Fresh Frozen Plasma in recurrent pregnancy loss due to Factor XIII Val34Leu: Case Series
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Abstract
Background: Recurrent Pregnancy Loss (RPL) is defined as three or more consecutive pregnancy losses before 24 weeks of gestation, whereas on clinical grounds many clinicians consider RPL as two or more non-consecutive pregnancy losses. Many causes of PRL have been identified including uterine anomalies, chromosomal aberrations, antiphospholipid antibodies, infections and others. However, the major cause of RPL remains unidentified. A unique coagulation abnormality that has been recently linked to RPL is Factor XIII Val34Leu mutation. Our case study concentrates on the possible benefit of FFP in treating women with RPL who are homozygous for this mutation.
Case Presentation: This was a prospective case-series study conducted in Gaza of three pregnant patients who presented to our fertility clinic with history of RPL. The cases were investigated for causes of RPL and no known cause was identified. They were screened for Factor XIII Val34Leu mutation for which they were positive. There is little, if any, evidence regarding the best management option in such cases as Factor XIII Val34Leu is not recognized as one of causes of RPL. We decided to treat those patients with Fresh Frozen Plasma (FFP) based on the evidence that Factor XIII dysfunction may lead to improper implantation with poor pregnancy support and thus, pregnancy loss. The three patients had uneventful pregnancy course, and all delivered healthy babies.
Conclusion: Homozygous mutation of Factor XIII Val34Leu might have a role in unexplained RPL. FFP is a promising adjuvant therapy in such cases to avoid further pregnancy loss.
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Background
Recurrent Pregnancy Loss (RPL) is defined as three or more consecutive pregnancy losses before 24 weeks of gestation, whereas on clinical grounds many clinicians consider RPL as two or more consecutive pregnancy losses [1]. In addition, the European Society of Human Reproduction and Embryology (ESHRE) has published a report in 2018 which includes all cases with two or more nonconsecutive pregnancy losses within the spectrum of RPL [2].
Many causes of PRL have been identified including uterine anomalies, chromosomal aberrations, antiphospholipid antibodies, infections and others. However, the major cause of RPL remains unidentified. Abnormalities of the coagulation system are emerging as one of the causes of RPL. Mutations in coagulation factor 2 [3], coagulation factor 5 Leiden [4], and plasminogen activator inhibitor-1 [5] have been implicated in the etiology of RPL. Another coagulation abnormality that has been recently linked to RPL is Factor XIII Val34Leu mutation [6][7][8].
Factor XIII is a fibrin stabilizing factor that consists of hetero-tetramer of two alpha and two beta subunits, which, when activated, form fibrin cross-linkage that forms the blood clots [9,10]. Five common polymorphisms in A-subunit have been studied by investigators. Factor XIII Val34Leu is one of the common coding polymorphisms which occurs in codon 34 of the factor XIII A-subunit replacing valine with leucine as a result of C<G transition. This transition does not ultimately lead to factor deficiency but instead results in Factor XIII dysfunction. That means that fibrin clots formed in the presence of Leu34 factor XIII have friable fiber formation, decreased space between fibrin strands, and altered permeation characteristics when compared with fibrin meshwork formed in the presence of the Val34 variant [9–11].
A functional balance between coagulation and fibrinolysis is crucial for placental formation and trophoblastic invasion. Impaired fibrinolysis with looser fibrin structure could lead to placental dysfunction, thus causing inadequate trophoblastic invasion and disturbed deposition of fibrin in the early placental circulation. This, in turn, may lead to RPL for patients who are homozygous Factor XIII Val34Leu mutation [8,12]. 
[bookmark: _GoBack]Controversial findings were published regarding the association between RPL and Factor XIII Val34Leu variant. Incidence … FXIII Val34Leu polymorphism was suggested to be implicated in venous thromboembolism (VTE), coronary artery disease (CAD) and Ischemic stroke [8]. Other studies proved that such mutation could be protective against venous thrombosis with bleeding problems [11,13,14]. However, it has to be taken into account that the development of coagulation-based pregnancy complications is usually a multifactorial event involving gene–gene and gene–environment interactions. For this reason, some carriers of predisposing genotypes will not develop disease while others will, even without carrying distinct risk factors [15,16].
Most of the literature connecting RPL with FXIII Val34Leu studies the possible association between them. There is little evidence in the literature when it comes to the treatment of women who carry the FXIII 34Leu variant and nearly no data exists on management of those patients during pregnancy. In this article, we report three cases with unexplained history of RPL, and who are homozygous for Factor XIII Val34Leu. Although examining this factor FXIII Val34Leu is not part of routine RPL work-up, this has been suggested in those patients after searching literature thoroughly about possible causes. Some article shed the light on the effect of Factor XIII Val34Leu mutation in disturbing early embryological and placental development[17].
When it comes to available treatments for deficient FXIII Val34Leu during pregnancy, the options include recombinant FXIII concentrate, Fresh Frozen Plasma (FFP) and cryoprecipitate[18]. FFP was used to normalize the function of mutant Factor XIII at a dose of 5-10ml/kg. As there is no supporting data on frequency of treatment, we proposed a 4-weekly administration protocol throughout pregnancy simulating the treatment regimen in cases of factor deficiency[19][20]. All three cases were successfully treated with FFP as one of promising modality of normalizing Factor XIII function and they have delivered normally with good outcomes.

