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Hemostasis can be defined as a homeostatic process in which the body attempts to
minimize loss of blood by balancing out pro- and anti-procoagulant forces. Getting the
balance right is easier in health than it is when the body is subjected to a disease process.
When anti-coagulant forces dominate, bleeding can ensue, and when pro-coagulant forces
dominate, thrombosis may occur and ultimately block blood flow through a particular
blood vessel, which can then lead to tissue death or organ failure.

There are several examples of diseases that lead to thrombosis. One of the most
contemporary examples is the Coronavirus disease 2019 (COVID-19), which can arise
after infection with the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2).
Although primarily a lung infection, severe disease can lead to a condition called COVID-19-
associated coagulopathy (CAC), which essentially reflects a pro-thrombotic syndrome [1].
This largely inflammation-driven condition leads to a state of continued coagulation activa-
tion, including the release of pro-hemostatic proteins, such as von Willebrand factor (VWF),
which can overcome the ability of the body’s normal regulatory system, including the VWF
cleaving protease ADAMTS13 (a disintegrin and metalloproteinase with thrombospondin
type 1 motif, 13). This leads to an imbalance of the VWF/ADAMTS13 axis, and potentially
to (micro-)thrombosis and end organ damage/failure [2]. To help prevent thrombosis in
moderate-to-severe COVID-19, it is recommended that patients be given anticoagulant
therapy, and potentially antiplatelet agents. The most common anticoagulant given is
heparin [3], and the most common antiplatelet agent potentially applied is aspirin [4].
Heparin is a common anticoagulant given to treat or prevent venous thrombosis, and
anti-platelet agents such as aspirin are commonly administered to help prevent arterial
thrombosis. Interestingly, the benefits of heparin anticoagulant in the prevention of throm-
bosis in COVID-19 appear more conclusive than the benefits of anti-platelet agents such as
aspirin [4]. Similar controversial results are also evident with other antiplatelet agents such
as the P2Y12 inhibitors, including clopidogrel, or with the use of dual antiplatelet therapy
(e.g., aspirin plus clopidogrel). Indeed, as with all situations in which such compounds are
used, there is a need to balance the risk of thrombosis (without the compound(s)) versus
the risk of bleeding (with the compound(s)). Another interesting perspective here relates to
how particular agents are used. For heparin, there are a variety of formulations, including
both unfractionated and low molecular weight varieties. Heparin is usually given parenter-
ally (i.e., injected subcutaneously or intravenously). However, there is increasing evidence
that heparin has additional benefits beyond that of anticoagulation, and for example, a local
anti-inflammatory effect and potential to reduce SARS-CoV-2 binding (and thus subsequent
infection) is evident when heparin is applied intra-nasally [3].

Another example of a pro-coagulant disease is antiphospholipid antibody syndrome
(APS), which arises due to the formation of antiphospholipid antibodies (aPL). These
antibodies can arise against a variety of phospholipid moieties [5]. Perhaps unsurprisingly,
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given the above context, patients with APS, reflecting an autoimmune disorder, are also
given anticoagulant therapy to help treat and prevent thrombosis. Again, the use of
both aspirin and heparin may play a role in these patients [5,6], but also recognizing
that prevention of thrombosis may come with the risk of bleeding. For the long-term
prevention of venous thrombosis, APS patients are often placed on vitamin K antagonist
(VKA) therapy, such as warfarin. In such long-term management, the risk of bleeding
increases, and patients are maintained within narrow therapeutic ranges using a common
laboratory test called the INR (international normalized ratio). Of course, APS is just one
of a plethora of auto-immune conditions associated with hemostatic imbalance, primarily
manifesting as thrombosis [7]. Additional examples of auto-immune conditions leading to
thrombosis are heparin-induced thrombocytopenia with thrombosis (HITT) and vaccine-
induced thrombocytopenia with thrombosis (VITT) [7,8]. This leads me to the concept
of the ‘inter-connectedness of all things’, given that an agent normally given to prevent
thrombosis (heparin) can in a small number of susceptible individuals lead instead to
thrombosis, or that vaccination against COVID-19 to help prevent the adverse events of
serious SARS-CoV-2 infection, including thrombosis, can itself instead lead to thrombosis
in an even smaller number of susceptible individuals. To provide context here, HITT
will occur in less than 5% of patients administered heparin, and VITT will only occur in
some 1 in 100,000 immunised individuals [8]. In contrast, heparin will prevent thrombosis,
and immunization will prevent COVID-19 in the vast majority of individuals given these
therapies. Nevertheless, such adverse possibilities reflect the balance that hemostasis tries
to deliver when faced with a disease process. Yet other interesting interconnections are
represented by the fact that both aPL and HITT-like antibodies have been described as a
consequence of COVID-19 [8,9].

