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Abstract

Background

Pulmonary physiotherapy (PPT) is an important treatment in the management of patients
with different types of pulmonary disorders. We aimed to evaluate safety and efficacy of
PPT in hospitalized patients with severe COVID-19 pneumonia.

Methods

In this randomised, single-blind, controlled trial, we enrolled hospitalized, non-intubated
patients (18 to 75 years with oxygen saturation (Spo2) in free-air breathing <90%) with
COVID-19 pneumonia at a referral hospital. Participants were randomly assigned (1:1) to
receive PPT (six sessions PPT with breathing exercises and airway clearance techniques)
or basic care. The primary outcomes were venous blood O2 (pO2) and CO2 (pCO2) pres-
sures, Spo2, and three-minute walking test (SMWT) that were assessed before and end of
sixth session. Secondary outcomes included level of dyspnea, venous blood PH, one-
month mortality, three-month mortality and short form-36 (SF-36) after one and three
months. The assessor was blinded to the assignment. This trial is registered with Clinical-
Trials.gov (NCT04357340).

Findings
In April-May 2020, 40 participants were randomly assigned to PPT or basic care groups.

While at the end of intervention, pO2 (adjusted mean difference to baseline measure
(AMD) 6.43 mmHg [95%Cl 2.8, 10.07], P<0.01), Spo2 (AMD 4.43% [95%CI 2.04, 6.83],
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P =0.0011), and 3BMTW (AMD 91.44 m [95%CI 68.88, 113.99], P<0.01) were higher in PPT
group and basic care group, pCO2 was not improved (AMD -2.1 mmHg [95%CI-6.36, 2.21],
P = 0.33). Based on the logistic model adjusted to baseline Spo2, the risks of mortality were
reduced 81% ([95%Cl: 97% reduction to 30% increase], P = .09) and 84% ([95%CI 74%
reduction to 5% increase], P = .06) at one-month and three-month, respectively. There were
no significant differences in most SF-36 domains scores after one and three months. No
serious adverse event was observed during PPT sessions.

Conclusion

Early PPT can be considered a safe and relatively effective therapeutic choice for patients
with severe COVID-19.

Introduction

In late December 2019, the coronavirus infection pneumonia epidemic broke out and rapidly
spread worldwide [1]. Now almost all countries are challenging with coronavirus disease 2019
(COVID-19). Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) not only
induced more than 194 million definite COVID-19 cases and four million mortality numbers
yet, but it also caused a challenge in healthcare systems and the economic conditions of most
countries [2].

Patients with COVID-19 can present influenza-like signs and symptoms like fever (89%),
cough (68%), fatigue (38%), excessive pulmonary secretion (EPS) or sputum (34%), and
breathlessness (19%). The disease can appear asymptomatic or mild lower respiratory tract ill-
ness through severe viral pneumonia with acute respiratory distress syndrome and even death
[3]. Age> 60 years, some underlying noncommunicable diseases like diabetes, hypertension,
cardiovascular, kidney, and lung diseases, cerebrovascular diseases, immunosuppression,
obesity, cancer, and even mental disorders are reported as risk factors associated with severe
COVID-19 and mortality [3].

Pulmonary physiotherapy (PPT) is a comprehensive therapeutic method that is aimed to
improve patient’s respiratory symptoms, train effective cough, clear the airways, decrease
symptoms of dyspnea, re-expansion pf atelectatic lung, provide short-term improvement in
lung-thorax compliance, reduce the complications related to disease, minimize disability and
finally improve the health-related quality of life (HRQOL) [4-6].

Up to now, some studies with different designs and levels of evidence have been suggested
PPT strategies for hospitalized patients with various stages of COVID-19 pneumonia [1, 4, 7—-
13]. Almost all of their recommendations are based on expert opinion origin and reported
data from other viral pneumonia diseases such as influenza. These recommendations seem to
have not sufficient experimental evidence in connection with COVID-19. The original studies
have focused on rehabilitative or physical therapy processes after the severe stage of COVID-
19 more than the acute stage to recovery muscle wasting, aerobic deconditioning, and possibly
happened disability due to prolonged immobility [14].

Although some researchers and expert clinicians suggested that early PPT can be tailored in
the condition of acute respiratory disease to prevent further muscular and aerobic systems
deterioration, helping the therapeutic process, decrease hospitalization duration, and facilitate
future recovery in patients with COVID-19 [4, 7, 11, 12], but there are some researchers
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recommend that use of this treatment should be avoided for patients with COVID-19 espe-
cially in the severe or critical stage [3] except in some circumstance like the presence of a high
amount of EPS [9]. Most of these researchers believe that this treatment can be unsafe and
ineffective for patients with acute COVID-19. Although some researchers reported that early
PPT can be safe and be associated with clinical improvement, prevention of potential compli-
cations due to underlying diseases and immobilisation, short length of stay and a decrease of
mortality rate in patients with critical diseases [15-18], but there is no high-quality rando-
mised controlled trial (RCT') evaluate the safety and efficacy of PPT in patients with severe
COVID-19 after more than 18 months from SARS-Cov-2 spread in the world. This study was
aimed to evaluate the safety and efficacy of PPT on venous blood gas (VBG) analysis, periph-
eral blood oxygen saturation (Spo2), three-minute walking test (3MWT), one-month and
three-month HRQOL and mortality rate in non-intubated patients with severe COVID-19
pneumonia. The result of this study can guide the clinicians and future researchers to include
PPT into the protocol of severe COVID-19 management or not. It was hypothesized that par-
ticipants receive PPT demonstrate improvement in venous blood O2 & CO2 pressures (pO2
and pCO2, mmHg), Spo2, 3MWT, level of dyspnea, one-month and three-month HRQOL,
and decrease of one-month and three-month mortality rates than participants in the control

