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Abstract

To review the cardiac outcomes and effect of venous thromboembolism in patients with COVID-19.

All Confirmed cases of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) COVID 19 infec-
tion by positive result on polymerase chain reaction testing of a nasopharyngeal sample, who were admitted
to Indraprastha Apollo Hospital, Delhi, were reviewed. The article reviewed the cardiovascular corelation and
COVID 19 infection with emphasis on the effect of venous thromboembolism on mortality and morbidity in these

patients.
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Introduction

Since 2019, COVID-19 or corona virus has rapidly
spread across the globe resulting in a pandemic. The
virus invades cells through the angiotensin-con-
verting enzyme 2 receptor and leads to spread of
injection. Previous literature states that pre-existing
cardiovascular disease (CVD) and CV risk factors
enhance vulnerability to COVID-19. This infection
has been associated with cardiovascular condi-
tions including acute myocardial injury, myocar-
ditis, arrhythmias. As per literature patients with
COVID-19 and associated cardiovascular comor-
bidities have higher mortality,' and the severity of
COVID-19 disease correlates with cardiovascular
manifestations.” The pivotal finding of the infection
has been the pro coagulant effect of the virus lead-
ing to venous thromboembolism and latter pulmo-
nary embolism. It is these complications associated
with the infection which resulted in sudden cardiac
deaths worldwide. It is important to understand the
interaction of COVID-19 and this procoagulant

etiology leading to cardiovascular mortality and
morbidity. This review is aimed at understanding
the interrelationship of these cardiovascular factors
and COVID 19 pandemic with the role of venous
thromboembolism in the view of its diagnosis and
prevention in COVID 19 infection.

The fundamentals of COVID 19 and
Cardiovascular system

Though primary target for SARS-CoV-2 is the
respiratory system but there are several mechanism
of cardiovascular system involvement:

The common manifestations of cardiovascular
system leading to CV complications are:**

1. Direct myocardial injury —
The binding of SARS-CoV-2 to ACE2 can result
in alteration of ACE2 signalling pathways, lead-
ing to acute myocardial and lung injury.
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2. Systemic inflammation -
COVID-19 lead to acute systemic inflamma-
tory response and cytokine storm, resulting
in multi organ failure.>®

3. Disproportionate  myocardial
supply -
Impaired myocardial oxygen demand-supply
relationship secondary to systemic infection
and hypoxia can lead to acute myocardial
injury.

4. Plaque rupture, Hypercoagubility and coro-
nary thrombosis -
Systemic inflammation leading to prothrom-
botic milieu can precipitate plaque rupture
resulting in acute myocardial infarction.

5. Electrolyte imbalances —
Electrolyte imbalances can occur in systemic
illness and precipitate arrhythmias, esp. in
patients with cardiac comorbidities.

demand-

Cardiovascular comorbidities

The literature till date has shown that in patients,
severity of COVID-19 disease is related to pre-
existing cardiovascular diseases. The studies also
showed these comorbidities to be directly propor-
tional to the clinical outcomes.*¢™®

A meta-analysis of six studies of 1527 patients
with COVID-19 positivity showed 9.7%, 16.4%
and 17.1% prevalence of diabetes, cerebrovas-
cular disease and hypertension respectively.*
Although in the single centre Indian study of
COVID 19 and cardiovascular correlation done
by us, the risk factors were slightly higher with
the prevalence being 38% for diabetics and 45%
for hypertensive.

A report from the Chinese Centre for Disease
Control and Prevention described that the case fatal-
ity rate (CFR) was 2.3% in 44672 confirmed cases of
COVID-19.” When associated with cardiac comor-
bidities the fatality rate increased to 6%, 7.3% and
10.5% in patients with hypertension, diabetes and
CVD respectively. It has been postulated that the
impact of various cardiovascular co morbidities on
outcome of COVID vary among various ethnicity
and geographic locations. The various studies done
have not been able to show any significant correla-
tion between comorbidities and morbidity or mor-
tality when comparing on ethnicity and geography.

