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Abstract 

Background SERPINC1 is a glycoprotein that regulates blood coagulation. SERPINC1 congenital or acquired deficien-
cies represent a significant risk factor for thromboembolic disease. SERPINC1 acquired defects are observed in very 
few cases and can occur in many clinical conditions such as treatment with l-asparaginase or oral contraceptive 
(particularly estrogen derivatives), but these conditions are not routinely investigated.

Case presentation A 50-year-old Caucasian woman who took gestodene 75 µg/ethinylestradiol 20 µg as oral 
contraceptive, was sent to our thrombophilia clinic because, on thrombophilia testing, a reduction of SERPINC1 (74%) 
and a slight increase in circulating D-dimer and homocysteine were found. We investigated triggers of such SER-
PINC1 reduction, and identified gestodene 75 µg/ethinylestradiol 20 µg use as the most likely candidate. Two months 
after the discontinuation of the oral contraceptive, SERPINC1 value returned to normal (92%) and D-dimer and homo-
cysteine were normalized.

Conclusion Each patient has a different sensitivity to contraceptive use. Genetic (or epigenetic) regulation of antico-
agulant proteins might account for a different rate of consumption of anticoagulant proteins as oral contraceptives 
and probably determine the susceptibility to thrombotic events.
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Introduction
SERPINC1 (SR, also known as antithrombin) is a gly-
coprotein that regulates/inhibits blood coagulation and 
belongs to a group of inhibitory factors known as ser-
pins (serine protease inhibitors) [1–3]. SR congenital or 
acquired deficiencies represent a significant risk factor for 
thromboembolic disease [4]. SR acquired defects (that is, 
lower activity) can occur in old age and can be triggered 
by liver cirrhosis or cancer, nephropathy, dyslipidemia, 
obesity, disseminated intravascular coagulation (DIC), 

sepsis, preeclampsia, treatment with l-asparaginase or 
oral contraceptive (in particular the estrogen derivatives), 
trauma, poisoning, and heparin therapy, but these condi-
tions are not routinely investigated [1]. The SR reduction 
is observed in very few cases, and therefore, an individ-
ual susceptibility has to be postulated [5]. Some authors 
attributed such a reduction to estrogen-induced hemodi-
lution [6]. In general, minor SR reductions (within 10%) 
[5, 6] can be observed and no treatment is needed for 
this finding, while the need for thromboprophylaxis in 
the above conditions has to be judged individually [7]. In 
the present case report, we describe a patient who devel-
oped an important acquired asymptomatic SR deficiency 
(−25%) following the use of oral contraceptives (Fig. 1).
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Case presentation
A 50-year-old housewife, Caucasian woman, nonsmoker, 
no history of alcohol or illicit drug abuse, has in her 
medical history mild systemic moderate hypertension 
(treated with bisoprolol 2.5 mg for many years), a history 
of herpes zoster virus trunk infection (shingles), gastroe-
sophageal reflux disease, and hypercholesterolemia, and 
she had two full-term pregnancies She has been taking 
gestodene 75 µg/ethinylestradiol 20 µg (GE) as oral con-
traceptive since the age of 33.

In February 2022, the patient was referred to the emer-
gency department because of recurrent episodes of heart 
palpitations. At admission, she had normal vital physi-
ologic parameters (respiratory rate 20 breaths per minute, 
body temperature 36.8  °C,  SpO2 98%) and arterial blood 
pressure 170/90 mmHg, which normalized after 1.25 mg 
bromazepam per oral. Her body mass index was 29.9 kg/
m2, and she had bilateral valgus knee; the rest of the physi-
cal examination was negative. Resting standard 12-lead 
electrocardiogram showed sinus rhythm (80 beats per 
minute) and normal repolarization. Her echocardiogra-
phy was normal. Hypertension treatment was revised by a 
cardiologist who increased bisoprolol to 3.75 mg/day. She 
also reported having undergone thrombophilia testing in 
December 2021 because her daughter had two spontane-
ous abortions, and was suspected of carrying a genetic var-
iant predisposing her to thrombophilia. The results of the 
testing were negative, both for the father and the daughter, 
while our patient showed SR activity at 74% (normal range 
75–125%). The remaining coagulation test was normal: 
protein C resistance 0.94 (normal range 65–135  IU/dL), 
protein S activity 88%, antibodies for β2 glycoprotein and 
cardiolipin negative, lupus anticoagulants testing negative, 
and pathogenic variants of Factor V G1691A (rs6025), Fac-
tor V H1299R (rs1800595), PAI1 5G/5G (rs1799889), FII 
G20210A (rs1799963), and MTHFR C677T (rs1801133) 
polymorphisms negative. The reasons for referral to our 
center were for clinical and laboratory workup of the low 
SR level, and of simultaneous slightly elevated D-dimer 

