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1  |  INTRODUCTION

Congenital afibrinogenemia (CA) is an autosomal reces-
sive disease characterized by bleeding disorders induced 
by complete or extreme deficiency of circulating fibrino-
gen.1 Bleeding is the main symptom, and the condition is 
diagnosed at birth with umbilical cord bleeding in up to 
85% of patients.2 Hemorrhages can be found in all tissues, 
including the skin, soft tissues, muscles, gastrointestinal 
tract, and urogenital and central nervous systems, but 
they are uncommon in joints.3,4 Intracranial hemorrhage 

is the main cause of death.4 Fibrinogen infusion therapy, 
including fibrinogen concentrates and antifibrinolytic 
agents, effectively replenishes fibrinogen levels and im-
proves hemorrhagic diathesis in CA.5

Paradoxically, fibrinogen infusion treatment is consid-
ered a possible risk factor and dramatically increases the 
risk of arterial and venous thromboembolism in CA pa-
tients, even when the concentration of fibrinogen is low.5 
The concentration of fibrinogen may play a key role in bal-
ancing thrombotic and hemorrhagic events. A fibrinogen 
level of 1 g/L (Clauss method) is the threshold to initiate 
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Abstract
This is a case of congenital afibrinogenemia with multiple thrombotic and hem-
orrhagic events. His fibrinogen concentration was negatively correlated with 
thrombin time and prothrombin time and abnormally negatively correlated with 
plasma D- dimer levels. The individualized standard for fibrinogen concentration 
may help to balance thrombotic and hemorrhagic events for this disease.
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clinical treatment for CA with prolonged thrombin time 
(TT) and prothrombin time (PT).6 The ideal fibrinogen 
level for surgery is between 1.5 and 2 g/L.6,7 In CA patients, 
a normal fibrinogen concentration (i.e., 2  g/L– 4.5  g/L) 
has been reported to increase the risk of thromboembolic 
events, but the mechanism remains unclear.7,8 Thus, the 
development of an individualized and more precise fibrin-
ogen concentration standard may be more suitable for the 
management of CA patients.

Herein, we report a rare complicated case of a CA 
patient suffering thrombotic and hemorrhagic compli-
cations during fibrinogen infusion. Based on the results 
of 129 coagulation function tests and 82 assessments of 
plasma D- dimers levels, we created a profile of thrombotic 
and hemorrhagic disorders in CA and describe a conve-
nient method to explore individualized standards for CA 
treatment.

2  |  CASE PRESENTATION

A 44- year- old man complained of dizziness with nau-
sea and vomiting for 2 days and went to the emergency 
department. Computed tomography (CT) scan revealed 
a hemorrhage in his left parietal and left occipital lobes 
surrounded with edema (Figure 1B). Magnetic resonance 
imaging (MRI) confirmed the hemorrhage and severe 
communicating hydrocephalus involving the lateral, 
third, and fourth ventricles (Figure  1C). His fibrinogen 
level was low at 0.82 g/L. He was diagnosed with CA, cere-
bral hemorrhage, and communicating hydrocephalus and 
the following accepted treatments: fresh frozen plasma 
(FFP), platelet suspensions, and continued fibrinogen 
concentrate (FC) infusion. The hemorrhage was not ef-
fectively controlled with FC infusion alone. His fibrino-
gen concentration fluctuated between <0.6 and 1.31 g/L 
during treatment. His prothrombin time (PT), activated 
partial thromboplastin time, and thrombin time (TT) 
ranged from 16.1 s to 46 s, 37.7 s to 61.7 s, and 25.3 s to 
63.6 s, respectively. After FC infusion, his plasma D- dimer 
concentration increased to 8045 ng/mL. Vascular ultra-
sonography revealed venous catheter- related deep venous 
thrombosis in the right common femoral vein. Heparin 
sodium was administered to alleviate the hypercoagulable 
situation. When the fibrinogen concentration recovered 
to 2.0 g/L, he underwent ventriculoperitoneal (VP) shunt 
surgery to release the communicating hydrocephalus 
(Figure 1 D). After 2 weeks, most of his symptoms were 
resolved with only slight fatigue in both lower limbs.

