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Abstract: Congenital factor VII (FVII) deficiency is a rare inherited coagulopathy. The clinical 

manifestations and clinical findings vary widely, ranging from asymptomatic to life-threatening 

bleeding, including intracranial hemorrhage (ICH), with prolonged prothrombin time, normal 

partial thromboplastin time and normal platelet counts, which are confirmed by the low level 

of FVII assay. Treatment consists of fresh frozen plasma (FFP), prothrombin complex con-

centrates (PCCs), and recombinant activated FVII to treat bleeding and prophylactic therapy. 

Here, we report four patients with FVII levels <5% (severe type) who presented ICH during 

the neonatal period. The IVS6+1G>T was the most common (50%) mutation identified in our 

study, followed by the K376X nonsense mutation (37.5%). In our study, we found that genetic 

information affected the severity of congenital FVII deficiency with ICH.
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Introduction
Factor VII (FVII) is a vitamin K-dependent coagulation factor synthesized in the liver 

and has a short circulating half-life of 2–3 hours. Congenital FVII deficiency is a rare 

autosomal recessive bleeding disorder that has an estimated prevalence of 1/500,000 

among the general population.1 According to the natural course of the disease, bleed-

ing manifestations and clinical findings vary widely ranging from asymptomatic to 

life-threatening bleeding, including intracranial hemorrhage (ICH), an important 

cause of mortality and morbidity among patients with congenital FVII deficiency. 

The severe cases are usually manifested with life-threatening bleedings with FVII 

levels usually <5%.2 Cases with moderate-to-mild forms may have only mild bleeding 

symptoms or may never bleed abnormally and usually have FVII level ~5–10%. The 

F7 gene (OMIM: 613878) is located on chromosome 13q34 and contains nine exons 

(exons 1a, 1b, and 2–8) spanning 12 kb.3,4 This gene encodes a mature 406 amino acid 

FVII (F7) protein composed of two chains: the light chain containing the N-terminal 

gamma-carboxyglutamic acid (Gla) domain and two epidermal growth factor-like 

(EGF) domains and the heavy chain containing the C-terminal serine protease catalytic 

domain. To date, >200 pathogenic mutations have been reported.5–8 Mutations of the 

F7 gene are very heterogeneous and have been identified throughout the gene. Mis-

sense mutations are the most common (70–80%), followed by splice-site mutations, 

nonsense mutations, and small deletions and insertions.

We report four patients with FVII levels <5% (severe type) who presented ICH 

during the neonatal period. Mutations in the F7 gene are also identified and affect the 

severity of congenital FVII deficiency with ICH.
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Patients and methods
Patient 1
A 15-day-old girl was referred with lethargy and anemia for 

2 days, suggestive of an ICH. She was born by vaginal delivery 

without any perinatal problems. Her birth weight was 2,530 g, 

and she had no family history of any bleeding disorders. Her 

parents originated from northeast Thailand with no history of 

consanguineous marriage. The investigations revealed normal 

platelet counts with abnormal prothrombin time (PT) of 37 s 

(normal 10–20 s) with international normalized ratio (INR) of 

2.96. Activated partial thromboplastin time (aPTT) and throm-

bin time (TT) were within normal limits. Further investigations 

revealed that FVII assay was 2%. Brain computed tomography 

(CT) demonstrated an intraventricular hemorrhage (IVH) in 

both lateral ventricles and right frontal and occipital lobes with 

hydrocephalus (IVH grades III and IV). The patient required 

repeated transfusion of fresh frozen plasma (FFP) to maintain 

normal INR. A follow-up CT of the brain at 2 months showed 

a resolving ICH, decreased IVH and slightly improved hydro-

cephalus. The patient continued with FFP transfusion every 

2 weeks and was followed up in the outpatient clinic regularly 

without any bleeding episodes since then.

Patient 2
A 1-day-old boy was referred with conditions suggestive of an 

ICH, who had no family history of any bleeding disorders. He 

was born through vaginal delivery. His birth weight was 3,170 g. 

