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Abstract

Background—Cerebral arteriovenous malformations (AVM) are common in patients with
hereditary hemorrhagic telangiectasia (HHT). However, due to rarity of HHT, and little published
evidence of outcomes from management of brain AVMs in this disease, current International HHT
Guidelines recommend an individualized approach. Specifically, the outcomes for surgical versus
non-surgical management of these lesions have not been reported to date.

Objective—We report long-term outcomes of surgical resection of brain AVMs in HHT patients
compared to outcomes in non-surgically treated patients.

Correspondence: Michael T. Lawton, MD, University of California San Francisco, Department of Neurosurgery, 505 Parnassus
Avenue, M780, San Francisco CA 94143, Michael.Lawton@ucsf.edu, Phone: 415/353-3998 Fax: 415/353-3907.

+Brain Vascular Malformation Consortium HHT Investigator Group: Murali Chakinala, Marianne Clancy, Marie E. Faughnan, James
R. Gossage, Katharine Henderson, Steven Hetts, Vivek lyer, Raj Kasthuri, Helen Kim, Timo Krings, Michael T. Lawton, Doris Lin,
Johannes Jurgen Mager, Charles E. McCulloch, Justin McWilliams, Jamie McDonald, Ludmila Pawlikowska, Jeffrey Pollak, Felix
Ratjen, Karen Swanson, Karel terBrugge, Dilini Vethanayagam, Andrew White, Robert I. White Jr, Pearce Wilcox (Please Cross-
reference in Pubmed)

Disclosure

A.T.M. was supported by a fellowship training grant from the Brain Vascular Malformations Consortium (BVMC). The BVMC is part
of the Rare Diseases Clinical Research Network (RDCRN) and is supported through collaboration between the National Institutes of
Health Office of Rare Diseases Research at the National Center for Advancing Translational Science, and the National Institute of
Neurological Disorders and Stroke (NIH/NINDS grant: U54 NS065705).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Meybodi et al. Page 2

Methods—From the database of Brain Vascular Malformation Consortium HHT project, 19
patients with 20 resected AVMs (group 1), and 22 patients with 33 AVMSs who received non-
surgical treatment (group 2) were studied. The groups were retrospectively reviewed for changes
in functional status (modified Rankin Scale score) during the follow-up period.

Results—During the follow-up period, 9% of patients in group 1 suffered from worsening of
functional status whereas this figure was 16% for group 2 (P> 0.05). Functional outcomes were
not statistically different between the two groups at the latest the follow-up (P > 0.05).

Conclusion—HHT patients treated surgically for brain AVMs appear to have long-term
functional outcomes comparable to non-surgical (including observational) therapy with fewer
unfavorable outcomes. It is therefore reasonable to consider surgical resection as a management
option, in the multidisciplinary team’s individualized treatment strategy for HHT patients with
brain AVMs.
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disease; Embolization; Radiosurgery; AVM grading; Microsurgical Resection; Brain Vascular
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Introduction

Hereditary hemorrhagic telangiectasia (HHT) is a rare familial disorder with autosomal
dominant inheritance.! It is characterized by multiple mucocutaneous telangiectasias, and
visceral vascular malformations. HHT has a reported overall prevalence of 1-2 in 10,000,
although geographical location has great impact on this figure.2~* Neurological
complications affect about 8-27% of HHT patients.5~8 The majority of neurologic
complications in HHT patients are associated with pulmonary AVMs, causing stroke or
brain abscess.?~11 However, cerebral vascular malformations (VM) account for one third of
neurological manifestations in HHT patients.10: 12 \/Ms of the brain are found in 5-23% of
HHT patients.12-15 Generally, three types of cerebral VMs are described in HHT patients:
(1) arteriovenous malformations (AVMSs); (2) non-shunting, small, superficially located
collections of enhancing vessels with no enlarged feeding artery or draining vein, named
“capillary VMs”; and (3) arteriovenous fistulas (AVFs).16-18 AVMs, with evidence of
shunting and the presence of a nidus, comprise 15.8-83.3% of all cerebral VMs in HHT
patients.12: 15-20 Most of these brain AVMs are superficial and small (< 3cm); and, have a
single feeder and a single draining vein (Figure 1).9: 17, 18, 20-22

