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ABSTRACT
Background Lower extremity amputation is common among patients with ESRD, and often portends a
poor prognosis. However, little is known about end-of-life care among patients with ESRD who undergo
amputation.

Methods We conducted a mortality follow-back study of Medicare beneficiaries with ESRD who died in
2002 through 2014 to analyze patterns of lower extremity amputation in the last year of life compared
with a parallel cohort of beneficiaries without ESRD. We also examined the relationship between ampu-
tation and end-of-life care among the patients with ESRD.

Results Overall, 8% of 754,777 beneficiaries with ESRD underwent at least one lower extremity amputa-
tion in their last year of life comparedwith 1% of 958,412 beneficiaries without ESRD. Adjusted analyses of
patients with ESRD showed that those who had undergone lower extremity amputation were substantially
more likely than those who had not to have been admitted to—and to have had prolonged stays in—acute
and subacute care settings during their final year of life. Amputation was also associated with a greater
likelihood of dying in the hospital, dialysis discontinuation before death, and less time receiving hospice
services.

Conclusions Nearly one in ten patients with ESRD undergoes lower extremity amputation in their last
year of life. These patients have prolonged stays in acute and subacute health care settings and appear
to have limited access to hospice services. These findings likely signal unmet palliative care needs
among seriously ill patients with ESRD who undergo amputation as well as opportunities to improve
their care.
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Patients with ESRD have an approximately ten-fold
higher incidence of nontraumatic lower extremity
amputation than those without ESRD, even after
controlling for their higher prevalence of diabe-
tes.1,2 Although amputation rates in patients with
ESRD appear to be decreasing over time, their risk
of death after amputation remains extremely
high.3–8 After amputation, patients with ESRD are
less likely than other patients to be able to ambulate
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or to use a prosthesis,9,10 are more likely to experience infection
and poor wound healing,11 have higher rates of rehospitalization
and reamputation,12–14 and spend more time in the hospital.9,15

Although advances in surgical and endovascular manage-
ment have led to improvements in survival and limb salvage for
patients with critical limb ischemia,16,17 outcomes after lower
extremity revascularization remain poor among patients with
CKD.18,19 Compared with other groups of patients with crit-
ical limb ischemia, lower extremity peripheral vascular disease
is often more advanced by the time of surgical intervention in
patients with kidney disease, and their disease tends to bemore
distal,1,20,21 placing them at increased risk for readmission,
subsequent revascularization procedures, and future limb
loss.22–25

Lower extremity peripheral vascular disease is a significant
risk factor for mortality in patients with kidney disease, and has
been incorporated into several prognostic models.26–28 Lower
extremity amputation, in particular, is often a sentinel event for
these patients, portending an extremely poor prognosis. In re-
sponse, the Renal Physicians’ Association has recommended
that lower extremity amputation in patients with ESRD on di-
alysis should trigger “discussions about end-of-life care and the
benefits and burdens of ongoing dialysis.”29 However, few stud-
ies have sought to describe how commonly patients with ESRD
undergo amputation near the end of life or the kind of care they
receive. To address this knowledge gap, we designed a mortality
follow-back study to describe: (1) the frequency and types of
lower extremity amputation during the last year of life in pa-
tients with versus without ESRD; and (2) the relationship be-
tween lower extremity amputation and health care utilization
during the last year of life among patients with ESRD.

METHODS

Study Population and Data Sources
Using data from the United States Renal Data System
(USRDS), a national registry for ESRD, we identified all pa-
tients who had been treated with maintenance dialysis or had
received a kidney transplant before death, died between Jan-
uary of 2002 andDecember of 2014, were at least 18 years old at
the time of death, and had Medicare Parts A and B coverage
throughout their final year of life. Ninety percent of these
patients were receiving in-center hemodialysis at the time of
death. We defined receipt of lower extremity amputation in
the last year of life using the following International Classifi-
cation of Diseases, Ninth Revision procedure codes occurring
during an inpatient hospital admission: 84.11, 84.12, 84.13,
84.14, 84.15, 84.16, 84.17, 84.18, or 84.19 (Supplemental Table
1).6,30 Twelve patients with a single amputation for which the
level was not specified (84.10) were excluded. This yielded an
analytic cohort of 62,075 Medicare beneficiaries with ESRD
who did, and 692,702 who did not undergo one or more lower
extremity amputation in their last year of life (Figure 1A). To
draw comparisons with patients without ESRD, we assembled

a parallel cohort of Medicare beneficiaries without ESRD who
died during the same time-period comprised of 8937 patients
who did, and 949,475 who did not undergo lower extremity
amputation in their last year of life (Figure 1B).

