
 

1 
 

ANTICOAGULANT THERAPY FOR PULMONARY HYPERTENSION IN COVID-19 

Primary Researcher 

[Miss/Mr.………..] 

1[Empty affiliation] 

Citation example: [Full name]. Anticoagulant Therapy for Pulmonary Hypertension 

in COVID-19 .  

Contact person 

[Full Name] 

 

 

 

 



 

2 
 

-Copyright/Certificate- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3 
 

DECLARATION 

Contributions of authors   

All researchers involved have read and consented  to submitting this study document. 

All researchers took part in the review process. Mr./Miss_________ and 

Mr./Miss__________ reviewed the abstract, this was checked by ________. 

_________checked the full content, collected the data, and did an assessment of the 

review. Miss/Mr._________ was also a part of  analysing the evidence and authoring of 

this study. 

Declarations of Interest   

We declare no competing interests. 

 

ACKNOWLEDGEMENT 

 

We thank Mr./Miss____________ for assisting the researchers with the literature search 

and review. We would also like to thank Mr./Miss___________ for editorial support and 

management of all citations in this paper. We also thank ________ for reviewing our 

work at each stage of the drafting process. 

 

 

 

 

 

 

 

 

 

 



 

4 
 

CONTENTS LISTED 

 

List of Tables Appearing in The Study 

List of Figures Appearing in The Study 

List of Charts Appearing in The Study 

 

Abstract 

 

1. INTRODUCTION………………………………………………………………………..8 

1.1 Background Information on the Study                  

1.2 Description of Pulmonary Hypertension and Anticoagulation Therapy 

1.3 Effect of Anticoagulants on COVID-19 Patients 

1.4 Description of the Intervention 

1.5 Objectives of the Study 

 

2. METHODOLOGY…………………………………………………..…………………14 

2.1 Inclusion Criteria for Studies 

2.2 Sources for Data and Literature Review 

2.3 Data Collection and Analysis    

 

3. RESULTS AND DATA……………………………………….………………………..20 

3.1 Quantitative Review                                           

3.2 Qualitative Review 

3.3 Laboratory Tests  

3.4 Data Synthesis 

 

4. DISCUSSION………………………………………..………………………..……….33 

 

 

 

 



 

5 
 

 

 

5. CONCLUSION…………………………………………………………………………36 

 5.1 Authors‟ Conclusions 

5.2 Differences between Protocol and Review 

5.3 Summary of Findings  

 

REFERENCES…………………………………………………………..…………….…39 

APPENDIX……………………………………………………………..…………………47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 
 

 

 

 

 

LIST OF TABLES APPEARING IN THE STUDY 

Table 1 - Current Guideline Recommendations 

Table 2 - Included Studies 

Table 3 - Demographic Representation of Participants 

Table 4 - Title - Data Collected In Each Study. 

Table 5 - Title - Coagulation Panel Readings 

Table 6 - Title - Demographic Representation of Participants in Qualitative Study 

Table 7 - Title - Ongoing Studies 

Table 8 - Title - Anticoagulants and Mortality Rates 

Summary of Findings  

 

 

LIST OF FIGURES APPEARING IN THE STUDY 

Figure 1 - Mechanism of Anticoagulants in Lungs 

Figure 2 - PRISMA Flowchart 

Figure 3 - Coagulation during Cytokine Storm 

 

 

LIST OF CHARTS APPEARING IN THE STUDY 

Chart 1 - Effect of Anticoagulants on Pulmonary Hypertension 

Chart  2 - Progression of COVID-19 

Chart 3 - Time Recommended for Anticoagulant Administration 

Abbreviation Chart 

 

 



 

7 
 

ABSTRACT 

The impact of Anticoagulation therapy for  pulmonary hypertension in patients with 

Covid-19 is a novel and relevant area and therefore holds data at intermittent levels. 

The objective of this study is to examine the data and explore how pulmonary 

hypertension has to be dealt with in patients infected with this particular virus. The 

dissertation further looks into the effect of anticoagulants in patients hospitalised 

because of COVID-19 infection.  

The study does a general review of different papers and a full meta-analysis of data 

from them. We identified trials through searches of medical databases like Cochrane, 

PubMed; NIH, Clinical trials.gov trials databases. The trial search date was 4 July 2020. 

 All the studies were selected  after an evaluation through a Preferred Reporting Items 

for Systematic Reviews and Meta‐ Analyses (PRISMA) chart. 

It discusses the importance of such an intervention and data collection related to the 

same. The study gathers qualitative and quantitative data from these studies and learns 

1. How pulmonary hypertension is the precursor to sepsis related mortality in COVID-19 

patients? 2. How elevated coagulation parameters in blood profess a poorer prognosis 

in COVID-19 patients with pulmonary hypertension? 3. How current dosage of 

anticoagulants may be insufficient? and 4. How testing frequency of Coagulation panel 

can reduce mortality? The study thus gives recommendations as to how this necessary 

intervention can be better prescribed keeping in mind it‟s potential side effects. 
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1. INTRODUCTION 

 

December 2019 saw the alleged start and spread of the COVID-19 virus in Wuhan, a 

city in China from a zoonotic source. Since then the amount of people affected with this 

highly contagious virus has touched over 11 million cases with almost 1.5 lakh newly 

discovered cases daily. The rate of recovery is for 1 in 2 people only. However, this also 

means that close to 5 million lives have lost to COVID-19. 

Following the initial outbreak and spread of the novel coronavirus infection all over the 

world, what ensued is a race to reduce mortality rates from the disease as well as find a 

vaccine. Fulfilling one of the WHO strategic objectives of addressing important unknown 

information regarding severity of patient‟s conditions, the severity of infection, treatment 

plans, and speeding up the development of diagnostic measures, medicines and 

vaccines is what this study aims to do. 

1.1 Background Information on the Study 

Management of the disease through treatment options until a vaccine is found is most 

important since 64% of all affected are asymptomatic carriers capable of transiting the 

virus. Here the use of Anticoagulant therapy is the intervention that is looked into. 

 

Being infected with COVID-19 shows early signs like fever, dry cough, and fatigue. 

Nausea, diarrhoea, muscle aches, and vomiting are some of the other symptoms we 

have seen in patients at the onset. But as the infection starts progressing most patients 

develop pulmonary novel coronavirus pneumonia (NCP). This includes 15% of all 

COVID-19 cases being treated with oxygen in hospitals. 1 out of 3 of these critically 

infected patients have an even poorer prognosis and need a ventilator. One of the main 

issues that happens is coagulation which causes pulmonary hypertension leading to 

pneumonia, ARD, sepsis and then multiple organ failure leading to patient death in 40% 

of the cases (refer to Chart 2 in Appendices). Now pulmonary hypertension and 

pneumonia have long been treated with anticoagulant therapy. However, there are two 

things which need to be considered and explored to know how the same would work for 

pulmonary hypertension caused by COVID-19 does. 
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COVID-19 is an illness which as it progresses in severity causes severe respiratory 

distress and pneumonia. However, while discussing pulmonary hypertension in COVID-

19 patients one has to clarify two aspects. Firstly, does having the pre-existing condition 

of pulmonary hypertension make one more susceptible to contacting COVID-19? 

Secondly, how does the condition progress in such patients? It has been noticed that 

individuals with respiratory diseases such as pulmonary hypertension do not seem to be 

more susceptible to contract COVID-19 than someone who does not have respiratory 

issues [1-2]. So, the chances of transmission do not depend on someone having a 

respiratory illness. But in the unfortunate event that someone does contract COVID-19, 

and they already had pulmonary hypertension, then are more likely to develop a chest 

infection during the progression of the disease than someone who does not have a 

respiratory illness.  

 

This in effect means that the most severe cases are likely to have pulmonary distress 

and their pulmonary hypertension could complicate issues.  