group.

Material and methods
Study design

This was a single-center, single-blind, prospective, two parallel-armed RCT comparing the
efficacy of six sessions PPT + basic care with basic care alone in hospitalized patients with
COVID-19 pneumonia. The trial profile is presented in Fig 1. In April and May 2020, partici-
pants were recruited at COVID-19 intermediate care wards and intensive care units of Imam
Khomeini Hospital Complex, Tehran, Iran. IKHC is known as the largest and one of the refer-
ral hospitals in Iran. Any related adverse events during three days were monitored and
recorded by a data safety monitoring committee. Members of this committee were physicians
of intermediate care wards and one medical ethics specialist. They were asked to follow the
procedure of applied interventions on patients by researchers and possible occurred adverse
events which may be related to PPT. This trial was approved by the Ethical Committee of Teh-
ran University of Medical Sciences (IR. TUMS.VCR.REC.1399.205). The authors had access to
patients’ medical records until three months after recruitment.

Participants

All participants were patients with COVID-19 pneumonia at a severe stage [3]. The inclusion
criteria were individuals: 1) 18 to 75 years old; 2) with confirmed COVID-19 by positive reac-
tion real-time polymerase chain reaction test and presence of ground-glass opacification in
their chest computed tomography scan; 3) severe stage of COVID-19 pneumonia indicated by
Spo2 < 90% after two-minute breathing the free air and respiratory rate > 30 breaths/min; 4)
with full consciousness and oriented; 5) able to walk; 6) 100 < PaO2/FiO2 < 200 mmHg, and
7) able to read and write in Persian. The exclusion criteria included 1) presence of any type of
musculoskeletal disorder that prohibits the patient from participating in the study; 2) history
of intubation due to COVID-19 pneumonia; and 3) Any type of obvious clinically mental or
cognitive impairment. Potentially eligible participants were screened by review the admitted
patient’s medical records and a preliminary assessment. A signed informed consent form was
obtained from all patients after explaining the study details to them.
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Fig 1. Trial profile. * These participants were intubated during three days and therefore did not participate in the assessment after three days. They

died before one-month follow-up.

https://doi.org/10.1371/journal.pone.0268428.9001

Participants who met one of the following conditions were withdrawn/dropped out from
the study: 1) Unable to complete at least three sessions due to intubation, medical instability
situation, or die; 2) Dissatisfaction to continue to the study for any reason; and 4) Occurring
unpredictable adverse events during applying interventions.

Randomisation and masking

After consent was obtained, eligible individuals were assigned (1:1) to one of the
treatment groups using the blocked-balanced randomisation method [19] (block size: 4): 1)
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the experimental group (received six sessions PPT in addition to basic care interventions) or
2) the control group (received basic care only). Randomization was done using an online
system that provides difference blocks order based on a random number (https://www.
sealedenvelope.com). The sealed opaque envelopes were provided and stamped based on the
order of randomised groups by a researcher (BAM) who had no role in the participants’ assess-
ment and treatment. Physiotherapists (that were not blinded to the allocated groups) allocated
participants based on the order of the envelopes. They opened the envelopes based on their
sequence exactly after each participant recruitment; therefore, they were concealed to the par-
ticipants’ allocation until the moment of assignment. There was also no way to see the alloca-
tion before opening the envelopes. The assessor and statistical analysis team were blinded to
treatment allocation. The assessor had not also access to patient’s medical record. As PPT con-
sists of some techniques that require the patient’s cooperation actively; therefore, participants
blinding was impossible.

Procedures

The process of enrollment, recruitment and the baseline assessment were performed in a same
day. Medical history and demographic data were collected from participants after recruitment.
Patients underwent clinical evaluation at baseline, including VBG analysis, SMWT, Spo2, and
level of dyspnea. In order to VBG analysis, blood samples were taken from the upper extremity
peripheral veins after two-minutes of breathing free air in fowler’s position by a nurse. Samples
were immediately analyzed [20]. At this time, the patient’s Spo2 was assessed using an index
finger pulse oximeter [21]. In the SMWT, patients were asked to continue walking as their tol-
erance without portable oxygen receive using comfortable footwear. Heart rate and Spo2 were
monitored and the test was stopped in the condition of Spo2 < 80%, patient’s inability to con-
tinue, dyspnea, chest or limb pain [22]. Rated perceived exertion (RPE) during exercises was
evaluated using the Borg scale immediately after SMWT [23]. The level of dyspnea was evalu-
ated using the visual analog scale [24]. To assess the level of dyspnea, the patient was instructed
that zero stands for no breath shortness and 10 shows maximum breath shortness. Patient was
asked to mark his/her feeling of dyspnea during the past 24 hours on the paper [25].

