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Abstract

ischemia in pandemic situations

acute respiratory distress syndrome.

feature in treating ALl in COVID-19 patients.

Background: COVID-19 was a trending topic all year long in 2020. Currently, it is not only a problem for a
pulmonologist since it could cause complications to many other organs, including the cardiovascular system.
Recent acute COVID-19 infection state has been associated with hypercoagulation and causing microthrombi called
immunothrombus. Acute limb ischemia is one of the rare complications but organ-threatening. Unfortunately,
unlike coronary artery disease, there is no recent guideline for cardiologists to diagnose and manage acute limb

Case presentation: This case series presented two patients with acute limb injury (ALl)-complicating COVID-19,
with chief complaints of pain at their lower extremity. The first patient was an 80-year-old woman who was just
dismissed from the hospital due to COVID-19. The distal part of her toe was cyanosed, and her motoric and sensory
functions were partially reduced. She was treated with oral drug therapy due to unwillingness to be hospitalized.
Interestingly, she had recovered by using oral drug therapy. The second case was a 54-years-old female with several
comorbidities such as obesity, type 2 diabetes mellitus, hypertension, dyslipidemia, and chronic obstructive
pulmonary disease. She had cyanosed foot and weak arterial pulsation. Unfortunately, she passed away due to

Conclusion: Several internal and external factors cause ALl treatment to be more challenging in the pandemic
COVID-19 situation. The diagnosis and management of ALl in COVID-19 patients may not fully comply with the
current guideline and are likely to be affected by local hospital regulations. Clinical follow-up might be an essential
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Background

Coronavirus disease 2019 (COVID-19) has been a
massive problem in our society and even more distres-
sing for the medical community in 2020. World Health
Organization (WHO) declared COVID-19 as a global
disaster; moreover, the number of COVID-19 infected
patients that we currently know might be an underesti-
mation [1]. As one of the wide-spread infectious
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diseases, COVID-19 infection has a broad clinical
spectrum from sub-clinical (only detected by laboratory
test), mild symptoms (mostly outpatient), moderate
symptoms (hospitalized non-intensive ward), severe
symptoms (intensive ward), and unfortunately, death [2].
Initially, many clinicians believed COVID-19 was only
associated with a respiratory infection; however, cur-
rently, we know that COVID-19 could affect other organ
systems such as the cardiovascular system through
angiotensin-converting enzyme 2 (ACE 2) and beyond
[3, 4].
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The correlation between COVID-19 and the cardio-
vascular system is widely known, but our understanding
is much better in the heart organ than in blood vessels
[5]. A case-control study between COVID-19 patient
and control group showed that the case-group had a sig-
nificantly higher number of lower-extremity arterial
thrombus and increased risk of amputation [6]. A single-
center study also discovered an escalation of acute limb
ischemia cases in the first quarter of 2020 (COVID-19
pandemic) compared to the same period in 2019 [7].
Under normal circumstances, revascularization strategy,
either endovascular or surgical techniques, might offer a
better result in acute limb injury associated with arterial
thrombus [8]. But in a real-world pandemic situation,
the ideal situation might be harder to conduct due to in-
ternal and external reasons. Anticoagulant therapy might
be the best decision that we can perform in the current
pandemic situation [9]. This article addressed two pa-
tients with a chief complaint of pain in the lower ex-
tremity, later diagnosed with acute limb injury (ALI) in
COVID-19 patients. The treatment described could be
stood as a current recommendation.

Case presentation

Case 1

An 80-year-old woman presented with acute onset of
devastating pain in the right lower extremity since a day
ago. The severe aching sensation intensified within a few
hours and reached its highest intensity (resting pain) in
less than 24 h. There was no previous history of fever,
dyspnea, myalgia, or even cough; however, she had just
been discharged from the hospital due to confirmed
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COVID-19 pneumonia 1 week ago and was hospitalized
for 15 days. Other than her old age, she only had stage I
hypertension and dyslipidemia as her past medical his-
tory. She consumed candesartan 1 x 8 mg and multivita-
mins daily.

