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Abstract

Ischemia and No Obstructive Coronary Artery Disease (INOCA) causes angina pectoris in 30-50% of young
females leading to higher risk of major adverse cardiovascular events (death, non-fatal myocardial infarction,
stroke), increased frequency of hospitalization, decreased quality of life and functional status. Missed
diagnosis and mismanagement is rather typical of patients with INOCA. It can be provoked by mental stress,
vasoconstriction, infections (including viral), vaccination, Lambl’s excrescences, which may lead to local
blood rheology disorders and intracardial microthrombi formation. This paper reported the case of INOCA
in a 28-year-old female patient with floating microthrombi in the left atrium, Lambl’s excrescences in the
aorta, and reviews the relevant literature regarding above-mentioned disorders.
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Infroduction

Angina pectoris (AP) in elderly patients is caused by stenosing
atherosclerosis of the coronary arteries (CA), coronary spasm [1], and while
its destabilization — predominantly by atherothrombosis [2]. Cardiac
microvascular dysfunction (CMD) may aggravate the course of
atherothrombosis [3]. Thus, the no-reflow phenomenon develops in 35% of
patients with acute coronary syndrome after recanalization due to
microembolization and thrombosis of myocardial microvessels, defective
mitochondrial quality control. All these significantly impairs the
effectiveness of recanalization and leads to the myocardial infarction [4].

Approximately 70% of patients with AP, particularly 30% of elderly
patients, according to coronary angiography, have either hemodynamically
insignificant atherosclerotic plaque in CA or absolutely no plaques are
registered. Currently, this type of AP is defined as INOCA - ischemia and
no obstructed CA [5]. The number of patients with intact CA at a young age
is significantly higher in comparison with older one and is characterized by
female preponderance, particularly it is established as a cause of AP in 30-
50% of young females who undergo coronary angiography [6]. CMD plays
a crucial role in INOCA occurrence, especially in women [5]. Traditional
cardiac risk factors (smoking, arterial hypertension, hyperlipidemia,
hyperglycemia and insulin resistance) as well as sex-specific factors
(changes in blood estrogens level, autoimmune disorders, treatment for
breast cancer) provoke INOCA occurrence [7]. Microvascular ischemia is
tightly associated with endothelial dysfunction of arterioles [8]. Furthermore,
psychological stress is a powerful trigger of vasomotor disorders and
provokes so called mental stress-induced myocardial ischemia [9]. Recently,
SARS-CoV-2 infection is found out to be additional factor that may
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aggravate endothelial dysfunction and as a result provoke or intensify
microvascular ischemia [10]. Moreover, SARS-CoV-2 vaccines are
disputable in terms of side effects and the influence onto microcirculation
[11]. Thus, it is defined three endotypes of INOCA, particularly coronary
microvascular dysfunction, epicardial coronary vasospasm and mixed one
[12].

All over the above, local disorders of blood rheology, sometimes leading to
intracardiac thrombosis with micro-embolization of the coronary
microvasculature and the clinic of microvascular AP, as well as vasomotor
disorders at a young age are not sufficiently investigated. Current clinical
report presents the case of AP with local blood rheology disorders and
microthrombosis intracardially in young female that arises the suspicions
regarding INOCA.

Case Presentation
Patient information

Female patient 1., 28 years old, visited a cardiologist on an outpatient basis
with complaints of recurrent episodes of stabbing pain in the heart region
without a clear connection with physical activity without irradiation.

History of present illness

For the first-time paroxysmal pain with pressure in the heart region and
behind the sternum, accompanied by shortness of breath, occurred 1 month
before visiting the doctor. The attack was coped on its own, but since that
time periodic stabbing pain has begun to disturb the patient. The first attack
was associated with stress — death of the patient’s father.

Page 1 of 6



J. Clinical Case Reports and Studies
Personal history

The patient had no history of any therapeutical disorders (including
autoimmune diseases), surgeries, traumas, no harmful habits. Nothing
remarkable in obstetric history was: no pregnancies, no history of
miscarriage or spontaneous abortion. No allergic reactions were registered.
The patient did not take any medications, including oral contraceptives. She
was vaccinated against coronavirus twice (MRNA vaccine) 2 months prior
to current episode of disorder manifestation.