The interventions were delivered over three days. The number of days and sessions for
applying the intervention was determined after analyzing the mean of staying duration at
intermediate care wards, where patients with severe COVID-19 were admitted. Based on the
result of primary analysis, 78% of patients had admitted to intermediate care wards stayed for
3-4 days and they were then transferred to other care wards (normal care wards or intensive
care units).

Patients underwent a second assessment time at the end of day three (after the sixth ses-
sion). Participants were also followed up to one month and three months to evaluate their sur-
vival rate (using electronic medical records) and HRQOL using telephone assessment of short
form-36 (SF-36) questionnaire.

Basic care group. Participants in the basic care group received usual medical care, includ-
ing medication based on the national guideline of COVID-19 [26] including antiviral agents,
anti-coagulant drugs, serum therapy and other medications based on physicians prescription,
oxygen therapy, possibly non-invasive ventilation intervention, nursing care and monitoring,
and etc. They also had one session of breathing education with 40 minutes duration includes
effective cough, if they felt EPS, diaphragmatic breathing, and upper chest muscles relaxation.
They also received an incentive spirometer and instructions on how to use it. They also were
advised to walk as tolerate, even using a portable oxygen cylinder. This educational session was
held in one of three days after the first assessment and before the second assessment.
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Pulmonary physiotherapy group. In addition to basic care interventions, patients allo-
cated to the PPT group received a totally 6 PPT sessions for three consecutive days (twice
daily: one session in the morning and one session in the afternoon). PPT was started at the
same day that patient was recruited. Patients received two sessions of PPT in that day. Two
expert pulmonary physiotherapists assessed patients immediately before every session to select
the techniques based on their findings. It is reported that about 34% of patients with COVID-
19 pneumonia present signs and symptoms of EPS [3]. If the patient presented signs and
symptoms of EPS presence like wheezing sound, and sputum production, airway clearance
techniques (ACTs) were applied. These techniques included active cycle of breathing (ACBT),
Autogenic Drainage, vibration, and postural drainage. If there was any contraindication for
these techniques, only an effective cough technique was used. ACT's were continued until suc-
cessful secretions clearance based on therapists’ assessment [27]. These patients and whom
without EPS signs and symptoms then received Inspiratory Hold Technique (IHT) exercises.
During these exercises, patients held their breath at the end of inspiration without using a Val-
salva maneuver following by a relaxed exhalation. The physiotherapists emphasized diaphrag-
matic breathing while performing the IHT by setting their palmar surface of hand on patients’
costal margin bilaterally to facilitate abdominal wall motion. Also, patients were educated to
relax their upper chest muscles during exercises [27]. This technique was performed ten times
in three sets with 2 minutes rest between each set: 1) Set 1: three-second hold, six-second rest;
2) Set 2: six-second hold; 12-second rest; 3) Set 3: 10-second hold, 20-second rest. A summary
of applied PPT techniques, contraindications, and criteria of holding the interventions, is pre-
sented in Fig 2.

Also, patients in this group underwent mild aerobic exercise by walking training after the
third session. Two criteria indicated the end of walking training: 1) O2 saturation < 80% or 2)
11 < RPE < 13 based on the Borg’s scale [28]. The maximum walking training time was deter-
mined six minutes, and individuals could have rest intervals during this period.

Outcome measures

The primary outcomes were pO2 and pCO2 from VBG analysis. Arterial blood gas analysis
was not selected to measure the O2 & CO2 pressures due to two reasons; first, patients in the
intermediate care have not artery line and also blood sampling by syringe is a painful proce-
dure; second, it has been shown that VBG analysis can be considered as an acceptable alterna-
tive for arterial blood gas analysis in patients with pulmonary diseases [20]. Other primary
outcome measures include Spo2 after 2 minutes breathing free air, and 3MWT distance.

The secondary outcomes included the level of dyspnea and RPE after 3MWT using Borg’s
scale [15], PH of VBG, one-month and three-month related mortality rates and, HRQOL by
the Persian version of SF-36 after one month and three months [29]. As recruited patients had
severe disease and could not respond to SF-36 questions, we did not assess their HRQOL at
the baseline.

