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Abstract. In 2021 the delta variant was discovered, heralding the start of the second pandemic wave. This case series aims to
analyse and compare the coagulation and hemorheology profiles of COVID-19 patients diagnosed with acute stroke during
the pandemic’s second wave and ascertain the effect on patient outcomes. This case series reports 4 cases with their respective
characteristics. Case 1 reports on COVID-19 patients without comorbidities, Case 2 with comorbidities, Case 3 with strokes
in young patients, and Case 4 with strokes in elderly patients. All cases had abnormal coagulation and hemorheology factors
with mixed outcomes. Coagulation and hemorheology factors tend to be higher in COVID-19 patients with acute stroke.
The value of coagulation and hemorheology factors can be a prognostic outcome in COVID-19 patients with severe disease,
especially in patients associated with acute stroke.
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1. Introduction

In 2020, the World Health Organization declared the COVID-19 pandemic. It was caused by infection
with the severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) coronavirus, with a high
global mortality rate of 4.9 million [1]. In 2021, a new strain, the B.1.617.2 variation, often referred to
as the delta variant, was discovered, heralding the start of the second pandemic wave [2]. Numerous
studies suggest that this strain is associated with increased symptoms, complications, and mortality
and is more readily transferred [2].

By systemic stimulation of the coagulation cascade, systemic inflammation has been reported to
generate coagulation anomalies in persons with COVID-19. As a consequence, coagulopathy, strokes,
and multisystem failure may occur [3]. A spike in the patient’s coagulopathy and hemorheology factors,
such as fibrinogen, D-dimer, and blood viscosity, indicates this condition [3].
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Fig. 1. Chest radiography revealed a lung infiltration in the lower right field for Case 1.

Numerous studies have proven an association between elevated coagulation factors and poor progno-
sis in COVID-19 patients [3]. Blood viscosity is also suspected of having an association with this event.
However, the significance of these factors in terms of mortality has not been frequently documented,
especially in COVID-19 patients who simultaneously have an acute stroke. This case series aims to
analyse and compare the coagulation profiles and blood viscosity of COVID-19 patients diagnosed
with acute stroke during the pandemic’s second wave and ascertain the effect on patient outcomes.

2. Case illustration

2.1. Case 1l

A 67-year-old man arrived with a cough and a high temperature for three days without presenting
other symptoms. The patient was hospitalised after being proven positive for COVID-19 by Real
Time Polymerase Chain Reaction (RT-PCR) testing. Throughout hospitalisation, the patient remained
completely aware with normal vital signs and neurological testing. Chest radiography revealed a lung
infiltration in the lower right field, as seen in Fig. 1.

The first laboratory investigations revealed an increase in leukocytes (14,670 cells/microliter), but
all other parameters were within normal ranges. Special laboratory tests revealed elevated viscosity
(7.19 centipoise), fibrinogen level (486.3 mg/dL), and D-dimer levels (2,280 ng/mL). Other laboratory
testing were within normal limits. The patient was hospitalised for seven days and was treated with
antiviral treatment. After the patient was ruled negative, he was released since his outpatient viscosity
value reduced to 5.07 centipoise, and his modified Rankin scale (mRS) value decreased to 3.

2.2. Case 2

A 68-year-old man was presented with decreased consciousness an hour before admission. The
patient was also on chemotherapy for his small cell lung carcinoma. The patient was hospitalised after
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being proven positive for COVID-19 by RT-PCR testing. Throughout hospitalisation, the patient was
delirious with normal vital signs and neurological tests. Chest radiography revealed consolidation in the
right perihilar region, infiltration in the upper right lung, and a right pleural effusion (Fig. 2A). Head
CT scan revealed no evidence of infarction, haemorrhage, space-occupying lesion, or pathological
intracranial mass (Fig. 2B). Basic laboratory tests were within normal limits. A special laboratory
test revealed that the sample had a high viscosity (5.58 centipoise), a high D-Dimer concentration
(3,960 ng/mL), and a high fibrinogen level (416.6 mg/dL). Other laboratory tests were within normal
limits. The patient spent 20 days in a critical care unit before being declared dead.

2.3. Case 3

A 24-year-old woman came 1.5 hours before admission with severe left-sided weakness and stomach
discomfort. The central left fascial and hypoglossal nerves were pared during physical examination.
Patients have concomitant tuberculous colitis but have no prior history of stroke. Chest radiography
revealed bilateral infiltrates in the lower lung fields and bilateral pleural effusions (Fig. 2 C). The code
stroke was activated, and a head CT scan revealed infarction in the right lentiform nucleus and posterior
crus internal capsule and persistent subcortical infarction in the left occipital lobe (Fig. 2D). The patient
was diagnosed with acute ischemic stroke. Additionally, the patient was proven positive for COVID-
19 by RT-PCR testing. The patient was later hospitalised following mechanical thrombectomy of the
right MCA. Basic laboratory tests were within the normal limit. Special laboratory tests revealed an
abnormally high viscosity (5.45 centipoise), high D-Dimer concentration (4,990 ng/mL), and APTT
value (34.2 seconds). The results of other laboratory tests were within normal limits. For nine days,
the patient was treated with dual antiplatelet treatment. After the patient was ruled negative, she was
discharged since her outpatient viscosity value had fallen to 3.22 centipoise and his mRS had decreased
to 5.

