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Abstract

Due to COVID-19 outbreak, to lighten the burden of acute
and critical care hospitals, some respiratory rehabilitation
departments have been used to host patients with COVID-19 in
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the post-acute phase. This new and unexpected situation required
a change of roles and scheduling of the rehabilitation teams. In
this manuscript we describe the unexpected and urgent organiza-
tional change of the Cardio-Pulmonary Rehabilitation (CPR)
service during the COVID-19 emergency in a Northern Italian
rehabilitation  hospital, focusing on the Respiratory
Physiotherapists’ (RPTs) role. A quick three-days complete reor-
ganization of the entire hospital was needed. A COVID-19 care
team including a multidisciplinary panel of physicians, nurses,
and RPTs was quickly performed to manage 90 beds for post
acute patients with COVID-19. Within the team, the RPTs
changed their shifts, so as to be available 16h per day, 7 days out
of 7. Remodelled tasks in charge of RPTs were: oxygen therapy
daily monitoring, non invasive ventilation (NIV) and continuous
positive airways pressure (CPAP) delivery, pronation and postur-
al changes to improve oxygenation, reconditioning with leg/arm
cranking and exercises, initial and final patients’ functional
assessment by short-physical performance battery (SPPB) and 1-
minute sit-to-stand test (1-STS) to evaluate motor conditions and
exercise-induced oxygen desaturation. Three “what-to-do” algo-
rithms were developed to guide: i) oxygen de-escalation by
reducing inhaled fraction of oxygen (FiO,); ii) oxygenation
improvement through the use of Venturi mask; iii) recondition-
ing and physical activity. One-hundred seventy patients were
treated in one month. As main topics, RPTs have been involved
in oxygen therapy management in almost a third of the admitted
patients, reconditioning exercises in 60% of the cases, and initial
and final functional motor capacity assessment in all patients.
Details of activities performed by the RPT in one typical work-
ing day are also shown. Our reorganization has exploited the
professional skills and clinical expertise of the RPTs. This re-
organization can provide practical insights to other facilities that
are facing this crisis, and may be a starting point for implement-
ing post-COVID-19 rehabilitation. Future studies will have to
improve and review this organization.

Introduction

The global outbreak of coronavirus disease (COVID-19) is
having a widespread diffusion throughout the world [1,2]. Italy,
and particularly the northern region of Lombardy [3], have been
affected by an exponential growth of cases, which made neces-
sary, for national and regional authorities, to implement extraordi-
nary measures to contain the spread of the virus very quickly. The
COVID-19 disease may cause massive diffuse alveolar damage
resulting in acute respiratory failure (ARF) that requires, in a high
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percentage of cases, mechanical ventilation [4]. In order to lighten
the burden on acute care hospitals, certain rehabilitation facilities
have been used to host COVID-19 patients in the post-acute phase
of the disease, in particular involving respiratory rehabilitation
departments with expertise in the management of lung diseases.
This reorganization has showed up with the need to modify tasks,
roles, and scheduling of the rehabilitation teams, albeit in the
absence of indications and guidelines on the management of
patients in the post-acute phase, and data on their characteristics
and rehabilitation needs.

The aim of this study was to describe the unexpected and
urgent organizational change of the Cardio-Pulmonary
Rehabilitation (CPR) Service during the COVID-19 emergency in
an [talian rehabilitation hospital, with focus on the Respiratory
Physiotherapist Therapists’ (RPTs) role.

Materials and Methods

This was an organizational and observational (STROBE state-
ment) study performed at the Istituti Clinici Scientifici Maugeri
IRCCS, Institute of Lumezzane, Brescia, Italy, starting from
March 10th 2020 to the present day. All data presented in this study
referred to the period between March 14™ and April 14™, 2020.

Due to the descriptive nature of the article no ethical approval was
necessary.