Another final example of increased thrombosis risk associated with the disease that
I will provide is the state of cancer [10,11]. For example, in cancer patients, pulmonary
embolism (PE) is the second leading cause of death after cancer itself, possibly because of
difficulties in diagnosing the disease due to its nonclassical presentation [10]. Like the other
conditions associated with an increase in thrombosis, anticoagulation plays a central role
in the management of patients with cancer and PE, as well as helping to prevent further
thrombosis. However, managing venous thromboembolism (VTE) in cancer patients is
more challenging than that of noncancer patients, because of the frail balance between
the increased risk of recurrent VTE and the increased risk of major bleeding due to the
anticoagulant treatment [10].

The other side of the hemostasis coin, when things do not go according to plan, is
bleeding. Bleeding can arise in a large variety of associated conditions. There are a large
number of congenital and acquired bleeding disorders. I previously mentioned that the
risk of thrombosis when the VWF/ADAMTS13 axis is driven towards an excess of VWF,
may, for example, occur in severe COVID-19 [2]. Unfortunately, too little plasma VWF can
instead lead to bleeding, with this condition arising in the common congenital bleeding
disorder called von Willebrand disease (VWD) or in acquired von Willebrand syndrome
(AVWS) [12]. Regarding the interconnectedness of all things, VWF and ADAMTS13 have
intriguing connections with both cancer and cardiac disease that go beyond those of
bleeding or thrombosis risk [11]. For example, VWF may assist certain cancers to spread
or metastasize [11]. In terms of cardiac disease, VWF may be implicated in both increased
bleeding risk and increased thrombotic risk [13], depending on the type of cardiac disease
and the plasma level and activity of VWF. If there is a risk of thrombosis with particular
cardiac disease processes, then anticoagulant or other anti-thrombotic therapy may be
applied [14–16].

Another common bleeding disorder is hemophilia A, representing a loss of coagulation
factor VIII (FVIII) activity. There are a variety of potential therapies applied to help prevent
bleeding in these patients, including FVIII replacement therapy [17]. Because of the high
risk of development of antibodies against the infused replacement FVIII, rendering such
therapy ineffective, alternate ‘bypass’ therapies may also or alternatively be applied. One
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contemporary novel treatment is a compound called Emicizumab [18]. This compound is
a humanized IgG4 bi-specific antibody with affinity to factor IX/FIXa and factor X, and
thus mimics the co-factor activity of FVIII by bridging the two factors and promoting
coagulation independent of FVIII.

The final example of inter-connectiveness that I will give in this editorial is that of
laboratory testing. The modern pathology laboratory can perform a large variety of tests,
both related to hemostasis and otherwise. The laboratory can test for most of the com-
ponents mentioned above. This includes heparin, VWF, ADAMTS13, FVIII, Emicizumab,
SARS-CoV-2 infection, HITT, and VITT. This also includes the use of potential test panels
for certain disease states, such as COVID-19 [19,20].

