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A Case of Hereditary Hemorrhagic  
Telangiectasia Suspected due to  
Anemia during Anticoagulation  
Therapy after Thrombectomy

Naoyuki Arai,1 Hiroshi Kizuki,2 Kei Yamazaki,1 Mami Akiyama,2 Hiroaki Arai,2 and Hidetoshi Kasuya1

Objective: Hereditary hemorrhagic telangiectasia (HHT) may be associated with paradoxical cerebral embolism caused 
by pulmonary arteriovenous malformation (PAVM). We present a case of HHT diagnosed by progressive anemia during 
anticoagulant therapy following mechanical thrombectomy.
Case Presentation: The patient was a 59-year-old woman who presented with acute stroke due to intracranial large 
vessel occlusion. Mechanical thrombectomy was successfully performed and the thrombus was retrieved. Postoperatively, 
anticoagulant therapy was started; however, she developed progressive anemia, which was associated with marked 
weakness, although no bleeding source was detected. Thorough postoperative imaging studies revealed PAVMs, which 
may be a source of cerebral embolism. It was noted that she frequently had episodes of epistaxis and a family history of 
PAVM. Embolization of PAVMs was performed to prevent the recurrence of embolic disorders. After this procedure, 
anticoagulant therapy was safely discontinued, which resulted in the improvement of anemia.
Conclusion: Physicians need to consider the possibility of HHT associated with PAVM which can cause paradoxical 
cerebral embolism.
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Introduction

It is difficult to evaluate diseases that cause acute occlusion 
of major cerebral arteries immediately after onset in the 
absence of atrial fibrillation. However, when thrombectomy 
is successful or when there is no residual stenosis of the 
artery after thrombectomy, anticoagulant therapy is selected 
early after surgery in many cases, considering the possibility 
of cardiogenic cerebral embolism related to atrial fibrillation,1) 

which accounts for approximately 70% of causative dis-
eases, or paradoxical cerebral embolism. However, univer-
sal examinations for embolic stroke of undetermined source 
(ESUS) may not lead to a diagnosis of a specific disease,2–4) 
and it is difficult to detect latent atrial fibrillation.5–7) There-
fore, if the prevention of recurrence by continuous anti-
coagulant therapy is overestimated, adhering to latent atrial 
fibrillation, an originally causative disease may be over-
looked. Some diseases that cause cerebral embolism involve 
hemorrhagic diathesis, represented by hereditary hemor-
rhagic telangiectasia (HHT). The continuation of anticoag-
ulant therapy may increase the risk of hemorrhage. In this 
study, we report a patient in whom anticoagulant therapy 
after thrombectomy induced anemia, leading to a diagnosis 
of HHT, and review the literature.

Case

Patient: A 59-year-old female.
Medical history: At the age of 42 years, a diagnosis of 
iron-deficiency anemia was made and an iron preparation 
was orally administered.
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Lifestyle/family history: Not contributory.
Present illness: After waking-up, weakness of the left half 
body suddenly developed while washing the face. She was 
brought to our hospital by ambulance.
Physical examination on the initial consultation: The Japan 
Coma Scale score was I-1. Her pulse was 80 beats/min, 
being regular. The SPO2 was 97% (room air). Right conju-
gate deviation, left facial droop, dysarthria, and left hemi-
paresis were observed. The National Institutes of Health 
Stroke Scale (NIHSS) score was 8.
Laboratory data on admission: Hemoglobin (Hb), hematocrit 
(Ht), and mean corpuscular volume (MCV) were 8.0 g/dL, 
28.2%, and 90.7%, respectively, suggesting normocytic 
normochromic anemia. The D-dimer level was 0.37, being 
normal. The arterial blood gas test did not reveal any marked 
abnormalities (room air: PaO2: 87.7 mmHg, SPO2, 96.1%).
Imaging findings: Cephalic computed tomography (CT) 
demonstrated a hyper-dense middle cerebral artery (MCA) 
sign in the right MCA region (Fig. 1A). High signal inten-
sity was observed in the right insular cortex/temporal lobe 
on cephalic magnetic resonance imaging (MRI)-diffusion- 
weighted imaging (DWI) (Fig. 1B and 1C). The DWI- 
Alberta Stroke Program Early CT Score (ASPECTS) was 

