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Abstract—In describing functional outcomes and independent
living in a cohort of bilateral major amputees, we sought to pro-
vide current estimates of function and independence after a sec-
ond major amputation in an elderly Veteran population with
peripheral arterial disease and/or diabetes. After retrospectively
reviewing and excluding the electronic health records of those
failing to meet the inclusion criteria, we identified 40 patients
with a history of unilateral major amputation who underwent a
second major amputation during the defined study period. Of
these, 43% (17) were bilateral transfemoral amputations (TFAs);
bilateral transtibial amputations (TTAs) and TFA-TTA accounted
for the rest (33% and 25%, respectively). Of the 19 (48%)
patients who were ambulatory prior to bilateral amputation, only
2 (11%) remained ambulatory after the second amputation, while
17 (89%) patients lost ambulatory capabilities. Compared with
those who were </=65 yr, those between 66 and 79 yr were 18%
less likely to ambulate precontralateral amputation (p = 0.03). All
patients with bilateral TFA were nonambulatory. Independence
postcontralateral amputation decreased from 88% (35) to 53%
(21). When data were available (58%), pre and post Functional
Independence Measure scores showed a decrease in 74% of
patients, while 22% showed an increase. In conclusion, bilateral
lower-limb amputation among dysvascular Veterans is highly
associated with a loss of ambulation.

Key words: activities of daily living, ambulation, amputations,
diabetes, Functional Independence Measure, functional out-
comes, independence, limb loss, transfemoral amputations,
transtibial amputations.
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INTRODUCTION

A previous history of contralateral lower-limb limb
loss has been identified as a risk factor for poor outcomes
following revascularization and limb preservation efforts
[1]. Although these poorer expected outcomes may make
some clinicians more cautious in entertaining the idea of
limb preservation efforts in patients who have a history
of unilateral amputation, the alternative—Ilimb loss in the
remaining lower limb—is no more appealing.

Among ambulatory patients with critical limb ischemia
and without a history of prior major amputation, ambula-
tion rates following infrainguinal bypass are 97 percent [2—
3] but are only 20 percent among those with such a history
[4]. Previous reports suggest a comparable disadvantage

Abbreviations: ADL = activity of daily living, CAD = coro-
nary artery disease, ESRD = end-stage renal disease, FIM =
Functional Independence Measure, PAD = peripheral arterial
disease, TFA = transfemoral amputation, TTA = transtibial
amputation, VA = Department of Veterans Affairs.
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following major amputation: whereas about 55 percent of
those undergoing nontraumatic major lower-limb amputa-
tion remain ambulatory [5] only about 38 percent of those
with a prior history of contralateral limb loss remain ambu-
latory following loss of the second lower limb [6]. The few
studies published on function after bilateral major amputa-
tions have not focused on the elderly population with
peripheral arterial disease (PAD) and/or diabetes typically
encountered by the vascular surgeon. Nonetheless, these
studies suggest that 60 percent lose ambulatory ability and
65 percent lose their ability to live independently [6—7].

Patients who have undergone major amputation have
many challenges. First, the contralateral (intact) foot has a
9-fold higher risk of ulceration and eventual amputation
(as high as 25% over 10 yr) compared with patients with
similar risk factors but without a history of major amputa-
tion [8-9]. Additionally, rates of successful limb salvage
following revascularization are lower among patients with
a history of contralateral major amputation [1]. The
poorer clinical outcomes experienced by patients with a
history of major amputation are probably due to a higher
prevalence of risk factors such as end-stage renal disease
(ESRD) [1] and neuropathy but perhaps are also due to
the elevated plantar pressures that occur when ambulating
with a limb prosthesis [10].

With this in mind, we undertook this descriptive
study to present estimates of functional outcomes (ambu-
lation and independent living) for nontraumatic, bilateral,
major lower-limb amputations in an elderly Veteran pop-
ulation with PAD and/or diabetes mellitus. The objective
was to provide estimates of patient-centered outcomes
that would be useful for shared decision-making in the
clinical setting [5,11].

METHODS

Study Subjects

Patients with a previous history of major amputation,
who subsequently underwent major amputation of the
contralateral (intact) lower limb at the Michael E.
DeBakey Department of Veterans Affairs (VA) Medical
Center between June 1998 and December 2012, were
included in this study (n = 41). Patients were retrospec-
tively identified using a prospectively maintained regis-
try of major operative cases at our institution. Major
amputation was defined as any amputation above the
level of the malleoli of the ankle, including transtibial

amputations (TTAs), through-knee amputations, or trans-
femoral amputations (TFAs). Hip disarticulations were
excluded from the study (n = 1).