Pre-COVID-19 organization at the CPR service

The CPR service is composed by 8 RPTs (6 full time, 2 part-time)
and 1 senior RPT’s coordinator, all experienced in pulmonary and
cardiac rehabilitation. Until March 10t 2020, the CPR service
worked in a unique daily shift, starting at 8.00 am until 4.00 pm, 7
days out of 7. The RPTs managed the rehabilitation needs of 56 inpa-
tients and 14 outpatients with chronic cardiac and pulmonary condi-
tions (Figure 1). The routine activities performed by RPTs before the
health crisis were exercise training, following the current best prac-
tices [5,6]; patients’ devices adaptation, education and follow-up of
domiciliary non invasive ventilation (NIV) or continuous positive air-
ways pressure (CPAP) for chronic respiratory failure and sleep relat-
ed breathing disorders; bronchial secretion clearance techniques;
oxygen therapy management during exercise; patients’ education on
chronic diseases management and healthy lifestyle; training of stu-
dents and other professionals (e.g., lectures) and research activities.

All rehabilitation activities were monthly planned and organi-
zational plan was provided by the 20 day of each month by the
coordinator. The management of the evaluation of oxygen at rest
and during the night and the mechanical ventilation adaptation in
acute patients were managed directly by the pulmonologist.

BEFORE COVID-19: PULMONARY REHABILITATION FOR COPD AND CRF

EXERCISE

09

Cycling or walking,
moderate-high intensity

March,10t
2020

NIV and CPAP

Patients’ adaptation and
education to domiciliary use

AIRWAYS CLEARANCE

EDUCATION

Patients’ education on
chronic disease
management

Secretion clearance and
cough assistance

COVID-18 OUTBREAK

REORGANIZATION: CARE FOR POST-ACUTE COVID-19

OXYGEN THERAPY
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Figure 1. Respiratory physiotherapist’s activities in post-acute COVID-19. COPD, chronic obstructive pulmonary disease; CRF, chron-
ic respiratory failure; NIV, non invasive ventilation; CPAP, continuous positive airways pressure.
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Organizational changes due to COVID-19 outbreak

During the dramatic emergency period, our medical centre was
selected from the Regional Health authorities to hospitalize
patients with COVID-19 and interstitial pneumonia. The patients
were immediately transferred to our COVID-19 unit as soon as
they were discharged from ICU and non-ICU units in the post-
acute phase with more stable clinical conditions.

Even if at the arrival to our hospital, the patients have already
passed the critical period, they were still too unstable to be dis-
charged home, and needed continuous sub-acute care. Within three
days, a hospital crisis unit including the health authorities, physi-
cians, nurses, RPTs, and physiotherapists of the neuromuscular
rehabilitation service (PTs) was created in our Institute with the
purpose of reorganizing the hospital and its activities. A COVID-
19 care team was selected including a multidisciplinary panel:
physicians (pulmonologists, internists, neurologists, geriatricians,
physiatrists and cardiologists), nurses, RPTs and PTs.

In this context, the role of the RPTs within the COVID-19 care
team was reformulated. Together with pulmonologists and nurses,
the RTs of the CPR service set up the new organization, as
described below.

Protocol description and measures

In order to show the new organization, we have described:

1) Organizational plan: general new hospital organization, role
of RPTs, the number of all tasks performed by the RPTs during
a typical working day, as well as the percentage of patients
who needed a specific performance.

2) Patients’ characteristics: Number and characteristics of
patients admitted during the study period were presented.
Dead, discharged patients and currently number of hospital-
ized patients were collected.

Statistics

Given the nature of this study, only descriptive statistics was
performed. All data were presented as number, percentage, or
median (interquartile range) unless otherwise specified.

Results

Organizational plan

Our Rehabilitative Hospital reorganized completely its tasks,
shifts and roles, in a short period of time. All rehabilitative activi-
ties non related to COVID-19 were completely stopped after the
beginning of COVID-19 crisis.