1.2 Description of Pulmonary Hypertension and Anticoagulation Therapy 

Pulmonary hypertension is caused by high blood pressure in the lungs affecting   blood 

vessels that  transport blood from the heart to the lungs. It is a general term that is used 

and is also related to a disease referred to as Pulmonary Arterial Hypertension (PAH). It 

is known to affect the geriatric as well as the female population more. It causes the 

pulmonary arteries to become narrow and thick. In both cases, this decreases the blood 

supply to the lungs and lays a lot of stress on the cardiothoracic system. There is an 

inability to pump blood as easily; it usually causes weakening of the heart. 

 

Studies show that 33% of COVID-19 patients have pulmonary hypertension as a pre-

existing condition and 7% of patients suffering from pulmonary hypertension die from 

pneumonia. One can easily infer the pulmonary hypertension that escalates to 

pneumonia then becomes one of the factors that determine the poor prognosis in a 

COVID-19 patient. In COVID-19 patients there seem to be micro clots starting from the 

lungs [3]. Autopsies of deceased patients showed pathological lesions in the lungs 
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causing pulmonary hypertension which later progresses to damage the heart, vessels, 

liver and kidney. Since the pandemic, high pulmonary pressure and hypertension have 

become more common. 

1.3Effect of Anticoagulants on COVID-19 Patients  

The COVID-19 virus gets into a cell using the ACE2 receptor. This receptor is then 

broken off which is believed to be the reason that there is increased coagulation in the 

blood [4]. The main function of the ACE2 receptor is to cleave bradykinin in our body. 

Since the virus entering a cell sheds ACE2 it no longer becomes possible to carry out 

this function. Bradykinin therefore begins to accumulate, leading to more thrombosis 

than usual [5]. The decrease in ACE2 in blood increases angiotensin and aldosterone in 

the blood. Angiotensin can activate prothrombin leading to a procoagulant state in the 

blood [6]. This RAAS ( renin-angiotensin-aldosterone system) gets activated due to the 

decreased ACE2 level and  is linked to thrombosis in more than one way [7].  

Therefore, ACE2 down regulation by COVID-19 may lead to increased difficulty for 

blood to flow as shown in Figure 1[3]. 

 

 

Fig.1 Mechanism of Anticoagulants in Lungs 
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The virus sets off an immune response which can only be described as a cytokinetic 

storm, the exaggerated immune response to the virus entering the body[8]. This 

inflammation not only leads to but also causes the coagulation system of blood to get 

disrupted. There is increased coagulation of blood in the lungs first. This is a cyclic 

process and the coagulation further amplifies inflammatory processes. Thus, thrombin 

formation in the blood is disrupted and inflammation due to the localised changes in the 

haemostatic balance similar to that of an acute lung injury with clots takes place[18]. 

 

This is the stage when anticoagulation therapy can be helpful. There are anticoagulants 

like Heparin that do away with the undesirable effects of RAAS activation as shown in 

another experiment with mice in their cardiomyocytes[10]. It was also shown using 

Surface Plasmon Resonance on how Heparin would combine with the protein structure 

of the virus and render it less harmful by circular dichroism spectroscopy[8]. It is possible 

that there are other anticoagulants that could have similar effects in patients as well. 

Hence the intervention review. 

1.4 Description of the Intervention  

The virus COVID-19 thus causes inflammation in the lungs through heightened 

coagulation, deregulating thrombin formation in the lungs. And anticoagulant therapy is 

recommended here. Numerous studies have been done as to the management of the 

same through anticoagulants[11].  

 

There are multiple anticoagulants that are used and the most common one is Heparin. It 

is a solution used as an anticoagulant to treat and prevent blood clots that is 

administered subcutaneously i.e. SQ or intravenously i.e. IV. The same is administered 

for nebulization for COVID-19 in some anti-coagulation regimes. They are different 

types depending on the condition of the patient, the pre-existing conditions and a careful 

analysis of whether side effects of anticoagulants outweigh the benefits to the patient. 
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There are also direct oral anticoagulants like Warfarin that help prevent blood clots. 

However, all anticoagulants act as blood thinners and pose a certain level of risk. 

Application of Heparin has shown the significant risk of DIC and VTE.  Among direct 

oral anticoagulants, however, Apixaban is considered to be the safest given reduced 

risks of major intracranial and gastrointestinal bleeding compared to other 

anticoagulants currently administered. Others like Antithrombin are used for patients 

whose pulmonary hypertension has progressed to severe pneumonia patients with 

sepsis‐ associated DIC. These are administered according to availability and 

combination taking into consideration each patient‟s condition as shown in Table 1 

below. 

 

TABLE 1 

GUIDELINE RECOMMENDATIONS CURRENTLY USED 

 

 

Recommendation by Authority 

Date of 
Publishing 

Date of 
Access 

Guidance specific to COVID-19 

 WHO 

Use LMWH or Heparin 5000 units SQ 2 times every day in teens and 

adults without conditions that make them susceptible to bleeding.  

13-3-2020 4-6-2020 

International Society of Thrombosis and Haemostasis 

Use dose LMWH for COVID-19 infected inpatients, in the absence of any 

conditions that make them susceptible to bleeding. 

25-3-2020 4-6-2020 

The Italian Society on Thrombosis and Haemostasis 

-Use LMWH, UFH, or fondaparinux in standard doses for Pulmonary 

hypertension in all COVID-19 inpatients. 

 

-Use Thromboprophylaxis should be given to COVID-19 inpatients and 

continued after discharge for 7–14 days. 

 

-Use, enoxaparin 4000 IU SQ every 12 h for patients at risk for Pulmonary 

hypertension. 

8-4-2020 4-6-2020 

Guidance published prior to COVID-19 

 

Society of Critical Care Medicine 

Do not use antithrombin for sepsis or septic shock cases.  

03-2020 4-6-2020 
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1.5 Objectives of the Study 

The study does a systemic Cochrane intervention review of different papers and 

combines data from them on a meta level and analyzes it.  

 

The study identifies what the symptoms of pulmonary hypertension and pneumonia are 

in a COVID-19 patient. It lists anticoagulants used for anticoagulant therapy and the 

systematic basis on which it is done. It looks at the changes in Thrombin and other 

hemostatic changes that could help a COVID-19 patient to reduce risk of cardiovascular 

failure, multiple organ failure as well as other local hemostatic changes in the lungs. 

This could help comprehend if anticoagulant therapy could drastically bring down the 

mortality rate associated with COVID-19. By retrieving data from already conducted 

clinical trials, this paper seeks to throw light on this study which could, in turn, contribute 

to more treatment protocol for the otherwise uncharted territory of coronavirus related 

respiratory distress as opposed to those that have vaccines. 

 

This paper looks at published studies, case reports, and data from them. It is situated in 

the literature that COVID-19 patients have very different clinical manifestations on a 

case to case basis. It observes that a varied amount of laboratory tests and imaging 

tests are undertaken for each of these to make a diagnosis and that due to the novel 

and unpredictable nature of the virus, the treatment options are limited. Therefore, there 

is a lack of comprehension of the clinical characteristics of patients and treatment plans, 

built on evidence-based medicine. This study seeks to patch through an aggregation 

and meta-analysis of the following information through a systemic review of the 

intervention: 

 

i. To explore the different criteria based on which doctors prescribe anticoagulant 

therapy to COVID-19 patients. 

ii. To assess the efficacy and deleterious effects anticoagulation may possibly bring 

forth in the treatment of pulmonary hypertension. 
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iii. To understand the extent of the therapeutic effect on patients with COVID-19 and 

pulmonary hypertension. 

iv. To comprehend if certain clinical or laboratory markers can be used to determine 

the need, exact dosage and type or combination of anticoagulant therapy. 

2. METHODOLOGY 

 

This Cochrane Intervention Review tries to understand the advantages and 

disadvantages of anticoagulant therapy in COVID-19 Patients. It identifies important 

studies from a number of different places. The selected studies are then evaluated 

based for their strengths and weaknesses according to clear, previously defined 

standards. The data is systematically collected from these studies and collated. 