Family history

The father's cause of death was pulmonary embolism. It has been known that
for many years he was observed by a surgeon for chronic thrombophlebitis
of the lower extremities. 6 months before his death, the diagnosis of
permanent form of atrial fibrillation was established. One month later, he had
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a stroke for which he was hospitalized and was discharged in a relatively
satisfactory condition. 3 weeks before the date of death, he was vaccinated
with 1 dose of the vaccine against coronavirus (MRNA vaccine).

Clinical findings

Objectively: general condition of the patient was normal. She was
normostenik, body mass index - 23.2 kg/m?. The skin and visible mucous
membranes were clean. Blood pressure - 120/80 mm Hg, pulse 80 bpm,
rhythmic. While physical examination no pathological changes were noticed
in the internal organs.

Diagnostic assessment

On the ECG (Fig. 1), sinus regular rhythm was registered, negative T wave
in lead 111, no other peculiarities.

Figure 1: ECG of patient.

The patient underwent two-dimensional transthoracic echocardiography
(Toshiba Artida, SSH-880CV). The heart volumes, wall thickness and
ejection fraction (EF=65%) were normal.

However, an additional floating thread-like structure in aorta was noticed.
We suspected it was Lambl’s excrescences which were attached to the non-
coronarogenic aortic cusp. In the lumen of the aorta in the region of the right
coronary cusp and the outflow tract of the left ventricle, we noticed the local
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areas of spontaneous echocardiographic contrast (local hemorheological
changes). At the same time, larger areas of spontaneous echocardiographic
contrast were registered in the region of the left atrium. Besides, a more
echogenic and formed microthrombus on a thread (presumably fibrin) was
attached to the anterior leaflet of the mitral valve. Though this
microthrombus was localized in the left atrium, it passed through the mitral
valve into the left ventricle and then returned to the left atrium. It resembled
the effect of a tennis ball on a string (Figure.2).
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Figure 2: EchoCG of the patient: A, B, C - Parasternal long axis view; D — Apical short axis view; 1 — Lambl’s excrescences; 2 — phenomena of
spontaneous echocardiographic contrast; 3 — microthrombus; 4 — thread of thrombus; LV — left ventricle, LA — left atrium, Ao — aorta.

Results of laboratory assessments have been aggregated in Table 1.

Parameter | Result | Reference range
Complete blood count
Leukocytes, *10%/L 4.86 3.5-10.6
Erythrocytes, X10*2/L 4.52 4.0-5.2
Hemoglobin, g/L 135 110-160
Hematocrit, % 42.8 35.0-47.0
Mean corpuscular volume, fL 94.7 75-98
Mean corpuscular hemoglobin, pg 29.9 27-34
Mean corpuscular hemoglobin concentration, g/dL 315 31.5-36.0
Platelets, *10%/L 216 150-390
Erythrocytes distribution width (RDW-SD) 45.1 37-54
Erythrocytes distribution width (RDW-CV) 13.5 11-16
Platelets distribution width, fL 14.7 10-18
Mean platelets volume, fL 11.1* 6.5-11
Thrombocrit, % 0.24 0.1-0.4
Erythrocyte sedimentation rate, mm/h 6 <15
Blood differential test
Neutrophils, *10%/L 2.56 1.7-7
Lymphocytes, X10%/L 1.92 1-4.8
Monocytes, *10%/L 0.30 0-0.8
Eosinophils, X10%/L 0.06 0-0.45
Basophils, *10%/L 0.02 0-0.02
Coagulogram
Prothrombin time, s 11.6 9.8-12.5
Prothrombin index, % 88.4 70-130
International normalization ratio 1.10
Activated partially thromboplastin time, s 30.2 22-32
D-fibrinogen, g/L 3.09 2-4
Thrombin time, s 19.6 14-21
Closure time
Epinephrine/ Collagen, s 152 84-160
ADP/ Collagen, s 88 68-121
Lipidogram
Cholesterol, mmol/I 4.86 <5.2
Triglycerides, mmol/l 0.48 <2.26
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High density lipoproteins, mmol/l 2.4 >1.68 — no risk (for females)
Low density lipoproteins, mmol/Il 2.67* <2.59 — optimal level
Very low density lipoproteins, mmol/l 0.22* 0.26-1.00
Serum glucose, mmol/l 4.81 4.11-5.89

Notes: * - out of reference ranges, ADP — adenosine diphosphate.

