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ABSTRACT

BACKGROUND: Millions of human beings have suffered in the epidemic of Coronavirus disease 2019 (COVID-19), but until now the effective
treatment methods have been limited.

AIM: This study aimed to evaluate the efficacy and safety of short-wave diathermy (SWD) treatment for moderate COVID-19 patients.
DESIGN: A prospective, double-blind, randomized controlled clinical study.

SETTING: Inpatients Unit of a COVID-19 specialized hospital.

POPULATION: Forty-two patients with moderate COVID-19 were randomly allocated at a 2:1 ratio to two groups: the SWD group and the
control group.

METHODS: Participants of the SWD group received SWD treatment, and participants of the control group received placebo SWD treatment for
one session per day, 10 minutes per session, for no more than 14 days. Both groups were given standard care treatment. Primary outcome was
the rate of clinical improvement according to a seven-category ordinal scale. Secondary outcomes included the rate of computed tomography
(CT) improvement and the rate of potential adverse events.

RESULTS: Clinical improvement occurred in 92.6% of patients in the SWD group by day 14 compared with 69.2% of patients in the control
group (P=0.001). The Cox model indicated that the SWD group had a higher clinical improvement probability than the control group (hazard ra-
tio: 3.045; 95% CI: 1.391-6.666; P=0.005). Similarly, CT improvement occurred in 85.2% of patients in the SWD group and 46.2% of patients in
the control group respectively by day 14 (P=0.001). The Cox model indicated SWD group had a higher CT improvement probability than control
group (hazard ratio: 3.720; 95% CI: 1.486-9.311; P=0.005). There was no significant difference in adverse events between the SWD group and
the control group (2 of 27 [7.4%] SWD vs. 1 of 13 [7.7%] control, P=1.000), the most frequent of which were headache (1 of 27 [3.7%] SWD
vs. 1 of 13 [7.7%] control patients) and dizziness (1 of 27 [3.7%] SWD vs. 0 of 13 [0%] control patients).

CONCLUSIONS: SWD is a valid and reliable adjuvant therapy with a favorable safety profile for moderate COVID-19 patients.

CLINICAL REHABILITATION IMPACT: Clinically relevant information is lacking regarding the efficacy and safety of SWD for patients with
COVID-19. This study provides the first evidence that SWD is a promising adjuvant therapy for COVID-19.

(Cite this article as: Tian F, Wang J, Xi X, Sun X, He M, Zhao C, et al. Efficacy and safety of short-wave diathermy treatment for moderate CO-
VID-19 patients: a prospective, double-blind, randomized controlled clinical study. Eur J Phys Rehabil Med 2022;58:137-43. DOI: 10.23736/S1973-
9087.21.06892-1)
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ttracting extensive attention since December 2019,
a novel Coronavirus, designated SARS-CoV-2, has
caused an international outbreak of respiratory illness
termed Coronavirus disease 2019 (COVID-19). As of
February 19, 2021, a total of 110.41 million people has

been diagnosed globally, among which 2.44 million has
died, indicating a mortality rate of about 2.21% (Corona-
virus Resource Center of Johns Hopkins University). Even
worse, scientists have recently tracked multiple mutations
of SARS-CoV-2 that are potentially far more infectious.
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COVID-19 can affect a patient’s respiratory function, in
severe cases resulting in the requirement of ventilator
treatment or even death. Besides, about one third of the
COVID-19 survivors showed a residual physical and func-
tional impairment after hospitalization.! However, current
treatments, such as invasive mechanical ventilation,? ex-
tracorporeal blood purification3 and antiviral therapy#4 have
shown limited effects. Although vaccination is underway
across the world, new mutations of the virus may poten-
tially not respond to the host of current vaccines. Based
on clinical presentation, patients with COVID-19 in China
are classified into four categories, including mild, moder-
ate, severe and critical.5 Older patients and those with pre-
existing respiratory or cardiovascular conditions appear to
be at increased risk of mortality from COVID-19.6