Data on baseline demographic characteristics and
comorbidities were collected from the electronic medical
records. This review included an assessment of the pres-
ence of comorbidities such as diabetes mellitus, ESRD,
and coronary artery disease (CAD). PAD was defined as
an ankle-brachial index of <0.9 or any history of previous
lower-limb revascularization.

Measures

The primary functional endpoints were ambulation
and independent living. Baseline (up to 1 yr prior to con-
tralateral amputation) and postoperative ambulation was
defined as the patient-reported primary means of locomo-
tor ability (i.e., ambulation with or without a limb pros-
thesis and/or assistive device vs use of a wheelchair as
primary mobility aid). All patients received an evaluation
and subsequent therapy by a team composed of a physi-
cal medicine and rehabilitation physician and physical
therapists. Mobility was categorized as ambulatory ver-
sus bedridden/nonambulatory as described in physician
notes. Ambulation was further distinguished between
household and community. Patient-reported ambulatory
capabilities and disposition were identified through phys-
ical medicine and history and physical as well as prosthe-
sis notes. Reports with discrepant information were
evaluated, and the report with more depth of information
and therefore higher quality was used.

The Functional Independence Measure (FIM) score
as assessed by a certified physical therapist or physical
medicine and rehabilitation physician was used as a mea-
sure of overall baseline and postoperative function. This
scale is a validated assessment of two components of
function: (1) mobility, including locomotion, community
mobility, and transfers; and (2) ability to perform activi-
ties of daily living (ADLs), including eating, grooming,
dressing, and bathing. The FIM has been used and vali-
dated across a variety of patients and settings, and a large
study conducted in an inpatient rehabilitation setting dem-
onstrated that this scale has high discriminative ability
and internal consistency [12—13]. Additionally, data on K-
Levels, as defined by Medicare and assessed by the physi-
cal therapists, were collected when available. Where level
0 indicates an absence of ability or potential to ambulate
or transfer safely, levels 1 to 4 range from household
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ambulatory ability to those with the potential or ability to
perform the activities of an energetic adult [14].

Independence was defined as the ability to live in the
community without long-term support for ADLs, catego-
rized based on living situation at last known follow-up:
residing at home without professional nursing support,
residing in skilled nursing facility or at home with profes-
sional long-term home nursing support, or residing in a
nursing home.

Analysis

Nonparameteric measures and tests were used for all
descriptive statistics and basic comparisons. Specifically, a
two-sided Fisher exact test was used to identify whether
significant differences existed between groups (i.e., post-
operative ambulation and independence vs comorbidities).
Outcomes of interest (i.e., postoperative ambulation, post-
operative independent living) were modeled against
comorbidities and risk factors (e.g., diabetes, ESRD, PAD,
preoperative ambulation, preoperative independent living)
using univariate and multivariate logistic regressions. A p-
value of <0.05 was considered statistically significant.
Intercooled Stata (version 12.0, StataCorp; College Sta-
tion, Texas) was used for all statistical analyses.

RESULTS

Patient Characteristics

Forty-one patients underwent major amputation fol-
lowing a previous contralateral major amputation at our
institution during the defined study period and were con-

Table 1.

SHARATH et al. Functional outcomes in bilateral amputees

sidered for analyses. One patient who underwent a hip dis-
articulation was excluded and results for the remaining 40
patients are reported here. Of these, one patient was
female, while the remaining patients were male (98%).
The median age of this group was 64.5 yr, with a range of
40-86 yr. Regarding age at first major lower-limb amputa-
tion, 24 (60%) patients were <65 yr, 13 (33%) were 6679
yr, and 3 (8%) were >80 yr. Reasons for contralateral
amputation included gangrene, osteomyelitis, nonhealing
foot ulcers, and severe PAD. Most patients (30 [75%]) had
diabetes mellitus. PAD was present in 27 (68%) patients in
this cohort, including 20 (74%) patients diagnosed with
diabetes. Twenty-eight (70%) were current smokers or had
a history of cigarette smoking, and 19 (48%) had CAD.
Table 1 provides a detailed overview of comorbidities
based on amputation level. A majority (22 [63%]) were
married, lived at home, and relied on a spouse for signifi-
cant social support. All of the patients in this cohort were
either unemployed or retired. Five patients died within
6 mo of the contralateral amputation, while 13 patients
(45%) died during follow-up. Data on inpatient rehabilita-
tion, outpatient follow-up, and therapy were not collected
for this study.

