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Case series
Patients: Male, 72-year-old ¢ Male, 65-year-old * Male, 48-year-old
Final Diagnosis: COVID-19 pneumonia

Symptoms: Cough ¢ dynpnea e fever
Medication: -

Clinical Procedure: Endotracheal intubation

Specialty: Critical Care Medicine ¢ Infectious Diseases ¢ General and Internal Medicine
Microbiology and Virology ¢ Pulmonology

Objective: Unusual clinical course

Background: COVID-19, the disease entity caused by the novel severe acute respiratory coronavirus 2 (SARS-CoV-2), contin-
ues to pose a major therapeutic challenge for clinicians. At present, an effective treatment regimen and vacci-
nation has not been established. Many patients develop severe symptoms requiring endotracheal intubation
and a prolonged stay in the Intensive Care Unit (ICU). In early postmortem examinations of COVID-19 patients,
profuse viscous secretions were observed throughout the respiratory tract. Thus, oxygen supplementation with-
out aggressive pulmonary hygiene management may be suboptimal. In the present case series, pulmonary
hygiene management encompassed mucolytics, bronchodilators, and tracheal suctioning. We report 3 severe
cases of COVID-19 pneumonia in cruise ship employees who were admitted to the ICU and responded to sup-
portive mechanical ventilation and pulmonary hygiene management.

Case Reports: Three cruise ship employees with COVID-19 underwent endotracheal intubation and were admitted to the ICU
for acute hypoxemic respiratory failure. Initial chest X-rays suggested multifocal pneumonia with superimposed
acute respiratory distress syndrome (ARDS). A regimen of hydroxychloroquine, azithromycin, and dexameth-
asone was initiated on admission in all cases. Additionally, medications used for pulmonary hygiene were ad-
ministered through a metered-dose inhaler (MDI) in line with the ventilator circuit. Endotracheal suctioning
was performed prior to medication administration. The duration from endotracheal intubation to extubation
ranged from 9 to 24 days. All 3 patients reached 30-day survival.

Conclusions: The cases reported highlight the importance of the use of airway hygiene with mucolytics, bronchodilators, and
tracheal suctioning for patients with COVID-19 pneumonia requiring ventilatory support.

MeSH Keywords: Bronchodilator Agents ¢ COVID-19 e Critical Care ¢ Expectorants ¢
Respiratory Distress Syndrome, Adult ¢ Respiratory Therapy
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Background

In December 2019 the novel respiratory illness SARS-COV-2
broke out in Wuhan, China and rapidly spread across the globe,
giving rise to the current COVID-19 pandemic. As of July 15,
2020, the World Health Organization (WHO) reported there
were 13 150 645 confirmed cases throughout the world [1].
Although SARS-COV-2 largely manifests mild or nonexistent
symptoms, rapid clinical deterioration can arise within the ini-
tial 2 weeks of illness [2]. Severe respiratory symptoms are as-
sociated with atypical pneumonia that can progress to acute
respiratory distress syndrome (ARDS), although the pathogen-
esis is still being elucidated. COVID-19-related acute respirato-
ry distress syndrome (ARDS) has been described and usually
results in acute hypoxemic respiratory failure (AHRF) [3]. The
incidence of COVID-19-related ARDS has ranged from 3.4% to
31% in hospitalized patients [4-8]. Timely endotracheal intuba-
tion and transfer to the ICU is critical in these cases. In a study
of risk factors for COVID-19 mortality, ARDS was found to oc-
cur in 93% of patients who did not survive [8]. Interestingly,
COVID-19-related ARDS does not directly resemble the “typical”
ARDS due to other causes [3,9]. Therefore, treatment strategies
for typical ARDS may not be as effective in COVID-19-related
ARDS. The unique disease traits of COVID-19 pose unprece-
dented healthcare challenges, requiring strong research efforts
and innovative drug repurposing strategies.