 

An extensive examination through medical databases was conducted for published 

studies on the effect of the virus since it‟s spread began in December 2019. A 

systematic review of articles based on previous studies on COVID-19, pulmonary 

hypertension, anticoagulation therapy was to be concluded by 4 July 2020. The 

language limit is English. The articles chosen are those searched using a combination 

of keywords which include: “COVID‐ 19,” “Coronavirus,” “SARS‐ CoV‐ 2‟, 

“anticoagulation therapy” and “pulmonary hypertension.” 

Data from different studies are put together to do a Meta-analysis to get statistical data 

that can give us a sense of the effectiveness of the intervention itself. 

2.1 Criteria for Case Selection 

2.1.1 Selection of Studies  

A wide variety of studies irrespective of location and duration were examined for the 

meta-analysis. Studies involving all types of anticoagulant administration as well as 

random controlled studies and observational studies of hospitalized COVID-19 patients 

were taken into account. The duration and number of participants were not a criterion 

for excluding studies. Data from non-comparative studies, narrative reviews, 
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experimental studies, studies with different study populations or studies which did not 

present outcomes of interest were not excluded as long as it was in the relevant pool for 

this particular study. 

2.1.2 Selection of Participants   

Hospitalised patients who were COVID-19 virus positive was a mandatory criteria for 

case selection. Data about patients who did not fulfil this criterion if present in the study 

were removed. The control of this meta-analysis is those participants who either 

received placebo or were not administered anticoagulants as an intervention for their 

pulmonary hypertension while being hospitalized to manage their COVID-19 infection. 

 

Adult COVID-19 patients with severe pulmonary hypertension symptoms in individual 

observational studies were also considered. Studies that included underlying 

complications, such as hematologic malignancy, trauma, or obstetrical complications, 

were not excluded. There was the filtering of patients into two categories: those who 

had pulmonary hypertension as a pre-existing condition and those who developed 

pulmonary hypertension as a result of complications with COVID-19. 

2.1.3 Selection of Intervention Types   

Intravenous, Oral, Nebulization, IV, SQ administration of any anticoagulant for a period 

of at least three days was considered as an intervention and valid as anticoagulation 

therapy. 

2.1.4 Selection of Outcome Measures  

● Primary Outcomes 

Primary outcomes we looked for in the studies where patterns in laboratory tests and 

clinical features in COVID-19 patients on the administration of anticoagulation therapy 

showed lower mortality or decreased respiratory support (less support of mechanical 

ventilator). 
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● Secondary Outcomes  

The secondary outcomes included any additional information that throws light on the 

effectiveness of anticoagulants on a patient suffering from COVID-19 from imaging 

features, different combinations and duration of anticoagulants used. 

2.2 Sources for Data and Literature Review 

2.2.1 Electronic Sources 

The medical databases were used to identify trials here are: Cochrane, PubMe and 

Clinical trials.gov trials portal. The trials were searched on 4th July 2020. We also 

looked at ongoing trials to see when a more wholesome and more informed meta-

analysis along similar lines could be performed. 

2.2.2 Other Sources    

Newspaper articles, interviews with doctors who were involved in the studies or 

currently doing research on or treating patients with COVID-19 were some of the other 

resources used. 

2.3 Data Collection and Analysis 

The study does a systemic review of different papers and a meta-analysis of data from 

them. Cases were identified after looking through medical databases like Cochrane 

Central Register of Controlled Trials, PubMed; NIH and Clinical trials.gov trials portal. 

The trials were searched for on the 4th of July 2020. A PRISMA Flow Chart was used to 

show the flow of how records were systematically reviewed at each step. The number of 

records identified were 3567 with studies that were included and excluded each stage. 

The reasons for exclusion of specific studies were also provided. 

2.3.1 Selection of Studies   

The headings and summaries of all references retrieved using their keywords or their 

combination are to be independently reviewed by 4 investigators. A vote on each 

paper‟s validity determines if it will be considered or not. Any paper with more than three 
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votes will be considered valid. However, if any sort of obscurity is found in the 

investigation or a tie occurs, the final decision will be based on the additional vote made 

by a fifth investigator.  

 

The studies were carefully examined and ensured that the same records from different 

publications or records of the same participants were not used multiple times. The chief 

investigator on these studies was interviewed to make sure no data were analyzed 

more than once. 2 independent researchers read through the abstracts of the studies 

and headings of these selected studies. After this the full text articles were looked into 

to see if they were fit to be included. 

The chief investigator on these studies was contacted to clear any information that 

seemed vague or incomplete. Trials with at least three of the following characteristics 

were included: age pf patients, sex of patients, comorbidities and complications in 

patients, clinical features, laboratory test results of coagulation panel, and imaging 

manifestations of the patients were available. Out of this age and sex of patients were 

mandatory data that the study needed to have listed. 

 

There should be different types of studies from around the world which have been 

carried out at different times for varied durations. Studies involving any type of 

anticoagulant administration for a COVID-19 in-patient are selected. The included 

literature should list its author, the journal, the research methodology, date of 

publication, patient count and characteristics of its research subjects. 

2.3.2 Data Collection and Management   

The titles and abstracts of all potential studies that were identified for the inclusion in 

qualitative analysis were independently screened by the review authors. Using the 

Review Manager 5.4. Software data comparable for quantitative analysis was looked for 

to identify studies for the same. In addition to this, using a standardized data extraction 

sheet, two independent researchers extracted the data, with disagreements resolved 

through discussion and consensus. All variables including test results and imaging were 

tabulated using Excel. 
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2.3.3 Assessment of Risk of Bias in Studies Included  

Each of the cases included had their own Egger's test and funnel plots. This helped 

reduce cultural bias in preliminary findings of said review. 

2.3.4 Measures of Treatment Effect   

Clinical features, imaging features, laboratory tests related to the coagulation panel 

were used to predict poor prognosis, mortality outcomes and also dependence on 

mechanical ventilators. Laboratory parameters to study related to the coagulation panel 

have been identified as Prothrombin Time, Fibrinogen, Activated Partial Thromboplastin 

Time, and D-Dimer[12]. However, most studies tracked abnormalities in D-Dimer, 

Prothrombin Time, and platelet count only. Hence the same were used as a guide. 

2.3.5 Unit of Analysis Issues   

In each of the studies descriptive statistics of all patients were available. Each test had 

its continuous variables expressed as percentages. These variables were compared by 

use of t‐ tests and categorical variables were compared by use of Fisher's exact test. 

Kaplan–Meier plots were used to assess mortality rate differences between patients in 

studies that looked at survival rates as an outcome.  

 

Non‐ stepwise multivariate logistic analyses were performed to examine the relationship 

between administration of anticoagulation therapy and mortality for studies where the 

mortality rate was looked at as an outcome. However, a multivariate analysis between 

multiple studies could not be done since the outcomes the similar variables were 

measured for did not match and there was no one standard way of prescribed 

anticoagulant therapy administration that was adhered to. 

2.3.6 Dealing with Missing Data   

All data was gathered from the available studies while in some cases it was found that 

some readings were not available in the study. The missing information was enquired 
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with the chief investigator. Certain data was not recorded due to the heterogeneity in the 

desired outcome and those studies were left out from the analysis. 

2.3.7 Heterogeneity Assessment  

Eight studies were based in Wuhan, China. Other locations where studies were 

situated, included New York, USA, France and the UK. A variety of criteria were taken 

into consideration and examined in order to make sure that the results were close to 

accurate. The features included: (i) clinical features (ii) imaging features (iii) laboratory 

tests.  

The average age of the patients was 63.4. The overall  age groups ranged from 14-92 

years. There was a high number of patients who were male and above the age of 50 

years. The patients in this range had a variety of complications. In addition to this most 

studies were observational. All conclusions on how anticoagulants acted in patients 

suffering from specific conditions along with COVID-19 and pulmonary hypertension 

were taken into consideration and none were isolated. 

