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Abstract

Purpose Acid-base derangement has been poorly described in patients with coronavirus disease 2019 (COVID-19). Con-
sidering the high prevalence of pneumonia and kidneys injury in COVID-19, frequent acid-base alterations are expected in
patients admitted with SARS-Cov-2 infection. The study aimed to assess the prevalence of acid—base disorders in sympto-
matic patients with a diagnosis of COVID-19.

Methods The retrospective study enrolled COVID-19 patients hospitalized at the University Hospital of Modena from 4
March to 20 June 2020. Baseline arterial blood gas (ABG) analysis was collected in 211 patients. In subjects with multiple
ABG analysis, we selected only the first measurement. A pH of less than 7.37 was categorized as acidemia and a pH of more
than 7.43 was categorized as alkalemia.

Results ABG analyses revealed a low arterial partial pressure of oxygen (PO,, 70.2+25.1 mmHg), oxygen saturation (SO,
92%) and a mild reduction of PO,/FiO, ratio (231 +129). Acid-base alterations were found in 79.7% of the patient. Metabolic
alkalosis (33.6%) was the main alteration followed by respiratory alkalosis (30.3%), combined alkalosis (9.4%), respiratory
acidosis (3.3%), metabolic acidosis (2.8%) and other compensated acid-base disturbances (3.6%). All six patients with
metabolic acidosis died at the end of the follow-up.

Conclusion Variations of pH occurred in the majority (79.7%) of patients admitted with COVID-19. The patients experi-
enced all the type of acid—base disorders, notably metabolic and respiratory alkalosis were the most common alterations in
this group of patients.
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the leading causes of SARS-CoV-2 human pathogenic-
ity. Theoretically, it should lead to the overactivation of
the renin—angiotensin—aldosterone system mediated by an
excess of angiotensin II [5, 6]. As a result, high levels of
serum aldosterone may induce metabolic alkalosis through
hydrogen ion loss from renal tubular cells [7, 8]. For all
these reasons, a large number of acid—base disorders, prin-
cipally of respiratory origin were expected in patients with
symptoms of COVID-19. To verify this research question,
we investigated the distribution of acid—base disorders
in a cohort of symptomatic patients with a diagnosis of
COVID-19.

Materials and methods

We retrospectively collected data from electronic charts of
all COVID-19 patients hospitalized at the University Hos-
pital of Modena from 4 March to 20 June 2020.

Diagnosis of COVID-19 was performed on nasal/oro-
pharyngeal swabs according to the World Health Organi-
zation (WHO) guidelines [9] in all patients who were
admitted for symptoms of COVID-19. Arterial blood gas
(ABG) analysis was required to monitor pulmonary gas
exchange and acid—base status. A pH of less than 7.37 was
categorized as acidemia and a pH of more than 7.42 was
categorized as alkalemia [10, 11].

Overall, 236 patients underwent 477 ABG analysis during
the first 48 h from admission. After selection for inclusion
criteria (age > 18 years and completeness of ABG analysis
data), 211 patients were included in the study population. In
patients with multiple ABG analyses, we selected only the
first measurement. Often ABG analysis was provided after
first aid. Supportive therapy consisted of oxygen therapy in
dyspnoeic patients with low oxygen saturation and intrave-
nous therapy in patients with low blood pressure.

Baseline characteristics were described using mean and
standard deviation (SD), or frequencies, where appropriate.
The chi-squared and one-way ANOVA followed by Turkey’s
post hoc test were used to compare categorical and continu-
ous variables between groups.

Results

The estimated mean age of the population was
64.7 +15.3 years with a high predominance of males
(71.6%) (Table 1). Half of the population referred dyspnea,
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and 61.4% had cough at physical examination. Most
patients (82.6%) were on oxygen therapy when ABG anal-
ysis was performed. Overall, ABG analyses revealed pul-
monary involvement manifesting with a low arterial partial
pressure of oxygen (PO,, 70.2 +25.1 mmHg), oxygen satu-
ration (SO,, 92%) and a mild reduction of PO,/FiO, ratio
(231 +129). Acid-base disturbance was found in 79.7%
of the patients, and contrary to our expectation, metabolic
alkalosis (33.6%) was the main alteration followed by res-
piratory alkalosis (30.3%), combined alkalosis (9.4%),
respiratory acidosis (3.3%), metabolic acidosis (2.8%) and
other compensated acid-base disturbances (3.6%) (Fig. 1).
ANOVA revealed statistically significant differences in age,
sex, serum level of K*, Na™, bicarbonate, creatinine, PCO,,
PO2/FiO, ratio, CKD, symptoms (caught, diarrhea), SOFA
score and fatality rate among groups. Data on diuretic pre-
scription and amount of prescribed IV fluids are reported
in Supplementary Table 1.

