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Abstract

Introduction: Adverse events after a lower limb amputation (LLA) can negatively affect the rehabilitation process andmay lead to emergency
department (ED) visits. Earlier receipt of aprosthesis, as compared todelayedornot receivingaprosthesis,maydecreaseormoderate the riskof
increasedEDutilization. Inaddition, adverseevents (ie, fall-related injury [FRI])maybeassociatedwith increasedhealthcareutilizationasmea-
suredbyEDuse. The implicationof the timingofprosthesis provisionafter amputationand reducedEDuse is notwell established.Obtainingdata
about ED utilization early post-LLA could assist the rehabilitation team in ensuring timely and appropriate access to improve outcomes.
Objective: To determine the role that timing of prosthesis receipt has in ED utilization and the association of fall/FRI with health care
utilization.
Design: Retrospective observational cohort using commercial claims data. A logistic regression model was used to assess factors that
influence ED utilization post-LLA.
Setting: Watson/Truven administrative database 2014 to 2016.
Participants: The study sample consisted of 510 adults age 18 to 64 years with continuous enrollment for 3 years.
Interventions: Independent variables included age, sex, diabetes status, amputation level, fall diagnosis, and prosthesis receipt. Fall
was defined as presence of a diagnosis code in any outpatient procedure after the amputation date.
Main OutcomeMeasure: ED use after amputation was defined as the presence of procedure codes that billed for ED services (99281 to
99285).
Results: Individuals who receive a prosthesis early, within 0 to 3 months, post-LLA were 48% (odds ratio [OR] 0.52, 95% confidence
interval [CI] 0.28 to 0.97) less likely to use the ED compared to those who did not receive a prosthesis. Individuals who experienced
a fall/FRI had 2.8 (OR 2.86, 95% CI 1.23 to 6.66) times the odds of ED utilization.
Conclusion: Receipt of a prosthesis reduces the risk of ED use. The current study underscores the value of prostheses during the reha-
bilitation process after LLA.

Introduction

The potentially preventable use of emergency depart-
ments (EDs) accounts for $38 billion dollars of spending
waste within the health care industry in the United
States.1 Annually about 20% of adults in the United States
will visit the ED for acute care, which accounts for 141.4
million visits.1 ED utilization can be considered a proxy
measure for increased health care utilization, which is
associated with increased economic burden.2 Approxi-
mately 34% of total ED visits consist of individuals who
have limitations in their activities of daily living (ADLs).3

In addition, those with functional limitations have nearly
three times the odds of repeated visits among patients
released from the ED.4 Understanding the population sub-
groups that are utilizing emergency services frequently,
and in what manner, may inform targeted interventions
to eliminate the avoidable expenses associated with
nonemergent care.

Lower limb amputation (LLA) is a life-changing event
that requires an increased use of health care services,
encompassing the amputation surgery, immediate post-
operative care, rehabilitation, fitting of a prosthesis,
and follow-ups with other services after discharge into
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the community. Previous studies report that a shorter
time between amputation surgery and receipt of a pros-
thesis improves use of and satisfaction with the device.5,6

There is also evidence that increased ED use is associated
with a poor quality of life (QoL).7 However, there is no
certainty about the influence of early prosthesis receipt
on ED use and potentially preventable health care utiliza-
tion. Early mobility along with functional independence
and ambulation is associated with reduced unnecessary
health care utilization, whereas an increased risk of clin-
ical complications is associated with no prosthesis.8 It has
been suggested among community-dwelling adults that
falls or fall-related injuries (FRIs) may be the result of
functional limitation and poor physical activity.2,3

Individuals with LLA are at a high risk of falls and FRI,
with more than half of individuals with LLA reporting a
fall at least once per year.9,10 A fall or FRI after an ampu-
tation can negatively affect the rehabilitation process
and may lead to increased health care utilization such
as an outpatient medical visit, an ED visit, hospitaliza-
tion, or admission to a long-term care facility.9 A fall/
FRI also results in pain, the need for medical treatment,
increased fear of falling again, and self-induced isolation
or activity reduction, which leads to a reduced QoL.11

