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Hereditary combined vitamin K-dependent clotting factor deficiency (VKCFD) is a rare autosomal recessive
congenital bleeding disorder. There are no established guidelines for the care for pregnant women and newborns
within the context of VKCFD. A 39-year-old multigravida woman with a family history of VKCFD was referred for
high-risk maternal fetal medicine care. Prenatal testing for fetal VKCFD was declined. The patient received
vitamin K1 from 36 weeks of gestation and had an uncomplicated vaginal delivery. The baby had normal head
ultrasound results, vital signs, and physical examination, with no signs of bleeding: factor levels and coagulation
factors were within reference range. Follow-up showed no evidence of VKCFD. A thorough care plan is required
for pregnant women whose newborns are at risk for VKCFD.

1. Introduction

is suspected.

Vitamin K is required for the conversion of glutamic acid residues to
gamma carboxyglutamic acid within prothrombin precursors for the
synthesis of procoagulant factors II, VII, IX, and X and anticoagulant
factors Protein C and Protein S, which are necessary for calciumdependent binding and normal blood coagulation [1–3]. Hereditary
combined vitamin K-dependent clotting factor deficiency (VKCFD) is a
rare autosomal recessive congenital bleeding disorder characterized by
decreased levels of the vitamin K-dependent pro- and anticoagulant
factors; and vitamin K-dependent proteins involved in calcium homeo
stasis, bone and cartilage formation [4–6]. VKCFD can manifest as a
spectrum of presentations, with severity ranging from mild to severe [7].
The first case of VKCFD was described in 1966, in a female newborn who
exhibited significant bleeding from the first week of life [8]. The child
was born from an uncomplicated pregnancy and had symptoms mani
festing as bruising beginning at week 1 of life, with recurrent seros
anguinous oozing from the umbilical stump throughout the first months
of life. The diagnosis of VKCFD is extremely rare. Currently, fewer than
30 VKCFD kindreds have been reported worldwide [9–11]. Very little
data exist on VKCFD within the context of pregnancy. This report
highlights the case of a pregnant woman with a family history of VKCFD
and outlines a comprehensive care plan for perinatal care when VKCFD

2. Case Presentation
A 39-year-old multigravida Yemeni American woman was referred to
the high-risk maternal fetal medicine service because of a family history
of VKCFD. The patient was in a consanguineous marriage. She and her
husband were half first cousins; their fathers were half-brothers. She had
2 male children and 1 female child. This was the couple's fifth pregnancy
together, and the patient had had one first-trimester miscarriage. Their
14-year-old son was diagnosed with VKCFD when he was between 18
and 24 months of age, when he was seen in the emergency room for
extensive facial bruising after he walked into a door. The bruising was
deemed to be more than expected and an extensive diagnostic workup
during the hospitalization identified VKCFD. Their 6-year-old son was
subsequently diagnosed with VKCFD at birth and had significant
developmental delays and a speech impairment. Both sons had skeletal
and dental manifestations. Both patient's sons were under the care of
hematology and were being treated with vitamin K. Their 11-year-old
daughter was also tested at birth and was unaffected and healthy.
An amniocentesis was offered to the patient, with a special consid
eration that required knowing her affected sons' genetic variants. The
patient declined an amniocentesis for possible prenatal diagnosis of

* Corresponding author at: 2799 W Grand Blvd, Detroit, MI 48202, United States of America.
E-mail address: mayyash1@hfhs.org (M. Ayyash).
https://doi.org/10.1016/j.crwh.2022.e00416
Received 31 March 2022; Received in revised form 21 April 2022; Accepted 22 April 2022
Available online 27 April 2022
2214-9112/Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

