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Unusual clinical course
High-frequency percussive ventilation (HFPV) is a method that combines mechanical ventilation with high-frequency oscillatory ventilation. This report describes 3 cases of patients with severe COVID-19 pneumonia who
received intermittent adjunctive treatment with HFPV at a single center without requiring admission to the intensive care unit (ICU).
Case 1 was a 60-year-old woman admitted to the hospital 14 days after the onset of SARS-CoV-2 infection
symptoms, and cases 2 and 3 were men aged 65 and 72 years who were admitted to the hospital 10 days after the onset of SARS-CoV-2 infection symptoms. All 3 patients presented with clinical deterioration accompanied by worsening lung lesions on computed tomography (CT) scans after 21 days from the onset of symptoms. SARS-Cov-2 infection was confirmed in all patients by real-time reverse transcription-polymerase chain
reaction (RT-PCR) assay from nasal swabs. All 3 patients had impending respiratory failure when non-invasive
intermittent HFPV therapy was initiated. After therapy, the patients had significant clinical improvement and
visibly decreased lung lesions on followup CT scans performed 4–6 days later.
The 3 cases described in this report showed that the use of intermittent adjunctive treatment with HFPV in patients with severe pneumonia due to infection with SARS-CoV-2 improved lung function and may have prevented clinical deterioration. However, recommendations on the use of intermittent HFPV as an adjunctive treatment in COVID-19 pneumonia requires large-scale controlled clinical studies. In the pandemic context, with a
shortage of ICU beds, avoiding ICU admission by using adjunctive therapies on the ward is a useful option.
COVID-19 • High-Frequency Ventilation • Pneumonia, Viral
https://www.amjcaserep.com/abstract/index/idArt/928421
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Background

This report describes 3 cases of patients with severe COVID-19 1
pneumonia who received intermittent adjunctive treatment with
HFPV at a single center without requiring admission to the intensive care unit (ICU). SARS-Cov-2 infection was confirmed in
all patients by RT-PCR of nasal swabs using the D-5580 RealBest 5
SARS-CoV-2 RT-PCR Assay (Vector Corporation, Moscow, Russia).

Pneumonia caused by COVID-19 with severe acute respiratory
syndrome has been reported since December 2019. In addition
5 to real-time reverse transcription-polymerase chain reaction
(RT-PCR), lung computed tomography (CT) scan is useful for
the diagnosis and monitoring of pneumonia, as the extent of
lung impairment on CT correlates with disease severity [1,2].
The most frequent patterns described on lung CT scan in pa10 tients with COVID-19 pneumonia are ground-glass opacities
(GGO), intralobular and/or interlobular septal thickening, reticular pattern, consolidation, and linear opacities [3–5]. These
variable patterns are observed isolated or in combination at
different times throughout the disease course. According to
15 recent publications, the extent of lung involvement rapidly increases during the early stages (first 8–9 days from symptom
onset), reaching the advanced stage with maximal lung lesions in about 14–21 days after onset of symptoms. Then, after 21–28 days from disease onset (DOD), the extent and in20 tensity of lung lesions decrease (the absorption phase) [6–5].
This is seen in most of the cases with favorable outcomes;
however, some patients present worsening lung lesions associated with clinical deterioration 4 weeks from disease onset, and these patients are at risk for respiratory failure and
25 ICU admittance.

Case Reports
10

Comorbidities, treatment, and laboratory findings of the patients are listed in Table 1. A narrative description of the 3
cases follows.
Case 1

A 60-year-old woman was admitted to hospital on the 14th
day from the onset of SARS-CoV-2 infection symptoms with
persistent dry cough, weakness, and intermittent fevers. On
physical examination, the only distinctive features were signs 20
of dehydration (dry mucous membranes, sinus tachycardia, prolonged capillary refill time, oliguria) and increased blood pressure (158/90 mm Hg). After admission, the patient received
standard treatment for COVID-19 as recommended by our
hospital protocols in use at that time (Table 1). However, her 25
symptoms worsened (frequent dry coughing, dyspnea, abdominal discomfort, loose stool) and peripheral oxygen saturation
dropped to 92% on room air. The worsening of lung lesions
with evidence of bilateral lung consolidations was revealed by
consecutive lung CT scans performed at 5-day intervals, mir- 30
roring the worsening of clinical status (Figures 1A, 2A, 2B).
As the patient was clinically deteriorating, with a permanent
need for high-flow supplemental oxygen via facial mask and
impending respiratory failure, HFPV therapy was started. Noninvasive HFPV was performed at 8-hour intervals for 1 week. 35
After 3 days, her clinical status improved, her supplemental
oxygen requirement decreased, and the CT scan performed on
DOD 27 revealed an important resolution of her previously severe lung lesions (Figure 2C). Supplemental oxygen was completely discontinued after DOD 29, when her oxygen satura- 40
tion on room air was 97–99%. She was discharged from the
ward, completely asymptomatic, on DOD 33.