His parents originated from central Thailand without a history of 

consanguineous marriage. At presentation, the complete blood 

count revealed hemoglobin (Hb) 11.2 g/L, hematocrit (Hct) 

34%, white blood cell (WBC) 11,000/mL, and platelets 270,000/

mL, while the coagulation profiles revealed abnormal PT 105.8 s 

with an INR of 10. aPTT and TT were within normal limits, 

and the fibrinogen level was 272 mg/dL. Further investigation 

revealed that FVII assay was 0.5%. Brain CT demonstrated IVH 

in both lateral ventricles and right temporal and left occipital 

areas (IVH grades III and IV). The patient required repeated 

transfusion of FFP to maintain normal INR every week.

Patient 3
A 4-day-old girl was brought to the emergency department 

with the onset of seizure for 1 day. Her parents originated 

from central Thailand with a history of consanguineous mar-

riage. She was born through vaginal delivery without any 

perinatal problems. Her birth weight was 3,030 g. Physical 

examination revealed pallor and stuporous child, bulging of 

anterior fontanel with generalized tonic and clonic seizures. 

At presentation, complete blood count revealed Hb 8 g/L, Hct 

24%, WBC 14,450/mL, and platelets 303,000/mL. Coagula-

tion profiles revealed PT 54.9 s with an INR 6.40; aPTT and 

TT were within normal limits. Further investigation revealed 

a fibrinogen level of 287 mg/dL and FVII activity of 4%. CT 

of brain revealed extensive IVH in both lateral and third ven-

tricles with obstructive hydrocephalus, intracerebral hemor-

rhage at the right temporal and occipital lobes and cerebellar 

vermis (IVH grades III and IV), and subarachnoid hemorrhage 

over the right temporal lobe with diffused brain edema. This 

patient expired on the sixth day due to severe ICH.

Patient 4
A 14-day-old girl was referred to the emergency department 

with the onset of seizure for 1 day without a family history of 

any bleeding disorders. Her parents originated from northern 

Thailand with no history of consanguineous marriage. The 

investigations revealed normal platelet counts and abnormal 

PT of 37  s with an INR of 2.96. The aPTT and TT were 

within normal limits. Further investigations revealed that FVII 

assay was 1%. Brain CT demonstrated an IVH in both lateral 

ventricles with hydrocephalus (IVH grade III). The patient 

continued regular transfusions of FFP every week.

Method
Written informed consent was provided by the parents of 

the patients for both participating in the study and for the 

publication of their case details. The study protocol was 

approved by the institutional review board of Phramong-

kutklao Hospital, Phramongkutklao College of Medicine, 

Thailand. The genomic DNA was extracted from peripheral 

blood lymphocytes using AxyPrep TM blood genomic DNA 

miniprep kit (Corning Incorporated, Corning, NY, USA)

according to manufacturer’s protocol. Nine coding exons 

and exon–intron boundaries of the F7 gene were amplified 

by polymerase chain reaction (PCR) using nine pairs of 

primers as described previously.9,10 All PCR products were 

purified and directly sequenced in both forward and reverse 

directions. The mutation nomenclature conformed to HGVS 

(www.hgvs.org/varnomen), and the reference sequences were 

NM_000131.4 and NP_000122.1 for F7 cDNA and FVII 

position, respectively. (The numbering starts with nucleotide 

+1 for the A of the ATG-translation initiation codon.)

Results
Mutation analysis of the F7 gene analyzed
Patients 1 and 4
Direct DNA sequencing in patients 1 and 4 identified a homo-

zygous c.681+1G>T (IVS6+1G>T) mutation in intron 6 of 
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the F7 gene (Figure 1A). Heterozygosity for the same muta-

tion was identified in both parents of patient 1 only, according 

to unavailable genomic DNA from the parents of Patient 4.

Patient 2
Compound heterozygosity of one nonsense mutation, 

c.1126A>T (p.K376X), in exon 8 and one novel splice-site 

mutation, c.291+2T>C (IVS2+2T>C), in intron 2 of the F7 

gene was identified in patient 2 (Figure 1B and C). This 

splice-site mutation was not identified in 100 healthy control 

alleles. Unfortunately, genomic DNA from both parents was 

unavailable.

