

is known that risk of falling is associated with poor walking ability,}” which suggests that
the postoperative period, when pain and weakness can affect walking ability, may be a

time of increased risk. Given the projected rise in elective orthopaedic procedures over the
coming decades,8 it will be increasingly important to better understand fall patterns in this
population, and especially risks for falls resulting in serious injuries. This study evaluates
falls among orthopaedic patients admitted to a musculoskeletal specialty hospital from 2000
to 2009.

METHODS

THIS IS A RETROSPECTIVE COHORT study evaluating falls at the Hospital for Special Surgery,

a musculoskeletal specialty hospital in New York City. All falls between 2000 and

2009 were included in the calculation of hospital fall rates. Only orthopaedic inpatients
over 18 years of age were included in subsequent analyses of falls among admitted

adult orthopaedic patients. Because the hospital has no emergency room or urgent care
department, orthopaedic patients are admitted almost exclusively for elective procedures.
A small percentage of inpatients are admitted for chronic pain, medical complications of
orthopaedic procedures, or rheumatologic complaints.

Patients who fell were identified by nurses on the inpatient units. Nurses were required to
report any fall that occurred during their shift, prior to leaving the hospital, and to conduct a
standardized interview with the patient as soon as possible after the fall—usually within 24
hours. Falls were defined as “an unexpected event in which the participant comes to rest on
the ground, floor, or lower level.”1#
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Results from the patient interview were recorded on paper forms and manually entered into
an electronic database. Chart review was performed to obtain missing data. Type of surgical
procedure was identified from the hospital’s Information Technology department, using
ICD-9 procedure codes. Information Technology reports were also used to validate the date
of birth and procedure date for all patients. To ensure that the sample was not biased and
did not preferentially miss falls during certain days or on certain shifts, a complementary
case-finding strategy was employed. Electronic hospital administrative data were used to
identify patients who received an ICD-9 fall code (720.2, E849.7, E880-E888, E928.9,
E929.3) from 2000 to 2009. The charts of these patients were reviewed. When a record of
an in-hospital fall and the patient met the study inclusion criteria, the patient was added

to the cohort, if not already included. Newly identified falls had additional chart review

to obtain similar clinical data obtained on other falls. All patients received standardized,
procedure-specific, postoperative rehabilitation, with early ambulation as the goal for lower
extremity arthroplasties. Specific physical therapy protocols varied over the study period.

Patients were considered to be at high risk of falling if they reported a previous fall in any
location or had a documented history of an in-hospital fall. A serious fall was defined as
one resulting in return to the operating room, transfer to a higher level of care, prosthesis
dislocation, fracture, intracranial bleed, or death.

This study was approved by the Institutional Review Board at Hospital for Special Surgery.

Statistical Methods

RESULTS

Frequency distributions were calculated to summarize the characteristics of falls in these
patients. Risk factors associated with falling or serious falls were calculated using chi-square
or ttest statistics, as appropriate. A logistic regression was performed to identify variables
associated with having a serious fall among patients who fell. This model controlled for

age, gender, and covariates that were significantly correlated with serious falls in univariate
analyses. A Pvalue of .05 was considered statistically significant. No adjustment was made
for multiple comparisons.

THERE WERE A TOTAL OF 911 raLLs from January 1, 2000 to December 31, 2009. Eight hundred
ninety-one falls were identified using the nursing data, with an additional 20 identified from
ICD-9 codes. These falls represented 0.9% of admissions, or 2.0 falls per 1000 inpatient
days. Falls were evenly distributed over days of the week (TABLE 1). There was no
discernible trend in rates over the decade studied (FIGURE), although there was a near
significant reduction in 2009 compared to previous years (= .053). This may have been
due to a nursing initiative to decrease falls, which was implemented that year. Of the 911
falls, 868 occurred in 842 orthopaedic inpatients 18 years of age or older, and were included
in subsequent analyses.