M. Ayyash et al.

Case Reports in Women’s Health 34 (2022) e00416

VKCFD and declined cell-free fetal DNA blood testing and carrier
screening. The patient was confirmed to be a carrier of a heterozygous
missense mutation, which both affected children were noted to be ho
mozygous for. Of note, the patient herself had no prior bleeding prob
lems within and outside of pregnancies. Her deliveries were all
uncomplicated.
Given that VKCFD is an autosomal recessive disease, there was a 25%
chance of the fetus being affected. The patient was started on 10 mg of
vitamin K1 supplementation daily at 36 weeks of gestation to facilitate
an increase in vitamin K-dependent factor levels and potentially prevent
severe intrauterine bleeding complications such as intracranial
hemorrhage.
Because of the risk involved in having a child with VKCFD, the pa
tient was closely followed during the monthly perinatology conferences
and a concrete plan was made in collaboration with the maternal fetal
medicine department and the pediatric hematology department
(Table 1). The plan included the following: in the antepartum period, (1)
daily maternal supplementation with 10 mg of vitamin K1 starting at 36
weeks; in the intrapartum period, (2) avoid fetal scalp electrode and (3)
avoid instrumentation during delivery unless urgently indicated; in the
immediate postnatal period, (4) obtain cord blood after delivery to
determine diagnosis, (5) draw factor levels II, VII, IX, and X at birth to
determine whether the child is affected with the condition, (6) permit
intramuscular vitamin K supplement and hepatitis B vaccine to the
newborn while applying pressure for 10 min and applying ice if bruising
is significant, (7) perform a thorough physical examination on the
newborn to ensure no bruising or petechiae and monitoring for bleeding
after the newborn screening heel stick, and (8) obtain a head ultrasound
of the newborn after birth to confirm no intracranial hemorrhage; in the
early postnatal period, (9) hold off on performing circumcision until
factor levels are within a healthy range if the child is male; and lastly in
the late postnatal period (10) if the newborn is stable, discharge with the
mother and perform any necessary follow-up testing at a specialized
pediatric hospital.
The patient had an uncomplicated antenatal course. She presented in
labor after spontaneous rupture of membranes at 40 weeks of gestation.
She had an uncomplicated vaginal delivery of a female neonate, with
Apgar scores 8 and 9 at 1 and 5 min of life, respectively, with a quan
titative blood loss of 72 mL. The baby had normal head ultrasound re
sults, normal vital signs, a satisfactory physical examination, and
showed no signs of bleeding. Factor levels and coagulation factors were
drawn after delivery. Overall, the baby had normal coagulation factor
levels (Table 2). The baby had normal newborn follow-ups at 2 weeks
and 2 months of life and subsequently.

Table 2
Coagulation factor levels for the newborn.

Plan

Antepartum

- Daily maternal supplementation with 10 mg of vitamin K1
starting at 36 weeks
- Avoid instrumentation at delivery unless necessary
- Avoid fetal scalp electrode
- Obtain cord blood
- Draw factor levels II, VII, IX, and X as well as prothrombin time
and partial thromboplastin time
- Performing a thorough newborn physical examination
- Permitting intramuscular vitamin K supplement and hepatitis
B vaccine to the newborn while applying pressure for 10 min
and applying ice if bruising was significant
- Obtain newborn head ultrasound
- Hold off on performing circumcision until factor levels are
reported
- Discharging neonate with the mother and performing any
necessary follow-up testing at a specialized pediatric hospital

Intrapartum
Immediate
postnatal

Early postnatal
Late postnatal

Level

Reference range

Internal normalized ratio
Prothrombin time
Partial thromboplastin time
Factor II
Factor VII
Factor IX
Factor X

1.23
15 s
37 s
50%
74%
26%
41%

Unknown
10–15.3 s*
31.3–54.5 s*
26%–70%
50%–150%
50%–150%
50%–150%

*

M.Andrews, B Paes, M Johnston. Development of the haemostatic system in
the neonate and young infant. Am J of Ped Hem/Onc. 12(1): 95–104, 1990.