In the absence of a specific antiviral medication and vaccina-
tion, the tenets of current management have been preventive
and supportive care. For cases of AHRF, high-flow nasal oxy-
gen (HFNO) therapy can treat hypoxia and can avert the need
for supportive mechanical ventilation [10]. Titration of HFNO
to a target oxygen saturation (Sp02) of 90-96% along with a
low threshold for endotracheal intubation has been advocat-
ed [11]. Recently, a multicenter study on COVID-19 outcomes in
the New York City area reported that 320 of 2534 (12.2%) pa-
tients who were discharged alive or who died underwent sup-
portive mechanical ventilation during their hospital course [12].
The mainstay of supportive mechanical ventilation in COVID-19
patients with AHRF is protective lung ventilation, which con-
sists of a low tidal volume (<6 mL/kg predicted body weight)
and plateau pressure <30 cm H,0 [11,13]. Patients with re-
fractory hypoxemia may be considered for prone positioning,
higher levels of positive end-expiratory pressure (PEEP), in-
travenous neuromuscular blocking agents, and extracorporeal
membrane oxygenation (ECMO) [14]. Additionally, dexameth-
asone and high-dose vitamin C may help attenuate the aber-
rant inflammatory response in COVID-19-related ARDS [15,16].
A combination of treatments is needed to improve oxygen-
ation and prevent clinical deterioration in critically ill patients
with COVID-19.
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An impressive distinction of COVID-19 pneumonia is the wide
variability in disease progression and response to treatment.
Gattinoni et al. suggested different phenotypes (Type-L and
Type-H) according to lung elastance, ventilation to perfusion
ratio, weight, and alveolar recruitability [17]. This corresponds
with the amount of inflammatory response and consequent in-
terstitial edema during pulmonary infection. Interestingly, post-
mortem studies on patients with a confirmed COVID-19 diag-
nosis have revealed extensive pulmonary mucous secretions
and plugging [18,19]. Liu et al. described thick and sticky secre-
tions in the trachea, bronchus, and alveoli in an autopsy with
COVID-19 confirmed as the cause of death [20]. In accordance
with these observations, stringent pulmonary hygiene man-
agement may be needed to optimize oxygen supplementation.

To the best of our knowledge, the role of pulmonary hygiene
management in critically ill patients with SARS-COV-2 pneu-
monia has been largely overlooked in recent research. For the
purpose of this case series, pulmonary hygiene management
refers to mucolytics, bronchodilators, and tracheal suctioning.
The utility of mucolytics, bronchodilators, and tracheal suction-
ing on the prevention of hospital-acquired pulmonary infec-
tions and mortality in the Intensive Care Unit (ICU) has been
well studied in the past [21]. With the exception of bromh-
exine hydrochloride, a well-known mucolytic cough suppres-
sant, research on modalities that improve mucus clearance in
COVID-19 pneumonia is limited. The current report describes
3 cases of COVID-19 pneumonia, confirmed by reverse tran-
scription-polymerase chain reaction (RT-PCR) testing from na-
sopharyngeal swabs, in critically ill cruise ship employees who
developed ARDS and required supportive mechanical ventila-
tion (Table 1). In this article, we explore the role of a therapeu-
tic strategy consisting of inhaled albuterol, inhaled ipratropi-
um, inhaled n-acetylcysteine, and routine tracheal suctioning
in COVID-19 pneumonia and ARDS.

Case Reports

Case 1

A 72-year-old male cruise ship employee with a past medical
history of coronary artery disease, chronic kidney disease, di-
abetes mellitus type II, and hypertension was brought to the
Emergency Department (ED) with 5 days of worsening short-
ness of breath, dry cough and fever. In the 2 days prior to
hospital admission, the patient received amoxicillin-clavulan-
ic acid, azithromycin, and oseltamivir on the cruise ship, with-
out improvement. At the time of hospital admission, the pa-
tient was dyspneic with an oxygen saturation (SpO2) of 82%
on room air. ABG values revealed pH 7.37, Pa02 46.2, PCO2
29.3, HCO3 16.4, and SO2 83 on a nasal cannula. The initial
chest X-ray (CXR) is illustrated in Figure 1A. A nasopharyngeal
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Table 1. Patient characteristics and prognostic factors.

