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Abstract: On December 28, 2016, a 35-year-old female patient presenting with chest pain and a brief fainting spell was admitted to
a hospital in Guangzhou and promptly received thrombectomy and catheter-directed thrombolysis. She had experienced two episodes
of explosive thrombosis, with the second occurring in May 2020, triggered by pregnancy. Her diagnoses included polycystic ovary
syndrome (PCOS), hereditary Protein C (PC) deficiency resulting from a heterozygous mutation deletion of 572 574 in exon 7,
recurrent spontaneous abortion (RSA), as well as PCOS-associated insulin resistance and chronic endometritis. Our regimen comprises
dydrogesterone for cycle regulation, rivaroxaban for PC deficiency-related thrombophilia, and metformin, amoxicillin, and omeprazole
to manage PCOS-associated insulin resistance and chronic endometritis, with the aim of mitigating their contribution to impaired
endometrial receptivity. Following our targeted and persistent treatment, the patient gave birth to a healthy baby in April 2023. It is
rare for RSA to be caused by PCOS complicated by hereditary PC deficiency, and there are no international treatment guidelines for
such cases. This report adds to the existing body of knowledge regarding the treatment of PCOS complicated by hereditary PC
deficiency. For RSA patients, a comprehensive approach considering all contributing factors and individual circumstances is essential.
Multi-disciplinary treatment (MDT) is crucial. Moreover, there are currently no international, evidence-based guidelines for the use of
combined oral contraceptives (COCs) in PCOS complicated by hereditary thrombophilia, highlighting the urgent need for multicenter
clinical studies to establish appropriate management strategies.

Keywords: PCOS, polycystic ovary syndrome, PC deficiency, protein C deficiency, RSA recurrent spontaneous abortion, VT, venous
thromboembolism, childbirth

Background

A 35-year-old female patient with recurrent spontaneous abortion (RSA) presented with polycystic ovary syndrome
(PCOS) and hereditary protein C (PC) deficiency. In 2022, our team reported this case.' The patient had been
hospitalized for emergency surgery due to explosive thrombosis in 2016 and experienced an inevitable miscarriage
in 2020 after a second episode of multiple thrombosis, leading to a diagnosis of hereditary PC deficiency resulting
from a heterozygous mutation deletion of 572 574 in exon 7. PC, a vitamin K-dependent natural anticoagulant protein
synthesized in the liver, exhibits anticoagulant, anti-inflammatory, and cytoprotective properties. Previous studies have
reported that pregnant women with PC deficiency face a 500- to 1000-fold® higher risk of venous thromboembolism
(VTE) compared to those with normal levels. More recent research indicates that the absolute risk of pregnancy-
associated VTE in women with PC deficiency reaches 7.8%. In addition, PC deficiency has been associated with
adverse obstetric outcomes, including RSA, severe preeclampsia, intrauterine growth restriction, placental abruption,
and preterm delivery.* PCOS impairs fertility and pregnancy outcomes through three core pathological features:
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hyperandrogenemia, anovulation, and insulin resistance. Hyperandrogenemia contributes to endometrial thinning and
poor embryo implantation, reducing conception and live birth rates®® while increasing risks of preterm birth and
preeclampsia;’ it may also promote second-trimester loss by increasing cervical insufficiency.® PCOS accounts for
70%° of anovulatory infertility cases. Anovulation leads to luteal phase defects and endometrial asynchrony, increasing
the risk of early miscarriage.'® Furthermore, hyperandrogenemia and insulin resistance (IR) interact to suppress
follicular development and perpetuate anovulation. IR independently compromises oocyte quality and embryonic
development, as evidenced by a 2025 retrospective cohort study (n = 1768)"" showing reduced oocyte maturation,
fertilization, and high-quality embryo rates even in normal-weight PCOS patients. In parallel, IR induces vascular
endothelial dysfunction and impaired placental remodeling,'? increasing risks of late miscarriage and obstetric
complications. Through these interconnected pathways, PCOS adversely affects reproductive success across all
gestational stages.

The combination of all the factors made conception particularly challenging, with a high risk of miscarriage and
recurrent thrombosis. However, after persistent treatment and intensive monitoring, she gave birth to a healthy baby in
April 2023, and venous thrombosis was well-controlled during follow-up. This case highlights the effective management
of this complex condition and provides valuable insights for clinicians facing similar challenges. Written consent was

obtained from the patient.

Case Report

The patient (GOP0), with a height of 170 cm, weight of 64 kg, and body mass index (BMI) of 22.14 kg/m?, presented in
2015 with irregular menstruation, hyperandrogenemia and polycystic ovarian morphology, leading to a diagnosis of
PCOS, and subsequent treatment with ethinylestradiol/cyproterone acetate for over one year. In 2016, she was admitted
to a local hospital for urgent thrombectomy and catheter-directed thrombolysis due to multiple thromboses. After the
procedure, she was placed on warfarin (3 mg daily) for anticoagulation therapy. In 2020, she became pregnant, and low-
molecular-weight heparin (LMWH) (enoxaparin sodium, 0.6 mL twice daily) along with aspirin (100 mg daily) was
prescribed in a local hospital for anticoagulation. However, she miscarried at 26 weeks.

Two months later, she sought consultation with our medical team and conveyed her wish to conceive. During
a follow-up visit to our hospital, laboratory tests showed elevated D-dimer levels (5.63 ng/L, normal range: 0-0.55 ng/L),
an APTT of 19.4 seconds (normal range: 23.3-32.5 seconds), and a protein C level of 38% (normal range: 70-130%).
High-throughput sequencing of her genomic DNA revealed a heterozygous PROC ¢.572 574delAGA mutation, con-
firming her diagnosis of hereditary protein C deficiency. We recommended switching from warfarin to rivaroxaban
(10 mg daily). Additionally, dydrogesterone (10 mg daily for 20 days each month) was used to regulate menstruation, and
metformin (750 mg twice daily) was prescribed to manage insulin resistance resulting from PCOS. After three months,
Doppler ultrasonography showed an old thrombus (3.1 mm wide) in her left popliteal and femoral veins. Blood tests and
thromboelastography (TEG) showed no abnormalities in coagulation function, confirming that the thrombi were well-
controlled. This treatment strategy continued for 18 months.