However, a percentage of emergency care or acute inju-
ries incurred may be avoided with interventions such as
access to a prosthesis. If prosthetic services result in cost
avoidance by reducing preventable use of the ED, or
improve function and prevent adverse events, then there
is increased value placed on the associated health service
such as receipt of a prosthesis.8,12,13

Earlier receipt of a prosthesis, as compared to delayed
receipt or not receiving a prosthesis within 12 months
after amputation surgery, may decrease the risk of future
adverse events or increased health care utilization, and
thereby contribute to improved patient outcomes and
the value of having a prosthesis fit after amputation.
The purpose of the present study was to determine the
role that timing of prosthesis receipt has in ED utilization
and the association of fall/FRI with health care utilization
measured by ED use among adults who recently had a LLA
in the United States. Two hypotheses were tested: (1) the
receipt of a prosthesis and timing of intervention with a
prosthesis reduces ED use and health care utilization,
and (2) the receipt of a prosthesis and adverse events
(ie, fall or FRI) may be factors associated with increased
health care utilization among adults with LLA.

Methods

Study Design and Data Source

This was a retrospective observational cohort analysis
using data extracted from the International Business
Machines (IBM) Corporation Watson/Truven administra-
tive (Watson) database. The database is populated annu-
ally from approximately 350 payers providing commercial

(private insurance) claims (billing data) for their mem-
bers. Data contain de-identified longitudinal, patient-
level records. Included within the data set are all fully
adjudicated claims for approximately 230 million unique
individual patients in the United States. This included
any orthotic/prosthetic services as well as all other inpa-
tient and outpatient claims. The subset of individuals
extracted was limited to either persons who received an
amputation or orthotic/prosthetic services enrolled from
1 January 2014 through 31 December 2016. The original
database as maintained by IBM Watson is de-identified in
nature and complies with the Health Insurance Portability
and Accountability Act (HIPAA). The subsequent analysis
is not considered human subject research and therefore
does not require institutional review board (IRB) review
or approval.

Participants

Enrollees in one of the commercial plans contained
within the Watson database who were 18 years or older
with continuous health coverage for the 3-year period
(n = 1100) were eligible for the study. Next, inclusion
was based on amputation procedure codes using the
International Classification of Diseases (ICD) and Current
Procedural Terminology (CPT) codes (ICD-9 and ICD-10
used due to time period crossing 2015) to identify all
cases of LLA surgery. The index event was amputation sur-
gery during 2014 through 2015 while allowing for
3 months of data pre-index to capture baseline charac-
teristics and 12 months of data postamputation surgery
(Figure 1). Baseline characteristics include age, sex,
amputation level, and diabetes/vascular status. Only
patients with initial surgical LLA procedures that
occurred within the index period were included in the
final sample (n = 510; Figure 1). Time of prosthesis
receipt was noted as the point where a prosthesis claim
(ie, base prosthesis L-code) appeared, which is the date
of service the prosthesis was provided to the patient
(Appendix A). Time was collapsed into mutually exclusive
3-month categories or groups and treated as a categorical
variable. Individuals who received a prosthesis within the
12 months postamputation were subsequently grouped
based on time since amputation. Group time period
breakdown was: 0 to 3 months postamputation, 4 to
6 months postamputation, 7 to 9 months post-
amputation, and 10 to 12 months postamputation. Indi-
viduals who did not receive a prosthesis within
12 months of their amputation were the final group: “no
prosthesis.”

Measures

The outcome variable, ED use, was defined as the pres-
ence of CPT codes billed for all-cause ED services (99281
to 99285) on any claim that occurred after the amputa-
tion date up to 12 months postamputation. ED use was
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counted as a binary event, the first visit, or event occur-
rence postamputation was captured and counted based
on procedure code. Fall/FRI was defined as the presence
of diagnosis codes that met the criteria of fall (ICD-9
and ICD-10) in outpatient procedures that occurred after
the amputation date up to 12 months postamputation
(Appendix A). Fall/FRI was conceptualized as a proxy for
functional limitation or reduced QoL for use in the second
model as the fall required medical attention or health
care utilization. Prosthesis receipt was determined by
notingmajor lower limb prosthesis base codes billed after
amputation surgery. Claims that included a prosthesis
base code after amputation were flagged to have
received a prosthesis and time elapsed postamputation
noted. The prosthesis date of service is the date the