Duration of

Case BMI Sofa score*

Age

Gender . Comorbidities Symptoms symptoms prior to
# (yrs) (kg/m?) hospitalization (days) (pts)
1 72 Male 28.4 1. Coronary artery disease 1. Fever 5 11
2. Diabetes mellitus type Il 2. Dry cough
3. Chronic kidney disease 3. Shortness of breath
4. Hypertension
2 65 Male 18.2 Diabetes mellitus type Il 1. Shortness of breath 3 10
2. Chest tightness
3. Fever
4. Diarrhea
3 48 Male 23.5 None 1. Shortness of breath 7 9
2. Dry cough
3. Fever

Death within
30 days from
admission
(yes/no)

Duration of

mechanical

ventilation
(CEVD))

24

Whbc
(x10)

Ferritin
(ng/ml)

D-dimer
(ng/ml)

Crp
(mg/dl)

X-ray
findings

% Lymph

13.1 5.3 676 916 16 Diffuse bilateral
interstitial
and airspace

opacification

Diffuse interstitial
prominence

with bibasilar
consolidation

No

Bilateral multifocal
airspace opacities

WBC — white blood cell count; %LYMPH — percentage of lymphocytes; CRP — C-reactive protein. * Sequential Organ Failure Assessment
(SOFA) score within 24 hours of hospital admission. The SOFA score is used to predict mortality in critically-ill patients. A higher SOFA

score is associated with a greater mortality rate. Interpretation of SOFA score, (Points) Mortality: (0-9) <33%, (10-11) 50%, (12+)

95.2%.

specimen was collected in the hospital and was confirmed to
be COVID-19-positive by our laboratory. Blood lab results dem-
onstrated an elevated white blood count (13.10) and neutrophil
percentage (91.2%) along with decreased lymphocyte percent-
age (5.3%) in the Emergency Department. For the most part,
vitals were within normal limits with the exception of respi-
ratory rate; blood pressure (BP) 136/68 mmHg, pulse (HR) 95
beats per min respiratory rate (RR) 25 breaths per min temper-
ature (TEMP) 37.8°C. The patient was put on a non-rebreather
mask but continued to be restless and had difficulty forming
full sentences. Despite initiation of non-invasive ventilation,
he did not surpass 88% Sp02. Consequently, the patient un-
derwent endotracheal intubation and a nasogastric tube was
placed. Initial ventilator settings in the ICU were tidal vol-
ume (TV) 500 mL per inspiration, fraction of inspired oxygen
(FiO2) 50%, respiratory rate (RR) 12 breaths per min (bpm),
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and PEEP 5 titrated to 8 cmH,0. We administered subcutane-
ous heparin 5000 U every 8 h, oral azithromycin 250 mg ev-
ery day, intravenous dexamethasone 12 mg every 6 h, oral hy-
droxychloroquine 400 mg every 12 h, oral vitamin C 1000 mg
every day, and oral guaifenesin 600 mg every 6 h. During in-
halation therapy, a closed circuit was maintained by deposit-
ing the metered-dose inhaler aerosol through a spacer device
connected to the ventilator. Breathing treatments consisted
of inhaled levalbuterol 1.25 mg every 6 h, inhaled ipratropium
0.5 mg every 6 h, and inhaled n-acetylcysteine 200 mg every
6 h. Prior to breathing treatments, tracheal suctioning was per-
formed to remove secretions. Throughout his hospital course,
the patient encountered numerous complications. He devel-
oped septic shock resulting in acute kidney failure and severe
hypotension, which required emergent dialysis and titrated
norepinephrine bitartrate. Additionally, multiple transfusions
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Figure 1. CXR (A) at presentation showing bilateral, ill-defined patchy airspace opacities and diffuse interstitial infiltrations. Improving
opacities (B) through lung fields bilaterally on day 14 of treatment.