The annual risk of an AVM rupture in HHT patients has been estimated to be 0.36-1.02%
per year.1% 23, 24 |n the largest series to date, however, the confidence intervals were large,
with intracranial hemorrhage rates ranging from 0.42-2.44% per year, and higher rates
reported in those with initial hemorrhagic presentation.23 Most brain AVMs in these patients
were discovered by magnetic resonance (MR) screening, as routinely performed for HHT
patients in north American HHT centers.13. 15,16, 24 Ajthough multiple radiological and
clinical descriptions of cerebral VMs in HHT patients exist, few studies have focused on the
treatment of these lesions.13: 21. 25, 26 Dye to the paucity of the literature in this regard, there
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is no accepted standard treatment paradigm for brain AVMs in HHT. Current International
HHT Guidelines recommend an individualized approach conducted by a multidisciplinary
team with neurovascular expertise.2’ Presently, there are various available treatment
techniques (microsurgical resection, radiosurgery, and embolization therapy), as well as
combined modalities, and finally the ‘wait-and-see’ approach.

The development of treatment guidelines for HHT patients with brain AVMs is difficult for
many reasons. First, HHT-related brain AVMs are rare lesions and single institution
experiences are small; second, the anatomical characteristics of these lesions differ from
sporadic brain AVMs, which may prevent experiences and guidelines derived from sporadic
AVMs therapy from being applied to HHT AVMs; and third, some studies have suggested a
dynamic clinical course for HHT-related brain AVMs with clear growth and

regression25: 28. 29 which may modify their response to standard AVM therapies.
Nonetheless, guidelines are important for these patients because their lesions are
increasingly detected by screening studies, rather than by hemorrhagic presentation, and the
diagnosis of an unruptured brain AVM creates a management dilemma, particularly in the
aftermath of the ARUBA results. Therefore, we formed a multicenter consortium of
academic institutions with dedicated expertise in the management of HHT patients - the
Brain Vascular Malformations Consortium (BVMC) - with the intention of studying HHT-
related AVMs and their treatments. The BVMC, which is funded by the National Institute of
Health and part of the Rare Diseases Clinical Research Network, facilitated the assembly of
the largest cohort of operated HHT-brain AVM patients to date for analysis of surgical
therapy and outcomes, and comparing these results to those from non-surgically treated
brain AVMs in HHT patients.

Patients Methods

This retrospective study was approved by the institutional review board and performed in
compliance with Health Insurance Portability and Accountability Act regulations. HHT
patients enrolled in the Brain Vascular Malformation Consortium (BVMC) HHT project
between April 2010 and November 2015 were studied (n = 265). After obtaining informed
consent, patients were recruited to the BVMC as previously described.18 All patients had a
genetic or clinical diagnosis of HHT (definite HHT with =3 criteria of the 4 Curagao
criteria).3% We included all patients recruited with known history of brain AVMs and who
also had available diagnostic imaging for review (n=58). Of these, we excluded 17 patients
with incomplete clinical profile. Only 2 of these 17 patients underwent surgery and none of
the operated patients showed worsening of functional status at long term follow-up, as the
mRS scores for these 2 patients were 2, both before surgery and at the latest follow-up visit.
Patients with brain AVMs had their brain imaging reviewed by our senior radiologist (T.K.).
These patients were allocated to either of two groups: (1) patients with at least one of the
brain AVMs resected (n =19), and (2) patients without a history of surgery for brain AVMs
(n = 22) (Figure 2). Clinical information retrieved from the BVMC dataset included (1) age
at the time of diagnosis (and surgery, if performed), (2) symptoms at clinical presentation
(including cerebral hemorrhage from AVM rupture), (3) the functional status (i.e., modified
Rankin [mRS] score) at the time of diagnosis (for non-surgically treated patients) or at the
time of surgery (for the surgically treated patients), and (4) the latest follow-up mRS score.
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For patients who underwent surgery, the early post-operative mRS score (at 6 weeks) was
also recorded.