To support a more detailed description of differences in pat-
terns of amputation between beneficiaries with and without
ESRD,we classifiedpatients into sevenmutually exclusive groups
according to their highest level of amputation and whether they
underwent more than one lower extremity amputation during
the last year of life as follows: no amputation; single amputation
at the level of the toe, below knee (including ankle), or above
knee, respectively; ormore than one amputation procedure with
thehighest levelbeing toe,belowknee (includingankle),orabove
knee, respectively (Supplemental Table 1).

Outcomes
We used a previously published approach on the basis of Medi-
care fee-for-service institutional claims31 to ascertain the per-
centage of patients with ESRD admitted to a hospital, intensive
or coronary care unit (ICU), and/or skilled nursing facility
(SNF) during their last year of life and the time spent in each
of these settings; whether they were enrolled in hospice at the
time of death and for how long; and whether they died in a
hospital. We used the Center for Medicare and Medicaid Ser-
vices’ (CMS) Death Notification form (CMS 2746) to ascertain
whether patients had discontinued dialysis before death.

Covariates
Using fee-for-service Medicare institutional claims, the Medi-
care Denominator File, and USRDS Standard Analysis Files,
we ascertained each beneficiary’s age at the time of death, sex,
race, Charlson comorbidity index (Quan score),32 and the
following comorbid conditions during the year before death:
cancer, congestive heart failure, coronary artery disease,
diabetes mellitus, emphysema, and stroke.

Statistical Analyses
We described the characteristics of patients with and with-
out ESRD who did and did not undergo a lower extremity
amputation during their final year of life using percentages
for categoric variables and mean values with SD or median

Significance Statement

Although lower extremity amputation is common among patients
withESRDandoftenportendsapoorprognosis, little is knownabout
end-of-life care among these patients. The authors’ analysis of a
national cohort of Medicare beneficiaries finds that patients with
ESRD are far more likely than those without ESRD to undergo am-
putation during their final year of life. Among patients with ESRD,
having a lower extremity amputation was associatedwith admission
to and prolonged stays in acute and subacute care settings during
their last year of life, as well as with dying in the hospital, dis-
continuing dialysis, and fewer days receiving hospice services.
These findings likely signal unmet palliative care needs among se-
riously ill patients with ESRD who undergo lower extremity
amputation.
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values with interquartile ranges (IQRs) for continuous vari-
ables. We used logistic regression analysis to measure the as-
sociation of ESRD with receipt of at least one lower extremity
amputation in the last year of life.Wemeasured this association
both in the overall cohort and after stratification by age
group, presence of diabetes, tertile of comorbidity index, and

time-period of death. We used multinomial logistic regression
analysis to examine the association of ESRD with each patient’s
highest level of amputation and whether they underwent one
versus more than one amputation in the last year of life. All
models were adjusted for age, sex, race, individual comorbid
conditions, comorbidity index, and time-period of death.

A

B

Exclude patients aged <18 years at time of death, n=295

Exclude patients without both Medicare Parts A & B in the last
year of life, n=392,887

Patients with ESRD who did not
undergo amputation

n=692,702

Patients with ESRD who
underwent amputation

n=62,075

USRDS decedents
2002 – 2014, n=1,147,971

Patients with ESRD, n=754,777

Exclude patients who underwent a single amputation with level
unspecified (ICD-9 code 84.10), n=12

Exclude patients without both Medicare Parts A & B in the
last year of life, n=300,299

Exclude patients aged <18 years at time of death, n=17

Exclude patients with ESRD, n=42,830

Patients without ESRD who did
not undergo amputation

n=949,475 

Patients without ESRD who
underwent amputation

n=8,937

Cohort of patients without ESRD, n=958,412

Decedents in a random 5% sample of Medicare beneficiaries
2002 – 2014, n=1,301,562

Exclude patients who underwent a single amputation with
level not specified (ICD-9 code 84.10), n=4