Fig. 1 � Images on arrival. (A) Head CT revealed a hyper-dense sign in the right MCA region (black arrow). 
(B and C) Diffusion-weighted cephalic MRI showed high signal intensity in the right insular cortex and 
temporal lobe. (D) Cephalic MRA revealed occlusion of the right MCA. (E) Chest X-ray film on admission. 
At this point, the presence of a pulmonary arteriovenous fistula was not suspected. MCA: middle cere-
bral artery; MRA: magnetic resonance angiography

8/10. Cephalic magnetic resonance angiography (MRA) 
revealed occlusion of the M1 right MCA (Fig. 1D). Fur-
thermore, chest X-ray did not demonstrate any abnormali-
ties (Fig. 1E). Intravenous thrombolysis was started 150 
minutes after onset. Subsequently, cerebral angiography 
was performed. Occlusion of the distal M1 right MCA per-
sisted (Fig. 2A), and thrombectomy was conducted.
Endovascular treatment: Under local anesthesia, a 9Fr long 
sheath was inserted into the right femoral artery. A 9Fr 
Optimo (Tokai Medical Products, Aichi, Japan) was 
inserted to the A 9Fr Optimo (Tokai Medical Products) was 
navigated to the right internal carotid artery. A Penumbra 
ACE 68 (Penumbra Inc, Alameda, CA, USA) was inserted 
to the proximal occluded site of the right MCA coaxially to 
a CHIKAI 14 (Asahi Intecc Co., Ltd., Aichi, Japan) and 
Marksman micro catheter (Medtronic, Minneapolis, MN, 
USA). Using the CHIKAI 14, the Marksman micro cathe-
ter was guided into the M2 superior trunk of the right 
MCA. A Trevo XP (Stryker, Kalamazoo, MI, USA) mea-
suring 4 × 20 mm was deployed at a occluded vessel, and a 
red thrombus measuring approximately 10 mm was contin-
uously aspirated/collected through the Penumbra ACE 
68 (Fig. 2B). Recanalization (Thrombolysis in Cerebral 
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suddenly developed 7 days after surgery. Considering 
recurrent embolism, cephalic MRI/MRA was performed, 
but there was no new infarction or occlusion of a cerebral 
artery (Fig. 4A–4C). However, the Hb and Ht values were 
6.2 g/dL and 19.1%, respectively, suggesting the progres-
sion of anemia. There was no apparent major bleeding at 
any site, including the site of puncture. The activated partial 
thromboplastin time was 42.9 seconds; there was no exces-
sive prolongation in comparison with the value before the 
start of heparin administration (26.8 seconds). To examine 
the source of hemorrhage, contrast-enhanced CT of the 
thorax to pelvis was performed. There was no site of 
hemorrhage, but pulmonary arteriovenous fistulae were 
detected in the bilateral lung fields, suggestive of the source 
of embolism (cerebral infarction) (Fig. 5A–5C). We con-
sidered the severe weakness to be related to a reduction 
in the circulating blood volume. After the administration of 
4 units of blood transfusion, the symptoms promptly 
improved. When explaining the results of examination, we 
heard that the patient’s son had undergone treatment for a 

Fig. 2 � Images before and after thrombectomy. (A) Right common carotid angiography before thrombectomy. 
Occlusion of the M1 right MCA was observed. (B) A photograph of a red thrombus, measuring approxi-
mately 10 mm, extirpated during thrombectomy. (C) Right internal carotid angiography after thrombec-
tomy. Recanalization (Thrombolysis in Cerebral Infarction grade: 3) was achieved. MCA: middle cerebral 
artery

Infarction grade 3) was achieved 270 minutes after onset 
(Fig. 2C).
Postoperative course: The symptoms improved immediately 
after surgery. Neither cephalic MRI nor MRA suggested 
marked deterioration of infarction or hemorrhagic changes 
2 days after surgery (Fig. 3A–3C). Occluded vessel reca-
nalization was maintained (Fig. 3D), and the NIHSS score 
was 1. Hb and Ht were 7.6 g/dL, and 26.8%, respectively; 
there was no marked decrease. The administration of an 
iron preparation, which had been orally administered 
before admission, was resumed. On the same day, heparin 
administration was started. Simultaneously, detailed exam-
ination for the source of embolism was conducted. There 
was no thrombus on transthoracic echocardiography or 
ultrasonography of the lower limb veins. Atrial fibrillation 
was not detected on Holter’s electrocardiography or extra-
corporeal electrocardiographic monitoring. Furthermore, 
there was no occlusive major artery disease, congenital 
coagulation disorders, angitis syndrome, or autoimmune dis-
ease such as anti-phospholipid syndrome. Severe weakness 
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pulmonary arteriovenous fistula, and that he had a history 
of repeated nasal hemorrhage. Furthermore, the patient 
also had a history of repeated nasal hemorrhage. Cerebral 
embolism and anemia as an underlying disease suggested 
the possibility of HHT. As a fecal blood test was positive, 
nasal cavity assessment and gastrointestinal endoscopy were 
conducted for detailed examination of anemia and HHT 
diagnosis. There was no active hemorrhage, but telangiecta-
sia of the nasal mucosa, antrum of the stomach, and ascend-
ing colon was noted (Fig. 5D and 5E). The patient met 