of packed red blood cells were administered for an acute gas-
trointestinal hemorrhage. These conditions improved by follow-
ing the Kidney Disease Improving Global Outcomes (KDIGO),
American College of Gastroenterology (ACG), and Surviving
Sepsis Campaign clinical practice guidelines. The CXR complet-
ed on day 14 of treatment is shown in Figure 1B. On day 24
of hospitalization, the patient was extubated. At that time, he
was downgraded from ICU status and remained on a venturi
mask with oxygen saturation of 94-92%. At day 30 of hospi-
talization, he was still alive.

Case 2

A 65-year-old male cruise ship employee with a past medical
history of diabetes mellitus type Il presented to the ED with 3
days of chest tightness, shortness of breath, fever, and diar-
rhea. Upon arrival to the ED, the patient was severely dyspneic
and unable to form full sentences. A non-rebreather mask was
immediately placed because he was displaying these signs of
respiratory distress. ABG values revealed pH 7.46, Pa02 57,
PaC02 35, HCO3 24, and SO2 91.1 on a non-rebreather mask.
Vitals were within normal limits with the exception of respi-
ratory rate; BP 123/65 mmHg, HR 94 bpm, RR 28 bpm, and
TEMP 36.8°C. The initial chest X-ray (CXR) is shown in Figure 2A.
Laboratory results from blood drawn on admission demon-
strated an elevated white blood cell count (14.3) and neutro-
phil percentage (84.1%), as well as a decreased lymphocyte
percentage (6.3%). A nasopharyngeal specimen was collected
and confirmed to be COVID-19-positive by the hospital labo-
ratory. Although a non-rebreather mask was placed, he con-
tinued to be restless and dyspneic, and his Sp0O2 decreased to
88%. The patient was transferred to the ICU and underwent
endotracheal intubation as well as placement of a nasogas-
tric tube. Initial ventilator settings in the ICU were TV 500 mL
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per inspiration, RR 12 bpm, fraction of inspired oxygen (Fi02)
70%, and PEEP 6 cmH,0. He received subcutaneous heparin
5000 U every 8 h, oral azithromycin 250 mg every day, intra-
venous dexamethasone 12 mg every 6 h, oral hydroxychloro-
quine 400 mg every 12 h, oral vitamin C 1000 mg every day,
and oral guaifenesin 600 mg every 6 h. Additionally, we admin-
istered inhaled levalbuterol 1.25 mg every 6 h, inhaled ipratro-
pium 0.5 mg every 6 h, and inhaled n-acetylcysteine 200 mg
every 6 h. Tracheal suctioning was performed routinely, pri-
or to medication administration. On day 1 in the ICU, the pa-
tient became hemodynamically unstable, requiring 3 days of
titrated norepinephrine bitartrate. Over the following week,
he remained hemodynamically stable and his respiratory sta-
tus improved. On day 10, the patient was successfully extu-
bated and started on non-invasive positive-pressure ventila-
tion (NIPPV). The patient was comfortable and breathing well
on the NIPPV and was weaned off supplemental oxygen. On
room air, his Sp02 was 93.1% (day 11). Figure 2B illustrates his
CXR on day 14 of treatment. Throughout the remainder of his
hospital course, the patient sparingly used the nasal cannula
provided. His discharge was delayed until day 39 for reasons
outside the control of the physician and hospital.

Case 3

A 48-year-old male cruise ship employee without any rele-
vant past medical history was brought to the ED with 7 days
of worsening fever, dry cough, and shortness of breath. Upon
arrival to the ED, he was anxious, restless, and dyspneic. ABG
values revealed pH 7.51, Pa02 42.8, PaC02 37.4, HCO3 29.6,
and SO2 83 on a nasal cannula. The patient was immediate-
ly placed on a non-rebreather mask, which led to a marked
improvement in SpO2 (93%) and his ability to breathe com-
fortably. In the ED, he had an elevated blood pressure, heart
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Figure 2. CXR (A) at presentation demonstrated diffuse interstitial prominence with bibasilar consolidations. Improving interstitial and

airspace opacities (B) on day 14 of treatment.