Table 1: Laboratory tests of the patient.

Diagnostic challenges. The patient had to go abroad in a few next days after
visit. Consequently, the access to further profound investigational
procedures was limited.

Diagnosis. We suspected AP caused by INOCA.
Therapeutic intervention

It was prescribed clopidogrel bisulfate 75 mg orally once a day and
trimetazidine hydrochloride 35 mg MR twice a day.

Follow-up and outcomes

In 6 months, the patient had no possibility to visit the clinic to pass over the
investigations (went abroad because of unforeseen circumstances).
However, via cell phone call she mentioned about improvement in her
condition (no pain in heart area, dyspnea or other unpleasant feelings) and
well tolerated physical activity as well as emotional stresses.

Discussion

It is well known that phenomenon of spontaneous echocardiographic
contrast is observed mainly in patients with dilated heart cavities with a
significant slowdown in blood flow velocity with low ejection fraction [13]
or with atrial fibrillation, often in the left atrial appendage [14]. The effect
itself is primarily associated with aggregation, erythrocytes agglutination
and is one of the markers of the thrombi formation in the heart cavities [15].

However, according to the Virchow triad, in addition to the slow blood flow
and its turbulence, the formation of a thrombus requires a violation of the
vessel wall’s integrity (according to modern concepts, damage to the
endothelium) and a violation of the blood rheological properties. The
endothelium also lines the endocardium and the heart valves [16]. The
coronavirus has a tropism for endothelial damage and microthrombosis [17].
Thus, according to autopsies of patients who died from coronavirus
infection, endotheliocytes of small arteries and arterioles were located on the
basement membrane unevenly in small groups or were single. For a long
distance, the basement membrane remained bare, only individual cells
retained their normal appearance. Most of the cells became rounded with
light cytoplasm and prolapsed into the vessels’ lumen. Desquamated
endothelial cells were also visualized. In places of cell desquamation, peri
vassal erythrocytes’ aggregation and thrombus formation were detected [18].
The mechanisms of thrombus formation in COVID-19 continue to be studied
but it was registered significantly greater fibrin and terminal complement
C5b-9 [19].

Lambl’s excrescences on the cardiac valves during echocardiography have
been registered for the last 15 years. The mechanism of their occurrence is
still unknown. Presumably, these may be filaments of collagen and fibrin.
These structures may result from damage to the valvular endothelium [20]
and even are associated with acute myocardial infarction [21] or stroke [22]
due to its embolization. As microthrombus is attached to the anterior leaflet
of the mitral valve we suspect the damage of the valvular endothelium which
can be among possible mechanisms of Lambl’s excrescences formation in
current patient. Anyway, these findings highlight the increased risk of major
adverse cardiovascular events in the patient. Further investigations are
warranted to elucidate the association of these accessory structures on
cardiac valves with immune-inflammatory processes in COVID-19.

Regarding erythrocytes sludge, that was manifested as local areas of
phenomenon of spontaneous echo contrast in the aorta (the right and left CAs
anatomically branch out from the aorta), as well as in the left atrium, it led
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to the formation of a mobile microthrombus. The phenomenon of local
disorders in the blood rheological properties may be suspected. Erythrocytes
aggregation coincides with an increase in blood viscosity leading to stasis
[23]. The tissue or organ that is supplied with blood by these microvessels
remains ischemic with all the ensuing consequences - hypoxia, acidosis,
accumulation of metabolites, low-grade inflammation [24, 25, 26]. In the
presented clinical episode, this is the microvasculature in the pool of the right
CA.