Radiological evaluation included recording type, count, and location of all cerebral VMs
(including AVMs, AVFs and capillary VMs), as well as criteria for determining Spetzler-
Martin (SM), Lawton-Young (LY), and Supplemented Spetzler-Martin (Supp-SM) scores3!
for brain AVMs. Lesion obliteration was confirmed by post-operative imaging reviewed by
BVMC radiologists.

Statistical analysis

Results

Statistical analysis included Mann-Whitney U test to compare median mRS scores between
the two groups, student’s t-test to compare parametric means, and the two-sample z-test to
compare proportions of various parameters (e.g., functional status, radiological grades)
between the two groups. Spearmen’s Rho was calculated to evaluate correlation between the
radiological lesion grade and the surgical outcome.

Group 1: Surgically Treated

Of the 14 centers enrolled in BVMC, the 19 surgically treated patients were recruited at 8
centers. Average total number of brain AVM cases enrolled in each site was 15 patients
(range, 9-24). Considering all patients diagnosed with brain AVM in these 8 centers
regardless of the completeness of clinical profile or radiological evaluation (n = 118),
average surgery rate for the BAVM was 16% (range: 8-25%, SD 6%).

There were 12 female and 7 male patients with 20 brain AVMs resected, and a total number
of 27 lesions including 21 AVMs and 6 capillary VMs (mean 1.4 lesions per patient, range
1-5). No cerebral AVF was present in any of the surgically treated patients. Median age at
surgery was 28 years (range, 0.5-69 years) whereas median age at diagnosis was 27 years
(range, 0.1-55 years). One patient (5%) presented with clinical manifestations of AVM
rupture (i.e. intracranial hemorrhage). Six patients (32%) were diagnosed through screening
studies or while evaluating for other cerebral lesions. The most common presenting
symptoms were headache (52%) and focal neurological deficit (32%) (Table 1).

Lesions were most commonly located in frontal (45%) and parietal (20%) lobes (Table 2).
Eight lesions were in eloquent areas (40%). Average size of the lesions was 18.6mm (range,
8-36mm; SD, 8). Most lesions were superficially located with superficial venous drainage
(90%); two lesions had deep venous drainage. Lesion grade was SM grade 1 or 2 in 90%
(Table 2). Most of the parietal lobe (3/4, 75%) and frontal lobe (8/9, 89%) lesions were
symptomatic in this group (Table 3).

Complications and Outcomes—All lesions were eradicated surgically as confirmed by
post-operative imaging. Median preoperative, early post-operative, and late follow-up mRS
scores were 1. Three patients suffered from early postoperative neurological complications
that resolved within 1 month after surgery. These included transient sensorimotor deficits in
1 frontal (SM grade 2) and 1 parietal AVM (SM grade 3), and transient dysmetria in a
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cerebellar AVM (SM grade 1). One patient with a left frontal AVM (SM grade 2) had an
associated aneurysm that ruptured while the patient was on the operating table and caused
hemiparesis and dysphasia. This patient’s neurological deficits rapidly improved over the
following months and he was completely symptom-free in the first long-term follow-up
visit. Table 3 summarizes the clinical picture of the individual patients in this group.

Median mRS score at the time of diagnosis was 1. Overall, the early post-operative
functional status (6-weeks after surgery) was unchanged in 14 (74%), improved in 3 (16%),
and worsened in 2 (10%) patients. Patient follow-up was available for an average of 9.6
years (median 6.3 years; 1.6-33.9 years). Overall, the functional status of the patients was
improved in 3 (16%), worsened in 5 (26%), and not changed in 11 (58%) during the entire
period of follow-up. At the latest follow-up, 14 patients (74%) had good functional status
(mRS 0 & 1) and 5 had an mRS score of 2 (Figure 3). Calculation of Spearman’s Rho did
not reveal any significant correlation between pre-operative SM or SSM grades with early
and late post-operative mRS scores (£ > 0.05).

Twelve patients (63%) did not receive any adjuvant therapy including radiosurgery or
embolization. One patient had received stereotactic radiosurgery one year before surgery
without any evidence of shrinkage of the AVM. A total of 10 embolization sessions had been
performed pre-operatively in 7 patients, with the goal of facilitating surgery (5 patients), and
with a goal of definitive treatment in two patients. Attempts at curative embolization in these
two patients were unsuccessful.

