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Introduction
The emergence of COVID-19 worldwide in an unprecedented 

pandemic. COVID-19 has a signiϐicant mortality, mostly from 
acute lung injury. We reviewed the available literature from 
China and Europe in regard to the behavior of SARS-Cov2 and 
ability to adhere to the cell wall [1,2]. The evidence based 
literature describes three component for the virus to grant 
entry to the target cells including Cathepsin B/L (the viral cap 
protein needed for initial connectivity to the cell wall), the 
angiotensin converting enzyme 2 and a low PH environment 
to allow the ϐirst connectivity of the virus to the cell wall [3]. 
The goal of our Case study was to prevent SARS- SARS-Cov2 
from entering target cells by raising the airways PH using 
sodium bicarbonate inhalation. The sodium Bicarbonate 
inhalation (4.2% concentration) has been used safely in Cystic 
ϐibrosis (CF) patients with inspissated mucoid impaction [3,4] 
and in chloride inhalation toxicity by opposing the effect of the 
low PH induced by the insulting agent [4,5]. It has not been 
administered for COVID -19 patients particularly prior to this 
study. 

Methods
Four patients required mechanical ventilation due to 

COVID-19 pneumonia. All patients have proven positive 
COVID-19 RNA collected from the airway’s secretions. Each 
one of the patients received inhaled 4.2% sodium bicarbonate 
as a salvage therapy. All four patients had severe adult 
respiratory distress syndrome (ARDS) and required 100 % 
Fraction of inspired oxygen (FIO2). Due to severe hypoxia 
despite 100% FIO2, these patients were placed on Positive 
end expiratory pressure (PEEP) of 15 to maintain their Oxygen 
saturation at 87% at minimum. Also, a standard PEEP of 15 
was used throughout the process to keep the alveoli patent to 

assure the delivery of the nebulized sodium bicarbonate via 
the ventilator circuit. 

Two of the patients underwent a bronchoscopy to exclude 
airway obstruction (Case 1 and Case 4) and one patient 
initially received instillation of sodium bicarb of 40 ml in an 
increment of 2 ml in each segment during the bronchoscopy to 
dislodge mucous plugs. (These two patients who underwent 
bronchoscopy, were the sickest patients with APACHE score 
higher than 25). 

Our patients were treated with nebulization of sodium 
bicarbonate 4.2 % solution. The dose of sodium bicarbonate 
used was 10 ml of the nebulized solution and was delivered 
via the inspiratory limb of the ventilator tubing every 6 hours. 
The FIO2 then reduced by 10% every 4-8 hours to keep oxygen 
saturation at > 88% as tolerated. Once the FIO2 is down to 
50%, the PEEP was reduced by 2.5 every 6-12 hours to keep 
the oxygen saturation > 88%. We obtained a daily chest x 
rays on every patient to evaluate the effect of the treatment 
radiologically. Arterial blood gas (ABG) was also obtained daily 
to evaluate for the development of Hypercarbia and monitor 
the arterial blood PH. We applied ARDSnet Lung protective 
strategy (a well-known guidelines for ventilator management 
in ARDS) on all of the cases. The treatment was discussed with 
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the family members over the phone due to the hospital’s no 
visitation policy and the families were in agreement with the 
application of sodium bicarbonate inhalation therapy. Also, 
with the support of the pharmacy staff at our institution, the 
dose was addressed to be comparable to the doses used for 
mucoid impaction in cystic ϐibrosis (CF) patients. The cases 
were reviewed daily and assessed clinically and radiologically. 
The arterial blood gases were reviewed daily to monitor for 
possible metabolic alkalosis, which did not occur in any of the 
patients. 

Cases
Case 1 

49 year old female with PMHx signiϐicant for partial 
thyroidectomy many years ago, none smoker life time, no 
history of asthma, previous PFTs were normal, BMI > 35, 
worked as a teacher, no history of travel exposure. She 
presented to the hospital with fever, nonproductive cough, 
severe dyspnea and altered mental status. On arrival, her 
O2 saturation was 60% on room air. Her oxygen saturation 
responded to high ϐlow O2 to 95% for the ϐirst two days. 
Initially, she improved but then has to be intubated due to 
desaturation. She was placed on a 100% FIO2 and PEEP of 
12 to keep her O2 saturation at 88%. She tested positive for 
COVID -19. Her CXR showed diffuse inϐiltrates. Four days after 
intubation, she was started on sodium bicarbonate 4.2 % 
inhalation every 6 hours. Thirty six hours later, she was able 
to be weaned off the ventilator and extubated to NC oxygen 
at 4 LPM and now she is on RA with O2 saturation 95%. Post 
extubation she continued to have mild delirium (Figure 1a,b).