Venous thromboembolism

Patients with covid-19 are at increased risk of
VTE which may be related to prolonged immobil-
isation, hypercoagulable state, active inflammation
and propensity for DIC.!°!? They have significant
higher level of D-dimer, fibrin degradation prod-
ucts (FDP), and fibrinogen, compared with healthy
controls.” Also the levels of D-dimer and FDP
titres were higher in patients with severe COVID-
19 than those with mild disease."

Our data showed similar findings in patients in
COVID positive patients having raised d Dimer
and Ferritin levels. Also in our study the levels of
these inflammatory markers was higher in non sur-
vivors compared to survivors.

Lab parameters - “The values say it all”

Laboratory parameters play an important role in
patients with COVID 19 and are helpful in prog-
nostication of these patients. The abnormalities
include lymphopenia,'* thrombocytopenia, eleva-
tion in lactate dehydrogenase and raised inflamma-
tory markers such as C-reactive protein, D-dimer
and ferritin."> IL-6 levels have been found to
directly correlate with the severity and procoagu-
lant profile of the COVID patients.'

Among all the parameters — thrombocytopenia'?
and increased D-dimer levels'® are the most consis-
tently deranged laboratory values with COVID-19,
also these have been associated with a higher risk
of requiring mechanical ventilation, intensive care
unit (ICU) admission and death . When consider-
ing other lab parameters , the data is less certain
and often contradictory.'**

Recently, Tang et al.?! assessed 183 COVID posi-
tive patients, 21 (11.5%) of whom died. Among the
notable and significant difference between the non
survivors and survivors was the increased levels of
D-dimer.

D-dimer has been an important marker for
venous thromboembolism, and it has been
attributed that many sudden deaths may be due to
pulmonary embolism secondary to VTE. Thus the
use of prophylactic parenteral anticoagulation may
show the single most important benefit in preven-
tion of this cardiovascular disease by reducing mor-
tality and morbidity.
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Treatment strategies “the game
changer agents”

Anticoagulant therapy

Due to the high rate of associated arterial throm-
boembolism and VTE, prophylactic anticoagula-
tion is essential in the management of hospitalised
patients with covid-19,%** although the optimal
thromboprophylaxis regimen is unclear. In a retro-
spective study of 449 patients with severe covid-19,
99 patients received unfractionated heparin or low
molecular weight heparin for at least 7 days.*

In previous literature various other viral out-
breaks like SARS, MERS, Influenza also have been
shown to have VTE as a thrombotic and throm-
boembolic event. These VTE may be the result of
Inflammatory cytokine release. Recent studies have
shown similar mechanism in COVID 19, where
inflammatory response may lead to thrombotic
events.

It is yet unknown whether the haemostatic
changes are the direct and specific effect of the virus
per se or a consequence of cytokine storm that pre-
cipitates the onset of Severe respiratory inflamma-
tory syndrome.”** In our study we were able to
confirm the raised levels of D-dimer, LDH, Ferritin
with Thrombocytopenia between survivors and
non survivors.

COVID-19 and VTE -“The corelation for
prognosis”

A recent study from China indicated that 40% of
COVID-19 positive hospitalized patients were at
higher risk of Venous Thromboembolism.? Studies
have concluded that hospitalized patients with
COVID-19 who have respiratory failure, cardiac
and procoagulant comorbidities,” patients who
are bedridden and those admitted in intensive care
units should receive pharmacological VTE prophy-
laxis unless any significant contraindications. Also,
the choice of agents and dosing should be based
on the available guideline for VTE.?'~** The World
Health Organization recommends prophylactic
daily low-molecular-weight heparins (LMWHs), or
twice daily subcutaneous unfractionated heparin
(UFH).** If these pharmacological prophylaxis has
absolute contraindication then mechanical VTE

prophylaxis (intermittent pneumatic compression)
should be considered.*

In our patients the use of LMWH prophylaxis
was initiated late considering the recent inflow of
literature on their use worldwide. The number
of patients on VTE prophylaxis were low but all
showed good and rapid recovery. Thus emphasising
that the use of VTE prophylaxis in COVID 19 may
be a key aspect.

The risk of VTE is increased during pregnancy
and the postpartum period, though the data regard-
ing this is lacking.***’

All patients of primigravida, full term pregnancy
and COVID positive received prophylactic antico-
agulation in our study, this could have led to good
outcomes in their case.