In March 2022, following her last menstrual period on March 5, the patient experienced irregular vaginal bleeding
that persisted for approximately 10 days. The gestational age was retrospectively estimated to be approximately 5 weeks.
Initially, the patient misinterpreted the prolonged bleeding as normal menstruation; however, she sought medical
attention after 7 days when the bleeding persisted. At consultation, the urine pregnancy test was negative due to the
combined effect of its inherent low sensitivity and the serum hCG pattern, which had already peaked and declined to
baseline, indicating the occurrence of a biochemical pregnancy. Despite various hemostatic treatments, bleeding
persisted, and a hysteroscopy confirmed chronic endometritis (Figure 1) and a biochemical pregnancy. She was treated
with amoxicillin (228.5 mg every 12 hours for 7 days) and ornidazole (250 mg twice daily for 7 days). After 4 months of
treatment, her condition improved, making her suitable for pregnancy. On day 3 of the menstrual cycle, letrozole (5 mg
daily for 5 days) was prescribed for ovulation stimulation, and LMWH (0.6 mL daily) was used in place of rivaroxaban
for anticoagulation.
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Figure | Pathological image of endometrium in March 2022.
Notes: Pathological image and immunohistochemistry of endometrium indicated this female had a biochemical pregnancy and chronic endometritis.

The patient became pregnant following one cycle of ovulation induction, with confirmation of pregnancy by B-HCG
on August 19, 2022. Given her medical history, we closely monitored her pregnancy and anticoagulation status. At
15 weeks of gestation, the dosage of LMWH was doubled (0.6 mL twice daily).

Throughout the pregnancy, the patient underwent routine prenatal examinations. Down syndrome screening indicated
high risk due to maternal age, but non-invasive DNA tests, the prenatal diagnosis of thalassemia, and TORCH
(Toxoplasmosis, Other Agents, Rubella, Cytomegalovirus, Herpes Simplex Virus) tests yielded normal results. The
patient adhered to regular venous thrombus monitoring, and ultrasound confirmed stable old thrombi in her left popliteal
and femoral veins (3 mm) (Figure 2). At 20 weeks, obstetric examinations showed no complications, and coagulation
tests remained stable.

On January 31, 2023, a TEG test revealed satisfactory coagulation values, and Doppler ultrasound confirmed stable
venous conditions in her lower extremities. At 37 weeks, another blood test and venous ultrasound (Figure 3) were
performed, showing no new thrombus formation, confirming the patient’s stable condition. The patient had a vaginal
delivery with oxytocin augmentation. (the oxytocin was administered as 2.5 IU in normal saline via IV infusion) and
gave birth to a healthy male infant weighing 2.97 kg and measuring 47 cm. Both the mother and the infant were in good

Figure 2 CDFI of the left popliteal-femoral vein on September 24, 2022.
Notes: CDFl revealed a 3-mm, arrow-marked old thrombus in the left popliteal-femoral vein on September 24, 2022.
Abbreviation: CDFI, Color Doppler Flow Imaging.
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Figure 3 CDFI of the left popliteal-femoral vein on March 30, 2023.

Notes: There was an old thrombus with |.8mm width indicated by the arrows in the left popliteal-femoral vein, and CDFl was seen in the mentioned-above vein on
March 30, 2023.

Abbreviation: CDFI, Color Doppler Flow Imaging.

Figure 4 CDFI of the left popliteal-femoral vein on June 7, 2023.

Notes: B-ultrasound indicated that there was an old thrombus with a |.7mm diameter marked by the arrows in the left popliteal-femoral vein and blood flow signal was
detected by CDFIl on June 7, 2023.

Abbreviation: CDFI, Color Doppler Flow Imaging.

health. A postpartum venous Doppler ultrasound of the lower extremities revealed that the pre-existing chronic thrombus
in the left leg remained stable, with no new thrombus formation.

After delivery, we recommended continuing LMWH (0.6 mL daily) for two months to prevent venous thrombosis.
Two months postpartum, ultrasound confirmed an old thrombus (1.7 mm wide) (Figure 4) in her left popliteal and
femoral veins, with no recurrence of thromboembolism. Coagulation function and D-dimer levels remained within
normal ranges. As of October 2025, the patient’s management under our guidance included dydrogesterone (10 mg daily
for 10 days monthly) for cycle regulation, metformin (500 mg twice daily) for the management of IR, and rivaroxaban
(10 mg daily) for long-term anticoagulation. Following this regimen, she achieved regular menstrual cycles and normal
serum insulin levels. Furthermore, monthly lower extremity ultrasounds confirmed thrombotic stability without new clot

formation. She elected to use contraception and reported no further pregnancies.