Figure 1. Cohort derivation flow diagram. (A) Cohort derivation for Medicare beneficiaries with ESRD. (B) Cohort derivation for
Medicare beneficiaries without ESRD. ICD-9, International Classification of Diseases, Ninth Revision.
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Using percentages for categorical variables and median
values with IQRs for continuous variables, we compared pat-
terns of health care utilizationduring the last yearof life among
patients with ESRD on the basis of whether they had under-
gone amputation during this time frame. We used logistic
regression analysis to examine the association of amputation
with each measure of end-of-life care. Days spent in each
health care setting were dichotomized at the median value
for the group of all patients with ESRD admitted to that setting
during their last year of life and multivariate analyses were
conducted only among those admitted. All models were ad-
justed for age, sex, race, individual comorbid conditions, co-
morbidity index, and time-period.

We conducted supplementary analyses to examinepatterns of
health care utilization stratified by each patient’s highest ampu-
tation level and whether they underwent one versus more than
one amputation during their last year of life.We conducted sub-
group analyses by age group (#65, 66–80, and$81 years), pres-
ence of diabetes, tertile of comorbidity index, and time-period of
death (2002–2005, 2006–2010, versus 2011–2014).

Statistical analyses were conducted using Stata SE, Version
13.1 (Stata Corp, College Station, TX). Forest plots were
constructedusingRstudio,Version1.0.153 (RStudio, Inc.). The
study was approved by the Institutional Review Board at the
University of Washington, Seattle, Washington.

RESULTS

Compared with patients without ESRD, those with ESRD were
younger, more likely to be male and to be black, had a higher
prevalenceofmostcomorbidconditions, andhadahigheroverall
burden of comorbidity (Table 1). Eight-percent of patients with
ESRD underwent at least one lower extremity amputation in
their last year of life, compared with 1% of patients without
ESRD. The most recent amputation occurred a median of
66 days before death (IQR 22–167) for patients with ESRD
and a median of 60 days (IQR 13–163) before death for those
without ESRD. Among beneficiaries with ESRD, those who had
undergone an amputation were on average younger, more likely
to be male, more likely to be black, had a higher prevalence of
most comorbidities, and had a higher overall burden of comor-
bidity compared with those who did not undergo amputation.
A relatively higher proportion of patients who had undergone
amputation died in earlier years. Sixteen percent of those with
ESRDwho had undergone amputation in the last year of life had
more than one amputation procedure during this time frame
compared with 8% of those without ESRD (Figure 2).

Adjusted Association of ESRD with Amputation
After adjusting for differences in measured patient character-
istics and time-period of death, patients with ESRDweremore

Table 1. Patient characteristics by ESRD and amputation status

Characteristic
ESRD No ESRD

Amputation No Amputation Amputation No Amputation

Total number of patients 62,075 692,702 8937 949,475
Demographic characteristics
Sex, %
Female 42.3 45.7 46.1 55.1
Male 57.7 54.2 53.9 44.9

Race, %
White 60.4 68.7 74.2 87.2
Black 34.8 26.5 20.7 8.7
Other race 4.9 4.8 5.2 4.1

Age category, %
#65 36.1 28.2 8.7 7.0
66–80 51.0 48.0 40.2 33.4
$81 12.9 23.8 51.1 59.6

Mean age (SD), yr 67.7 (11.5) 70.5 (13.1) 79.0 (10.4) 81.1 (11.1)
Comorbidities in the last yr of life, %
Cancer 18.0 27.3 22.0 35.0
Congestive heart failure 86.6 78.3 71.1 47.0
Coronary heart disease 87.2 74.5 71.4 45.6
Diabetes mellitus 95.6 74.6 72.7 35.0
Emphysema 49.3 48.8 48.4 40.1
Stroke 44.8 37.0 38.1 24.8