In conclusion, the process of hemostasis attempts to minimize the loss of blood by
balancing out pro- and anti-coagulant forces. In certain disease states, the process can
go awry, and then lead to either excessive bleeding or thrombosis. Clinicians can treat
these disorders and attempt to rebalance hemostasis. In bleeding disorders such as VWD,
AVWS and hemophilia A, the main therapies are factor replacement or bypass therapies.
Here, there is a risk of giving ‘too much’ procoagulant material, and thus a potential for
thrombosis, but this risk can be mitigated by laboratory testing of the replacement material
or its effects on hemostasis to ensure maintenance of physiological levels, rather than given
rise to pathological levels. In the case of pro-thrombotic disorders, such as COVID-19, APS,
or atrial fibrillation, then clinicians will largely apply anticoagulant or other anti-thrombotic
therapy (e.g., anti-platelet agents). Here, there is a risk of giving ‘too much’ anticoagulant
material, and thus potential bleeding risk. Again, the pathology laboratory may be able
to mitigate the bleeding risk by laboratory testing of assessment of anticoagulant therapy
effects, although except for VKA therapy monitoring, this would be on an exception basis
rather than the norm. Irrespective, when hemostasis goes awry in certain disease states, it
can be rebalanced, but this does come at a risk, should the rebalance tip the balance too far
towards the alternate direction. Such is the rich tapestry of hemostasis. To clot or not to
clot—that may indeed be the question.
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the Response to Antiplatelet Therapy. J. Clin. Med. 2023, 12, 2038. [CrossRef] [PubMed]
5. Capecchi, M.; Abbattista, M.; Ciavarella, A.; Uhr, M.; Novembrino, C.; Martinelli, I. Anticoagulant Therapy in Patients with

Antiphospholipid Syndrome. J. Clin. Med. 2022, 11, 6984. [CrossRef] [PubMed]
6. Schulz, A.; Herrmann, E.; Ott, O.; Lindhoff-Last, E. Thromboembolic Antiphospholipid Syndrome (APS): Efficacy and Safety of

Different Anticoagulants-Results of the APSantiCO Registry. J. Clin. Med. 2022, 11, 4845. [CrossRef] [PubMed]
7. Favaloro, E.J.; Pasalic, L.; Lippi, G. Autoimmune Diseases Affecting Hemostasis: A Narrative Review. Int. J. Mol. Sci. 2022,

23, 14715. [CrossRef] [PubMed]
8. Favaloro, E.J.; Pasalic, L.; Lippi, G. Antibodies Against Platelet Factor 4 and Their Associated Pathologies: From HIT/HITT to

Spontaneous HIT-Like Syndrome, to COVID-19, to VITT/TTS. Antibodies 2022, 11, 7. [CrossRef] [PubMed]
9. Favaloro, E.J.; Henry, B.M.; Lippi, G. COVID-19 and Antiphospholipid Antibodies: Time for a Reality Check? Semin. Thromb.

Hemost. 2022, 48, 72–92. [CrossRef] [PubMed]
10. Poenou, G.; Dumitru, T.; Lafaie, L.; Mismetti, V.; Ayoub, E.; Duvillard, C.; Accassat, S.; Mismetti, P.; Heestermans, M.; Bertoletti, L.

Pulmonary Embolism in the Cancer Associated Thrombosis Landscape. J. Clin. Med. 2022, 11, 5650. [CrossRef] [PubMed]
11. Colonne, C.K.; Favaloro, E.J.; Pasalic, L. The Intriguing Connections Between von Willebrand Factor, ADAMTS13 and Cancer.

Healthcare 2022, 10, 557. [CrossRef] [PubMed]

http://doi.org/10.1016/j.mayocp.2020.10.031
http://www.ncbi.nlm.nih.gov/pubmed/33413819
http://doi.org/10.1055/s-0041-1727282
http://www.ncbi.nlm.nih.gov/pubmed/33893632
http://doi.org/10.1055/s-0042-1749395
http://www.ncbi.nlm.nih.gov/pubmed/35732184
http://doi.org/10.3390/jcm12052038
http://www.ncbi.nlm.nih.gov/pubmed/36902825
http://doi.org/10.3390/jcm11236984
http://www.ncbi.nlm.nih.gov/pubmed/36498557
http://doi.org/10.3390/jcm11164845
http://www.ncbi.nlm.nih.gov/pubmed/36013082
http://doi.org/10.3390/ijms232314715
http://www.ncbi.nlm.nih.gov/pubmed/36499042
http://doi.org/10.3390/antib11010007
http://www.ncbi.nlm.nih.gov/pubmed/35225866
http://doi.org/10.1055/s-0041-1728832
http://www.ncbi.nlm.nih.gov/pubmed/34130340
http://doi.org/10.3390/jcm11195650
http://www.ncbi.nlm.nih.gov/pubmed/36233519
http://doi.org/10.3390/healthcare10030557
http://www.ncbi.nlm.nih.gov/pubmed/35327035