Discussion and Conclusion

RSA is a severe obstetric complication, with an incidence of 1% to 2%.'* The American Society for Reproductive
Medicine (ASRM) defines RSA as two or more clinical pregnancy losses confirmed by ultrasound or histopathology,'*
while the European Society for Human Reproduction and Embryology (ESHRE) defines it as more than two
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miscarriages.'> In China, RSA is defined as two or more consecutive pregnancy losses before 28 weeks of gestation,
including biochemical pregnancies. Many factors contribute to RSA, but only about 50% of causes can be identified.'
These factors include genetic issues, immune factors, endocrine disorders, prethrombotic states (PTS), infections, and
uterine abnormalities. Maternal immune dysfunction, PTS, anatomical anomalies, and endocrine imbalances are con-
sidered the most significant contributors.'® PTS, whether hereditary or acquired, provokes placental micro-thrombosis
and villous infarction, leading to decidual ischemia and recurrent pregnancy loss.'” However, the pathogenesis of some
RSA cases remains unexplained, known as unexplained recurrent spontancous abortion (URSA). Recent studies have
shown that 50% to 65% of women with RSA have at least one hereditary or acquired hypercoagulability, which can lead
to uteroplacental hemodynamic abnormalities and thrombosis, ultimately causing miscarriage.'® For RSA caused by
PCOS complicated by hereditary protein C deficiency, no international treatment guidelines are currently available.

PCOS affects 10% to 13% of women of reproductive age.'® It is characterized by infertility, irregular menstruation,
acne, and hirsutism due to elevated androgens, and it often leads to insulin resistance® and obesity. At the molecular
level, hyperandrogenism and insulin resistance act synergistically to promote both early and late pregnancy loss through
multiple interconnected mechanisms: they drive an endometrial ferroptosis-fibrosis cascade via GPX4 downregulation®'
and TGF-B/Smad activation that compromises receptivity; trigger trophoblast ferroptosis®* leading to placental insuffi-
ciency, late miscarriage, and preterm birth; and sustain chronic inflammation® and oxidative stress,”* which collectively
disrupt immune tolerance and impair embryo quality. Obesity, an independent risk factor for RSA, can impair ovum
quality and interfere with endometrial function, leading to reduced endometrial receptivity and adverse pregnancy
outcomes.”> Beyond these manifestations, PCOS is also linked to coagulation and fibrinolysis imbalances, predisposing
affected women to venous thrombosis,?® which represents another pathway to RSA.

Endometrial receptivity refers to the state in which the endometrium is prepared for a blastocyst to attach, penetrate,
and modify the endometrial interstitial to allow embryo implantation during the nidation window.?” Chronic endometritis
is characterized by the infiltration of endometrial stromal cells, increased secretion of immunoglobulins, and pro-
inflammatory cytokines,”® which can delay the transition to the endometrial secretory phase and promote the formation
of polyps. This results in impaired endometrial receptivity and is associated with adverse pregnancy outcomes such as

implantation failure, RSA, and premature delivery.”’ Palombo et al*

suggest that there are differences in endometrial
function between PCOS patients and healthy women. PCOS leads to dysregulation of estrogen and progesterone
receptors, which increases the risk of endometrial insulin resistance and chronic endometritis. Higher-level evidence
from extensive hyperinsulinemic-euglycemic clamp studies confirms that IR as a core and prevalent pathophysiological
characteristic of PCOS.?'*? This holds true even in women with normal body weight, where the prevalence of insulin
resistance is significantly higher compared to age- and BMI-matched healthy controls. Furthermore, meta-analyses of
these clamp studies demonstrate that women with PCOS exhibit an approximately 27% reduction in whole-body insulin
sensitivity relative to healthy control subjects. Recent studies have shown that IR is an independent risk factor for RSA in
addition to PCOS and obesity.>> The mechanism behind this is related to the elevated secretion of androgens, plasmino-
gen activator inhibitor-1, and homocysteine.**

In PCOS patients with hereditary PC deficiency, IR and chronic endometritis collectively elevate the risk of RSA
through multiple synergistic mechanisms. The inherited PC deficiency establishes a persistent pro-thrombotic state,
causing a microvascular occlusion of the maternal-fetal interface.”> Meanwhile, the characteristic IR and hyperandrogen-
ism of PCOS directly promote endometrial ferroptosis through GPX4 suppression and drive aberrant villous vascular
remodeling via TGF-B/Smad activation.”' This metabolic dysregulation is further exacerbated by chronic endometritis,
which amplifies local inflammation through immune cell infiltration and pro-inflammatory cytokine release.>® All these
processes synergistically disrupt both initial implantation and subsequent placental development, ultimately leading
to RSA.

Subsequently, warfarin was prescribed for anticoagulation until the first inevitable miscarriage combined with
explosive thrombosis in 2020. After this event, high-throughput sequencing (NGS) revealed hereditary PC deficiency
resulting from a heterozygous mutation deletion of 572 574 in exon 7. PC, a vitamin K-dependent glycoprotein, exists in
the blood as a serine protease precursor and plays a key role in physiological anticoagulation. After binding to the
endothelial protein C receptor (EPCR) on vascular endothelial cells, PC is activated by the thrombin—thrombomodulin
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complex to form activated protein C (APC).*” Together with its essential cofactor, protein S, APC inactivates factors FVa
and FVIIIa and enhances fibrinolysis, thereby exerting potent anticoagulant activity.*® Additionally, APC stimulates the
release of plasminogen activator, thereby enhancing fibrinolytic activity. Deficiencies in PC are strongly linked to venous
thromboembolism VTE.***! Hereditary PC deficiency caused by mutations in the PROC gene is relatively rare
compared with acquired forms. The PROC gene, located on chromosome 2q13-14,** encodes PC, and the Human
Gene Mutation Database currently lists 416 distinct PROC mutations linked to PC deficiency. Genotypically, hereditary
PC deficiency is classified into homozygous and heterozygous forms* (including simple heterozygous and compound
heterozygous). Homozygous and compound heterozygous forms lead to autosomal recessive PC deficiency, often
presenting as fulminant neonatal purpura and disseminated intravascular coagulation. Autosomal dominant PC defi-
ciency, with a prevalence of 0.2%-0.5%,** is caused by single heterozygous deficiency of PC, and its clinical
manifestation is VTE, which most often occurs in the deep veins of the lower limbs and lungs.>”*> In the Chinese
population, the common PROC c¢.572_574del mutation was shown to confer a 2.84-fold elevation in VTE risk.*¢

In the present case, a heterozygous deletion at positions 572 574 in exon 7 of the PROC gene underlies the hereditary
PC deficiency, which in conjunction with PCOS, directly contributed to her first miscarriage and explosive thrombotic
event. Additionally, a hypercoagulable state was triggered by COCs (Figure 5). In 2022, a biochemical pregnancy was
detected through hysteroscopic pathology, and chronic endometritis was also revealed. The interaction of hereditary PC
deficiency, PCOS, insulin resistance, and chronic endometritis led to a second miscarriage. In conclusion, thrombophilia
caused by hereditary PC deficiency, PCOS, insulin resistance, and chronic endometritis resulted in RSA in this patient.