3. Discussion
Hereditary VKCFD is an extremely rare condition. The two genes
associated with the VKCFD are GGCX (gamma-glutamyl carboxylase)
and VKORC1 (vitamin K epoxide reductase complex subunit 1) [12,13].
Making the appropriate diagnosis can allow for differentiating the ge
netic form of the disorder from the acquired forms, which can be caused
by intestinal malabsorption of vitamin K, liver or renal dysfunction, or
poor dietary intake. The first sequence variant in the GGCX gene was
identified in four members of an Arab family who had combined defi
ciency of all vitamin K-dependent procoagulants and anticoagulants
[14]. The affected individuals had skin ecchymosis starting soon after
birth, and central nervous system bleeding that was diagnosed at the age
of 6 weeks. Laboratory results for those individuals showed prolonged
prothrombin time (PT) and activated partial thromboplastin time
(aPTT). They also showed no response to 1 mg vitamin K; however,
weekly treatment with 10 mg vitamin K was successful in preventing
bleeding episodes after several years of follow-up, and hence, vitamin K
administration at birth might delay the diagnosis of VKCFD in neonates
[15].
Symptoms of VKCFD can vary and correlate with coagulation factor
levels [16]. Affected newborns can be symptomatic at birth with spon
taneous intracranial hemorrhage or umbilical stump bleeding
[11,14,17]. Alternatively, they can be asymptomatic at first and present
later in childhood with spontaneous hemarthrosis or soft-tissue or
gastrointestinal bleeds [15]. Older individuals can have easy bruising or
post-surgical bleeding [18,19]. Other manifestations in more severely
affected children with the GGCX mutations, include skeletal abnormal
ities such as bone hypoplasia, conductive hearing loss, and mental
retardation [20–22].
Most patients with VKCFD show partial or complete improvement in
factor activity, as well as normalization of PT and aPTT with oral or
parenteral vitamin K [18,20,23]. These patients have an excellent
prognosis. In some cases, though, vitamin K is ineffective and there is
biochemical evidence that the molecules are not fully carboxylated by
vitamin K treatment [3,24]. The response to vitamin K varies based on
the route of administration and the individual's sensitivity to vitamin K
[25]. A fixed therapeutic regimen has not been identified, and no clear
correlation exists between clinical severity and responsiveness to
vitamin K [7]. Continued daily treatment with high-dose oral vitamin K
has been successful in preventing some bleeding complications and is
recommended for patients with VKCFD [3,23]. One case report also
suggested possible value in administering fresh frozen plasma for
VKCFD in pregnancy while another suggested the use of prothrombin
complex concentrates, which contain factors II, VII, IX, and X, and
proteins C and S [23,26].
In patients who are heterozygous for the mutation, such as this case,
while the mother had a negative history of bleeding during or outside of
pregnancy, it is also important to initiate vitamin K supplementation to
also potentially prevent intrauterine or perinatal bleeding complica
tions. The dose and timing of initiation of this therapy (at onset of
pregnancy vs. third trimester) is still under investigation. In those with
the GGCX mutation, there may be some benefit to starting early to

Table 1
Care Plan for pregnant women with VKCFD or whose newborns are at risk of
VKCFD.
Period

Coagulation Labs

2
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potentially prevent the bone and skin manifestations.
From a neonate standpoint, before performing genotyping for
VKORC1 and GGCX, it is important to rule out other differential di
agnoses for vitamin K deficiency such as liver disease, malabsorption, or
ingestion of warfarin, anticonvulsants, or antibiotics [27]. Checking
prothrombin time and activated partial thromboplastin time after birth
can be helpful screening tools post-delivery in suspected cases, but
specific factor activity measurements are essential to establish the
appropriate diagnosis in the child [27]. In addition to those factors,
additional systematic steps should be kept in mind to ensure proper care,
including a thorough examination, head ultrasound, holding off on
circumcision, and ensuring proper follow-up testing at a specialized
pediatric hospital.
In summary, this report emphasizes the importance of having a
proper plan in place for when a suspected coagulopathic disorder such as
VKCFD is present, in order to prevent and manage potential bleeding in
the peripartum period. Early detection and management lead to a good
prognosis overall. This report adds to the limited literature on VKCFD in
pregnancy and outlines a plan of care for pregnant women with VKCFD
or whose newborns are at risk of VKCFD.

[3]
[4]
[5]

[6]

[7]
[8]
[9]
[10]
[11]

Contributors

[12]

Mariam Ayyash cared for the patient, conceived the idea for the case
report, wrote the manuscript, obtained consent from the patient and
revised the manuscript.
Meera Chitlur provided hematology expertise care for the patient
throughout her pregnancy and reviewed and edited the manuscript.
Johannes Oldenburg provided hematology expertise and reviewed
and edited the manuscript.
Majid Shaman provided maternal-fetal medicine expertise care for
the patient throughout her pregnancy and reviewed and edited the
manuscript.
All authors approved submission of the manuscript.