The dependence of the blood plasma viscosity on the erythrocytes’ deformity
has been established. The less erythrocytes membranes deformity, the greater
blood viscosity [27]. The decrease in deformity may be due to an increase in
the concentration of calcium ions in the erythrocyte membrane, which is
observed, in particular, during hypoxia [28]. Viscosity becomes more
pronounced with an increase in abnormal erythrocytes (for example,
spherocytes) and erythrocytes containing an altered hemoglobin structure
[27]. Besides, deviations in the deformity of erythrocyte membranes can
change its electrical potential, which contributes to an increase in
erythrocytes aggregation and a violation of the capillary’s spatial orientation
[29]. Electrostatic forces and molecular bridges while rouleaux occurrence
are considered as one of the leading aggregation mechanisms [30]. Blood
viscosity depends on the protein and lipid plasma composition. An increase
in the content of coarsely dispersed proteins in plasma leads to a blood
viscosity enhancement. Thus, an increase in globulins up to 1-2% is
accompanied by a doubling of viscosity. Thrombin and, especially,
fibrinogen intensify blood viscosity (plasma viscosity is 20% higher than
serum viscosity). The blood viscosity is increased by fibrinogen (fibrin)
degradation products [31]. On the contrary, albumin leads to decrease in
blood viscosity as an active antiplatelet agent [32]. The plasma lipid
composition is of great importance. Blood viscosity intensifies with an
increase in cholesterol / phospholipids ratio, low and very low density
lipoproteins concentration, lipid peroxidation products [33]. Acidosis, in
particular hypercapnia, also leads to blood hypercoagulability [25]. The
slowdown in regional blood flow as a result of blood circulation
centralization during stress is another factor causes widespread erythrocytes
aggregation and sludge [34]. In the discussed particular clinical case, the
patient had pain in the region of the heart after stress.

In complete blood count it was registered slightly increased mean platelets
volume which is another marker of higher risk of cardiovascular events in
patients as a sign of platelets activation triggered by endothelium dysfunction
[35]. Several factors that can cause endothelium damage were found out in
current patient, namely local blood rheology disorders, microthrombosis and
Lambl’s excrescences. However, the platelets quantity and its aggregation
quality were normal.

Among limitations of presented case report absence of appropriate follow-
up should be mentioned. The monitoring of patient’s condition was provided
only distantly via phone.

In the latest guides about INOCA management evidence-based data
regarding treatment peculiarities for women are still absent [5]. However,
according small sample-sized, short-term pilot studies of symptomatic
women with INOCA, it is considered that statins in combination with
angiotensin-converting enzyme inhibitor or receptor blockers improve
angina, stress testing, myocardial perfusion, coronary endothelial function,
and microvascular function [36].
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The management of patients with enhanced blood viscosity is even less
understandable. The principles for normalization of blood rheological
properties should be based on [37, 38, 43]:
1. Normalization of hemodynamics (restoration of blood flow
velocity);
2. Controlled hemodilution (blood thinning and viscosity
reduction);
3. Antiplatelet agents and anticoagulants (prevention of
thrombosis);
4. The usage of drugs that reduce the rigidity of erythrocyte
membranes;
5. Normalization of the acid-base state of the blood;
6. Normalization of the protein composition of the blood
(albumin solutions).

For the purpose of hemodilution and disaggregation of cells, hemodez and
low molecular weight dextrans are used, which increase the electrostatic
forces between blood cells due to an increase in the negative charge on their
surface, lower blood viscosity by attracting water into the vessels, cover the
endothelium and vessels with a separating membrane, form complex
compounds with fibrinogen, reduce the lipids concentration [44].

Conclusions

In young patients, cardialgia may be caused by either microvascular ischemia
due to local disturbance of blood rheology with the formation of intracardiac
thrombi or vasospasm caused by mental stress. Physicians should take into
account INOCA as one of possible differential diagnosis in young females
with chest pain and cardiovascular risk factors.

The hand-written informed consent of the patient was obtained after detailed
explanation of the purpose of the investigations. The patient was managed
according to the ECS guidelines. The lack of some investigations is due to
local specificity. Nonessential identifying details are omitted. The
identifying characteristics of the patient are deidentified without distorting
of the scientific meaning.

Acknowledgments

We are highly thankful the nurse Yuliia Sivtsova for assistance in data
collection.

Disclosures

No Al-assisted technologies
No Financial, non-financial relationships and activities are declared
No conflicts of interest are declared.

