
91© The Author(s) 2021
G. Esposito et al. (eds.), Trends in Cerebrovascular Surgery and Interventions, Acta Neurochirurgica Supplement 132, 
https://doi.org/10.1007/978-3-030-63453-7_14

Maximum Nidus Depth as a Risk Factor 
of Surgical Morbidity in Eloquent Brain 
Arteriovenous Malformations

Bikei Ryu, Koji Yamaguchi, Tatsuya Ishikawa, 
Fukui Atsushi, Go Matsuoka, Seiichiro Eguchi, 
Akitsugu Kawashima, Yoshikazu Okada, 
and Takakazu Kawamata

Abbreviations

AUC Areas under the receiver-operator characteristic 
curves

BAVM Brain arteriovenous malformations
CI Confidence interval
CST Corticospinal tract
CTA Computed tomography angiography
DSA Digital subtraction angiography
DTI Diffusion tensor imaging
fMRI Functional magnetic resonance imaging
GKS Gamma knife surgery
LAD Lesion-to-activation area distance
MRI Magnetic resonance imaging
mRS Modified Rankin Scale
OR Odds ratio
RCT Randomized control trial
ROC Receiver-operator characteristic

S-M Spetzler-Martin

 Introduction

Surgical treatment of brain arteriovenous malformations 
(BAVMs) is a radical treatment modality. Safe and radical 
removal is expected to help prevent future hemorrhage and 
symptomatic deterioration. However, there are BAVMs that 
are unsuitable for surgical intervention and an eloquently 
located BAVM is known to increase the surgical risk [1–4]. 
In particular, in the Rolandic area, i.e., the motor and sensory 
areas, surgical morbidity is directly linked to the indepen-
dence of the patient. Hence, it is still challenging to surgi-
cally treat these entities. Indicators for safe removal of 
Rolandic BAVMs are necessary but have not been deter-
mined thus far.

In addition to factors such as well-known hemorrhagic 
onset, unruptured BAVM, size, and deep venous drainage 
that are included in the Spetzler-Martin (S-M) grading scale 
[1–4], several surgical risk factors for eloquent BAVM have 
been reported in recent years, such as cortical reorganization 
and plasticity of motor area visualized via functional mag-
netic resonance imaging (fMRI) [5], BAVM lesion-to- 
corticospinal tract (CST) distance assessed by diffusion 
tensor imaging (DTI) [6, 7], and BAVM lesion-to-activation 
area distance (LAD) assessed by fMRI [8]. They can help 
predict postoperative neurological outcomes in the eloquent 
area and these factors contributed to acceptable long-term 
outcomes [6, 9], along with transient but finally reversible 
surgical morbidity. Thus, there is a possibility of plasticity 
and cortical reorganization of the cortical region. Impairment 
of the CST and deep white fibers may be more critical and 
irreversible in the Rolandic area. However, production of a 
uniform image is sometimes difficult with DTI and fMRI 
because of various methodological limitations [10]. The 
imaging results may differ between institutions and the type 
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of imaging method. Therefore, predictors of surgical risk 
that can be evaluated easily with general imaging modalities 
are necessary. In this regard, we focused on the maximum 
nidus depth as a new indicator, which is a factor measurable 
on general imaging.

The aim of this study was to determine the surgical risk 
factors in patients with eloquent BAVMs, especially in the 
Rolandic area. Furthermore, we analyzed maximum nidus 
depth as a novel indicator and predictor of the surgical out-
come in patients with this challenging entity.

 Material and Methods

The institutional review board of Tokyo Women’s Medical 
University approved this retrospective study. All patients 
provided written informed consent for the surgical 
procedures.

 Patient Selection

This retrospective study included 297 consecutive patients 
with diagnosed BAVMs who underwent treatment at Tokyo 
Women’s Medical University between January 2002 and 
August 2017. Of these, 202 patients were diagnosed with 
BAVM localized in an eloquent area. Furthermore, of these, 
128 patients underwent gamma knife surgery (GKS) alone 
and 74 patients underwent surgical nidus removal. In these 
74 patients who underwent surgical treatment, there were 29 
patients who had BAVMs in the Rolandic motor or sensory 
area, or both. Data of these 29 patients were finally analyzed 
in this study.