2.3.8 Analysis Subgroup and Heterogeneity Investigation  

No relationship was found while trying to analyze the mortality rate based on the sex of 

the patients. Patients with scleroderma who are susceptible to PAH or have PAH as a 

result of scleroderma usually demonstrate a significant increase in chances of death 

with anticoagulant use [18]. However, the same type of conclusions could be reached for 

these populations as the patients had different combinations of underlying conditions. 

Conclusive results were obtained only for those isolated subgroups whose pulmonary 

hypertension had progressed to sepsis. There was a general lack of metrics to measure 

the severity of the contention in the mechanically ventilated patient subgroup. . At 

present there is a dearth in randomized clinical trials that have been published which 

help with other subgroup analysis and allow a proper investigation of heterogeneity. 

2.3.9 Sensitivity Analysis   

Data given for laboratory tests are median values. This was calculated individually in 

each study using techniques like by Chi test, or Fisher's exact test. 
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3. RESULTS AND DATA 

 

Fig.2 PRISMA Flowchart 

 

5 random controlled studies and 7 observational studies of hospitalized COVID-19 

patients were taken into account. 

 

3.1 Qualitative Analysis 

Out of the 11 studies selected for qualitative analysis, 8  were based in China. Other 

locations where studies were situated, included the USA, France and the UK as shown 

in the below Table 2. 

 

 



 

21 
 

 

TABLE 2 

INCLUDED STUDIES 

 

Name of The 
Study 

Study Type  Location Duration of 
Observation 

Intervention Outcomes 

Anticoagulation 

Associated With 

Improved 

Outcomes in 

Hospitalized 

COVID-19 

Patients. 
[13] 

Observational  New York City, 

USA 

5 days Systemic 

Anticoagulant 

Treatment 

1. Death  

decreases 

with AC 

2. ventilation 

increased 

bleeding if 

on AC 

3. No 

standardise

d measures 

to 

comprehend 

disease 

severity in 

the 

mechanicall

y ventilated 

subgroup. 

Pulmonary 

embolism in 

patients with 

Covid-19 

pneumonia
 [16] 

Interventional  

(Randomized 

Clinical Trial). 

Université de 

Paris, France 

 

- No Specific 

Anticoagulant 

administered 

based on 

availability 

and 

prerogative of 

attending. 

1. An 

increased D-

Dimer 

reading 

hints at the 

severity of 

the patients 

pneumonia 

and high risk 

of 

Pulmonary 

Embolism. 

2.  CT imaging 

needed 

 

 

Epidemiological 

and clinical 

characteristics of 

99 cases of 2019 

novel coronavirus 

pneumonia in 

Observational  Wuhan, China 28 days No 

anticoagulant 

administered 

Investigation is 

required to 

comprehend the use 

of the MuLBSTA 

score in predicting 

the risk of death  in 
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Wuhan, China: a 

descriptive study 
[15] 

patients with COVID-

19. 

Nebulized Heparin 

is associated with 

fewer days of 

mechanical 

ventilation in 

critically ill patients: 

a randomized 

controlled trial 
[4]

. 

Interventional 

(Pragmatic 

randomized 

clinical trial) .  

London, 

 UK 

28 days Nebulized 

Heparin 

Heparin  was not 

associated with any 

increase in untoward 

events. 

Effect of 

Anticoagulation 

Therapy on Clinical 

Outcomes in 

COVID-19 

(COVID-

PREVENT) 

Interventional  

(Randomized 

Clinical Trial). 

Wuhan, China 28 days LMWH at 

least 7 days 

1. LMWH gives 

hope for 

COVID‐ 19 

patients who 

have SIC 

criteria or 

increased 

D‐ dimer 

readings. 

2. 30/99 died and  

104/350 died   if  

D-dimer was 

more than 3  

3. 20% decrease 

in mortality with 

Heparin use. 

Anticoagulant 

treatment is 

associated with 

decreased 

mortality in severe 

coronavirus 

disease 2019 

patients with 

coagulopathy. 
[17] 

 

Interventional  

(Randomized 

Clinical Trial). 

Wuhan, China 7 days LMWH at 

least 7 days 

Abnormal coagulation 

results in increased 

deaths. 

Difference of 

coagulation 

features between 

severe pneumonia 

induced by SARS-

CoV2 and non-

SARS-CoV2. 
[25] 

Observational  Strasbourg, 

France 

- Heparin Discovery of 

Microclots 

High risk of 

thrombosis in 

patients in severe 

SARS-CoV-2 

Interventional  

(Randomized 

Clinical Trial). 

Wuhan, China 14 days Rivaroxaban 

10 mg daily 

for 31–39 

days 

Higher 

anticoagulation doses 

than usual should be 

considered for 
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infection: a 

multicenter 

prospective cohort 

study
 [22] 

Enoxaparin 

40 mg daily 

for 6–14 days 

or Betrixaban 

160 mg once, 

then 80 mg 

daily for 35–

42 days 

Enoxaparin 

40 mg daily 

for 6–14 days 

COVID-19 infected 

patients. 

Clinical 

Characteristics of 

138 Hospitalized 

Patients With 2019 

Novel 

Coronavirus–

Infected 

Pneumonia in 

Wuhan, China
 [23] 

Observational  Wuhan, China - No Specific 

Anticoagulant 

administered 

based on 

availability 

and 

prerogative of 

attending. 

Most cases with 

COVID-19 ARDS 

was seen to have 

progressed life-

threatening 

thrombotic 

complications despite 

anticoagulation. 

Higher 

anticoagulation doses 

than usual should be 

considered for 

COVID-19 infected 

patients. 

Clinical course and 

risk factors for 

mortality of adult 

inpatients with 

COVID-19 in 

Wuhan, China: a 

retrospective 

cohort study 
[24] 

Observational  

 

Wuhan, China 8-37 days No 

anticoagulant 

administered 

- 

Abnormal 

coagulation 

parameters are 

associated with 

poor prognosis in 

patients with novel 

coronavirus 

pneumonia.
 [21] 

 

Observational  

 

Therapeutic 

Anticoagulatio

n 

- No Specific 

Anticoagulant 

administered 

based on 

availability 

and 

prerogative of 

attending. 

Abnormal coagulation 

results in deaths with 

NCP. 

 

 An aggregation of data from these studies records at least one of the following: clinical 

features, imaging features, laboratory tests related to the coagulation panel, mortality 

outcomes for 4622 patients as represented in Table 3 below. 
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TABLE 3 

DEMOGRAPHIC REPRESENTATION OF PARTICIPANTS   

 

Name of The Study No. of 
Participants  

Control  Recipients Male Female Average 

Age 

Anticoagulation 

Associated With 

Improved Outcomes in 

Hospitalized COVID-19 

Patients
[15]

. 

2773  0 2773 1700 1073 64.7 

Pulmonary embolism 

in patients with Covid-

19 pneumonia
[16] 

137 0 137 94 43 

 

 

64 

Epidemiological and 

clinical characteristics 

of 99 cases of 2019 

novel coronavirus 

pneumonia in Wuhan, 

China: a descriptive 

study
[15]

. 

99 99 0 67 32 55.5 

Nebulized Heparin is 

associated with fewer 

days of mechanical 

ventilation in critically ill 

patients: a randomized 

controlled trial
[4]

. 

50 25 25 20 30 58 

Effect of 

Anticoagulation 

Therapy on Clinical 

Outcomes in COVID-

19 (COVID-PREVENT) 

449   350 99 182 267 65.1 

Anticoagulant 

treatment is 

associated with 

decreased mortality in 

severe coronavirus 

disease 2019 patients 

with coagulopathy
[17]

. 

