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Abstract
This study describes the case of an 18-years-old male affected by severe COVID-19, who was
receiving bilateral lung transplantation (LT), after 71 days of mechanical ventilation and 55
days of veno-venous extracorporeal membrane oxygenation. From post-operative day 2, early
mobilization and physiotherapy treatments were performed. Weaning from mechanical
ventilation, the use of non-invasive ventilation and tracheostomy management were included
in the treatment. Forty-five days after LT the patient was discharged at home, showing
improvements in terms of functional and respiratory parameters, quality of life and mood.
While evidences about physiotherapy treatments in lung transplantation post severe COVID19 remain limited, early approach and a multidisciplinary team may be considered key elements
for functional recovery of these subjects.

Keywords: early rehabilitation, COVID-19, lung transplantation, functional mobilization,
critical care

Introduction
In February 2020, the first COVID-19 patient was registered in Italy and the number of infected
individuals needing intensive care rapidly increased. Pneumonia associated to Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) usually causes mild symptoms but may
also lead to severe hypoxemia, which might evolve in acute respiratory distress syndrome
(ARDS); in these cases, patients require intensive care unit (ICU) admission [1]. Physiotherapy
can certainly play a significant role in patients’ management in both moderate and severe phases
of the disease [2,3]. Nevertheless, the need to isolate the patients and droplets spread during
physical activity make it harder for physiotherapists to carry out their job [2,4]. Moreover, the
limited knowledge of the damage the virus can cause, the presence of composite clinical
pictures and the prolonged stay in the ICU present new challenges to physiotherapists. In this
scenario, the option of lung transplantation (LT) for subjects with irreversible pulmonary
damage calls for a definition of a potential physiotherapy approach also.
This study reports the physiotherapy management on post-operative course after LT for ARDS
related to COVID-19 for the first time; informed consent was obtained from the patient. In

Europe physiotherapists working in ICU and in the respiratory field are in charge of both
muscoloskeletal rehabilitation and respiratory care [5].
Case Report
A young 18-year-old male underwent bilateral lung transplantation at Fondazione IRCCS Ca’
Granda - Ospedale Maggiore Policlinico of Milan (Italy) after 71 days of mechanical ventilation
(MV) and 55 days on veno-venous extracorporeal membrane oxygenation (VV-ECMO) spent
in another hospital in Milan for irreversible ARDS related to COVID-19 infection. Due to the
prolonged ICU stay, he suffered from acquired weakness (ICU-AW). Lung transplantation was
successful, and the VV-ECMO support was removed the following day.
In consideration of the virus reactivation risk after transplantation in immunosuppression
regimens, he was isolated for 15 days in a dedicated room out of caution; all nursing and
medical staff wore the same protections used for active COVID-19 patients.
On post-operative day (POD) 1, sedation was reduced and the patient was evaluated for the first
time by the physiotherapy team (Figure 1). The patient was lucid, alert and collaborative
(Richmond Agitation Sedation Scale -1) [6], followed simple commands and received MV via
oral endotracheal tube on pressure support ventilation mode (Figure 1). PaO2/FiO2 was 248. At
muscular assessment of the limbs, carried out using the Medical Research Council Sum Score
[7], he obtained a total score of 10/60 (Table 1). Spontaneous cough was not effective.
Interventions were planned for 7/7 days, twice a day; in addition, both psychiatric and
psychological interventions were considered.
On POD 2, the physiotherapy treatment involved early mobilization; patient positioning
foresaw his turning from side to side on the bed and sitting out of bed while under mechanical
ventilatory assistance. Assisted airway clearance strategies and cough function training were
performed as well. After a 10-hour trial in spontaneous breathing, the patient was extubated and
the physiotherapy team supported the weaning process, assessing inspiratory and peripheral
muscles strength and evaluating respiratory reserve and hemodynamic response during patient
positioning and early mobilization. Non-invasive ventilation (NIV) was employed to assist the
patient after extubation and ensure lung expansion, adequate lung volumes and gas exchanges.
On POD 4, after fever onset, the treatment was interrupted, the patient was reintubated and
underwent 12-hour pronation cycle. The rapid resolution of the septic phase allowed the
promptly resumption of the rehabilitation program. On POD 8, surgical tracheostomy was
performed (Figure 1). Swallowing was assessed and transtracheal open ventilation (TOV) was