 Diagnosis and Treatment Strategy
The diagnoses and locations of BAVMs were established 
based on digital subtraction angiography (DSA) combined 
with magnetic resonance imaging (MRI) and computed 
tomography angiography (CTA) by a board-certified neuro-
surgeon of the Japan Neurosurgical Society. Data were col-
lected from the medical records. The characteristics of 
BAVM included the size, depth, diffuseness, anatomic loca-
tion, and venous drainage. These parameters were evaluated 
with a combination of imaging modalities. The size and 
depth of the nidus were also measured using the imaging 
modalities mentioned above. The maximum diameter was 
defined as the maximum nidus size measured from various 
angles. The maximum depth was defined as the distance 
from the brain surface to the deepest part of the nidus verti-
cally. The nidus depth, if wider than other measurements, 
can be the same as the maximum diameter as well. BAVMs 
were further classified based on the S-M grading scale [1].

Uncontrollable symptoms, including hemorrhage, epi-
lepsy, and severe headache, were considered as the indica-
tions for surgical nidus removal of the BAVM.  However, 
asymptomatic BAVMs were also surgically removed if the 
patients strongly requested it after they were fully informed 
of the natural history and treatment options, including obser-
vation. The same surgical team performed the microsurgical 
nidus removal and managed the patients postoperatively. 
Preoperative endovascular interventions were performed as 
necessary. Each BAVM resection was completed while tak-
ing special care to preserve the functional reaction that was 
assessed using motor-evoked potentials, somatosensory- 
evoked potentials, and cortical/subcortical electrical 
stimulation.

Postoperatively, the patients were maintained in a hypo-
tensive state under sedation. In principle, DSA was per-
formed before and after the surgeries and complete removal 
was evaluated by postoperative DSA.

 Outcome Parameters
Postoperative follow-ups were performed at our institution, 
and the degree of excision and the presence or absence of 
complications were evaluated. In this study, morbidity was 
defined as deterioration in the neurological findings related 
to the surgery and its associated complications. The final 
morbidity was assessed at 3 months postoperatively to evalu-
ate whether the morbidity was a transient or permanent 
symptom. Furthermore, the modified Rankin Scale (mRS) 
score was assessed at 3 months postoperatively to evaluate 
whether it was intact or had worsened postoperatively. 
Permanent morbidity was defined as persistent neurological 
deterioration, and we classified it into two groups: “mRS 
change<2” and “2≤mRS change” compared with preopera-
tive mRS. Transient morbidity was defined as neurological 
deterioration that occurred postoperatively and resolved 
within 3 months. Any death was determined as mortality.

 Statistical Analysis

All statistical analyses were performed using JMP Pro13 
(SAS Institute, NC, USA). Continuous variables were 
expressed as mean ± standard deviation. Univariate analysis 
was performed to identify the risk factors associated with 
postoperative surgical morbidity at 3  months in Rolandic 
eloquent BAVM. When comparing two groups, categorical 
variables were evaluated by Fisher’s exact test and continu-
ous variables were evaluated by Student’s t-test. Significant 
risk factors and variables that were associated with morbid-
ity, defined as p < 0.20 in univariate analysis, were included 
in multivariate logistic regression analysis. Since nidus size, 
eloquent location, deep venous drainage, age, ruptured pre-
sentation and diffuseness were already included as univariate 

B. Ryu et al.



93

factors in statistical analysis, S-M grade and Lawton-Young 
supplementary grading system containing these factors were 
excluded because they were confounding factors.

Odds ratio (OR) for surgical morbidity was estimated 
from logistic regression analysis, and receiver-operator char-
acteristic (ROC) curves were constructed to obtain the opti-
mal cutoff values for the maximum nidus size and depth in 
predicting surgical morbidity. To confirm the predictive and 
diagnostic ability of the ROC curves, areas under the ROC 
curves (AUCs) were also determined. The significance level 
was set at p < 0.05 and all p values reported in this study are 
two-sided.