449 350 99 268 181 65.1  

Difference of  

coagulation features 

3 0 3 2 1 68 
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between severe 

pneumonia induced by 

SARS-CoV2 and non-

SARS-CoV2. 

High risk of thrombosis 

in patients in severe 

SARS-CoV-2 infection: 

a multicenter 

prospective cohort 

study
[22] 

150 73 77 80 70 63 

Clinical Characteristics 

of 138 Hospitalized 

Patients With 2019 

Novel Coronavirus–

Infected Pneumonia in 

Wuhan, China
[23] 

138  0 138 75 63 56 

Clinical course and risk 

factors for mortality of 

adult inpatients with 

COVID-19 in Wuhan, 

China: a retrospective 

cohort study
[24] 

191 

 

191 0 119 72 56.6 

Abnormal coagulation 

parameters are 

associated with poor 

prognosis in patients 

with novel coronavirus 

pneumonia
[21]

. 

183 

 

183 0 98 85 54.1 

 

 

Out of this 1987 patients did not have COVID-19. All the other patients were 

hospitalized with COVID-19 and had pulmonary hypertension. Out of this 1271 did not 

receive anticoagulant therapy. They are the control in this meta-analysis. They did not 

receive the treatment as they were either part of an observational study or received a 

placebo as part of a randomized control trial. Patients in all 12 studies showed 

complications and none of the studies were done in isolation. All studies using Heparin 

as the anticoagulant in question notes the change in the protein of COVID-19 and how it 

occurs. The virus experiences a massive transformation on coming in contact with  

Heparin which might restrain the entry of the virus into the cell[2].  

 



 

26 
 

 

3.1.1 Imaging Features 

6 out of 11 studies took imaging features into consideration. All 6 studies 

reported patchy shadows in CTs and X rays confirming bilateral or unilateral 

pneumonia, multiple moulting and ground-glass opacity as well as infiltrate using 

the Kaplan-Meier method. One study listed that 75% of their patients had 

bilateral pneumonia, 25% unilateral pneumonia and 14% multiple moulting of 

ground-glass opacities[3]. The below Table 4 presents the same. 

 

TABLE 4 

DATA COLLECTED IN EACH STUDY 

 

Name of The 
Study 

Clinical Features  Laboratory Test 
for D-Dimer and 

Prothrombin 
Time 

Imaging Features Complications 

Anticoagulation 

Associated With 

Improved Outcomes 

in Hospitalized 

COVID-19 

Patients
[13]

. 

Yes 

 
Those who were 

treated anticoagulants 

needed ventilators. 

Yes 

 

  

Pulmonary 

embolism in patients 

with Covid-19 

pneumonia
[16] 

 Yes, 

Kaplan-Meier method 

 
No difference between 

those who are 

mechanically ventilated 

and others. 

Yes 

 
For those with a 

high D-dimer value 

and were treated 

with Anticoagulants, 

Pulmonary 

embolism 

occurrences were 

higher whether the 

patient was on 

ventilator or not. 

Yes 

 
● 75% Bilateral 

pneumonia 

 
● 25% Unilateral 

pneumonia 

 
● 14% multiple 

moulting of 

ground-glass 

opacities 

 

 

Epidemiological and 

clinical 

characteristics of 99 

cases of 2019 novel 

coronavirus 

pneumonia in 

Yes 

 
33% of all patients 

came in with Pulmonary 

hypertension 

 

Yes Yes Yes 
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Wuhan, China: a 

descriptive study
[15] 

Nebulized Heparin 

is associated with 

fewer days of 

mechanical 

ventilation in 

critically ill patients: 

a randomized 

controlled trial
[4]

. 

 Yes, 

Kaplan-Meier method 

 
Average daily partial 

pressure of Oxygen to 

inspired fraction of 

oxygen ratio showed no 

change in treatment 

with anticoagulants. 

 
Those treated with 

anticoagulants spent 

less time on mechanical 

ventilators. 

   

Effect of 

Anticoagulation 

Therapy on Clinical 

Outcomes in 

COVID-19 (COVID-

PREVENT) 

No 

 

Yes No  

Anticoagulant 

treatment is 

associated with 

decreased mortality 

in severe 

coronavirus disease 

2019 patients with 

coagulopathy. 

No Yes No 

 

Yes 

Difference of 

coagulation features 

between severe 

pneumonia induced 

by SARS-CoV2 and 

non-SARS-CoV2. 

 Yes Yes 

 
Ground-glass opacity 

 
Bilateral pulmonary 

pneumonia 

Infiltrates 

Yes 

 

High risk of 

thrombosis in 

patients in severe 

SARS-CoV-2 

infection: a 

multicenter 

prospective cohort 

study
[22] 

 Yes 

Fibrinogen was also 

tested. 

Yes  

Clinical 

Characteristics of 

Yes  Yes 

 

Yes 
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138 Hospitalized 

Patients With 2019 

Novel Coronavirus–

Infected Pneumonia 

in Wuhan, China 

Bilateral patchy 

shadows 

 
Ground-glass opacity 

in the lungs of all 

patients 

Clinical course and 

risk factors for 

mortality of adult 

inpatients with 

COVID-19 in 

Wuhan, China: a 

retrospective cohort 

study
[23] 

Yes Yes Yes  

Abnormal 

coagulation 

parameters are 

associated with poor 

prognosis in patients 

with novel 

coronavirus 

pneumonia
[21]

. 

 Yes 

Fibrinogen was also 

tested. 

  

 

 

3.1.2 Clinical Features 

Clinical features were listed in 6 studies that observed pulmonary hypertension in 

patients. One study listed that nebulized heparin ensured the patient was ventilator-free 

within fewer days[4]. Pulmonary hypertension due to disruption in normal thrombin 

production was seen in COVID-19 patients in the ICU compared to patients with other 

disease conditions[16].  

 

All of the 11 studies synthesized together produced an overwhelmingly evident result 

that high D-Dimer would enable to identify high-risk patients in the beginning stage 

itself. Several of the autopsies of COVID-19 patients having pneumonia revealed the 

pathogenic mechanism that causes pneumonia to be highly complex.  

 

The viral infection proceeds as an immune reaction in the host known as Cytokine 

storm. This caused extensive tissue damage with dysfunctional coagulation. This is the 

injury to the lung associated with the inflammatory reaction to the virus caused. An 
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Italian researcher described it as micro clots that caused severe capillary congestion 

which in turn caused pulmonary hypertension[16]. To reveal this pressure the micro clots 

need to be dissolved. This is where a full therapeutic intensity anticoagulation would 

help a patient with pulmonary hypertension from going to a stage of pneumonia to Acute 

Respiratory Distress Syndrome to multiple organ failure and then sepsis and thereby 

reducing mortality rate. 

 

3.2 Quantitative Analysis 

The qualitative analysis revealed D-Dimer levels as being an indicator of poor prognosis 

in COVID-19 patients with Pulmonary Hypertension. An initial study had found 99% of 

all patients had developed pneumonia and advanced pulmonary hypertension while 

17% of which had acute respiratory distress syndrome. 

 

The alarming factor was the abnormal results for parameters in the blood related to 

coagulation that kept rising. Out of them 16% had a high activated partial 

thromboplastin time though the median value was within normal limits. And 30 % of 

patients had increased prothrombin and 36% increased D-Dimer.  

 

D-Dimer, prothrombin time and platelet count were thus used to get a quantitative 

understanding of the same. 9 studies could be used for quantitative analysis according 

to the Review Manager 5.4. The average age of the patient was 63.4.  