Patient 3
In patient 3, homozygous nonsense mutation, c.1126A>T 

(p.K376X), in exon 8 of the F7 gene was identified (Figure 

1D). Heterozygosity for the same mutation was identified 

in both parents.

Discussion
Congenital FVII deficiency is a rare autosomal recessive hem-

orrhagic disorder. The frequency is higher in countries where 

consanguineous marriage is more common. The disease is 

caused by deficient or defective blood coagulation FVII and 

is characterized by isolated prolonged PT and confirmed by 

the low level of FVII assay. FVII is a vitamin K-dependent 

clotting factor that is part of the extrinsic pathway of blood 

coagulation. The complex is formed between the naturally 

occurring procoagulant serine protease, activated FVII 

(FVIIa), and the integral membrane protein tissue factor (TF). 

The FVIIa/TF complex activates FX to FXa and generates 

some amounts of thrombin.11 This thrombin is responsible 

for platelet activation and prothrombin complex.

Depending on the concentration of FVII in the blood, the 

disorder is divided into severe (FVII<5%) and mild-to-mod-

erate (FVII>5%) forms. The patients with mild-to-moderate 

form may have only mild bleeding symptoms. Our study 

reports patients with severe FVII deficiency who presented 

with ICH. The clinical signs of ICH among neonates are 

sometimes varied, with anemia as the most frequent symptom, 

followed by neurological symptoms, such as seizures, apnea, 

and lethargy. In survivors of ICH, the risk of sequel is consid-

erable in many recent series.12,13 No evidence-based guidelines 

exist for the management of newborns with congenital FVII 

deficiency with replacement therapy. Treatment of congenital 

FVII deficiency consists of replacement therapy with FFP, 

prothrombin complex concentrates (PCCs), and recombinant 

FVIIa to treat bleeding and prophylactic therapy.14 Levels 

of >10% are usually hemostatic, even higher levels may be 

advisable. Maintaining FVII levels of at least 15% provided 

adequate hemostasis levels for most surgical procedures. 

The prophylactic therapy in congenital FVII deficiency has 

been a debated issue, especially because of its short half-life 

(3–4 hours). Karimi and Shafieian15 reported that prophylactic 

treatment with recombinant FVIIa among patients with FVII 

deficiency with a dosage of 20–30 mg/kg once or twice weekly 

may be beneficial in preventing hemorrhagic complications. 

However, this remains a controversial issue.

Because FFP is available in every hospital in our country, 

they can choose to receive FFP prophylaxis in the most con-

venient hospital. However, the data for frequency of treatment 

are controversial. The limitation of FFP for congenital FVII 

Normal
A

C

B

D

Normal

Homozygous IVS6+1G>T mutation Heterozygous IVS2+2T>C mutation

Heterozygous c.1126A>T mutation Homozygous c.1126A>T mutation

Figure 1 Direct DNA sequencing of the F7 gene in our study revealed homozygous C.681+1G>T (IVS6+1G>T) mutation in Patients 1 and 4 (A), compound heterozygous 
c.291+2T>C (IVS2+2T>C) (B), and c.1126A>T (p.K376X) (C) mutations in Patient 2, and homozygous c.1126A>T (p.K376X) (D) mutation in Patient 3.
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deficiency includes the volume required to provide adequate 

FVII replacement, life-long treatment, risk of inhibitor devel-

opment, and risk of blood-borne infection.

Mutations of the F7 gene are highly variable and have been 

identified throughout the gene, which suggests the importance 

of almost every domain in FVII function. A majority of the 

mutations are single-nucleotide substitutions, including mis-

sense, splice-site, and nonsense mutations. Small deletions 

and insertions are rare.5–7,16 After direct DNA sequencing of 

the F7 gene was performed in our four unrelated patients with 

severe FVII deficiency, one novel and two previously reported 

mutations were identified. These mutations included one 

nonsense mutation, c.1126A>T (p.K376X), and two splice-

site mutations, c.681+1G>T (IVS6+1G>T) and c.291+2T>C 

(IVS2+2T>C), of which the latter intron 2 mutation has never 

been reported in the literature.