Median Quan comorbidity index in the last yr (IQR) 10 (8–11) 9 (7–11) 7 (5–9) 4 (2–7)
Yr of death, %
2002–2005 37.2 30.2 40.8 32.3
2006–2010 37.4 38.7 36.1 37.8
2011–2014 25.4 31.1 23.2 29.9
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than twice as likely as thosewithout ESRD tohaveundergone at
least one lower extremity amputation in their last year of life
(adjusted odds ratio [aOR], 2.4; 95% confidence interval
[95% CI], 2.3 to 2.4). A positive association between ESRD
and amputation was noted in all subgroups examined (Sup-
plemental Figure 1). In multinomial logistic regression anal-
yses, ESRD was more strongly associated with receipt of
multiple amputations (aOR, 3.6; 95% CI, 3.3 to 3.9) than
with receipt of a single amputation (aOR, 2.3; 95% CI, 2.2 to
2.3) and more strongly associated with below-knee (including
ankle) amputation (aOR, 3.2; 95% CI, 3.0 to 3.3) than with
either toe (aOR, 2.0; 95% CI, 1.9 to 2.1) or above-knee (aOR,
2.0; 95% CI, 2.0 to 2.1) amputation (Figure 3).

Association of Amputation with End-of-Life Care
among Patients with ESRD
All Medicare beneficiaries with ESRD who underwent at least
one lower extremity amputation in their last year of life were
admitted to a hospital during this time frame (versus 92% of
patients with ESRD who did not undergo amputation), 85%
were admitted to an ICU(versus 73%), and61%were admitted
to an SNF (versus 39%) (Figure 4). Fifty percent of patients
with ESRDwho underwent an amputation died in the hospital
(versus 41%), 25% discontinued dialysis before death (versus
27%), and 18% were enrolled in hospice at the time of death

(versus 21%). During their last year of life, beneficiaries with
ESRD who underwent amputation spent a median of 58 days
(IQR 35–89) in a hospital (versus 29 days for patients who did
not undergo amputation, IQR 14–52), 12 days (IQR 5–25) in
an ICU (versus 9 days, IQR 4–20), 54 days (IQR 22–100) in an
SNF (versus 39 days, IQR 17–82), and 5 days (IQR 3–11) in hospice
(versus 6 days, IQR 3–16).

After adjusting for differences in measured patient charac-
teristics and time-period of death, patients with ESRD who
underwent amputation were more likely to be admitted to an
ICU (aOR, 1.41; 95% CI, 1.38 to 1.45) and SNF (aOR, 2.34;
95% CI, 2.29 to 2.38), more likely to die in the hospital (aOR,
1.18; 95% CI, 1.15 to 1.20), and more likely to have discon-
tinued dialysis before death (aOR, 1.16; 95% CI, 1.14 to 1.18).
However, they were no more likely to have received hospice
services than other patients with ESRD (aOR, 1.02; 95% CI,
1.00 to 1.04). Among patients whounderwent amputation, the
number of days spent in a hospital, ICU, and SNF was more
likely than for thosewhodid not to exceed themedian value for
all cohort members admitted to that setting (hospital: aOR,
4.02; 95%CI, 3.94 to4.11; ICU:aOR, 1.26; 95%CI,1.23 to 1.28;
SNF: aOR, 1.49; 95% CI, 1.45 to 1.52), whereas the number of
days spent in hospice was less likely to exceed this value (aOR,
0.77; 95% CI, 0.74 to 0.80) (Figure 5).

End-of-Life Care by Level and Frequency of
Amputation among Patients with ESRD
Among patients with ESRD who underwent amputation, the
percentage of those admitted to an SNF and the median num-
ber of days spent in a hospital, ICU, and/or SNF varied mark-
edly by amputation level and frequency. Those who received
higher level amputations and who received more than one
amputation generally spent more time in acute and subacute
settings than other patients. However, rates of dialysis discon-
tinuation, hospice enrollment, anddays spent inhospice varied
little by level or number of amputations (Figure 6). Results
were similar after adjustment for differences in measured
baseline characteristics and time-period of death (Supple-
mental Table 2).

Supplementary Analyses
The relationships between amputation status and end-of-life
carewere similar to theprimaryanalysis in analyses stratifiedby
tertile of comorbidity index, age group, presence of diabetes,
and time-period of death. However, there were substantial
differences across strata in patterns of end-of-life health care
utilization (Supplemental Table 3). Receipt of inpatient, SNF,
and hospice care was more common in patients with a higher
versus lower burden of comorbidity. Younger patients spent
longer periods of time in the hospital and ICU but less time in
an SNF than older patients and were less likely to have enrolled
in hospice. In more recent years, patients spent longer periods
of time in an SNF and ICU, were less likely to die in the hos-
pital, and were more likely to have enrolled in hospice com-
pared with earlier years.
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multiple amputations, highest level BKA (including ankle)
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Figure 2. Highest level and frequency of amputation during the
last year of life among patients with and without ESRD. AKA,
above-knee amputation; BKA, below-knee amputation.
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DISCUSSION