Among patients who fell, 322 (38.2%) had a total knee replacement (TKR), including
revisions or unicondylar procedures; 156 (18.5%) had a spine procedure; 124 (14.7%)
had a total hip replacement (THR), including revisions or hip resurfacing procedures; 97
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(11.5%) had a lower extremity procedure other than TKR or THR; 97 (11.5%) had other
miscellaneous orthopaedic procedures; and 46 (5.5%) had an upper extremity procedure.
Approximately 1.2% of all TKR patients fell, compared with approximately 0.47% of THR
patients, over the 10-year period. Other procedure-specific rates could not be calculated.
Twenty-six falls (3%) were second or third falls in the same patient during the same
admission.

Of the 842 first falls during an admission, 386 (45.8%) involved using the bathroom

(going to, entering, or leaving) and 145 (17.2%) occurred in patients with a known

history of previous falls. One hundred seventy-six (20.9%) first falls were observed, and

in 165 (19.6%) falls the patient was assisted to the ground by someone else in the room.

Six hundred nineteen (73.5%) falls occurred in patients who were using some type of
assistive device at the time of the fall. Ninety-six (11.4%) were prescribed patient-controlled
anesthesia during their admission, and 19 (2.3%) had a central line in place at the time of
fall. Six hundred four (71.7%) patients had mental status documented, and of those, 122
(20.2%) were documented to be confused at the time of fall.

One hundred ten first falls (13.1%) resulted in injuries, most of which were minor soft tissue
scrapes or contusions (TABLE 3). However, 28 (3.3%) first falls resulted in serious injuries
or outcomes, including 5 returns to the operating room, 3 transfers to a higher level of

care, 14 prosthesis dislocations, 6 fractures, 2 intracranial bleeds, and 1 hemorrhage (n>28,
as some patients had more than 1 serious adverse event). There were no deaths. Neither
first falls resulting in injury (n = 110) nor falls resulting in serious outcomes (n = 28)

were significantly associated with day of the week or time of day. There was no significant
association of serious falls with body mass index, age, gender, previous history of falling,
having a central line, being prescribed patient-controlled anesthesia, or being noted at time
of fall as being confused. Of the 26 falls that were second or third falls in the same patient
during the same admission, 1 resulted in an epidural hematoma, the only serious injury in
this group.

Patients whose first fall resulted in a serious injury or outcome were more likely to fall
earlier in their stay (mean postoperative days, 2.7 versus 4.1; mean difference, 1.4; 95%
confidence interval: 0.51, 2.3; £=.003) and to have had a THR (P =.001).

In a regression analysis controlling for age, gender, and postoperative day, patients who
had a THR had a statistically significant increased risk of having a fall with a serious
outcome, compared with other procedures (odds ratio = 3.7; 95% confidence interval: 1.7,
8.2) (TABLE 4).

DISCUSSION

FALLS ARE A SIGNIFICANT PROBLEM IN hospitals and can result in severe injury or even death.
However, most fall studies focus on the elderly, members of assisted-living communities,

or sick hospitalized inpatients. Elective orthopaedic inpatients represent an understudied
demographic that is worthy of further consideration. Patients who have elective orthopaedic
procedures are unique, as they are, by definition, healthy enough for a major surgical
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procedure, unlike many frail elderly or hospitalized medical patients. In addition, these
procedures are common. In 2008, approximately 668 333 TKRs and 425 700 THRs were
performed in the United States.? By applying our fall rates, we estimated that over 10 000
postoperative falls occurred that year in this patient subset alone. With the projected increase
in elective orthopaedic procedures, it will become increasingly important to understand and
prevent falls in this patient population to minimize both clinical injury and downstream
costs.