three of Curacao’s diagnostic criteria: repeated nasal hem-
orrhage, nasal telangiectasia, and pulmonary arteriovenous 
malformation, leading to a definitive diagnosis of HHT. 
Furthermore, the progression of anemia was considered to 
be associated with the anticoagulant-therapy-related dete-
rioration of gastrointestinal hemorrhage. To prevent recur-
rent cerebral infarction and complete anticoagulant therapy, 
catheter embolization of the pulmonary arteriovenous fis-
tulae was performed at another hospital (Fig. 6A to 6F). 
Fine pulmonary arteriovenous fistulae, which were unable 

Fig. 3 � Cephalic MRI/MRA findings on the 2nd postoperative day. (A) T2*-weighted cephalic MRI did not show 
hemorrhagic change. (B and C) Diffusion-weighted cephalic MRI demonstrated minor cerebral infarc-
tion in the right internal capsule in comparison with the preoperative images. (D) Cephalic MRA con-
firmed that the patency of the right MCA was maintained. MCA: middle cerebral artery; MRA: magnetic 
resonance angiography

Fig. 4 � Cephalic MRI/MRA findings on a change in the condition on the 7th postoperative day. (A and B) 
Diffusion-weighted cephalic MRI did not show any high-signal-intensity area. (C) Cephalic MRA did not 
reveal any new occlusion. MRA: magnetic resonance angiography
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Fig. 6 � Selective pulmonary arteriography for pulmonary arteriovenous fistulae and post-treatment images. 
(A) Selective pulmonary arteriography of the right lung. Selective imaging of an S9 feeding artery was 
conducted (black arrow). Varix formation was noted (black arrow head). (B) After embolization, the dis-
appearance of the shunt was observed. (C) Postoperative chest X-ray film. In the S8 and S10 areas, fine 
pulmonary arteriovenous fistulae were also observed and embolization was performed. (D) Selective 
pulmonary arteriography of the left lung. Selective imaging of an S9 feeding artery was performed 
(black arrow). Varix formation was noted (black arrow head). (E) After embolization, the disappearance of 
the shunt was observed. (F) Postoperative chest X-ray film. In the S6 area, a fine pulmonary arteriove-
nous fistula was also observed, and embolization was performed.

Fig. 5 � Images of pulmonary arteriovenous fistulae and upper/lower gastrointestinal endoscopy. (A) An axial 
section on thoracic CT showed a pulmonary arteriovenous fistula in the S5 area of the right middle lung 
lobe (black arrow). (B) An axial section of thoracic CT showed a pulmonary arteriovenous fistula in the 
S9 area of the left inferior lung lobe (black arrow). (C) Thoracic 3D-CT angiography revealed pulmo-
nary arteriovenous fistulae with feeding artery diameters of 4.7 and 3.1 mm in the right middle and left 
inferior lung lobes, respectively. (D) Upper gastrointestinal endoscopy showed capillary telangiectasia 
of the anterior gastric wall (black arrow). (E) Lower gastrointestinal endoscopy showed capillary telan-
giectasia of the ascending colon (black arrow). 3D-CT: three-dimensional computed tomography
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to be confirmed on three-dimensional (3D)-computed 
tomography angiography (CTA), were detected at the time 
of treatment, and catheter embolization of all fistulae was 
performed. There was no residual pulmonary arteriovenous 
fistula, leading to the completion of anticoagulant therapy. 
During the 1-year follow-up, there has been no recurrent 
pulmonary arteriovenous fistula or cerebral embolism. There 
has been no progression of anemia.

Discussion

Yoshimura et al. previously reported that acute-phase 
major cerebral artery occlusion is related to atherothrom-
botic cerebral infarction in approximately 20% of patients, 
and that other etiological factors or those that cannot be 
classified were involved in 9%. Such occlusion is associ-
ated with etiological factors other than cardiogenic embo-
lism in approximately 30%. On the other hand, the risk of 
cardiogenic cerebral embolism is approximately 70%1); 
therefore, if mechanical thrombectomy is successful or if 
there is no residual stenosis of the artery after thrombec-
tomy, cardiogenic cerebral embolism must be considered.

When the etiology of symptomatic cerebral infarction is 
unclear, it is necessary to evaluate the condition using the 
diagnostic criteria for ESUS: (1) identification of non-lacunar 
infarction using CT or MRI, (2) absence of occlusion or 
≥50% stenosis of infracted-focus-associated cervical or 
cerebral arteries, (3) absence of high-risk heart disease that 
may cause embolism, and (4) absence of specific etiologi-
cal factors that may cause cerebral infarction (angitis, arte-
rial dissociation, migraine, vasospasm, and incorrect drug 
use).2,4) Our patient met the above criteria, leading to a 
diagnosis of ESUS. A consensus regarding the selection of 
antiplatelet or anticoagulant therapies for ESUS has not 
been reached.4) However, one study suggested that ESUS 
was caused by covert atrial fibrillation in approximately 40% 
of patients.7) Another study reported that an NIHSS score 
of ≥8 and left atrial diameter of ≥3.8 cm on transthoracic 
echocardiography in patients with acute-phase cerebral infarc-
tion are independent relevant factors for covert atrial fibril-
lation.8) In the present case, the left atrial diameter was 3.9 cm, 
and anticoagulant therapy was selected under a tentative 
diagnosis of covert atrial fibrillation. However, according to 
a previous study,6) the detection rate of covert atrial fibril-
lation on electrocardiography at the time of admission is 
2.7%, and the cumulative detection rate is 17.5% even 
when 24-hour Holter’s electrocardiography/frequent 
electrocardiography for 5 days/subsequent extracorporeal 

electrocardiographic monitoring for 7 days are performed. 
Recently, covert atrial fibrillation has been detected using 
an insertable cardiac monitoring device, but a previous 
study reported the detection rates at 6, 12, and 36 months 
to be 8.9, 12.4, and 30.0%, respectively.7) The possibility 
that covert atrial fibrillation can be diagnosed during a 
short admission period is low, and anticoagulant therapy is 
continued to prevent recurrence until the detection of atrial 
fibrillation in many cases.

The morbidity rate of HHT is 1/5000 to 8000 persons,9) 
and this disease develops through autosomal dominant 
inheritance, with a permeability of 97%. Known causative 
gene mutations are 9q chromosome (9q33–q34) endoglin 
(ENG) and 12q chromosome (12q11–q14) active receptor- 
like kinase type 1 (ALK1). These are termed HHT1 and 
HHT2, respectively. Furthermore, HHT with juvenile pol-
yposis was reported, and 18q chromosome (18q21) Small 
Mothers Against Decapentaplegic Homolog 4 (SMAD4) 
gene mutations were confirmed.9,10) The disease type is 
evaluated as type 1 or 2 HHT in 85–90% of patients. In 
Japan, type 1 HHT is frequently observed, and it is likely 
to be revealed by cerebral or pulmonary lesions at a young 
age.9) Patients meeting ≥3 of Curacao’s diagnostic criteria: 
(1) repeated nasal hemorrhage, (2) capillary (malformation) 
of the lips/oral cavity/fingers/nose, (3) capillary (malforma-
tion) of the digestive tract or arteriovenous malformation 
of the lungs/liver/brain/spinal cord, and (4) first-degree rel-
atives with HHT, which were proposed by Shovlin et al., 
are definitively diagnosed with HHT, and those meeting ≥2 
of these criteria are tentatively diagnosed with HHT.11) 
Clinically, our patient met three of these criteria, leading to 
a definitive diagnosis of HHT. In a previous study,12) cere-
bral lesions and lung lesions were shown in 11% and 33% 
of HHT, respectively. HHT of the lungs is complicated by 
pulmonary arteriovenous fistulae in many cases, with an 
incidence of 15–50%.13) A pulmonary arteriovenous fistula 
is defined as an abnormal shunt between the pulmonary 
artery and vein. As clinical symptoms, a right-to-left shunt 
causes chronic hypoxemia, leading to cyanosis or erythro-
cytosis. As results of a right-to-left shunt, brain abscess and 
paradoxical cerebral embolism are observed.14) However, 
in the present case, these symptoms were absent, and there 
was no excessive hypoxemia; therefore, the presence of a 
pulmonary arteriovenous fistula was not suspected based 
on physical signs or hematological data in the initial phase 
of treatment.