Post discharge anticoagulation

extended prophylaxis with LMWH?**2 can reduce
the risk of VTE but at the cost of increase in
bleeding events.”*** Although no data specific
to COVID-19 exists, it is reasonable to consider
extended prophylaxis for patients with elevated risk
of VTE who have low risk of bleeding.*>6

Thought the final decision has to be based on an
individualized risk stratification for thrombotic vs
haemorrhagic risk.

Empirical anticoagulation without
evidence of VTE

VTE remains under diagnosed in many patients
with severe COVID-19. The diagnosis of VTE is
vital in COVID 19 as many patients develop ARDS.
Moreover, ARDS in patients with COVID-19 is
itself a potential aetiology for hypoxic pulmonary
vasoconstriction, pulmonary hypertension, and
right ventricular failure. Thus presence of VTE in
severe COVID 19 patients who are susceptible to
ARDS makes them prone to poor prognosis, thus
increasing mortality and morbidity.

In the background of this scenario,*” some cli-
nicians use intermediate- or full-dose (thera-
peutic) parenteral anticoagulation (rather than
prophylactic dosing) for routine care of patients
with COVID-19,” hypothesizing that it may con-
fer benefit to prevent micro vascular thrombosis.
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However, the existing data are very limited. A
single-centre study from China suggested that
D-dimer levels > 1,500 ng/ml has a sensitivity of
85.0% and specificity of 88.5% for detecting VTE
events. Although practitioners use a variety of pro-
phylactic or therapeutic doses of anticoagulants in
patients, the optimal dosing in patients with severe
COVID-19 remains unknown and warrants further
prospective investigation.

Points to ponder

1. Which is the optimal investigation for assessment
of the risk of VTE in patients with COVID-19?

2. What is the best investigation for the diagnosis
of VTE in patients with COVID-19?

3. What is the optimal duration of prophylactic/
therapeutic anticoagulation?

4. What is the best method for risk stratification
and VTE prophylaxis after hospital discharge?

5. To determine if routine use of VTE prophylaxis
is needed at discharge.

6. To determine the duration and efficacy of
NOAG s in COVID 19 patients after discharge.

Conclusions and future directions

More studies with multivariate analysis are needed
to determine how COVID-19 and thrombotic
events interact. The data could help to illustrate the
various co morbidities associated with COVID-19
especially thromboembolic events. It would also
help to identify management strategies to improve
outcomes in these patients.

We assume thromboembolic disease and throm-
botic events may be a precedent factor or incident
complications noted in patients with COVID-19.
The need for use of anticoagulation as preventive
and therapeutic strategies should be kept in mind
to mitigate the thrombotic and haemorrhagic
events in these high-risk patients.

Though further studies from round the globe
with enough numbers is needed to establish these
correlations.

A large international registry of patients with
venous thromboembolism-The RIETE registry* is
in process and would help us answer these questions.

Another prospective registry- CORONA-VTE
registry is being initiated to study COVID-19 and
other cardiovascular outcomes.

Limitations
There were many limitations in our study

1. The cardiovascular investigation and manage-
ment approach was on non-uniform and on dis-
cretion of the respective treating physician.

2. Evaluation of various COVID patient with echo-
cardiography and venous doppler was depen-
dent of the availability of the echocardiographer
and discretion of COVID team specialists.

References

1. Nishiga, M., Wang, D.W,, Han, Y. et al. COVID-19 and cardiovas-
cular disease: from basic mechanisms to clinical perspectives. Nat
Rev Cardiol 17, 543-558 (2020).

2. China CDC. The epidemiological characteristics of an outbreak
of 2019 novel coronavirus diseases (COVID-19) — China, 2020.
China CDC Weekly 2020;2:113-22.

3. Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal
outcomes of patients with coronavirus disease 2019 (COVID-19).
JAMA Cardiol 2020.

4. Xiong TY, Redwood S, Prendergast B, Chen M. Coronaviruses and
the cardiovascular system: acute and long-term implications. Eur
Heart ] 2020;41:1798-800.