Statistical analysis

The sample size of this study was calculated based on minimal clinically importance difference
(MCID) of Spo2. Considering standard deviation (SD) of 4.4%, MCID of 4%, two steps of
measurements (before and after), a correlation between measurements of .6, type I error of .05,
and 80% power, a sample size of 13 participants per group was calculated [30, 31]. As partici-
pants were patients with severe COVID-19 pneumonia and the mortality rate seems to be high
in this group, 35% loss to follow-up was estimated. Finally, 40 patients were considered as a
suitable sample size.
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Fig 2. The protocol of applied pulmonary physiotherapy to patients with or without excessive pulmonary
secretion.

https://doi.org/10.1371/journal.pone.0268428.9002

Stata version 13. (Stata, College, Statin, Texas) was used to analyze the data. We reported
Means + SD and frequency counts (%) for continuous and categorical data, respectively. Data
normality was checked for all continuous variables using the P-P plot, Q-Q plot, and Shapiro-
Wilk test. Analysis of variance and covariance (ANOVA/ANCOVA) was used to determine
the differences of all continuous data, with the baseline score included as a covariate (one fac-
tor, one covariate) [32, 33]. Also, we selected blood Spo2 as another covariate (one factor, two
covariates) due to two reasons: 1) Spo2 can be considered one of the important factors to pre-
dict mortality in hospitalized patients with COVID-19 pneumonia [31, 33]. Second, the MD of
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Spo2 between groups was more than .2 x SD of all participants’ Spo2 [34]. The point estimates
of effects were reported as MD with a 95% confidence interval (CI), standardized mean differ-
ence (SMD) with 95% CI analyzed by Cohen’s d. We considered .2-.49, .5-.79, .8-1.19 and, >
1.2 valuables as small, moderate, large, and very large SMD effects, respectively. To compare
three analysis models and the effectiveness of cofounder/covariable impact on the results, par-
tial eta2 effect size was provided. Change of partial eta® > 10% between three analysis models
was considered important. In the analysis of categorical data, intention-to-treat (ITT) analysis
was utilized for all categorical data.

The number needed to treat (NNT) was calculated using an online calculator for all mea-
sures [35]. This system transforms Cohen’s d into NNT and therefore is difficult to interpret.
Alpha < .05 was considered a statistically significant level.

The study was registered at www.clinicaltrials.gov (Clinical Trials.gov Identifier
NCT04357340). The registration process was completed some days after recruitment and
before primary completion. The reason why recruitment was not started after registration was
our particular situation at that time in our center related to the pre-planned timetable for stud-
ies related to the COVID that the Research deputy of the hospital had determined. Therefore,
we had to start study before having the registration number. The authors confirm that all
ongoing and related trials for this drug/intervention are registered.

Modifications to the study protocol

Level of dyspnea, RPE after the 3MWT, and PH from VBG analysis were considered as sec-
ondary outcome measurements, while they were identified as primary outcomes in registra-
tion. History of intubation due to COVID-19 pneumonia was considered as another exclusion
criteria. Also, the survival rate and HRQOL assessment were evaluated after three months as
second follow-up. The permissions for these amendments were obtained from the ethical com-
mittee. The details and reason for the protocol modifications are presented in S1 Table.

Results

In April and May 2020, 255 patients were screened, of whom 40 (age: 55.5 + 13.7) met the cri-
teria and were randomly allocated to PPT (n = 20) or basic care (n = 20) groups. From 20 allo-
cated patients to the PPT group, one (5%) was intubated at the end of the second day and died
after nine days. The reason for intubation was suddenly hemodynamic instability, which was
diagnosed due to pulmonary embolism. Two patients (10%) in the control group were intu-
bated on the third day due to pneumonia progress and died three and eight days later. These
participants’ baseline data were included in the statistical analysis. After one and three months,
four participants (10%, two in PPT and two in basic care groups) and five participants (12.5%,
two in the PPT group and three in the control group) declined to participate in a telephone-
based assessment of SF-36. We found all participant’s living status; therefore, no sample attri-
tion occurred. Accordingly, ITT and per-protocol were the same for categorical data analysis.

The demographic and clinical characteristics of all participants are presented in Table 1.

In the crude model analysis, the mean pO2 (MD: 5.81 [1.51, 10.11], SDM: .9 [.21, 1.57]),
Spo2 (MD: 3.99 [1.5, 6.47], SMD: 1.07 [.37, 1.76]), 3MWT distance (MD: 81.82 [47.93, 115.7],
SMD: 1.61 [.86, 2.35]), level of dyspnea (MD: -2.08 [-2.96, -1.19], SMD: -1.57 [-2.31, -.82]),
RPE after walking (MD: -4.04 [-5.76, -2.32], SMD: -1.56 [-2.3, -.82]) and, PH (MD: .06, [.01,
.12], SMD: .74 [.71, 1.41]) were statistically significant different between groups in all analysis
models (P < .03, Table 2). Also, pCO2 was insignificantly decreased (MD: -1.68 [-6.8, 3.44],
SMD: -.22 [-.43, .86]). In the ANCOVA with adjusting each variable to its baseline measure,
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Table 1. Demographics and clinical characteristics of participants.