Figure 3. CXR (A) at presentation shows bilateral, diffuse, lower and middle zone predominant, interstitial and airspace opacities.
Improving opacities (B) on day 14 of treatment.

rate, and respiratory rate; BP 155/85 mmHg, HR 108, RR 28,
TEMP 37.2°C. The initial CXR is shown in Figure 3A. Laboratory
results from blood drawn in the ED demonstrated the white
blood cell count was within normal limits (7.55), decreased
lymphocyte percentage (8.9%), and increased neutrophil per-
centage (80.4%). The patient was admitted to the ICU on a
non-rebreather mask. We administered subcutaneous heparin
5000 U every 8 h, oral azithromycin 250 mg every day, intra-
venous dexamethasone 12 mg every 6 h, oral hydroxychloro-
quine 400 mg every 12 h, oral vitamin C 1000 mg every day,
and oral guaifenesin 600 mg every 6 h. In addition, he received
inhaled levalbuterol 1.25 mg every 6 h, inhaled ipratropium 0.5
mg every 6 h, and inhaled n-acetylcysteine 200 mg every 6 h.
Tracheal suctioning was performed prior to medication admin-
istration. The patient maintained the targeted Sp02 (95-93%)
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on a non-rebreather mask until day 5 of hospitalization. At that
time, he abruptly desaturated to an Sp02 of 43% and emer-
gent endotracheal intubation was immediately performed.
Titrated norepinephrine bitartrate was started for hemody-
namic instability. Ventilator settings were TV 500, Fi02 100%,
RR 20, and PEEP 14. Shortly thereafter, his SpO2 improved to
93%. After 9 days of supportive mechanical ventilation, his re-
spiratory status improved, and he was extubated. A CXR from
hospital day 14 is illustrated in Figure 3B. Throughout the re-
mainder of the hospital course, the patient remained on na-
sal cannula with SpO2 ranging between 98-93%. He was dis-
charged from the hospital on day 41.
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Discussion

We report 3 cases of COVID-19 pneumonia, confirmed with RT-
PCR for SARS-COV-2, in cruise ship employees who required
supportive mechanical ventilation in the ICU for acute hypox-
emic respiratory failure (AHRF) due to acute respiratory dis-
tress syndrome (ARDS). Early in the pandemic, cruise ships were
well-publicized for having outbreaks of COVID-19 onboard. As
countries worked towards halting disease transmission, in-
fected cruise ship passengers were unable to disembark and
receive higher levels of medical attention for prolonged du-
rations. In the cases described here, patients were transport-
ed to our facility after several days of worsening respiratory
symptoms on the cruise ship. Elevated acute-phase reactants
(D-Dimer, Ferritin, and C-reactive protein) and lymphopenia
were observed on initial blood labs and are predictive of poor
outcomes. Emergent endotracheal intubation was performed
early in the disease course as each patient experienced a rap-
id decline in respiratory status. We implemented a treatment
regimen based on clinical practice guidelines and published
histopathological reports. Each patient received: subcutaneous
heparin 5000 U every 8 h, oral azithromycin 250 mg every day,
intravenous dexamethasone 12 mg every 6 h, oral hydroxy-
chloroquine 400 mg every 12 h, oral vitamin C 1000 mg every
day, oral guaifenesin 600 mg every 6 h, inhaled levalbuterol
1.25 mg every 6 h, inhaled ipratropium 0.5 mg every 6 h, and
inhaled n-acetylcysteine 200 mg every 6 h, and tracheal suc-
tioning prior to medication administration.