Authorship Contribution:

Oleksandr Savchenko — conception and design of the case, acquisition of
data, analysis and interpretation of data, critical revising, final approval;

Yuliya Tyravska — concept and design of the study, analysis and
interpretation of data, drafting the article, critical revising, final approval;

Tarana Nadeem — acquisition of data, critical revising, final approval;
Viktor Lizogub — critical revising, final approval.
References

1. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, et al.,
(2020), ESC Scientific Document Group. 2019 ESC Guidelines
for the Diagnosis and Management of Chronic Coronary
Syndromes. Eur Heart J. 41(3):407-477.

2. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, et
al., (2021), ESC Scientific Document Group. 2020 ESC
Guidelines for the Management of Acute Coronary Syndromes
in Patients Presenting without Persistent ST-Segment Elevation.
Eur Heart J. 42(14):1289-1367.

Auctores Publishing LLC — Volume 5(8)-221 www.auctoresonline.org
ISSN: 2690-8808

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Copy rights@ Yuliya V. Tyravska,

Rehan R, Yong A, Ng M, Weaver J, Puranik R. (2023), Coronary
microvascular dysfunction: A review of recent progress and
clinical implications. Front Cardiovasc Med. 10:1111721.
Mohammed AQ, Abdu FA, Liu L, Yin G, Mareai RM, et al.,
(2023), Coronary microvascular dysfunction and myocardial
infarction with non-obstructive coronary arteries: Where do we
stand? Eur J Intern Med. 117:8-20.

Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, et al.
(2021), An EAPCI Expert Consensus Document on Ischaemia
with Non-Obstructive Coronary Arteries in Collaboration with
European Society of Cardiology Working Group on Coronary
Pathophysiology & Microcirculation Endorsed by Coronary
Vasomotor  Disorders International ~ Study  Group.
Eurolntervention. 16(13):1049-1069.

Peng CF, Wang YS, Han YL, Wang XZ. (2023), Risk factors
related to coronary artery occlusion in female patients with
ischemic angina pectoris. 51(2):158-163. Chinese.

Reynolds HR, Diaz A, Cyr DD, Shaw LJ, Mancini GBJ, Leipsic
J, et al. (2023), Ischemia With  Nonobstructive
Coronary Arteries: Insights From the ISCHEMIA Trial. JACC
Cardiovasc Imaging. 16(1):63-74.

Zhang Z, Li X, He J, Wang S, Wang J, Liu J, et al. (2023),
Molecular mechanisms of endothelial dysfunction in coronary
microcirculation  dysfunction. J Thromb  Thrombolysis.
56(3):388-397.

Sun W, Zhang A, Mei L, Liu X, Li Z, et. al., (2023). Dynamic
myocardial perfusion computed tomography with mental stress
test to detect changes in myocardial microcirculation in patients
with anxiety and no obstructive coronary artery disease. Eur
Radiol. 33(9):6522-6533.

Rossouw TM, Anderson R, Manga P, Feldman C. (2022),
Emerging Role of Platelet-Endothelium Interactions in the
Pathogenesis of Severe SARS-CoV-2 Infection-Associated
Myocardial Injury. Front Immunol. 13:776861.

Al-Kuraishy HM, Al-Gareeb Al, EI-Bouseary MM, Sonbol Fl,
Batiha GE. (2022), Hyperviscosity syndrome in COVID-19 and
related vaccines: exploring of uncertainties. Clin Exp Med. 24:1-
10.

Chang A, Kang N, Chung J, Gupta AR, Parwani P. (2023),
Evaluation of Ischemia with No Obstructive Coronary Arteries
(INOCA) and Contemporary Applications of Cardiac Magnetic
Resonance (CMR). Medicina (Kaunas). 59(9):1570.

Ito T, Suwa M. (2019), Left atrial spontaneous echo contrast:
relationship with clinical and echocardiographic parameters.
Echo Res Pract. 6(2): R65-R73.

Darlington A, McCauley MD. (2020), Atrial cardiomyopathy:
an unexplored limb of Virchow’s triad for AF stroke
prophylaxis. Front. Cardiovasc. Med.

Chang-Yeon K, Seung PH, Ji YC. (2019), A rare cause of
spontaneous echo contrast in echocardiography. J Korean Med
Sci. 34(480): e308.

