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INTRODUCTION

The coronavirus disease 2019 (COVID-19) outbreak in 
December 2019 has led to a massive global pandemic and a 
major health problem worldwide.1) It is associated with dis-
seminated intravascular coagulation syndrome and throm-
botic microangiography,2,3) as well as a risk of thrombotic 
complications, including acute lower-limb ischemia.4,5)

For patients who underwent lower-limb amputation for 

COVID-19-associated coagulopathy, there exists only a 
single report6) of a case series regarding the rehabilitation 
of a patient with COVID-19 after lower-limb amputation. 
This case series6) included three cases of rehabilitation for 
amputation because of COVID-19-associated coagulopathy. 
Nevertheless, this previous study6) did not specify the type 
of prostheses or details of the rehabilitation program, and the 
rehabilitation outcomes were not discussed.

We herein present the details of a rehabilitation program for 
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Background: Coronavirus disease 2019 (COVID-19) is associated with an increased risk of 
thrombotic complications. Nonetheless, there is a paucity of clinical knowledge regarding reha-
bilitation of patients with COVID-19 after lower-limb amputation. Case: A 74-year-old woman 
with COVID-19 was admitted to a university hospital. During hospitalization, she underwent 
right transfemoral amputation due to acute limb ischemia. Three months after admission, the 
patient was transferred to a convalescent rehabilitation ward in the same hospital. A femoral 
prosthesis was prescribed 2 weeks after her transfer to the rehabilitation ward. It featured ischial-
ramal containment with a soft liner and belt suspension, 668-g multiple linkage-type safety knee 
joint (Imasen Engineering; M0781 SwanS), and a solid-ankle cushioned-heel foot. The total 
rehabilitation time during the patient’s stay in the acute-care and rehabilitation wards was 65.5 
h (0.99 h/day, 66 days) and 275.0 h (3.02 h/day, 91 days), respectively. In the rehabilitation ward, 
the patient underwent 54.4 h (19.8%) of muscle strength training, 48.1 h (17.5%) of comprehensive 
assessments, and 47.1 h (17.1%) of gait training. The patient was discharged home 6 months after 
admission, with a total Functional Independence Measure score of 120. The patient could walk 
slowly [44.2 s (0.23 m/s) in the 10 m-walk test] with a femoral prosthesis and a quad cane but 
exhibited limited endurance (75.0 m in the 6-min walk test). Discussion: Following appropriate 
rehabilitation, a patient was able to walk independently after lower-limb amputation despite the 
complication of COVID-19, although her walking ability was limited.
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a patient with COVID-19 who underwent right transfemoral 
amputation caused by acute limb ischemia. We also describe 
the corresponding progress in functional status.

CASE

A 74-year-old woman with COVID-19 was admitted to a 
university hospital. She reported a 32-year history of smok-
ing but had quit smoking 22 years prior to admission. The 
patient had no comorbidities or past medical history before 
admission and was fully independent, including instrumen-
tal activities of daily living (ADLs). She was not on any 
medications. On admission, the patient’s height and weight 
were 158 cm and 53.9 kg, with a body mass index of 21.6 kg/
m2. Written informed consent was obtained from the patient 
for the publication of this case report. This study conformed 
to the CARE guidelines.7)

Chest computed tomography (CT) was performed on 
admission and revealed ground-glass opacity and con-
solidation in both lungs (Fig. 1A). The patient was treated 
with antiviral and anti-inflammatory drugs, as well as low 
molecular weight heparin. Two days following admission, 
melena was observed, and low molecular weight heparin was 
discontinued. However, blood tests showed rapid increases 
in levels of D-dimer and fibrin degradation products. As a 
result, low molecular weight heparin was restarted. Thereaf-
ter, no melena was observed. Contrast-enhanced CT showed 
thrombi in the abdominal aorta, right common iliac artery, 
right external iliac artery, and right femoral artery (Fig. 2). 
On admission, the patient required 10 L/min of oxygen with 
a reservoir mask. On the 18th day of hospitalization, the 

patient was switched to high nasal flow, which was termi-
nated on the 33rd day. Subsequently, the patient required 2–5 
L/min of oxygen with nasal flow. Three months following 
admission, the patient’s right leg became dark brown and 
showed signs of dry gangrene. The patient then underwent 
right transfemoral amputation due to acute limb ischemia.

Following the amputation (3 months after hospital admis-
sion), the patient was transferred to a convalescent rehabili-
tation ward in the same hospital. The patient’s weight was 
41.8 kg at the time of transfer. Chest CT performed at the 
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Fig. 1.  Chest computed tomography (A) at admission, and (B) at the time of transfer to the convalescent 
rehabilitation ward.