Age (y) (Mean £ SD)
Sex
Male, n (%)
Female, n (%)
Height (cm) (Mean + SD)
Weight (kg) (Mean + SD)
BMI (kg/mz) (Mean + SD)
Comorbidity, n (%)
Any comorbidity, n (%)
Diabetes mellitus, n (%)
Cardiovascular disease, n (%)
Pulmonary dysfunction (s), n (%)
Renal failure, n (%)
Others, n (%)
Smoker, n (%)
Occupational environmental exposure, n (%) *
Routine Ventilation Type®
Nasal, n (%)
Face mask, n (%)
Partial rebreathing mask, n (%)
CPAP, n (%)
Duration of Stay before enrolment (Day) (Mean + SD)
Baseline O, saturation (%) (Mean + SD)

PPT group (n = 20)

54.4+13.1

13 (65)

7 (35)
1724493
82.6+11.8
27.9+43

12 (60)
5(25)
4(20)
1(5)
0 (0)
2(10)
3(15)
2(10)

2(10)
4(20)
13 (65)
1(5)
10.1+11.5
83.4+49

Basic care group (n = 20)

56.6 + 14.4

12 (60)

8 (40)
1734+ 7.4
79.8 £19.3
26.2+4.4

10 (50)
2 (10)
4(20)
1(5)
2(10)
1(5)
4(20)
3(15)

3(15)
3(15)
12 (60)
2 (10)
9.5+6.8
84.4+39

PPT: Pulmonary physiotherapy; SD: Standard deviation; BMI: Body mass index; CPAP: Continuous positive airway

pressure.

? defines as patient’s exposure to some materials like asbestos, arsenic, coal, etc., which can cause pulmonary disease.

® Defined as prescribed ventilation type for patient by physician which should be used most of the time.

* All of the participant’s characteristics are statistically similar between groups based on t-test and chi-square test.

https://doi.org/10.1371/journal.pone.0268428.t001

the partial eta® were improved > 10%. Considering baseline Spo2, partial eta® were slightly
reduced in all variables except level of dyspnea which was slightly increased (Table 2).

Table 3 presents all of the SF-36 domains and summary scores after one month and three
months. All scores were higher in the PPT group than the basic care group, except body pain
after one month and role limitation due to physical health, mental health, and mental compo-
nent summary score after three months. Only the differences in body pain domain score reach

a statistically significant level.

During one month after end of the intervention, two and six participants in the PPT group
and basic care group died (OR = .26 [.04, 1.49], P = .13, Table 4). After considering baseline
Spo2 as a covariate, larger effect was obtained (OR = .19 [.03, 1.30], P = .09). After three
months, all allocated participants to PPT group survived and one patient in basic care group
died (crude analysis: OR = .21 [.04, 1.16], P = .073; after considering baseline Spo2 as a covari-
ate: OR = .16 [.26, 1.05], P = .056; Table 4). Clinical characteristics of intubated and expired

participants are presented in S2 Table.

No related adverse events were observed during the intervention period. The physiothera-
pists reported a minimal Spo2 decrease and minimal hemodynamic instability in some patients
during PPT that was resolved a few minutes after the session. Also, the data monitoring
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Table 2. Distribution of different outcomes according to two arms in addition to related effect sizes.

Clinical Outcome PPT group (n =19) Basic care group (n = 18) F (P value) ** MD [95% CI] SMD [95% CI] | Partial eta®
Baseline* After* Baseline* After*

pO2 (mmHg) 294 +53 38.7+53 30.6 +8.2 32975 7.5(<.01)* 5.81 [1.51, 10.11] 9 [.21,1.57] 177
13 (<.01)° 6.43 [2.8, 10.07] 1.18 [.48, 1.88] 276
12.04 (< .01) € 6.39 [2.64, 10.14] 1.15 [.45, 1.84] 267
pCO2 (mmHg) 40+£7.3 37+£7.2 393+8 38.6 £ 8.1 44 (51) -1.68 [-6.8, 3.44] -.22 [-.43, .86] .012
97 (.33) b -2.1[-6.36,2.21] -.32[-.97,.33] .027
.62 (.44) © -1.7 [-6.01, 2.65] -.26 [-.91, 39] .018
Spo2 (Free air) (%) 83.4+49 90.21 £ 3.4 84.4+£3.9 86.2+4 10.63 (< .01) ® 3.99 [1.5, 6.47] 1.07 [.37, 1.76] 233
14.2 (< .01) b 4.43 [2.04, 6.83] 1.25[.53, 1.95] 294
Distance of SMWT (m) 46 £24.3 149.1 £ 63 50 +24.4 67.3 £33.1 24.03 (< .01)* 81.82 [47.93,115.7] 1.61 [.86, 2.35] 407
67.9 (< .01)° 91.44 [68.88, 113.99] 2.72 [1.81, 3.62] 666
64.33 (< .01)¢ | 91.62 [68.38, 114.86] 2.67 [1.76, 3.55] 661
Level of Dyspnea 5+£2 1.54+1.2 519+14 3.6+£1.5 22.89 (< .01)* -2.08 [-2.96, -1.19] -1.57 [-2.31, -.82] .395
38.44 (< .01)° 198 [-2.63,-1.33] | -2.04 [-2.83,-1.23] 531
36.54 (< .01) € -1.99 [-2.66, -1.32] 2 [-2.79, -1.2] 525
RPE after Walking 16.2+ 1.6 10.8+3 17+1.3 14.8+2 22.6(<.01)* -4.04 [-5.76, -2.32] -1.56 [-2.3, -.82] .393
18 (< .01) b -3.46 [-5.12, -1.8] -1.42 [-2.14, -.69] .346
15.67 (< .01) € -3.32 [-5.03, -1.62] -1.34 [-2.05, -.62] 322
PH from VBG 7.42 + .08 7.5%.07 7.44 + .06 743+ .1 5.11(.03)* .06 [.01, .12] 74 .71, 1.41] 127
8.38 (< .01) b .08 [.02, .13] .96 [.27, 1.63] .198
7.31(<.01) ¢ .07 [.02, .13] 9 [.22,1.57] 181