5. Clerkin KJ, Fried JA, Rakhelkar J, et al. Coronavirus disease 2019
(COVID-19) and cardiovascular disease. Circulation 2020 Mar 21
[E-pub ahead of print]

6. Driggin E, Madhavan MV, Bikdeli B, et al. Cardiovascular con-
siderations for patients, health care workers, and health systems
during the coronavirus disease 2019 (COVID-19) pandemic. ] Am
Coll Cardiol 2020;75:2352-71.

7. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential
effects of coronaviruses on the cardiovascular system: a review.
JAMA Cardiol 2020 Mar 27 [E-pub ahead of print].

8. Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020;395:497-506.

9. Fan BE, Chong VCL, Chan SSW, et al. Hematologic parameters
in patients with COVID-19 infection. Am ] Hematol 2020 Mar 4
[E-pub ahead of print].

10. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497-506.

11. Y Szekely, Y Litcher, P Taieb, et al Cardiac Manifestations of
COVID 19 by Echocardiography, Circulation 2020 May 29: [EPub
Ahead of Print].

12. Lippi G, Lavie CJ, Sanchis-Gomar E. Cardiac troponin I in patients
with coronavirus disease 2019 (COVID-19): Evidence from a
meta-analysis. Prog Cardiovasc Dis 2020 Mar 10 [E-pub ahead of
print].

13. Totzeck M, Mincu RI, Rassaf T. Cardiovascular adverse events in
patients with cancer treated with bevacizumab: a meta-analysis of
more than 20,000 patients. ] Am Heart Assoc 2017;6: €006278.

14. Han H, Yang L, Liu R, et al. Prominent changes in blood coagula-
tion of patients with SARS-CoV- 2 infection. Clin Chem Lab Med
2020. doi:10.1515/cclm-2020-0188. [Epub ahead of print: 16 Mar
2020].

Journal of Cardiovascular Disease Research, 12 (1): 44-48



48

Modi R and Modi S

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak asso-
ciated with a new coronavirus of probable bat origin. Nature
2020;579:270-3.

Zhou E, Yu T, Du R, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: a retro-
spective cohort study. Lancet 2020;395:1054-62.

Libby P, Simon DI. Inflammation and thrombosis: the clot thick-
ens. Circulation 2001;103: 1718-20.

Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated
with severe coronavirus disease 2019 (COVID-19) infections: a
meta-analysis. Clin Chim Acta 2020;506:145-8.

. Lippi G, Favaloro EJ. D-dimer is associated with severity of coro-

navirus disease 2019 (COVID- 19): a pooled analysis. Thromb
Haemost 2020 Apr 3 [E-pub ahead of print].

Han H, Yang L, Liu R, et al. Prominent changes in blood coagula-
tion of patients with SARS-CoV-2 infection. Clin Chem Lab Med
2020 Mar 16 [E-pub ahead of print].

Lippi G, Plebani M. Laboratory abnormalities in patients with
COVID-2019 infection. Clin Chem Lab Med 2020 Mar 3 [E-pub
ahead of print].

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coronavi-
rus pneumonia. ] Thromb Haemost 2020;18: 844-7.

Borges AH, O’Connor JL, Phillips AN, et al. Factors associ-
ated with D-dimer levels in HIVinfected individuals. PLoS One
2014;9:e90978.

Ramacciotti E, Agati LB, Aguiar VCR, et al. Zika and chikungunya
virus and risk for venous thromboembolism. Clin Appl Thromb
Hemost 2019;25:1076029618821184.

Smither SJ, O’Brien LM, Eastaugh L, et al. Haemostatic changes in
five patients infected with ebola virus. Viruses 2019;11:647.

Mehta P, McAuley DE, Brown M, et al. COVID- 19: consider
cytokine storm syndromes and immunosuppression. Lancet
2020;395:1033-4.

Wang T, Chen R, Liu C, et al. Attention should be paid to venous
thromboembolism prophylaxis in the management of COVID-19.
Lancet Haematol 2020 Apr 9 [E-pub ahead of print].

Hunt BJ. Hemostasis at extremes of body weight. Semin Thromb
Hemost 2018;44:632-9.

