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Factor VIII and von Willebrand factor are wavering proteins:

the basis for the therapeutic development of desmopressin
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Concentrations of coagulation factors are stable in human plasma,

with the notable exception of fibrinogen, which is an acute phase

reactant to stimuli such as tissue damage and inflammation. The rise

of plasma fibrinogen and its subsequent fall occurs over a period of 3

to 4 days needed for an increased synthesis and ceases when the

triggers are no longer present, as is typical for acute-phase reactants.

The same pattern of changes occurs for factor (F)VIII and its com-

panion von Willebrand factor (VWF), also acute phase reactants. At

variance, these hemostasis proteins have the rather peculiar feature

of short-term rises that occur within minutes after the stimulus and

subside equally rapidly.

It has been known for centuries that human blood clots more

rapidly after stressful stimuli, but it was only in the 1960s that pioneer

studies of Ingram [1] and Rizza [2] showed that hypercoagulability was

due to the short-term increase of FVIII after adrenaline infusion and

bouts of strenuous muscular exercise: in normal individuals as well as

in patients with partial deficiencies of FVIII and VWF as nonsevere

hemophilia A and type 1 von Willebrand disease (VWD), but not in

cases with severe deficiency. This observation led to the mechanistic

view that the short-term increase of these proteins was due to their

release from body stores that are empty in severe deficiencies.

Since their pioneer studies, both Ingram [1] and Rizza [2]

considered the possibility of exploiting therapeutically this peculiar

feature of FVIII and VWF in persons with nonsevere hemophilia and

VWD. Obviously, this was made impossible by the fact that neither

adrenaline infusion nor strenuous muscular exercise were a feasible

clinical alternative to factor replacement therapy. However, this po-

tential approach raised my attention when I was a mentee of both

Ingram [1] and Rizza [2] in the late 1960s in London and Oxford. The

jumpy behavior of a few hemostasis factors also attracted the
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attention of John Cash, who in Edinburgh, being specifically interested

in fibrinolysis, studied the short-term increase of plasminogen acti-

vator [3].

In the 1960s, there were still unmet needs for the treatment of

the 2 main inherited bleeding disorders. The only weapon available for

both was cryoprecipitate after the seminal work of Judith Pool. In the

1970s, more concentrated products manufactured from pooled hu-

man plasma became available and were the success story of the

decade. However, they were expensive and not available in many

settings, and the fact that they caused viral hepatitis began to emerge.

This risk was particularly gloomy and unacceptable in persons with

nonsevere hemophilia and VWD, who seldom needed treatment at

the time of surgery or after trauma. With this unmet need, both the

Edinburgh and Milan teams attempted to identify pharmacological

approaches other than adrenaline and exercise. The quest was long

and uncertain until we both identified the possibility of using des-

mopressin [4,5], a synthetic peptide originally developed to mimic the

activity of the antidiuretic hormone vasopressin.

It remained to be demonstrated that the FVIII and VWF increases

attained in plasma after the administration of desmopressin were as

hemostatically competent as the naturally occurring proteins or those

substituted by means of plasma-derived products. My colleagues and I

in Milan thought to tackle this uncertainty by using desmopressin for

dental extractions, with the caveat that any undue bleeding could be

seen and controlled with local measures. Reassured by the favorable

clinical experience in oral surgery, we chose to move to major surgical

operations and reported the results in 1977 [6].

The favorable experience with desmopressin gained in Milan in

nonsevere hemophilia and VWD was replicated in other hemophilia

centers in Italy. Other countries did also approve the drug for this new
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therapeutic use but only in themid-1980s and had continuedmeanwhile

to use pooled plasma products in nonsevere hemophilia. Because in the

early 1980s HIV infection was being transmitted by these products to

patients with congenital coagulation disorders, we chose to compare

retrospectively the prevalence of HIV positivity in persons with mild

hemophiliawho in Italy useddesmopressin earlier than in theUSA,where

the drug started to become available and was used when the HIV

outbreak had already hit; the seroprevalence of HIV was much lower in

Italy than in theUSA [7].Wealsoused for comparison Italianpersonswith

mild hemophilia B who, being unresponsive to desmopressin, had

continued to use plasma-derived FIX [7]. Finding a higherHIVprevalence

in these people than in personswithmild hemophilia A led us to conclude

with admittedly indirect evidence that in the late 1970s and early 1980s,

theearlyuseofdesmopressin in Italyhelped toavoidHIV transmissionby

plasma products in a substantial number of persons with nonsevere he-

mophilia A.