PPT: Pulmonary physiotherapy; pO2: Mixed venous O, pressure; pCO2: Mixed venous CO, pressure; Spo2: Oxygen saturation; SMWT: Three-minute walk test; RPE:

Rating of perceived exertion; VBG: Venous blood gas; MD: Mean difference; CI: Confidence interval; SMD: Standardized mean difference (based on Cohen’s d test),
ANOVA: Analysis of variance, ANCOVA: Analysis of covariance.

* Expressed as mean * standard deviation. The baseline and after values present the result of participants’ assessment before and after three days, respectively.

** Analyzed using ANOVA/ANCOVA tests. F statistics and P value were reported based on Group source analysis.

* Crude analysis.

b Adjusted to baseline measurement of the variable (as covariance).

¢ Adjusted t baseline measurement of the variable and baseline O, saturation (free air) (as covariance).

https://doi.org/10.1371/journal.pone.0268428.t002

committee confirmed that the reason for one case intubation in the experimental group during
three days seems to not be related to the PPT.

Discussion

According to our knowledge, this study is the first RCT to evaluate the efficacy of the PPT
through comparison with a control group on non-intubated hospitalized patients with severe
COVID-19 pneumonia. Our designed interventions seem to be safe and effective without seri-
ous adverse effects.

In general, the results show that participants’ pO2, PH, 3MWT, and level of dyspnea values
were improved in the PPT group than the basic care group after adjustment of each measure-
ment to the baseline measure. Spo2 was also higher in the PPT group than the basic care group
clinically significant after three days [30]. Based on the result of standardized mean differences,
PPT decreased pCO2 with a small effect size (NNT~ 6) and improved pO2 (NNT= 2), venous
blood PH (NNT = 2), level of dyspnea (NNT=: 2), and RPE after walking (NNT= 2) with a
large effect size, but inconclusive. PPT also improved Spo2 (NNT= 2) and distance of SMWT
(NNT~= 2) with a very large effect size, but inconclusive. The NNT analyzes showed that it
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Table 3. Distribution of SF-36 domains according to two arms in addition to related effect sizes after one and three months.

SF-36 Domain Time Groups F (P-value) ** MD [95% CI] SMD [95% CI] Partial eta”
PPT* Basic care”

PF one-month * 41.7 £ 249 35.1+23.1 .5 (.49) 6.53 [-12.44, 25.5] .27 [-.48, 1.02] .018
three-month ® 45.8 + 18.6 433+ 184 11 (.74) 2.5[-12.91, 17.91] 13 [-.66, .92] .005

RP one-month 40.6 £ 44.6 18.7 £33.9 2.01(.17) 21.87 [-9.86, 53.61] .54 [-.23, 1.3] 072
three-month 54.7 £33.2 62.5 +35.8 .32 (.58) -7.81 [-36.27, 20.65] -.23 [-1.02, .57] .013

BP one-month 62.5+31.4 69.4 + 30.1 .35 (.56) -6.94 [-31.13, 17.25] -.22 [-.97, .53] .013
three-month 77.1 £ 20.1 54.4 +22.5 6.82 (.01) 22.64 [4.75, 40.52] 1.05 [.2, 1.89] 221

GH one-month 67.5+28.8 60 £21.2 .58 (.45) 7.5 [-12.81, 27.81] .29 [-.46, 1.04] .021
three-month 68.1 +23.2 61.5+31.2 .38 (.54) 6.62 [-15.42, 28.67] .25 [-.55, 1.04] .016

vT one-month 55.9 +32.3 55+ 18.7 .01 (.93) .93 [-20.57, 22.44] .03 [-.71,.78] .000
three-month 58.1 +20.6 57.5+29.8 .00 (.95) 62 [-20.97,19.72] 02 [-.76, .81] .000

SF one-month 71.9 + 30.4 57.3+29.9 1.6 (.22) 14.59 [-9.13, 38.3] 48 [-.28, 1.24] .057
three-month 76.6 + 20.8 66.2+27 1.2(28) 1031 [-9.12, 29.75] 44 [-36, 1.24] 046