Ahmed S, Zimba O, Gasparyan AY. (2020), Thrombosis in
Coronavirus disease 2019 (COVID-19) through the prism of
Virchow's triad. Clin Rheumatol. 39(9):2529-2543.

Seth R, McKinnon TAJ, Zhang XF. (2022), Contribution of the
von Willebrand factor/ADAMTS13 imbalance to COVID-19
coagulopathy. Am J Physiol Heart Circ Physiol. 322(1):H87-
H93.

Parra-Medina R, Herrera S, Mejua J, (2021), Systematic review
of microthrombi in COVID-19 autopsies. Acta Haematol.
144:476-483.

Pellegrini D, Kawakami R, Guagliumi G, Sakamoto A, Kawai
K, et. al., (2021). Microthrombi as a Major Cause of Cardiac
Injury in COVID-19: A Pathologic Study. Circulation.
143(10):1031-1042.

Page 5 of 6


https://academic.oup.com/eurheartj/article/41/3/407/5556137
https://academic.oup.com/eurheartj/article/41/3/407/5556137
https://academic.oup.com/eurheartj/article/41/3/407/5556137
https://academic.oup.com/eurheartj/article/41/3/407/5556137
doi:%2010.1093/eurheartj/%20ehaa575
doi:%2010.1093/eurheartj/%20ehaa575
doi:%2010.1093/eurheartj/%20ehaa575
doi:%2010.1093/eurheartj/%20ehaa575
doi:%2010.1093/eurheartj/%20ehaa575
https://www.sciencedirect.com/science/article/pii/S1936878X22004065?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1936878X22004065?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1936878X22004065?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1936878X22004065?via%3Dihub
https://link.springer.com/article/10.1007/s11239-023-02862-2
https://link.springer.com/article/10.1007/s11239-023-02862-2
https://link.springer.com/article/10.1007/s11239-023-02862-2
https://link.springer.com/article/10.1007/s11239-023-02862-2
https://link.springer.com/article/10.1007/s00330-023-09607-y
https://link.springer.com/article/10.1007/s00330-023-09607-y
https://link.springer.com/article/10.1007/s00330-023-09607-y
https://link.springer.com/article/10.1007/s00330-023-09607-y
https://link.springer.com/article/10.1007/s00330-023-09607-y
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.776861/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.776861/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.776861/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.776861/full
https://link.springer.com/article/10.1007/s10238-022-00836-x
https://link.springer.com/article/10.1007/s10238-022-00836-x
https://link.springer.com/article/10.1007/s10238-022-00836-x
https://link.springer.com/article/10.1007/s10238-022-00836-x
https://www.mdpi.com/1648-9144/59/9/1570
https://www.mdpi.com/1648-9144/59/9/1570
https://www.mdpi.com/1648-9144/59/9/1570
https://www.mdpi.com/1648-9144/59/9/1570
https://echo.biomedcentral.com/articles/10.1530/ERP-18-0083
https://echo.biomedcentral.com/articles/10.1530/ERP-18-0083
https://echo.biomedcentral.com/articles/10.1530/ERP-18-0083
doi:%2010.3389/fcvm.2020.00011
doi:%2010.3389/fcvm.2020.00011
doi:%2010.3389/fcvm.2020.00011
doi:%2010.3346/jkms.2019.34.e308
doi:%2010.3346/jkms.2019.34.e308
doi:%2010.3346/jkms.2019.34.e308
doi:%2010.1007/s10067-020-05275-1
doi:%2010.1007/s10067-020-05275-1
doi:%2010.1007/s10067-020-05275-1
doi:%2010.1152/ajpheart.00204.2021
doi:%2010.1152/ajpheart.00204.2021
doi:%2010.1152/ajpheart.00204.2021
doi:%2010.1152/ajpheart.00204.2021
doi:%2010.1159/000515104
doi:%2010.1159/000515104
doi:%2010.1159/000515104
https://doi.org/10.1161/circulationaha.120.051828
https://doi.org/10.1161/circulationaha.120.051828
https://doi.org/10.1161/circulationaha.120.051828
https://doi.org/10.1161/circulationaha.120.051828

J. Clinical Case Reports and Studies

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

This work is licensed under Creative
B Commons  Attribution 4.0  License
To Submit Your Article Click Here: UoJuliqVERIRgle)

Bogdan TV, Lizogub VG, Savchenko OV, Bogdan VV,
Vinokurova AS, (2021), Lambl’s filaments as a cause for
cardiogenic embolism of cerebral vessels and coronary arteries.
Dopov. Nac. Akad. Nauk Ukr. 1:110-114.