She was still eager to become pregnant, so the irregular menstruation and ovulatory dysfunction caused by PCOS

were treated actively. Desdrogesterone, which poses a significantly lower risk for thrombosis®’*®

compared to other
progestational medications. Given that the patient was in a prethrombotic state due to hereditary PC deficiency and had
a higher risk of thrombosis from taking COCs, we selected dydrogesterone (10 mg twice daily, 20 days per month) to

regulate her endometrial and menstrual cycles. Moreover, preventing thrombosis was crucial.
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Figure 5 The first treatment before 2020.

Notes: PCOS complicated with genetic PC deficiency was directly responsible for the first-time miscarriage complicated with explosive thrombosis of this female in 2020,
and it was stimulated by COC.

Abbreviation: COC, combined oral contraceptives; PC, protein C; PCOS, polycystic ovary syndrome.
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Anticoagulation therapy has evolved from traditional agents like warfarin and heparin®*’ to newer direct oral antic-
oagulants, with selection guided by pharmacological profiles and clinical context. Warfarin, the most widely used vitamin
K antagonist, introduced in 1954, remains widely-used due to its low cost and manageable monitoring via the International
Normalized Ratio. It acts by inhibiting the synthesis of vitamin K-dependent clotting factors (II, VII, IX, X),”° but
concurrently reduces protein C production, requiring 2-3 days to achieve therapeutic effect and 3-5 days”' to dissipate
after discontinuation. In contrast, heparins (unfractionated and low-molecular-weight heparin), some of the earliest isolated
anticoagulants,>® are parenteral mucopolysaccharides that act rapidly and are preferred in pregnancy, malignancy, and
perioperative settings.”> Among newer direct oral anticoagulants, rivaroxaban—approved by the FDA in 2011—inhibits
factor Xa directly, thereby reducing thrombin generation without affecting existing thrombin activity. With a half-life of

5-15 hours and a 24-hour pharmacodynamic effect,”*

it provides predictable anticoagulation without routine monitoring of
blood test™® and, importantly, does not lower protein C levels.’ For the present patient, rivaroxaban (10 mg daily) was selected
to manage hypercoagulability while avoiding further compromise of protein C activity.

Additionally, the patient had been taking metformin to treat insulin resistance. She was also treated with amoxicillin and
ornidazole to manage chronic endometritis, which helped improve endometrial receptivity and reduced the risk of miscarriage.

Letrozole, a nonsteroidal aromatase inhibitor commonly used to stimulate ovulation, was also considered. Although
no studies have directly linked aromatase inhibitors to thrombosis, some studies have shown a higher rate of cardiovas-
cular events in patients treated with letrozole.”® Given that the patient was already on rivaroxaban and her blood clotting
indexes were normal, letrozole was used to promote ovulation.

After one cycle of ovulation stimulation, the patient became pregnant. During pregnancy, LMWH, a safer antic-
oagulant for pregnant women, was used as an alternative to rivaroxaban (Figures 6 and 7). Due to the hypercoagulable
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Figure 6 The second treatment after 2020.
Notes: Multi-Disciplinary Treatment was applied on this female, and she finally achieved a successful pregnancy and delivery.
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®n 2015

The woman was diagnosed with PCOS and applied
drospirenone and ethinylestradiol tablets.

In December 2016 .

An urgent multiple thrombosis occurred and warfarin
was applied. Bseides,Drospirenone and ethinylestradiol
tablets was discountinued.

® n May 2020

She was pregnant but suffered a second multiple
thrombosis leading to a miscarriage.

In January 2021 ®

NGS showed that the female had an inherited protein
C deficiency, so Rivaroxaban was recommended
instead of Warfarin.Besides, desdrogesterone and
metformin were applied to regulate menstruationand
ameliorate insulin resistance resulted from PCOS.

® In March 2022

She experienced a biochemical pregnancy and chronic
endometritis was pathologically confirmed.
Thrombosis was well controlled, so chronic
endometritis was treated with emphasis.

In July 2022 @

She was deemed suitable for pregnancy. Therefore,
letrozole was applied for ovulation-stimulation, and
LMWH replaced rivaroxaban for anticoagulation

® In August 2022

The patient's pregnancy was confirmed by a blood test
showing a positive HCG value. Anticoagulant therapy
with LMWH was continued, even at a double dose in
the second trimester.In addition, monitoring of the
patient’s thrombosis and the growth of the fetus was

. also performed regularly.
In April 2023 @°°*°° oy

This patient gave birth to a healthy male infant and
LMWH was suggested to use for two months to avoid
venous thrombosis.

@ In June 2023

The female came for follow-up visit.ultrasound
showed an old 1.7mm thrombus in her left popliteal
and femoral vein, but no new thrombosis was
detected in blood tests.

Figure 7 Summary diagram of the patient’s clinical course and intervention.

state during pregnancy, the patient’s coagulation indexes were closely monitored, and Doppler ultrasound of the lower
extremities was performed regularly. Fetal condition was also monitored using ultrasound to minimize the risk of
thrombosis and miscarriage. D-dimer levels were closely observed, as they play a crucial role in diagnosing deep venous
thrombosis and estimating the patient’s coagulation status.