All six patients who experienced metabolic acidosis died
after 7+ 5.6 days from admission. Half of the subjected died
of acute respiratory distress syndrome and half of septic
shock. Patients with metabolic acidosis had an increased
value of serum creatinine and a higher SOFA score com-
pared to patients showing a normal pH. Metabolic acido-
sis was primarily due to kidney impairment. A mild ele-
vation of blood lactate levels (2.4 mmol/l) contributed to
the development of metabolic acidosis in a single patient.
Mean serum creatinine measured 4.5 +4.5 mg/dl. Notably,
33.3% of patients were on hemodialysis, 33.3% developed
COVID-19-associated acute kidney injury and 33.3% had a
GFR < 60 ml/min.

Discussion

The analysis of our data reported for the first time the
spectrum of acid-base alterations in patients with
COVID-19. Pneumonia is the main manifestation of this
disease and is virtually diagnosed in all hospitalized sub-
jects with COVID-19. It generally manifests with bilateral
ground-glass opacities associated with or without con-
solidations [12]. Extensive pneumonia is a potentially
serious infectious disease because it impairs respiratory
gas exchange and induces a change in minute ventila-
tion. Acid-base disturbances of respiratory origin were,
therefore, an expected complication in our COVID-19
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Table 1 (continued)

&

P value

Compensated
respiratory
alkalosis

respiratory
acidosis

Mixed alkalosis Compensated

Metabolic
acidosis

Respiratory
acidosis

Respiratory
alkalosis

Metabolic Alka-

Normal pH
losis

All patients

Variable

Springer

4 (1.8%)

n=

3 (1.4%)

n=

20 (9.4%)

n=

6 (2.8%)

n=

7 (3.3%)

n=

64 (30.3%)

n=

71 (33.6%)

35(16.5%) n

n=

211

n=

0.87

1(5)

1(1.6)

3(4.2)

0

5(2.3)

Still admitted—

no. (%)
Death—no. (%)

0.001

2 (50)

2(28.6) 6 (100)* 3(15)

17 (26.6)

5(14.3) 79.9)

42 (10.3)

CKD denotes chronic kidney disease, FiO2 fraction of inspired oxygen, GFR glomerular filtration rate, MAP mean arterial pressure, PCO, partial pressure of carbon dioxide, PO, partial pres-

sure of oxygen, SO, oxygen saturation. One patient with compensated metabolic acidosis was not included in the Table.

= <0.05) compared to the “Normal pH” group

*Indicates statistically significant difference (P

population. Surprisingly, metabolic alkalosis (33.6%) was
the primary alteration. The etiology of this disorder was
difficult to trace in our cohort of patients. Dehydration
due to fever, dyspnea and loss of appetite appeared to be
the most plausible hypothesis, although no statistically
significant differences were detected in mean arterial
pressure, Na*t, body temperature, pulmonary gas exchange
and diuretic therapy compared to the normal group. Fur-
thermore, even the hypothesis of SARS-CoV-2-mediated
hyperactivation of RAAS remained unexplored in our
study owing to the lack of serum aldosterone levels. On
the other hand, the causes of acid—base disorders of res-
piratory origin were easily tracked in each group. Nota-
bly, respiratory alkalosis was caused by hypoxia-induced
hyperventilation (PO, =70.1 +32.9 mmHg), whereas res-
piratory acidosis developed in patients with hypercapnic
respiratory failure (PCO,=62.2 + 13.4 mmHg).

The analysis of our data reported that metabolic acidosis
occurred in subjects with varying degrees of renal impair-
ment, and a higher baseline SOFA compared to patients
with normal pH. They showed a death-fatality rate of 100%
at the end of the follow-up. Ammonia excretion impair-
ment and decreased tubular reabsorption of bicarbonate
[13] were supposed to be the leading causes of metabolic
acidosis in this group of patients. Metabolic acidosis—acute
or chronic—is a serious medical condition, associated with
high morbidity and poor outcome in CKD [17] and non-
CKD subjects [18]. This acid-base disorder causes notable
adverse effects on organ homeostasis, especially on the car-
diovascular system [14, 15], where acidosis reduces cardiac
contractility, cardiac output and induces arterial vasodila-
tion [16].

Generalization of these results is limited by the retro-
spective nature of the study, the small number of patients
and a lack of a control group. Larger studies without the
change of a selection bias are therefore necessary to confirm
the distribution of acid-base disturbances in patients with
COVID-19 and verify the potential association between
metabolic acidosis and death risk in this subset of patients.

In conclusion, patients admitted to the hospital for
symptoms of COVID-19 had a high rate of acid—base dis-
orders. They experienced all kinds of acid—base altera-
tions. Metabolic and respiratory alkalosis were the most
common acid-base disorders in this group of patients.
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Fig. 1 Distribution of acid—
base disorders in patients with
COVID-19

Metabolic acidosis

Respiratory acidosis -

Metabolic alkalosis
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