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Aim: The aim of the study was to describe the clinical characteristics of patients with or without respiratory alkalosis, and analyze the relationship of respiratory alkalosis and the outcome of adult coronavirus disease 2019 (COVID-19) patients.

Methods: Clinical and laboratory data of adult COVID-19 patients in a single center in China, were retrospectively collected and analyzed. The Kaplan-Meier (KM) curve and cox regression were adopted to analyze the association between respiratory alkalosis and prognosis of COVID-19 patients.

Results: Of 230 adult COVID-19 patients, 66 patients (28.7%) had respiratory alkalosis on admission. Of 66 patients, the median age was 53 years old (range, 21–84 years), and 43 (65.2%) were female. Compared with those without respiratory alkalosis, patients with respiratory alkalosis were significantly older (P = 0.002), had a higher proportion of female (P = 0.004), and showed higher ratios of underlying diseases including hypertension (P = 0.023) and cardiovascular disease (P = 0.028). Moreover, they demonstrated higher proportion of severe events (P = 0.001). Patients with respiratory alkalosis had a higher possibility of developing severe events compared with those without respiratory alkalosis (Log Rank P = 0.001). After adjusting for gender, age, and comorbidities, patients with respiratory alkalosis still showed significantly elevated risks of developing to severe cases (HR 2.445, 95% CI 1.307–4.571, P = 0.005) using cox regression analyses.

Conclusions: Respiratory alkalosis as a common acid—base disorder in COVID-19 patients, was associated with a higher risk of developing severe event.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), was first reported in Wuhan, China, at December 2019 (1–5), has spread widely and rapidly around the world (6, 7). The World Health Organization (WHO) has declared COVID-19 as a global pandemic (8). How to decrease mortality and improve the prognosis of COVID-19 has become a global problem.

Respiratory alkalosis as the most common acid—base imbalance in clinical practice, is generally induced by a process involving hyperventilation, which include hypoxemic causes, pulmonary diseases and central diseases. Pulmonary diseases include pneumonia, acute asthma and chronic obstructive pulmonary disease (COPD) exacerbations (9, 10). Furthermore, respiratory alkalosis is considered to be associated with adverse outcomes (11). Some COVID-19 patients showed hypoxemia and dyspnea, but the incidence of respiratory acid-base disorders and their relations with the prognosis of COVID-19 remained unknown. To address this question, we sought to present the clinical characteristics of COVID-19 patients with or without respiratory alkalosis, and analyze the association between respiratory alkalosis and the outcomes of COVID-19 patients.



MATERIALS AND METHODS


Study Design and Participants

This case series was approved by The Institutional Ethics Board of The Second Xiangya Hospital of Central South University (No. 2020001). Adult laboratory-confirmed COVID-19 patients admitted to Public Health Treatment Center of Changsha, China from January 17 to March 14, 2020, were enrolled.



Primary and Second Endpoints

The primary endpoint was the severity of COVID-19, and the second endpoints were the mortality, virus shedding time, and length of hospital stay. Severe cases of COVID-19 were defined as meeting any of the following criteria: (1) respiratory rate ≥ 30 /min; (2) oxygen saturation < 93%; (3) PaO2/FiO2 ≤ 300 mmHg; (4) lung lesions progressed >50% within 24–48 h; (5) mechanical ventilation was implemented; (6) shock; (7) intensive care was required because of other organ dysfunction (12). At least two consecutive nucleic acid tests were performed after remission. Virus shedding duration was defined as time between symptom onset (or the diagnosed date for asymptomatic patients) and the first negative sample of SARS-CoV-2 without any positive sample thereafter.



Data Collection

The medical records of patients were carefully collected by two authors, separately. Demographic, symptoms, underlying disease, laboratory, and outcome data were collected. All patients underwent blood gas analysis within the first day after admission and the first blood gas analysis results after admission were collected. In case of PH > 7.45, PaCO2 < 35 mmHg in arterial blood gas was considered as respiratory alkalosis, and in case of pH < 7.35, PaCO2 > 45 mmHg was defined as respiratory acidosis (13).



Statistical Analysis

We used median with range and Mann-Whitney-test to depict and analyze the data. The χ2-test or Fisher's exact-test was utilized to compare the differences of the categorical variables. Baseline variables with significant differences between respiratory alkalosis and no respiratory alkalosis groups were included in the univariate and multivariate analyses. The Kaplan-Meier (KM) curve and the Log Rank-test were applied to estimate the cumulative proportion of severe events in non-severe patients after admission according to the respiratory alkalosis groups. Multivariate analysis was performed using the cox regression model to determine the association between respiratory alkalosis and the severe event with the hazards ratio (HR) and 95% confidence interval (95% CI) being reported. All analyses were performed using IBM SPSS version 26 software.




RESULTS

Two hundred and thirty adult patients with laboratory-confirmed SARS-CoV-2 infection by March 14, 2020, in Changsha, China, were included in our study, of whom none had respiratory acidosis and 66 patients (28.7%) had respiratory alkalosis on admission.

Of the 66 patients with respiratory alkalosis, the median age was 53 years old (range, 21–84 years), and 43 (65.2%) were women. Hypertension, diabetes and cardiovascular disease were the most common comorbidities. The most common symptoms were fever, cough, anorexia and fatigue. Most (97.0%) patients showed pulmonary exudative lesion in chest computed tomographic (CT) scan, of which 32 (48.5%) patients showed ground glass opacity in the lungs (Table 1).