Case Presentation
We prospectively followed up three women from August 2019 to September 2020 who were found to be homozygous for Factor XIII Val34Leu mutation apart from their work-up for RPL in our fertility clinic. All patients gave their consent to include their data in the study.
Table 1 shows demographics of the three cases. The three reported women were 30, 26 and 20 years of age at the time of presentation, and each had five, two and three previous miscarriages, respectively. All of their miscarriages were in 1st trimester, except for case 2 who had one miscarriage at 19 weeks gestation. None of them have positive consanguity history. Parental karyotyping was done for case 2 and 3 and it revealed no aberrations. Histopathological investigation of abortuses was not done for any of the previous miscarriages. Their mean Body Mass Index (BMI) was 21.8. They have no history of smoking or alcohol intake. None of them has family history of unexplained RPL.
Basic investigations for RPL included Complete Blood Count (CBC), blood group, Thyroid-Stimulating Hormone (TSH), Prolactin, HbA1c, Anti-Phospholipid (APS) antibodies and thrombophilia screen. There were no thyroid abnormalities reported in any of the cases. APS antibodies were negative for all three. Genetic thrombophilia screen included mainly Factor V Leiden and Prothrombin 20210 gene mutations. For further tests, extended gene mutations requested; Methylene tetrahydrofolate reductase (MTHFR), Plasminogen activator inhibitor-1 (PAI-1), Factor 13 Val34Leu, Glycoprotein IIIa (GPIIIa) and  Angiotensin converting enzyme (ACE). Such extended test is not supported by evidence-based guidelines as a routine test for RPL. Yet, this is a common practice in Gaza in unexplained RPL. It showed isolated Factor 13 Val34Leu mutation in case 1, while it was combined with other minor mutations MTHFR and PAI in case 2 and 3, respectively.
Case 1
This was a case of 30-year-old female, who was G10P4+5. Her first pregnancy was at the age of 20, and it was complicated by unexplained Intrauterine Fetal Death (IUFD) at 40 weeks of gestation. This was followed by 3 consecutive first trimester miscarriages at age 21, 22, and 24. Following the three early miscarriage episodes, the patient presented to our clinic during her 5th, 6rd and 7th pregnancies which were all successful and the patient gave birth to three alive male babies with average weight of 3.24 kg, all of whom are doing well with good health. She later suffered two other consecutive miscarriages (pregnancies 8 and 9). This had alerted us to the possibility of other abnormalities linked to her recent miscarriages as the total number reached 5 miscarriages. Parental karyotyping was offered but not done due to financial reasons. Thrombophilia screen with Factor 13 Val34Leu mutation was requested that showed isolated Val34Leu homozygous mutation. 
Case 2
This was a case of 20-year old female, who was G4P0+3. The first 2 miscarriages were in the first trimester. The third one was a missed miscarriage at 19 weeks gestation. Thrombophilia screen was done and showed minor, heterozygous defect in MTHFR and PAI-1. Her extended test also revealed Homozygous Factor 13 Val34Leu mutation. No uterine anomalies were reported on Hysterosalpingogram (HSG). APS antibodies, done twice 12 weeks apart, were negative. No signs of cervical insufficiency were reported during evaluation. This pregnancy was complicated by early pregnancy bleeding which was uneventful and stopped spontaneously at 8 weeks gestation.  She received FFP the same way as she was found to have homozygous Factor XIII VAL34Leu mutation during current pregnancy.
Case 3
This was a 26-year old female, who was G4P1+2. She had two consecutive first trimester miscarriages followed a spontaneous normal vaginal delivery of an alive male baby weighing 3.2kg. Although unindicted, during her previous pregnancy, she was commenced on Heparin injections, before presenting to our clinic. This treatment was abandoned and FFP was added as the main treatment strategy based on Factor 13 mutation result. Having a previous successful pregnancy does not eliminate the fact that she has no proven risk for venous thromboembolism (VTE) and anticoagulant therapy was not the appropriate management for her case. Her thrombophilia screen was requested 3 years ago after having her 1st two miscarriages. The extended test was the one that she had.