It has been reported that a more severe inflammatory
cytokine storm resulted in greater severity of illness in
patients with COVID-19.6 Short-wave diathermy (SWD)
is a form of electrotherapeutic modality commonly used
by physical therapists to suppress inflammation.” A pre-
vious study has revealed that ultra-shortwave diathermy
(USWD) can accelerate the repair of lung tissue and
shorten the length of hospital stays for patients with se-
vere acute respiratory syndrome.® Thus, it was speculated
that SWD might be effective for treatment of COVID-19.
However, the use of SWD for COVID-19 is highly debat-
able because of the lack of research evidence to confirm
its efficacy and rule out proposed side effects, such as pul-
monary fibrosis.® Consequently, in an effort to rigorously
assess the efficacy and safety of SWD in the treatment of
COVID-19, we performed a randomized controlled trial.

Materials and methods
Participants

Participants with moderate COVID-19 were recruited be-
tween March 1, 2020 and April 5, 2020 at the inpatient
unit of Huoshenshan Hospital. The inclusion criteria were:
1) a positive reverse transcriptase—polymerase chain reac-
tion (RT-PCR) assay for SARS-CoV-2 from a respiratory
tract sample;!0 2) moderate symptom category with fever,
fatigue and respiratory symptoms;¢ and 3) lung CT show-
ing multiple patchy ground glass shadows or other typical
manifestations.6 In consideration of the contraindications
for SWD, patients with the following conditions were ex-
cluded: 1) need for Intensive Care Unit (ICU) monitor-
ing or mechanical ventilation; 2) metal implants or tumor
within the upper trunk; 3) abnormal skin sensation on the
chest or upper back; 4) pregnant or lactating women; 5)
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severe cognitive impairment causing inability to complete
treatment as directed or malignancy; and 6) lacking signed
informed consent.

Ethical consideration

This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committees
of the Huoshenshan Hospital and the 940t Hospital of the
Joint Logistic Support Force of the People’s Liberation
Army (N. 2020KYLLO088). All participants, or their legal
representatives if they were unable to provide consent,
provided written informed consent before participation.

Study design

As shown in Figure 1, this was a randomized, double blind,
controlled trial. Using the computer-generated randomiza-
tion method, eligible patients were assigned to the SWD
group and control group at a 2:1 ratio. Since previous stud-
ies have suggested that SWD has a controlling effect on
local inflammation,!! the 2:1 ratio was chosen to enhance
enrollment and to obtain more safety information on the
application of SWD. The patients did not know whether
they were in the SWD group or control group until the
study was completed. The physicians who assessed the pa-
tients during the study were blind to both groups. Only the
SWD operator knew the participants allocated to which
group because of the operative requirements of SWD.
SWD utilized electromagnetic radiation at 27.12 MHz
(XY-CDB-1V, Xiangyu Medical Equipment Co., Anyang,
China). For the SWD group, the patients received a ses-
sion of 10-min pulsed SWD treatment once a day for 14
days or less (in the case of discharge or death within 14

| 61 patients assessed for eligibility |

19 ineligible
- 12 enrolled other clinical trials
- 7 refused informed consent

Y

A
| 42 patients enrolled at 2:1 |

| 28 assigned SWD group | | 14 assigned control group |
Y Y
27 analyzed 13 analyzed

as the primary efficacy population

- 25 through to event
- 2 through to day 14 (did not reach event)

as the primary efficacy population

- 10 through to event
- 3 through to day 14 (did not reach event)

Figure 1.—Treatment study flowchart.
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days). The pulse repetition rate was 350 Hz. The two short-
wave electrodes were placed on the chest and upper back
of the patient. For the control group, the patients received
placebo SWD, electrodes positioned in the same manner
as the SWD group but without turning on. The machine’s
panel was directed out of the patients’ view. Standard care
interventions, such us antivirals and antibiotic drugs, oxy-
gen therapy, were provided to both groups if needed based
upon the published guideline recommendations.!2

