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ABSTRACT 

Introduction: This study aimed to evaluate the use of sodium bicarbonate solution as an 

adjunct in the treatment of critically ill patients in an intensive care unit (ICU). Methods: 

A group of 76 patients were followed up, of which 44 received treatment with a sodium 

bicarbonate (NaHCO3) solution along with the conventional treatment, and 32 patients 

used only the conventional treatment. Results: In patients treated, there was an 

improvement in radiological findings, a decrease in opacity and bilateral consolidations, 

as well as reduced length of stay in the ICU, and mortality. Conclusion: The use of 

NaHCO3 solution as an adjunct in the treatment of COVID-19 improved prognosis 

compared to conventional treatment. 

 

Keywords: Coronavirus, Bronchoalveolar lavage, Sodium bicarbonate, intensive care 

unit 

 

RESUMO 

Introdução: O objetivo deste estudo foi avaliar a utilização da solução de bicarbonato de 

sódio como coadjuvante no tratamento de pacientes críticos internados em uma unidade 

de terapia intensiva (UTI). Métodos: Acompanhou-se um grupo de 76 pacientes, dos 

quais 44 receberam tratamento com solução de bicarbonato de sódio (NaHCO3) junto 

com o tratamento convencional e 32 pacientes utilizaram apenas o tratamento 

convencional. Resultados: Nos pacientes tratados, houve melhora dos achados 

radiológicos, diminuição da opacidade e das consolidações bilaterais, bem como redução 

do tempo de internação na UTI e mortalidade. Conclusão: O uso da solução de NaHCO3 

como coadjuvante no tratamento da COVID-19 melhorou o prognóstico em comparação 

ao tratamento convencional. 

 

Palavras-chave: Coronavírus, Lavagem broncoalveolar, bicarbonato de Sódio, Unidade 

de Tratamento Intensivo 

 

1 INTRODUCTION 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was recently 

discovered to cause coronavirus disease 2019 (COVID-19) and has been impacting 

healthcare systems and the economy worldwide. According to data from August 2021, 

approximately 215 million COVID-19 cases and 4.5 million COVID-19 deaths were 

reported.1 

When COVID-19 cases are symptomatic, they can present with varied clinical 

manifestations, with respiratory disorders such as dyspnea and acute respiratory failure 

being the most serious symptoms of the disease, necessiting treatment with non-invasive 

ventilatory support, intubation, and mechanical ventilation (MV).2 
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Several therapies use hypertonic solutions, bronchodilators, and antibiotics to treat 

respiratory disorders. Airway infections, whether bacterial or viral, tend to acidify fluids.3 

Some studies have shown that the use of sodium bicarbonate (NaHCO3) in lung disorders 

increases the pH and improves the viscosity of airway secretions4, including in cases of 

COVID-19.5 

Since few studies are exploring such clinical applicability, this study aimed to 

analyze whether NaHCO3 solution as an adjunct in the treatment of COVID-19 improves 

the prognosis in intensive care patients. 

 

2 METHODS 

The study was performed at the Hospital de Urgência e Emergência (HUERB) in 

Rio Branco municipality, State of Acre, Brazil, which has 10 beds in the intensive care 

unit (ICU) exclusively for COVID-19 cases. 

During the period from December 2020 to May 2021, 76 critically ill patients of 

both sex aged between 20 and 79 years with positive results on real-time polymerase 

chain reaction (RT-PCR) for SARS-CoV-2 were separated into two groups using a single-

blind draw. 

1) Conventional (n=32): Use of conventional drug treatment; and 

2) Experimental (n=44): Use of conventional drug treatment along with bronchoalveolar 

lavage using a 3% NaHCO3 solution in saline (0.9% NaCl). 

Bronchoalveolar lavage was performed with the instillation of 10 ml of NaHCO3 

solution directly into the tube (closed circuit), where we calculated 500 µl for each lung 

segment, followed by aspiration of the solution. This procedure was performed every 6 h 

for 7 days (QID).  

In addition to conventional treatment, patients had a positive end-expiratory 

pressure (PEEP) between 12 and 15 with an inspired oxygen fraction (FIO2) of 100% to 

maintain a satisfactory peripheral oxygen saturation (SpO2) since the patients had SpO2 

between 89% and 91%. 

Patients underwent chest radiography before and 48 h after treatment with the 

solution and conventional treatment. Although the “gold standard” examination to assess 

the lungs of patients with COVID-19 is computed tomography, given that critically ill 

patients of COVID-19 present instability and may desaturate on the way to another floor 

of the hospital, it was decided to use radiographs that are performed in the ICU itself, thus 
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preventing it from affecting the patient's clinical condition. Radiographs were analyzed 

by scoring, as described by Toussie et al.(6). 

Oxygen saturation was verified during the treatment (24 h, 48 h, 72 h and 96 h). 

Information on the length of stay and the outcome of the cases (discharge, transfer to 

semi-intensive, and death) was also considered. 

To verify whether the groups were homogeneous, we used the chi-square test for 

sex and the t-test for age. For comparison of before and after data in individuals, we used 

the T-paired and Wilcoxon signed-ranks test for parametric data and non-parametric data, 

respectively. The alpha value was set at p<0.05. The analyses were performed using the 

STATA 13. 

 

3 RESULTS 

The two study groups, conventional and experimental, were statistically 

homogeneous in terms of sex (p=0.09) and age (p=0.31). However, results differed 

significantly (P = 0.00). In conventional treatment, 56.3% of deaths occurred and, in 

experimental treatment, most of them were transferred to the semi-intensive care unit 

(81.8%) (Table 1). 

Regarding the days of hospitalization, there was a significant difference only in 

the semi-intensive outcome group (p=0.02). The median number of days in the 

conventional group was lower (Table 1). 