Physicians in charge of the patients, alternated themselves in
the role of case-manager (e.g., drug therapy management, deci-
sions on diagnostic-therapeutic procedures and on discharge, efc.).
Within the team, a pulmonologist consultant was available 24 h a
day (on duty during the day and available by telephone during the
night). All physicians remained outside the COVID-19 area, and
communications were allowed through dedicated technological
strategies, as described below. Inside the COVID-19 area, a doctor
on call was always present and available.

As far as the nurses’ team is concerned, it was responsible for
all nursing evaluations and treatments, drugs administration, mon-
itoring of oxygen and NIV/CPAP especially during the night shift.
Moreover, the nurses managed communications with relatives and
family members about the patients’ clinical conditions by periodi-
cal phone calls. Furthermore, since many patients arrived at our
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Institute from other hospitals without personal effects and no visits
were allowed, the nurses were responsible of favouring communi-
cations between patients and relatives/families by technology such
as tablets for on-demand video calls to be used in the COVID area;
and of managing the delivery of patient’s spare clothes, objects and
personal belongings by relatives (i.e., patient bags and baggage
were left at the reception and brought in the COVID-19 area by the
nurses). In the most chaotic days, as many patients lacked, for
example, of pyjamas and linen, nurses also organized charity col-
lections of clothes, bath items, books and magazines.

Because of the infectious risk, the patients were not allowed to
leave their “reserved” rooms. They had to wear a surgical mask,
even over oxygen goggles and treatment masks, if tolerated. No
object could leave out from the reserved area if not through dedi-
cated dirty paths. Periodic sanitisations of the lung disease depart-
ment were carried out by the cleaning staff. Special precautions
were taken to contain the spread of infected micro-particles: the
use of Venturi masks for oxygen therapy was preferred, as it was
less dispersive [7]; non invasive mechanical ventilation was car-
ried out on a closed mask and positioning an antiviral filter before
the expiratory valves.

The role of RPTs

Due to extreme paucity of protective personal equipment
(PPE), it was not possible to get more than one/two RPTs in the
ward per work-shift. Therefore, the workload was in the ratio of 1
RPT/ 90 patients in comparison to 1RPT/12 patients as in the nor-
mal hospital routine. This condition manifested the need for an
extremely efficient and rational organization. With a great staff
flexibility, new RPTs work-shifts were arranged: in a first phase, a
daily shift with one RPT available in the COVID-19 ward from
7.00 am to 3.00 pm was established; however, with a complete
Covid-hospital unit of 90 beds two shifts were needed with one
RPT available from 6.00 am to 2:00 pm, and another one from 2:00
pm t010.00 pm, 7 days out of 7.

Considering the specific expertise and education background
of the RPTs on duties (particularly in the management of chronic
respiratory failure and non invasive ventilation), the tasks that
could be managed by the CPR service were selected, with the mon-
itoring and care for NIV/CPAP and oxygen therapy shared by
RPTs and nurses. Figure 1 shows the variation of RPTs tasks
before and after the COVID-19 pandemic.

RPTs were also in charge of managing all the materials needed
to deliver oxygen therapy, CPAP and NIV, which were prompted
and organized in a dedicated storage room inside the COVID-19
ward, separated from the materials of non COVID patients.

New dedicated “what-to-do” algorithms were developed by the
COVID-19 care team to guide the RPTs’ clinical activity in the
ward. In details, they were:

1. Algorithm for oxygen de-escalation (Figure 2): the RPTs
were instructed to follow the algorithm to monitor daily SpO,
and manage the reduction of the oxygen therapy. One or two
daily phone-meetings with a pulmonologist were held in order
to check and confirm any change of oxygen therapy and in
order to take decisions of complex cases. The phone-call
between the RPTs and pulmonologists served as a prescription
from the physician, exceptionally exempting the need for a
written document. RTs collected all measured data and oxygen
therapy changes in a dedicated computerized table, which was
automatically shared with the nurses for the final application.