According to a previous study in Japan, cerebral embo-
lism related to pulmonary arteriovenous fistulae accounts 
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for 0.5% of patients with cerebral infarction.15) Another 
study reported that the source of embolism was a deep 
venous thrombus or an intra-fistula thrombus related to blood 
stagnation.16) When detecting pulmonary arteriovenous fis-
tulae using contrast echocardiography, false-positive findings 
are included.17) One previous study suggested that even 
minor pulmonary arteriovenous fistulae induce intra-fistula 
thrombus formation.18) Therefore, in the present case, addi-
tional contrast echocardiography was not performed after 
the identification of pulmonary arteriovenous fistulae on 
thoracic CT. Currently, endovascular treatment is selected 
as the first-choice procedure for pulmonary arteriovenous 
fistulae. In the International Guidelines for the Diagnosis and 
Management of Hereditary Hemorrhagic Telangiectasia in 
2009, it is described that treatment may also be indicated 
for pulmonary arteriovenous fistulae with a feeding artery 
diameter of ≥3 mm.13) Furthermore, Haga et al. performed 
catheter embolization to prevent recurrent cerebral infarc-
tion in patients with pulmonary arteriovenous fistula with a 
feeding artery diameter of ≤2 mm, and reported a favorable 
course.18) In the present case, fine pulmonary arteriovenous 
fistulae were also observed at the time of treatment, and 
catheter embolization of all fistulae was conducted consid-
ering the risk of embolism related to intra-fistula thrombus 
formation. Moreover, HHT has the characteristics of hem-
orrhagic disease. Repeated nasal hemorrhage comprises 
the greater portion of HHT-associated hemorrhage.14) Our 
patient had a history of nasal hemorrhage during childhood, 
but its frequency/degree was low/mild; therefore, HHT were 
not suspected. In addition, there was no nasal hemorrhage 
from the admission period involving anticoagulant therapy 
until treatment for pulmonary arteriovenous fistulae. Previ-
ous studies reported gastrointestinal hemorrhage as a hem-
orrhagic event other than nasal hemorrhage. Suzuki et al. 
found that the most frequent site of hemorrhage was the 
stomach (93.7%), although capillary telangiectasia of the 
digestive tract varied.19) In the present case, nasal hemor-
rhage was not confirmed before or after admission, and 
capillary telangiectasia of the stomach and ascending colon 
was observed. In addition, a fecal blood test was positive 
that was detected at the onset of severe weakness, and gas-
trointestinal hemorrhage was considered to be an etiologi-
cal factor for anemia. A previous study of antithrombotic 
therapy involving 379 patients with HHT demonstrated no 
exacerbation of nasal hemorrhage in 40.4%. Hemorrhage 
other than nasal hemorrhage was noted in 13.1%. In the 
anticoagulant therapy group, the percentage was 19.5%, 
being double or greater than that in the antiplatelet therapy 

group (8.8%). In the present case, there was no persistent 
hemorrhage on endoscopy, and hemostasis for capillary 
telangiectasia of the gastrointestinal mucosa was not per-
formed. However, there was no progression of anemia 
during a 1-year period of follow-up after the completion of 
anticoagulant therapy; therefore, anticoagulant therapy may 
have been involved in the progression of anemia in the 
presence of HHT.20) In HHT, patients with pulmonary arte-
riovenous fistulae who develop cerebral embolism, it is 
necessary to promptly treat pulmonary arteriovenous fistu-
lae for the early completion of anticoagulant therapy con-
sidering the risk of hemorrhage. To make a diagnosis of HHT 
in the early phase, it may be necessary to accurately inquire 
about the history of nasal hemorrhage or family history, 
which is the most basic method. In addition, chest X-ray 
films must be thoroughly evaluated when reviewing the 
etiology of ESUS, as pulmonary arteriovenous fistulae can 
be detected by retrospectively confirming chest X-ray films.

Conclusion

We reported a patient in whom anticoagulant therapy after 
thrombectomy induced anemia, leading to a diagnosis of 
HHT. With the widespread application of thrombectomy, 
the incidence of cardiogenic embolism has increased, and 
anticoagulant therapy is selected to prevent recurrence in 
many cases. However, it may be important to inquire from 
the patients, which is the simplest and most useful method 
for HHT diagnosis, and thoroughly evaluate chest X-ray 
films considering the presence of rare diseases, such as 
HHT, as a background factor for cerebral embolism.
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