prosthesis was delivered to the patient irrespective of
the date billed. Presence of diabetes or vascular disease
was identified based on ICD-9 or ICD-10 in claims any time
after enrollees’ first admission, with the assumption that
the disease persisted throughout the study period
(Appendix A). Amputation level was determined based
on diagnosis code. Amputation level was collapsed into
two categories: above-the-knee (AKA) and below-the-
knee (BKA). For example, amputations through the tibia
(ie, transtibial) or distal to the knee were grouped as
BKA. Amputation through-the-knee (knee disarticulation)
and proximal, including at the level of the hip, were all
grouped as AKA. Toe or partial-foot amputations were
excluded. There were no hemipelvectomy or further
proximal levels of amputation.

Analysis

Summary and descriptive statistics were calculated
among the sample population based on receipt of prosthesis
for population subgroups (Table 1). Characteristics are fur-
ther described based on time from amputation surgery to
delivery of prosthesis (Table 2). Chi-square tests of indepen-
dence or Wilcoxon-Mann-Whitney U-tests were used to
compare groups. Two-tailed tests of significance with alpha
levels set a priori at 0.05were implemented in all statistical
analyses. Next, bivariate logistic regression was used to
model the crude association between outpatient fall/FRI
and all-cause ED use. Each independent variable was also
analyzed in a bivariate model to measure the unadjusted
association. Finally, multivariate logistic regression was
used to calculate adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs).

In the first model to address hypothesis 1, the influence
of timing of prosthesis receipt on the likelihood of all-
cause ED use was analyzed while controlling for age,
sex, diabetes status, and amputation level. Time in 3-month-

Figure 1. Structure of participant episode definitions and creation of sample. LLA = lower limb amputation; ED = emergency department.

Table 1
Sample demographic characteristics and inferential statistics stratified
by receipt of prosthesis

Demographic Characteristics

Receipt of Prosthesis

P valueYes No

Total population, n (%) 443 (87) 67 (13)
Emergency department utilization
Yes 131(83.4) 26 (16.6) .13
No 312 (88.4) 41 (11.6)

Fall after LLA
Yes 396 (86.5) 62 (13.5) .43
No 47 (90.4) 5 (9.6)

Amputation level
Transtibial or below knee 352 (91.4) 33 (8.6) <.001*
Transfemoral or above knee 91 (72.8) 34 (27.2)

Sex, n (%)
Male 315 (88.7) 40 (11.3) .06
Female 128 (82.6) 27 (17.4)

Diabetes/vascular status
Yes 290 (88.7) 37 (11.3) .10
No 153 (83.6) 30 (16.4)
Age, mean (SD) 52.5 (9.4) 52.1 (10.1) .80

*Statistically significant at .05. LLA = lower limb amputation.
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based categories between amputation surgery and receipt of
prosthesis was included as a primary independent variable of
interest (no prosthesis as referent category: 0 to 3 months,
4 to 6 months, 7 to 9 months, and 10 to 12 months).
Unadjusted ORs and 95% CIs were obtained using bivariate
logistic regression to provide a crude association for each var-
iablewith ED use. Amultivariate logistic regressionwasmodel
conducted and then a post hoc pairwise multiple comparisons
was applied to evaluate the difference between time catego-
ries (Table 3). Subsequently, the predicted cumulative inci-
dence function was applied to determine the predicted
probability of ED use versus age while stratifying by time to
prosthesis receipt groups.

A second model to address hypothesis 2, set the out-
come of interest to ED use. Primary independent

variables were fall/FRI and prosthesis receipt.
Unadjusted OR and 95% CI were obtained using bivariate
logistic regression to provide a crude association for each
variable with ED use. Multivariate logistic regression was
used to assess the fall/FRI association while adjusting
for covariates, prosthesis receipt, and possible con-
founders, such as age, sex, and amputation level
(Table 4). To assess confounding effects, each potential
confounder was entered into a bivariate model sepa-
rately. If the variable changed the magnitude of the OR
compared to the crude OR by at least 10% it was consid-
ered a confounder.14

Model assumptions and fitting were assessed using
standard techniques, such as ROC curves. All analyses
and data management were conducted using SAS 9.4
(Cary, NC).