Another important step for the early development of desmo-

pressin as a therapeutic agent was the 1991 decision of the World

Health Organization (WHO) to include it in the list of drugs consid-

ered essential for human use (Figure). It is likely that this WHO de-

cision was prompted by the fact that desmopressin is much less

expensive than plasma products and more easily accessible to

resource-limited countries.

The 1980s and 1990s were decades of consolidation of the

therapeutic use of desmopressin in the pivotal indications of non-

severe hemophilia A and VWD [8,9]. However, it was also explored as

a general hemostatic agent in surgical operations characterized by

excessive blood loss such as cardiac, orthopedic, and spinal surgery; in

medical conditions associated with a bleeding tendency such as ure-

mia and liver cirrhosis, to enrich with FVIII blood donations; and in

inherited disorders of platelet function (Figure). For the time being,

none of these indications has accrued unequivocal evidence, and

desmopressin is not largely employed beyond the original goal to

achieve a short-term increase of FVIII and VWF in nonsevere
hemophilia A and type 1 VWD [8,9]. A number of reports helped to

strengthen this indication. Rodeghiero et al. [10] showed in 1989 that

the factor rise after desmopressin was reproducible over time in the

same individual, leading to the still current recommendation to carry

out in potential beneficiaries a test of desmopressin administration

prior to surgery or invasive procedures. However, limitations of use

became apparent, such as the fact that, at variance with the intra-

individual consistency of the biological response, there was a high

degree of between-individual variability [11]. Moreover, repeated

administrations of desmopressin within a short time period led to

progressively lower responses [12]. This phenomenon of tachyphylaxis

drove the most recent recommendation contained in the World

Federation of Hemophilia guidelines of using in each treated case no

more than 2 daily doses for a maximal period of 3 consecutive days.

This implies in many instances the need to use beside desmo-

pressin products containing FVIII when invasive procedures demand

long-term increases of plasma FVIII and VWF. The issues of tachy-

phylaxis and the need for supplementary FVIII have been recently

tackled by a group of Dutch hemophilia centers that chose to

randomize persons with nonsevere hemophilia undergoing oral sur-

gery to intravenous desmopressin for 3 daily doses followed on day 4

by recombinant FVIII (rFVIII) [13]. Combined desmopressin/rFVIII was

randomly compared with rFVIII only [14]. Safety and hemostatic ef-

ficacy of the combined regimen were equal to those of cases treated

with rFVIII only, but with a significant reduction of factor use and

related cost reductions. In a brief report published in this issue of

Research and Practice in Thrombosis and Haemostasis, Romano et al. [15]

also addressed afresh the burden of tachyphylaxis, confirming in 26

cases who underwent invasive procedures that the early posttreat-

ment response to desmopressin was very similar to that obtained

before surgery in the context of the so-called desmopressin test [10].

However, responses after the second and third postoperative dose

were on average between 36% and 45% lower than after the first. The

main comment by the authors is that the decrease of the FVIII
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response after repeated desmopressin doses was more marked than in

the early study that showed the occurrence of tachyphylaxis [15].

Within the limitations of an indirect comparison, this report reinforces

the concept that it is necessary to monitor plasma FVIII levels in

nonsevere hemophilia A and those of VWF in VWD in order to assure

adequate hemostasis in the postoperative period. On the whole, these

recent studies from the Netherlands are revamping the suboptimal

use of this essential WHO drug in nonsevere hemophilia [16]

and substantiate the World Federation of Hemophilia recommenda-

tions of administering it for no more than 2 to 3 days in the post-

operative period, followed by the use of FVIII or VWF products as

needed.