Case 2 

60 year old male with a history of hypertension on 
amlodipine and Enalapril, He and his wife have been tested 
positive for COVID -19 via a clinic as an outpatient. His wife 
self-quarantined at home, while he developed dyspnea and 
intractable cough. He presented to the hospital with Oxygen 
saturation of 49 % on RA. Started on a high ϐlow O2. He declined 
intubation initially for the ϐirst 2 days of hospitalization. He was 
competent to make his own decision. After 2 days, he agreed 
to intubation. He was placed on AC 6.5 ml/kg/VT and PEEP 
of 15 with FIO2 of 100%. Oxygen saturation post intubation 

was 89%. He was started on sodium bicarbonate inhalation 
every 6 hours. After 48 hours, his ventilatory requirement 
improved, his O2 saturation increased to 98% on 40% FIO2 
and the PEEP reduced to 5. He was extubated to NC at 4 LPM. 
And discharged to the regular ward (Figure 2a,b). 

Case 3 

65 year old male traveling from California to attend a 
funeral for his father in law. He has a history of hypertension 
only. He presented with increased dyspnea and nonproductive 
cough, along with his wife (Case 4). His O2 saturation was 
72% on RA, he responded to a high ϐlow O2 and 100% 
nonrebreather. He refused intubation for the ϐirst 7 days due 
to the believe that intubated patients do not survive. Finally, 
he agreed to the intubation. He required 100 % FIO2, PEEP of 
15 and required prone positioning for two consecutive days. 
He was started on the above Sodium Bicarbonate protocol and 
on day number 3 of sodium bicarbonate treatment was able to 
reduce his FIO2 to 50% and PEEP reduced to 10. He tolerated 
spontaneous breathing trial for 30 minutes but failed due to 
agitation. He developed thrombocytopenia and health care 
acquired pneumonia as well. The DIC work up was negative. 
He is expected to be extubated in the next 2-3 days (Figure 
3a,b). 

Case 4 

63 year old female, the wife of Case 3, who was in the same 
funeral. She is a retired ICU nurse, traveling from California, 
presented with acute respiratory failure. Initially, she elected 
to use noninvasive measures with High ϐlow oxygen and 100% 

     a b

Figure 1: a) Chest x ray (Case 1) showing extensive infi ltrate, largely on the right,
b) imaging for the same patient, After sodium bicarb treatment. Noted.

Figure 2: a) Chest x ray (Case 2) prior to sodium bicarbonate inhalation, Showing 
bibasilar diff use infi ltrates, b) Chest x ray (Case 2) 3 days after, Sodium bicarbonate 
inhalation, showing improved Infi ltrates at the lower lobes.

a b

Figure 3: a) Chest x ray prior to sodium bicarb inhalation. (Case 3), multiple 
bilateral infi ltrates shown just before intubation, the patient declined intubation for 
few days, then agreed to it. b) two days after inhalation of sodium bicarbonate. The 
patient is extubated with signifi cant improvement of the infi ltrates mostly on the 
right. (Case 3). (Chest x ray post successful extubation).
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nonrebreather. After six days, she felt tired and agreed to the 
intubation. She was placed on 100% FIO2 and 15 of PEEP. She 
underwent a bronchoscopy and instillation of a total of 40 ml 
of sodium bicarbonate in increments of 2 ml per segment. She 
did not have signiϐicant amount of secretions. On day 2 post 
treatment with inhaled sodium bicarbonate, she improved 
and her O2 requirement was down to 50% and PEEP of 8. She 
is expected to be extubated in the next 24-48 hours. She did 
not show multiorgan system disease (Figure 4a,b). 

Results
Our case series included four patients treated with sodium 

Bicarbonate inhalation protocol while been on the ventilator 
in coordination with the ARDSnet ventilator management as 
stated above [6]. All improved clinically and radiologically 
and two Patients proceeded to extubation within 24-72 hours. 
The other two patients showed improvement but could not 
be extubated at the time of writing this article. However, they 
are expected to be extubated in 24-48 hours. Of note, these 
two patients declined intubation for several days prior to 
agreeing to it. Nonetheless, both are undergoing Spontaneous 
breathing trial at this time. These two patients who remains 
intubated after 72 hours, required pronation initially for the 
ϐirst 48 hours only. However, their Chest imaging showed 
signiϐicant improvement, (Firgure 3b and Figure 4b). The 
PH measured by arterial blood gas did not change with the 
sodium bicarbonate inhalation treatment. The pH on the ABG 
was ranging between 7.29 to 7.38. One patient developed 
hypercarbia possibly due to high PEEP. 