Group 2: Non-surgically treated

A total of 22 patients (12 females and 10 males) were included (Table 1). In this group of
patients, 33 AVMs and 9 micro-AVMs were present (1.9 lesions per patient). No cerebral
AVF was present in these patients. Median age of this group was 42 years at diagnosis.
Three patients/lesions were diagnosed after initial presentation with ICH. Overall, five
patients/lesions were diagnosed after they became symptomatic (headache, seizure, focal
deficit, and/or hemorrhage), while the rest of the lesions were diagnosed during screening
studies or incidentally during brain angiography performed for the symptomatic lesion.

Most common locations for the lesions were the frontal (55%) and occipital (21%) lobes.
(Table 2). Ten lesions were in eloquent locations (30%). Mean size of the lesions in the non-
surgically treated group was 14.7mm (range 7-35mm, SD 6.9). Lesions were superficially
located with superficial drainage (94%) except one thalamic lesion and 1 temporal AVM
with deep venous drainage. The majority of lesions (93%) were of SM grade 1 or 2 (Table
4). In this group, all the occipital and parietal lesions, and the majority of frontal lobe lesions
(15/18) were asymptomatic.

Complications and Outcomes—Median mRS score at the time of diagnosis was 1.
Follow-up was available for an average of 4.6 years. During the entire follow-up period, 8
(36%0) worsened functionally, while 12 (55%) did not change and 2 (9%) improved. At the
latest follow-up, median mRS score was 1, and fifteen patients (68%) had good functional
status (MRS 0 & 1). (Figure 3).
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Thirteen patients (59%) were followed-up without any therapeutic intervention. Six patients
(27%) were treated only with radiosurgery, 2 patients (9%) received only embolization and 1
(5%) patient received both.

Summary of clinical and radiological data of the lesions is depicted in tables 1 and 2. Tables
3 and 4 show the individual patients’ clinico-radiological characteristics and functional
status data in the surgically treated and non-surgically treated groups, respectively.

Comparison of the two groups

There was no statistically significant difference between the surgically treated and non-
surgically treated groups in terms of number of AVMs, lesion size, venous drainage, and
mRS scores at the time of diagnosis and latest follow-up. Although the median ages at the
time of diagnosis differed (27 years for group 1 versus 42 years for group 2), student’s t-test
failed to show a statistically significant difference in the mean age of patients at the time of
diagnosis between the two groups. The percentages of low-radiological grade lesions (i.e.,
SM grade <2 and SSM grade <6) were not statistically different between groups (p > 0.05).
When the latest follow-up mRS of the surgically treated group was compared with the
patients who received ‘no form of treatment’ in the non-surgically treated group (13
patients), no significant difference was observed (Mann-Whitney U test, p > 0.05). Two-
sample z-test did not reveal any statistically significant difference regarding the proportions
of various functional status changes (i.e., not changed, improved, and worsened) between
two groups (p > 0.05).

Discussion

Operative Risk

Previous reports on surgery for brain AVMs in HHT patients are scant with limited
information on post-operative outcomes (Table 5).24 25 We report the outcomes for the
largest surgical cohort of HHT patients (n=19) with cerebral AVMs (not including capillary
VMs or AVFs) to date, and compared them to outcomes of a similar group of HHT patients
who did not receive surgical treatment for their brain AVM(s). This comparison shows that,
when carefully selected, operative resection of brain AVMs can be considered a safe
treatment option in HHT patients (Figure 4). The multi-center nature of our study
generalizes this point of view, as different centers with variable levels of surgical expertise
were involved in treating these patients. Surgical patients had a relatively long follow-up
time (mean 9.6 years, minimum 1.6 years), and the majority of the patients had good
functional status (median mRS = 1) at early and late follow-up (Figure 3). Small lesion size
(average 18.6mm), superficial location, low frequency of deep drainage (10%), and low SM
and Supp-SM grades overall, as typically seen in HHT patients8: 24 may have contributed
to the favorable early and late post-operative outcomes, even though 40% of the operated
lesions were in eloquent brain areas. We found no correlation between the pre-operative
lesion grade and post-operative mRS scores, suggesting that SM (or Supp-SM) grading may
not be the best pre-operative tool for surgical decision making in HHT. This finding might
also be due to the small sample size, absence of high-grade lesions in our sample, and a high
percentage of favorable post-operative functional outcomes.
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Comparison of surgically treated and non-surgically treated groups