This study of 868 falls over a 10-year period is by far the largest study of falls among
orthopaedic inpatients to date. To our knowledge, there is only 1 published report evaluating
falls among orthopaedic inpatients, which was a small retrospective study of 70 falls over

a 2-year period.! Interestingly, our study found very similar fall rates: 0.9% versus 1%

of admissions, and 2.0 versus 2.5 falls per 1000 inpatient days. Because our patients

were “medically cleared” prior to surgery and did not include patients referred from an
emergency room setting, we anticipated a lower rate of falls in this sample compared with

a general hospitalized population. Although our rate of 2.0 falls per 1000 inpatient days

is on the low end of published estimates, it is still within the reported range of 0 to 10.7

per 1000 patient days in other general acute hospitals and retirement and long-term facility
Settings.2'10'13115'16

Fortunately, the risk of serious injuries resulting from falls in this patient population

was very low (3.3%), which is reassuring for patients undergoing elective orthopaedic
procedures. However, patients whose fall resulted in a serious outcome were more likely
to fall earlier in their stay (mean postoperative days, 2.7 versus 4.1; £=.003). In addition,
among patients who fell, having had a THR increased the risk of having a serious adverse
event almost 4-fold.

Almost a fifth of falls occurred in patients known to have had a previous fall. These patients
may benefit from more intensive precautions both presurgery and postsurgery. By contrast,
multiple falls during an admission were uncommon, accounting for only 3% of all falls,
with only 1 serious outcome in this group. Inconsistent definitions make it challenging

to compare overall rates of serious adverse events between studies. However, our rate of
fracture (0.7%) appears much lower than that reported among other orthopaedic inpatients
(3%),1 hospitalized inpatients (3.6%),° or the hospitalized elderly (3%).” This may reflect
the underlying health of our cohort, which was primarily a population of those who had
elective surgeries.

Almost half of first falls in our cohort involved using the bathroom, which is a well-
described, high-risk activity. Others have reported that up to 64% of all falls in orthopaedic
inpatients are elimination-related.} Convincing adults to ask for assistance when using the
toilet is clearly a challenge that has not been successfully addressed. Better education is
needed to warn patients of the fall risk associated with activities like toileting. In addition,
20.1% of first falls were observed, and in 19.6% the patient was assisted to the ground.

In this subset of fallers, the presence of another person in the room—even someone close
enough to intervene during the fall—was not protective against falling. This suggests that
fall interventions could involve trained bystanders to remind patients to ask for appropriate
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assistance. Of those with mental status documented, 20.2% were noted by nursing to

be confused at the time of fall, similar to the 26% reported among other orthopaedic
inpatients.t It would have also been informative to know what proportion of patients who
fell while using an assistive device also used an assistive device at home, though this
information was not available.

Unfortunately, medication use was not consistently recorded over the study period, so we
cannot comment on the pharmacologic impact of medication on mental status. However,
although medication use has been associated with falls among community-dwelling and
assisted-living elders,*® the associations among confusion, medication use, and falls in
hospitalized patients remain unclear.> As medication may be one of the few potentially
modifiable risk factors, it is important that future prospective fall studies rigorously evaluate
this factor.

The strengths of this study include a very large sample size from a single center, which
provided the power to look at risk factors for rare but potentially devastating adverse events.
Studies of falls among orthopaedic inpatients should also be performed in smaller centers.
Although it is well known that functional outcomes of orthopaedic surgery are positively
correlated with hospital volume, it is not known if hospital volume impacts fall rates or
outcomes.!! In addition, because fall-specific data were collected within 24 hours of the
fall, this study avoids the biases inherent in retrospective chart reviews. The study also had
excellent case ascertainment. Our complementary case-finding strategy found only 20 cases
that were missed over the entire 10-year study period, so it is extremely unlikely that there
may have been hidden or systematic bias due to missing falls.

Limitations of the current study include the lack of a control group, which would have
allowed us to better understand differences between patients who fell and those who did
not. Because this was a retrospective study, only associations, not causal relationships, could
be inferred from the findings. Although we were able to calculate an overall fall rate and
procedure-specific fall rates for hip and knee replacements, we were unable to calculate fall
rates for other types of procedures. In addition, although physical therapy protocols were
standardized, we could not link specific protocols with individual patients or accurately
account for any changes in physical therapy regimens over time. Also, we could not link
pharmacy data with falls, which would have been particularly important in patients noted to
be confused. We did know when patient-controlled anesthesia had been prescribed but not
when it was used, and we had no data on comorbidities or type of surgical anesthesia.