 Results

 Patient Demographics and BAVM 
Characteristics

A total of 29 patients with BAVMs in the Rolandic area who 
underwent surgical nidus removal at our institution were 
analyzed in this study. The patient demographics and BAVM 
characteristics are summarized in Table  1. With respect to 
clinical presentation, uncontrollable symptomatic BAVM 
was seen in 22 patients (75.9%) and hemorrhagic onset was 
seen in 11 (37.3%). Four patients (13.8%) underwent pre- 
surgical embolization and six patients (20.7%) pre-surgical 
GKS.  The overall median S-M grading scale score was 3 
(2—4), and the most frequent SM grade was grade III 
(51.7%). All BAVMs were in the eloquent location; in 12 
patients (41.4%) they were related to the motor area, while in 
11 patients (37.9%), they were related to the sensory area, 
and in six patients (20.7%), they were related to both. The 
mean maximum nidus size was 33 ± 17 mm, and the mean 
maximum nidus depth was 37 ± 17 mm. BAVMs with deep 
venous drainage were seen in only a few (13.8%).

 Outcomes

The outcomes after surgical nidus removal are summarized 
in Table 2. Complete removal was achieved in 28 patients 
(96.6%). Partial removal was achieved in one patient; the 
patient suffered from perioperative hemorrhage and 
required reoperation. Postoperative hemorrhage due to nor-
mal perfusion pressure breakthrough visualized by cold-
Xenon computed tomography was recognized in two 
patients. There was no incidence of hemorrhage after the 
perioperative period. Overall, 14 patients (48.3%) suffered 
from postoperative morbidity, including transient morbid-
ity in nine patients (31.0%) and permanent morbidity in 
five patients (17.2%). The deterioration in neurological 
findings related to the surgery was often resolved during 

the follow-up after a few weeks. Motor and sensory disor-
ders, dysarthria, and higher brain dysfunction were recog-
nized as neurological complications. Although renal failure 
occurred in one patient, there were no major systemic com-
plications leading to mRS deterioration. There was no mor-
tality. Deterioration of two or more on mRS was observed 
in two patients.

 Univariate and Multivariate Analyses 
of Predictors of Surgical Morbidity 
for Rolandic BAVM

To identify the risk factor for surgical morbidity in Rolandic 
area BAVMs, several variables were analyzed between the 
total morbidity group and no morbidity group using univari-
ate analysis (Table 3). The patients in both groups were well- 
matched with respect to age, sex, and preoperative 
mRS. Asymptomatic BAVM was a significant risk factor for 
surgical morbidity (p = 0.0229), but hemorrhagic onset was 

Table 1 Characteristics of patients with Rolandic BAVM

Variable Total Rolandic BAVM
No. of patients 29
  Age 35.0 ± 13.1
  Male/female 15 (51.7%)/14 (48.3%)
Clinical presentation
  Seizures 5 (17.2%)
  Headache 4 (13.8%)
  Asymptomatic 7 (24.1%)
  Hemorrhagic onset 11 (37.3%)
Preoperative mRS
  0–2 25 (86.1%)
  3 1 (3.6%)
  4–5 3 (10.3%)
BAVM characteristics
  Spetzler-Martin grade
   II 11 (37.3%)
   III 15 (51.7%)
   IV 3 (10.3%)
  Maximum nidus size (cm) 3.3 ± 1.7
  Maximum nidus depth (cm) 3.7 ± 1.7
  Deep venous drainage 4 (13.8%)
  Diffuseness 4 (13.8%)
  Eloquent location 29 (100%)
   Motor area 12 (41.4%)
   Sensory area 11 (37.9%)
   Motor and sensory area 6 (20.7%)
  Laterality (right/left hemisphere) 16 (55.2%)/13 (44.8%)
Treatment
  Surgical removal alone 19 (65.5%)
  Presurgical embolization 4 (13.8%)
  Preoperative gamma knife 6 (20.7%)

mRS modified Rankin Scale, BAVM brain arteriovenous malformation
Values are expressed as mean ± standard deviation for quantitative vari-
ables or as absolute number (percentage) for qualitative variables
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not (p = 0.3156). Of the BAVM characteristics, the  maximum 
nidus size, deep venous drainage, diffuseness, and laterality 
were not significant risk factors, but maximum nidus depth 
was a significant risk factor for surgical morbidity 
(p = 0.0204).

