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Objective: To compare the functional outcomes of
patients with lower limb amputations receiving hae-
modialysis and those not receiving haemodialysis.
Design: A retrospective cohort study.

Patients: Patients with lower limb amputation who
were admitted to a convalescent rehabilitation
ward between January 2018 and December 2021.
Methods: The primary outcome was the effective-
ness of the Functional Independence Measure (FIM)
during hospitalisation in the ward. Secondary out-
comes included the total and subtotal (motor/cog-
nitive) FIM scores at discharge, gain in the total and
subtotal (motor/cognitive) FIM scores, K-level at
discharge, length of hospital stay in the ward, reha-
bilitation time, and discharge destination. Outcomes
were compared between the non-haemodialysis and
haemodialysis groups.

Results: A total of 28 patients (mean [standard
deviation] age, 67.0 [11.9] years; men, 20) were
enrolled in this study. Among them, 11 patients
underwent haemodialysis. The FIM effectiveness was
significantly higher in the non-haemodialysis group
than in the haemodialysis group (median [interqu-
artile range], 0.78 [0.72-0.81] vs 0.65 [0.28-0.75],
p=0.038). The amount of rehabilitation and all
secondary outcomes were not significantly different
between the groups (p>0.05).

Conclusion: Patients with lower limb amputation who
were receiving haemodialysis had poorer FIM effec-
tiveness than those not receiving haemodialysis.

Key words: activities of daily living; comorbidity; amputa-
tion; renal dialysis; rehabilitation; haemodialysis; lower limb
amputation.
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/LAY ABSTRACT )

Chronic kidney disease is a risk factor for foot ulcers
and lower limb amputation. Thus, patients with lower
limb amputation often require maintenance dialysis.
However, there is a lack of knowledge on whether
patients with lower limb amputation receiving hae-
modialysis can achieve functional outcomes com-
parable to those not receiving haemodialysis. This
study aimed to compare functional outcomes between
patients with lower limb amputations receiving hae-
modialysis and those not receiving haemodialysis. This
retrospective cohort study enrolled 28 patients who
underwent amputation surgery and were admitted to
a rehabilitation ward, including 11 patients undergo-
ing haemodialysis (8 with diabetic nephropathy, 1 with
chronic glomerulonephritis, 1 with rapidly progressive
glomerulonephritis, and 1 with acute kidney injury).
Although the amount of rehabilitation did not differ
between groups, the improvement in the activities of
daily living was significantly better in the non-haemo-
dialysis group than in the haemodialysis group. Thus,
even the same amount of rehabilitation for patients
with lower limb amputations receiving haemodialysis
may not lead to functional outcomes comparable to
Qhose without haemodialysis. J
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he number of patients receiving haemodialysis is
increasing globally (1). Patients with chronic kid-
ney disease (CKD) are at high risk of foot ulceration
(2). In particular, CKD stages 4—5 or haemodialysis
has been reported to be an independent risk factor for
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foot ulceration and lower limb amputation compared to
CKD stage 3 (3). The prevalence of lower limb amputa-
tion in patients undergoing haemodialysis ranges from
1.7 to 13.4% (4). Patients receiving haemodialysis are
characterised by a high rate of muscle protein degrada-
tion accompanied by impaired protein synthesis (5) and
may not be able to achieve sufficient muscle mass gain
because of increased catabolism. The prevalence of
sarcopenia is high in patients undergoing haemodialysis
(6, 7). In addition, patients receiving haemodialysis
should spend a large amount of time in bed, which could
lead to inactivity and deprive them of the opportunity
to receive rehabilitative interventions. The presence of
haemodialysis may therefore affect the outcomes of
rehabilitation.

There are few reports on rehabilitation outcomes in
patients with lower limb amputation undergoing haemo-
dialysis (8—11). A retrospective cohort study (11) revealed
that the Functional Independence Measure (FIM) score
(12, 13) was higher in the non-end-stage kidney disease
(ESKD) group at discharge than in the ESKD group,
whereas another retrospective cohort study (9) showed
that the total FIM score at discharge and FIM gain were
not significantly different between patients with lower
limb amputation receiving haemodialysis and those who
were not receiving haemodialysis. The mixed findings
prevent the conclusion of how haemodialysis affects the
functional outcomes of rehabilitation in patients with
lower limb amputation. Furthermore, previous studies
(8-11) have not clarified whether the amount of rehabi-
litation is equivalent in ESKD and non-ESKD groups,
which may influence the outcomes.