In this article, we present 3 cases of hospitalized patients with
pneumonia caused by COVID-19 associated with severe acute
respiratory syndrome who received intermittent high-frequency
30 percussive ventilation (HFPV) non-invasively using the IPV-2C
Percussionnaire Intrapulmonary Percussive Ventilation device
(Percussionaire, Sandpoint, ID, USA). HFPV is a method that
combines mechanical ventilation with high-frequency oscillatory ventilation. The HFPV technique uses small high-frequency
35 gas pulses, allowing improved oxygen diffusion combined with
conventional tidal volume ventilation and convective washout
of carbon dioxide [8]. HFPV improves gas exchange and facilitates the recruitment of atelectatic lung areas and the mobilization and drainage of secretions [8]. This technique has
40 been used in neonates and pediatric patients and for burn,
lung transplant, and trauma, as well as in acute respiratory
distress syndrome (ARDS) as salvage therapy. It has also been
used in patients with chronic obstructive pulmonary disease
or cystic fibrosis [9–15].
45
This adjunctive therapy was started in patients receiving regular treatment on the ward, who presented with clinical deterioration accompanied by worsening of their lung lesions
on CT scans after 21 days from symptoms onset. After HFPV
50 therapy, all the patients had significant clinical improvement
and visibly decreased lung lesions on followup CT scans performed 4–6 days later.
53
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Case 2
45
A 65-year-old man was admitted to hospital on the 10th day
from the onset of SARS-CoV-2 infection symptoms, with fever,
dry cough, dyspnea, tachypnea, peripheral edema, and oxygen
saturation of 90% on room air. He had multiple comorbidities
(Table 1). Diminished breath sounds and late inspiratory crack- 50
les were noted in both lungs on auscultation, reflecting pleural effusions and interstitial lung edema that was confirmed
by the lung CT scan (Figure 3A). After admission, besides the 53
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1 Table 1. Comorbidities, treatment, and laboratory findings.

1
Laboratory findings

1

10
2

15

DOD 16

Comorbidities

25

WBC
(109/l);
(L/N ratio)

CRP
(mg/l)

LDH
(U/l)

D-dimers
(µg/l)

Ferritin
(µg/l)

LMWH, HCQ, AZT

8.5; (1.2)

66

300

500

319

DOD 21

LMWH, HCQ, AZT

5.9; (1.3)

206

216

1099

502

DOD 27

LMWH, HCQ, AZT

13.2;(1.2)

15

209

580

296

LMWH, HCQ, AZT,
spironolactone, torsemide,
metoprolol, enalapril

6.1; (1.3)

76.4

233

1180

195

DOD 18

LMWH, HCQ, AZT, DXM,
metoprolol, spironolactone,
enalapril

1.4;(1.6)

90.2

330

515

240

DOD 25

LMWH, HCQ, meropenem,
DXM, torsemide,
spironolactone, enalapril

12.8; (1.3)

184.3

693

757

1092

DOD 31

LMWH, metoprolol, torsemide,
spironolactone, enalapril

6.0;(1.8)

34.7

402

681

371

LMWH, HCQ, AZT

5.3; (1.8)

61.3

226

190

433

DOD 16

LMWH, HCQ, AZT

2.9; (1.9)

85.7

283

334

306

DOD 18

LMWH, meropenem, DXM

15.2; (1.9)

94.3

199

402

320

DOD 23

LMWH

4.2; (2.8)

2.5

181

311

180

DOD 11

Obesity, AH

Obesity, AH,
HF, AF, DM

20

3

Treatment

DOD 12

Obesity, AH

5

10

15

20

25

WBC – white blood cell; N – neutrophils; L – lymphocytes; CRP – C-reactive protein; LDH – lactate dehydrogenase, DOD – day of

30 disease onset; HCQ – hydroxychloroquine; AZT – azithromycin; LMWH – low molecular weight heparin; AH – arterial hypertension; HF 30
– heart failure; DM – diabetes mellitus; AF – atrial fibrillation; DXM – dextromethorphan.