 

3.2.1 Laboratory Tests 

A coagulation panel of 9 studies were collected. Administering oral Warfarin to a patient 

with pulmonary hypertension but does not have COVID-19 already decreases  patient 

mortality risk by 31%. Though pulmonary hypertension in COVID-19 patients can be 

caused due to other factors here also we calculated a 64.09% reduced mortality risk 

when data of  888 patients from two studies were aggregated.as per information 

gathered from the studies on mortality rates of COVID-19 patients with pulmonary 

hypertension. (Refer to TABLE 8 in Appendices) 
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In addition to this, the study proved that anticoagulant therapy was associated with 

lower mortality in sub-population meeting sepsis-induced coagulopathy criteria  

Another study found that those hospitalized patients who were treated between March 

14th and April 11th did not have pulmonary hypertension if treated with anticoagulants 

did not have a lower mortality rate given the ability of Heparin to inhibit cellular entry of 

the virus. Moreover, the study showed that those patients lived a median of 21 days 

instead of a median of 14 days, prolonging their life by approximately seven days.  

 

Using Review Manager 5.4 data on D-Dimer, prothrombin and platelet count of patients 

from 9 studies were collated. Of the 2054 patients who had pulmonary hypertension and 

COVID-19, 990 patients either received a placebo or no anticoagulant while 1064 

patients received systemic anticoagulant therapy for at least seven days. The mean D-

Dimer readings in all COVID-19 patients with pulmonary hypertension included in the 

meta-analysis was above the the normal range 0·0–1·5. This being double the normal 

level conforms the increased coagulation hypothesis. 

 

The mean prothrombin time reading in all COVID-19 patients with pulmonary 

hypertension included in the meta-analysis was also above the normal range 10·5–

13·5. This being elevated is yet another confirmation of the increased coagulation 

hypothesis. Platelets also play a significant role in coagulation and are thus a part of the 

blood panel. The mean platelet count in the patients was well within the normal range of 

125·0–350·0. This is a peculiar characteristic where in coagulation causing pulmonary 

hypertension platelet count is not affected as shown in Table 5. 
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TABLE 5 

COAGULATION PANEL READINGS 

 

A. Median Readings of Control Selected in Each Study
 [13,17,18,19,22,23]

 

Number of 
Participants 

D-Dimer (μg/L; normal 
range 0·0–1·5)  

Prothrombin time (s; 
normal range 10·5–13·5) 

Platelets (× 109 per L; 
normal range 125·0–

350·0) 

786. 1.6  12.1 265 

99 1.47 14.6 231 

99 1.94 15.2 215 

3 9.02 16.4 337 

77 2.27  13.3 200 

138 0.61 13 211 

Total:1064 

 

   Mean--> 

 

1.69 

 

14.41 

 

280.05 

B. Median Readings of Participants Receiving Anticoagulants  in Each Study 
[4,17,18,24.21]

 

Number of 
Participants 

D-Dimer (μg/L; normal 
range 0·0–1·5)  

Prothrombin time (s; 
normal range 10·5–13·5) 

Platelets (× 109 per L; 
normal range 125·0–

350·0) 

99 0.90 213 213 

350 4.7 178 178 

350 5.36 165.67 165.67 

191 0.8 262 262 

183 0.66 211 211 

Total: 990 

 

Mean--> 

 

3.92 

 

17.99 

 

232.35 
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From this data it seems clear that anticoagulants though may not bring back D-Dimer 

levels and Prothrombin Time to normal can keep the levels low enough to decrease 

pulmonary hypertension. This included a  study with fewer participants where D‐ dimer, 

prothrombin time and age were positively correlated to mortality and platelet count was 

negatively correlated to mortality for 28 days [17]. 

. 

3.3 Data Synthesis   

Combining both the quantitative and qualitative data: 

● Coagulation parameters that are not within normal range in COVID-19 patients 

are considered as prognostic factors of severity[18, 19].  

● From this data it seems clear that anticoagulants though may not bring back D-

Dimer levels and Prothrombin Time to normal can keep the levels low enough to 

decrease pulmonary hypertension. 

● There is no data available to observe the readings of coagulation markers like D-

Dimer and Prothrombin time. Since one can predict the direction of the disease 

based on the D-Dimer readings between the 4-9th day in at least 40% of patients 

as getting worse. The same can be done, however, with the health system 

overwhelmed with the increased admissions and mass testing for the virus itself, 

this may not be feasible as a precaution. 

● When hospitalised with COVID-19 patients get the reading of their  hematologic 

and coagulation parameters taken on admission. However, rarely are they taken 

again during discharge from quarantine as long as the COVID-19 test becomes 

negative unless the patient is undergoing a clinical trial. This means that the 

data becomes insufficient to guide management decisions on whether 

anticoagulation therapy helps bring back the abnormal levels of d-dimer and 

prothrombin time back to normal. However, there is proof to show that 

anticoagulants are more effective in decreasing mortality in COVID-19 patients 

than others with Pulmonary hypertension taking the treatment as shown in Chart 

1 [18]. 
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4. DISCUSSION 

 

In 83% of clinical admissions reported, fever was a symptom of COVID-19. Cough was 

the second symptom disclosed by 58.1% and 31.2% of them also reported respiratory 

distress. Close to 30% of patients had acute respiratory distress and needed intensive 

care. Here findings from imaging included bilateral pneumonia and ground‐ glass 

opacification in at least 70% of patients. It was understood that the virus provokes an 

inflammatory response in the lungs of the host because of the way it is transmitted 

causing pulmonary hypertension as indicated by the symptoms. 

 

Along with a poorer prognosis for every third patient due to their underlying pulmonary 

hypertension makes pulmonary hypertension a problem that needs to be managed in 

most COVID-19 patients. Chronic anticoagulation has been observed as the most 

reliable treatment plan for pulmonary hypertension these days based on 40 years of 

data from pathology, mechanistic and observational studies.  

 

The studies focused on studying the presence of thrombotic lesions in lungs, factors 

and conditions that predispose someone to them. Conclusions were drawn on how 

anticoagulants give a better chance of survival to patients with pulmonary hypertension. 

Based on this analysis it can be noted that anticoagulant therapy should be helpful for 

COVID -19 patients though it is not completely known how the virus affects the host. 

 

With this limited knowledge, at present, pulmonary hypertension in COVID-19 patients 

is managed through a careful choice of anticoagulant drugs. The protocol requires 

potential interaction between different drugs to be taken into account. Low molecular 

weight Heparin is usually preferred since it is less likely to interact with other oral 

anticoagulants.  

 

It is necessary that patients with COVID-19 who are taking anticoagulant medication for 

pre-existing medical conditions continue their treatment. This could mean the need for a 
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higher dosage as suggested by some studies. While for non-hospitalized patients with 

COVID-19 with pulmonary hypertension, anticoagulant therapy is currently not 

recommended. However, it is necessary to consider whether there is a need to wait until 

a patient is hospitalized and develops pneumonia and respiratory distress to administer 

anticoagulants. Especially when an accelerated increase of D-Dimer in the first 7 days 

can show how the disease would progress as shown in Chart 3 (refer to Appendices). 

 

Robert Flaumenhaft, Chief of the Division of Haemostasis and Thrombosis at Beth 

Israel Deaconess Medical Center, Boston puts forth that high doses of these drugs 

carried with them high risks due to which doctors tread with caution when administering 

anticoagulants of any kind. He threw „caution to the wind‟ as researchers currently „race 

to find new therapies‟ [20] to ease the pandemic. 

 

“Anticoagulant is supposed to thin blood even a minute change in medication could 

mean life or death, especially when patients are as sick as they are with COVID-19, I 

mean it could save right! Just a little would stop a pulmonary embolism but a little too 

much also means my patient could have internal bleeding or even nick himself and die. 

It‟s like walking a tightrope to be honest” said Geoffrey Barnes, Assistant Professor at 

the University of Michigan working in the Department of Cardiovascular Medicine, 

confirming the same. 

 

These are mostly general rules to follow since the real extent or effectiveness of 

anticoagulant therapy are still unknown. Clinical trials have so far been unable to isolate 

which combination of anticoagulants and therapies are best for this scenario which 

makes this meta-analysis of anticoagulant therapy as a medical intervention in COVID-

19 patients even more relevant. 