applied to facilitate patient phonation. Moreover a home ventilator was used in invasive mode
to allow early patient ambulation and movement outside his room. On POD 15, patient was
progressively weaned from tracheostomy, maintaining nocturnal non-invasive ventilation
(NIV) and daytime high flow nasal cannula (Figure 1).
Due to the improvement of the patient’s respiratory conditions, the resolution of the
neuromuscular deficit was prioritized. The patient was progressively verticalized, requiring the
assistance of 2 ICU staff members.
The patient was transferred to the ward on POD 25; the functional independence in ADL
measured according to the Barthel Index was 25/100 (Table 1) [8]. He underwent supervised
endurance training every day with a cycloergometer and ambulated with a progressive reduction
of support and training of postural changes. On POD 42, weaning from night-time NIV was
performed after negative night oximetry during spontaneous breathing. Active mobilization,
muscle strengthening exercises, balance training, progressive re-training of postural steps and
recovery in functional activities with a particular focus on independence in ADL and walking
outdoors without support were performed. The bilateral deficit of common fibular nerves was
observed and studied by electromyography; to facilitate standing, walking, and stair climbing,
the implantation of bilateral flexible dorsi-assist joints was prescribed.
The patient and his family were also supported with psychological interventions; the family
was assisted both during the pre-LT hospitalization period to facilitate their processing of the
traumatic experience, and after the LT, as the patient initially needed to reconstruct crucial
elements of his clinical history. Numerous episodes of anxiety have been observed, mainly
related to the weaning from respiratory support; the patient also reported considerable fear in
autonomous-breathing intervals.
Forty-five days after LT the patient was discharged at home to follow endurance training,
strength muscle and walking programmes; follow-up twice a week at the hospital was planned.
At discharge, pulmonary function tests and muscle strength tests were administered (Table 1).
The walking distance at 6 minutes walking test (6MWT) at room air was 210 meters, whereas
the repetitions at 1-minute sit to stand test (1m-STST) were 15 (Table 1) [9,10].
At 1‐month and 3-months after discharge, exercise capacity increased and spirometric values,
quality of life parameters and patient’s anxiety and depression improved (Table 1). A residual
deficit of ankle dorsiflexion was observed, and dynamic-walk orthosis was still required (Table
1).

Discussion
This study reports for the first time the physiotherapy treatment administered to a patient who
underwent bilateral LT for ARDS related to SARS-CoV-2. This case shows the feasibility and
the advantages of incorporating physiotherapy for respiratory patients in this challenging
scenario. In our hospital, the physiotherapy care of patients post LT is assured 7/7 days, twice
a day, by a group of 5 physiotherapists who have a postgraduate degree in cardio-pulmonary
and critical care physiotherapy, supervised by a senior physiotherapist with 20-years’
experience in post-transplantation care. As this patient had a new and rare condition and no
treatment guidelines were available, physiotherapists planned his treatment referring to the
current practice in post-transplantation and the long-term experience built in the last decade by
the Lung Transplant Unit members. The case and the clinical choices were discussed by the
multidisciplinary team during a daily briefing. The treatment and its progression were defined
through the combined efforts of the multidisciplinary team, made of physicians,
physiotherapists, psychologists, nurses, together with the patient and his caregivers. Despite the
absence of formal studies on the topic, early mobilization, non-invasive ventilatory support and
airways clearance seemed to be helpful to the LT population with muscle dysfunction [11]. In
the given case, pre-transplantation immobilization and mechanical ventilation periods were
long, resulting in dramatic ICU-AW. Compared to usual post-transplantation subjects, the
treatment of this patient presented distinctive features linked to the treatment of COVID-19
infection. The need for isolation required a dedicate path of assistance due to the risk of
contagion; in the early post-operative period, it was not allowed to let relatives assist the patient.
The absence of support in such compromised framework, especially for a young patient,
resulted in a difficult start for his daily post-operative interactions with the staff. The
psychological state was certainly affected by both the long preoperative ICU stay and the poor
preparation for transplantation due to the acute and rapid onset of the disease [12]. The patient,
who was healthy before his COVID-19 infection, had to go through great psychological distress
in having to face LT and the later acquired disability due to prolonged ICU stay. For this reason,
he was supported with psychological interventions and efforts were made to help him regain
his independence in ADL. In this context, the large experience of our team in the management
of LT patients ensured the correct timing of physiotherapeutic interventions, such as the use of
TOV to facilitate patient phonation, and the use of a home ventilator in invasive mode to allow
early patient ambulation outside his room. Furthermore, the possibility of performing LT in the
clinical course of selected ICU COVID-19 patients suggests careful monitoring of this category