2. Algorithm for oxygenation improvement (Figure 3): in case
of SpO, worsening, the algorithm provided indication on
increasing levels of intervention to be applied. Venturi masks,
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Note: in case of failure of two air ambient tests, proceed with reducing FiO, by one step only.
* Clinically stable: normal arterial blood pressure; heart rate < 90 bpm; no cardiac arrhythmias;
normal acid-base balance; blood exams in improvement.

Figure 2. Algorithm for oxygen de-escalation. FiO,, inhaled fraction of oxygen; SpO,, peripheral oxygen saturation.

Increasing FiO,
‘ >

Oxygen Reservoir
goggles mask

Venturi mask CPAP or NIV

+ Pronation

+ Positive Expiratory Pressure :
Figure 3. Algorithm to improve oxygenation. FiO,, inhaled fraction of oxygen; CPAP, continuous positive airways pressure; NIV, non
invasive ventilation.
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reservoir masks, CPAP or NIV were prescribed during the
phone-meeting by the pulmonologist, and were provided to
patients by RPTs. The same dedicated computerized table
described in the previous paragraph served as data collection
which was shared between nurses and RPTs. Pronation (or pos-
tural changes if prone position was not possible) and positive
expiratory pressure (PEP) were delivered by RPTs as add-on
therapeutic strategies to improve SpO,, on individual basis
when oxygen/NIV support were not sufficient to reach ade-
quate SpO,. Therapeutic interventions as devices and materials
were selected on patient’s clinical characteristics, compliance,
available materials, result of blood gases analysis and radio-
logical patterns [8]. A trial session in order to observe the
improvement in SpO, was performed before implementation.
The RPTs were in charge of postural changes of body position
as to set the level of PEP imposed. The need for palliation or
quick transfer to an acute care hospital was decided on a case-
by-case basis when treatments failed to improve SpOs.

3. Decisional algorithm on reconditioning and physical activ-
ity: RPTs developed an assessment chart for motor and respi-
ratory function, using the Short Physical Performance Battery
(SPPB) at admission [9], as a screening to identify the subjects
who needed physical reconditioning. Disabled or partially dis-
abled patients were managed by PTs when actions concerned
mobilization and recovery of physical autonomy were needed.
The rehabilitation of this patients’ population consisted of arm
and or leg cranks, low intensity aerobic exercises, walking at
light-to-moderate intensity at least 30 min a day. Given the
limited time available for each patient, RPTs educated patients

Figure 4. RPT with proper PPE controls a patient inside the ward
carrying on the 1-STS.
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to perform their exercises independently. A close monitoring of

oxygen desaturation during the exercise sessions was per-

formed in order to maintain an appropriate oxygen saturation

during the rehabilitation sessions (target SpO, above of 92%).

At patient’s discharge, the 1-minute step test (1-STS) [10] with

SpO, monitoring in order to assess exercise-induced desatura-

tion was used as an outcome index. SPPB and 1-STS tests were

selected because they were considered simple and easy to use.

Figure 4 shows a RPT, with a proper PPE, and a patient inside

the ward carrying on the 1-STS. On selected cases, other tests

such as the Six-Minute Walk test [11], hand-held dynamometry

[12] and the Single-Breath Count Test [13] were performed

under experimental conditions, with the aim to identify their

feasibility and possible clinical indications in these patients
population.

A PPE kit was available to the pulmonologist to enter the
COVID-19 ward under urgent request. Arterial Blood Gases analy-
sis, even if not used routinely, were always available at pulmonolo-
gist’s request. An ultrasound machine was also available in the
ward and could be used by doctors and RPTs for chest ultrasound,
if needed.