For multivariate analysis (Table  4), significant vari-
ables and two variables that were associated with mor-
bidity based on p value <0.20  in univariate analysis 
(preoperative mRS, laterality) were included in the mul-
tivariate logistic regression analysis. As mentioned in the 
methods section, S-M grade and Lawton-Young supple-
mentary grading systems were excluded because they 
were confounding factors. The maximum nidus depth 
was the only risk factor of surgical morbidity in this anal-
ysis (OR  =  2.78598, 95% confidence interval [CI]: 
0.8866–8.7535, p = 0.0357).

 Optimal Cut-off Values for Surgical Morbidity

From the results of logistic regression analysis (Table 5, 
Fig. 1a, b), maximum nidus depth was identified as a pre-
dictor of total morbidity (OR = 2.82190, p = 0.015) and 
permanent morbidity (OR  =  8.34984, p  =  0.002), and 
maximum nidus size was identified as a predictor of per-
manent morbidity (OR = 2.46749, p = 0.027). The optimal 
cutoff values identified from the ROC curve analysis 
included maximum nidus size of 30  mm for permanent 
morbidity, maximum nidus depth of 36 mm for total mor-
bidity, and 41  mm for permanent morbidity (Table  5). 
AUC of total morbidity, indicating the predictive accuracy 
of the ROC curve, was 0.7428 for maximum nidus depth 
and 0.5785 for maximum nidus size. AUC for permanent 
morbidity was 0.8833 for maximum nidus depth and 
0.7625 for maximum nidus size. AUC was higher for the 
maximum nidus depth compared with that for the maxi-
mum nidus size, for both total and permanent morbidities 
(Table 5, Fig. 1c, d). As illustrative cases, the patient (case 
1) with sensory and motor area BAVM (S-M grade II) pre-
sented with headache, with maximum nidus size of 21 mm 

Table 2 Surgical outcomes after nidus removal

Outcome Total
Morbiditya 
(+)

Morbiditya 
(−)

No. of patients 29 14 15
mRS at 3 months after the surgery
  0–2 23 

(79.3%)
12 (85.7%) 11 (73.3%)

  3 2 (6.9%) 0 (0%) 2 (13.3%)
  4–5 4 

(13.8%)
2 (14.2%) 2 (13.3%)

Partial removal 1 (3.4%) 1 (7.1%) 0 (0%)
Complete removal 28 

(96.6%)
13 (92.8%) 15 (100%)

Postoperative hemorrhage 3 
(10.3%)

3 (21.4%) 0 (0%)

  Perioperative period 3 
(10.3%)

3 (21.4%) 0 (0%)

  Postoperative follow-up 
period

0 (0%) 0 (0%) 0 (0%)

Morbiditya 14 
(48.3%)

– –

  None 15 
(51.7%)

0 (0%) 15 (100%)

  Transientb 9 
(31.0%)

9 (64.2%) –

  Permanentc; mRS change 
<2

3 
(10.3%)

3 (21.4%) –

  Permanentc; mRS change 
≥2

2 (6.9%) 2 (14.2%) –

Mortality 0 (0%) 0 (0%) –

mRS modified Rankin Scale
Values are expressed as percentages for qualitative variables
aMorbidity was defined as deterioration in the neurological findings 
related to the surgery
bTransient morbidity was defined as neurological deterioration that was 
transient after the surgery and resolved within 3  months after the 
surgery
cPermanent morbidity was defined as neurological deterioration that 
was present at 3 months after the surgery