Outcome measures

The primary outcome was the integrated clinical improve-
ment rate. Clinical improvement (the event) was defined
as a two-level decline on a seven-category ordinal scale
within 14 days (or discharge or death, whichever came
first) after randomization took place (day 0).13 The seven
categories in the ordinal scale were: 1) not hospitalized
with resumption of normal activities; 2) not hospitalized,
but unable to resume normal activities; 3) non-ICU hospi-
talization, not requiring supplemental oxygen; 4) non-ICU
hospitalization, requiring supplemental oxygen; 5) ICU
hospitalization, not requiring extracorporeal membrane
oxygenation (ECMO) and/or invasive mechanical ventila-
tion; 6) ICU hospitalization, requiring ECMO and/or in-
vasive mechanical ventilation; and 7) death.!3 The clinical
improvement rate was assessed once per day. Up to now,
no randomized controlled trials have evaluated changes in
the rate of clinical improvement according to the seven-
category ordinal scale in patients with COVID-19. The
sample size of our study was determined on the primary
hypothesis of detecting an increase of 60% in clinical im-
provement rate of the SWD group compared with the con-
trol group by day 14. PASS software version 15 (NCSS
LLC; East Kaysville, UT, USA) was used with a power of
0.8 and alpha of 0.05. Considering a dropout rate of 5%,
the sample size is estimated to be 28 cases in SWD group
and 13 cases in control group.

The secondary outcome was the integrated CT improve-
ment rate. CT scans were performed on baseline (day 0),
and again on day 14, discharge or death, whichever came
first. There were three classifications of the CT images:
1) CT improvement was defined as the absorption of exu-
dates, dissipating pulmonary consolidations and shrinking
area of lesions; 2) CT progression was defined as more
distributed consolidations, enlargement and fusion of le-
sions, and the observation of soft tissues opacities; and
3) CT stable was defined as no changes of density, lesion
area and pulmonary consolidations.!4 The classifications
of the images were determined by a consensus between
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two researchers unaware of the grouping and treatment.
According to a previous study,!5 chest pain, cardiac ar-
rhythmia, burns, and pulmonary fibrosis were chosen as
potential adverse events, which were carefully observed
during the study.

Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges (IQR) and were compared using the Mann-
Whitney U Test. Categorical variables were expressed
as number (%) and compared with a Chi-square test or
Fisher’s Exact test. The distributions of each category of
seven scales from admission to 14 days were shown in a
grouped bar chart. The curves of clinical and CT improve-
ment rates by time were portrayed by the Kaplan-Meier
method. The Log-rank test and Cox proportional hazards
regression model were utilized to compare the differences
of the clinical and CT improvement rates between the two
groups. Statistical analyses were performed using SPSS
(version 22, IBM; Armonk, NY, USA) and R (version
4.0.3; R Foundation for Statistical Computing; Vienna,
Austria). All statistical tests were two-sided and P values
less than 0.05 were considered statistically significant.

Results
Patient characteristics and baseline data

Sixty-one patients were assessed for eligibility. 19 patients
were excluded from the study, including 12 of whom par-
ticipated in other clinical trials and 7 of whom refused to
sign a written informed consent. Of the 42 patients who un-
derwent randomization, 28 patients were assigned to SWD
group and 14 patients to control group. One patient in each
group withdrew consent from the study prior to its conclu-
sion. Thus, a total of 40 patients entered into the final anal-
ysis (Figure 1). The baseline characteristics of the enrolled
patients are shown in Supplementary Digital Material 1:
Supplementary Table I. The demographics, level of seven-
category scale, laboratory examinations and comorbidities
were indistinguishable between the two groups.