Table 1. Baseline characteristics of COVID-19 patients with or without respiratory alkalosis.
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Laboratory findings for patients with respiratory alkalosis were shown in Table 2. On admission, the medium number of white blood cell count, lymphocyte percentage and lymphocyte count were in the normal range. C-reactive protein and erythrocyte sedimentation rate significantly elevated. Median levels of indicators of liver, kidney and myocardial injury were not obviously abnormal.


Table 2. Laboratory findings of COVID-19 patients with or without respiratory alkalosis.
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Compared with patients without respiratory alkalosis, patients with respiratory alkalosis were significantly older and had a higher proportion of female. They also showed higher ratios of underlying diseases including hypertension and cardiovascular diseases. Additionally, they had lower lymphocyte proportion, decreased lymphocyte counts, as well as higher levels of C-reactive protein and erythrocyte sedimentation rate (Table 2). Most importantly, patients with respiratory alkalosis showed significantly higher proportion of severe events (Table 1).

Furthermore, patients with respiratory alkalosis had a higher possibility of developing severe events compared with those without respiratory alkalosis (Log Rank P = 0.001, Figure 1). After adjusting for gender, age and common comorbidities (cardiovascular disease and hypertension), patients with respiratory alkalosis still showed significantly elevated risks of developing to severe cases than those without respiratory alkalosis (HR 2.445, 95% CI 1.307–4.571, P = 0.005) (Table 3).


Table 3. Multivariate Cox regression analysis for severe events of adult COVID-19 patients.
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FIGURE 1. The time-dependent risk of reaching to severe events in COVID-19 patients with or without respiratory alkalosis using Kaplan-Meier analysis and log rank-test. COVID-19, coronavirus disease 2019.


However, in terms of virus shedding duration and length of hospital stay, patients with respiratory alkalosis showed no obvious differences (Table 1). Because hyperventilation reactions due to hypoxia may be different from gender, age and comorbidities (14), we performed a subgroup analysis on these factors for virus shedding duration and length of hospital stay. Respiratory alkalosis seemed to have no effect on virus shedding duration and length of hospital stay in both men and women, as well as subgroups of common comorbidities. Moreover, subgroup analysis on age showed in non-elderly (P = 0.045) but not elderly patients demonstrated shorter virus shedding duration in patients with respiratory alkalosis than those without (Table 4).


Table 4. Subgroup analysis of influence of respiratory alkalosis on the virus shedding duration and length of hospital stay.
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DISCUSSION

To our knowledge, this is the first article to explore the respiratory acid-base situation of COVID-19 patients and evaluate the effect of respiratory alkalosis on the prognosis. About 28.7% patients presented respiratory alkalosis on admission, who were more likely to be severe and die. Meanwhile, respiratory alkalosis was significantly associated with the risk for severe events of COVID-19 patients.

Most (65.2%) COVID-19 patients with respiratory alkalosis were female, which is consistent with other studies. Previous studies showed PCO2 was lower in women than men (15). Compared to men, women were more prone to have a compensated respiratory alkalosis, which may be the role of hormones such as progesterone (14, 16). However, respiratory alkalosis was associated with severe events of COVID-19 patients both in male and female in this study.

In this study, COVID-19 patients with respiratory alkalosis had a higher risk of severe events, but the reason is not very clear. Generally, hypoxic stimulation leads to hyperventilation in an attempt to correct hypoxia at the expense of a CO2 loss in pulmonary diseases (17). Although some patients did not show significant hypoxemia at the early stage, if respiratory alkalosis occurred, they may already have a compensatory hyperventilation and deteriorate soon. Therefore, we believe that COVID-19 patients with respiratory alkalosis need to be given adequate monitoring even though they did not show hypoxemia yet.

According to current reports (4, 18), deaths of COVID-19 patients mainly occur in severe cases, which indicates that the mortality of COVID-19 patients is closely related to the disease severity. Since there were only 2 deaths in this study, we did not perform association analysis on respiratory alkalosis and mortality, but the risk of developing severe event and respiratory alkalosis were significantly related. It suggests that respiratory alkalosis may be also a risk factor for death, but larger sample size studies are needed to verify this conclusion.

Our study has several limitations. First, some patients with respiratory alkalosis coexisted with other acid-base imbalances, which may lead some bias to the outcomes. In the future research, other acid-base imbalances also need to be studied in greater detail. Second, this study only focused on the acid-base status at the time of admission, and further analysis of the dynamic acid-base status may be needed in the future. Third, in general, most cases of respiratory alkalosis are secondary to hypoxia. However, this study did not include oxygenation index data, due to lack of some data, which may affect the analysis of the causes of respiratory alkalosis. Forth, this was a retrospectively single center study with a small sample size. Therefore, well-designed studies with large sample size were needed to demonstrate the conclusion.



CONCLUSIONS

To the best of our knowledge, this is the first report about respiratory acid-base imbalance in COVID-19 patients. As a common acid-base disorder in COVID-19 patients, respiratory alkalosis was associated with a higher possibility of developing severe events.
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