Perhaps the suboptimal use is also explained by a shortage of this

WHO essential drug, at least in North America, and for the intranasal

formulation. The latter is preferably used in the USA and Canada,

particularly by pediatricians, whereas the intravenous and subcu-

taneous formulation more largely employed in Europe. The shortage is

due to the recall in August 2020 by the manufacturer and distributor

of the intranasal spray formulation (Ferring Pharmaceutical and CSL

Behring) [17]. The only alternative to STIMATE (Ferring Pharmaceu-

ticals) was the formulation employed for diabetes insipidus and

enuresis, which is much less concentrated than that for bleeding dis-

orders (10 mcg vs 150 mg) and thus needs many fastidiously repeated

nasal sprays in order to obtain a therapeutic response [17]. With the

prospect of shortage extending into 2023, advocacy patient organi-

zations petitioned the US Food and Drug Administration to add des-

mopressin to the National Drug Shortage list [17]. Accordingly, the

Food and Drug Administration has newly asked STAQ Pharma to

source a new desmopressin nasal spray to meet patients’ needs.

Apparently, the STAQ product is already available in at least 31 states

in the USA and should soon become more widely available [17].

FUNDING

The study was partially supported by the Italian Ministry of Health –

Bando Ricerca Corrente 2023.

AUTHOR CONTRIBUTIONS

Both the authors wrote, read, and approved the commentary.

DECLARATION OF GENERATIVE ARTIFICIAL

INTELLIGENCE AND ARTIFICIAL INTELLIGENCE–

ASSISTED TECHNOLOGIES IN THE WRITING PROCESS

The authors declare that they have not used generative artificial in-

telligence and artificial intelligence–assisted technologies in the

writing process.

RELATIONSHIP DISCLOSURE

P.M.M. has received from Bayer, Roche, Takeda andWerfen honoraria

for lectures at educational symposia; S.M.B. has no conflict of interest

ORCID

Pier Mannuccio Mannucci https://orcid.org/0000-0002-1915-3897
TWITTER

Pier Mannuccio Mannucci @@mannucci_p

REFERENCES

[1] Ingram GI. Increase in antihaemophilic globulin activity following

infusion of adrenaline. J Physiol. 1961;156:217–24.

[2] Rizza CR. Effect of exercise on the level of antihaemophilic globulin

in human blood. J Physiol. 1961;156:128–35.

[3] Gader AM, da Costa J, Cash JD. A new vasopressin analogue and

fibrinolysis. Lancet. 1973;2:1417–8.

[4] Cash JD, Gader AM, da Costa J. Proceedings: the release of plas-

minogen activator and factor VIII to lysine vasopressin, arginine

vasopressin, I-desamino-8-d-arginine vasopressin, angiotensin and

oxytocin in man. Br J Haematol. 1974;27:363–4.

[5] Mannucci PM, Aberg M, Nilsson IM, Robertson B. Mechanism of

plasminogen activator and factor VIII increase after vasoactive

drugs. Br J Haematol. 1975;30:81–93.

[6] Mannucci PM, Ruggeri ZM, Pareti FI, Capitanio A. 1-deamino-8-d-

arginine vasopressin: a new pharmacological approach to the man-

agement of haemophilia and von Willebrands’ diseases. Lancet.

1977;1:869–72.

[7] Mannucci PM, Ghirardini A. Desmopressin: twenty years after.

Thromb Haemost. 1997;78:958. https://doi.org/10.1055/s-0038-

1657659

[8] Kasper CK. Desmopressin acetate (DDAVP) good news. JAMA.

1984;251:2564–5.

[9] Mannucci PM. Desmopressin (DDAVP) in the treatment of bleeding

disorders: the first 20 years. Blood. 1997;90:2515–21.