Two of our patients (Case 1 and Case 2) were successfully 
extubated and transferred out of the ICU after 48 hours of 
starting the sodium bicarbonate inhalation. One of them 
remains on nasal cannula oxygen at 2-4 LPM and is being treated 
on the regular COVID -19 ward. None of the patient treated 
with sodium bicarbonate inhalation required escalation in 
ventilator support such as re-intubation, prone positioning or 
increased oxygen requirement. One patient developed Health 
Care acquired pneumonia which delayed his liberation from 
the ventilator. He also developed thrombocytopenia thought 
to be due to sepsis, unrelated to COVID-19. 

Discussion
Although alkalization of the airways by raising the PH 

using sodium bicarbionate inhalation has been studied in 
cystic ϐibrosis patients with mucoid copious secretions as 
the higher PH aims at reducing the viscosity of the secretions 
in this patient population [3,4]. The sodium bicarbonate 
inhalation also used as a salvage therapy after toxic inhalation 
with Phosgene [5], it has not been tested for COVID -19 
pneumonia. Our aim was to alter the alveolar PH in an effort 
to prevent further inoculation of the coronavirus into the lung 
parenchyma [4]. 

In the past, the literature coming out of China showed 
altering the PH could prevent the connectivity of the SARS- 
Cov2 to the cell wall [1,7]. The PH of the sodium Bicarbonate of 
4.2% is known to be 8.4. Although this PH is much higher than 
the serum PH, using it in inhalation form has proven to be safe 
without altering the PH of the blood [4,5]. Several studies are 
entertaining the treatment of the current COVID -19, mostly 
involving the development of a vaccine or a drug treatment, 
however, no study has looked at treating COVID -19 by altering 
the airways PH using sodium bicarbonate inhalation. Our case 
series showed an improvement in respiratory status and 
survival in all four patients who were studied. The time from 
treatment to liberation from the ventilator was surprisingly 
short at 1-3 days in the ϐirst two cases and expected to be 
about 5 days in the last two cases (Case 3 and Case 4). These 
two cases declined intubation for the ϐirst few days (patient 
preference), and possible early intubation would have 
resulted in shorter ventilator time. Usually, similar patients 
with COVID-19 pneumonia and high APACHE score require 
longer ventilation time (mostly 10 – 21 days). These cases 
presented with extremely severe ARDS with mortality rate 
exceeding 90% given their high APACHE score. 

Although this is a case series and the observation cannot 
be generalized, we do believe that it is worth investigating the 
efϐicacy of inhaled sodium bicarbonate treatment on severely 
ill COVID -19 patients in a larger randomized controlled trial. 
Altering the PH of the airways could be an effective treatment 
in ARDS patients with COVID-19 pneumonia.

In addition, measuring the viral load in the exhaled breath 
pre and post treatment could be helpful to evaluate the 
response to airway alkalization. 

Many institutions do not allow nebulization of medications 
in COVID-19 patients due to the risk of aerosolizing the virus 
and infecting the health care workers. This issue should be 
looked at in a large scale study with sodium bicarbonate, since 
the virus does not seem to survive a higher PH. In addition, the 
sodium bicarbonate inhalation was administered via a closed 
circuit in vented patients. 

Furthermore, applying a PH prob via the endotracheal 
tube to test the airway PH can be used to monitor the relation 
between the viral load in the exhaled breath PH while on 
sodium bicarbonate inhalation which can be done in a larger 
trial In our series, we did not apply a PH prob due to the 
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Figure 4: a) (Case 4) chest x ray showing extensive. Infi ltrates diff usely due to 
COVID-19. b) (Case 4), near complete resolution Of the left lung infi ltrate.
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small number of cases we studied. Based on the above, early 
intubation and sodium Bicarbonate inhalation in intubated 
COVID-19 positive patients with severe ARDS appears 
promising but need to be evaluated in randomized controlled 
trial (RCT). An RCT could be easily conducted given the 
availability of the sample size in the current pandemic. Such a 
study will recognize the beneϐits, the short term outcome and 
the value of altering airways PH and identify the confounding 
factors.
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