 

Data till now about oral pulmonary arterial hypertension and the use in pulmonary 

hypertension itself has been inconsistent. Most studies which are observational in 

nature have demonstrated that there is a greater advantage for a COVID-19 patient with 

pulmonary hypertension treated with oral anticoagulants when it comes to survival while 
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one observational study revealed the opposite effect. There are different types of 

anticoagulants that can be used and there is no protocol as to which combination is the 

best which makes studies like this so hard. 

 

Girish Nadkarni, MD, Co-Director of the Mount Sinai COVID Informatics Center plans to 

conduct a more extensive study that will be carried out with 5,000 COVID-19-positive 

patients, where they will evaluate the „effectiveness of three types of anticoagulant 

therapy- oral anticoagulant, subcutaneous Heparin, and intravenous Heparin‟.  

 

Till now there is no study with exclusive trials of anticoagulant therapy in COVID-19 

patients. Antiviral therapy, immune based therapy, concomitant medication, antibiotics, 

anti-bacterial therapy and glucocorticoid therapy are some treatments currently 

administered along with anticoagulant therapy which cannot be avoided for the patient‟s 

well-being[19].  

 

With a rapid rise in the number of people affected with this virus, the study throws light 

on the prevalence of blood coagulation in COVID-19 inpatients causing pulmonary 

hypertension. A systemic review of important data has been done to examine how 

different they are from previous coronavirus epidemics[21].  

 

The number of newly discovered cases of pneumonia due to coronavirus has been 

increasing all over the world recently, especially in the US, Brazil, and India. By 

following correct measures of management, prevention and treatment of airborne viral 

diseases and the WHO declaration on public health, in places like Kerala in India, New 

Zealand, etc. it would become easier to manage the virus by keeping a control on the 

death rates and not saturating the health system.  

 

Prevention is extremely important to avoid over burdening the health care systems. 

Hence populated markets, stations, religious gathering, education centres and rallies 

are to be avoided and promote social distancing. Ample protective equipment, masks, 

and sanitizers sourced will help essential workers and the general public.  
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5. CONCLUSION 

5.1 Authors' Conclusions   

There are not enough randomized clinical trials that have been published that help 

subgroup analysis and allow a proper investigation of heterogeneity.  

Although our review of available random and observational studies was useful, these 

recommendations from the review should be used with care and not be taken out of 

context. Each study reviewed here may have biases in its design and since this review 

is based on the integrity of each of the studies it reviews we have not individually  

checked their credibility. For better comprehension of how effective this intervention can 

be, well-designed non-biased randomized  and controlled clinical  trials are required. In 

the meanwhile, the anticoagulant use in pulmonary hypertension should be decided on 

an individual case to case basis[18]. 

5.2 Summary of Findings  

 

Abnormal coagulation parameters 

● Abnormal coagulation parameters in COVID-19 inpatients are 

observed. 

● From this data it seems clear that anticoagulants cannot bring 

Coagulation parameters back to normal with current doses 

administered. 

● Not enough data available to observe the measurement of coagulation 

markers like D-Dimer and Prothrombin time.  

●  However, it may not bring back D-Dimer levels and Prothrombin Time 

to normal can keep the levels low enough to decrease pulmonary 

hypertension. 
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● Abnormal coagulation parameters in COVID-19 inpatients can be 

confirmed currently as prognostic factors of severity[18,19].  

● It is possible to predict the direction of the disease based on the D-

Dimer readings between the 4-9th day in at least 40% of patients as 

getting worse. The same is recommended. However, with the health 

system overwhelmed with the increased admissions and mass testing 

for the virus itself this may not be feasible as a precaution. 

Recommendations for Data Collection 

 

● In hospitalized patients with COVID-19 hematologic and readings of 

coagulation parameters are taken on admission. However, rarely are 

they taken again during discharge from quarantine as long as the 

COVID-19 test itself becomes negative unless the patient is undergoing 

a clinical trial. This means that the data becomes insufficient to guide 

management decisions on whether anticoagulation therapy helps bring 

the abnormal levels of D-Dimer and prothrombin time back to normal. 

 

5.3 Differences between Protocol and Review   

According to the current protocol there is a recommendation to administer Heparin to 

COVID-19 inpatients or anyone else suffering from pulmonary hypertension. They are to 

be administered on a case to case basis. 

 

The protocol requires potential interaction between different drugs to be taken into 

account. Low molecular weight Heparin is usually preferred given it's less likely to 

interact with other oral anticoagulants.  
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Anticoagulant medication and treatment should be continued for pre existing medical 

conditions on patients with COVID-19. This could mean the need for a higher dosage as 

suggested by some studies. 

 

Measurement of D-Dimer value daily is not advised. However, if the patient has no pre-

existing condition that stops him or her from taking anticoagulants our findings suggest 

that D-Dimer values should be constantly monitored between the 4-15th day and 

anticoagulants administered between the 7-10th day.  Currently those not hospitalised 

also are not required to test their D-dimer readings however we recommend the same 

be taken to comprehend the progression of COVID-19 in those patients as well. 
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APPENDICES 

1. Data and Analyses   

 

TABLE 6 

DEMOGRAPHIC REPRESENTATION OF PARTICIPANTS IN QUALITATIVE STUDY 

 

Name of The 
Study 

No. of 
Participants  

Contro
l  

Recipient Male Female Average 

Age 

Anticoagulation 

Associated With 

Improved Outcomes 

in Hospitalized 

COVID-19 

Patients
[13]

. 

2773  0 2773 1700 1073 64.7 

Pulmonary embolism 

in patients with 

Covid-19 

pneumonia
[16] 

137 0 137 94 43 

 

 

64 

Epidemiological and 

clinical 

characteristics of 99 

cases of 2019 novel 

coronavirus 

pneumonia in 

Wuhan, China: a 

descriptive study
[15] 

99 99 0 67 32 55.5 

Nebulized Heparin is 

associated with 

fewer days of 

mechanical 

ventilation in critically 

ill patients: a 

randomized 

controlled trial
[4]

. 

50 25 25 20 30 58 
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Effect of 

Anticoagulation 

Therapy on Clinical 

Outcomes in COVID-

19 (COVID-

PREVENT) 

449   350 99 182 267 65.1 

Anticoagulant 

treatment is 

associated with 

decreased mortality 

in severe coronavirus 

disease 2019 

patients with 

coagulopathy
[17]

. 

449 350 99 268 181 65.1  

Difference of  

coagulation features 

between severe 

pneumonia induced 

by SARS-CoV2 and 

non-SARS-CoV2. 

3 0 3 2 1 68 

High risk of 

thrombosis in 

patients in severe 

SARS-CoV-2 

infection: a 

multicenter 

prospective cohort 

study
[22] 

150 73 77 80 70 63 

Clinical 

Characteristics of 

138 Hospitalized 

Patients With 2019 

Novel Coronavirus–

Infected Pneumonia 

in Wuhan, China
[23] 

138  0 138 75 63 56 

Clinical course and 

risk factors for 

mortality of adult 

inpatients with 

COVID-19 in Wuhan, 

China: a 

retrospective cohort 

study
[24] 

191 

 

191 0 119 72 56.6 

Abnormal 

coagulation 

parameters are 

associated with poor 

183 

 

183 0 98 85 54.1 
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prognosis in patients 

with novel 

coronavirus 

pneumonia
[21]

. 

TOTAL 4622 1271 1364 2705 1917  

  Total Patient Records 

used for Quantitative 

Analysis 

 
1987 

 

  Average age of 

all participants 

 
63.42 
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Chart 1 Effect of Anticoagulants on Pulmonary Hypertension [18] 

 

Chart 2 Progression of COVID-19 

Fig. 3 Coagulation during Cytokine Storm 
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Chart 3 Time Recommended for Anticoagulant Administration [26] 

The shaded areas show times when  LMWH should be administered. 