Discussion and Conclusions
RPL is a common problem that faces obstetricians and a problem that is especially distressing for couples. The causes of RPL vary widely. Among the causes are defects in the coagulation process and/or the coagulation factors. One rare mutation that is thought to attribute to unexplained RPL is the homozygous Factor XIII Val34Leu mutation; yet, its role has not been well established[15]. Limited data exists in the literature with respect to effective and safe treatment of women with RPL who test positive for Factor XIII Val34Leu Polymorphism. In this case series, we report three cases who suffered unexplained RPL and who were homozygous for the Factor XIII Val34Leu mutations. All three were successfully treated using FFP. 
Early in pregnancy, effective and functional placental formation depends mainly on the crucial balance between pro- and anti-fibrinolysis processes. A well-formed decidual invasion and function rely on this balance with no excess fibrinogen deposits that may hinder implantation and thus appropriate arrangement of placental plate.
We started treating patients after explaining the treating protocol, which is illustrated in figure 1. The proposed protocol was to give the first dose, one pack of FFP, as soon as the serum pregnancy test shows positive result. The second dose would be given later when positive fetal heart beat is evident on transvaginal ultrasound scan. Following the first two packs, our regimen consisted of one unit of 250 ml of FFP administered every 4 weeks until the time of delivery. Patients were followed in the high-risk pregnancy clinic and were seen once every four weeks until 28 weeks of gestation. From then until 36 weeks, patients were seen every two weeks, after which patients were seen on a weekly basis until their delivery. 
Case 1 and case 2 were admitted electively for lower segment cesarean section (LUCS) as they had history of previous three and one LUCSs, respectively. Case 2 refused a trial of vaginal birth after cesarean after counseling. Case 1 gave birth to an alive female baby weighing 3.4 kg and Case 2 gave birth to an alive female baby weighing 3 kg. Both babies had good general health and were not admitted to the Neonatal Intensive Care Unit (NICU). There was no history of postpartum complications.
Case 3 was admitted to the hospital due to labor pain. She progressed spontaneously into fully dilated cervix with no head descend. She urgently underwent LUCS. She gave birth to alive male baby weighing 4.2 kg. The baby needed oxygen therapy for which he was admitted to NICU for two days. The baby was followed up in one- and two- month period, and he was doing well with normal weight gain and growth milestones. The patient subsequently presented to the hospital 10 days later as a case of wound infection for which she was treated with broad spectrum antibiotics. The infection completely subsided after one week of treatment. 
Coagulation factor XIII is responsible for fibrin cross linkage thus stabilizing thrombus formation in its final stages. Factor deficiency is a rare bleeding disorder with a worldwide incidence of 1 per 2 million [21]. Its association with pregnancy loss due to bleeding tendency with decidual hemorrhage has been well-established in the literature [19,22,23]. The mainstay treatment of this condition during pregnancy is to give Factor XIII concentrate to prevent pregnancy loss [20]. Other therapeutic options include FFP, Cryoprecipitate or Recombinant Factor XIII-A. The interval of administration varies depends on patient characteristics, severity of the condition and local protocols available.
In Val34leu mutation, the actual level of Factor XIII is not lowered but it is the function that is affected. This manifests by forming loose, fragile and thin-reticulate thrombus with resistance to fibrinolysis [8]. Thus, we theoretically proposed that treating patients with FFP, which has 2- to 3- fold more concentration of Factor XIII than Cryoprecipitate [24], will support early stages of placental formation and invasion by stabilizing thrombus formation with less resistance to fibrinolysis. As it would have been posed the pregnancy to known outcome, FFP was continued until the end of pregnancy, although this protocol could be manipulated in the future after establishing an evidence-based international management protocol.
Conclusion
RPL is a common obstetrical condition worldwide that is problematic both for the clinicians and for the patients. There is a wide and heterogeneous array of causes and risk factors that may lead to RPL. This makes investigating and treating RPL especially challenging. Coagulation process and coagulation factors abnormalities are increasingly being recognized as part of the causes of RPL. One mutation that could be associated with RPL is the Factor XIII Val34Leu homozygous polymorphism, which disrupts the normal placental invasion.
We successfully managed three patients who suffered unexplained RPL, and who were found to have Factor XIII Val34Leu homozygous mutation. The three cases were treated using FFP with first dose given on confirmation of pregnancy, second dose given when fetal heart beats were detected and four-weekly doses from thereafter. The dose represents one unit of 250 ml of FFP. All three cases delivered normally, and the babies were eventually healthy at discharge. Our report suggests a treatment option which is effective and safe in the case of RPL in the presence of Factor XIII Val34Leu homozygous polymorphism. This finding needs to be emphasized on a wider-scope clinical trial to further document the link of Factor XIII Val34Leu mutation with RPL, when to investigate and how to treat, taking into account FFP as an option.
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Abbreviations:
	RPL
	Recurrent Pregnancy Loss