(632  mg/L, normal value < 500  mg/L) and homocysteine 
12.7 μmol/L (normal range 5–12 μmol/L) plasma levels.

After collecting the patient’s personal history, and 
investigating possible triggers of such SR reduction, oral 
contraceptive (OC) use remained the most likely candi-
date for this modification [1, 7]. Since a final confirma-
tion of such a role could only come from suspension, 
we asked to stop OC for at least 30  days and avoid any 
drug potentially interfering with blood coagulation. 
The patient initially accepted to temporarily suspend 
OC (at the end of February 2022) and made a definitive 
change In April 2022. By the end of April, the SR activ-
ity, D-dimer, and homocysteine plasma levels were back 
to normal: SR rose from 74% to 92%, D-dimer decreased 
from 632 to 427 mg/L, and homocysteine went from 12.7 
to 7.4 μmol/L. At the last follow-up visit (October 2022) 
the patient was in good clinical condition.

Discussion and conclusion
Oral contraceptives are known to trigger intimal prolif-
eration in venous vessels, increase venous distensibility, 
and therefore decrease venous flow, thus accounting for 
thrombus risks [8–10]. These drugs are also able to boost 
blood coagulability by increasing fibrinogen, factor VII, 
VIII, IX, X, and XII plasma levels, by shortening plate-
let aggregation time, and by decreasing SR activity [11]. 
It is known that the risk of developing a thrombus while 
assuming GE is between 9 and 12 women per 10,000 per 
year [12]. In studies evaluating the safety profile, the low-
est reported SR activity value during GE consumption 
was well above 90% [13, 14]. The low SR activity (74%) 
observed during GE consumption in our patients was 
remarkable for two reasons: the first is that it is almost 
isolated, and the second is that it is quite lower than 
those previously published [6, 11, 15]. In our experience, 
patients with SR activity lower than 80% can sometimes 
have consumption coagulopathy, and, even if negative for 
this condition, a reason needs to be identified. An alter-
native explanation for such a selective reduction of only 
one marker, as observed in our patient, was a mild or well-
compensated SR genetic defect. In this context, the deci-
sion to stop hormonal contraception has been critical to 
identify this condition. The complete recovery observed 
within a few weeks from suspension with a 20% gain in 
activity opens a scenario of a selective consumption of 
inhibition of SR played by GE. Literature reports very few 
cases of vascular events due to isolated SR deficiency (with 
activity ranging from 9% to 60%) combined with oral con-
traception [2, 16], but only one without vascular events 
[17], while no case reports have demonstrated an acquired 
SR deficiency induced by combination of gestodene and 
ethinylestradiol. To the best of our knowledge, this is 
also the first case without events and without familial SR 

Fig. 1 Time course of homocysteine, D-dimer, and SERPINC1 
during observation
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deficiency. This raises the speculation that each subject 
might have a different responsiveness to contraceptive 
use, even if the time course in this patient was event free. 
The current observation suggests that a genetic (or epige-
netic) regulation of anticoagulant proteins might account 
for a different rate of consumption of anticoagulant pro-
teins during OC (or, for example, pregnancy or infection). 
Furthermore, a strategy to screen women who have an 
atypical reaction to GE (or other OC) is missing, and this 
tool might help to prevent complications of oral contra-
ception in the future. Possible ways could be the combina-
tion of in vivo coagulation test (D-dimer, but also F1 + 2, 
thrombin–antithrombin complexes, and fibrinopeptide 
A) with clinical variables or, given the plummeting costs 
of this technology, genomic analysis. In conclusion, our 
observation might shed some light on the complex sce-
nario of the individual sensitivity to contraceptives and 
suggest that further effort is required to make these drugs 
safer.