Table 3
Logistic regression results for model 1

Variables

Model 1- Timing & ED Use

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Amputation level (AKA vs.
BKA)

1.08 (0.70-1.66) 1.09 (0.69-1.73)

Sex (female vs. male) 0.93 (0.62-1.40) 0.93 (0.61-1.41)
Age 1.02 (0.99-1.04) 1.01 (0.98-1.03)
Diabetes/vascular status (no
vs. yes)

0.68 (0.46-1.02) 0.71 (0.47-1.07)

Length of time, LLA to prosthesis
0-3 mo 0.47 (0.35-1.42) 0.52 (0.28-0.97)*
4-6 mo 0.64 (0.26-1.55) 0.68 (0.28-1.26)
7-9 mo 0.76 (0.34-1.93) 0.69 (0.32-1.48)
10-12 mo 1.03 (0.30-2.15) 0.92 (0.35-2.41)

No prosthesis (Reference) — —

Unadjusted results represent the bivariate or crude relationship
between the independent variable and outcome variable. The adjusted
estimates are while controlling for covariates. ED = emergency depart-
ment, AKA = above knee amputation, BKA = below knee amputation,
LLA = lower limb amputation, OR = odds ratio, CI = confidence interval.
*Statistically significant based on 95% confidence interval.

Table 2
Characteristics of patients based on time from amputation to receipt of prosthesis within 12 months, or no prosthesis

Demographic Characteristics

No Prosthesis 0-3 mo 4-6 mo 7-9 mo 10-12 mo Total

N % N % N % N % N % N %

Total population, n (%) 67 13.1 174 34.1 186 36.5 58 11.4 25 4.9 510 100
Emergency department utilization
Yes 26 16.6 46 29.3 58 36.9 18 11.5 9 5.7 157 30.9
No 41 11.6 128 36.3 128 36.3 40 11.3 16 4.5 353 69.1

Amputation level
Transtibial or below knee 33 8.5 141 36.6 150 39.0 46 12.0 15 3.9 385 75.4
Transfemoral or above knee 34 27.2 33 26.4 36 28.8 12 9.6 10 8.0 125 24.6

Sex, n (%)
Male 40 11.2 142 40.0 121 34.0 41 11.5 14 3.9 355 70
Female 27 17.4 32 20.6 65 42.0 17 11.0 14 9.0 155 30

Diabetes/vascular status
Yes 37 11.3 123 37.6 120 36.7 33 10.1 14 4.3 327 64.1
No 30 16.4 51 27.9 66 36.1 25 13.6 11 6.0 183 33.9

No Prosthesis 0-3 mo 4-6 mo 7-9 mo 10-12 mo Total
Age, mean (SD) 52.1 ± 0.69 52.4 ± 0.69 52.4 ± 0.68 53.2 ± 1.2 50.7 ± 2.5 52.2 ± 0.42

Group X = no prosthesis; Group A = 0-3 months postamputation prosthesis receipt; Group B = 4-6 months post; Group C = 7-9 months post; Group
D = 10-12 months post.

Table 4
Logistic regression results for model 2: the association of prosthesis
receipt and fall/FRI with ED utilization

Variables

Model 2 - FRI & ED Use

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Receipt of prosthesis (no vs.
yes)

1.51 (0.89-2.57) 1.52 (.87-2.66)

Fall/FRI (yes vs. no) 3.13 (1.40-7.12) 2.86 (1.23-6.66)*
Amputation level (AKA vs.
BKA)

1.08 (0.70-1.66) 0.93 (0.58-1.48)

Sex (female vs. male) 0.93 (.62-1.40) 0.87 (0.56-1.34)
Age 1.02 (0.99-1.04) 1.01 (0.98-1.03)
Diabetes/vascular status (no
vs. yes)

0.68 (0.46-1.02) 0.69 (0.45-1.04)