After delivery, LMWH was recommended as a routine anticoagulation therapy for 8 weeks to prevent thrombosis in this
patient, who had a history of multiple thromboses. Regular coagulation tests and ultrasound screenings were also advised.
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PCOS complicated with hereditary Protein C deficiency directly caused recurrent miscarriage in this case. Based on
our experience, screening tests for hereditary thrombotic defects should be emphasized before prescribing COCs, as these
tests are often overlooked. Furthermore, mutations in the PROC gene may increase the risk of venous thromboembolism,
so it is important to actively identify the cause and select appropriate medications to prevent thrombosis. Blind use of
anticoagulants may cause secondary harm to patients with hereditary thrombotic diseases.

Moreover, dydrogesterone may be a better alternative to COCs for patients at high risk of thrombosis in order to
regulate menstruation. Before initiating ovulation stimulation, it is essential to correct any endometrial receptivity issues
caused by insulin resistance and chronic endometritis, which are critical to prevent recurrent abortion. For patients with
hereditary Protein C deficiency, the use of rivaroxaban before pregnancy can correct coagulation disorders and reduce the
risk of thrombosis and miscarriage during pregnancy.

This study reports a patient who achieved a clear diagnosis and received timely intervention. However, it is crucial to
acknowledge that similar clinical management pathways often face substantial challenges in resource-limited settings.
These challenges not only compromise diagnostic accuracy but also directly constrain therapeutic effectiveness,
potentially exacerbating adverse pregnancy outcomes in women with RSA. Many individuals with PCOS and its
comorbidities or underlying thrombophilic conditions remain undiagnosed and are often simply categorized as URSA,
thereby missing targeted therapy. Furthermore, essential monitoring for high-risk pregnancies including first-trimester
serial monitoring of B-hCG and progesterone levels and regular ultrasound assessments, is often not routinely feasible in
these regions. Therefore, when interpreting the management strategy described in this case, the limitations of its
applicability should be considered and simplified clinical pathways better suited for primary care and resource-
constrained regions should be explored.

In conclusion, for RSA patients, all contributing factors and individual circumstances should be carefully considered
when formulating a personalized treatment plan. Additionally, a Multi-Disciplinary Team (MDT) approach is essential in
managing such complex cases. In this case, a combined approach from gynecological endocrinology, hematology,
obstetrics, ultrasound, and internal medicine ultimately led to a successful pregnancy outcome.

Furthermore, the use of COCs in PCOS patients complicated by hereditary thrombophilia requires careful considera-
tion and assessment. Currently, no international evidence-based guidelines address this issue, indicating the urgent need
for multicenter clinical studies to develop management strategies for these patients.

Abbreviations

APC, activated protein C; APTT, activated partial thromboplastin time; BMI: body mass index; EPCR: endothelial
protein C receptor; HCG, human chorionic gonadotropin; IR: insulin resistance; LMWH, low-molecular-weight heparin;
MDT, Multi-Disciplinary Treatment; NGS, high-throughput sequencing; PC, protein C; PCOS, polycystic ovary syn-
drome; PTS, prethrombotic state; RSA, recurrent spontaneous abortion; TEG, thromboelastogram; URSA: unexplained
recurrent spontaneous abortion VTE, venous thromboembolism.

Data Sharing Statement

Data will be made available on request from the corresponding authors.

Ethics Approval and Consent to Participate

The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved. The studies involving human participants were reviewed
and approved by the Guangdong Women and Children Hospital Ethics Committee. Written informed consent was
provided by the patient.

Consent for Publication
The case details have been approved for publication by the Guangdong Women and Children Hospital Ethics Committee.
Written informed consent was obtained from the patient for publication of her case as well as the accompanying images.

International Journal of Women’s Health 2025:17 hetps: 5125



Qiu et al

Acknowledgment

This paper was presented at the Conference as a poster presentation/conference talk with interim findings. The poster’s
abstract was published in “Poster Abstracts” in SSRN Journal: https://papers.ssrn.com/sol3/papers.cfm?abstract id=
4788745

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This work was supported by the Natural Science Foundation of Guangdong Province (Grant No. 2024A1515013145) and
the Guangdong Provincial Department of Science and Technology’s Joint Innovation Domain-Specific Project for
Guangdong-Hong Kong-Macao Collaboration (Grant No. 2024A0505090001).

Disclosure
The authors declare that the research was conducted in the absence of any commercial or financial relationships.

