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ABSTRACT  
 

Aims: To determine an association between inflammatory and coagulation 

markers in a COVID-19 patient with ischemic stroke. 

Study design:  We performed a systematic review of 4 databases using the 

keywords “ischemic”,  “stroke”, “COVID-19”,” Virus” 

Place and Duration of Study: December 2021 - January 2022 

Methodology: Randomised control trials, observational studies, and systematic 

reviews were evaluated to ascertain the correlation between inflammatory and 

coagulation markers in COVID-19 patients with Ischemic stroke. Searches were 

conducted using  Cochrane/EMBASE, PubMed/Medline, and PEDro between 

(2020-2021).  

Results: Of the inflammatory markers, white blood cells (WBC) and platelets did 

not vary considerably outside their normal ranges. All markers of 

hypercoagulability were elevated, but only Prothrombin Time corresponded with 

C-reactive protein (CRP). 

Conclusion: Inflammatory markers were not useful in forecasting the 

development of acute ischemic stroke, but CRP levels may be a possible marker 

to further research. D-dimer is a tried and true lab test that should be part of 

management guidelines in the ongoing COVID pandemic.   
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1. INTRODUCTION 
 
It's no understatement to state that COVID-19 has become one of the biggest crises of the 

modern era. Belonging to the coronavirus genus, it is a highly contagious virus transmitted 

via droplets in the air [1]. Respiratory involvement is often seen as evidence of the large 

number of inflammatory cells found in the lung parenchyma [2]. Lab investigations in such 

patients reveal lymphopenia (as opposed to common viral infections that cause 

lymphocytosis) and an increase in concentrations of pro-inflammatory cytokines such as 

interleukin 6 (IL-6) [3]. Recently, the newest variant (OMICRON) has been detected in 

several areas, and although much of its characteristics are unknown, preliminary data from 

the WHO website has shown increased hospitalization rates since 26 November 2021. 

Furthermore, as many as 5 million people have expired due to the virus. Older people and 

those with chronic illnesses are especially vulnerable [4]. Large families living in poor 

socioeconomic conditions have borne the brunt of the infected [5]. But the modality of death 

has been different in each case. Some causes of death were respiratory-related (e.g 

pulmonary embolism, pneumothorax), some heart-related (e.g cardiac arrest, cardiogenic 

shock), for others septic shock or acute renal failure, and then there were cerebrovascular 

accidents [6]. Ischemic stroke is the focus of this article.    

 

An ischemic stroke should be differentiated from a hemorrhagic stroke which has different 

pathophysiology. Whereas the latter involves rupture of a vessel and consequent bleeding 

into a closed compartment, the former involves diminished blood supply to the region of 

interest. This results in a lack of oxygen supply, and ultimately the death of tissue cells 

secondary to necrosis. The more common risk factors for developing ischemic stroke are 

hypertension and diabetes [7]. As described by the Centre for Disease Control (CDC), 

symptoms can vary depending upon the blood supply compromised, but these include 

hemiparesis, visual field defects, dysarthria, facial drop, ataxia, aphasia, and sudden drop in 

consciousness. The cerebral arteries each supply a distinct area of the brain, and it is 

usually their smaller arterioles that can be blocked or clogged leading to a lacunar stroke [8]. 

The cause can be thrombus formation, an embolus [9], or hypercoagulable states like DIC. 

Even a blockage of the internal carotid artery can give rise to stroke-like symptoms, despite 

anastomosis from the opposite side [10]. The mechanism in which COVID-19 causes 

ischemic stroke has still yet to be clarified, however, several theories are given: (a) 

Coagulopathy resulting from endothelial injury, (b) Frequent presence of anti-phospholipid 

antibodies [11], and (c) Increased incidence of atrial arrhythmias or myocardial infarctions 

(which can give birth to an embolus) [12]. The purpose of this review is to clarify further how 

COVID-19 is linked with ischemic stroke. Several systematic reviews have already touched 

upon the subject concluding the incidence rate of stroke is indeed higher in patients infected 

with COVID, however fell short of exploring pathophysiologic mechanisms related to 

causality [13]. Our systematic review differs in that our synthesis aims to look at the different 

inflammatory markers alongside coagulation markers to determine if there is any 

linkage/patterns.  