Schunemann HJ, Cushman M, Burnett AE, et al. American Society
of Hematology 2018 guidelines for management of venous throm-
boembolism: prophylaxis for hospitalized and nonhospitalized
medical patients. Blood Adv 2018;2:3198-225.

Kahn SR, Lim W, Dunn AS, et al. Prevention of VTE in nonsurgical
patients: antithrombotic therapy and prevention of thrombosis, 9th
ed: American College of Chest Physicians Evidence- Based Clinical
Practice Guidelines. Chest 2012; 141:1955-2268.

National Institute for Health and Clinical Excellence. NICE clinical
guideline 92: Venous thromboembolism: reducing the risk.

World Health Organization. Clinical management of severe acute
respiratory infection when novel coronavirus (2019-nCoV) infec-
tion is suspected. Interim guidance 28 January 2020.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

46.

Ho KM, Tan JA. Stratified meta-analysis of intermittent pneumatic
compression of the lower limbs to prevent venous thromboembo-
lism in hospitalized patients. Circulation 2013;128: 1003-20.

Bates SM, Rajasekhar A, Middeldorp S, et al. American Society of
Hematology 2018 guidelines for management of venous thrombo-
embolism: venous thromboembolism in the context of pregnancy.
Blood Adv 2018;2:3317-59.

Royal College of Obstetricians and Gynaecologists. Reducing the
risk of venous thromboembolism during pregnancy and the puer-
perium.Green-Top Guideline No. 37a, 2015.

Cohen AT, Harrington RA, Goldhaber SZ, et al. Extended throm-
boprophylaxis with betrixaban in acutely ill medical patients. N
Engl ] Med 2016; 375:534-44.

Cohen AT, Spiro TE, Buller HR, et al. Rivaroxaban for throm-
boprophylaxis in acutely ill medical patients. N Engl ] Med
2013;368:513-23.

Spyropoulos AC, Ageno W, Albers GW, et al. Rivaroxaban for
thromboprophylaxis after hospitalization for medical illness. N
Engl ] Med 2018; 379:1118-27.

Spyropoulos AC, Lipardi C, Xu J, et al. Modified IMPROVE VTE
risk score and elevated D-dimer identify a high venous throm-
boembolism risk in acutely ill medical population for extended
thromboprophylaxis. TH Open 2020;4:e59-65.

Dentali F Mumoli N, Prisco D, Fontanella A, Di Minno MN.
Efficacy and safety of extended thromboprophylaxis for medi-
cally ill patients. A meta-analysis of randomised controlled trials.
Thromb Haemost 2017;117:606-17.

. Schindewolf M, Weitz JI. Broadening the categories of patients eli-

gible for extended venous thromboembolism treatment. Thromb
Haemost 2020;120:14-26.

Spyropoulos AC, Lipardi C, Xu ], et al. Improved benefit risk profile
of rivaroxaban in a subpopulation of the MAGELLAN study. Clin
Appl Thromb Hemost 2019;25:1076029619886022.

Cohen AT, Spiro TE, Spyropoulos AC, et al. D-dimer as a predictor
of venous thromboembolism in acutely ill, hospitalized patients:
a subanalysis of the randomized controlled MAGELLAN trial.
J Thromb Haemost 2014;12:479-87.

Obi AT, Tignanelli CJ, Jacobs BN, et al. Empirical systemic antico-
agulation is associated with decreased venous thromboembolism in
critically ill influenza A HIN1 acute respiratory distress syndrome
patients. ] Vasc Surg Venous Lymphat Disord 2019;7:317-24.

Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of
thrombotic complications in critically ill ICU patients with
COVID-19. Thromb Res 2020 Apr 10 [E-pub ahead of print].
Bikdeli B, Jimenez D, Hawkins M, Ortiz S, Prandoni P, Brenner B,
Decousus H, Masoudi FA, Trujillo-Santos ], Krumholz HM,
M. RIETE Investigators.
Methodology of the Computerized Registry of Patients with
Venous Thromboembolism (RIETE). Thromb Haemost. 2018
Jan;118(1):214-224.

Monreal Rationale, Design and

Journal of Cardiovascular Disease Research, 12 (1): 44-48



	_GoBack
	_GoBack