Adjusted estimates are while controlling for covariates. FRI = fall
related injury, AKA = above knee amputation, BKA = below knee amputa-
tion, LLA = lower limb amputation, OR = odds ratio, CI = confidence
interval.
*Statistically significant based on 95% confidence interval.
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Results

Descriptive Statistics

Among the patients in the sample, 13% (67/510) did not
receive a prosthesis within 12 months postamputation sur-
gery (Table 1). Of those who received a prosthesis, 131 indi-
viduals (30%) utilized the ED postamputation as opposed to
26 individuals (39%) with no prosthesis (Table 1). Most of
the individuals had a transtibial (below knee) amputation
(75%). Three hundred twenty-seven individuals (64%) had
diabetes or vascular disease. The average age was 52 -years
old (±9.4 years) and the majority of patients were male
(70%). A simple comparison of the percent of ED use based
on timing of prosthesis receipt groups demonstrates an
upward pattern of increased ED use the longer it takes to
get a prosthesis or not receiving one within 12 months
(Figure 2).

Model Results

After assessment for confounding effects, none of the
potential confounding variables influenced the odds
ratios (OR) by 10% or more. However, the decision was
made to retain and control for the potential confounding
variables in the final models based on strong previous lit-
erature identifying these variables as strong risk factors
associated with falls/FRIs.2,15

Model 1: ED Use and Timing of Prosthesis Receipt
The first model evaluated the impact of timing of pros-

thesis receipt against ED use while controlling for sex,
age, diabetes/vascular status, and amputation level.
Individuals who receive a prosthesis early, between
0 and 3 months, after LLA were 48% (OR 0.52, 95% CI
0.28 to 0.97) less likely to use the ED compared to the ref-
erent group, those who did not receive a prosthesis during
the 12-month post-amputation period (Table 3). The
other time periods were not significantly associated with
predicting ED use as compared to the referent group. The
covariates including sex, amputation level, age, and dia-
betes/vascular status were not significantly associated
with ED use (Table 3).

The predicted probability graph (Figure 3), demon-
strates the difference in risk of ED use versus age strati-
fied by time of prosthesis receipt groups. At age
60, there is approximately a 40% increased probability
of an individual with no prosthesis (purple line in
Figure 3) to use the ED as compared to a 60-year-old
who receives their prosthesis between 0 and 3 months.
The increased risk of ED utilization appears to be a consis-
tent trend the longer the time between LLA surgery and
prosthesis receipt (Figure 3).

Model 2: Health Care Utilization/ED Use and Adverse
Events

The second model assessed the factors associated with
ED use while controlling for prosthesis receipt. Individuals
who experienced an adverse event, defined as any fall/FRI
after amputation surgery, had a 2.80 (95% CI 1.32 to 6.54)
times increased odds of using the ED within the follow-up
period compared to thosewith no fall/FRI, while adjusting
for covariates (Table 4). The covariates in model 2 were
not significantly associated with ED use (Table 4).

Discussion

Using claims data for commercially insured adults in
the United States, these findings substantiate that
(1) adults with no lower limb prosthesis within 12 months
of amputation surgery are almost twice as likely to use
the ED as compared to those who receive a prosthesis
within 3 months, with the odds likely worsening with
extended delays (Table 3), and (2) among those with LLA
who experience a fall within 12 months of amputation
surgery there is a 2.8 times increased odds of associated

Figure 2. Comparison of percent of emergency department (ED) use
that changes based on timing of prosthesis receipt proportional to group
size. No prosthesis group, Group 0-3 months, 4-6 months, 7-9 months,
10-12 months postamputation prosthesis receipt.