Nearly one in tenMedicare beneficiaries with ESRD can expect
to undergo a lower extremity amputation during their last
year of life, a rate that is ten-fold higher than for Medicare
beneficiaries without ESRD. Even after adjustment for differ-
ences in the prevalence of diabetes and other measured patient

characteristics, beneficiaries with ESRD aremore than twice as
likely as those without ESRD to undergo at least one lower
extremity amputation during their last year of life, and more
than three times as likely to undergo multiple amputations
during this time frame. Patients with ESRD who undergo am-
putation near the end of life spend substantially longer periods
of time in acute and subacute care settings than other patients

020406080100

Hospital

ICU

SNF

Died in
hospital

Stopped
dialysis

Hospice

0 20 40 60 80 100

no amputation amputation

Percent of patients admitted Median (IQR) days admitted

Figure 4. End-of-life care for patients with ESRD stratified by receipt of amputation. Percentage of patients with ESRD admitted to
different care settings in the last year of life and percentage that died in a hospital and discontinued dialysis before death (left). Median
time spent in each setting (right). Note: error bars around median days spent in each setting denote IQR.

aOR (95% CI)

2.37 (2.31 – 2.43)Any amputation

Level of highest amputation
Toe amputation

Below knee (including ankle) amputation

Above knee amputation

Above knee amputation

Below knee (including ankle) amputation

Single amputation

Multiple amputations

Highest level toe amputations

Highest level above knee amputations

Highest level below knee (including ankle) amputation

Toe amputation

1.99 (1.88 – 2.10)

3.16 (3.02 – 3.30)

2.04 (1.96 – 2.12)

2.26 (2.20 – 2.32)

1.93 (1.82 – 2.04)

2.97 (2.83 – 3.11)

1.98 (1.90 – 2.06)

3.56 (3.28 – 3.86)

2.69 (2.24 – 3.24)

4.67 (4.12 – 5.30)

2.81 (2.45 – 3.22)

1.0 1.41 2.0 6.0
aOR (95% CI), logarithmic scale

Figure 3. Adjusted association of ESRD with amputation level and frequency during the last year of life.
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with ESRD, and are more likely to die in the hospital and to
discontinuedialysis treatments beforedeath.However, they are
no more likely to receive hospice services and spend even
shorter periods of time enrolled in hospice than other patients
with ESRD.

Prior studies have demonstrated that patients with ESRD
receive more intensive patterns of end-of-life care and less
timely access to hospice services than other Medicare benefi-
ciaries,33–37 and have substantial unmet palliative care needs
compared with patients with other life-limiting chronic ill-
nesses.34,38 Recognized barriers to receipt of hospice care in
this population include difficulty identifying those who are
approaching the end of life,28,39 limited patient and provider
familiarity with palliative and hospice care,40–42 and restric-
tions on Medicare coverage for concurrent hospice and dial-
ysis services.36,37,43 It is striking that despite widespread
recognition that the presence of peripheral arterial disease
and receipt of lower extremity amputation portend an exceed-
ingly poor prognosis in this population,3–8,19,44 Medicare
beneficiaries with ESRD who undergo a lower extremity
amputation near the end of their life receive more—not
less—intensive patterns of care than other patients with
ESRD. The significant amount of time that these patients
spend in acute and subacute care settings during the last
year of life is especially concerning because prior studies
show that quality of end-of-life care for those who die in hos-
pitals and nursing homes tends to be rated lower than for
those who receive home hospice services.45–48 Similar to other
populations, most patients with advanced kidney disease
would prefer to die at home and would value relief of suffering
over life prolongation if they were to become seriously ill.49,50