A common symptom shared by the 3 patients in this case se-
ries was dyspnea. It is estimated that dyspnea occurs in 43-
56.5% of COVID-19 cases [6,7,22]. The sudden rise in dys-
pnea and deterioration of gas exchange observed in severe
COVID-19 cases is linked to a hyperinflammatory immune re-
sponse (“cytokine storm”) that ultimately damages the respi-
ratory tract [23]. ARDS is characterized by an aberrant inflam-
matory response affecting the lungs and it encompasses 3
overlapping pathological stages: exudative, proliferative, and
fibrotic. During the immediate exudative stage, diffuse alveo-
lar damage (DAD) clinically manifests in progressive respirato-
ry failure. In a study that analyzed chest computed tomogra-
phy (CT) images of patients infected with COVID-19, thickened
bronchial walls and distended bronchi indicated marked in-
flammatory infiltration within the lungs [24]. In agreement with
this observation, an autopsy report of a patient with COVID-19
described lymphocytic infiltration and mucosal edema within
bronchi and bronchioles [25]. Chest radiography of all 3 cases
in the present study demonstrated features of ARDS charac-
terized by diffuse bilateral airspace and interstitial opacities.

Mucus accumulation throughout the respiratory tract may be
associated with COVID-19-related ARDS. Although the cause
of mucus hypersecretion in COVID-19 pneumonia is not well
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understood, dysregulation of neutrophil extracellular traps and
neutrophil elastase during the hyperinflammatory immune re-
sponse can produce a thick and sticky mucus [26]. A multicenter
analysis of 38 autopsies in patients with COVID-19 frequently
identified dense mucoid material within the lumina of bronchi
and bronchiolar branches [27]. Moreover, Wang et al. described
copious mucinous secretions along the distal respiratory tract
in postmortem COVID-19 histopathological examinations [28].
Mucus hypersecretion associated with COVID-19 can result in
obstruction (“mucus plugging”), even in cases without support-
ive mechanical ventilation [28]. Alongside changes in the low-
er respiratory tract, severe mucoid tracheitis or tracheobron-
chitis has been observed in 33% of COVID-19 autopsies [29].

Atelectasis and ventilator-associated pneumonia are well es-
tablished complications of mucus retention in critically ill pa-
tients. Retained mucus secretions that migrate to peripheral
airways can cause irreversible occlusion of lumina, impairing
gas exchange [21,30]. Paradoxically, airway mucus loses anti-
microbial activity within 24 h and can colonize bacteria, which
ultimately form into a pulmonary infection thereafter [31].
Superimposed bacterial pneumonia has been observed in
lung autopsies of patients with COVID-19 [25,27,28]. In these
cases, suppurative bronchopneumonic infiltrates and bacte-
rial abscesses have been described. Based on evidence from
autopsy findings, modalities that improve airway mucus clear-
ance can prevent complications in patients with COVID-19.

In addition to acute complications, long-term sequelae can
emerge from COVID-19 infection. The prevalence of pulmo-
nary fibrosis in COVID-19 will become more clear as data be-
come available [32,33]. Fibrotic changes associated with the
later stages of ARDS have not been broadly visualized on post-
mortem examinations because many patients die due to the
exudative and proliferative stages of diffuse alveolar damage
(DAD). For survivors of COVID 19-related ARDS, the fibrotic
stage of DAD can cause lifelong structural and functional lung
alterations. A study on patients with severe acute respirato-
ry syndrome (SARS) reported that 62% of cases demonstrat-
ed chest radiographic findings of pulmonary fibrosis 37 days
after hospital discharge. Because COVID-19 is very similar to
SARS, preventive antifibrotic therapy has been proposed for
COVID-19 pneumonia [34,35].