Her vital signs in the initial examination were unre-
markable (blood pressure 130/80 mmHg, heart rate 100
beats per minute/bpm, respiratory rate 20 times per mi-
nute, oxygen saturation 95% in room air). On general
examination, we found cyanosed and cold right forefoot
(Fig. 1). She had a slight difficulty moving (motoric) her
toe and a slight numb (sensory) in her toe. Lower ex-
tremity palpation revealed weak pulsation at the poster-
ior and dorsal pedis artery locations, but her popliteal
artery was still palpable.

Other than a mild decrease in hemoglobin (11.9 gr/
dL) and mild leukocytosis, her routine blood examin-
ation was normal. The absolute lymphocyte count was
2200/uL.. Her PCR test for COVID-19 was negative since
last week, and her current immune-serology anti-IgM
and IgG SARS-CoV-19 results were non-reactive. Chest
X-ray showed normal cardio-thoracic-ratio/CTR and
clear lung interstitial. However, Chest CT scan found
multiple bilateral honeycomb appearances and ground-
glass opacity (Fig. 2). Unfortunately, coagulation markers
such as D-dimer PT/aPTT, CRP, and INR were not per-
formed due to the patient’s refusal.

Doppler ultrasound examination showed normal flow
velocity and spectrum in the common right femoral ar-
teries (triphasic curve). Unfortunately, we found an oc-
clusion and thrombus in the 1/3 proximal right popliteal
artery with a minimum flow at the distal part of the

-

Fig. 1 Right forefoot was cyanosed, and lower leg was cold, with reduced movement of toes
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Fig. 2 A CT scan of the patient’s chest showing multiple honeycomb appearance and ground-glass opacity (GGO)

posterior tibial and dorsalis pedis arteries. There were
no clear signs of collaterals and no evidence of thrombus
in the vein (deep vein thrombosis) (Fig. 3).

Based on our examination, the patient was diagnosed
with acute limb injury classification Ila. Unfortunately,
the patient refused to be hospitalized because she was

just discharged from the hospital due to COVID-19. We
prescribed the patient with aspilet 80 mg, atorvastatin 20
mg, cilostazol 2 x 100 mg, pentoxifylline 2 x 400 mg,
candesartan 8 mg, enoxaparin 2 x 0.4 mg subcutane-
ously, and analgetic drug. In her 1-month follow-up,
there was remarkable progress in the clinical appearance.
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Fig. 3 Normal flow velocity and spectrum in the common right femoral arteries (triphasic curve)




Surya and Santoso The Egyptian Heart Journal (2021) 73:59

The toe edges appeared to be well-perfused, with
complete relief from pain and minimal sign of ischemia.
Functionally, she could walk actively with no claudica-
tion (Fig. 4).

Case 2
Another 54-year-old female presented to our hospital
with a chief complaint of high-continuous fever for 1
week. She also had shortness of breath (dyspnea) in the
last 7 days and had gradually worsened. She had a pro-
ductive cough and high-intensity pain in her right leg.
At the initial examination, she already had laboratory re-
sults with positive PCR result for COVID-19 and a
raised D-dimer and fibrinogen. Our patient had many
comorbidities such as obesity, type 2 diabetes mellitus,
stage 2 hypertension, dyslipidemia, and chronic obstruct-
ive pulmonary disease (COPD). She routinely consumed
amlodipine 10 mg, ramipril 5 mg, atorvastatin 20 mg,
metformin 3 x 500 mg, and TSA capsule for COPD. Her
initial vital signs suggested that her condition was un-
stable with tachypnea, tachycardia, elevated blood pres-
sure 140/90 mmHg, and hyperpyrexia. Her peripheral
oxygen saturation was 88-90% with non-rebreathing
mask 10 L/min. Physical examination revealed no rhon-
chi and wheezing, yet chest X-ray indicated bilateral per-
ipheral chest infiltrates. In further examinations of her
lower extremities, we found tenderness of the right
lower foot, weak pulsation at the posterior tibial and
dorsalis pedis arteries. Distal toes were found to be cya-
nosed (Fig. 5).