Primary outcome measure

The distributions of the SWD group and the control group
falling into each category of the seven-category scale
throughout the study were shown in Figure 2. As time
passed, a higher proportion of patients not hospitalized
(categories 1-2) was observed in the SWD group than in
the control group. Besides, the number of patients with
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Control group
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1‘ é 3 4 5 tl3 % é E‘? 1‘0 ’I‘1 1‘2 1‘3 1‘4

Time since start of study (days)

. 1 Not hospitalized with resumption of normal activities
. 2 Not hospitalized, but unable to resume normal activities
3 Non-ICU hospitalization, not requiring supplemental oxygen
4 Non-ICU hospitalization, requiring supplemental oxygen

Patients in each category ordinal (%)

. 6 ICU hospitalization, requiring ECMO and/or invasive mechanical ventilation

. 7 Death

SWD group

100 -

75-

50 -

25-

1 2 3 4 5 6 7 8 9 0 11 12 13 14
Time since start of study (days)

5 ICU hospitalization, not requiring ECMO and/or invasive mechanical ventilation

Figure 2.—Distribution of patients in the seven-category scale from day 0 to day 14.
SWD: short-wave diathermy; ICU: Intensive Care Unit; ECMO: extracorporeal membrane oxygenation.

severe outcomes (categories 5-6) in the control group in-
creased gradually.

The clinical improvement rate was 92.6% in the SWD
group and 69.2% in the control group by day 14, and the
difference was statistically significant (P=0.001). Ad-
ditionally, patients in the SWD group had a significantly
higher probability of clinical improvement than those in
the control group (hazard ratio: 3.045; 95% CI: 1.391-
6.6606; P=0.005) (Figure 3).

Secondary outcome measure

Similarly, the CT improvement rate was 85.2% in the SWD
group and 46.2% in the control group by day 14, and the
difference was statistically significant (P=0.001). Patients
in the SWD group had a significantly higher probability of
CT improvement than those in the control group (hazard
ratio: 3.720; 95% CI: 1.486-9.311; P=0.005) (Figure 4).
Pulmonary infections in the SWD group were significant-
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Figure 3.—Overall rate of clinical improvement among hospitalized pa-
tients in the SWD group and the control group.
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Figure 4.—Overall rate of CT improvement among hospitalized patients
in the SWD group and the control group.
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Figure 5.—Representative lung CT before and after SWD treatment. A)
Before treatment; B) after treatment.

TABLE [.—Adverse events throughout the study in the two groups.

Parameters S\g\?:%r%u P Cor(lgf):l 1%;) up P value
Overall, N. (%) 2(7.4) 1(7.7) 1.000
Pulmonary fibrosis 0 0

Chest pain 0 0

Cardiac arrhythmia 0 0

Headache 1(3.7) 1(7.7)

Dizziness 1(3.7) 0

Burns 0 0

Data are number of events (%). Patients with multiple events are counted once
in each row.

ly reduced after treatment, with the significantly reduced
scope and density of ground glass lesions reflected by the
CT images (Figure 5). As shown in Table I, there was no
significant difference in adverse events between the SWD
group and the control group (2 of 27 [7.4%] SWD vs. 1
of 13 [7.7%] control patients, P=1.00). Pulmonary fibrosis,
chest pain, cardiac arrhythmia and burns were not observed
in either group during or after the SWD treatment. The
most frequent symptoms were headache (1 of 27 [3.7%]
SWD vs. 1 of 13 [7.7%] control patients) and dizziness (1
of 27 [3.7%] SWD vs. 0 of 13 [0%] control patients).

Discussion

In our randomized controlled study, we confirmed for the
first time that the addition of SWD significantly increased
the probability of clinical improvement and CT improve-
ment of the patients with moderate COVID-19 infection.
Additionally, our safety data showed SWD was well-toler-
ated with no significant difference in adverse events com-
pared with placebo SWD treatment.

