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Abstract

Background: Patients with cardiovascular diseases are susceptible to poor
outcomes in COVID-19 infection. Knowing their prognosis will help to allo-
cate resources to provide them with the best care. This article reviews the best
available literature about laboratory markers that can be done on admission
of COVID-19 patients with cardiovascular problems and help to predict their
prognosis. Design and Methods: Search engines such as Google Scholar,
Pubmed and Google were used to collect data on published studies using
combination of search words “COVID-19” and one or more of the following:
mortality, Leucopenia, thrombocytopenia, Ferritin, CRP, troponin, IL-6,
LDH and coagulopathy. Results: There is robust evidence that laboratory
markers can predict the prognosis in COVID-19 infected patients, including
those with cardiovascular problems. Poor outcomes were correlated with the
following: Lymphopenia, thrombocytopenia and high LDH, hs-cTn,
D-dimer, PT, FDP, Ferritin, CRP, PCT and IL-6. Elevated PCT is related to
secondary bacterial infection in severe cases. IL-6 inhibitor (Tocilizumab) can
be a good treatment option for severe and critica]l COVID-19 cases and
should be further studied by randomized control trials. Conclusion: Certain
laboratory markers should be requested on admission of COVID-19 patients
with cardiovascular problems to improve their management and outcomes.
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1. Introduction

COVID-19 infection (also known as SARS Co-V2) is a pandemic affecting mil-
lions of people all over the world [1]. Patients with cardiovascular problems (in-
cluding hypertension, heart failure and coronary artery diseases) are considered
a high risk group in the era of COVID-19 pandemic. They have worse
in-hospital course and higher mortality [2]. Therefore, they are expected to need
a higher level of medical care and more complex maneuvers in their manage-
ment. It is important to find simple non-invasive markers that can be used at
time of patient admission to predict their in-hospital course and the required
equipment for their care.

This article reviews the evidence published between October 2019 and April
2020 on several laboratory markers that can predict the severity and outcome of
COVID-19 infected patients. Search engines such as Google Scholar, Pubmed
and Google were used to collect data on published studies using combination the
search word “COVID-19” and one or more of the following: mortality, Leuco-
penia, thrombocytopenia, Ferritin, CRP, troponin, IL-6, LDH and coagulopathy.
Only papers published in English were included. Because COVID-19 infection is
a relatively new health problem and a wider view of its characteristics is re-
quired, we included all the studies published over the fore mentioned time pe-
riod, with priority given to meta-analyses and systematic reviews. Studies whose
results were reproduced in another larger studies or meta-analyses were excluded.
Data on laboratory markers that have a significant correlation with COVID-19
outcome (based on p value) is extracted. These laboratory markers include: Lym-
phocytic count, hs-cTn, LDH, inflammatory markers (CRP, Ferritin, PCT and
IL-6) and markers of coagulopathy (Platelets count, PT, D-dimer and FDP).

2. Lymphocytic Count

Low lymphocytic count (Lymphopenia) is very common in COVID-19 patients
[3]. Several mechanisms were proposed for such lymphopenia [4]. Lymphocytes
express ACE-2 receptors which are considered as ports for COVID-19 virus cell
entry; therefore, they can be directly targeted by the virus causing cell death [5].
Lymphatic organs might also be directly damaged by the virus, but this theory
needs confirmation by postmortem examination in the future. Inflammatory
cytokines (such as: IL-6 and TNF-a) which are produced during infection cause
lymphocyte apoptosis [6]. Another possible mechanism is that metabolic
by-products that are high in severely ill COVID-19 patients may inhibit prolife-
ration of lymphocytes [7].

Several studies have demonstrated that lower lymphocytic count is asso-
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ciated with worse prognosis and higher mortality in COVID-19 patients [2]
[4]. Zhou F. et al found that lymphocytic count was significantly lower among
non-survivors compared to survivors of the infection (median value = 0.6 vs. 1.1
x 10°/L respectively, p < 0.0001) [2]. Tan L. ef al succeeded to validate a model
(Time-LYM% model (TLM)) to predict the in-hospital course and mortality in
this cohort. [4] In this study, they found that lymphocyte % value of less than 5%

is associated with poor prognosis and high mortality.

3. High Sensitivity Cardiac Troponin (hs-cTn)

Several studies have illustrated that elevated level of hs-cTn is a marker of severe
COVID-19 and poor prognosis. Zhou F et al proved that median serum tropo-
nin was significantly higher among non-survivors compared to survivors of
COVID-19 infection (22.2 vs. 3 pg/ml respectively, p < 0.0001) [2]. Such finding
was further confirmed in the meta-analysis done by Lippi G et a/. [8].

The mechanism of troponin rise is not fully understood. It may be due to direct
damage of myocardial cells, which carry ACE 2 receptors on their surface, by the
virus. Another possible cause is occurrence of acute myocardial infarction (MI); ei-
ther type 1 MI induced by plaque rupture secondary to infection or type 2 MI due
to O, supply-demand mismatch. Nevertheless, the rise and fall of hs-cTn without
ischemic symptoms and ECG changes cannot justify the diagnosis of acute MI [9].