Routine  blood count (erythrocyte, leukocyte,
hematocrit, hemoglobin, platelets) was showing within
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Fig. 5 Weak pulse at posterior tibial and dorsalis pedis arteries.
Cyanosed at toes

normal limits. Urea and creatinine serum level also indi-
cated normal kidney function. Blood glucose level was
also within the normal limit. Conversely, her absolute
lymphocyte count was low, and neutrophil-lymphocytes-
ratio (NLR) was > 3. Coagulation markers, including (D-
dimer) and prothrombin time (PT), and activated partial
thromboplastin time (aPTT) were dramatically in-
creased. C-reactive protein, one of the markers believed
to be associated with the severity of COVID-19 infec-
tion, was rapidly increased.

We performed a Doppler ultrasound examination,
which was challenging in a pandemic situation. The
Doppler ultrasound result showed normal flow velocity
and spectrum in the common right femoral arteries (tri-
phasic curve). Nevertheless, we discovered a significant
occlusion and thrombus in the distal right popliteal ar-
tery, minimal flow in the distal posterior tibial and

Fig. 4 Four-week follow-up. Clinically improving, but the toe was still cyanosed
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dorsalis pedis arteries. There was no clear sign of collat-
erals flow and no evidence of thrombus at vein (deep
vein thrombosis).

The patient was hospitalized in the isolation ward with
a diagnosis of COVID-19 and acute limb ischemia. She
consumed aspilet 80 mg, atorvastatin 20 mg, cilostazol 2
x 100 mg, pentoxifylline 2 x 400 mg, amlodipine 10 mg,
and ramipril 5 mg. She was also treated with unfractio-
nated heparin (UFH) IV drip with a target control of
1.5x-2x of aPTT. The patient was prepared for further
interventional-thrombolytic therapy; unfortunately, her
condition worsened into acute respiratory distress syn-
drome, and our team decided to go on conservative
treatment. She was intubated and ventilated. Two weeks
later, her condition deteriorated, and she fell into septic
shock. The patient had eventually passed away.

Discussion

Acute limb ischemia (ALI) is a condition of sudden oxy-
gen supply disturbance to the lower extremity. It is a
medical emergency related to the viability of the limbs.
International consensus prefers Doppler ultrasound
(DUS) as the first-line imaging method in lower-
extremity arterial diseases (LEAD) and additional im-
aging with either computed-tomography angiography
(CTA) or magnetic resonance angiography (MRA) to de-
termine the optimal revascularization management.
However, it does not seem reasonable during the
COVID-19 pandemic [10]. Symptoms of ALI might vary,
including, not limited to, pain and deterioration of limb
function. Limb’s viability must be assessed right after
ALI was suspected [11]. Several factors that might affect
the clinical presentation of ALI are location and dur-
ation of the arterial occlusion, the presence of collateral
circulation, and the metabolic changes due to tissue is-
chemia [12].

A study from Dutch in early 2020 showed that around
31% of 184 critically ill COVID-19 patients admitted to
Intensive Care Unit (ICU) had thrombotic complications
(27% vein thrombotic and 3.7% arterial thrombotic) [13].
The condition known as COVID-associated coagulopa-
thy (CAC), marked by elevated D-dimer level and the
dysregulation of immune systems, is expected to play a
central role in the complication of COVID-19 pneumo-
nia patients [14]. In the acute infectious state, there is
cross feedback between coagulation and the innate im-
mune system, which develops thrombus called immuno-
thrombus at the cellular level. Previous studies have
shown that the pathogen-induced coagulation initially
aimed to immobilize and kill the pathogen inside the
clot [15]. Monocytes and neutrophils, the first responder
of innate immune during an invasion, release an extra-
cellular trap that promotes immunothrombosis right
after exposure to pathogen-associated molecular
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patterns (PAMPs) and damage-associated molecular pat-
terns (DAMPs). On the other hand, some types of leuko-
cytes also contribute to fibrinolysis and thrombus
formation [16]. Besides infection problems, COVID-19
patients also become susceptible to thromboembolism
because of several factors, including prolonged
immobilization, hypoxia, diffuse intravascular coagula-
tion (DIC), and use of central vein catheter (CVC) [13].