Of the 80 lower-limb amputations undergone by
these 40 patients, 44 (55%) were TFAs and 36 (45%)
were TTAs. Patients with bilateral TFAs comprised
approximately half of the cohort (17 patients [43%])
(Table 1). Patients with bilateral TTAs and patients with
TFA-TTA combinations accounted for the remainder of
the cohort (13 [33%] and 10 [25%], respectively). There
were no through-knee amputations performed on patients
that met inclusion/exclusion criteria. The median time

Baseline characteristics of Veterans with nontraumatic bilateral lower-limb loss.

Variable n (%) TFA-TFA (%) TTA-TTA (%) TTA-TFA (%)
Male* 39 (98) 17 (43) 13 (33) 10 (25)
Diabetes Mellitus 30 (75) 12 (40) 12 (40) 6 (20)
PAD 27 (68) 12 (44) 6 (22) 9(33)
ESRD 7 (18) 1(14) 5(71) 1(14)
CAD 19 (48) 5(26) 7(37) 7(37)
Dementia 2(5) 0 (0) 2 (100) 0(0)
Smoking

Current 9(23) 4 (44) 3(33) 2 (22)
Quit >6 mo 19 (48) 8 (42) 6 (32) 5(26)
No Smoking History 9(23) 4 (44) 3(33) 2 (22)

*Female (n = 1): distribution reflects amputation level including female (amputation type: TTA-TFA).
CAD = coronary artery disease, ESRD = end-stage renal disease, PAD = peripheral arterial disease, TFA = transfemoral amputation, TTA = transtibial amputation.
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between amputations was 10 mo, with a range of 0 mo
(simultaneous bilateral amputation) to 157 mo. Two
patients underwent simultaneous bilateral amputation.
Due to the relatively low numbers of these amputations,
the decision was made to include these patients in the
study. In these cases, precontralateral amputation was
considered to be prebilateral amputation.

Ambulation

At baseline (i.e., with one limb intact), 19 (48%) of
the 40 patients were ambulatory. Fifteen patients (38%)
had received a limb prosthesis after the initial limb ampu-
tation, while the remaining 25 patients (63%) had not.
Most (10 [53%]) of those who were ambulatory at base-
line used an assistive device such as a cane, walker, rolla-
tor, or crutches in addition to a limb prosthesis. Of the 19
patients who were ambulatory prior to bilateral amputa-
tion, 2 (11%) retained ambulatory abilities following
major amputation of the contralateral limb, while the
remaining 17 (89%) became nonambulatory. Two addi-
tional patients, with bilateral TTA and TFA-TTA, who
had not been ambulatory at the time of the second major
amputation did ambulate after receiving a lower-limb
limb prosthesis. As a result, a total of 4 patients (10% of
the overall cohort) had the ability to ambulate following
bilateral lower-limb amputations.

Three patients with bilateral TTAs (23%) and one
patient with a TFA-TTA amputation (10%) were ambula-
tory during follow-up (Table 2). The patient with a TFA-
TTA reported using his right lower-limb prosthesis for
transfers. Eight patients (23% overall) received prosthe-
ses for both limbs. No patients were ambulatory follow-
ing bilateral TFAs. On the whole, 15 (38%) of our
patients lost ambulatory capabilities, while 21 (53%)
patients lacked this capacity preoperatively. Through a
Fisher exact test, a significant difference was identified
between precontralateral ambulation and age categories
(265 yr, 66—79 yr, and >80 yr; p = 0.049). A univariate
logistic regression between these two factors indicated
that compared with those who were <65 yr, those
between 66 and 79 yr were 18 percent less likely to
ambulate precontralateral amputation (p = 0.03). Other
univariate analyses did not demonstrate any significant
associations between postoperative ambulation and age,
dementia, ESRD, or PAD (p = 0.74). Due to zero cells, p-
values were not calculated for age, dementia, and ESRD.
Our sample size restricted our ability to construct multi-
variate models identifying predictors between ambula-
tion and potentially impactful factors.

Table 2.
Changes in ambulatory function following major amputation of
second (intact) limb. Data presented as frequency (percent).