Supportive mechanical ventilation contributes to secretion
retention by increasing mucus production as well as impair-
ing mucociliary clearance and the cough reflex [36]. Secretion
management aids in preventing atelectasis, improving gas ex-
change, and reducing the incidence of ventilator-associated
pneumonia. Our pulmonary hygiene strategy coupled routine
tracheal suctioning with inhaled mucolytics. Tracheal suctioning
is the standard of care in ventilated patients and can reduce
the rate of complications by improving airway clearance [37].
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Generally, tracheal suctioning is performed on an as-needed
basis for no longer than 15 s at a time [21]. In contrast, we
performed tracheal suctioning routinely to prevent complica-
tions that arise from mucus retention. Mucus clearance from
tracheal suctioning may have been amplified with the use of
mucolytics.

Recently, the mucolytic cough suppressant bromhexine hy-
drochloride has been proposed as a prophylactic agent in
COVID-19 by inhibiting TMPRSS2 and preventing viral en-
try [38,39]. Likewise, the mucolytic drug administered in this
case series, n-acetylcysteine (NAC), can inhibit SARS-COV-2
replication through a p38 MAPK-mediated mechanism [40,41].
NAC has been shown to reduce the hyperinflammatory re-
sponse and oxidative stress associated with several respirato-
ry illnesses [42-44]. Although the immunopathological profile
of COVID-19-related ARDS is heterogenous, NAC may prevent
consequent lung damage by attenuating levels of TNF-q, IL1,
IL18, IL6, and IL-10 [41]. In support of this, Poe et al. theorized
that NAC could be an effective treatment option in COVID-19
pneumonia because it improves glutathione levels, enhanc-
es the proliferative capacity of lymphocytes, and modulates
necroptosis [45]. In a Cochrane review, patients with ARDS
who were administered NAC spent less time in the ICU [46].
In animal models, NAC has been shown to have a protective
effect against pulmonary fibrosis [47,48]. Currently, a clinical
trial is being conducted on the effectiveness of NAC in criti-
cally ill patients with COVID-19 [49].

Bronchodilators are often given in combination with inhaled
NAC to prevent medication-induced bronchospasm. In the
setting of ARDS, inhaled bronchodilators have been shown to
improve mucociliary clearance and oxygenation, reverse air-
flow resistance, and reduce peak and plateau pressures [50].
Furthermore, it has been demonstrated that inhaled beta-ag-
onists aid in weaning patients off mechanical ventilation [51].
The effectiveness of concomitant NAC and salbutamol nebuli-
zation administered routinely versus on-demand was studied in
the NEBULAE trial [52], which concluded that preventive nebu-
lization of NAC and salbutamol did not improve length of ICU
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stay or mortality for ventilated patients. However, we believe
that NAC and levalbuterol could be a promising repurposed
drug combination in the treatment of COVID-19 pneumonia.

Limitations

Our findings were limited to 3 patients in a single community
hospital intensive care unit (ICU). In all 3 cases, the patients
were administered multiple medications according to popular
treatment strategies at that time. Hydroxychloroquine, azithro-
mycin, and dexamethasone have been proposed to improve
outcomes in patients with COVID-19. At present, the efficacy
of hydroxychloroquine and azithromycin is uncertain and has
become a topic of fervent debate. Conversely, dexamethasone
has been shown to improve mortality in severely ill patients
with COVID-19 [15]. In addition, older age (65 years and above)
and comorbid conditions is an indicator of poor prognosis in
severe cases [53]. One of the patients mentioned in this case
series was under the age of 65 years, which may have con-
tributed to a better outcome.

Conclusions

This case series highlights the importance of pulmonary hy-
giene management in mechanically ventilated patients with
COVID-19 pneumonia and ARDS. Our pulmonary hygiene strate-
gy consists of mucolytics, bronchodilators, and routine tracheal
suctioning. Inhaled medications were administered through a
metered-dose inhaler (MDI) in line with a closed ventilator cir-
cuit. Implementation of this pulmonary hygiene strategy may
prevent acute complications in the ICU as well as long-term
sequelae after hospital discharge. All 3 critically ill patients in
the present study were extubated, downgraded from ICU sta-
tus, and reached 30-day survival.
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