After the virus gets to the respiratory epithelial cell
through ACE2, the infected host cell will release
DAMPs. Innate immune cells have pattern recognition
receptors (PPR), which are essential in recognizing
PAMPS and DAMPs, and eventually starting the inflam-
mation cascade [17]. After the inflammatory pathway
has been triggered, a pro-inflammatory cytokine, chemo-
kine, and complement will be activated from the inactive
form, which serves as the host response and resistance
to the pathogen. At some point, over-recruitment of the
pro-inflammatory cell, especially in the elderly, could
cause damage to the host cell [18]. High pro-
inflammatory cytokine, chemokine, and complement
levels may trigger the thrombo-inflammatory process.
This event has been clinically confirmed through chest
computed tomography (Chest CT-Scan) or post-mortem
autopsy examination [19, 20]. Viral pathogens, inflam-
matory cells, and mediators can induce tissue factor ex-
pression on monocytes and endothelial cell surfaces.
The tissue factor acts as an activator of coagulation [21].
Moreover, inflammation causes imbalances between
pro-coagulant and anti-coagulant states [22].

In case 1 and case 2, both patients were diagnosed
with acute limb injury (ALI) with modified Rutherford
classification grade IIA. In this situation, the limb organ
viability was threatened but saveable if treated promptly
[11]. The question is how fast and how ideal can we
treat ALI patients in a pandemic situation? The Ameri-
can Heart Association (AHA) and American College of
Cardiology (ACC) in Peripheral Artery Disease Guide-
line stated that prompt diagnosis and treatment must be
performed to regain the skeletal muscle and other limbs
organ’s function. Differentiation of a threatened and a
nonviable limb is mandatory (the absence of arterial sig-
nal could indicate threatened limb, and the absence of
both arterial and venous signals indicate irreversible
condition) [11]. Ankle Brachial Index (ABI) can also be
the simplest tool for predicting outcomes (ABI < 0.7 is
considered critical) [12]. Despite other imaging modal-
ities, such as DUS, MRA, and CTA, interventional angi-
ography is the gold standard because it coincides with
the necessary treatment [10-12, 23]. In the COVID-19
situation, imaging modalities might be challenging to
perform due to hospital regulation, and patient transfers
from the isolation ward might increase the risk of expos-
ure to other patients. Additional cost for sterilization
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and protection gowns for the radiology staff might be
costly.

According to the guideline, grade IIA ALI should
undergo an emergency revascularization procedure
within 6 h after the diagnosis has been made [13]. Revas-
cularization strategy might consist of either interven-
tional thrombolysis or surgical thromboembolectomy.
Based on the underlying pathological process, unfractio-
nated heparin/UFH (5000IU or 70-100 IU/kg) intraven-
ously alongside analgesia with daily monitoring of
activated clotting time (ACT) or activated partial
thromboplastin time (APTT) are the commonly used
initial therapy. However, the randomized control trial re-
garding the effectiveness of UFH and comparing UFH
with other anticoagulants is still limited [12]. The limita-
tion of this article is that we did not know the medica-
tion for COVID-19 therapy.

Conclusion

The medical world has been under a catastrophic condi-
tion since pandemic COVID-19 in early 2020. Initially,
COVID-19 was known to be associated with pneumonia.
However, we learn later on that it causes concerning
complications. As the number of COVID-19 patients in-
creased, so did acute limb ischemia, especially in severely
ill patients. ALI must be diagnosed and managed as soon
as possible. Under normal circumstances, diagnosing
and managing ALI might not be complicated; however,
it is an entirely diverse situation in a pandemic. The
challenging part might come from the patient due to re-
fusal, hospital management related to isolation proced-
ure, and sometimes from the clinician. Local hospital
regulations might affect the diagnostic procedure and
management of ALI during a pandemic. Multiple follow-
ups with shorter intervals might be helpful while waiting
for a recommendation for ALI in COVID-19 patients.

Abbreviations

COVID-19: Coronavirus disease 2019; WHO: World Health Organization;
ACE2: Angiotensin-converting enzyme 2; CTR: Cardio-thoracic-ratio; CRP: C-
reactive protein; INR: International normalized ratio; PT: Prothrombin time;
APTT: Activated partial thromboplastin clotting time; COPD: Chronic
obstructive pulmonary disease; ALl: Acute limb injury; UFH: Unfractionated
heparin; PAMPs: Pathogen-associated molecular patterns; DAMPs: Damage-
associated molecular patterns; DIC: Diffuse intravascular coagulation;

CVC: Central vein catheter; ABI: Ankle brachial index; MRA: Magnetic
resonance angiography; CTA: Computed tomographic angiography;

ACT: Activated clotting time

Acknowledgements
Not applicable.