Safa R, Gerhart C, Cohn B. (2021), Acute myocardial infarction
from embolization of Lambl's excrescences: A case report. Am J
Emerg Med. 47:319.e1-319.e5.

Hakobyan N, llerhunmwuwa N, Wasifuddin M, Jamal F,
Zagoruychenko T. (2023), An Unusual Source of Cerebral
Embolism Caused by Lambl's Excrescences. Cureus.;15(6):
e40910.

Alamin AA. (2021), The Role of Red Blood Cells in Hemostasis.
Semin Thromb Hemost. 47(1):26-31.

Raberin A, Burtscher J, Connes P, Millet GP. (2022), Hypoxia
and hemorheological properties in older individuals. Ageing Res
Rev. 79:101650.

Reinhart WH, Gaudenz R, Walter R. (2002), Acidosis induced
by lactate, pyruvate, or HCI increases blood viscosity. J Crit
Care. 17(1):68-73.

Sagris M, Theofilis P, Antonopoulos AS, Oikonomou E,
Paschaliori C, et al. (2021), Inflammation in Coronary
Microvascular Dysfunction. Int J Mol Sci. 22(24):13471.

Alexy T, Detterich J, Connes P, Toth K, Nader E, et al. (2022),
Physical Properties of Blood and their Relationship to Clinical
Conditions. Front Physiol. 13:906768.

Kaestner L, Bogdanova A, Egee S. (2020), Calcium Channels
and Calcium-Regulated Channels in Human Red Blood Cells.
Adv Exp Med Biol. 1131:625-648.

Dasanna AK, Mauer J, Gomper G, Fedosov DA. (2021),
Importance of viscosity contrast for the motion of erythrocytes
in microcapillaries. Front. Phys.

Beris AN, Horner JS, Jariwala S, Armstrong MJ, Wagner NJ.
(2021), Recent advances in blood rheology: a review. Soft
Matter. 17(47):10591-10613.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Copy rights@ Yuliya V. Tyravska,

Kwaan HC. (2010), Role of plasma proteins in whole blood
viscosity: a brief clinical review. Clin Hemorheol Microcirc.
44(3):167-176.

Ramadori G. (2021), Albumin Infusion in Critically Il COVID-
19 Patients: Hemodilution and Anticoagulation. Int J Mol
Sci.;22(13):7126.

Irace C, Carallo C, Scavelli F, Esposito T, De Franceschi MS, et.
al., (2014). Influence of blood lipids on plasma and blood
viscosity. Clin Hemorheol Microcirc. 57(3):267-274.

Muldoon MF, Herbert TB, Patterson SM, Kameneva M, Raible
R, et. al., (1995), Effects of acute psychological stress on serum
lipid levels, hemoconcentration, and blood viscosity. Arch Intern
Med. 155(6):615-620.

Szymanska P, Luzak B, Siarkiewicz P, Golafski J. (2023),
Platelets as Potential Non-Traditional Cardiovascular Risk
Factor-Analysis Performed in Healthy Donors. Int J Mol Sci.
24(19):14914.

Bairey Merz CN, Pepine CJ, Shimokawa H, Berry C. (2020),
Treatment of coronary microvascular dysfunction. Cardiovasc
Res. 116(4):856-870.

Sloop GD, Pop GA, Weidman JJ, Cyr JAS. (2021), The
detrimental role of elevated blood viscosity in patients with
COVID-19. J Cardiology Therapy.;8(1).

Mostafa-Hedeab G, Al-Kuraishy HM, Al-Gareeb Al, Jeandet P,
Saad HM, (2022), A raising dawn of pentoxifylline in
management of inflammatory disorders in Covid-19.
Inflammopharmacology. 30(3):799-809.

Mazzeffi MA, Chow JH, Tanaka K. (2021), COVID-19
Associated Hypercoagulability: Manifestations, Mechanisms,
and Management. Shock. 55(4):465-471.