	FFP
	Fresh Frozen plasma

	VTE
	Venous Thromboembolism

	CAD
	Coronary Artery Disease

	CBC
	Complete Blood Count

	TSH
	Thyroid Stimulating Hormone

	APS
	Antiphospholipid Syndrome

	MTHFR
	Methylene tetrahydrofolate reductase 

	PAI-1
	Plasminogen activator inhibitor

	IUFD
	Intrauterine Fetal Death 

	ACE
	angiotensin-converting enzyme 

	TVS
	Transvaginal Ultrasound Scan 

	VBAC
	vaginal birth after Cesarean 

	LUCS
	Lower segment Cesarean section

	NICU
	Neonatal Intensive Care Unit Admission 
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Table 1, Age, BMI, Parity, Miscarriages, Last Menstrual Period (LMP), Expected date of Deliver (EDD) and antenatal complications

	
	Age
	BMI
	Education
	Parity
	Miscarriages
	LMP
	EDD
	Antenatal Complications

	Case 1
	30
	21
	Secondary Education
	G10P4+5
	1; IUFD
5; unexplained

	04.12.2019
	12.09.2020 
	None

	Case 2
	26
	23
	Bachelor degree
	G4P1+2
	2; unexplained
	27.10.2019
	04.08.2020
	None

	Case 3
	20
	21.5
	College student
	G4P0+3
	3; unexplained
	23.08.2019
	30.05.2020
	Threatened miscarriage at 8 weeks





















Table 2: Delivery history: date, gestational age, outcome and Post-partum complications
	
	Date Of delivery
	Gestational age at delivery (weeks)
	Mode of Delivery
	Outcome
	P.P Complications

	Case 1
	25.08.2020
	37+2
	Repeated, Elective Cesarean Section
	3.4 kg, female baby
	N/A

	Case 2
	26.07.2020
	38+5
	Repeated, Elective Cesarean Section
	3 kg, Female
	N/A

	Case 3
	23.05.2020
	39
	Emergency CS at fully dilated cervix due to failure to descent
	4.2 kg, male baby
NICU for two days 
	Wound infection




















Figure 1. The management protocol used in the reported three cases of RPL with Factor XIII Val34Leu homozygous polymorphism.


Confirmation of Pregnancy


Give 1 unit of FFP.


Fetal Heart beats detected	


28 - 36 weeks gestation


Give 1 unit of FFP


Up to 28 weeks gestation


Give 1 unit of FFP every 4 weeks


High-risk pregnancy clinic monitoring every 4 weeks


Give 1 unit of FFP every 4 weeks


High-risk pregnancy clinic monitoring every 2 weeks


36 weeks - delivery


Give 1 unit of FFP every 4 weeks


High-risk pregnancy clinic monitoring every week





