Authors’ contributions

SPS contributed in making the draft.

RMS contributed in general idea, revision, and final approval.
The authors read and approved the final manuscript.

Funding
None.

Page 6 of 7

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

This study had been approved by ethics committee Primaya Hospital
Tangerang, Dr. Adrian H.N,, 20th December 2020. All subjects in the study
had given consent to participate.

Consent for publication
All the patients had given written informed consent for publication.

Competing interests
The authors declare that they have no competing interests.

Author details

'Primaya Hopsital Tangerang, JI.. MH. Thamrin no.3, Kebon Nanas, Cikokol,
Tangerang, Indonesia. “Department of Cardiology and Vascular Medicine,
Primaya Hospital Tangerang, Tangerang, Indonesia.

Received: 19 March 2021 Accepted: 5 June 2021
Published online: 30 June 2021

References

1. Reese H, Danielle luliano A, Patel NN, Grag S, Kim L, Silk BJ et al (2020)
Estimated incidence of COVID-19 illness and hospitalization — United States,
February - September, 2020. Clin Infect Dis ciaa1780

2. Binns C, Low WY, Kyung LM (2020) The COVID-19 pandemic: public health
and epidemiology. Asia Pac J Public Health 32(4):140-144. https.//doi.org/1
0.1177/1010539520929223

3. Mokhtari T, Hassani F, Ghaffari N, Ebrahimi B, Yarahmadi A, Hassanzadeh G
(2020) COVID-19 and multiorgan failure: a narrative review on potential
mechanisms. J Mol Histol:1-16

4. Laksono S, Setianto B, Surya SP (2020) Angiotensin converting enzyme 2
(ACE2), COVID-19, and cardiac injury: what cardiologist should know. J Med
Sci 3(S):105-110

5. Nishiga M, Wang DW, Han Y, Lewis DB, WU JC. (2020) COVID-19 and
cardiovascular disease: from basic mechanisms to clinical perspectives. Nat
Rev Cardiol 17(9):543-558. https:;//doi.org/10.1038/541569-020-0413-9

6. Goldman IA, Ye K, Scheinfeld MH (2020) Lower-extremity arterial thrombosis
associated with COVID-19 is characterized by greater thrombus burden and
increased rate of amputation and death. Radiology. 297(2):E263-E269.
https://doi.org/10.1148/radiol.2020202348

7. Bellosta R, Luzzani L, Natalini G, Pegorer MA, Attisani L, Cossu LG et al (2020)
Acute limb ischemia in patients with COVID-19 pneumonia. J Vasc Surg
72(6):1864-1872. https://doi.org/10.1016/}jvs.2020.04.483

8. Olinic DM, Stanek A, Tataru DA, Homorodean C, Olinic M (2019) Acute limb
ischemia: an update on diagnosis and management. J Clin Med 8(8):1215.
https://doi.org/10.3390/jcm8081215

9. Gubitosa JC, Xu P, Ahmed A, Pergament K (2020) COVID-19 associated
acute limb ischemia in a patient on therapeutic anticoagulant. Cureus. 12(9):
e10655. https://doi.org/10.7759/cureus.10655

10.  Aboyans V, Ricco JB, Bartelink MEBL, Bjorck M, Brodmann M, Cohnert T et al
(2017) ESC Guidelines on the diagnosis and treatment of peripheral arterial
disease, in collaboration with the European Society for Vascular Surgery
(ESVS). Eur J Vasc Endovasc Surg 2018(55):305-368

11.  Gerhard-Herman MD, Gornik HL, Barret C, Barshes NR, Corriere MA,
Crachman DE et al (2017) 2016 AHA/ACC Guideline on the management of
patient with lower extremity peripheral artery disease: executive summary.
A report of the American College of Cardiology/American Heart Association
Task Force on clinical practice guidelines. Circulation. 135(12):e686-e725.
https://doi.org/10.1161/CIR.0000000000000470