Figure 3. Predicted probability of ED use versus age stratified by time to
prosthesis receipt. The purple line represents the “no prosthesis” refer-
ent group and is the highest line on the graph demonstrating a consis-
tently higher probability of ED use. The gray line, the next one down,
represents the 10-12 month group for prosthesis receipt, whereas time
periods 4-6 months and 7-9 months are the overlapping red and green
lines. The lowest probability of ED use is seen with the blue line, which
represents those who receive a prosthesis between 0 and 3 months.
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ED utilization (Table 4). This study included a representa-
tive sample population similar to estimates presented in
previous work, with approximately 65% of lower limb
amputee patients between 18 and 65 years of agemale.16

Moreover, our sample is reflective of those with LLA and
commercial insurance that highlights the potential value
of a prosthesis in terms of health care utilization defined
by all-cause ED use at least once within 12 months post-
amputation. Those who receive a prosthesis early are less
likely to use the ED and this indirectly may improve QoL.7

This study excludes determination of value in terms of
return to work or as a measure of functional outcomes.

Our descriptive analysis suggests that with further
time delay from surgery to receipt of prosthesis, the use
of the ED increases as seen in the percent of ED use com-
parison (Figure 2). This is similar to our results presented
in the multivariate analysis, with model 1 revealing a pat-
tern of a graded decline in ORs with comparisons between
individuals without a prosthesis and those individuals that
were further removed from amputation (ie, 4 months up
to 12 months post-LLA) (Table 3). This observation is con-
sistent with the expression that the earlier a prosthesis
can be provided, the greater protection against the
potentially preventable excess health care utilization or
ED use as seen visually in the predicted probability graph
(Figure 3) and therefore increased value associated with
having the prosthesis.

Early Prosthesis Intervention and Health Care
Utilization

As the findings from model 1 suggest, earlier receipt of
a prosthesis decreases health care utilization as mea-
sured by ED use. Earlier intervention with physical reha-
bilitation and lower limb prostheses has been suggested
to improve patient functional mobility and therefore
reduce health care utilization due to adverse events rein-
forcing prosthetic value.17 Pezzin et al (2004) conducted
a survey, which included both patients with upper and
lower limb amputations, and their findings suggested that
a shorter time between amputation and receipt of a pros-
thesis improved patients’ reporting of satisfaction and
increased use of devices. Furthermore, respondents from
the survey reported an average time to receipt of pros-
thesis of 90 days. The reported shorter time from surgery
to receipt of prosthesis and patients reporting improved
function is consistent with the current study’s findings
that an earlier intervention may reduce health care utili-
zation, such as ED visits, and reduce adverse events, thus
increasing the economic value of a prosthesis. It has been
suggested in other studies that there is a protective
effect, such as reduced mortality, of initial prosthesis
fitting.18 Mortality risk remains elevated among individ-
uals with LLA beyond the initial 30 days, especially among
adults who are not fit with a prosthesis within 6 to
12 months postsurgery.18 Individuals without a prosthesis
will have more difficulty participating in physical therapy

andmobility around the community, and have greater risk
of fall or injury in the home. All of these factors can
increase the incidence of adverse events, which lead to
ED utilization and increased strain on the health care
system.

The results of model 1 in this study did not indicate age,
sex, and amputation level or diabetes/vascular disease sta-
tus to be significant indicators for increased odds of ED use
among people with LLA. The findings suggest that patient
level factors such as age, sex, and cause of amputation
should not create exemptions for certain patients to realize
the benefits of early prosthesis fittingswith regard to reduc-
tion in ED use. These findings are consistent with previous
evidence that found that such factors were not necessarily
restrictive to a patient’s ability to achieve successful mobil-
ity with a prosthesis.18,19

The provision and access to a prosthesis is a critical
component of a person’s rehabilitation after an LLA,
as it is associated with a person’s ability to return to
ADLs, safety, and reintegrate into social or work rou-
tines.5,8 It has become more important to provide evi-
dence of benefit for provision of a prosthesis in order
to ensure patients have appropriate access to a pros-
thesis.8,20 This study further substantiates the value
of a prosthesis while highlighting specifically that ear-
lier receipt of a prosthesis impacts health care utiliza-
tion by reducing the associated risk of ED use. This
study’s results demonstrate that having a prosthesis
earlier is protective against using the ED while control-
ling for age, sex, amputation level, and diabetes
status.