 

 

TABLE 7 

ONGOING STUDIES 

 

Name of The Study Study Type  Intervention  Estimated 
Number of 

Participants 

Estimated Duration till 
Primary Completion 

Full Dose Heparin Vs. 

Prophylactic Or 

Intermediate Dose Heparin 

in High 

Risk COVID-19 Patients 

Interventional  

(Randomized 

Clinical Trial).  

Enoxaparin 308  April 26, 2020-April 26, 2021 

Nebulized Heparin for the 

Treatment of COVID-19 

Induced Lung Injury 

Interventional  

(Randomized 

Clinical Trial). 

Heparin 

 

50   

June 1, 2020-December 31, 

2020 

 

Preventing COVID-19 

Complications With Low- 

Interventional  

(Randomized 

 Enoxaparin 200 April 28, 2020-November 30, 

2020 
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and High-dose 

Anticoagulation (COVID-

HEP) 

Clinical Trial). 

Full Anticoagulation Versus 

Prophylaxis in COVID-19: 

COALIZAO ACTION Trial 

Interventional 

(Pragmatic 

randomized 

clinical trial) .  

Group 1: Rivaroxaban 

20mg/d followed by 

enoxaparin/unfractionate

d heparin when needed 

 Group 2: enoxaparin 

40mg/d 

600  June 21, 2020-December 2020 

Effect of Anticoagulation 

Therapy on Clinical 

Outcomes in COVID-19 

(COVID-PREVENT) 

Interventional  

(Randomized 

Clinical Trial). 

Rivaroxaban 400 June 15, 2020-April 30, 2021 

Prevention of 

Arteriovenous Thrombotic 

Events in Critically-Ill 

COVID-19 Patients Trial 

(COVID-PACT) 

 

Interventional  

(Randomized 

Clinical Trial). 

● Unfractionated 

Heparin IV 

● Enoxaparin 1 

mg/kg 

● Clopidogrel 

● Unfractionated 

heparin SC 

● Enoxaparin 40 

Mg/0.4 mL 

Injectable 

Solution 

750 June 2020-May 2021 

Enoxaparin for Primary 

Thromboprophylaxis in 

Ambulatory Patients With 

COVID-19 

Interventional  

(Randomized 

Clinical Trial). 

Enoxaparin 40Mg/0.4Ml 

Inj Syringe 0.4Ml 

1000 June 1, 2020-March 14, 2021 

Efficacy of Nafamostat in 

Covid-19 Patients 

(RACONA Study) 

(RACONA) 

Interventional  

(Randomized 

Clinical Trial). 

 

NafamostatMesilate 256 April 2020-December 2021 

Trial Evaluating Efficacy 

and Safety of 

Anticoagulation in Patients 

With COVID-19 Infection, 

Nested in the Corimmuno-

19 Cohort (CORIMMUNO-

COAG) 

Interventional  

(Randomized 

Clinical Trial). 

 

Tinzaparin or 

unfractionated heparin 

808 April 20, 2020- July 31, 2020 

Coagulopathy of COVID-

19: A Pragmatic 

Randomized Controlled 

Trial of Therapeutic 

Anticoagulation Versus 

Standard Care 

 

Interventional  

(Randomized 

Clinical Trial). 

Interventional  

(Randomized 

Clinical Trial). 

 

Therapeutic 

Anticoagulation 

462 May 11, 2020-November 2020 
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Anticoagulation in Critically 

Ill Patients With COVID-19 

(The IMPACT Trial) 

(IMPACT) 

Interventional  

(Randomized 

Clinical Trial). 

 

● Enoxaparin 

sodium 

● Unfractionated 

heparin 

● Fondapariniux 

● Argatroban 

186 June 2020-December 2020 

Coagulopathy of COVID-

19: A Pragmatic 

Randomized Controlled 

Trial of Therapeutic 

Anticoagulation Versus 

Standard Care 

Interventional  

(Randomized 

Clinical Trial). 

 

Therapeutic 

Anticoagulation 

The choice of low 

molecular weight 

heparin (LMWH) versus 

unfractionated heparin 

(UFH) will be at the 

clinician's discretion. 

LMWH options include:  

● Tinzaparin 175 

U/kg once per 

day,  

● Enoxaparin 1.5 

mg/kg once per 

day or 1 mg/kg 

twice per day 

or  

● Dalteparin 200 

U/kg once per 

day or 100 

U/kg twice per 

day. 

UFH will be 

administered using a 

weight-based nomogram 

with titration according 

to center-specific 

institutional protocol. 

462 May 11, 2020-November 2020 

Intermediate or 

Prophylactic-Dose 

Anticoagulation for Venous 

or Arterial 

Thromboembolism in 

Severe COVID-19 

(IMPROVE) 

Interventional  

(Randomized 

Clinical Trial). 

 

● Enoxaparin 

Prophylactic 

Dose 

● Heparin 

Infusion 

● Heparin SC: 

Enoxaparin/Lov

enox 

Intermediate 

Dose 

100 May 2, 2020- November 

2020 

Antithrombotic Therapy to 

Ameliorate Complications 

of COVID-19 ( ATTACC ) 

 

Interventional  

(Randomized 

Clinical Trial) 

Heparin 30000 May 20, 2020-January 1, 2021 

Safety and Efficacy of Interventional  Enoxaparin 300 May 15, 2020-January 1, 2021 
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Therapeutic 

Anticoagulation on Clinical 

Outcomes in Hospitalized 

Patients With COVID-19 

(Randomized 

Clinical Trial). 

 

 

 

 

TABLE 8 

ANTICOAGULANTS AND MORTALITY RATES 

 

Name of The 
Study 

Mortality Rate 

Pulmonary embolism 

in patients with Covid-

19 pneumonia
[16]

 

Mortality rate came down by 65% 

Effect of 

Anticoagulation 

Therapy on Clinical 

Outcomes in COVID-

19 (COVID-

PREVENT) 

Increase in D-Dimer reading, Prothrombin Time and Age were directly proportional to mortality 

rate. 

Anticoagulant 

treatment is 

associated with 

decreased mortality in 

severe coronavirus 

disease 2019 patients 

with coagulopathy
[17]

. 

Mortality same for patients with pulmonary hypertension with or without COVID-19. 

Clinical 

Characteristics of 138 

Hospitalized Patients 

With 2019 Novel 

Coronavirus–Infected 

Pneumonia in 

Wuhan, China
[23] 

If D-Dimer reading is high but Fibrin levels are low chances of mortality are low 

Anticoagulation in 

COVID-19
[19] 

11.5% of patients who had COVID-19 and pulmonary hypertension had not survived if they 

had high D-Dimer readings and Prothrombin Time. 
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Abbreviation Chart 

 

COVID-19, SARS‐ CoV‐ 2 A disease caused by a new strain of 
coronavirus.  

NCP Novel Coronavirus Pneumonia 

ARD Acute Respiratory Distress 

ACE2 A gene which has a protein in it that belongs 
to the angiotensin-converting enzyme family 
of dipeptidyl carboxydipeptidases and has 
considerable homology to human angiotensin 
1 converting enzyme. The protein is also a 
functional receptor for the spike glycoprotein 
of the acute respiratory syndrome 
coronaviruses. 

RAAS Renin-Angiotensin-Aldosterone System 

SQ  Subcutaneously 

IV Intravenously 

NIH National Institutes of Health 

PRISMA Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 

AC Anti-Coagulant 

LMWH Low Molecular Weight Heparin  

MuLBSTA The score for Viral Pneumonia Mortality that 
predicts 90-day mortality in patients with viral 
pneumonia based on MUltilobe infiltrate, 
absolute Lymphocyte count, Bacterial 
coinfection, Smoking history, history of 
hyperTension and Age. 

 

CTs 

Computed Tomography 

MD Doctor of Medicine 

UFH Unfractionated Heparin 

 

 