[13]

[14]

[15]
[16]

Funding
[17]

This work did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors.

[18]

Patient consent

[19]

Consent was obtained from the patient.
Provenance and peer review

[20]

This article was not commissioned and was peer reviewed.
[21]

Acknowledgements
The authors thank Karla D Passalacqua, PhD, at Henry Ford Hospital
for her editorial assistance and Stephanie Stebens, MLIS, at Sladen Li
brary, Henry Ford Hospital, for her input in reviewing this manuscript.

[22]

Conflict of interest statement

[23]

The authors declare that they have no conflict of interest regarding
the publication of this case report.

[24]
[25]

References

[26]

[1] P.M. Gallop, J.B. Lian, P.V. Hauschka, Carboxylated calcium-binding proteins and
vitamin K, N. Engl. J. Med. 302 (1980) 1460–1466, https://doi.org/10.1056/
NEJM198006263022608.
[2] C.A. Johnson, K.S. Chung, K.M. McGrath, P.E. Bean, H.R. Roberts, Characterization
of a variant prothrombin in a patient congenitally deficient in factors II, VII, IX, and

[27]

3

X, Br. J. Haematol. 44 (1980) 461–469, https://doi.org/10.1111/j.13652141.1980.tb05916.x.
K.S. Chung, A. Bezeaud, J.C. Goldsmith, C.W. McMillan, D. Menache, H.R. Roberts,
Congenital deficiency of blood clotting factors II, VII, IX, and X, Blood 53 (1979)
776–787.
B. Brenner, Hereditary deficiency of vitamin K-dependent coagulation factors,
Thromb. Haemost. 84 (2000) 935–936.
B. Brenner, S. Tavori, A. Zivelin, C.B. Keller, J.W. Suttie, I. Tatarsky, et al.,
Hereditary deficiency of all vitamin K-dependent procoagulants and
anticoagulants, Br. J. Haematol. 75 (1990) 537–542, https://doi.org/10.1111/
j.1365-2141.1990.tb07795.x.
A. Boneh, J. Bar-Ziv, Hereditary deficiency of vitamin K-dependent coagulation
factors with skeletal abnormalities, Am. J. Med. Genet. 65 (1996) 241–243,
https://doi.org/10.1002/(SICI)1096-8628(19961028)65:3<241::AIDAJMG13>3.0.CO;2-O.
M. Napolitano, G. Mariani, M. Lapecorella, Hereditary combined deficiency of the
vitamin K-dependent clotting factors, Orphanet J. Rare Dis. 5 (2010) 21, https://
doi.org/10.1186/1750-1172-5-21.
C.W. McMillan, H.R. Roberts, Congenital combined deficiency of coagulation
factors II, VII, IX and X. Report of a case, N. Engl. J. Med. 274 (1966) 1313–1315,
https://doi.org/10.1056/NEJM196606092742309.
C. Owen Jr., Fibrinolysis and thrombolysis, in: C.A. Owen, W.L. Nichols, E.J.
W. Bowie (Eds.), A History of Blood Coagulation, Mayo Foundation for Medical
Education and Research, Rochester, MN, 2001, pp. 87–96.
A.M. Mingers, N. Heimburger, P. Zeitler, H.W. Kreth, V. Schuster, Homozygous
type I plasminogen deficiency, Semin. Thromb. Hemost. 23 (1997) 259–269,
https://doi.org/10.1055/s-2007-996099.
B.W. Weston, P.E. Monahan, Familial deficiency of vitamin K-dependent clotting
factors, Haemophilia 14 (2008) 1209–1213, https://doi.org/10.1111/j.13652516.2008.01853.x.
W.L. Kuo, D.W. Stafford, J. Cruces, J. Gray, J. Solera, Chromosomal localization of
the gamma-glutamyl carboxylase gene at 2p12, Genomics 25 (1995) 746–748,
https://doi.org/10.1016/0888-7543(95)80024-g.
A. Fregin, S. Rost, W. Wolz, A. Krebsova, C.R. Muller, J. Oldenburg, Homozygosity