Abbreviations
SR  SERPINC1 (antithrombin)
GE  Gestodene 75 µg/ethinylestradiol 20 µg
OC  Oral contraceptives

Acknowledgements
Non applicable.

Author contributions
DD, DMV, and AN conceived the study and helped to draft the manuscript. FN, 
FP, PV, SF, SUG, and DGF designed the study and drafted the manuscript. GB 
participated in the design of the study and its coordination. All authors read 
and approved the final manuscript.

Funding
There was no financial support for the present work.

Availability of data and materials
Clinical data are not publicly available, but they can be obtained from the 
Head of the Unit Clinica Medica.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor-in-Chief of this journal.

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

Author details
1 Department of Medical Surgical Ad Health Science, Clinica Medica, Cattinara 
Hospital, University of Trieste, Trieste, Italy. 2 SC Assistenza Farmaceutica, 
Cattinara Hospital, Azienda Sanitaria Universitaria Giuliano Isontina, Trieste, 
Italy. 3 SC Pronto Soccorso e Medicina d’urgenza, Cattinara Hospital, Azienda 
Sanitaria Universitaria Giuliano Isontina, Trieste, Italy. 

Received: 8 January 2023   Accepted: 21 May 2023

References
 1. Maclean PS, Tait RC. Hereditary and acquired antithrombin deficiency: epi-

demiology, pathogenesis and treatment options. Drugs. 2007;67(10):1429–
40. https:// doi. org/ 10. 2165/ 00003 495- 20076 7100- 00005.

 2. Werner MJ. Antithrombin III deficiency, deep venous thrombosis, and 
oral contraceptive use. J Adolesc Health. 1995;17(3):189–92. https:// 
doi. org/ 10. 1016/ 1054- 139X(94) 00188-K.

 3. Patnaik MM, Moll S. Inherited antithrombin deficiency: a review. Hae-
mophilia. 2008;14(6):1229–39. https:// doi. org/ 10. 1111/j. 1365- 2516. 2008. 
01830.x.

 4. Găman AM, Găman GD. Deficiency of antithrombin III (AT III)—case 
report and review of the literature. Curr Health Sci J. 2014;40(2):141–3. 
https:// doi. org/ 10. 12865/ CHSJ. 40. 02. 12.

 5. Astedt B, Isacson S, Nilsson IM, Pandolfi M. Thrombosis and oral contra-
ceptives: possible predisposition. Br Med J. 1973;4(5893):631–4. https:// 
doi. org/ 10. 1136/ bmj.4. 5893. 631.

 6. Weenink GH, Kahlé LH, Lamping RJ, ten Cate JW, Treffers PE. Antithrom-
bin III in oral contraceptive users and during normotensive pregnancy. 
Acta Obstet Gynecol Scand. 1984;63(1):57–61. https:// doi. org/ 10. 3109/ 
00016 34840 91562 74.

 7. Bates SM, Greer IA, Pabinger I, Sofaer S, Hirsh J. Venous thromboembo-
lism, thrombophilia, antithrombotic therapy, and pregnancy: American 
College of Chest Physicians Evidence-Based Clinical Practice Guidelines 
(8th Edition). Chest. 2008;133(6 Suppl):844S-886S. https:// doi. org/ 10. 
1378/ chest. 08- 0761.

 8. Mays ET, Christopherson W. Hepatic tumors induced by sex steroids. Semin 
Liver Dis. 1984;4(2):147–57. https:// doi. org/ 10. 1055/s- 2008- 10406 54.

 9. Taube OM, Rouse MR, D’Angelo L. Oral contraceptives and venous 
thromboses in adolescents undergoing elective surgery: a case report, 
and review of the literature. J Adolesc Health. 1992;13(7):634–6.

 10. Fawer R, Dettling A, Weihs D, Welti H, Schelling JL. Effect of the 
menstrual cycle, oral contraception and pregnancy on forearm blood 
flow, venous distensibility and clotting factors. Eur J Clin Pharmacol. 
1978;13(4):251–7. https:// doi. org/ 10. 1007/ BF007 16359.