1. Mode of Presentation—There is controversy about the hemorrhage risk of brain
AVMs in HHT patients.15: 23. 24 However, it is generally accepted that the hemorrhage risk
of brain AVMs in HHT patients does not exceed that of sporadic AVMs.1% 23. 24,32 |n hoth
groups, hemorrhage was not a common mode of presentation in the patients. However, most
lesions were symptomatic in group 1 (headache and/or focal neurological deficit). Although
headaches are common in patients with AVMs, it is difficult to attribute solitary headaches
to non-ruptured AVMs. 15 19. 20, 33-35 Thjs can be more problematic when an HHT patient
with multiple AVMs presents with headache. Nevertheless, as one of the common
presentations of cerebral AVMs in undiagnosed HHT patients, headaches may prompt a
neurological work-up and lead to diagnosis of AVMs.

2. Radiological Features—The 2 groups were similar regarding the radiological grades
of the lesions. The frontal lobe harbored most AVMs in both groups. However, parietal lobe
lesions were more frequently encountered in the surgically treated group whereas occipital
lobe lesions were more commonly found in the non-surgically treated group. The higher
frequency of symptomatic lesions in frontal and parietal lobes of group 1 patients might
have lowered the threshold for surgical resection. On the other hand, higher frequency of
lesions of the occipital lobe as well as lack of symptoms in most frontal lobe lesions (83%)
of group 2 patients might have increased the threshold of decision to operate in the non-
surgically treated group.

3. Clinical Outcome—Long-term clinical outcomes between the surgical and non-
surgical groups were not significantly different. Although both groups had a favorable
functional status at long-term follow-up (median mRS score 1), the non-surgical group
suffered from worsening functional status at a rate of almost 1.5x the surgically treated
group (Figure 3). This finding is emphasized by the longer duration of follow-up in group 1
(see below). This is not in concordance with the results of the ARUBA trial, which showed a
relatively unfavorable outcome for surgically treated sporadic AVMs compared to
observation. However, several subsequent studies showed a benefit from operating sporadic
brain AVMs,36-39 and our study now shows a benefit from operating HHT brain AVMs.
Therefore, surgery remains a viable option for brain AVMs in HHT patient, protecting them
from the risk of future hemorrhage with minimal associated surgical morbidity.

We acknowledge the selection bias in the current series, with symptomatic lesions easily
selected for surgical resection, and observation more readily selected for asymptomatic
AVMs (the patient groups are heterogeneous). It is also important to note that different
follow-up periods might have affected our results. As mentioned, the follow-up duration for
the surgically treated group was almost twice the non-surgically treated group. Since the
cumulative risk of hemorrhage in non-ruptured AVMs is lower with a shorter follow-up, the
probability of failing to detect a significant difference between long-term outcomes of the
two groups should not be underestimated. In other words, if the non-surgically treated group
was followed for a longer period, declining outcomes might have been detected. This fact
favors our suggestion for the surgical treatment of these lesions. Another important bias to
consider is the survivor bias. While some centers may be reluctant to recruit deceased HHT
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patients, which might influence results, BVMC centers are encouraged to recruit all of their
patients (current and previous) with brain VM history, even if deceased. Therefore, such bias
may have had little effect on our results.