Gertz MA. (2018), Acute hyperviscosity: syndromes and
management. Blood. Set:13(1320):1379-1385.

Ready to submit your research? Choose Auctores and benefit from:

YV V V V V VY

DOI:10.31579/2690-8808/221

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn

more

https://auctoresonline.org/journals/journal-of-clinical-case-

reports-and-studies

Auctores Publishing LLC — Volume 5(8)-221 www.auctoresonline.org
ISSN: 2690-8808

Page 6 of 6


http://dx.doi.org/10.15407/dopovidi2021.01.110
http://dx.doi.org/10.15407/dopovidi2021.01.110
http://dx.doi.org/10.15407/dopovidi2021.01.110
http://dx.doi.org/10.15407/dopovidi2021.01.110
https://doi.org/10.1016/j.ajem.2021.02.041
https://doi.org/10.1016/j.ajem.2021.02.041
https://doi.org/10.1016/j.ajem.2021.02.041
https://doi.org/10.7759/cureus.40910
https://doi.org/10.7759/cureus.40910
https://doi.org/10.7759/cureus.40910
https://doi.org/10.7759/cureus.40910
https://doi.org/10.1055/s-0040-1718889
https://doi.org/10.1055/s-0040-1718889
https://doi.org/10.1016/j.arr.2022.101650
https://doi.org/10.1016/j.arr.2022.101650
https://doi.org/10.1016/j.arr.2022.101650
https://doi.org/10.1053/jcrc.2002.33027
https://doi.org/10.1053/jcrc.2002.33027
https://doi.org/10.1053/jcrc.2002.33027
https://doi.org/10.3390/ijms222413471
https://doi.org/10.3390/ijms222413471
https://doi.org/10.3390/ijms222413471
https://doi.org/10.3389/fphys.2022.906768
https://doi.org/10.3389/fphys.2022.906768
https://doi.org/10.3389/fphys.2022.906768
https://doi.org/10.1007/978-3-030-12457-1_25
https://doi.org/10.1007/978-3-030-12457-1_25
https://doi.org/10.1007/978-3-030-12457-1_25
https://doi.org/10.3389/fphy.2021.666913
https://doi.org/10.3389/fphy.2021.666913
https://doi.org/10.3389/fphy.2021.666913
https://doi.org/10.1039/d1sm01212f
https://doi.org/10.1039/d1sm01212f
https://doi.org/10.1039/d1sm01212f
https://doi.org/10.3233/CH-2010-1271
https://doi.org/10.3233/CH-2010-1271
https://doi.org/10.3233/CH-2010-1271
https://doi.org/10.3390/ijms22137126
https://doi.org/10.3390/ijms22137126
https://doi.org/10.3390/ijms22137126
https://doi.org/10.3233/CH-131705
https://doi.org/10.3233/CH-131705
https://doi.org/10.3233/CH-131705
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/620270
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/620270
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/620270
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/620270
https://doi.org/10.3390/ijms241914914
https://doi.org/10.3390/ijms241914914
https://doi.org/10.3390/ijms241914914
https://doi.org/10.3390/ijms241914914
https://doi.org/10.1093/cvr/cvaa006
https://doi.org/10.1093/cvr/cvaa006
https://doi.org/10.1093/cvr/cvaa006
http://www.ghrnet.org/index.php/jct/article/view/3181/3512
http://www.ghrnet.org/index.php/jct/article/view/3181/3512
http://www.ghrnet.org/index.php/jct/article/view/3181/3512
https://doi.org/10.1007/s10787-022-00993-1
https://doi.org/10.1007/s10787-022-00993-1
https://doi.org/10.1007/s10787-022-00993-1
https://doi.org/10.1007/s10787-022-00993-1
https://doi.org/10.1097/shk.0000000000001660
https://doi.org/10.1097/shk.0000000000001660
https://doi.org/10.1097/shk.0000000000001660
https://www.legeforeningen.no/%20contentassets/%20964c40318e43416eba5e4428ee487130/hyperviskositet.pdf
https://www.legeforeningen.no/%20contentassets/%20964c40318e43416eba5e4428ee487130/hyperviskositet.pdf
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies

