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BACKGROUND The pathogenesis and endovascular treatment strategy for spontaneously thrombosed unruptured cerebral aneurysms have not yet
been comprehensively described.

OBSERVATIONS The authors reported on a 78-year-old woman who had large bilateral unruptured cavernous carotid artery aneurysms that induced
chronic disseminated intravascular coagulation and acquired factor XIII deficiency. The right aneurysm was symptomatic and partially thrombosed.
Hemorrhagic diathesis and abnormal values of laboratory data improved after administration of recombinant human thrombomodulin followed by
endovascular treatment in which three pipeline embolization devices were deployed for the right aneurysm.

LESSONS To the best of the authors’ knowledge, this was the first report of an unruptured cerebral aneurysm leading to coagulation disorders with
clinical manifestation that was treated successfully by endovascular intervention after intensive perioperative management.

https://thejns.org/doi/abs/10.3171/CASE21288
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The intraaneurysmal thrombosis of large cerebral aneurysms is
not uncommon, with the frequency of spontaneous thrombosis
reported to be 13% to 60%.1–6 These reports are retrospective cohort
studies that include patients with subarachnoid hemorrhage. How-
ever, few reports to date describe pathogenesis and suggest treat-
ment strategies for spontaneously thrombosed unruptured cerebral
aneurysms.4,7,8 Endovascular treatment, including the deployment of
a flow diverter stent, sometimes requires device delivery distally
through the aneurysm, and intraaneurysmal thrombus presents a risk
of intraoperative embolism. In addition, it has been reported that the
rate of complete occlusion after the placement of a flow diverter stent
is low in partially thrombosed intracranial aneurysms.9 To achieve
successful endovascular treatment, including perioperative manage-
ment, it is important to understand the pathophysiology of throm-
bosed unruptured cerebral aneurysms. We report a case of large

cavernous carotid artery (CCA) aneurysms with spontaneous throm-
boses presenting enhanced fibrinolytic type of chronic disseminated
intravascular coagulation (DIC) and acquired factor XIII (FXIII) defi-
ciency associated with thrombus formation. When DIC treatment with
recombinant human thrombomodulin (rhTM) that inhibits functions of
thrombin was performed, the thrombus in the aneurysm dissolved
and shrank. The mechanism of unruptured cerebral aneurysm throm-
bosis will be considered from the laboratory findings and treatment
course of this case.

Illustrative Case
The patient was a 78-year-old woman. She had experienced

right ptosis that gradually deteriorated over 5 months and then vis-
ited her previous physician because of diplopia. Magnetic reso-
nance imaging (MRI) showed large bilateral CCA aneurysms. She

ABBREVIATIONS AAA = abdominal aortic aneurysm; CCA = cavernous carotid artery; DIC = disseminated intravascular coagulation; FDP = fibrin degradation product;
FXIII = factor XIII; ILT = intraluminal thrombus; MRI = magnetic resonance imaging; NF = nuclear factor; OPG = osteoprotegerin; PED = pipeline embolization device;
RA = rheumatoid arthritis; RANK = receptor activator of NF kb; RANKL = RANK ligand; rhTM = recombinant human thrombomodulin; TAT = thrombin antithrombin
complex; TNF = tumor necrosis factor.
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was diagnosed with rheumatoid arthritis (RA) when she was 35
years old and was taking salazosulfapyridine. Deformity and swell-
ing of joints were observed in her hands, and her simplified disease
activity index score was 5.1, indicating a low disease activity state
in RA on admission. She had experienced a cerebral infarction in
her left parietal lobe and was taking 100 mg of aspirin per day.

Angiography revealed a partially thrombosed right CCA aneu-
rysm measuring 23 � 19 mm (Fig. 1). During the angiography, she
experienced a massive groin hematoma at the puncture site of the
4-Fr sheath without any procedural cause. Some laboratory param-
eters of coagulation and fibrinolysis registered in the abnormal
range, such as D-dimer, which was significantly high. Systematic
examinations conducted by a hematologist revealed enhanced fibri-
nolytic type of chronic DIC and acquired FXIII deficiency induced by
the thrombosed intracranial aneurysm (Table 1). The patient was
treated with rhTM and fresh frozen plasma. Three weeks after the
initial angiography, FXIII activity had improved, and the endovascu-
lar treatment using three pipeline embolization devices (PEDs; Med-
tronic) was performed on the symptomatic right CCA aneurysm.
The thrombus in the aneurysm was significantly reduced, and the
characteristics of the aneurysm had unexpectedly changed over the
3 weeks during which we had been treating the DIC and acquired
FXIII deficiency. The patient’s right ptosis and diplopia started to
improve 2 days after the endovascular treatment, and clinical com-
plications related to hemorrhagic disorder were not seen again. A
1-year follow-up angiogram showed that the aneurysm was slightly
filled, indicating grade B on the O’Kelly-Marotta scale. The mass
effect had been released, and the patient recovered completely
from the right ptosis and ophthalmoplegia.

Discussion
Observations

Intraaneurysmal thrombus in a cerebral aneurysm is believed to
be initially triggered by endothelial damage caused by hemody-
namic stress.10 In the case of CCA aneurysm, slow flow induced by
an anatomical distortion of the parent artery and an increase in vol-
ume-to-neck ratio also have been suggested as possible anatomical
factors that induce thrombosis.1,6

The mechanism of partially thrombosed aneurysms is believed
to be the formation of subadventitial hematoma generated by a cas-
cade of leukocytes released from the vasa vasorum into the adven-
titia; that is, the process is mediated from the outside of the vessel.
It has been argued that the main mechanism of cerebral aneurysm
growth is intramural hematoma of the aneurysm caused by rupture
of the adventitia, often found in arterial dissection, and is not due to
intraluminal thrombus (ILT).10

Among recent reports investigating the wall microstructure of
thrombosed cerebral aneurysms using high spatial resolution MRI
techniques, high-field 7T contrast-enhanced MRI was directly con-
trasted with pathological findings in 14 thrombosed cerebral aneur-
ysms. Inner wall enhancement was seen in all aneurysms, indicating
neovascularization of the intima adjacent to the ILT. The outer wall
enhancement observed in 7 cases correlated to the formation of
vasa vasorum in the outer layer of the aneurysm.11 Thrombosed
cerebral aneurysms are considered to have two different mechanisms
and structures to form ILT and intramural hematoma.

The intraaneurysmal thrombus that induced systemic coagula-
tion/fibrinolytic abnormalities in the present case is considered an

ILT, and its mechanism and structure were different from the previ-
ously discussed layered intramural hematoma within the adventitia.

Abdominal aortic aneurysm (AAA) is now considered to be an
atherothrombotic disease characterized by an ILT rather than arte-
riosclerosis. The constant exposure of the subendothelial tissue fac-
tor to circulation induces the formation of a prothrombinase
complex consisting of FXa and FVa, and FXIIIa crosslinks the fibrin
monomers, leading to fibrin polymerization. The primary hemostatic
thrombus is stabilized, and then a secondary platelet-fibrin throm-
bus is formed. This is the initial stage of the ILT, and it leads to
increase in aortic diameter and loss of normal vessel structure. The
ILT also acts a source of inflammatory cytokines and fibrinolytic
products.12 Recent meta-analysis has reported an increase in D-
dimer and thrombin antithrombin complex (TAT) in AAA cases, and
an increase in D-dimer is positively correlated with AAA growth.13

Since the report by Fine et al. in 1967 showing that AAA induces
DIC, the incidence of AAA with symptomatic DIC caused by excess
consumption of coagulation factors has been reported as 0.5% to
4%, and perioperative evaluation of hemostatic derangement should
be considered, even if the patient with AAA has no clinical manifes-
tation of hemorrhagic diathesis.14,15

In typical cases of DIC, those caused by sepsis, inflammatory cyto-
kines inhibit the expression of TM, an anticlotting protein in the vascu-
lar endothelium, thereby activating intravascular coagulation. In most
cases, we would expect fibrinolysis to be activated as the body
attempts to dissolve the multiple microthrombi produced by such abnor-
mally activated coagulation. Asakura reported that cytokines also cause

FIG. 1. A: Initial angiography in anteroposterior view shows the right
CCA aneurysm with spontaneous thrombosis. B: Angiography in ante-
roposterior view of the right aneurysm during the endovascular treat-
ment performed 3 weeks after the initial angiography. C: Right internal
carotid artery with three PEDs; working angle. D: 3T MRI improved
motion sensitized driven equilibrium black blood imaging shows CCA
aneurysms and thrombus in the right aneurysm.
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the plasminogen activator inhibitor to be overexpressed, which then
suppresses fibrinolysis, and DIC caused by sepsis results in sup-
pressed fibrinolytic-type DIC. On the other hand, in cases of DIC
caused by AAA, fibrinolysis is highly activated in response to coagula-
tion activation, resulting in enhanced fibrinolytic-type DIC. Therefore,
sepsis-induced DIC results in suppressed fibrinolytic-type DIC, whereas
AAA-induced DIC results in enhanced fibrinolytic-type DIC. Hemostatic
plugs tend to be easily dissolved by strongly activated fibrinolysis; a
bleeding disorder could become severe.16 During angiography, the
patient manifested bleeding diathesis for the first time in the form of
groin hematoma. We consider that excessive consumption of coagula-
tion factors caused by enhanced fibrinolytic type of chronic DIC led to
deficiency of FXIII, also known as a fibrin stabilizing factor, which then
induced the bleeding symptom.

TM suppresses the coagulant activity of thrombin and mediates
antiinflammatory activities by enhancing the activation of protein C,
thereby playing an important role in inflammatory protection during
AAA formation and suppressing AAA growth.12,17 In this case,
administering rhTM as a treatment for chronic DIC is considered to
have contributed to the reduction of thrombus in the aneurysm.
RhTM-responsive thrombolysis suggests intraaneurysmal thrombo-
sis crosstalk with a systemic coagulation/fibrinolysis cascade.

In the laboratory data of the case reported here, FXIII was con-
sumed to stabilize the thrombus, followed by a decrease in the level
of fibrinogen, an increase in the level of fibrin degradation product
(FDP), and an elevation in both TAT and plasmin inhibitor complex,
indicating enhanced fibrinolytic-type DIC.16 Systemic elaborate
examinations concluded there was no other disease that could
cause chronic DIC except the large thrombosed CCA aneurysm.
After the PED treatment, the fibrinogen and platelet levels returned
to normal, FDP decreased, and no bleeding diathesis was observed
clinically. Over the whole clinical course with hematological evalua-
tions and the endovascular treatment, we consider that the intraa-
neurysmal thrombus that was constantly exposed to cerebral blood

flow acted as a biologically active ILT and induced chronic DIC,
causing acquired FXIII deficiency.

The markedly elevated level of D-dimer decreased once after
the PED placement but remained high, which is considered to be
related to the patient’s 40-year chronic RA condition.

Nuclear factor (NF) kb activation is the main inflammatory con-
dition of RA. Zhang et al. reported that a hypercoagulation state
caused by abnormal activation of NF kb is a major clinical back-
ground to RA, and D-dimer is significantly higher in patients with
RA than healthy controls.18

Recently, an alternative NF kb activation pathway triggered by
activation of the tumor necrosis factor (TNF) receptor superfamily
has been reported.19 Receptor activator of NF kb (RANK), a trans-
membrane protein belonging to the TNF receptor superfamily, binds
to its ligand (RANKL) and triggers the NF kb activation pathway.
Osteoprotegerin (OPG), which also belongs to the TNF receptor
superfamily, controls this RANKL/RANK interaction.20,21 In recent
years, OPG not only has been identified as a regulator in bone
metabolism but also is expressed in vascular smooth muscle cells
and endothelial cells, and it has emerged as a protective modulator
in cardiovascular disease.22

The increased risk of cardiovascular disease in patients with RA
is well known.23–25 Compared to healthy controls, the expression of
the OPG gene and OPG serum level are significantly increased in
patients with RA, and the serum OPG concentrations are increased
in patients with RA who have a history of cerebrovascular disease
compared to those who do not. Therefore, the OPG/RANKL/RANK
axis plays an important role in accelerating atherosclerotic alteration
and cardiovascular risk.26,27

It has been reported that blood OPG concentrations are higher
in patients with AAA and are positively correlated with AAA progres-
sion and that ILT itself can be a source of OPG release. OPG helps
reduce cardiovascular disease risk; at the same time, OPG concen-
trations increase with atherosclerotic lesions.28,29 Measuring OPG

TABLE 1. Laboratory data on DIC and RA

Variable Reference Range* 3 Wks Before Endovascular Treatment 3 Days Before 1 Wk After 1 Yr After

D-dimer (mg/mL) <1 51.0 17.6 20.7 31.8

PTINR 1.02 1.04 1.08 1.07

APTT 27.0–40.0 30.0 29.7 32.6 29.8

Fibrinogen (mg/dL) 150–300 144.5 273.5 283.8 323.5

FDP (mg/mL) <5 95.9 23.8 29.9 48.6

Platelet (�1,000/mL) 155–350 104 174 148 162

FXIII activity (%) 70–140 40 87 73

vWF activity (%) 50–150 209 129

TAT (mg/L) <4.0 37.5 16.3 9.0

PIC (mg/mL) <0.8 5.2 1.2 1.6

Rheumatoid factor (U/mL) 0–15 57 56

CRP (mg/dL) 0.0–0.3 0.1 0.3 1.0 0.5

FDP/D-dimer ratio 1.9 1.4 1.4 1.5

APTT = activated partial thromboplastin time; CRP = C-reactive protein; PIC = plasmin inhibitor complex; PTINR = prothrombin time international normalized ratio;
vWF = von Willebrand factor.
* The ranges used at the hospital are for adults.
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concentrations in the present case would have helped clarify the
relation between RA and cerebral aneurysm with ILT.

So far, there have been no reports of unruptured cerebral aneur-
ysms inducing acquired FXIII deficiency or DIC.

Lessons
When a large unruptured cerebral aneurysm with thrombus is

observed, it should be examined not only from the perspective of
local characteristics of the aneurysm caused by anatomical factors
but also in terms of potential relations with systemic coagulation/
fibrinolytic cascade and underlying chronic inflammatory disease.
The spontaneously thrombosed intracranial aneurysm might cross-
talk with the systemic coagulation/fibrinolytic function. Understand-
ing these relations will help develop the most effective treatment
strategy and perioperative management.
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