J. Clin. Med. 2023, 12, 2381 4 of 4

12. Colonne, C.K.; Reardon, B.; Curnow, J.; Favaloro, E.J. Why is Misdiagnosis of von Willebrand Disease Still Prevalent and How
Can We Overcome It? A Focus on Clinical Considerations and Recommendations. J. Blood Med. 2021, 12, 755–768. [CrossRef]
[PubMed]

13. Reardon, B.; Pasalic, L.; Favaloro, E.J. The Intriguing Relationships of von Willebrand Factor, ADAMTS13 and Cardiac Disease.
J. Cardiovasc Dev. Dis. 2021, 8, 115. [CrossRef] [PubMed]

14. Samoš, M.; Bolek, T.; Stančiaková, L.; Péč, M.J.; Brisudová, K.; Škorňová, I.; Staško, J.; Mokáň, M.; Kubisz, P. Tailored Direct Oral
Anticoagulation in Patients with Atrial Fibrillation: The Future of Oral Anticoagulation? J. Clin. Med. 2022, 11, 6369. [CrossRef]
[PubMed]

15. Tam, C.C.; Tse, H.F. Antiplatelet Therapy Aims and Strategies in Asian Patients with Acute Coronary Syndrome or Stable
Coronary Artery Disease. J. Clin. Med. 2022, 11, 7440. [CrossRef] [PubMed]

16. Dietrich, L.; Kibler, M.; Matsushita, K.; Marchandot, B.; Trimaille, A.; Reydel, A.; Diop, B.; Truong, P.D.; Trung, A.M.; Trinh, A.; et al.
Impact of Primary Hemostasis Disorders on Late Major Bleeding Events among Anticoagulated Atrial Fibrillation Patients
Treated by TAVR. J. Clin. Med. 2022, 11, 212. [CrossRef] [PubMed]

17. Bowyer, A.E.; Gosselin, R.C. Factor VIII and Factor IX Activity Measurements for Hemophilia Diagnosis and Related Treatments.
Semin. Thromb. Hemost. 2022. [CrossRef] [PubMed]

18. Levy-Mendelovich, S.; Brutman-Barazani, T.; Budnik, I.; Avishai, E.; Barg, A.A.; Levy, T.; Misgav, M.; Livnat, T.; Kenet, G.
Real-World Data on Bleeding Patterns of Hemophilia A Patients Treated with Emicizumab. J. Clin. Med. 2021, 10, 4303. [CrossRef]
[PubMed]

19. Billoir, P.; Leprêtre, P.; Thill, C.; Bellien, J.; Le Cam Duchez, V.; Selim, J.; Tamion, F.; Clavier, T.; Besnier, E. Routine and Advanced
Laboratory Tests for Hemostasis Disorders in COVID-19 Patients: A Prospective Cohort Study. J. Clin. Med. 2022, 11, 1383.
[CrossRef] [PubMed]

20. Christensen, B.; Favaloro, E.J.; Lippi, G.; Van Cott, E.M. Hematology Laboratory Abnormalities in Patients with Coronavirus
Disease 2019 (COVID-19). Semin. Thromb. Hemost. 2020, 46, 845–849. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2147/JBM.S266791
http://www.ncbi.nlm.nih.gov/pubmed/34429677
http://doi.org/10.3390/jcdd8090115
http://www.ncbi.nlm.nih.gov/pubmed/34564132
http://doi.org/10.3390/jcm11216369
http://www.ncbi.nlm.nih.gov/pubmed/36362597
http://doi.org/10.3390/jcm11247440
http://www.ncbi.nlm.nih.gov/pubmed/36556067
http://doi.org/10.3390/jcm11010212
http://www.ncbi.nlm.nih.gov/pubmed/35011952
http://doi.org/10.1055/s-0042-1758870
http://www.ncbi.nlm.nih.gov/pubmed/36473488
http://doi.org/10.3390/jcm10194303
http://www.ncbi.nlm.nih.gov/pubmed/34640320
http://doi.org/10.3390/jcm11051383
http://www.ncbi.nlm.nih.gov/pubmed/35268474
http://doi.org/10.1055/s-0040-1715458
http://www.ncbi.nlm.nih.gov/pubmed/32877961

	References