 



 

 

2. METHODOLOGY  
 
From 2020 to 2021, we carried out a systematic review by identifying articles from the 

Cochrane/EMBASE, PubMed/Medline, and PEDro databases relevant to our study. Using 

the Boolean operations "AND," and "OR" the following keywords: “ischemic”, “stroke”, 

“COVID-19”, and ”Virus " were used in combination or separately. Only the most recent 

articles were reviewed to include the latest advances in the field of medicine, particularly with 

regards to infectious diseases and neurology. Additional relevant research was conducted 

by hand-searching the reference list of the included papers. The initial screening resulted in 

1074 records. Next, these records were scanned and the records that were unavailable as 

full text or were abstract only were discarded. Studies involving animal and pediatric 

populations were also excluded. It resulted in the removal of (426) records. Then, (648) 

records were filtered by study type, and (206) records were excluded. (109) Duplicates were 

removed from the titles and abstracts. Finally, the full texts of (333) records were then 

retrieved and independently evaluated for eligibility via Mendeley reference manager, 

resulting in the elimination of (323), and ultimately only 10 were reviewed (FIGURE 1). The 

entire process was reviewed by two independent assessors (author names to be included 

here)]. Conflicts were resolved by a third independent assessor (author name/s to be 

included here). 

 

 
 

Figure 1: PRISMA diagram showing screening process of studies 

 



 

 

2.1 Eligibility Criteria 

The inclusion criteria for the studies were as follows: 

1. Studies that contained data regarding inflammatory markers such as white blood cells, 

platelets, CRP, etc.  

 

2. Studies that contained data regarding coagulation markers such as D-dimers, fibrinogen, 

PT, APTT, etc. 

  

3. Studies that were conducted on human participants (regardless of age, sex, or race) 

affected by COVID-19 and had subsequently developed ischemic stroke. 

 

4. Article types that included randomized controlled trials, cohort studies, observational 

studies, systematic reviews, meta-analyses, clinical studies, and case reports - for review of 

citations and extraction of singular studies, conference proceedings. 

  

The exclusion criteria were as follows: 

a. Studies published in any language other than English. 

b. Studies for which the full text was not available. 

c. Technical papers.   

 

2.2 Data Collection 

Data extracted from the compiled studies and results generated in this systematic review 

provided an ample summary of the present literature regarding the association between 

COVID-19 and ischemic stroke with regards to laboratory investigations.  

 

2.3 Data Item 

White blood cells (x10
3
 mm

3
) 

Platelets (x10
3
 mm

3
) 

CRP (mg/dl) 

D-dimer (ng/ml) 

Fibrinogen (mg/dl) 

PT (secs) 

APTT (secs) 



 

 

Ferritin (ug/L) 

 

2.4 Information Sources 

Cochrane/EMBASE (2000-2021) 

PubMed/MEDLINE (2000-2021) 

PEDro (2000-2021) 

 

2.5 Search Strategies 

Following PRISMA guidelines [14], eligible articles were searched via PubMed and other 

search engines using the PICO framework on the 15
th
 of December, 2021. 

Patient = COVID-19 infected patients with ischemic stroke 

Intervention= Laboratory investigations 

Comparison= Normal lab values 

Outcome= Changes between inflammatory markers and coagulation markers 

The list below shows the keywords used in different combinations: 

1. COVID-19 Virus Ischemic stroke 

2.COVID-19 stroke 

3.COVID-19 Ischemia 

4. Cerebral infarction COVID-19 

5. CoronaVirus Ischemic stroke 

6. Neurology COVID-19 

7. Thrombotic COVID-19 Brain 

8. Brain Infarction COVID-19 

9. Coagulopathy COVID-19 

 
2.6 Risk of Bias 



 

 

There was a collective low risk of bias of all the reviews and this was assessed using a 

revised Cochrane's risk of bias method, by identifying any of the following domains: 

randomization process, deviations from the intended interventions, missing outcome data, 

measurement of the outcome, and selection of the reported result. Few studies showed 

ambiguities in one of the aforementioned domains (FIGURE 2), but the overall bias was 

mostly „low risk‟ (FIGURE 3). 

 

Figure 2: Risk of bias of the individual studies reviewed  

 

Figure 3: Summary of Risk of bias according to the 5 domains  

 



 

 

3. RESULTS AND DISCUSSION 

 

Table 1: Laboratory values of coagulation markers 

 

 

Table 2: Laboratory values of inflammatory markers 

CRP was always slightly higher than the normal limit (<10mg/dl). A pattern was observed 

between CRP and prothrombin time but not APTT. As the prothrombin time increased even 

slightly, CRP levels correspondingly increased as well. In some cases, serum ferritin was 

also significantly elevated. White blood cells did not rise beyond the normal range (4.5-

11x10
3
mm

3
), and neither did platelets (150-450x10

3
mm

3
) (TABLE2). Otherwise, all COVID-

19 patients with ischemic stroke had raised d-dimers, fibrinogen, and prolonged prothrombin 

time (TABLE1).  

C-reactive protein is normally made in the liver and is released in response to inflammation. 