Table 3 Univariate analysis of surgical risk factors for morbidity

Variable Morbiditya (+) Morbiditya (−) p Value
No. of patients 14 15
Age 37.9 ± 3.5 32.3 ± 3.4 0.2513
Male/female 8 / 6 7 / 8 0.5726
Asymptomatic (%) 6 (42.7%) 1 (6.67%) 0.0229
Hemorrhagic onset (%) 4 (28.6%) 7 (46.7%) 0.3156
Preoperative mRS – – 0.1358
  0–2 14 (100%) 11 (73.3%)
  3 0 (0%) 1 (6.8%)
  4–5 0 (0%) 3 (20.0%)
Maximum nidus size 
(mm)

36 ± 3 31 ± 3 0.2903

Maximum nidus depth 
(mm)

41 ± 3 32 ± 3 0.0204

Deep venous drainage 3 (21.4%) 1 (6.7%) 0.2493
Diffuseness 3 (21.4%) 1 (6.7%) 0.2493
Location – – 0.5717
  Motor area 7 (41.4%) 4 (33.3%)
  Sensory area 4 (28.6%) 7 (46.7%)
  Motor and sensory 

area
3 (21.4%) 3 (20.0%)

Laterality (right/left 
hemisphere)

6 (42.9%)/8 
(57.1%)

10 (66.7%)/5 
(33.3%)

0.1976

Presurgical 
embolization

2 (14.3%) 2 (13.3%) 0.9408

Preoperative gamma 
knife

3 (21.4%) 3 (20.0%) 0.9244

mRS modified Rankin Scale
Values are expressed as mean ± standard deviation for quantitative vari-
ables or percentage for qualitative variables
aMorbidity was defined as deterioration in the neurological findings 
related to the surgery
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Table 4 Multivariate analysis of surgical risk factors for morbidity

Variable
Multivariate analysis
OR 95% CI p Value

Asymptomatic 4.70294 0.2782–79.4948 0.2610
Preoperative mRS 1.30196 0.1167–14.5154 0.3624
Maximum nidus 
depth (mm)

2.78598 0.8866–8.7535 0.0357

Laterality 2.82367 0.3786–21.0554 0.2971

mRS modified Rankin Scale, OR odds ratio, CI confidence interval

Table 5 Cut-off values

Variable

Morbidity Logistic regression analysis ROC curve analysis
OR 95% CI p Value Cut-off value (mm) AUC

Maximum nidus size Total 1.40708 0.7531–2.62873 0.269 30 0.5785
Permanent 2.46749 1.0031–6.069696 0.027 30 0.7625

Maximum nidus depth Total 2.82190 1.0632–7.489138 0.015 36 0.7428
Permanent 8.34984 1.2308–56.64248 0.002 41 0.8833

ROC receiver operating characteristic, OR odds ratio, CI confidence interval, AUC area under the curve
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Fig. 1 Surgical risk factor 
and cutoff values in Rolandic 
brain arteriovenous 
malformations (BAVMs). (a 
and b) Maximum nidus depth 
was significantly correlated 
with surgical morbidity 
(p = 0.02), but maximum 
nidus size was not a 
significant factor. The 
distribution charts 
demonstrate the relationship 
between the maximum nidus 
size and surgical morbidity 
(a), and the maximum nidus 
depth and surgical morbidity 
(b). Green rhomboids indicate 
the mean and 95% confident 
intervals. (c and d) Receiver 
operating characteristic curve 
analyses for maximum nidus 
depth and surgical morbidity; 
total morbidity (c) and 
permanent morbidity (d). The 
area under the curve was 0.74 
and the cutoff value was 
36 mm (c). The area under the 
curve was 0.88 and the cutoff 
value was 41 mm (d)

Maximum Nidus Depth as a Risk Factor of Surgical Morbidity in Eloquent Brain Arteriovenous Malformations



96

and maximum nidus depth of 35  mm (Fig.  2a, b). 
Activation was found adjacent to the nidus on fMRI 
(Fig.  2c, d). Transient morbidity was observed after the 
surgery. In the patient (case 2) with asymptomatic sensory 
area BAVM (S-M grade III), maximum nidus size was 
36 mm and maximum nidus depth was 44 mm (Fig. 3a, b). 
Permanent morbidity was observed after the surgery.