2.4. Case 4

A 53-year-old man was presented with sudden left-sided weakness 1 hour before admission without
other accompanying symptoms. Physical examination revealed central left fascial nerve paresis, dys-
phagia, and dysarthria—patient with no comorbidities and no history of a previous stroke. The results of
the chest radiographic examination showed bilateral infiltrates in the lower lung fields (Fig. 2E). Code
stroke was activated, and a head CT scan showed right occipital lobe cerebral infarction (Fig. 2F). The
patient was diagnosed with acute ischemic stroke. In addition, the patient was also confirmed positive
for COVID-19 through RT-PCR examination. The patient was managed by mechanical thrombec-
tomy. Then the patient was hospitalised. During hospitalisation, basic laboratory tests were within
normal limits. Special laboratory tests showed high viscosity values (20.38 centipoise), high fibrino-
gen (560.2 mg/dL), high D-Dimer values (610 ng/mL), and high APTT values (38.2 seconds)—other
laboratory tests within normal limits. The patient received dual antiplatelet therapy and was treated for
nine days. After the patient was declared negative, the patient was discharged as outpatient viscosity
value decreased to 6.56 centipoise and mRS 2.

3. Discussion

All patients reported in this case series have interesting characteristics. Although all reported abnor-
mal coagulation and hemorheology factors in COVID-19 patients, each had different comorbidities
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Fig. 2. Chest radiography and head CT-scan of patients. (A) Chest radiography Case 2, (B) head CT-scan Case 2, (C) Chest
radiography Case 3, (D) head CT-scan Case 3, (E) Chest radiography Case 4, (F) head CT-scan Case 4.
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and clinical characteristics. At the same time, these findings indicate the existence of other factors
besides coagulation and hemorheology factors, which also affect patient outcomes.

Case 1 showed an increase in coagulation and hemorheology factors in the form of an increase in
blood viscosity, fibrinogen levels, and D-dimer levels. This is a COVID-19 case without comorbidities
that shows abnormal coagulation and hemorheology factor values. This case was used as a control
case to compare the other 3 cases with these characteristics. In this case, changes in coagulation and
hemorheology factors can be explained by the COVID-19 mechanism [3, 4]. COVID-19-infected cells
are thought to deplete the ACE2 protein, resulting in an extracellular accumulation of angiotensin
II [3, 4]. This accumulation will also form clots due to its interaction with platelets and endothelial
cells. Proinflammatory mediators such as IL-6, TNF-a, and activation of AT-II have also been shown
to cause damage to microvascular endothelial cells. They activate tissue factors, which strengthen the
coagulation cascade and may result in the formation of microthrombus in small blood vessels [3, 4].

Compared to Case 1, Case 2 also showed increased coagulation and hemorheology factors, especially
blood viscosity, D-dimer, and fibrinogen level. This vast difference in blood viscosity, D-dimer and
fibrinogen level is mainly due to the clinical characteristic of the patient. Even though the patient’s
age was almost the same, the patient in Case 2 had severe disease. The degree of disease severity has a
close relationship with the profile of coagulation and hemorheology factors [5, 6]. Acute stroke in Case
3 and Case 4 patients also includes severe disease, so this acute stroke also affects coagulation and
hemorheology factors with the mechanism described. Interestingly, the stroke patients in Case 3 had
very high D-dimer values. This can happen because the younger female patients tend to have higher
blood viscosity and are influenced by red-cell aggregation, white-cell mass, plasma fibrinogens, and
immunoglobulins [7].

In particular, COVID-19 may induce hematologic abnormalities based on observing and evaluating
blood viscosity. This considerable change in blood viscosity can be seen in all patients. At the time
of admission, the blood viscosity taken in all patients showed very high values, especially in patients
with stroke and severe disease. This shows blood viscosity’s role in describing the severity of patients
with COVID-19 in the early stages [8]. The high blood viscosity in stroke patients is in line with the
findings in previous studies. An increase in blood viscosity between 1.98 and 4.86 times greater than
the control was observed in one investigation [9]. This may result from an underlying process where,
in an ischemic stroke, blood flow reduction results in rouleaux production. Fibrinogen’s association
with the erythrocyte membrane facilitates its production. The formation of rouleaux will increase
the proportion of erythrocytes to plasma, increasing hematocrit. Increases of plasma viscosity or
erythrocyte aggregation will lead to an decrease of the perfusion in capillaries [10]. Reduced blood
flow will result in diminished delivery of nutrients and oxygen. Eventually, the erythrocytes will grow
rigid and lose their deformability [11].

In line with the course of the patient’s illness and the treatment given, it turned out that the patient
had improved. This is illustrated by changes in blood viscosity which decrease to normal limits in all
patients. Interestingly, the decrease in blood viscosity in stroke patients is greater than in COVID-19
patients who have not had a stroke. This is presumably because the stroke has a major role in increasing
blood viscosity. With good management of stroke, patient improvement will lead to more significant
changes in blood viscosity [12]. Because the physician has a strong understanding of the impact of
coagulation and hemorheology factors on the prognosis of COVID-19 patients with stroke, it seems
that coagulation and hemorheology factors have been evaluated in order to provide early therapy. This
change in blood viscosity can also be related to patient outcomes where a longer length of stay is
obtained in patients with higher blood viscosity. However, the mRS data showed the opposite result.
These findings indicate that other factors can affect mRS in patients, namely comorbidities, patient
age, and length of stay. This also shows that blood viscosity cannot stand alone to determine patient
outcomes but can be a very potential prognostic factor in stroke patients with COVID-19.
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4. Conclusion

Coagulation and hemorheology profiles tend to be higher in COVID-19 patients with acute stroke.
The value of coagulation and hemorheology factors can be a prognostic outcome in COVID-19 patients
with severe disease, especially in patients associated with acute stroke.
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