CONCLUSION

FALLs ARE AvoIDABLE EVENTS. ALthough the risk of serious adverse events was relatively low
in our cohort, these unexpected complications are particularly problematic when they occur
in healthy patients having elective surgery. This large series identifies THR patients as
being at almost 4-fold risk of having a serious adverse event secondary to a fall, which to
our knowledge has not previously been reported. Larger prospective studies are needed to
confirm these results and to inform fall-prevention strategies in this important and rapidly
growing group of orthopaedic patients.
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KEY POINTS
FINDINGS:

Patients whose fall resulted in a serious outcome were more likely to fall earlier in
their stay, and THR patients had an almost 4-fold risk of having a serious adverse event
secondary to a fall. Almost half of all falls involved using the bathroom.

IMPLICATIONS:

All patients should be monitored carefully, especially during high-risk activities such as
toileting.

CAUTION:

A control group would allow us to better understand differences between patients who
fell and those who did not.
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FIGURE.
Rates of falls by percentage of admissions over a 10-year period.
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DAy oF THE WEEK THAT THE FIRST FALL OccuRrRED

Day of theWeek  Frequency,n  Percent
Monday 108 12.8
Tuesday 114 135
Wednesday 117 13.9
Thursday 126 15.0
Friday 127 15.1
Saturday 126 15.0
Sunday 123 14.6
Total * 841 100.0
*
1 missing.
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TABLE 2
ORTHOPAEDIC INPATIENT FALLS (N = 842) ™
Characteristic Values
Mean age, y (range) 68 (18-93)
Female, n (%) 485 (57.6)

Mean BMI, kg/m? (range) ”
Mean postoperative days (range)
Time of fall by quartilesi
First quartile
Second quartile
Third quartile
Fourth quartile
Past history of falls, n (%)
Fall occurred using the bathroom, n (%)
Patient assisted to the ground by someone in the room, n (%)
Using some type of assistive device at the time of fall, n (%)
Prescribed patient-controlled anesthesia, n (%)
Central line in place at time of fall, n (%)

Confused at time of fall, n (%)

28.7 (15.6-54.1)

4.1 (0-56)

12:01 AM to 5 AM
5:01 AM to 11 AM
11:01 AM t0 5:30 PM
5:31 PM to midnight
145 (17.2)

386 (45.8)

165 (19.6)

619 (73.5)

96 (11.4)

19 (2.3)

122 (20.2 of those with documented mental status)

Abbreviation: BMI, body mass index.
*

Includes first fall of each admission.
fAvaiIabIe on 520 patients.

’tEach quartile represents approximately 210 falls.
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TABLE 3

ADVERSE EVENTS SusTAINED DURING A FIRsT FaLL: 2000 To 2009

Characteristic n

Total number of falls among orthopaedic inpatients 868
Number of first falls during an admission 842
No adverse event 732

Minor adverse events (abrasions, cuts, ecchymoses, etc) 82

Falls resulting in serious adverse events 28

. *
Type of serious adverse event

Returns to the operating room 5
Transfers to a higher level of care 3
Fractures 6
Prosthesis dislocation 14
Intracranial bleed 2
Hemorrhage 1

*
n>28, as some falls had more than 1 adverse outcome.
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TABLE 4
REsuLTs oF MULTIVARIABLE REGRESSION ANALYSIS
B PValue OddsRatio 95% ClI
Age 01 48 1.01 0.98, 1.04
Gender 19 63 1.21 0.56, 2.6
Postoperative day .02 .68 1.02 0.95, 1.09
THR 1.3 .001 3.72 1.68, 8.23

Abbreviations: Cl, confidence interval; THR, total hip replacement.
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