 Discussion

In this series of 29 patients with BAVM who underwent sur-
gical nidus removal, we found that nidus depth may be more 
useful than nidus size as a predictor of the surgical risk for 
postoperative surgery-related morbidity in eloquent BAVM, 
especially with BAVMs in the motor and sensory areas. As 
the maximum nidus depth from the brain surface increased, 
the morbidity rate elevated, suggesting that the morbidity 
was permanent.

Many grading scales and scores to indicate the surgi-
cal risk associated with BAVM removal, on behalf of 
S-M  grading scale, have been previously reported [1–4, 
11–13]. From these reports, it is well known that the 
surgical risk is higher with eloquent BAVM. Most of the 
grading scores include nidus size as a surgical risk fac-
tor, and its importance has been previously reported 
[1–4, 11–13]. There is no doubt that the surgical risk 
increases with increasing size of the BAVM nidus. 
However, regardless of the nidus size, there are reports 
of morbidity due to surgery even with a smaller nidus. 
Thus, in BAVMs in eloquent areas, the surgical risk is 
higher from the very beginning [1, 2]. Furthermore, 
there are no reports that have evaluated the assessment 
of eloquence in detail. Therefore, certain problems still 
remain, such as the lack of inclusion of white matter 
eloquent fibers in the grading systems, lack of defini-
tion of the width and depth of the eloquent area, and 
lack of quantitative variables to describe the relation-
ship between the nidus and eloquence [14].

Following the findings of a randomized control trial 
(RCT) for unruptured BAVM [15], the treatment for elo-
quent BAVM is still considered challenging. However, there 
are also some cases wherein BAVM resulted in hemorrhage 
with high morbidity and presented with uncontrollable 
symptoms, suggesting that surgical treatment should be con-
sidered for eloquent BAVM.  As was reported previously, 
although symptoms appear transiently after surgical removal, 
they often resolve during follow-up [5, 8, 16, 17]. It appears 
that there may be risk factors other than nidus size. If there is 
a factor that can predict whether eloquent BAVM is treatable 
or not, then the decision for surgical intervention can be bet-
ter judged.

 Nidus Depth as a New Indicator of Surgical 
Risk for Eloquent BAVM

In previous reports, the following variables have been 
reported as risk factors for surgical removal in BAVM: 
BAVM size, eloquence, deep venous drainage, diffuseness, 
perforating artery supply, and unruptured presentation [1–4, 
11–13]. It is also known that relatively good outcomes are 
obtained with surgical treatment of BAVM with hemorrhagic 
onset [5, 18]. Particularly with regard to the nidus size, it is 
easy to predict that BAVM localization will dominate the 
critical area as it gets bigger, and it will lead to an increase in 
the risk. However, in measuring the size, the obtained values 
and implications vary depending on the direction used to 
measure on the image since the size can be measured in all 
directions. There are no uniform guidelines on assessing this 
measurement. Therefore, we focused on the nidus depth and 
performed the analyses for surgical morbidity for eloquent 
BAVM in this study. Although it seems like common sense 
that more extensive and deeper AVMs in eloquent locations 
will be associated with more surgical morbidity, to the best 
of our knowledge there are no reports in the literature that 
investigated and mentioned BAVM depth. Various factors 
that were previously reported to be significantly correlated 
with postoperative morbidity were not found to be signifi-
cantly correlated in this study; the p values of the factors, 
though relatively low, were not significant. It is suggested 
that the maximum nidus depth may be more useful as a pre-
dictor in the surgical treatment of BAVM in the Rolandic 
area (Table 3 and Fig. 2).