The purpose of this study was to compare the functional
outcomes of patients with lower limb amputations recei-
ving haemodialysis and those not receiving haemodia-
lysis. We hypothesised that haemodialysis patients might
not respond to rehabilitation as well as non-haemodialysis
patients and might not receive the same amount of rehabi-
litation as non-haemodialysis patients, and thus might not
achieve the same functional outcomes as non-haemodia-
lysis patients.

METHODS

Study design and patients

In this retrospective cohort study, consecutive patients
with lower limb amputation who were admitted to a
60-bed convalescent inpatient rehabilitation ward in a
university hospital between January 2018 and December
2021 were included. Patients who were not fitted with a
prosthesis were also included. Patients who discontinued
rehabilitation because of transfer to acute care wards or
death during hospitalisation were excluded.

The convalescent inpatient rehabilitation ward was
established in April 2000 in Japan and specialises in reha-
bilitation. In the case of lower limb amputation, patients

can stay in the ward for up to 150 days after amputation,
and they can undergo a maximum of 3 h of physical the-
rapy and occupational therapy per day. The rehabilitation
program was tailored to the specific needs of each patient,
focusing on range-of-motion training, muscle strengthe-
ning training, gait training, and training for activities of
daily living.

Ethics statements

This study was approved by the ethics committee of Fujita
Health University (reference number: HM21303) and was
conducted in accordance with the STROBE guidelines
(14). The requirement for informed consent was waived
because of the retrospective study design, and individuals
who did not opt out were included.

Qutcomes

The primary outcome was the FIM effectiveness (15)
during hospitalisation in the ward. Secondary outcomes
were the total FIM score, subtotal FIM motor items score,
subtotal FIM cognitive items score, gain in the total and
the subtotal (motor/cognitive) FIM scores (15), gait abi-
lity scored by the K-level (16) at discharge, length of stay
(days) in the rehabilitation ward, amount of rehabilita-
tion, average rehabilitation time per day, and discharge
destination. As for FIM scores, each FIM item at admis-
sion and discharge was also investigated. These outcomes
and patient characteristics, including age, sex, cause of
amputation, amputation side, amputation level, Charlson
Comorbidity Index (17), and number of days from ampu-
tation to admission to the ward were collected retrospecti-
vely from patients’ medical records.

The FIM is a rating scale for activities of daily living
consisting of 13 motor items and 5 cognitive items
(12, 13). The total FIM score ranges from 18 to 126,
subtotal FIM motor items score ranges from 13 to 91,
and subtotal FIM cognitive items score ranges from 5
to 35. A higher score indicates better activities of daily
living. The validity and reliability of this scale have been
confirmed (18). The FIM effectiveness was calculated as
follows: (FIM score at discharge — FIM score on admis-
sion)/(126 — FIM score on admission) (15). The FIM
gain is the total FIM score at discharge minus the total
FIM score at admission (15). The FIM score was recor-
ded on admission and at discharge by therapists who
were well-trained in scoring with the FIM and in charge
of the patients.

The K-level (19) is an index of gait ability in patients
with lower limb amputation. KO indicates inability to
walk, K1 means able to walk only at home (very low
activity), K2 indicated ability to walk outdoors with
some limitations (low activity), K3 means able to walk
outdoors without limitations (medium activity), and K4
indicates a high activity level such as an athlete (high acti-
vity). K-levels were determined by a physiatrist from the
findings at the time of discharge.
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The Charlson Comorbidity
Index (17) scores comorbidi-
ties and evaluates 19 conditions

Patients with lower limb amputation admitted to
convalescent inpatient rehabilitation ward

related to chronic diseases.
Its validity has been confir-
med (17), and it has been used
to evaluate comorbidities in
ESKD (20).

The length of ward stay was
defined as the number of days
from admission to discharge
from the rehabilitation ward.
The timing of discharge was
determined when the rehabi-
litation team judged that the

(n=33)
Excluded (n=5)
— transferred to acute care ward (n = 4)
—died (n=1)
Enrollment
(n=28)

patient had reached a plateau in
activities of daily living.