Organization of communications and logistics

As no paper documents could be brought out of the COVID-19
ward due to infectious risk, an online communications system had
to be organized. The RPTs on duty were connected by mobile
phone with earphone to the outside. The phone was used for daily
briefings with the pulmonologist, as well as for any other commu-
nication. Personal Computer (PC) stations connected to the
Internet were set and all members of the COVID-19 care team
were enabled to access the network. Documents and forms needed
for carrying out the clinical activity were sent by email and printed
directly in the COVID-19 ward. It was not allowed to pass paper
documents between the COVID-19 Unit and the outside. All meas-
ures, tests and therapeutic variations were collected on dedicated
Excel (Microsoft, Redmond, USA) charts. An ad hoc created mail-
ing list was used to share these Excel documents with the whole
COVID-19 Care Team. As regards to the materials needed in the
ward, in order to limit contamination, a filter area was created to
share objects positioned from the outside of the ward to be recov-
ered by the staff on duty in the COVID-19 ward.

Table 1 described the time sheet of the RPT in two duties in a
typical working day with 90 hospitalized patients.

Table 1. Time sheet of the RPT in two duties in a typical working
day with 90 hospitalized patients.

SpO, monitoring 89
Oxygen de-escalation 7
Oxygen increase 5
CPAP or NIV application and monitoring 4
Pronation exercises 2
PEP prescription and monitoring 5
Reconditioning exercises 29
Short Physical Performance Battle test 6
1 minute Sit-to-Stand test 5

SpO0,, peripheral oxygen saturation; CPAP, continuous positive airways pressure; NIV, non invasive venti-

lation; PEP, positive expiratory pressure.
OPEN 8 ACCESS
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Patients characteristics

A total of 170 inpatients were treated during the study period
(first 32 days since the COVID-19 ward opening). Among these, 11
died (6.5%), 78 were discharged (45.9%), and the remaining were
still hospitalized at the study completion. Patients aged 70 (59-76)
years had a moderate/severe impairment of motor functional capac-
ity with a SPPB 3 (0-7) points out of 12. Fiftyfive % of patients were
totally disabled (SPPB=0 points) at admission, being 41.7% already
disabled before COVID-19 disease. Forty three % of patients were
on oxygen therapy. In these last patients, overall mean FiO, was 27.5
(10.6%) and mean SpO, was 95.0 (2.6%). Considering all 170
patients, oxygen de-escalation was required in 63 (37.1%) of them,
while increase in oxygen therapy was needed in 17 (10.0%), CPAP
in 8 (4.7%), NIV in 1 (0.6%). Pronation or change in posture was
performed in 18 (10.6%) patients. Leg/arm crank or exercises were
performed by 101 (59.4%) patients, while 166 (97.6%) underwent
SPPB (including patients who scored zero) and 61 (35.9%) per-
formed the 1-STS test.

Discussion

This study describes the possibility to enhance skills and clin-
ical experience prioritizing tasks of a Respiratory
Physiotherapists’ team employed in a rehabilitation hospital dur-
ing the unexpected, urgent and dramatic emergency related to the
COVID-19 outbreak in Northern Italy. The main topics in which
RPTs have been involved were oxygen therapy management in
almost a third of the admitted patients, reconditioning exercises
in sixty percent of them, and CPAP administration and change of
posture, to a lesser extent. RPTs were in charge of initial and final
functional motor capacity assessment in almost all cases, as well.

This study describes an organizational change similar to that
occurred in case of other epidemic events (e.g., Ebola) [14].
COVID-19 caused a crisis of standard of care requiring signifi-
cant changes on staff members and in resources [15]. This health
crisis with a large number of critically ill patients [16] over-
whelmed hospitals and critical care resources [17]. The reorgan-
ization of our service and hospital, therefore, was part of a larger
reorganization extended to the entire national, regional and local
health service to face the emergency.

During the pre-crisis phase and in the first few weeks of
COVID-19 outbreak, the selection of guidelines on emergency
management and acute response was of global priority in Italy
[15]. Standard operating procedures to reorganize hospitals and
activities referred to acute and intensive care or to low-income
countries were reviewed [14,15].