of subjects. The combined efforts of the multidisciplinary team was crucial in the patient’s
respiratory and functional recovery.

Conclusion
Physiotherapy after lung transplantation for ARDS related to COVID-19, was challenging
compared to the usual approach. In the present report, we describe for the first time the
physiotherapy management of this rare and severe condition. Further studies are needed to
address efficacy of physiotherapy in this new patient population.
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Figure 1. Timeline of physiotherapy treatments. Timeline of the hospitalization period, the
interventions performed by physiotherapists and the functional steps achieved by the patient.
ICU, intensive care unit; IMV, invasive mechanical ventilation; HFNC, high-flow nasal
cannula; LT, lung transplantation; NIV, non-invasive mechanical ventilation; PEEP, positive
end-expiratory pressure; POD, post-operative day; PS, pressure support; PSV, pressure support
ventilation; TOV, transtracheal open ventilation.

Table 1. Functional, respiratory and quality of life related outcomes at different time points.
ICU
Hospital
1 month
3 months
POD 2
discharge
discharge
follow up follow up
6MWD (m)

NA

NA

210

320

430

1m-STST (reps)

NA

NA

15

25

43

mMRC-SS score

10

16

40

44

56

Ankle dosrsiflexion L

0

0

0

2

3

Ankle dorsiflexion R

0

0

0

2

3

Knee extension L

1

2

5

5

5

Knee extention R

1

2

5

5

5

Hip flexion L

2

2

5

5

5

Hip flexion R

2

2

5

5

5

Wirst extension L

1

2

5

5

5

Wrist flexion R

1

2

5

5

5

Elbow flexion L

1

2

5

5

5

Elbow flexion R

1

2

5

5

5

Shoulder abduction L

1

2

5

5

5

Shoulder Abduction R

1

2

5

5

5

MIP (cm H2O)

NA

-35

-65

-75

-120

MEP (cm H2O)

NA

NA

60

72

125

FVC (L)

NA

NA

2,17

2,86

3,2

FVC (%)

NA

NA

40

54

61

FEV1 (L)

NA

NA

1,91

2,58

3,00

FEV1 (%)

NA

NA

43

58

68

PEF (L)

NA

NA

3,45

4,03

4,39

PEF (%)

NA

NA

34

40

44

SVC (L)

NA

NA

1,99

2,77

3,25

SVC (%)

NA

NA

36

53

62

P/F

NA

324

436

547

NA

Barthel

25

85

100

100

100

1 month
after
surgery

3 months
after
surgery

9 months
after
surgery

SF-36, MCS

39

55

51

SF-36, PCS

28

50

55

HAM-D

18

6

0

1m-STST, 1 minute sit-to-stand test, 6MWD, 6-minutes walking distance; 6MWT, 6-minutes
walking test; FEV1, forced expiratory volume in the 1st second; FVC, forced vital capacity;
HAM-D, Hamilton Rating Scale for Depression; ICU, intensive care unit; L, left; MCS, mental
component summary; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure;
MRC-SS, Medical Research Council Sum Score; PCS, physical component summary; PEF,
peak expiratory flow; POD, post-operative day; R, right; SF-36, 36-Item Short Form Health
Survey; SVC, slow vital capacity.