[10] Rodeghiero F, Castaman G, Di Bona E, Ruggeri M. Consistency of

responses to repeated DDAVP infusions in patients with von Wil-

lebrand’s disease and hemophilia A. Blood. 1989;74:1997–2000.

[11] Schütte LM, van Hest RM, Stoof SCM, Leebeek FWG, Cnossen MH,

Kruip MJHA, et al. Pharmacokinetic modelling to predict FVIII:C

response to desmopressin and its reproducibility in nonsevere hae-

mophilia A patients. Thromb Haemost. 2018;118:621–9.

[12] Mannucci PM, Bettega D, Cattaneo M. Patterns of development of

tachyphylaxis in patients with haemophilia and von Willebrand dis-

ease after repeated doses of desmopressin (DDAVP). Br J Haematol.

1992;82:87–93.

[13] Schütte LM, Cnossen MH, van Hest RM, Driessens MHE,

Fijnvandraat K, Polinder S, et al. Desmopressin treatment combined

with clotting factor VIII concentrates in patients with non-severe

haemophilia A: protocol for a multicentre single-armed trial, the

DAVID study. BMJ Open. 2019;9:e022719. https://doi.org/10.1136/

bmjopen-2018-022719

[14] Romano LGR, Schütte LM, van Hest RM, Meijer K, Laros-van

Gorkom BAP, Nieuwenhuizen L, et al. Peri-operative desmopressin

combined with pharmacokinetic-guided factor VIII concentrate in

non-severe haemophilia A patients. Haemophilia. 2024;30:355–66.

[15] Romano LGR, Schütte LM, van Hest RM, Meijer K, Laros- van Gor-

kom BAP, Nieuwenhuizen L, et al. Tachyphylaxis and reproducibility

of desmopressin response in peri-operative non-severe hemophilia A

patients: implications for clinical practice. Res Pract Thromb Hae-

most Published online March 5, 2024. https://doi.org/10.1016/j.

rpth.2024.102367

[16] Zwagemaker AF, Kloosterman FR, Coppens M, Gouw SC, Boyce S,

Bagot CN, et al. Desmopressin for bleeding in non-severe hemophilia

A: suboptimal use in a real-world setting. Res Pract Thromb Haemost.

2022;6:e12777. https://doi.org/10.1002/rth2.12777

[17] Hemophilia Federation of America. Important update regarding

availability of Stimate; 2024. https://www.hemophiliafed.org/

important-update-regarding-availability-of-stimate/. Accessed

February 22, 2024

https://orcid.org/0000-0002-1915-3897
https://orcid.org/0000-0002-1915-3897
https://orcid.org/0000-0002-1915-3897
https://twitter.com/@mannucci_p
https://twitter.com/@mannucci_p
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref1
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref1
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref2
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref2
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref3
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref3
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref4
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref4
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref4
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref4
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref5
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref5
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref5
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref6
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref6
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref6
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref6
https://doi.org/10.1055/s-0038-1657659
https://doi.org/10.1055/s-0038-1657659
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref8
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref8
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref9
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref9
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref10
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref10
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref10
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref11
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref11
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref11
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref11
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref12
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref12
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref12
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref12
https://doi.org/10.1136/bmjopen-2018-022719
https://doi.org/10.1136/bmjopen-2018-022719
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref14
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref14
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref14
http://refhub.elsevier.com/S2475-0379(24)00058-X/sref14
https://doi.org/10.1016/j.rpth.2024.102367
https://doi.org/10.1016/j.rpth.2024.102367
https://doi.org/10.1002/rth2.12777
https://www.hemophiliafed.org/important-update-regarding-availability-of-stimate/
https://www.hemophiliafed.org/important-update-regarding-availability-of-stimate/

	Factor VIII and von Willebrand factor are wavering proteins: the basis for the therapeutic development of desmopressin
	Funding
	Author contributions
	Declaration of generative artificial intelligence and artificial intelligence–assisted technologies in the writing process
	Relationship disclosure
	References