Reasonably, all guidelines on physiotherapy management
were issued firstly for facing up the acute phase [18] and indica-
tions on the post-acute and rehabilitation phase were addressed
later. Therefore, in the few weeks described in the present study,
the need for reorganization took place based on existing literature
and previous experiences, in the absence of dedicated indications
and guidelines. The re-organization included the creation of three
decision algorithms, two dedicated to oxygen and ventilation
therapy, and one for the assessment and administration of physi-
cal activity. In the context of a crisis and on large numbers of
patients, the precise selection of the cure and the accurate assess-
ment of the individual’s needs were not possible. Considering the
need for an extremely efficient organization, the short time and
the psychological and stressful conditions to which the staff was
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subjected, generation of easy and repeatable algorithms provid-
ing standard answers were formulated.

Many decision-making algorithms that had previoulsy been
proposed successfully for weaning of ventilation in ICU [19] or
for prescription of rehabilitative programs [20] were used as
examples. We believe that our unit reorganization based on sim-
ple algorithms allowed: i) to bring together the whole staff in
duties, from the most to the least expert RPT, harmonizing the
differences between individuals; ii) to manage quickly and effi-
ciently a large number of patients in a stressful context; and iii)
to have a “minimum” basis of tasks and organized performances,
to implement a more precise organization even in a post crisis
event. As already described in case of other epidemics such as
SARS [21], team building and professionals’ empowerment are
strategies that allow the management of work-related stress. In a
staff that is facing fear of contagion, concern for relatives, possi-
bility of seeing colleagues get infected and sick, and at high risk
of burnout [22], professional recognition and a sense of respon-
sibility are tools that can motivate staff to endure stress.
Furthermore, these skills, refined during the emergency, can eas-
ily be exploited once the peak of the crisis is over, in order to
continue managing subjects with COVID-19-related disabilities,
after prolonged ICU hospitalizations or with persistent lung
impairment.

RPTs’ skills in Italy include noninvasive ventilation and
CPAP management [23], oxygen therapy assessment and man-
agement during exercise, recovery of functional autonomy after
bed resting, exercise testing and training [24], and it is in line
with what the scientific community has previously defined [25].
These skills have been quickly converted to manage post-acute
COVID-19 patients needing oxygen therapy and/or CPAP, with
functional weakness, exercise-induced dyspnea, fatigue and
desaturation [26]. Italian RPTs network has made it possible
enhancing professional skills of others RPTs and of all care
teams. The optimal use of resources, education background of the
RPTs on duties and high level of motivation have contributed to
positively share knowledge, expertise and practical experiences.
Again, the re-organization made easy the integration between the
pulmonologists and the other physicians: various specialists
played a role as case-manager, each carrying out his own profes-
sional expertise, and a single consultant pulmonologist was able
to manage a large number of patients with respiratory problems
from the outside of the COVID-19 ward, by communicating with
an expert RPT. RPTs also relieved part of the workload on the
nursing staff, dealing with the monitoring of respiratory condi-
tions and managing the changes in oxygen therapy that would
otherwise have remained in charge of the nurse. Furthermore,
this organization allowed to experiment the feasibility of treating
this kind of patients by RPT with “remote” consultation of pul-
monologists.

The validity of this study is limited by its descriptive nature.
Our goal is not to share quantitative data (postponing these data
to further studies), but to describe the urgent response of our CPR
service to the COVID-19 pandemic. In different context, coun-
tries, habits, and in the presence of staff with different skills, we
are aware that this organization may not be applicable. However,
we believe that useful ideas can arise from any experience, to
help and overcome the present moment and set a new beginning.

In conclusion, this study describes the unexpected and urgent
organizational change of the Cardio-Pulmonary Rehabilitation
Service during the COVID-19 emergency in our Italian rehabili-
tation hospital, exploiting the professional skills and clinical
expertise of the RPT.
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