Hepatic injury can also result in the seepage of the protein into blood circulation. It has been 

proven in previous studies that the protein can act as a procoagulant in antibody neutrophil 

cytoplasmic antibody (ANCA) associated vasculitis by activating platelets [15]. Whether this 

is the same mechanism inducing acute ischemic stroke has yet to be elucidated.  

Ferritin is another protein that stores iron, and studies have suggested it as a predictor of 

severity in COVID infections, stating that such patients would be more prone to liver injury 

[16]. Our analysis discovered ferritin levels did not always increase, which may be secondary 



 

 

to other underlying causes beyond the scope of this study. In comparison, D-dimer is more 

reflective of the course of COVID illness and a better predictor of developing ischemic 

stroke.  

Regarding therapeutic implications of our findings, it should be noted that an elevation of 

either inflammatory or hypercoagulability markers alone is not an indication to start 

thrombolytics, as previous studies done on non-infected individuals led to a higher rate of 

death due to either reperfusion injury or hemorrhage [17]. Also, elevated PT, APTT and INR 

levels (indicating hepatic dysfunction) are not a dependable index to decide management via 

thrombolysis [18]. Al Qureshi
19 

proposed a workflow that combined lab findings with 

radiography, particularly CT scan/angiography/perfusion or MRI to diagnose ischemic stroke 

before initiating treatment. 

Management of COVID patients with ischemic stroke remains a grey area that requires 

further guidelines. Escalard 
20

 noted that of the 37 patients with large vessel occlusion (LVO) 

admitted in his institute, 10 of them were infected with COVID. While only 5 were treated 

with intravenous thrombolysis, ultimately all 10 required mechanical thrombectomy (MT); this 

was initiated only 6 hours from stroke onset. Despite recanalization of 90% of the patients 

after a failed first pass (i.e more than one attempt was made), there was no neurological 

improvement in symptoms and  4 experienced re-occlusion even while on oral 

anticoagulation therapy. Six patients expired during hospitalization; however, this was not 

due to intracranial hemorrhage but has been attributed to microvascular 

thromboinflammation or endotheliitis[21]. This shows a poorer outcome when treating 

ischemic stroke patients with COVID using current medications. 

Four cases in the city of Sakarya, Turkey diagnosed with COVID (via nasopharyngeal swab 

and CT scan of lungs) and subsequently treated with hydroxyquinoline plus azithromycin 

were unfit to receive alteplase due to having elevated blood pressures (a contraindication to 

thrombolysis) or undergo MT. These same patients had to be managed with antithrombotics 

[22].    

In Atlanta, Georgia, of the 396 ischemic stroke patients only 13 were diagnosed with COVID-

19; all 13 of them had a common pattern of stroke which was embolic in origin. The embolus 

was traced to the heart in 4 of those cases. This hinted that there were indirect causes of 

ischemic stroke in infected individuals (i.e COVID induced arrhythmias giving rise to 

embolus) and appropriate preventive measures ought to be taken early on (e.g. 

antiarrhythmics) [23].   

From each of the studies analyzed, the sample populations were mostly brought into 

emergency and very little history was taken or available before treatment was initiated. So it 

is not known whether all these patients had any pre-existing coagulopathy before being 

admitted for COVID-19. Qureshi
24

 suggested that those patients who developed ischemic 

stroke were probably already at risk for large vessel atherosclerosis and small vessel 

disease. In the same study, the prevalence rate of ischemic stroke in COVID-19 patients 

was given between 1-3%. Nevertheless, the presence of such a complication even in a small 

percentage of the affected gave rise to the protected code stroke (PCS) for screening and 

treating such patients [25]. Because no specific guidelines exist on the ideal usage of 



 

 

antithrombotics and intravenous thrombolysis in patients of COVID (with regards to dosing 

and combinations), there needs to be further testing on the role played by such drugs in 

such a setting as well as advancement in new therapeutic modalities such as drugs targeting 

neutrophil extracellular traps (NET) which have potential to propagate microvascular 

thrombosis in COVID infections [26]. 

 

3. LIMITATIONS 
 
The sample size of our study is modest. There are two main reasons for this:  

1. We found no studies related to COVID and ischemic stroke prior to 2020, which is 

understandable since COVID-19 pandemic started in 2019.  

2. Majority of the studies which were found on the topic did not fit out inclusion criteria 

(inflammatory markers and/or coagulation markers).   

 

4. CONCLUSIONS 

Platelets and white blood cell levels were not predictive of developing acute ischemic stroke 

in COVID-19 infection, however, CRP levels may potentially have a connection with 

coagulation markers. The most reliable of all markers remains D-dimer, but alone does not 

dictate course of management in patients with cerebrovascular injury. Current management 

strategies, including the use of intravenous thrombolysis and antithrombotics, are not 

effective in improving the prognosis for such patients, and the development of new forms of 

drug treatment should be pursued.    
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