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Abstract

The SARS CoV 2 pandemic has put health systems in serious trouble, especially in Peru, where resources are scarce. The situation
is especially difficult for healthcare personnel who have to cope with a disease that is not yet well understood and for which there
is no effective treatment. Many of the patients are usually underdiagnosed or misclassified in their state of severity due to the delay
in reaching the sum of clinical, analytical and radiological criteria, delaying their treatment and worsening their prognosis. Many
authors have reported the finding of low levels of total serum calcium and ionic calcium in severely compromised patients. The
determination of ionic calcium has important comparative advantages over serum calcium because the quantification is carried out
more quickly and safely, it is not affected by drugs or protein levels and very little by pH, factors that are usually present in COVID-19
patients. The present work ionic calcium in blood as early marker of severity in patients with covid-19 at the arzobispo loayza
national hospital of Lima-Peru seeks to contribute to the knowledge showing that ionic calcium can be an early marker of severity
in hospital emergency rooms severity, allowing a correct classification of the disease in less time, improving action protocols, saving

material and human resources and above all saving valuable lives.
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Background

For health personnel COVID-19 has been especially difficult to face a new disease against which there were neither control measures
nor effective treatments [1-4]. In this situation, the finding of inflammatory markers that could guide clinicians about the severity of the
infectious disease [5-7] and the possibility of predicting mortality in some way would undoubtedly constitute the cornerstones on which
the rest of the actions would be based with a view to recovering patients who crowd health services, saving resources and saving human
lives [8-10].

This work focuses on the study of Ionic Calcium (Ca?*) as a marker of both disease severity upon admission to the health service, as

well as imminent death because it can be measured very quickly and precisely as part of the gas arterial analysis [11,12].

Summary

To determine whether Ionic Calcium (Ca?*) in blood is a good marker of the severity of COVID-19 pictures, as well as an independent
predictor of mortality, a study was carried out with patients diagnosed with this disease at the Arzobispo Loayza National Hospital
(HNAL) in Lima-Peru admitted to hospitalization.
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Materials and Methods

The selected sample consisted of 200 cases of patients diagnosed by molecular tests and who required hospitalization for medical
management. Examinations of biochemical and hematological inflammatory markers were collected on admission and the data were

analyzed using correlation tests and binomial logistic regression.

Results. In the logistic regression, the level of Ca?* shows a good relationship with the severity of COVID-19 cases, which can be a
marker of severity (p < 0.05) as well as ferritin, C-reactive protein, D-dimer and the Kirby index. In the same type of statistical test, a
non-significant relationship between Ca* and death was observed (p > 0.05). The Kaplan-Meier study also did not show a significant

relationship between Ca** and survival.

Conclusions. The Ca* level is a good marker to determine the severity of the disease (p < 0.05) as well as ferritin, C-reactive protein,
D-dimer and the Kirby index; but it is not significantly related to death in this group of patients in the context of the current SARS-CoV2

pandemic.

We included 200 cases of patients diagnosed by molecular tests for COVID19 upon admission to hospital emergency rooms selected in
a simple random sampling and classified by state of severity according to current regulations. In each case, samples were taken for tests
that included basic blood tests, inflammatory markers, and arterial gases that included ionic calcium. For this study, the determination of
COVID-19 and its severity followed the parameters described by WHO and Peruvian Ministry of Health [13,14]. The diagnosis of SARS-

CoV-2 was made or endorsed by the national reference laboratory (National Institute of Health of Peru).

As a first step in the analysis, a crossover was made between the variables state of severity and destination. Binomial logistic regres-
sion was performed to determine the relationship between ionic calcium level and severity. The same processing was carried out to relate

the inflammatory markers with the outcome.
Finally, we performed Kaplan-Meier analysis to observe relationship between Ca** levels and mortality.

The entire statistical process was performed in SPSS 25.0® (SPSS, Inc., Chicago, Ill.,, USA). Findings were considered significant if they

reached a p value < 0.05.
Ethical aspects

All actions, procedures, and interventions respected the ethical standards approved by the hospital and regulated by the Ethics Com-

mittee, following the standards of the Declaration of Helsinki.

Results

200 cases were studied, 74 women among whom 56 were in serious condition and 126 men of which 100 were admitted with the same
condition. Under 60 years were 96 patients and women and over 60 years were 104 patients between men and women. During the follow-

up time of the cases, 125 patients were discharged and 75 died from causes associated with COVID-19 and its complications (Table 1).

Female Sex
Male

Age Under 60y 28 68
Above 60 y 46 58
Gravity Non-Severe 18 26
Severe 56 100
Outcome Discharge 47 78
Death 27 48

Table 1: Frequency and Distribution Table.
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As a first step in the analysis, a crossover was made between the variables state of severity and destination, finding that 92.8% of
deceased patients were considered in serious condition upon admission to the emergency room (Table 2). This is of particular interest
because it reinforces the need to establish the status of patients quickly and reliably upon admission to improve the actions of the emer-

gency services.

Discharge Outcome
Total
Death

Gravity Non severe N 38 6 44
% 30.4% 7.2% 21.2%

Severe N 87 69 156
% 69.6% 92.8% 78.8%

Total N 125 83 200

100.0% 100.0% | 100.0%
%

Table 2: Gravity-Destination Correlation.