A4

The total rehabilitation time
(h) was the total time of
rehabilitation during hospi-
talisation in the convalescent
rehabilitation ward.

Hemodialysis group
(n=11)

Statistical analysis

Patients’ characteristics were compared between the
haemodialysis and non-haemodialysis groups using the
unpaired #-test, Mann—Whitney U test, or > test depen-
ding on the type of variable. The primary outcome, the
FIM effectiveness, was compared between the haemo-
dialysis and non-haemodialysis groups using the Mann—
Whitney U test. For comparisons of secondary outcomes
between groups, the unpaired #-test, Mann—Whitney U
test, or ¢ test was used depending on the type of variable.
Furthermore, within-group comparisons between admis-
sion and discharge and between-group comparisons at
admission and discharge for each FIM item were perfor-
med with the Wilcoxon signed-rank test and the Wilcoxon
rank sum test, respectively. The effect size (ES) was cal-
culated for each comparison of functional outcomes. The
ES of the unpaired #-test was calculated using the Cohen D
value from the mean and standard deviation (SD). The ES
of the Mann—Whitney U test was calculated by dividing

Table I. Patients’ characteristics

4

Non-hemodialysis group
(n=17)

Fig. 1. Flow diagram of patient selection.

the Z-score by the square root of the total number of par-
ticipants: ES=Z/sqrt (N). The ES of the y* test was cal-
culated by dividing the y* value by the number of scores
and taking the square root. Any p-values less than 0.05
were considered statistically significant. R (version 4.1.0
[2021-05-18], The R Project for Statistical Computing,
Vienna, Austria) was used to perform all statistical analyses.

RESULTS

A total of 33 patients with lower limb amputation were
admitted to the ward during the study period. Four
patients were transferred to other acute care wards, and 1
patient died during hospitalisation in the ward. Therefore,
28 patients were included in the analysis (Fig. 1).

The participant characteristics are presented in Table 1.
The mean age of all patients was 67.0 (SD, 11.9; range
39-86) years (men, 20), and 11 of 28 patients were recei-
ving haemodialysis. The causes of haemodialysis were as

Age, year, mean (SD, range)
Sex, male/female, n
Charlson Comorbidity Index score, median (IQR)
Amputation side, right/left/bilateral, n
Amputation level

Transfemoral amputation, n

Transtibial amputation, n

Patients who were fitted with prosthesis, n
Cause of amputation

Diabetes, n

Peripheral artery disease, n

Trauma, n

Number of days from amputation to admission to the ward, mean (SD, range)

HD group (n=11) Non-HD group (n=17) p
66.5 (10.2, 46-79) 67.4 (12.9, 45-86) 0.846
9/2 11/6 0.303
6 (4-7) 3(1-6) 0.036
6/3/2 10/6/1 0.578
2 6 0.582
11

10 16 0.747
8 8 0.297
3 7

- 2

56.3 (32.3, 21-123) 37.9 (16.4, 22-80) 0.119

HD, haemodialysis; SD, standard deviation; IQR, interquartile range.
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follows: diabetic nephropathy (n=8), chronic glomerulo-
nephritis (n=1), rapidly progressive glomerulonephritis
(n=1), and acute kidney injury because of hypovolemic
shock (n=1). Of the 28 patients, 26 had prostheses. One
patient from each of the haemodialysis and non-haemodia-
lysis groups was not fitted with a prosthesis. Patient charac-
teristics, except for the Charlson Comorbidity Index, were
not significantly different between the groups (Table I). The
total Charlson Comorbidity Index score was significantly
higher in the haemodialysis group than in the non-haemo-
dialysis group (median [interquartile range], 6 [4—7] vs 3
[1-6], p=0.036). Among the subitems, “renal disease” was
more prevalent in the haemodialysis group than in the non-
haemodialysis group (11 [100%] vs 4 [23.5%], p=0.002).

One patient in the non-haemodialysis group had a history
of stroke, but showed no obvious signs of paresis.