References

1. Zhong M, Tu Y, Peng X, et al. A case of polycystic ovary syndrome with inevitable miscarriage and multi-site venous thrombosis caused by
hereditary protein C deficiency. Gynecol Endocrinol. 2022;38(12):1153-1157. doi:10.1080/09513590.2022.2162034
2. Vogel JJ, de Moerloose PA, Bounameaux H. Protein C deficiency and pregnancy: a case report. Obstet Gynecol. 1989;73(3):455-456.
3. Croles FN, Nasserinejad K, Duvekot JJ, Kruip MJ, Meijer K, Leebeek FW. Pregnancy, thrombophilia, and the risk of a first venous thrombosis:
systematic review and Bayesian meta-analysis. BMJ. 2017;359:j4452. doi:10.1136/bmj.j4452
4. Kalmegh S, Patvekar M. Impending eclampsia with protein C deficiency in pregnancy: a case report from recovery to mortality. Cureus. 2024;16
(7):64289. doi:10.7759/cureus.64289
5. Wei SY, Zhang JL, Guan HQ, et al. High androgen level during controlled ovarian stimulation cycle impairs endometrial receptivity in PCOS
patients. Sci Rep. 2024;14(1):23100. doi:10.1038/s41598-024-74295-7
6. Chan JL, Legro RS, Eisenberg E, Pisarska MD, Santoro N. Correlation of polycystic ovarian syndrome phenotypes with pregnancy and neonatal
outcomes. Obstet Gynecol. 2024;144(4):543—-549. doi:10.1097/A0G.0000000000005702
7. Palomba S, Santagni S, Falbo A, La Sala GB. Complications and challenges associated with polycystic ovary syndrome: current perspectives.
Int J Womens Health. 2015;7:745-763. doi:10.2147/IJWH.S70314
. Wang K, Bu Z, Ge X, Wang F, Zhang M, Guo Y. Hyperandrogenism increases late spontaneous miscarriage in polycystic ovary syndrome women
due to cervical insufficiency? A propensity-score matching study. BMC Pregnancy Childbirth. 2025;25(1):222. doi:10.1186/512884-025-07342-4
9. Cunha A, Povoa AM. Infertility management in women with polycystic ovary syndrome: a review. Porto Biomed J. 2021;6(1):e116. doi:10.1097/j.
pbj.0000000000000116
10. Aboulghar M, Aboulghar M. The dilemma of polycystic ovary syndrome and pregnancy complications. Fertil Steril. 2024;122(6):1014-1015.
doi:10.1016/j.fertnstert.2024.09.030
11. Zhang R, Wang X, Mo M, Liu Z, Liu S. Insulin resistance as a determinant of fertilization efficiency in polycystic ovary syndrome patients
undergoing IVF/ICSI: a retrospective cohort study. Reprod Biol Endocrinol. 2025;23(1):120. doi:10.1186/s12958-025-01453-5
12. Lyall F, Robson SC, Bulmer JN. Spiral artery remodeling and trophoblast invasion in preeclampsia and fetal growth restriction: relationship to
clinical outcome. Hypertension. 2013;62(6):1046—1054. doi:10.1161/HYPERTENSIONAHA.113.01892
13. EGGo RPL, Bender Atik R, Christiansen OB, et al. ESHRE guideline: recurrent pregnancy loss: an update in 2022. Hum Reprod Open. 2023;2023
(1):hoad002. doi:10.1093/hropen/hoad002
14. Practice Committee of American Society for Reproductive M. Multiple gestation associated with infertility therapy: an American society for
reproductive medicine practice committee opinion. Fertil Steril. 2012;97(4):825-834. doi:10.1016/j.fertnstert.2011.11.048
15. Giouleka S, Tsakiridis I, Arsenaki E, et al. Investigation and management of recurrent pregnancy loss: a comprehensive review of guidelines.
Obstet Gynecol Surv. 2023;78(5):287-301. doi:10.1097/0GX.0000000000001133
16. Deng T, Liao X, Zhu S. Recent advances in treatment of recurrent spontaneous abortion. Obstet Gynecol Surv. 2022;77(6):355-366. doi:10.1097/
0GX.0000000000001033
17. Wu Y, Xin M, Han Q, et al. Extensive serum biomarker analysis in the prethrombotic state of recurrent spontaneous abortion. J Cell Mol Med.
2021;25(14):6679-6694. doi:10.1111/jcmm.16671
18. Mitic G, Novakov Mikic A, Povazan L, Mitreski A, Kopitovic V, Vejnovic T. Thromboprophylaxis implementation during pregnancy in women
with recurrent foetal losses and thrombophilia. Med Pregl. 2011;64(9—10):471-475.
19. Teede HJ, Tay CT, Laven JJE, et al. Recommendations from the 2023 international evidence-based guideline for the assessment and management of
polycystic ovary syndrome. J Clin Endocrinol Metab. 2023;108(10):2447-2469. doi:10.1210/clinem/dgad463

o0

5126 https: International Journal of Women’s Health 2025:17


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4788745
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4788745
https://doi.org/10.1080/09513590.2022.2162034
https://doi.org/10.1136/bmj.j4452
https://doi.org/10.7759/cureus.64289
https://doi.org/10.1038/s41598-024-74295-7
https://doi.org/10.1097/AOG.0000000000005702
https://doi.org/10.2147/IJWH.S70314
https://doi.org/10.1186/s12884-025-07342-4
https://doi.org/10.1097/j.pbj.0000000000000116
https://doi.org/10.1097/j.pbj.0000000000000116
https://doi.org/10.1016/j.fertnstert.2024.09.030
https://doi.org/10.1186/s12958-025-01453-5
https://doi.org/10.1161/HYPERTENSIONAHA.113.01892
https://doi.org/10.1093/hropen/hoad002
https://doi.org/10.1016/j.fertnstert.2011.11.048
https://doi.org/10.1097/OGX.0000000000001133
https://doi.org/10.1097/OGX.0000000000001033
https://doi.org/10.1097/OGX.0000000000001033
https://doi.org/10.1111/jcmm.16671
https://doi.org/10.1210/clinem/dgad463

Qiu et al

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.
38.

39.

40.

4

—_

42.
43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.
53.

DeUgarte CM, Bartolucci AA, Azziz R. Prevalence of insulin resistance in the polycystic ovary syndrome using the homeostasis model assessment.
Fertil Steril. 2005;83(5):1454-1460. doi:10.1016/j.fertnstert.2004.11.070

Ye Z, Cheng M, Lian W, et al. GPX4 deficiency-induced ferroptosis drives endometrial epithelial fibrosis in polycystic ovary syndrome. Redox
Biol. 2025;83:103615. doi:10.1016/j.redox.2025.103615

Khodaei MM, Noori Z, Zare F, Meshkin A. Ferroptosis and recurrent miscarriage: a critical review of pathophysiology and emerging therapeutic
targets. Front Cell Dev Biol. 2025;13:1559300. doi:10.3389/fcell.2025.1559300