The Dilemma of Decision to Operate

The management strategy of brain AVMs in HHT patients is controversial. Due to the rarity
of HHT, landmark previous studies such as the ARUBA trial did not include HHT

patients. 3741 This fact, along with the unknown natural history of the disease, further adds
to the complexity of developing a treatment algorithm of brain AVMs in HHT patients.
Several factors need to be considered when deciding to treat a brain AVM in these patients.
First, the spontaneous hemorrhage risk of these lesions (on a per-lesion basis) seems to be
lower, on average, than sporadic AVMs.19: 23. 24, 33-35 gecond, the outcome of hemorrhage
from HHT-related AVMs is reported to be relatively favorable compared to sporadic

AVMs 1224 Third, multiplicity is very common in brain vascular malformations of HHT
patients, which lowers the likelihood of achieving curative resection or obliteration of all
lesions with surgery. Fourth, there have been rare reports of spontaneous regression of brain
VMs in HHT.2%: 28,29 Also, a recent study has shown that bleeding in HHT-related brain
AVMs is associated with an increased risk of future hemorrhage.23 These factors make
patient management more challenging than with sporadic AVM, with regards to the decision
to intervene, and with which treatment modality. These factors lead some clinicians to favor
conservative observation for these HHT-brain AVMs instead of active intervention treatment.
In fact, the same strategy seems to prevail in BVMC centers as the average surgery rate for
HHT-related brain AVMs was low (16%).

On the other hand, risk of hemorrhage in critical regions of the brain along with the low-
complication profile of treatment modalities favor aggressive treatment for these lesions. In
addition, our consortium has previously demonstrated higher risk for intracranial
hemorrhage amongst HHT patients with previous AVM rupture.2® Although radiosurgery is
a promising method for treatment, especially for small lesions that are multiple and far apart
(as occurs frequently in HHT patients), the latency period after radiosurgery and lower
obliteration rates than surgical extirpation favor a surgical strategy when curative resection
of lesions is possible.#2-46 Embolization therapy is usually used as an adjunct for definitive
surgical treatment of an AVM. Although the obliteration rate for brain AVMs after
embolization treatment is low with high rate of recurrence, small lesions such as those seen
in HHT may appear favorable for endovascular treatment.*’: 48 However, small feeding
artery size and superficial location of many HHT-related AVMs can also make embolization
more challenging than surgery or radiosurgery for such lesions. In the current series,
embolization was primarily used as a pre-operative adjunct to facilitate surgical resection (5
of 7 patients undergoing embolization). In the remaining two patients, embolization elected
as the definitive treatment failed to obliterate the lesion and completion surgery was
undertaken. This is consistent with the results of embolization in sporadic AVMs*® and
supports multimodality treatment of AVMs using a multidisciplinary team approach.49: 50

The results of our study show a low risk and favorable long-term outcome for surgical
resection of brain AVMs in HHT patients. Compared to observation, surgery remains a
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viable option for selected brain AVMs in HHT patients, protecting them from the risk of
future hemorrhage with minimal associated surgical morbidity. Previous reports of surgical
results for AVMs (although in very limited numbers) in HHT patients are also favorable
(Table 5).13.24.25 Compared to radiosurgery and embolization therapy, surgery confers
immediate and durable cure without a latency period, and thus provides the most definitive
extirpation of the lesion. Studies show that when possible, surgical resection should be
considered in low-grade AVMs.40: 41, 51 This recommendation may be applied to HHT-
related AVMs that frequently have low SM and Supp-SM grades (i.e., they are small,
superficial, compact, and have a single feeder), which may translate to a less challenging
surgical resection. However, it is important to note that even though only 2 patients were
worse as a result of treatment (early post-operative functional status), not all low SM/Supp-
SM grade lesions had a favorable long-term post-operative outcome in our study (90% low
SM grade lesions vs. 74% favorable outcome). It is also important to note that the small
AVMs seen in HHT patients can be more difficult to identify than sporadic AVMs seen in
other patients, although intraoperative navigation with frameless stereotactic guidance and
intraoperative videoangiography with fluorescent dyes like indocyanine green dye (Figure 4)
can help localize the AVM, as can anatomical clues like an arterialized cortical vein.
Therefore, our conclusion on the relative safety of surgical intervention needs to be
cautiously interpreted, and an individualized treatment strategy is essential for every patient.
Further delineation of lesion characteristics and predictors of surgical outcome is necessary
to help guide decisions on surgical treatment.