Preoperative Postoperative Ambulation

Ambulation Yes No Total
TTA-TTA

Yes 2 (67) 5(50) 7 (54)
No 1(33) 5(50) 6 (46)
Total 3 (100) 10 (100) 13 (100)
TFA-TFA

Yes 0(0) 6 (35) 6 (35)
No 0(0) 11 (65) 11 (65)
Total 0(0) 17 (100) 17 (100)
TFA-TTA

Yes 0(0) 6 (67) 6 (60)
No 1 (100) 3 (33) 4 (40)
Total 1 (100) 9 (100) 10 (100)
All

Yes 2 (50) 17 (53) 19 (48)
No 2 (50) 19 (47) 21 (53)
Total 4 (100) 36 (100) 40 (100)

TFA = transfemoral amputation, TTA = transtibial amputation.

Functional Independence Measure and Medicare
K-Levels
Pre and post FIMs were available in 23 (58%)

patients. Following amputation of the second limb, FIM
scores decreased in 17 patients (74%), increased in 5
patients (22%), and remained unchanged in 2 patients
(9%). The median FIM score change was 11 points fol-
lowing amputation of the second limb. More decreasing
scores, by frequency, were observed in patients with
TTA-TTA combinations than in TFA-TFA or TFA-TTA
combinations (30% vs 26% vs 17%, respectively; p =
0.59) but the observed differences were not significant.

Data from the Medicare K-Level scale was assessed
to further illuminate patient ambulatory capabilities. K-
Level classifications were available in 31 patients (78%),
with 5 patients (16%) classified at level O prior to contra-
lateral amputation. Postcontralateral amputation, this per-
centage increased to 19 (6 patients). No patients were
classified at K-Level 4, while 2 (6%) were classified
level 3 at unilateral amputation. Postcontralateral ampu-
tation, all patients were classified Levels 0, 1, or 2.

Independence
Before undergoing major amputation of the second
(contralateral) limb, 35 (88%) patients were independent
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and lived at home. Five patients (13%) lived in a nursing
home or other care facility. After amputation of the second
(contralateral) limb, only 21 (53%) remained independently
living. While no significant association was seen between
loss of independence and specific level of amputation, 6 of
the 14 patients (43%) who lost independence had under-
gone bilateral TFAs and 5 (26%) of all those who were non-
independent lived alone prior to contralateral amputation
(Table 3). Overall, 8 patients (20%) were either residing in
a skilled nursing facility or nursing home after bilateral
amputation. There was a significant difference in groups
between preoperative independent living and postoperative
independent living (p = 0.02) as well as preoperative inde-
pendent living and the use/issuance of a prosthesis (p =
0.056). Details of the magnitude and direction of this differ-
ence could not be further elucidated through univariate
analyses. No significant associations were found between
postcontralateral amputation independence and age (p =
0.99), dementia (p = 0.51), ESRD (p = 0.58), amputation
type (reference = TTA-TTA, TFA-TFA: p = 0.13, TTA-
TFA: p = 0.35), or baseline ambulatory function (p = 0.99).

DISCUSSION

In this sample of Veteran patients, with high rates of
comorbid conditions, a large number of patients had previ-
ous attempts at revascularization and multiple minor
lower-limb amputations. Given the presence of serious
coexisting conditions, it is important to note that more than
half the cohort (53%) was already nonambulatory prior to
contralateral amputation. While two patients from this
fraction became ambulatory after contralateral amputation,
there is no discounting the physiological and psychological
toll that losing both limbs has on a patient of advanced
years. Thus, it is not surprising that the results of this study
suggest even poorer functional outcomes among a largely
dysvascular Veteran population than had been previously
reported. Specifically, only 11 percent of Veterans in our
cohort remained ambulatory after undergoing bilateral
major amputations—much lower than the 38 percent rate
reported by Inderbitzi et al. [6]. With a similarly comorbid
study population of 66 patients, Inderbitzi et al. reported
the mortality rate at 69 percent after 5 yr and coronary
heart disease the leading cause of death [6].

In general, why might the outcomes observed in our
cohort be so poor? It may be due to the fact that the num-
ber of patients within the Veterans Health Administration

SHARATH et al. Functional outcomes in bilateral amputees

Table 3.
Changes in independent living status function following major
amputation of second (intact) limb. Data presented as frequency
(percent).