Although members of this cohort who underwent an am-
putation were more likely than other patients with ESRD to
discontinuedialysis beforedeath, theywerenomore likely tobe
enrolled in hospice at the time of death and spent shorter

periods of time in hospice. Further, admission to hospice
and time spent in hospice varied little by level or frequency
of amputation despite large differences in intensity of care.
There are several possible reasons why patients with ESRD
who undergo lower extremity amputationmay havemore lim-
ited access to hospice services than other patients with ESRD
regardless of the severity of their lower extremity disease. There
may be a tendency to view lower extremity wounds and ische-
mia as isolated, fixable problems that can be treated with
amputation, perhaps overlooking the broader prognostic sig-
nificance of atherosclerotic disease of sufficient severity towar-
rant amputation in this population.34,51 A focus on recovery of
lower extremity function (e.g., aggressive wound care and re-
habilitation) after amputation may serve to further distract
attention from the “bigger picture” of patients’ poor overall
prognosis.9,10,52–54 Additionally, patients who undergo ampu-
tation spend a substantial portion of their last year of life in
subacute care settings where there may be limited access to
palliative care services.55

Prior qualitative work involving patients who have under-
gone lower extremity amputation suggests that they may
experience unique kinds of physical, psychological, and socio-
cultural suffering as they struggle with social isolation, re-
stricted lives, loss of control, and disruption of their core sense
of self.56–58 Our findings provide the added insight that pa-
tients with ESRD are not only more likely than otherMedicare
beneficiaries to undergo lower extremity amputation during
their last year of life, but that these patients spend a substantial
portion of their final year of life in acute and subacute health
care settings with limited access to hospice services.59

Limitations
Our results must be interpreted with the following limitations
inmind. First, this studywas restricted to fee-for-serviceMedi-
care beneficiaries. Although most Medicare beneficiaries fall

aOR (95% CI)

Days admitted to a hospital

Admitted to an ICU

Days admitted to an ICU

Admitted to an SNF

Days admitted to an SNF

Died in a hospital

Stopped dialysis

Enrolled in hospice

Days enrolled in hospice

4.02 (3.94 – 4.11)

1.41 (1.38 – 1.45)

1.26 (1.23 – 1.28)

2.34 (2.29 – 2.38)

1.49 (1.45 – 1.52)

1.18 (1.16 – 1.20)

1.16 (1.14 – 1.18)

1.02 (1.00 – 1.04)

0.77 (0.74 – 0.80)

0.71 1.0 2.0 6.0
aOR (95% CI), logarithmic scale

1.41

Figure 5. Adjusted association of amputation with end-of-life health care utilization in patients with ESRD.
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into this category, our findings may not be generalizable to
non–fee-for-service Medicare beneficiaries and to patients
with other forms of health care coverage. Second, variable
coding practices for planned two-stage amputations may
mean that patients who received these procedures could be
misclassified as having hadmore than one amputation. On the
other hand, because we relied on inpatient institutional
claims, wemay have underestimated the frequency of multiple
amputations occurring at the same level during the same hos-
pitalization. Third, most patients with ESRD in this study were
receiving in-center hemodialysis, thus our results may not re-
flect patterns of amputation and health care utilization among
other segments of the ESRD population such as those

receiving home hemodialysis, those receiving peritoneal dial-
ysis, and those with a functioning kidney transplant. Although
our results provide an objective measure of the frequency of
amputation and patterns of end-of-life health care utilization
in patients with ESRD, it is possible that differences in the
frequency of amputation among patients with and without
ESRD and in patterns of health care utilization among patients
with ESRD who did and did not undergo amputation may
reflect confounding by unmeasured factors.

Patients with ESRD are nearly ten times as likely as other
Medicare beneficiaries to undergo lower extremity amputation
within a year of death and are relatively more likely to undergo
more than one amputation during this time frame. Although

020406080100
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SNF

Died in hospital

Stopped dialysis
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single toe

single BKA (including ankle)
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Figure 6. End-of-life care for patients with ESRD stratified by level and frequency of amputation. Percentage of patients with ESRD
admitted to different care settings in the last year of life and percentage that died in a hospital and discontinued dialysis before death
(left). Median time spent in each setting (right). Note: error bars around median days spent in each setting denote IQR. AKA, above
knee-amputation; BKA, below-knee amputation.
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lower extremity amputation is widely recognized as a sentinel
event portending a poor prognosis in patients with ESRD,
these patients spend substantially longer periods of time in
acute and subacute care settings during their final year of life
and have more limited access to hospice services than other
patients with ESRD. These findings suggest that there may be
substantial unmet palliative care needs among seriously ill
patients with ESRDwho undergo lower extremity amputation
as well as opportunities to improve their care.33–35,49,60–64
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