The decision to proceed with surgical resection of a symptomatic AVM causing neurological
deficit (e.g. seizure, hemiparesis) may be more straightforward. However, in asymptomatic
cases or cases in which the only presenting symptom is headache, it is even more difficult to
decide for surgery or other interventions. Again, with the current level of evidence, no
definitive treatment paradigm can be suggested for these lesions and the best individualized
treatment must be proposed to patients by a multidisciplinary team that considers all aspects
of the disease and its neurological impact, as well as the particular expertise and experience
of the team.

Preoperative considerations

It is important to note several points before proceeding with surgical treatment of an HHT-
related brain AVM. Screening for pulmonary AVMs is recommended in all HHT patients,
followed by preventative embolization of significant AVMs and life-long pulmonary AVM
precautions.2” This screening and treatment should be performed prior to cranial surgery,
when feasible, to reduce perioperative risks (intrapulmonary hemorrhage, stroke, brain
abscess) from pulmonary AVMs. In urgent cases, with unknown pulmonary AVM status,
pulmonary AVMs should be presumed present, and pulmonary AVM precautions should be
followed, including antibiotic prophylaxis and the use of 1V air filters, until screening can be
completed post-operatively.

Patients with brain AVM may have an unrecognized HHT diagnosis, as the disease remains
under-diagnosed. Multiplicity of brain AVMs is a strong predictor for the diagnosis of
HHT.? 52 |n addition, a personal and/or family history of epistaxis and the presence of
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mucocutaneous telangiectasias should be sought as clues towards the diagnosis of HHT. If
the diagnosis of HHT is suspected, family members need to be screened to rule out HHT.

Study limitations

The major limitation of the current study is the small sample size. Although this consortium
study involved multiple centers, the total number of HHT patients is a small fraction of those
with sporadic brain AVMs. The BVMC continues to record all deaths including those caused
by surgery or its complications, and poor outcomes. Although we did not see any surgical
mortality in the current reported series, exclusion of 17 patients with incomplete clinical
data is a possible source of selection bias. However, only 2 of these 17 patient underwent
surgery and they did not show any functional decline in long-term follow-up. On the other
hand, the heterogeneous nature of the two groups of patients causes their comparison to be
less reliable. Presentation mode did not follow a similar pattern between groups. Some of the
patients in this series received radiosurgery and/or embolization before surgery, making the
patient population nonhomogeneous. Pre-operative embolization and/or radiosurgical
treatment of a brain AVM may affect the difficulty of its surgical resection. Embolization
might reduce the intra-operative bleeding and improve surgical outcomes, while
radiosurgical treatment may shrink the AVM and facilitate resection. Lack of a sizable
control group who did not undergo any treatment modality limits the generalizability of our
results (our series had only 13 patients with these features). Without such a control group, it
is difficult to reach the statistical power to generate firm guidelines.

The current study also has the weaknesses of any retrospective review. However, it is the
largest series of its kind and the good outcomes found in group 1 support the operative
management of HHT-related brain AVMs. Future studies with larger patient populations,
including larger numbers of observed patients, will be possible as the BVMC increases its
enrollment of patients, which may better delineate the role of different treatment modalities
in HHT-related brain AVMs.

Conclusion

HHT-related brain AVMs are rare lesions with a genetic basis, a, different radiological
profile from sporadic AVMs, and a more benign natural history. A comprehensive treatment
paradigm for brain AVMs in HHT patients has not been established. This multi-center study
shows that HHT patients with brain AVMs treated surgically appear to have good long-term
functional outcomes. This surgical cohort, although small, is the largest reported to date and
it is reasonable to consider surgical resection as a therapeutic option in the context of an
individualized, multidisciplinary team approach for HHT patients with brain AVMs. The
decisions regarding management of AVMs in HHT patients presently parallel those for
sporadic AVMs, but future research should identify determinants of outcomes in HHT-
related brain AVMs.
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Figure 1.
Cerebral digital subtraction angiograms of a 19-year-old female presenting with intractable