Health Care Utilization Associated with Adverse
Events

The current findings from model 2 are consistent with
recent literature suggesting that individuals having a
LLA incur increased use of healthcare services due to
adverse events such as falls and fractures.8,21 Dobson
et al (2016) conducted a retrospective cohort study using
Medicare beneficiaries, who were significantly older than
our study group (sample mean age 73 years). They found
that the number of falls or fractures were comparable
or higher among those with LLA compared to the control
group. It is worth noting that the Dobson et al study only
included those subjects with LLAwho had received a pros-
thesis within 12 months of amputation surgery. In con-
trast, the current study also included individuals
without a prosthesis within 12 months of surgery for
analysis.

Individuals who experienced a fall/FRI after discharge
from amputation were almost 3 times more likely to use
the ED in the current study. Falls are common among
those with amputation, including injurious falls that
result in need for medical treatment, which has been
demonstrated in a previous study among community
dwelling adults with LLA.22 Adults with LLAs are often
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described as an at-risk population for increased health
care utilization because of their increased association
with chronic diseases and functional disability.22 The
study by Mundell et al23 notes an association between
transfemoral amputees and cardiovascular events. How-
ever, it was found that no change in risk occurred for
those with or without a prosthesis.23 It is interesting to
highlight that we found no effect of sex, as a few studies
have found that women with limb loss have worse func-
tion or increased adverse events compared to men with
limb loss.22,24,25 Yet, the current study differed from pre-
vious studies in that this study utilized claims of those
with commercial insurance as opposed to relying on self-
report, which may have recall bias influencing the report
of injurious falls. It is likely that other factors besides sex
may be driving increased health care utilization within
12 months after LLA.

Limitations

This study has several strengths, in particular the rela-
tively large sample size for this specific population. In
addition, findings are based on a nationally representa-
tive sample of commercial claims generalizable to the
U.S. adult population with LLAwho have commercial (pri-
vate) health insurance. However, there are limitations of
this study. Due to the nature of administrative data, it is
not possible to differentiate the reasons some individuals
took longer to receive a prosthesis or not at all. It is pos-
sible that a delayed fitting or functional limitations that
contribute to falls may be associated with other health
complications, lack of social support, certain payer policy
restrictions, or another unseen complication that con-
tributes to increased health care utilization. Future stud-
ies should attempt to determine such factors using
clinical databases, or potentially registry data. However,
understanding this should place greater emphasis on
working to resolve issues seen to potentially delay provi-
sion of prosthetic rehabilitation so that patients are
afforded the benefits of earlier receipt of their
prosthesis.

The current study did not assess the events prior to
ED use. Unfortunately the nature of claims data makes
it difficult to determine events that may have precipi-
tated or caused increased health care utilization. This
study did not assess the potential difference in severity
or frequency of ED use. Further exploration on the asso-
ciation of adverse events, falls/FRIs, and the subse-
quent acute care utilization with respect to frequency
remains needed. Such work, as well as the current
study, would be enhanced, if possible, to ascertain
the functional status of patients. There are other con-
founding variables that influence both the timing of
prosthesis receipt and falls/FRIs, such as poor general
health and functional mobility. The receipt of a pros-
thesis, as captured by date of service, does not guaran-
tee use of the prosthesis. However, a strength of using

claims data includes accurate reflection of dates, such
as the date a prosthesis was received, as opposed to
relying on patient recall.

Conclusion

The current study findings have valuable implications
for clinical care and potentially policy. Earlier receipt of
a prosthesis is associated with a reduced marginal odds
of ED use. This is valuable in further consideration of
the current study results showing a strong association
between falls/FRIs and ED use, indicating that a prosthe-
sis plays an important role in individual mobility and the
potential to reduce preventable health care utilization.
In light of previous work, which has noted the negative
impact of ED utilization on QoL7 and overall quality of
care, it is concluded that if an individual is provided a
prosthesis earlier in the rehabilitation process after LLA
then there is likely less economic burden and potential
to improve patient outcomes. There is increased value
and opportunity to avoid preventable health care utiliza-
tion and further reductions in QoL.

Supporting Information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.
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CME Question
This retrospective study found that emergency department utilization after lower limb amputation was less likely:

a. In below knee compared to above knee amputees
b. Associated with falls within 12 months post amputation
c. When prosthesis is received within 3 months of surgery
d. In male versus female amputees of comparable age
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