Preoperative

Postoperative Independence

Independence Yes No Total
TTA-TTA

Yes 9 (100) 3(75) 12 (92)
No 0 (0) 1 (25) 1(8)
Total 9 (100) 4 (100) 13 (100)
TFA-TFA

Yes 7 (100) 6 (60) 13 (76)
No 0 (0) 4 (40) 4 (24)
Total 7 (100) 10 (100) 17 (100)
TFA-TTA

Yes 5(100) 5(100) 10 (100)
No 0 (0) 0 (0) 0(0)
Total 5 (100) 5 (100) 10 (100)
All

Yes 21 (100) 14 (74) 35 (88)
No 0 (0) 5(26) 5(13)
Total 21 (100) 19 (100) 40 (100)

TFA = transfemoral amputation, TTA = transtibial amputation.

with diabetes is nearly twice that of the general popula-
tion within the United States (20% vs 9%, respectively)
and the proportion that are elderly is nearly three times
that of the general population (37% vs 13%, respectively)
[15-17]. Additionally, Veterans with limb loss are known
to have low degrees of social support, low income, and
negative health behaviors that heighten the risk of limb
loss [18-20]. Indeed, it may be true that the rates here are
representative of the elderly predominately dysvascular
patient population seen at many large VA medical centers
and many large, urban non-Federal medical centers in the
United States.

As the more comprehensive of the two measures, the
FIM was more attuned to specific changes in the func-
tional capabilities of a patient than the Medicare K-Levels.
The broad categories of the K-Levels, arguably, allow for
more subjective misclassification than the FIM scores.
Nevertheless, both measurement tools showed that func-
tional capabilities declined in this cohort. Interestingly,
decreasing FIM scores were observed more often in TTA-
TTA patients than in the other groups. This might be due to
the absence of scores in the other amputation categories
leading to an appearance of greater success in that group.
The ability to live independently declined slightly after
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contralateral amputation. Confirming intuitive reasoning,
there seems to be a possible association between preopera-
tive independent living and postoperative independent liv-
ing. Also, the issuance or use of a prosthesis might have an
association with preoperative independent living. Due to
the nature of our sample, we were unable to further
expound on whether these associations were protective or
harmful.

As with any retrospective chart review analysis, our
study was dependent on the accuracy and frequency of
information recorded in the patient’s chart. In some
instances, a patient’s self-reported ambulatory capability
varied between visits and examinations. Additionally, the
lack of power due to a relatively small sample size weak-
ened our statistical analysis. Some aspects of our analysis
shed light on statistically significant factors of interest
(i.e., indication that significant differences were present
between some groups and the lessened likelihood of
ambulation with unilateral ambulation in 66—79 yr olds).
However, the regressions should be interpreted with cau-
tion because in all cases the models were univariate and
were not adjusted for confounding factors. While the
presence of differences between groups could be con-
firmed statistically in some cases, confirmation of the
direction and magnitude of these differences was
unavailable. We were limited by small cell sizes and,
therefore, cannot definitively discount the lack of signifi-
cant association between postoperative independence and
postoperative ambulation against some of the other inde-
pendent variables. Yet, our results provide insights into
areas that merit further investigation using a well-
powered sample size to more effectively elucidate signif-
icant associations.

The poorer clinical and functional outcomes seen in
patients with a history of unilateral lower-limb amputa-
tion should not dissuade clinicians from offering revascu-
larization and aggressive limb preservation efforts to this
patient population. Indeed, the dismal functional out-
comes (based on the percentage of patients who lost
ambulatory capabilities—90%) reported in the current
study should provide a strong argument for limb salvage
attempts. The decision to offer revascularization to
ambulatory and/or independent patients with previous
unilateral lower-limb amputation should be at least as
aggressive as it is in patients without such a history. In
essence, it is important to have an honest discussion
regarding the costs and benefits of amputation versus
revascularization supported by evidence from the litera-

ture. Moreover, the collaboration of an interdisciplinary
team in the care of patients at risk for bilateral amputa-
tions can provide valuable perspective and encourage
long-term gains in the delivery of quality healthcare.

CONCLUSIONS

Functional outcomes and independence were largely
poor in this sample of dysvascular Veteran patients with
nontraumatic bilateral lower-limb amputations. Similar
to other studies and based on the number of patients
ambulatory in each amputation category [18—19], the cur-
rent study allows for the inference that the preservation
of at least one knee joint has a significant effect on ambu-
lation and the ability to live independently. Further stud-
ies with larger sample sizes are needed to more robustly
identify factors associated with a loss of ambulatory abil-
ity and/or a loss of the ability to live independently fol-
lowing major amputation.
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