12. Bjorck M, Earnshaw JJ, Acosta S, Goncalves FB, Cochennec F, Debus ES et al
(2020) European Society for Vascular Surgery (ESVS) 2020 clinical practice
guidelines on the management of acute limb ischemia. Eur J Vasc Endovasc
Surg 59(2):173-218. https://doi.org/10.1016/j.jvs.2019.09.006

13. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers DAMPJ, Kant
KM, Kaptein FHJ, van Paassen J, Stals MAM, Huisman MV, Endeman H (2020)
Incidence of thrombotic complication in critically ill ICU patients with


https://doi.org/10.1177/1010539520929223
https://doi.org/10.1177/1010539520929223
https://doi.org/10.1038/s41569-020-0413-9
https://doi.org/10.1148/radiol.2020202348
https://doi.org/10.1016/j.jvs.2020.04.483
https://doi.org/10.3390/jcm8081215
https://doi.org/10.7759/cureus.10655
https://doi.org/10.1161/CIR.0000000000000470
https://doi.org/10.1016/j.ejvs.2019.09.006

Surya and Santoso The Egyptian Heart Journal

20.

21.

22.

23.

(2021) 73:59

COVID-19. Thromb Res 191:145-147. https://doi.org/10.1016/j.thromres.2020.
04.013

Jayarangaiah A, Kariyanna PT, Chen X, Jayarangaiah A, Kumar A (2020)
COVID-19-associated coagulopathy: an exacerbated immunothombosis
response. Clin Appl Thromb Hemost 26:1076029620943293

Loof TG, Morgelin M, Johansson L, Oehmcke S, Olin Al, Dickneite G et al
(2011) Coagulation, an ancestral serine protease cascade, exerts a novel
function in early immune defense. Blood. 118(9):2589-2598. https://doi.
0rg/10.1182/blood-2011-02-337568

Swystun LL, Liaw PC (2016) The role of leucocytes in thrombosis. Blood
128(6):753-762

Boroujeni AS, Sani MRM (2021) Anti-inflmmatory potential of quercetin in
COVID-19 treatment. J Inflamm 18(3)

Castejon GL, Brough D (2011) Understanding the mechanism of IL-11
secretion. Cytokine Growth Factor Rev 22(4):189-195. https://doi.org/10.101
6/j.cytogfr2011.10.001

Grillet F, Behr J, Calame P, Aubry S, Delabrousse E (2020) Acute pulmonary
embolism associated with COVID-19 pneumonia detected with pulmonary
CT-angiography. Radiology. 296(3):E186-E188. https://doi.org/10.1148/ra
diol.2020201544

Champbell CM, Kahwash R (2020) Will complement inhibition be the new
target in treating COVID-19 related systemic thrombosis? Circulation.
141(22):1739-1741. https://doi.org/10.1161/CIRCULATIONAHA.120.047419
Goeijenbier M, van Wissen M, van de Weg C, Jong E, Gerdes VEA, Miejers
JCM et al (2012) Review: viral infections and mechanisms of thrombosis and
bleeding. J Med Virol 84(10):1680-1696. https.//doi.org/10.1002/jmv.23354
Esmon CT (2005) The interactions between inflammation and coagulation.
Br J Haematol 131(4):417-430. https;//doi.org/10.1111/j.1365-2141.2005.
05753.x

Weiss CR, Azene EM, Majdalany BS, AbuRahma AF, Collins JD, Francois CJ
et al (2017) ACR appropriateness criteria sudden onset of cold, painful leg. J
Am Coll Radiol 14(55):2307-S313

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Submit your manuscript to a SpringerOpen®

journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1182/blood-2011-02-337568
https://doi.org/10.1182/blood-2011-02-337568
https://doi.org/10.1016/j.cytogfr.2011.10.001
https://doi.org/10.1016/j.cytogfr.2011.10.001
https://doi.org/10.1148/radiol.2020201544
https://doi.org/10.1148/radiol.2020201544
https://doi.org/10.1161/CIRCULATIONAHA.120.047419
https://doi.org/10.1002/jmv.23354
https://doi.org/10.1111/j.1365-2141.2005.05753.x
https://doi.org/10.1111/j.1365-2141.2005.05753.x

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Case 1
	Case 2

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