The IVS6+1G>T mutation was first identified in a 

Taiwanese patient with severe FVII deficiency10,17 and has 

been occasionally reported in Latin America, Europe,5 and 

Asia.10,17 In Thailand, this mutation has been previously 

reported in three unrelated Thai patients with severe FVII 

deficiency.18 Two of them were homozygous for the mutation 

and presented life-threatening gastrointestinal and intracra-

nial bleeding with undetected FVII levels. This mutation was 

found in compound heterozygosity with W424X nonsense 

mutation in the remaining patient, who also experienced 

intracranial bleeding. In our study, this intronic mutation was 

identified in homozygous conditions in two patients who had 

ICH and FVII level <5%. Even though, this mutation activates 

a cryptic splice site in cellular models, it secretes only trace 

amounts of functional FVII protein.18 The K376X nonsense 

mutation was identified in two patients in our study and was 

found to be homozygous and compound heterozygous with a 

novel IVS2+2T>C mutation in the third and second patients, 

respectively. Homozygous of K376X mutation was first 

reported only in a Thai patient with severe FVII deficiency 

manifested as ICH and low FVII activity (1.2%).19 This 

nonsense mutation resulted in a premature termination at the 

codon 316 of mature protein and gave rise to FVII protein 

missing the C-terminus of the catalytic domain. Two muta-

tions in the intron 2, including IVS2+1G>C and IVS2+5G>T, 

have been previously reported among German patients with 

FVII deficiency. These mutations disrupt the donor splice 

site of intron 2 at nucleotides +1 and +5, respectively.20 

Mutation at the nucleotide +2 of intron 2 (IVS2+2T>C) 

was first identified in our study and was predicted to result 

in abnormal splicing. Unfortunately, gene expression study 

cannot be performed in our institution.

Interestingly, the genotype–phenotype correlation in FVII 

deficiency is variable.5 Both FVII:C and FVII:Ag are poorly 

correlated with the bleeding phenotype. However, most of 

the genotypes in the patients with severe FVII deficiency 

are always composed of either homozygous or compound 

heterozygous for the mutations, preventing synthesis of any 

amount of functional FVII protein and resulting in FVII:C 

levels typically <2% of normal.5,7,16 The majority of the 

mutations in severe FVII deficiency are splice-site, nonsense, 

and frameshift mutations caused by small deletions and 

insertions.5–7,16 In Thailand, when all genetically confirmed 

severe FVII deficiency patients (four patients from our study 

and four previously reported patients) were included, only 

splice-site and nonsense mutations were identified in 62.5% 

and 37.5% of Thai patients, respectively. The IVS6+1G>T 

was the most common (56.2%) mutation identified in Thai 

patients, followed by K376X nonsense mutation (31.2%). 

The former intron 6 mutation was occasionally reported in 

other countries, whereas the latter nonsense mutation was 

reported only in Thai patients, suggesting the high prevalence 

and may be ethnic specificity of these mutations in Thailand. 

All Thai patients with severe FVII deficiency were either 

homozygous or compound heterozygous of deleterious muta-

tion, for which homozygosity has been identified in 75% of 

the patients. Although the genotype–phenotype correlation 

is unreliable in overall FVII deficiency, the genetic informa-

tion is still important in patients with severe FVII deficiency 

and provides the appropriate genetic counseling to patients 

and their families.

Conclusion
Congenital FVII deficiency is a rare inherited bleeding dis-

order. The clinical heterogeneity includes ICH with isolated 

prolonged PT as the hallmark of this bleeding disorder. Clini-

cal bleeding can widely vary and does not always correlate 

with the level of FVII coagulant activity in the plasma. Then, 

genetic information is an important issue among patients with 

severe FVII deficiency for proper management.
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