SWD is a modality widely used in physical therapy for
the management of inflammatory conditions, especially
those caused by painful musculoskeletal disease. For ex-
ample, adding SWD to a standard exercise regimen can re-
duce pain and improve function in patients suffering from
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chronic lateral epicondylitis.!® Our study revealed a sig-
nificantly shorter turnaround time in both clinical manifes-
tations and imaging findings of the COVID-19 patients in
the SWD group compared with those in the control group,
suggesting a good therapeutic effect of SWD for CO-
VID-19. It is generally accepted that the high frequency
waves of electromagnetic radiation provided by SWD can
increase blood flow between the two electrodes, resulting
in the anti-inflammatory and analgesic benefits.!? A single-
blind, crossover trial demonstrated that pulsed short-wave
therapy resulted in a significant increase in blood volume
and skin temperature.!8 Thus, the underlying mechanism
of the COVID-19 improvement in the SWD group may
be due to enhanced pulmonary blood flow and reduction
of inflammation. Similar effects have been confirmed in
other lung diseases, such as severe acute respiratory syn-
drome,® bronchopneumonia,!® spontaneous pneumotho-
rax,20 and chronic obstructive pulmonary disease.2!-22 Our
study included the standard methods of care, such as the
conventional drugs treatments, in the SWD group. There-
fore, our results shed light upon the efficacy of the addition
of SWD to the current standard care for the patients with
COVID-19.

Besides efficacy, the excellent safety and tolerability
profile of SWD should be noted. Current treatments for
COVID-19 are mainly antiviral drugs, hormones and in-
vasive mechanical ventilation.23 All of these treatments
have certain limitations and side effects. Some medica-
tions deployed to treat COVID-19 (e.g., chloroquine, hy-
droxychloroquine, azithromycin, and ritonavir) can cause
cardiac toxicity.24 Glucocorticoids may increase hyper-
glycemia and cause gastrointestinal bleeding and electro-
lyte disturbances.2s Endotracheal intubation is associated
with an increased risk of infection while open systems or
vented systems can increase the release of respirable par-
ticles.26 The benefit of physical therapy lays in its lack of
drug-associated side effects as well its favorable therapeu-
tic effect. However, the current passing through the tho-
racic cavity and the electrodes close to the skin may cause
cardiac irregularity, chest pain, burn injury® or pulmonary
fibrosis.2” In our study, only minor side effects, including
headache and dizziness, were observed in the SWD group,
suggesting a favorable safety profile of SWD for COV-
ID-19 patients.

In this study, we focused on patients with moderate
COVID-19 infections for the following reasons: 1) im-
provement during the moderate stage of infection is con-
ducive to preventing progression towards severe and criti-
cal infections; 2) severe and critical patients have serious
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symptoms, such as shortness of breath, respiratory failure
and shock, which requires more interventions and leads to
limitations for the application of SWD; 3) 71% of patients
who died with severe COVID-19 presented complications
associated with disseminated intravascular coagulation
(DIC) and pulmonary congestion,28 making the risk-ben-
efit ratio of SWD for these patients less clear; and 4) the
symptoms of mild patients are not obvious, thus it is hard
to distinguish therapeutic effects.

Limitations of the study

The study had several limitations. First, this study did not
investigate the effects of different treatment parameters of
SWD. Treatment times ranging from 10 to 30 min per day
and machine parameters reported previously® might result
in different outcomes. Further study is required to determine
the optimal parameters. Second, to enhance enrollment and
obtain more safety information of SWD, the patients were
randomly assigned to the SWD group and control group at
a 2:1 ratio. However, placing more subjects in the SWD
group relative to the control group reduces the statistical
power, although the power dose not decline greatly since
the ratio does not exceed 3:1.2° Third, it is known that some
comorbidities such as chronic liver and kidney diseases are
linked with an increased rate of mortality and severity in
COVID-19 patients.30 Therefore, in our study, the rates of
comorbidities were compared between the two groups and
the result showed no significant difference. However, it
should be noted that the control group had relatively more
patients with chronic liver disease (1/13) and chronic kid-
ney disease (1/13), compared with the SWD group (1/27
and 2/27, respectively). Although the prevalence of chronic
liver and kidney disease is low and without significant dif-
ference between both groups, the potential influence of
comorbidities to the outcome cannot be ruled out. Further
studies with a larger sample size for the subgroup analysis
of the comorbidities are needed.

Conclusions

Our results suggest that SWD induces significant clinical
and CT improvements with few side effects for moderate
COVID-19 patients, supporting SWD as a promising adju-
vant therapeutic tool for managing COVID-19.
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