The FIM effectiveness was significantly higher in the
non-haemodialysis group than in the haemodialysis group
(median [interquartile range (IQR)], 0.78 [0.72—0.81] vs
0.65 [0.28—-0.75], p=0.038, ES=0.55). As for the subtotal
score, the FIM effectiveness for motor items was signifi-
cantly higher in the non-haemodialysis group than in the
haemodialysis group (median [IQR], 0.76 [0.68—0.80] vs
0.23[0.70-0.76], p=0.020). The rest of the secondary out-
comes were not significantly different between the groups
(all, p>0.05) (Table II).

Regarding each FIM item score (Table III), the scores
in transfer (bed, chair, wheelchair), transfer (tub, shower),

TABLE II. Functional outcomes of patients with lower limb amputations with or without haemodialysis

HD group (n=11) Non-HD group (n=17) p Effect size

FIM effectiveness, median (IQR)

Motor items 0.23 (0.70-0.76) 0.76 (0.68-0.80) 0.020 0.38
Cognitive items 0(0-1) 0 (0-0.75) 0.751 0.06
Total 0.65 (0.28-0.75) 0.78 (0.72-0.81) 0.038 0.55
FIM gain, mean (SD)

Motor items 17.5 (15.9) 24.4 (14.2) 0.165 0.23
Cognitive items 2.6 (3.3) 2.2 (3.4) 0.754 0.06
Total 20.2 (17.8) 26.6 (14.2) 0.268 0.41
FIM score at admission, mean (SD)

Subtotal of motor items 50.5 (20.1) 57.1(18.7) 0.451 0.34
Subtotal of cognitive items 27.1 (8.3) 32.3 (4.1) 0.091 0.85
Total 77.5 (27.1) 89.4 (20.7) 0.278 0.51
FIM score at discharge, mean (SD)

Subtotal of motor items 68.0 (23.3) 80.9 (11.7) 0.128 0.75
Subtotal of cognitive items 29.7 (8.3) 34.5 (1.0) 0.103 0.92
Total 97.7 (31.3) 115.4 (12.4) 0.115 0.82
K-level at discharge, median (IQR) 1(1-1.5) 1(1-3) 0.156 0.27
Length of ward stay, days, mean (SD) 102.3 (26.0) 112.3 (52.8) 0.778 0.22
Total rehabilitation time, hours, mean (SD) 266.2 (106.9) 284.6 (104.7) 0.711 0.17
Average rehabilitation time per day, min/day, mean (SD) 156.4 (18.3) 159.4 (18.3) 0.380 0.16
Discharge destination

Home, n 16 0.121 0.29

Other hospital or long-term care facility, n

1

HD, haemodialysis; SD, standard deviation; IQR, interquartile range; FIM, Functional Independence Measure.

Table III. Each item score of Functional Independence Measure (FIM) in haemodialysis and non-haemodialysis groups

FIM item p-values between-
HD group (n=17) p-values Non-HD group (n=11) p-values group difference
Admission Discharge Within-group Admission Discharge Within-group Admission Discharge

Eating 7(7-7) 7(7-7) 0.961 7(7-7) 7(7-7) 0.281 0.944 0.293
Grooming 7 (5-7) 7(6-7) 0.301 7 (5-7) 7(7-7) 0.105 0.388 0.260
Bathing 3 (1-4.5) 6.5 (3.5-7) 0.068 4 (1-5) 7(5-7) <0.001 0.424 0.022
Upper body dressing 5(2-7) 7 (4.5-7) 0.217 6 (5-7) 7(7-7) 0.002 0.353 0.108
Lower body dressing 5(2-7) 7 (3.5-7) 0.257 5(4-7) 7(7-7) <0.001 0.791 0.108
Toileting 5(1-5.5) 6 (3.5-6) 0.133 5(2-6) 6 (6-6) 0.016 0.218 0.035
Bladder management 7(7-7) 7(7-7) 0.961 7 (6-7) 7(7-7) 0.078 0.577 0.293
Bowel management 7 (1.5-7) 7 (5.5-7) 0.366 7 (6-7) 7(7-7) 0.357 0.210 0.344
Transfer (bed, chair, 5(1.5-5.5) 6 (6-6) 0.024 6 (4-6) 6 (6-6) 0.032 0.153 0.306
wheelchair)