Medical history: the patient was diagnosed with CA 
at birth based on umbilical cord bleeding for 7 days, 
and a fibrinogen level <0.01 g/L was detected using the 
Clauss method. He had a long- term bleeding history and 

received irregular FC infusions as a child and younger 
adult. At 41 years of age, he experienced from his first 
severe hemorrhagic event in left parieto- occipital lobe 
junction and communicating hydrocephalus (Figure 1A), 
right testicular hematoma and left testicular hemorrhage 
(Figure 2A,B). At the age of 43 years, he complained of left 
neck pain and limb fatigue for 10 days, and he was subse-
quently diagnosed with a hemorrhage in the spinal cord 
(Figure 2C,D). Two months ago, at the age of 44 years, he 
experienced ecchymosis of the right lower limb, dizzi-
ness, fatigue, and shock- like symptoms after lifting heavy 
weights. Abdominal CT and ultrasonography revealed a 
massive retroperitoneal hemorrhage (Figure  2E,F). He 

F I G U R E  1  Transverse and sagittal MRI showed a long signal 
area around the bleeding site in the left parieto- occipital lobe 
junction accompanied by enlargement of the bilateral lateral 
ventricle in T1- weighted and T2- weighted imaging in the patient 
at 41 year of age (A). Another MRI was performed at the age of 
44 years (B), and CT confirmed a new increased signal at the 
old site of the left parieto- occipital lobe junction and horn of 
the lateral cerebral ventricle (C). After an operation to insert a 
ventriculoperitoneal shunt, CT showed that the bleeding signal 
was no longer observed, and the enlarged bilateral lateral ventricle 
partly recovered (D)
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accepted FFP, red blood cell suspension, and FC infu-
sion, and his fibrinogen levels returned to 2.57 g/L. Then, 
he experienced chest pain, chest tightness, and shortness 
of breath. CT pulmonary arteriography (CTPA) revealed 
multiple severe pulmonary embolisms in both lungs, es-
pecially the pulmonary artery in the left upper pulmo-
nary lingual segment, which was completely embolized 
(Figure 2G). Heparin sodium saline was administered and 
successfully relieved the symptoms.

During this 3- year period, a total of 129 coagulation 
function tests and 82 assessments of plasma D- dimer lev-
els were performed. Correlation analysis was performed 
to analyze the data. The results showed that his fibrinogen 
concentration exhibited a negative correlation with TT 
and PT (Figure 3A,B). According to the fitted curves, the fi-
brinogen concentration must remain greater than 1.76 ng/
nL and 1.98 ng/nL to maintain a TT and PT less than 14.5 s 
and 20 s, respectively. The plasma D- dimer concentration 

exhibited an abnormal negative correlation with fibrino-
gen (Figure 3C). This correlation differed from the normal 
coagulation function in non- CA individuals (Figure 3D).

3  |  DISCUSSION

Here, we report a patient with CA combined with throm-
botic and hemorrhagic complications with variation in 
spatial and temporal properties. During a three- year 
period, he suffered a series of events, including scrotal 
hematoma, myelapoplexy, retroperitoneal hematoma, 
intraventricular hemorrhage, multiple pulmonary em-
bolisms, and deep venous thrombosis. This combina-
tion of simultaneous complications has rarely been 
reported in one patient. Based on the results from 129 
coagulation function tests, the dilemma regarding CA 
treatment was described in detail. These results suggest 

F I G U R E  2  Sagittal and transverse 
MRI- T2 showed increased signals in the 
right testicular hematoma (A,B) and 
unilateral spinal cord with infarction 
from C2 to C4 (C,D). Coronal and 
sagittal CT showed a retroperitoneal 
hematoma in the right abdomen that was 
197 × 137 × 87 mm in size (E,F). Coronal 
CTPA showed a completely embolized 
pulmonary artery in the left upper 
pulmonary lingual segment and other 
small pulmonary embolisms (G)

F I G U R E  3  Correlation analysis 
between fibrinogen concentration and 
thrombin time (A), prothrombin time 
(B) and plasma D- dimers (C) in this 
CA patient. The curve was fitted after 
excluding the points with fibrinogen 
<0.6 ng/mL outside of the detection 
range. A control group of 107 individuals 
without CA was established to evaluate 
the normal coagulation function 
parameters as a reference (D)
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that a personalized fibrinogen concentration may serve 
as the key to balancing of thrombotic and hemorrhagic 
events in CA.