RE one-month 68.7 +41.2 583 +452 4(.53) 10.42 [-23.31, 44.14] 24 [-.51,.99] 015
three-month 75 +39.44 73.3+£43.9 .01 (.92) 1.67 [-32.58, 35.91] .04 [-.75, .83] .000

MH one-month 71.5+26.3 68 +21.7 .14 (.71) 3.5[-15.7,22.7] .14 [-.61, .89] .005
three-month 64 £16.2 67.6 £17.3 .29 (.6) -3.6 [-17.44, 10.24] -22 [ 1.01, .58] .012

MCSS one-month 51.4 + 14.5 48.5+16.3 .23 (.63) 2.82[-14.81,9.17] 8 [-.57,.93] .008
three-month 50 + 10.4 50.1+ 15 .00 (.98) -.13 [-10.41, 10.14] .01 [-.8,.78] .000

PCSS one-month 37.5+10.5 343+ 12.2 .56 (.46) 3.24 [-5.62,12.1] .29 [-.47, 1.04] .021
three-month 42.2+10.3 38.9+10.3 .6 (.44) 3.21 [-5.33,11.76] 31[-.48,1.1] .024

PF: Physical functioning; RP: Role limitations due to physical health; BP: Body pain; GH: General health; VT: Vitality; SF: Social functioning; RE: Role limitation due to

emotional problems; MH: Mental health; MCSS: Mental component summary score; PCSS: Physical component summary score; PPT: Pulmonary physiotherapy; SF-36:
Short form-36; Mean difference; SMD: Standardized mean difference (based on Cohen’s d test); CI: Confidence interval.

* Expressed as mean * standard deviation.

** Analyzed using ANOVA tests.

16 and 12 patients participated to assessment of quality of life after one month in PPT and basic care groups, respectively.

® 16 and 10 patients participated to assessment of quality of life after three months in PPT and basic care groups, respectively.

https://doi.org/10.1371/journal.pone.0268428.t003

seems one patient with severe COVID-19 pneumonia can benefit from the PPT regarding
Spo2, VBG analysis, functional capacity, and dyspnea measures if it is applied to at least two

patients.

After one-month follow-up, PPT was associated with higher HRQOL in role limitation due
to physical health domain (NNT=: 3) with a moderate effect size. Also, patients in PPT group

presented higher score in body pain domain of SF-36 instrument than basic care group

Table 4. The mortality rate of participants allocated to groups in addition to related effect sizes.

Allocated group Mortality + Mortality - Odds ratio [95% CI] Risk difference [95% CI] Risk ratio [95% CI]
One-month mortality PPT group 2 (10%) 18 (90%) .26 [.04, 1.49] -2 [-.44, .04] .33 [.08, 1.46]
Basic care group 6 (30%) 14 (70%)
Three-month mortality PPT group 2 (10%) 18 (90%) 1[.04, 1.16] -.25 [-.5, -.00] .29 [.07,1.21]
Basic care group 7 (35%) 14 (65%)
PPT: Pulmonary physiotherapy; CI: Confidence interval.
https://doi.org/10.1371/journal.pone.0268428.t1004
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(NNT=: 2) after three months with a large effect size. Patients with COVID-19 suffer from sig-
nificant physical and psychological impairments that impact their HRQOL; Therefore, inter-
ventions improving HRQOL like rehabilitation should be considered in their management
[36]. Although some limited domains of SF-36 presented higher value in the PPT group than
the control group at one-month and three-month with very small effect size, but higher values
of other domains in the PPT group than control group can suggest that prolonged duration
rehabilitation, especially after discharge, may improve physical and psychological impairments
and HRQOL. It has been shown that six weeks of respiratory rehabilitation could improve
respiratory function, aerobic capacity, HRQOL, and anxiety of elderly patients with COVID-
19, as reported by Liu and colleagues [14].

Allocated participants to the PPT group had a 20% and 25% lower one-month and three-
month mortality rate than the basic care group, respectively. The NNT analysis shows that
PPT kept alive one out of five patients until one month. However, the results of logistic test of
one-month mortality rate is not statistically significant. Based on the NNT analysis, PPT can
keep alive one out of four patients until three months. A similar finding was reported in
patients after lobectomy after lung cancer by Cinar et al. (2020). They showed that patient
received postoperative respiratory physiotherapy had no mortality after 30 days, while patients
received standard postoperative care had 8% 30-day mortality rate [37]. In a systematic review
and meta-analysis, Ryrsg et al. (2018) reported that supervised, early pulmonary rehabilitation
could be associated to statistically significant mortality reduction (RR .58 [95% CI .34, .98]) in
patients with acute exacerbation of chronic obstructive pulmonary disease compared to usual
post-exacerbation care or no pulmonary rehabilitation program [38].

Adjusting each variable to its baseline measurement increased partial eta2> 10% than
crude analysis, suggesting that even small differences of each measured outcome can change
the results. A similar effect was not found about baseline Spo2.