By the Toussie et al.6 analysis, it was found that the conventional treatment had 

an average score of 3.93 on the first day, and 4.75 (p=0.00) after seven days, showing a 

worsening in the clinical condition. On the other hand, for patients in the experimental 

treatment, the mean score decreased from 4.76 to 2.16 in one week (p=0.00), 

demonstrating a significant improvement in the evolution of COVID-19. 
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Table 1. Outcome and days of hospitalization of patients admitted to the ICU under conventional and 

experimental treatment (n=76).  

Wilcoxon signed-point test, p=0.00 

 

In the radiographs, it was observed that the patients in the experimental treatment 

had a decrease in opacity and bilateral consolidations (Figure 1; Figure S1), while in the 

control group, there was a progressive increase in pulmonary involvement, demonstrating 

an advance in the severity of the acute respiratory syndrome in COVID- 19.  

The oxygen saturation, in the conventional treatment group, there was a 

significant difference at 24 h (p=0.00), 72 h (p=0.00) and 96 h (p=0.04), except at 48 h 

(p=0.12). In the experimental treatment group, the increase in the saturation rate was 

significant in all measurements from 24 h to 96 h (p=0.00). 
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Figure 1. Chest radiography of two intubated female patients admitted to the intensive care unit 

(ICU/COVID-19) with severe respiratory syndrome due to COVID-19. Yellow circles indicate regions of 

the lung with visible opacities. A: Patient's chest radiography with conventional treatment, showing 

bilateral involvement along with cloudy opacities in the lower and middle right lung zone, lower and middle 

left lung zone, with a score of 4 according to the Toussie et al.6. B: After 48 h of conventional treatment, 

there was an increase in bilateral involvement and lower, middle and upper lung area, right and left, scoring 

6, which is the maximum score on the scale by Toussie et al.6. C: Chest radiography before experimental 

treatment showing bilateral involvement in the lower and middle and left upper lung zones, scoring 5. D: 

After 48 h of experimental treatment, there was a decrease in lung involvement, with only involvement of 

the lower and middle lung zones that progressively evolved to weaning from ventilation. 

 
 

4 DISCUSSION 

The chest radiography plays a considerable role in diagnosing the evolution and 

severity of COVID-19. Common patterns in X-ray findings, such as ground-glass opacity, 

are associated with clinical deterioration to a serious condition. Al-Smadi et al.7 showed 

that the number of opaque lung zones was a predictor of mortality in patients with SARS. 

In the present study, we found less lung opacity in patients treated with sodium 
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bicarbonate, demonstrating regression of lung parenchyma lesions and improvement in 

the clinical picture. 

Oxygen saturation is a considerable measure to predict complications and 

mortality from COVID-19, and in severe cases of respiratory diseases, low saturation and 

hypoxemia are expected.8 In our results, both groups of patients showed an improvement 

in saturation levels in 48h, probably due to pharmacotherapy with corticosteroids and 

bronchodilators. But experimental treatment group, the increase in the saturation rate was 

significant in all measurements from 24 h to 96 h. This phenomenon can be explained by 

the sodium bicarbonate that potentiates the action of some antibiotics of the macrolides, 

aminoglycosides and fluoroquinolones classes.9  

Some studies claim that viruses need an acid medium to invade cells and begin to 

multiply immediately.10,11 In coronaviruses, a slightly acidic environment created by 

endosomes is required to obtain a membrane fusion and envelope viruses, followed by 

melting stages, release, and uncoating of the genome into the host cell cytoplasm.12 

The NaHCO3 can bring the pH level of the human body into balance, in the range 

of 7.35-7.45, and perform its functions, preventing viruses from invading cells and 

replicating. Although this pH is higher than the serum pH, using it in the form of 

inhalation is safe without altering blood pH.4,13 In our treatments, the bronchoalveolar 

lavage did not change the blood pH, as analyzed by arterial blood gases, being a local 

therapy in the respiratory tract only. 

Few studies have reported the clinical applicability of NaHCO3 to respiratory 

diseases. NaHCO3 may be a potential therapeutic agent for patients with cystic fibrosis.4 

El-Badrawy et al.14 reported clinical and radiological improvements in patients with 

tuberculosis. Regarding COVID-19, to date, no studies or randomized clinical trials have 

demonstrated the effectiveness of sodium bicarbonate. However, we emphasize that 

NaHCO3 is accessible, inexpensive, and safe, and is used to treat other pathological 

conditions.  

In a recent study, Machado et al.15 found that hypertonic saline solution inhibits 

SARS-CoV-2 replication in human lung epithelial cells, shown that the concentrations 

used increase intracellular metabolism, using more ATP and leading to cell membrane 

depolarization, making virus replication unfeasible, thus, concluding that hypertonic 

solutions should be further investigated as a prophylactic or therapeutic measure for 

COVID-19. In our study, the sodium bicarbonate solution was prepared at a concentration 
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of 3% in saline, thereby enhancing the effect of sodium bicarbonate, which may increase 

endosome pH by inhibiting replication of SARS-CoV-2.16 

 

5 CONCLUSION 

Although definitive proof of its efficacy is not available, these findings are 

justifiable for a study with a larger number of patients, at different evolutionary stages of 

COVID-19, within randomized clinical trials. 

One of the limitations of this study is the need for randomized, placebo-controlled 

clinical trials to elucidate its effectiveness of NaHCO3 solution as an adjuvant in the 

treatment of COVID-19. However, this report on the use of NaHCO3 solution as an 

adjuvant treatment may bring some light on its effectiveness and reduction of length of 

stay in the ICU and death in critically ill patients. 
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