Transfer (toilet) 5(1-5.5) 6 (4-6) 0.102 5(3-6) 6 (6-6) 0.012 0.385 0.055
Transfer (tub, shower) 1(1-4) 5 (4-5) 0.016 3(1-4) 6 (5-6) <0.001 0.571 0.009
Walk/wheelchair 1(1-1.5) 6 (5.5-6) 0.003 1(1-5) 6 (6-6) <0.001 0.711 0.029
Stairs 1(1-1) 5(3-6) 0.002 1(1-1) 5(5-6) <0.001 0.242 0.615
Comprehension 7 (5.5-7) 7(6-7) 0.689 7(7-7) 7(7-7) 0.080 0.155 0.028
Expression 7 (5.5-7) 7(6-7) 0.490 7(7-7) 7(7-7) 0.080 0.291 0.028
Social interaction 7 (5-7) 7 (6-7) 0.517 7(7-7) 7(7-7) 0.080 0.110 0.029
Problem solving 7 (2-7) 7 (4-7) 0.494 7 (5-7) 7(7-7) 0.176 0.136 0.164
Memory 6.5 (3.5-7) 7 (5-7) 0.264 7 (5-7) 7(7-7) 0.227 0.130 0.577

HD, haemodialysis.

Data are presented as median (interquartile rage).
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walk/wheelchair, and stairs were significantly higher at
discharge than on admission in both groups. In the non-
haemodialysis group, grooming, upper body dressing,
lower body dressing, and toileting were also significantly
higher at discharge than on admission. Bathing, transfer
(tub, shower), walk/wheelchair, comprehension, expres-
sion, and social interaction at discharge were signifi-
cantly higher in the non-haemodialysis group than in the
haemodialysis group, whereas there was no significant
difference between groups on admission.

DISCUSSION

This study revealed that the FIM effectiveness of patients
with lower limb amputations receiving haemodialysis was
significantly poorer than those of patients not receiving
haemodialysis in the study sample, although the amount
of rehabilitation provided was not significantly different
between the groups.

In a retrospective cohort study from the United States,
the total FIM score and FIM gain did not show a sig-
nificant difference on admission and at discharge bet-
ween patients with lower limb amputation with ESKD
on haemodialysis and those without ESKD (9). Another
retrospective cohort study conducted in the United States
revealed that patients with lower limb amputation on hae-
modialysis had a significantly longer hospital stay and a
lower total FIM score at discharge than patients without
ESKD (11). However, in the previous study (11), the FIM
score at the time of admission was not described, and we
could not confirm that there were no differences at base-
line. In general, the amount of rehabilitation is related to
functional outcomes (21, 22). However, these previous
studies (9, 11) have not reported the amount of rehabili-
tation. Regarding the rehabilitation of patients receiving
haemodialysis, exercise restrictions on the day of hae-
modialysis may become inhibiting factors, and we con-
sidered the possibility that sufficient rehabilitation was
not provided. Therefore, we clarified the amount of reha-
bilitation in both groups, and it did not differ between
the groups. Our findings revealed that even patients on
haemodialysis underwent the same amount of rehabilita-
tion as those without haemodialysis; however, this same
amount of rehabilitation did not lead to the same functio-
nal outcomes between the groups. Unlike previous stu-
dies (9, 11), we did not use the total FIM score or FIM
gain at discharge as the primary outcome. Patients with
amputation cannot achieve the maximal score in seve-
ral FIM items even when they can perform activities of
daily living by themselves because of the use of functio-
nal aids such as prostheses. Furthermore, patients with
lower limb amputation in this study had relatively high
FIM scores. Therefore, we used FIM effectiveness as the
primary outcome, which aimed to avoid ceiling effects.
The FIM score at discharge and FIM gain are not suffi-
cient to show a difference because of the high FIM score

at admission in patients with lower limb amputation. In
our study, all the indexes of FIM scores including the
subtotal of cognitive/motor items at admission/discharge
tended to be poorer in haemodialysis patients than in
non-haemodialysis patients, and their ES range from 0.3
to 0.9, although not statistically significant. These fin-
dings indicate that patients with lower limb amputation
on haemodialysis had poorer functional status throughout
inpatient rehabilitation than those without haemodialysis,
with poorer functional improvement.