Fig. 2.  Contrast-enhanced computed tomography of (A) the 
abdominal aorta, (B) the right common iliac artery, (C) the 
right external iliac artery, and (D) the right femoral artery. 
Red arrows show thromboses.
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time of transfer demonstrated that the ground-glass opacity 
and consolidation in both lungs remained (Fig. 1B). Pulmo-
nary function tests revealed a moderate obstructive pattern 
[forced expiratory volume in 1 second (FEV1.0): 1.68 L, 91.1% 
predicted; and forced vital capacity (FVC): 2.26 L, 70.4% 
predicted]. Arterial blood gas analysis in room air indicated 
the following: pH, 7.47; partial pressure of carbon dioxide, 
39.6 mmHg; partial pressure of oxygen, 58.1 mmHg; and 
type I respiratory failure. The patient required 2–3 L/min 
of oxygen at rest. The distance from the ischial tuberosity 
to the end of the residual limb was 26 cm and the stump 
circumference was 32.5 cm. In the manual muscle test, both 
upper and both lower extremities were given a grading of 4 
(out of 5). The muscle strength for left knee extension was 
66 N as measured using a handheld dynamometer. The total 
functional independence measure (FIM) score at admission 
to the rehabilitation ward was 73 (subtotal score for motor 
items, 38; subtotal score for cognitive items, 35).

The patient underwent both physical and occupational 
therapies for 3 h/day in the rehabilitation ward. The reha-
bilitation goal was to achieve independence in prosthetic 
indoor gait and in the ability to perform ADLs. The patient 
presented with hypoxemia without signs of respiratory 
distress; hence, exercise therapy was provided together with 
pulse oximetry monitoring. Exercise therapy was discontin-
ued when percutaneous oxygen saturation fell below 88% or 
when the respiratory rate became elevated above 30 breaths 
per minute. Until the prosthesis was prescribed, range of 
motion (ROM) training, muscle strength training for the 
trunk and upper/lower limbs, and training for transferring 
from the bed to the wheelchair or toilet were provided. A 
femoral prosthesis featuring ischial-ramal containment with 
soft liner and belt suspension, a 668-g knee joint (M0781 
SwanS; Imasen Engineering, Kakamigahara Japan), and 
a solid-ankle cushioned-heel foot was prescribed 2 weeks 
after the patient’s transfer to the rehabilitation ward (Fig. 
3). We adopted belt suspension because of the long stump. 
The SwanS is a multiple-linkage safety knee joint equipped 
with a stance-phase controller with a bouncing mechanism, a 
swing-phase controller with a constant-friction mechanism, 
an extension-assist spring, and a small-capacity pneumatic 
cylinder. A walker was initially used for gait training with 
the prosthesis, and the patient was subsequently switched to 
a quad cane (Fig. 4). The patient was allowed to bend her 
knees during the swing phase as she trained to walk. How-
ever, because of decreased muscle strength in the hip joint 
and increased oxygen demand during walking, we decided 
to use the prosthetic knee joint under a fixed condition. No 

oxygen was needed at rest, but 0.5–l L/min of oxygen was 
administered during exercise.

Six months after admission, the patient was discharged 
from the hospital. The results of pulmonary function tests at 
discharge revealed no abnormalities (FEV1.0: 1.60 L, 119.4% 
predicted; FVC: 2.22 L, 95.0% predicted), and there were no 
changes in partial blood gas pressures (Table 1). The total 
rehabilitation time during the patient’s stay in the acute-care 
and rehabilitation wards was 65.5 h (0.99 h/day, 66 days; 
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Fig. 3.  Femoral prosthesis as used by the patient in this case 
study, featuring ischial-ramal containment with soft liner 
(A), belt suspension (B), M0781 SwanS knee joint (C), and 
solid-ankle cushioned-heel foot (D).

Fig. 4.  Gait training with femoral prosthesis and a quad 
cane.
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physical therapy, 34.7 h, 55 days; occupational therapy, 
30.7 h, 51 days) and 275.0 h (3.02 h/day, 91 days; physical 
therapy, 162 h; occupational therapy, 113 h), respectively. 
In the acute-care ward, the patient underwent 22 h (33.1%) 
of muscle strength training and 13.5 h (20.6%) of compre-
hensive assessments. In the rehabilitation ward, the patient 
underwent 54.4 h (19.8%) of muscle strength training, 48.1 h 
(17.5%) of comprehensive assessments, and 47.1 h (17.1%) of 
gait training. Details on rehabilitation are presented in Fig. 
5. Weekly changes of interventions in the acute-care and 
rehabilitation wards are illustrated in Fig. 6. At the time of 
discharge, both lower extremities scored 4 (out of 5) in the 
manual muscle test. The muscle strength for left knee exten-
sion had increased to 199 N as measured using a handheld 
dynamometer. The patient was able to walk independently 
with the prothesis and a quad cane, albeit very slowly [44.2 s 
(0.23 m/s) in the 10 m-walk test], and her endurance was lim-
ited (75.0 m in the 6-min walk test). At the time of discharge, 
the patient achieved near independence in ADLs, with a total 
FIM score of 119 (subtotal score for motor items, 84; subtotal 
score for cognitive items, 35) (see Fig. 7).