 11. Prasad RN, Koh SC, Viegas OA, Ratnam SS. Effects on hemostasis 
after two-year use of low dose combined oral contraceptives with 
gestodene or levonorgestrel. Clin Appl Thromb Hemost. 1999;5(1):60–
70. https:// doi. org/ 10. 1177/ 10760 29699 00500 112.

 12. Dragoman MV, Tepper NK, Fu R, Curtis KM, Chou R, Gaffield ME. 
A systematic review and meta-analysis of venous thrombosis risk 
among users of combined oral contraception. Int J Gynaecol Obstet. 
2018;141(3):287–94. https:// doi. org/ 10. 1002/ ijgo. 12455.

 13. Creatsas G, Kontopoulou-Griva I, Deligeoroglou E, Digenopoulou 
L, Tsangaris A, Kallipolitis G, Milingos S, Michalas S. Effects of two 
combined monophasic and triphasic ethinylestradiol/gestodene oral 
contraceptives on natural inhibitors and other hemostatic variables. 
Eur J Contracept Reprod Health Care. 1997;2(1):31–8. https:// doi. org/ 
10. 1080/ 13625 18970 90499 32.

 14. Winkler UH, Schindler AE, Endrikat J, Düsterberg B. A comparative 
study of the effects of the hemostatic system of two monophasic 
gestodene oral contraceptives containing 20 micrograms and 30 
micrograms ethinylestradiol. Contraception. 1996;53(2):75–84. https:// 
doi. org/ 10. 1016/ 0010- 7824(95) 00271-5.

 15. Norris LA, Bonnar J. The effect of oestrogen dose and progestogen 
type on haemostatic changes in women taking low dose oral contra-
ceptives. Br J Obstet Gynaecol. 1996;103(3):261–7. https:// doi. org/ 10. 
1111/j. 1471- 0528. 1996. tb097 16.x.

 16. Blajchman MA, Fernandez-Rachubinski F, Sheffield WP, Austin RC, 
Schulman S. Antithrombin-III-Stockholm: a codon 392 (Gly––Asp) 
mutation with normal heparin binding and impaired serine protease 
reactivity. Blood. 1992;79(6):1428–34.

 17. Girolami A, Zanardi S, Simioni P, Tormene D. Prolonged oral contracep-
tive therapy in a woman with an antithrombin III abnormality involving 
heparin binding (type IIc) without thromboembolic complications. 
Blood Coagul Fibrinolysis. 1994;5(2):313–4. https:// doi. org/ 10. 1097/ 
00001 721- 19940 4000- 00023.

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

https://doi.org/10.2165/00003495-200767100-00005
https://doi.org/10.1016/1054-139X(94)00188-K
https://doi.org/10.1016/1054-139X(94)00188-K
https://doi.org/10.1111/j.1365-2516.2008.01830.x
https://doi.org/10.1111/j.1365-2516.2008.01830.x
https://doi.org/10.12865/CHSJ.40.02.12
https://doi.org/10.1136/bmj.4.5893.631
https://doi.org/10.1136/bmj.4.5893.631
https://doi.org/10.3109/00016348409156274
https://doi.org/10.3109/00016348409156274
https://doi.org/10.1378/chest.08-0761
https://doi.org/10.1378/chest.08-0761
https://doi.org/10.1055/s-2008-1040654
https://doi.org/10.1007/BF00716359
https://doi.org/10.1177/107602969900500112
https://doi.org/10.1002/ijgo.12455
https://doi.org/10.1080/13625189709049932
https://doi.org/10.1080/13625189709049932
https://doi.org/10.1016/0010-7824(95)00271-5
https://doi.org/10.1016/0010-7824(95)00271-5
https://doi.org/10.1111/j.1471-0528.1996.tb09716.x
https://doi.org/10.1111/j.1471-0528.1996.tb09716.x
https://doi.org/10.1097/00001721-199404000-00023
https://doi.org/10.1097/00001721-199404000-00023

	Acquired SERPINC1antithrombin deficiency during oral contraceptive consumption: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Introduction
	Case presentation
	Discussion and conclusion
	Acknowledgements
	References