This study showed each FIM item score in haemodia-
lysis and non-haemodialysis groups, while previous stu-
dies (9, 11) showed only the total FIM score and did not
show the score of each item. Motor items, which are main
targets for the rehabilitation of patients with amputation,
transfer, and mobility, were significantly improved from
admission to discharge in both the groups. Furthermore,
the scores for bathing, transfer (tub, shower), and walk/
wheelchair at discharge were significantly higher in the
non-haemodialysis group than in the haemodialysis group.
It is of note that between-group differences were observed
in both prosthetic-related items (walk/wheelchair) and
non-prosthetic-related items such as bathing and transfer
(tub, shower). This indicates that receiving haemodialysis
might influence overall rehabilitation effectiveness.

There are 4 possible reasons for this. First, even with
the same amount of rehabilitation, the haemodialysis
group may have undergone a lower intensity of rehabili-
tation because of fatigue and declining exercise capacity
(23, 24). Second, a decrease in physical activity outside
of rehabilitation may have affected functional outcomes
(25, 26). Third, haemodialysis has been proposed to be
catabolic. Exercise therapy is an effective intervention for
patients with haemodialysis; however, its effect remains
controversial. A randomized controlled trial of resistance
training, which included 2 sets of 10 exercises at a high
intensity, 3 times per week for 12 weeks during haemo-
dialysis, showed no significant improvement in thigh
muscle quantity or quality (27). In addition, another ran-
domized controlled trial revealed that aerobic exercise
training in intradialytic-exercise patients trained 3 times
per week for 6 months on a cycle ergometer showed no
significant improvement in the 6-min walking test (28).
Increased catabolism may result in inadequate impro-
vement in physical function. Thus, haemodialysis may
be a barrier to rehabilitation. Lastly, other factors could
influence the outcomes. The total FIM cognitive items
score on admission was lower and the length of stay in
the rehabilitation ward was shorter in the haemodialysis
group than in the non-haemodialysis group, although they
were not significantly different. For the cognitive domain,
statistical differences were observed in some items at
discharge. This finding might be mostly attributed to the
baseline difference between groups, in that the cognitive
item scores tended to be better in the non-haemodialysis
group. These factors could have affected the functional
outcomes at discharge.
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The clinical implications of this study are that even
the same amount of rehabilitation for patients with lower
limb amputations receiving haemodialysis may not lead
to functional outcomes comparable to those without hae-
modialysis. Several solutions can be proposed. The first
simple approach is to further increase rehabilitation time.
However, this may not be practical given the time of dia-
lysis and intervention costs. A more feasible approach is
to increase rehabilitation intensity without increasing the
amount of time required. To increase the intensity of reha-
bilitation, it may be necessary to increase the frequency of
interventions to minimise fatigue. The third approach is to
establish a more comprehensive programme that includes
enhancing physical activity (25, 26) other than rehabilita-
tive training, and improving nutritional status (29). Future
studies with various frequencies, intensities, amounts of
time, and types of rehabilitation will provide insights into
developing better intervention strategies.

This study has a few limitations. First, this was a single-
centre, retrospective study conducted in Japan. Therefore,
we believe that the generalisability of this study’s findings
to different regions and healthcare systems is limited.
Second, the FIM score might not fully elucidate the dif-
ferences in outcomes between the 2 groups because of its
ceiling effect and coarseness of the scoring. More focused
outcome measures for patients with lower limb amputation
such as indexes of walking ability may be more sensitive in
exploring the differences in outcomes between the groups.
Third, the sample size was not large enough, although it
was similar to the sample sizes in previous studies (8—11).
Despite such limitations, there are few reports of rehabili-
tation for patients with lower limb amputations receiving
haemodialysis. We believe that a report with even a small
number of patients can provide valuable clinical insights,
contribute to future studies through further case accumula-
tion, and lead to important findings on the rehabilitation
of patients with lower limb amputation on haemodialysis.
Future research is needed to examine other aspects of fun-
ctional outcomes including walking ability, long-term fun-
ctional outcome, quality of life, and satisfaction of patients
with lower limb amputations undergoing rehabilitation
and receiving haemodialysis.

In conclusion, patients with lower limb amputation
who were receiving haemodialysis in convalescent reha-
bilitation ward had poorer FIM effectiveness than those
not receiving haemodialysis in this study, even after recei-
ving the same amount of inpatient rehabilitation.
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