4. Lactate Dehydrogenase (LDH)

High LDH carries unfavorable outcome in COVID-19 patients. Not only is it a
marker of tissue damage, but also it increases lactate production. High lactate
leads to activation of immune-suppressive cells, including macrophages and
dendritic cells, and inhibition of cytolytic cells, such as natural killer cells and
cytotoxic T-lymphocytes [10]. In the study by Zhou F. et al, LDH was signifi-
cantly higher in patients who died of COVID-19 (with a median value of 521 vs.
253.5 U/L in survivors, p < 0.0001) [2]. A second study by Zhou B. et al com-
paring patients with very severe and severe COVID-19 infection (very severe
COVID-19 was defined as having either one of the following criteria: 1) Respi-
ratory failure in need of mechanical ventilation; 2) Shock; 3) Other organ dys-
function and Severe COVID-19 was defined as having either one of the follow-
ing criteria: 1) Respiratory distress with respiratory rate more than 30
times/min; 2) Oxygen saturation < 93% in resting state; 3) PaO,/FiO, < 300
mmHg) revealed that LDH level was even higher in the very severe COVID-19
infection cohort (median value 411 vs. 195 U/L respectively, p < 0.001) [11]. Han
Y. et al have discovered that LDH level has a negative correlation with number
of lymphocytes and their subsets, including CD3+, CD4+ and CD8+ T cells (P <
0.001, R= -0.766, —0.771 and —0.588 respectively) [10].

5. Inflammatory Markers

The levels of certain inflammatory markers are positively correlated with the se-
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verity of COVID-19 infection. These include Ferritin, CRP, PCT and IL-6. In the
study by Zhou B. et al, the levels of ferritin (1006.16 vs. 291.13 ng/ml, p < 0.05),
CRP (57.98 mg/L vs. 1.48 mg/L, p < 0.05) and PCT (0.21 ng/ml vs. 0.05 ng/ml, P
< 0.05) were significantly higher in patients with very severe COVID-19 infec-
tion compared with those with severe disease. They explained that by the pres-
ence of secondary bacterial infection in the patients with very severe infection;
the protection from which should be a vital goal to reduce mortality in this
group. [11]. This fact was further confirmed by a meta-analysis by Lippi G et al
[12]. Wang L. et al found a strong positive correlation between the level of CRP
and the diameter of lung lesions and severity of presentation in COVID-19 pa-
tients (R = 0.873 and 0.734 respectively, P < 0.001) [13].

IL-6 level has the strongest clinical evidence among other inflammatory
markers regarding its association with COVID-19 infection severity. A me-
ta-analysis of 16 studies by Coomes E. et al, including 1302 patients, concluded
that higher IL-6 level was a strong predictor of complicated COVID-19 infec-
tion; probably due to excessive host immune response and autoimmune injury
[14]. Higher IL-6 level was accompanied with higher incidence of respiratory
failure and a need for mechanical ventilation in the study by Herold T et al, es-
pecially if the level of IL-6 exceeded 80 pg/ml [15]. Based on the about evidence,
IL-6 inhibitor (Tocilizumab) was tried on 21 patients with severe and critical
COVID-19 infection in China and showed a high cure rate and no complications
[16]. However, the results of this trial need further validation by larger scale

randomized trials in the future.

6. Markers of Coagulopathy

Coagulopathy is highly prevalent among COVID-19 patients. It is clinically ma-
nifested in the form of disseminated intravascular coagulation (DIC), arterial
and venous thrombosis. This can be explained by excessive inflammation, hy-
poxia and lack of mobilization in those patients [17]. Laboratory markers of
coagulopathy includes: thrombocytopenia and high PT, D-dimer and FDP levels
[18]. These markers can predict more severe infection and worse outcomes. In
the study by Tang N et al, patients who died of COVID-19 infection had signifi-
cantly prolonged PT (median value 15.5 vs. 13.6 secs, p < 0.001), higher levels of
FDP (median value 7.6 vs. 4 ug/ml, p < 0.001) and D-dimer (median value 2.12 vs.
0.61 ug/ml, p < 0.001) compared to survivors [19]. Similarly, the level of D-dimer
was significantly higher (median value 5.2 vs 0.6 ug/ml, p < 0.0001) and platelets
count was significantly lower (median value 165.5 vs. 220 x 10°/L, p < 0.0001)
among non-survivors of COVID-19 infection in the study by Zhou F. et al. /2/.

A meta-analysis by Lippi G. et al showed significantly lower platelets count
among patients with severe COVID-19 infection (mean difference —31 x 10°/L,
95% CI: —35 to —29 x 10°/L) and those who died of the infection (mean differ-
ence —48 x 10°/L; 95% CI, =57 to —39 x 10°/L). Thrombocytopenia was also as-
sociated with five-fold higher odds of having severe disease (OR: 5.13; 95% CI:
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1.81 - 14.58) [20].

7. Conclusion

There are several recently published studies on the predictive value of particular
laboratory markers for the outcome of COVID-19 infection. Cardiac patients
deserve to get such markers at time of admission because they are a high-risk
group. The adoption of this practice can help to improve the management and
modify the outcome in such patients. It is worth doing dedicated research on

this group in the future.
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Abbreviations

hs-cTn: high sensitivity cardiac troponin,
PT: Prothrombin time,

FDP: fibrin degradation product,

PCT: Procalcitonin,

IL-6: Interleukin-6,

LDH: lactate dehydrogenase,

CRP: C-reactive protein,

DIC: disseminated intravascular coagulation,

TNF: Tumor Necrosis Factor.
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