FC infusion represents a long- term standard for 
maintaining constant fibrinogen concentrations in CA 
patients.9 Patients with fibrinogen defects are associ-
ated with an increased risk of thrombotic events after 
fibrinogen infusion.10,11 Thrombotic characteristics and 
mechanisms in CA are not clearly defined. In most cases, 
thrombosis occurred at a young age (median of 31.5 years) 
and mainly impaired large veins and arteries in CA pa-
tients.9 Girolami et al. reported that 7/15 CA patients with 
thrombotic complications had a history of fibrinogen 
infusion.12 Another review suggested that spontaneous 
bleeding and operations may increase the thrombotic risk 
of fibrinogen infusion.13,14 In this case, we report a new 
observation in which anticoagulant treatment had a good 
therapeutic effect on thrombotic complications, including 
multiple pulmonary embolisms and deep venous throm-
bosis.15 This finding may be based on the special features 
of thrombus formation in CA patients. Histological ex-
amination suggested that arterial thrombosis in CA is 
induced by a hematoma penetrating the vascular lumen 
and emphasized the notion that microhemorrhages in the 
vessel wall initiate the thrombosis event.16 Regarding ve-
nous thrombosis, coagulation disorders may play an im-
portant role.1 Although fibrinogen levels are insufficient 
in CA patients, the levels of other coagulation factors, 
such as von Wille brand factor, may increase in a com-
pensatory manner to facilitate thrombus formation.5,17 
In this situation, plasmin generation may be inhibited.18 
These factors may strengthen the procoagulation effect of 
exogenous fibrinogen and increase the risk of thrombotic 
events.18 In our case, we found that a slightly elevated fi-
brinogen concentration caused significant improvements 
in PT, TT, and plasma D- dimer levels at some time points. 
We inferred that coagulation factor dysregulation may 
play a key role.

The fibrinogen concentration is important when 
evaluating the risk of thrombotic and hemorrhagic 
events in CA patients.7 When fibrinogen levels are less 
than 1  g/L, blood coagulation indices, such as PT and 
TT, are abnormal.19 In CA patients, 1  g/L is generally 
suggested as a threshold for FC infusion.1 However, an 
individualized standard for CA treatment may be more 
suitable. Girolami et al. reported that 8/15 CA patients 
with different fibrinogen levels experienced throm-
botic complications.12 In our study, when the patient 
suffered severe hemorrhagic events, his fibrinogen lev-
els were generally less than 1  g/L. When the patient's 
fibrinogen level increased to 1.5  g/L, he did not expe-
rience any hemorrhagic events. Based on the results 
from 129 coagulation function tests, we analyzed the 

relationship between fibrinogen concentration and PT, 
TT, and plasma D- dimers. We suggest that 1.5  g/L– 
17.9 g/L may represent an ideal range to balance throm-
botic and hemorrhagic events in this CA patient. More 
interestingly, the relationship between fibrinogen and 
D- dimer concentration was negatively correlated in this 
case. The high D- dimer levels are specifically observed 
during periods of low fibrinogen concentrations. We in-
ferred that the significant levels of fibrinogen consump-
tion, reduced fibrinogen production of and abnormal 
coagulation conditions may explain the complications 
noted in this patient. This negative correlation helped 
to profile the characteristics of CA in this patient and 
hinted that the low fibrinogen level was associated with 
a risk of both hemorrhage and thrombus formation with 
FC infusion. In other words, maintenance of fibrinogen 
concentrations at appropriate levels may help to control 
both thrombotic and hemorrhagic events.

In conclusion, due to the lack of fibrinogen and an 
activated compensatory mechanism, CA patients ex-
hibit special profiles of thrombotic and hemorrhagic 
disorders during FC infusion. The establishment of an 
individualized fibrinogen concentration may help to 
balance the risk of thrombotic and hemorrhagic events 
in CA patients.
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