Binomial logistic regression was performed to determine the relationship between inflammatory markers and severity, observing
that the level of ionic calcium is related to the severity of the cases, being statistically significant, as are the values of C-Reactive Protein,
D-Dimer, Ferritin and the Kirby index (Pa0,/FIO0,).

Punctuation gl P
Variables C-reactive protein 26.631 1 | 0.000
D-dimer 56.909 1 0.000
Ferritin 6.253 1 | 0.012
Ca?* 36.278 1 0.000
Pa/fio, (kirby index) 35.652 1 | 0.000

Table 3: Binomial Logistic Regression between inflammatory markers and severity.

Likewise, the same processing was carried out to relate the inflammatory markers with the outcome, observing that there is no rela-
tionship between the levels of ionic calcium with the destination (discharge or death). In this analysis there were no significant differ-
ences (p >.05) for Ca?* but there were strong relationships between death and the levels of Ferritin, C-Reactive Protein, D-Dimer and the
Kirby Index (PaFIO,).

Punctuation | gl P
Variables C-reactive protein 19.544 1 0.000
D-dimer 25.312 1 0.000
Ferritin 18.831 1 0.000
Ca* 2.339 1 0.126
Pa/fio, (kirby index) 27.149 1 0.000

Table 4: Binomial Logistic Regression between inflammatory markers and Outcomes.
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In addition, the Kaplan-Meier survival analysis was performed with discrimination using the Log-Rank test to determine whether

calcium levels are related to mortality.

Mean Median
Ca2+ Ci95% Ci95%
level Estimation | Desv. Error Estimation | Desv. Error Lower Upper
Lower limit | Upper limit L. L.
limit limit
Under 28.861 2931 23.116 34.607 30.000 4918 20.360 39.640
0,8mg%
Above 30.865 3.807 23.404 38.326 19.000 1.551 15.960 22.040
0,8 mg%
Global 31.420 3.503 24.555 38.285 21.000 2.622 15.862 26.138

The statistical analysis shows that there are no significant differences between patients with low or normal ionic calcium values and

Table 5: Survival Analysis.

death. Nor are there significant differences in the plot of the Kaplan-Meier curve (Graph 1).

Chi-Square

gl

Log Rank (Mantel-Cox)

0.614

1

0.433

Table 6: Global Comparisons.

Graph 1: Kaplan-Meier Survival Curve.
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Discussion

In several studies, the relationship between hypocalcemia and higher mortality was found, as well as worse clinical outcome in hospi-
talized and critically ill patients [15-19]. Despite the abundant literature available, there are still no conclusive data on calcium levels in
this infectious disease [6,7,11,12,14-19,21].

In the present study, patients with an admission diagnosis of SARS-CoV-2 were selected, who were classified as Serious and Non-
Serious [13], and were followed up until their final outcome, both at discharge and at death. The observed Ca?* levels were more reliable
than total serum calcium in part because we used serum ionized calcium levels, a better measure than albumin-corrected total calcium
levels [15-18].

It was established that there is a true correlation between the state and the outcome with a percentage. This finding, on the one hand,
confirms the premise that severe cases lead to inexorable death if not treated in time [22-24] and, on the other hand, makes efforts to
identify an early and easy-to-measure marker of severity more urgent and important. In the middle of such a scenario is the determina-
tion of Ca%, which is reported within the arterial gas analysis upon admission to the emergency room to determine the need for oxygen

therapy. This data goes unnoticed and is not considered, despite being available and easily accessible [11,12].

The statistical analysis showed that Ca?* turns out to be a good marker of severity at admission, as well as C-Reactive Protein, D-Dimer,
Ferritin and Kirby’s Index (Pa0,/Fi0,) [6,7,10], so it can be used when the other parameters and studies requested are not available,

which can take hours or days in the reality of this hospital, saving time and important resources.

However, when doing the same processing to relate Ca** with the death of the patients, we found that there was no significant differ-

ence between the measured Ca®* values and the destination, both at discharge and at death.

The Kaplan Meier analysis with Mantel Cox discrimination comparing 2 groups of patients by Ca?* levels (low and normal) did not

show significant differences.

This bad relationship can be due to multiple factors such as the treatment received and the delay time in the intervention [19,25-28].

Conclusions

Ca?" is an easily measurable ion that is usually included in the blood gas analysis performed in the hospital emergency department at
the time of admission of patients with SARS-CoV-2. This data often goes unnoticed compared to the importance given to pH and the con-
centration of oxygen and carbon dioxide in arterial blood (PO,and PCO,), but it has great relevance in the evaluation in many pathological
states. Observations from different studies have focused on total calcium, but this is more difficult to determine and usually requires a
special order from the medical team at the Arzobispo Loayza hospital and therefore takes too long. For these reasons the determination

of Ca?* offers enormous advantages [11,12,15-18].

In light of the findings of the present study, it is observed that the determination of ionic calcium is useful to identify severe SARSCoV2
cases and with imminent complications upon admission to hospitalization at Loayza hospital. This could improve care protocols by pro-
viding specialized support in less time and with significant savings in financial and human resources. However, it is not useful as a predic-
tive marker of death in the same group of patients, therefore it should not be taken into account independently or in isolation from other

markers to assess the prognosis of death [8,9,20,29-32].
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Despite the fact that the Archbishop Loayza Hospital is one of the largest and most representative in Peru, the population studied is

relatively small compared to the total number of admitted to the different hospitals in the country, so studies with a larger population and

preferably multicenter are needed for a better definition of the utility of Ca** in SARSCoV2.
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