Case 3

standard treatment as recommended by local protocol, the patient received a combination of diuretics and his clinical condi35 tion improved, with O2 saturation of 94–95% on room air and
visible improvement of the lung CT scan (Figure 3B). However,
after 1 week of therapy, he started to deteriorate again with
oxygen saturation of 90-91% on room air, dyspnea, and the
appearance of a productive cough, while the CT scan on DOD
40 25 showed bilateral lung consolidation (Figures 1B, 3C). Taking
into consideration his clinical status and paraclinical data,
extended-spectrum antibiotic and non-invasive intermittent
HFPV therapy was started. After 6 days, his clinical status improved, and his C-reactive protein values decreased signifi45 cantly (Table 1). Moreover, the lung CT scan performed on DOD
31 revealed an important resolution of his severe lung lesions
(Figure 3D). Supplemental oxygen was completely discontinued after DOD 32. He was discharged from the ward on DOD
35 with oxygen saturation of 98% on room air and without
50 any respiratory symptoms.

A 72-year-old man was admitted to hospital on the 10th day 35
from the onset of SARS-CoV-2 infection symptoms, with fever, oxygen saturation of 96% on room air without any cough
or dyspnea, and normal lung auscultation. His lung CT scan
performed on day 2 after hospital admission revealed lesions
(mainly GGO) occupying roughly about 30% of the lung pa- 40
renchyma (Figure 4A, 4E). He received standard treatment for
COVID-19 as recommended by local protocol and he seemed
to be undergoing a favorable evolution. However, 1 week after
hospital admission, he presented with dyspnea and tachypnea,
and his peripheral saturation decreased to 86–88% on room 45
air (Figure 1C). The clinical worsening was mirrored by the extent of lung lesions on the CT scans repeated on DOD 16 and
18 (Figure 4B, 4F – DOD 16 and 4C, 4G DOD 18). As the patient continued to deteriorate, extended-spectrum antibiotics
and corticosteroids were added and non-invasive intermittent 50
HFPV therapy in the prone position was initiated. After 5 days,
his clinical status improved and his lung CT scan revealed an
important resolution of the severe heterogeneous lung lesions 53
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Figure 1. Timeline of patients from hospital admission to discharge. (A) Case 1; (B) Case 2; (C) Case 3. HFPV – high-frequency
percussive ventilation; DOD – days from disease onset.

25

A

25

B

30

30

35

35

C
40

40

45

45

50

53

Figure 2. Case 1 lung CT images. (A) Initial CT scan, DOD (days from disease onset) 16, showing bilateral GGO (ground-glass opacities)
in all lobes with rounded and linear morphology (arrows). (B) Followup CT scan, DOD 21, showing the development of
50
GGO with a crazy-paving pattern and of bilateral consolidative opacities with vacuolar signs, with peripheral and central
distribution (arrows). (C) Followup CT scan, DOD 27, showing consolidation areas and GGO sharply decreased after
intervention (arrows). DOD – days from disease onset; GGO – ground-glass opacities.
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Figure 3. Case 2 lung CT images. (A) Initial CT scan, DOD 11 showing bilateral GGO with pleural effusions and interstitial edema
(arrows). (B) Followup CT scan, DOD 18, showing bilateral GGO with reticular changes with peripheral and central
distribution pattern (arrows). (C) Followup CT scan, DOD 25, showing bilateral extended areas of GGO with reticular pattern
and consolidations (arrows). (D) Followup CT scan, DOD 31, showing resolution of severe bilateral GGO and consolidations
after intervention (arrows). GGO – ground-glass opacities; DOD – days from disease onset.
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40
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45