Chen W, Yang Q, Hu L, et al. Shared diagnostic genes and potential mechanism between PCOS and recurrent implantation failure revealed by
integrated transcriptomic analysis and machine learning. Front Immunol. 2023;14:1175384. doi:10.3389/fimmu.2023.1175384

Xie N, Zhao W. Adverse pregnancy and perinatal outcomes in women with polycystic ovary syndrome undergoing assisted reproductive
technology: a systematic review and meta-analysis. Front Med. 2025;12:1656389. doi:10.3389/fmed.2025.1656389

Rhee JS, Saben JL, Mayer AL, et al. Diet-induced obesity impairs endometrial stromal cell decidualization: a potential role for impaired autophagy.
Hum Reprod. 2016;31(6):1315-1326. doi:10.1093/humrep/dew048

Ennab F, Atiomo W. Obesity and female infertility. Best Pract Res Clin Obstet Gynaecol. 2023;89:102336. doi:10.1016/j.bpobgyn.2023.102336
Goda N, Ryan HE, Khadivi B, McNulty W, Rickert RC, Johnson RS. Hypoxia-inducible factor lalpha is essential for cell cycle arrest during
hypoxia. Mol Cell Biol. 2003;23(1):359-369. doi:10.1128/MCB.23.1.359-369.2003

Zargar M, Ghafourian M, Nikbakht R, Mir Hosseini V, Moradi Choghakabodi P. Evaluating chronic endometritis in women with recurrent
implantation failure and recurrent pregnancy loss by hysteroscopy and immunohistochemistry. J Minim Invasive Gynecol. 2020;27(1):116-121.
doi:10.1016/j.jmig.2019.02.016

Cicinelli E, Matteo M, Trojano G, et al. Chronic endometritis in patients with unexplained infertility: prevalence and effects of antibiotic treatment
on spontaneous conception. Am J Reprod Immunol. 2018;79(1). doi:10.1111/aji.12782

Palomba S, Piltonen TT, Giudice LC. Endometrial function in women with polycystic ovary syndrome: a comprehensive review. Hum Reprod
Update. 2021;27(3):584—618. doi:10.1093/humupd/dmaa051

. Joham AE, Norman RJ, Stener-Victorin E, et al. Polycystic ovary syndrome. Lancet Diabetes Endocrinol. 2022;10(9):668—680. doi:10.1016/S2213-

8587(22)00163-2

Cassar S, Misso ML, Hopkins WG, Shaw CS, Teede HJ, Stepto NK. Insulin resistance in polycystic ovary syndrome: a systematic review and
meta-analysis of euglycaemic-hyperinsulinaemic clamp studies. Hum Reprod. 2016;31(11):2619-2631. doi:10.1093/humrep/dew243

Maryam K, Bouzari Z, Basirat Z, Kashifard M, Zadeh MZ. The comparison of insulin resistance frequency in patients with recurrent early
pregnancy loss to normal individuals. BMC Res Notes. 2012;5:133. doi:10.1186/1756-0500-5-133

Celik N, Evsen MS, Sak ME, Soydinc E, Gul T. Evaluation of the relationship between insulin resistance and recurrent pregnancy loss. Ginekol
Pol. 2011;82(4):272-275.

Mitriuc D, Popusoi O, Catrinici R, Friptu V. The obstetric complications in women with hereditary thrombophilia. Med Pharm Rep. 2019;92
(2):106-110. doi:10.15386/cjmed-1097

Li JW, Wan RT, Liu QD, Xu HL, Chen Q. Causal association of immune cells and endometritis: a Mendelian randomization study. Sci Rep. 2024;14
(1):24822. doi:10.1038/541598-024-75827-x

Goldenberg NA, Manco-Johnson MJ. Protein C deficiency. Haemophilia. 2008;14(6):1214-1221. doi:10.1111/j.1365-2516.2008.01838.x

Amiral J, Seghatchian J. Revisiting the activated protein C-protein S-thrombomodulin ternary pathway: impact of new understanding on its
laboratory investigation. Transfus Apher Sci. 2019;58(4):538-544. doi:10.1016/j.transci.2019.06.008

Ikejiri M, Wada H, Yamada N, et al. High prevalence of congenital thrombophilia in patients with pregnancy-related or idiopathic venous
thromboembolism/pulmonary embolism. /nt J Hematol. 2017;105(3):272-279. doi:10.1007/s12185-016-2111-2

Crowther MA, Kelton JG. Congenital thrombophilic states associated with venous thrombosis: a qualitative overview and proposed classification
system. Ann Intern Med. 2003;138(2):128-134. doi:10.7326/0003-4819-138-2-200301210-00014

. Rodeghiero F, Tosetto A. Activated protein C resistance and factor V Leiden mutation are independent risk factors for venous thromboembolism.

Ann Intern Med. 1999;130(8):643-650. doi:10.7326/0003-4819-130-8-199904200-00004

Reitsma PH. Protein C deficiency: from gene defects to disease. Thromb Haemost. 1997;78(1):344-350.

Mackie I, Cooper P, Lawrie A, et al. Guidelines on the laboratory aspects of assays used in haemostasis and thrombosis. /nt J Lab Hematol. 2013;35
(1):1-13. doi:10.1111/ij1h.12004

Marlar RA, Montgomery RR, Broekmans AW. Diagnosis and treatment of homozygous protein C deficiency. report of the working party on
homozygous protein C deficiency of the subcommittee on protein C and protein S, international committee on thrombosis and haemostasis.
J Pediatr. 1989;114(4):. doi:10.1016/50022-3476(89)80688-2

Ghassemi F, Abdi F, Esfahani M. Ophthalmic manifestations of congenital protein C deficiency: a case report and mini review. BMC Ophthalmol.
2020;20(1):282. doi:10.1186/s12886-020-01424-x