There are currently some published studies with different levels of evidence, mostly
review of investigations about PPT and other cases of viral pneumonia such as influenza,
expert opinions, and consensus statements recommended how and when to use PPT for
patients with different stages of COVID-19 pneumonia. Some researchers, physiotherapy,
and rehabilitation experts have reccommended PPT as an effective rehabilitative intervention
for patients with all stages of COVID-19 pneumonia [4, 7, 11, 12]. Other researchers believed
that only ACT should be applied in the presence of EPS to patients with the severe stage
under special conditions; However, they have not suggested utilizing other PPT techniques
like diaphragmatic breathing, respiratory muscle training, incentive spirometers, manual
mobilization, and exercise training [1, 8, 9, 13]. They explained that acute patients often have
a shallow and rapid respiratory pattern that has been adapted spontaneously to make the
minimal effort; therefore, any change in this strategy may harm the patient. No other reason
was given for considering PPT contraindicated in the severe stage of COVID-19 pneumonia
[10]. We observed some of these events like Spo2 decreasing and cough stimulating, but all
were resolved just some minutes after the session. In our clinical setting, we also sometimes
observed that Spo2 decreases during breathing through continuous positive airway pressure,
while using this non-invasive ventilator is recommended [39]. Our results showed that PPT
seems not to be a contraindication for severe stage COVID-19, but it also may help therapeu-
tic procedures.

About 34% of patients with COVID-19 pneumonia suffer from EPS [3]; therefore, ACT can
be an effective treatment for them [14]. On the other hand, the main cell target of SARS-Cov-2
is type II pneumocyte, which is responsible for pulmonary surfactant synthesis [40]. As the
pulmonary surfactant increases pulmonary compliance and facilitates the recruitment of
collapsed airways [41], SARS-Cov-2 may cause alveolar stiffness. As there are some time-
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dependent properties of the tissue like creep and stress relaxation, a possible reason for the
rationality of breathing exercises in the early phase can be their roles in tissue stiffness reduc-
tion or prevent pneumonia progression. Based on this hypothesis, early PPT in the acute phase
may have therapeutic, preventive, and rehabilitative roles in the management of COVID-19
pneumonia. We did not have any assessment of lung tissue stiffness; therefore, our results sup-
port this possible hypothesis indirectly. Future investigations with radiologic assessments that
show tissue characteristics like chest computed tomography scan can test this hypothesis to
some extent.

Our used PPT program had three main characteristics. First, choose the type of PPT tech-
nique(s) based on the patients’ signs and symptoms. We used IHT with emphasis on diaphrag-
matic breathing and educated them on how to cough and breathe properly, but ACTs were
only applied to patients with EPS signs and symptoms. Second, we also defined some criteria
for holding the intervention to get better safety. Third, we set a mild aerobic exercise in addi-
tion to chest physiotherapy to prevent muscle wasting and aerobic deterioration, which are
seen in patients with COVID-19 [4]. We highly recommend that patients take a sufficient dose
of oxygen and be under accurate monitoring during exercises.

Our research had some limitations which should be considered in future studies. First, we
selected the sample size as MCID of Spo2 as the primary outcome measurement, but this
number seems to have not enough power for other variables. For example, allocated partici-
pants in the PPT group had a 20% lower mortality rate than the control group. This RD
seems to be influential; however, the results of logistic tests in the mortality rate did not reach
a statistically significant level. Therefore, further investigations with a larger sample size are
highly suggested evaluating safety and efficacy of PPT in patients with COVID-19. Second,
we only recruited participants from a single center. Now, different centers have particular
therapeutic guidelines that can impact the results of PPT. The applied interventions in this
study with three-day duration, no need for specific tools and, low risk of adverse events sug-
gest the feasibility of multi-center investigations on PPT effectiveness and safety on hospital-
ized patients with COVID-19. Third, we only recruited patients with a severe stage of
COVID-19. Based on the mentioned possible mechanism, PPT may be more effective if to be
started before disease severity reaches to severe phase even when the symptoms appear;
therefore, future researchers are recommended to investigate the efficacy of PPT in patients
with mild and moderate stages of COVID-19. Fourth, as participants of this study were from
different cities, we could not re-assess their respiratory functions, aerobic capacity, and level
of dyspnea. It is highly recommended that future researchers follow the objective pulmonary
functions up to after patients’ discharge after applying PPT during the hospital stay. Fifth, the
ITT analysis was performed only for categorical data while the primary outcomes were con-
tinuous. Although there was 7.5% attrition in the samples after three days, the readers should
be aware of this point.

Conclusion

The results of this RCT suggest early PPT during three days, including airway clearance tech-
niques, in the presence of excessive pulmonary secretion, and inspiratory hold breathing
with emphasis to diaphragmatic breathing for hospitalized adult patients with a severe stage
of COVID-19 pneumonia. Despite some recommendation, PPT seems to be safe and effective
in the management of patients with severe COVID-19. The impact of early PPT on the mor-
tality rate of these patients is currently indeterminate. Further researches with larger sample
size are needed to evaluate the efficacy of PPT on COVID-19 patients with different severity
stages.
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