Figure 4. Case 3 lung CT images. (A, E) Initial CT scan, DOD 12 showing round GGO and bilateral linear opacities (arrows).
(B, F) Followup CT scan, DOD 16, showing deterioration of GGO into bilateral striking reticular changes of peripheral and
central distribution with a crazy-paving pattern (arrows). (C, G) Followup CT scan, DOD 18, showing extension of GGO and
50
deterioration into bilateral consolidations (arrows). (D, H) Followup CT scan, DOD 23, showing decreased area and intensity
of bilateral consolidations and decreased GGO with appearance of fibrous stripes (arrows). GGO – ground-glass opacities;
DOD – days from disease onset.
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1 seen on previous CT scans (Figure 4D, 4H). Supplemental oxygen was completely discontinued after DOD 29. He was discharged from the ward on DOD 32 with oxygen saturation
of 96% on room air and without any respiratory symptoms.
5

At the time when HFPV therapy was started, patients were on 1
the ward, but they were oxygen dependent and were clinically
deteriorating, with signs of impending respiratory failure. It is
important to note that these cases were identified on the basis of clinical picture and repeated lung CT scan to set the in- 5
dication for more aggressive treatment including HFPV therapy. After HFPV sessions were started, a reduction in the effort
needed for breathing and improved gas exchange were clearly observed, while the CT scans also revealed decreased lung
lesions. Patients also reported less breathing effort. In this 10
way, further respiratory deterioration and ICU admission were
avoided and the management of these severe patients was
possible on the ward. In our view, the use of HFPV was beneficial in our patients because it allowed the recruitment of collapsed alveoli using high flow and frequency and accommo- 15
dating the optimal volume and pressure of air required by the
alveolar space. Due to the associated risk of aerosol spreading, non-invasive HFPV was performed in a single room with
the minimum number of required healthcare workers wearing adequate personal protection equipment (PPE) to mini- 20
mize staff exposure.

PROOF © INTERNATIONAL SCIENTIFIC INFORMATION

Discussion
Currently, our understanding of the clinical spectrum of
10 COVID-19 is based on data published by previous authors.
The main focus has been to prevent potentially fatal complications from respiratory failure and ARDS due to severe
COVID-19 pneumonia, and also from cardiac injury and coagulopathies [16]. Patients with coronavirus disease 2019
15 (COVID-19), caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and presenting with worsening
lung lesions associated with clinical deterioration after 3–4
weeks following disease onset are at high risk for respiratory failure and ICU admittance [16]. For adults with COVID-19
20 and acute hypoxemic respiratory failure despite conventional
oxygen therapy, guidelines suggest using high-flow nasal cannula over conventional oxygen therapy [17]. In patients presenting with clinical deterioration, impending respiratory failure, high inflammatory markers, and extending areas of lung
25 damage, it is very important to undertake timely therapeutic
measures for the reduction of interstitial and intra-alveolar
edema and recruitment of collapsed alveoli to decrease intrapulmonary right to left shunting and to improve oxygenation
without causing lung over-distention. For this purpose, a ther30 apy using low volumes of air (oxygen) with high frequency (to
prevent sharp increases in pressure), high flow (to reach peripheral lung areas), and low pressure (to prevent barotrauma) can be delivered to the heterogeneously damaged lung
areas. During the course of viral pneumonia, the lungs pres35 ent heterogeneous lesions and areas with different compliance. Standard non-invasive ventilator strategies using positive end expiratory pressure recruit non-aerated alveoli, and
reduce the inhomogeneity of lung volume distribution, but
might cause over-distention of normal alveolar spaces, re40 sulting in barotrauma [18]. HFPV using the Phasitron® device
allows the recruitment of collapsed alveoli by delivering the
optimal volume and pressure of air required by the alveolar
space without over-distention of compartments with normal
compliance, a very important issue to consider in mechanical45 ly heterogeneous lungs [19].

Conclusions
25
From our experience, the use of HFPV led to clinical improvement in all our patients. The 3 cases described in this report
show that the use of intermittent adjunctive treatment with
HFPV in patients with severe COVID-19 pneumonia due to infection with SARS-CoV-2 improved lung function. Further, HFPV 30
may have prevented clinical deterioration. In the pandemic
context of ICU bed shortages, avoiding ICU admission by using adjunctive therapies on the ward is extremely important.
Therefore, HFPV therapy might be used as adjunctive therapy in deteriorating patients with COVID-19 pneumonia on the 35
ward. Larger studies are needed, however, before making clear
and definitive recommendations.

Availability of data and material
40

The data used to support the findings of this study are available from the corresponding author upon request.
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