After discharge from hospital, the patient could use the 
prosthesis and a quad cane to walk at home and a wheelchair 
for outdoor activities with home oxygen therapy. At the 
3-month follow-up, the patient was performing ADLs and 
had maintained her walking ability.

DISCUSSION

We report the rehabilitation of a patient with COVID-19 
who underwent transfemoral amputation due to acute limb 
ischemia. To our knowledge, this is the first detailed report of 
the rehabilitation of a patient with COVID-19 after undergo-
ing lower-limb amputation.

COVID-19 severity is related to ADLs and walking ability. 
In a systematic review,8) all of the included studies showed 
a decline in ADLs among patients with COVID-19 after 
the acute phase of infection. A Japanese multicenter cohort 
study9) of acute COVID-19 cases revealed that only 63% of 
patients were able to walk independently (FIM items for 
walking, 6–7 points) at discharge from acute-care hospitals. 
Therefore, COVID-19 patients with other comorbidities are 
likely to have poorer ADL and walking ability than similar 
patients without COVID-19.

The distinguishing feature of the case in this study is 
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Table 1.  Changes in spirometry and arterial blood gas anal-
ysis

On admission At discharge
Spirometry
  FVC (L) 2.26 2.22
  %FVC (%) 71.7 95.0
  FEV1.0 (L) 1.68 1.6
  %FEV1.0 (%) 91.1 119.4
Arterial blood gas analysis on room air
  PaO2 (mmHg) 58.1 59.4
  PaCO2 (mmHg) 39.6 38.5
  HCO3

− (mmol/L) 28.0 26.2
  A-aDO2 (mmHg) 42.1 42.2
PaO2, partial pressure of oxygen in arterial blood; PaCO2, 

partial pressure of carbon dioxide; A-aDO2, alveolar-arterial 
oxygen tension difference.

Fig. 5.  Details of rehabilitation (A) in the acute-care ward, 
and (B) the convalescent rehabilitation ward.
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transfemoral amputation. Patients that undergo lower-limb 
amputation, especially transfemoral amputations, are known 
to have difficulty in regaining walking ability similar to that 
prior to amputation.10) In particular, the energy consumption 
during walking in patients who had undergone lower-limb 
amputation is higher than that in healthy participants.11) 
Limited exercise capacity has been reported in patients with 
COVID-19.12,13) Therefore, in patients who have undergone 
lower-limb amputation, the achievement of gait independence 
is expected to be more difficult in patients that also have CO-
VID-19. However, clinicians should be aware that patients 
with COVID-19 with associated respiratory dysfunction, as 
in the present case, may be able to walk independently using 
a prosthesis if exercise therapy is provided under appropriate 

supervision.
In this case study, the patient underwent right trans-

femoral amputation because of acute limb ischemia, which 
was complicated by COVID-19 pneumonia. Therefore, 
the patient also required prolonged bed rest. The infection 
control measures for COVID-19 may have led to the further 
isolation and inactivity of the patient. The exercise capacity 
and muscle strength of the patient in this study decreased 
more than in other COVID-19 patients without complica-
tions. The prosthesis was prescribed approximately 3 months 
after admission, at which point the percentages of muscle 
strength training and ROM training were high, suggest-
ing that physical activity remained low for several weeks. 
After prosthesis prescription, the percentage of gait training 
increased. However, the time from prosthesis prescription to 
discharge was another 3 months. Thus, we advocate minimal 
acute deconditioning in such cases to reduce the length of 
hospital stay and improve the final functional outcome.

CONCLUSION

With appropriate rehabilitation based on adequate 
monitoring, a patient was able to walk independently after 
lower-limb amputation due to lower-limb ischemia, despite 
the complication of COVID-19. However, her walking ability 
was relatively limited. Further clinical experiences are war-
ranted to establish a rehabilitation program for patients with 
lower-limb amputation and COVID-19. Nevertheless, we 
believe that the clinical course of this case, which eventually 
achieved independence of gait even with very tough condi-
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Fig. 6.  Weekly changes in interventions (A) in the acute-
care ward, and (B) convalescent rehabilitation ward. Figure 
shows rehabilitation programs in which the patient spent >30 
min/week in the acute-care ward and >100 min/week in the 
convalescent rehabilitation ward.

Fig. 7.  Changes in the motor items of the functional inde-
pendence measure score between admission and discharge.
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tions, will help in the planning of rehabilitation goals and 
programs for future amputees with COVID-19.
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