Tang L, Wang HF, Lu X, et al. Common genetic risk factors for venous thrombosis in the Chinese population. 4m J Hum Genet. 2013;92
(2):177-187. doi:10.1016/j.ajhg.2012.12.013

Scarabin PY. Progestogens and venous thromboembolism in menopausal women: an updated oral versus transdermal estrogen meta-analysis.
Climacteric. 2018;21(4):341-345. doi:10.1080/13697137.2018.1446931

Kaemmle LM, Stadler A, Janka H, von Wolff M, Stute P. The impact of micronized progesterone on cardiovascular events - a systematic review.
Climacteric. 2022;25(4):327-336. doi:10.1080/13697137.2021.2022644

Eikelboom JW, Hirsh J, Spencer FA, Baglin TP, Weitz JI. Antiplatelet drugs: antithrombotic therapy and prevention of thrombosis, 9th ed:
American college of chest physicians evidence-based clinical practice guidelines. Chest. 2012;141(2 Suppl):e89S—e119S. doi:10.1378/chest.11-
2293

Porter WR. Warfarin: history, tautomerism and activity. J Comput Aided Mol Des. 2010;24(6—7):553-573. doi:10.1007/s10822-010-9335-7
Moyer TP, O’Kane DJ, Baudhuin LM, et al. Warfarin sensitivity genotyping: a review of the literature and summary of patient experience. Mayo
Clin Proc. 2009;84(12):1079-1094. doi:10.4065/mcp.2009.0278

Damus PS, Hicks M, Rosenberg RD. Anticoagulant action of heparin. Nature. 1973;246(5432):355-357. doi:10.1038/246355a0

Shapiro NL, Kominiarek MA, Nutescu EA, Chevalier AB, Hibbard JU. Dosing and monitoring of low-molecular-weight heparin in high-risk
pregnancy: single-center experience. Pharmacotherapy. 2011;31(7):678-685. doi:10.1592/phco.31.7.678

International Journal of Women’s Health 2025:17 hetps: 5127


https://doi.org/10.1016/j.fertnstert.2004.11.070
https://doi.org/10.1016/j.redox.2025.103615
https://doi.org/10.3389/fcell.2025.1559300
https://doi.org/10.3389/fimmu.2023.1175384
https://doi.org/10.3389/fmed.2025.1656389
https://doi.org/10.1093/humrep/dew048
https://doi.org/10.1016/j.bpobgyn.2023.102336
https://doi.org/10.1128/MCB.23.1.359-369.2003
https://doi.org/10.1016/j.jmig.2019.02.016
https://doi.org/10.1111/aji.12782
https://doi.org/10.1093/humupd/dmaa051
https://doi.org/10.1016/S2213-8587(22)00163-2
https://doi.org/10.1016/S2213-8587(22)00163-2
https://doi.org/10.1093/humrep/dew243
https://doi.org/10.1186/1756-0500-5-133
https://doi.org/10.15386/cjmed-1097
https://doi.org/10.1038/s41598-024-75827-x
https://doi.org/10.1111/j.1365-2516.2008.01838.x
https://doi.org/10.1016/j.transci.2019.06.008
https://doi.org/10.1007/s12185-016-2111-2
https://doi.org/10.7326/0003-4819-138-2-200301210-00014
https://doi.org/10.7326/0003-4819-130-8-199904200-00004
https://doi.org/10.1111/ijlh.12004
https://doi.org/10.1016/s0022-3476(89)80688-2
https://doi.org/10.1186/s12886-020-01424-x
https://doi.org/10.1016/j.ajhg.2012.12.013
https://doi.org/10.1080/13697137.2018.1446931
https://doi.org/10.1080/13697137.2021.2022644
https://doi.org/10.1378/chest.11-2293
https://doi.org/10.1378/chest.11-2293
https://doi.org/10.1007/s10822-010-9335-7
https://doi.org/10.4065/mcp.2009.0278
https://doi.org/10.1038/246355a0
https://doi.org/10.1592/phco.31.7.678

Qiu et al

54. Pudusseri A, Shameem R, Spyropoulos AC. A new paradigm shift in antithrombotic therapy. Front Pharmacol. 2013;4:133. doi:10.3389/
fphar.2013.00133

55. Harder S. Pharmacokinetic and pharmacodynamic evaluation of rivaroxaban: considerations for the treatment of venous thromboembolism. Thromb
J. 2014;12:22. doi:10.1186/1477-9560-12-22

56. Chojnowski K, Gorski T, Robak M, Trelinski J. Effects of rivaroxaban therapy on ROTEM coagulation parameters in patients with venous
thromboembolism. Adv Clin Exp Med. 2015;24(6):995-1000. doi:10.17219/acem/42147

57. Naghavi S, Pourmohammadi A, Adibi I. Rivaroxaban in recurrent ischemic stroke due to protein S deficiency: a case report. Neurol Ther. 2021;10
(1):401-406. doi:10.1007/340120-021-00232-9

58. Elisaf MS, Bairaktari ET, Nicolaides C, et al. Effect of letrozole on the lipid profile in postmenopausal women with breast cancer. Eur J Cancer.
2001;37(12):1510-1513. doi:10.1016/s0959-8049(01)00155-1

International Journal of Women’s Health Dovepress
Taylor & Francis Group

Publish your work in this journal

The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports,
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

. International Journal of Women’s Health 2025:17
5128 Bl X in O J


https://doi.org/10.3389/fphar.2013.00133
https://doi.org/10.3389/fphar.2013.00133
https://doi.org/10.1186/1477-9560-12-22
https://doi.org/10.17219/acem/42147
https://doi.org/10.1007/s40120-021-00232-9
https://doi.org/10.1016/s0959-8049(01)00155-1
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Background
	Case Report
	Discussion and Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Consent for Publication
	Acknowledgment
	Author Contributions
	Funding
	Disclosure