headaches and syncopal episodes demonstrate a characteristic AVM in an HHT patient.
Lateral (A & B) and antero-posterior (C &D) projections of vertebral artery injection in
arterial and capillary phases showing a right superficial cerebellar 1.2x1.3 cm arteriovenous
malformation (red arrow in A) supplied by posterior inferior cerebellar artery with
superficial hemispheric drainage (blue arrow in B) to the straight sinus near the torcula
(yellow arrow in B). Although there are no flow-related or intra-nidal aneurysms there is a
high-grade stenosis of the venous outflow at the junction between the cortical vein and the
straight sinus. Antero-posterior (E & F) and lateral (G & H) projections of selective right
occipital artery injection in the same patient also show a hypoglossal canal arteriovenous
fistula (yellow arrow in E) fed by the hypoglossal branch of the right occipital artery (red
arrow in E) and draining into condylar veins.
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Figure 2.
Selection process of the patients in the present study. BAVM, brain arteriovenous

malformation; BVMC, brain vascular malformation consortium; HHT, hereditary
hemorrhagic telangiectasia.
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Figure 3.
Diagram showing the relative frequencies of different pattern of change (improved, no

change, and worsened) in the functional status of the patients in groups 1 (early and late
postoperative & 2 (non-surgically treated).
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Figure 4.
Case illustration. This 49-year-old lady was evaluated for chronic headaches and a history of

recurrent nose bleeds and multiple cutaneous telangiectasias. She had a family history of
bleeding lesions in her first and second degree relatives. Antero-posterior (A) and lateral (B)
cerebral angiograms with left internal carotid artery injection showed a small left medial
frontal arteriovenous malformation (Spetzler-Martin grade 1, Lawton-Young grade 3,
Supplemented Spetzler-Martin grade 4) (red arrows). The lesion was exposed through a left
interhemispheric approach (C, black arrow). Intra-operative indocyanine green video
angiography showed the feeder artery (yellow arrow) and the single arterialized draining
vein (red arrow) leading from the nidus (D). The feeding artery was skeletonized,
coagulating the small branches supplying the nidus and preserving distal flow in the parent
artery. (E) The nidus was circumferentially dissected and removed. Post-operative antero-
posterior (G) and lateral (H) angiograms confirmed complete resection of the lesion. The
patient was neurologically intact postoperatively.
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Table 1

Clinical data for surgically treated and non-surgically treated HHT patients with brain arteriovenous
malformation in current series.

Surgically Treated (n =19) | Non-surgically Treated (n = 22)

Age at diagnosis, median (range) | 27 (0.1-55) 42 (0.6-72.5)
Female, n (%) 12 (63%) 12 (54%)
Presentation, n (% lesions)

Asymptomatic 6 (32%) 18 (82%)

Headache 10 (52%) 3(14%)

Seizure 3(16%) 3 (14%

Focal neurological deficit 6 (32%) 2 (9%)

Hemorrhage 1 (5%) 3 (14%)

a . .
AVM, arteriovenous malformation

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Neurosurgery. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Meybodi et al.

Table 2

Page 19

Radiological characteristics and lesion grades of 20 surgically resected arteriovenous malformations and 33

lesions managed non-surgically.

Surgery | Nosurgery
Characteristic n (%)
Deep Venous Drainage 2 (10) 2 (6)
Eloquent 8 (40) 10 (30)
Lobe
Frontal 9 (45) 18 (55)
Parietal 4 (20) 2(6)
Occipital 2 (10) 7(21)
Cerebellum 2 (10) 3(9)
Temporal 2 (10) 2 (6)
Deep 1*(5) 1#(3)
Spetzler-Martin Grade
1 9 (45) 22 (66)
2 9 (45) 9(27)
3 2 (10) 1(3.5)
4 0 1(3.5)
5 0 0
Lawton-Young grade
1 1(5) 0
2 7(35) 8 (24)
3 3(15) 12 (37)
4 9 (45) 11 (33)
5 0 2(6)
Supplemented Spetzler-Martin Grade”
2 0 0
3 3(15) 5 (15)
4 6 (30) 9 (27.5)
5 7(35) 12 (36.5)
6 3 (15) 7(21)
7 1(5) 0
8 0 0
9 0 0
10 0 0
*brainstem
#(halamus

fSuppIemented Spetzler-Martin Grade is the add-up of Spetzler-Martin and Lawton-Young grades.
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