mapping of a second gene locus for hereditary combined deficiency of vitamin Kdependent clotting factors to the centromeric region of chromosome 16, Blood 100
(2002) 3229–3232, https://doi.org/10.1182/blood-2002-03-0698.
B. Brenner, B. Sanchez-Vega, S.M. Wu, N. Lanir, D.W. Stafford, J. Solera,
A missense mutation in gamma-glutamyl carboxylase gene causes combined
deficiency of all vitamin K-dependent blood coagulation factors, Blood 92 (1998)
4554–4559.
B. Brenner, A.A. Kuperman, M. Watzka, J. Oldenburg, Vitamin K-dependent
coagulation factors deficiency, Semin. Thromb. Hemost. 35 (2009) 439–446,
https://doi.org/10.1055/s-0029-1225766.
J. Oldenburg, B. von Brederlow, A. Fregin, S. Rost, W. Wolz, W. Eberl, et al.,
Congenital deficiency of vitamin K dependent coagulation factors in two families
presents as a genetic defect of the vitamin K-epoxide-reductase-complex, Thromb.
Haemost. 84 (2000) 937–941.
H.M. Spronk, R.A. Farah, G.R. Buchanan, C. Vermeer, B.A. Soute, Novel mutation
in the gamma-glutamyl carboxylase gene resulting in congenital combined
deficiency of all vitamin K-dependent blood coagulation factors, Blood 96 (2000)
3650–3652.
G.H. Goldsmith Jr., R.E. Pence, O.D. Ratnoff, D.J. Adelstein, B. Furie, Studies on a
family with combined functional deficiencies of vitamin K-dependent coagulation
factors, J. Clin. Invest. 69 (1982) 1253–1260, https://doi.org/10.1172/jci110564.
C. Pechlaner, W. Vogel, R. Erhart, E. Pumpel, F. Kunz, A new case of combined
deficiency of vitamin K dependent coagulation factors, Thromb. Haemost. 68
(1992) 617.
R.M. Pauli, J.B. Lian, D.F. Mosher, J.W. Suttie, Association of congenital deficiency
of multiple vitamin K-dependent coagulation factors and the phenotype of the
warfarin embryopathy: clues to the mechanism of teratogenicity of coumarin
derivatives, Am. J. Hum. Genet. 41 (1987) 566–583.
K. Ghosh, S. Shetty, D. Mohanty, Inherited deficiency of multiple vitamin Kdependent coagulation factors and coagulation inhibitors presenting as
hemorrhagic diathesis, mental retardation, and growth retardation, Am. J.
Hematol. 52 (1996) 67, https://doi.org/10.1002/(SICI)1096-8652(199605)52:
1<67::AID-AJH18>3.0.CO;2–4.
A. Boneh, J. Bar-Ziv, Hereditary deficiency of vitamin K-dependent coagulation
factors with skeletal abnormalities, Am. J. Med. Genet. 65 (1996) 241–243,
https://doi.org/10.1002/(SICI)1096-8628(19961028)65:3<241::AIDAJMG13>3.0.CO;2-O.
M.J. McMahon, A.H. James, Combined deficiency of factors II, VII, IX, and X
(Borgschulte-Grigsby deficiency) in pregnancy, Obstet. Gynecol. 97 (2001)
808–809, https://doi.org/10.1016/s0029-7844(00)01214-x.
V. Vincente, R. Maia, I. Alberca, G.P.T. Tamagnini, Borrasca A. Lopez, Congenital
deficiency of vitamin K-dependent coagulation factors and protein C, Thromb.
Haemost. 51 (1984) 343–346.
B. Furie, B.C. Furie, Molecular basis of vitamin K-dependent gamma-carboxylation,
Blood 75 (1990) 1753–1762.
C.A. Leissinger, P.M. Blatt, W.K. Hoots, B. Ewenstein, Role of prothrombin complex
concentrates in reversing warfarin anticoagulation: a review of the literature, Am.
J. Hematol. 83 (2008) 137–143, https://doi.org/10.1002/ajh.21046.
A. Kuperman, B. Brenner, Clinical perspective of congenital vitamin K-dependent
coagulation factor deficiency, J. Coagul. Disord. 000 (000) (2009).