 Optimal Cutoff Value of Maximum Nidus Depth 
for Surgical Morbidity

To determine the optimal cutoff values for the maximum 
nidus depth and size in relationship with surgical morbidity, 
ROC curves were generated. The cutoff value for the maxi-
mum nidus depth was 36 mm for total morbidity and 41 mm 
for permanent morbidity (Table 4). Therefore, the deeper the 
maximum nidus depth, the higher the surgical risk. The cut-
off value for the maximum nidus size for permanent morbid-
ity was 30  mm. The AUC of the maximum depth (total 
morbidity: 0.74, permanent morbidity: 0.88) was larger than 
that of the maximum size (total morbidity: 0.58, permanent 
morbidity: 0.76); therefore, maximum nidus depth is a more 
useful predictor than the maximum nidus size (Table  4, 
Fig. 2).

These findings raise the question of the underlying mech-
anism that can explain how the nidus depth affects the surgi-
cal risk. Frequently this is due to small arterioles arriving at 
the deep part of the AVM nidus, or due to small draining 
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venules, which are bleeding notoriously and are difficult to 
coagulate at the same time. It is also already known that the 
deeper a BAVM is, the more the nidus involves the CST [9] 
and is closer to the perforating supply area. In previous 

reports, lesion-to-CST distance measured by DTI [6, 7] and 
LAD measured by fMRI [8] have been reported as surgical 
risk factors for vascular malformations of the eloquent area. 
Furthermore, the plasticity and cortical reorganization of the 

Fig. 2 Illustrative case 1. Axial T2-weighted image (a) and coronal 
maximum intensity projection image of time of flight magnetic reso-
nance angiography (b) showing sensory motor area brain arteriovenous 
malformation (Spetzler-Martin grade II). The maximum nidus depth 

was 35 mm. The yellow dotted line indicates the maximum nidus depth 
relative to the tangential line of the brain’s surface. The activations 
related to left-hand gripping (c) and right-hand gripping were found 
adjacent to the nidus (d) on fMRI

Maximum Nidus Depth as a Risk Factor of Surgical Morbidity in Eloquent Brain Arteriovenous Malformations
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eloquent cortical area were also reported [5, 16, 17], and it 
was suggested, based on fMRI, that significant activation did 
not lie within the nidus of BAVM [16]. The anatomic loca-
tion alone of a BAVM may not provide any information on 
the functional reorganization. In fact, we have encountered 
cases where translocation of the eloquent area was found on 
intraoperative direct stimulation. Thus, the plasticity may 
contribute to the transient deterioration in the cortical regions 
after the surgery. On the other hand, impairment of CST and 
deep white fibers may be more critical and irreversible, 
resulting in permanent deterioration. Therefore, the nidus 
depth can be a risk factor as it reflects the association between 
a BAVM and the deep white fibers.

Although DTI and fMRI are useful for the prediction of 
the surgical outcomes, they are often complicated. It is often 
difficult to perform imaging accurately because of method-
ological limitations and technical difficulties like different 
stepwise procedures between institutions, false-positives and 
false-negatives, and hemorrhage and edema that can affect 
the results [10]. On the other hand, nidus depth, as proposed 
in this study, is an easily measurable parameter that does not 
require special images. It can be measured with routine 
images that do not vary significantly between institutions.

ARUBA trial was the only RCT in unruptured BAVMs 
with a negative stance on interventions [15], and it suggested 
that interventions for unruptured BAVM should be cautious; 
however, there have been objections to that report [19, 20]. 
In this study, asymptomatic presentation was a significant 
risk factor in univariate analysis but not in multivariate anal-
ysis. Maximum nidus depth was the only significant factor in 
multivariate analysis. Its cutoff value obtained in this study 
does not strongly recommend the surgical removal of elo-

quent BAVMs; however, it can be one of the indicators of the 
surgical risk in cases that require treatment. This study does 
not deny the importance of the size of the nidus as a risk fac-
tor since there were cases wherein the measured maximum 
size was in the same direction as the depth. Therefore, the 
direction in which the maximum size is measured is also 
important.

Many outstanding questions and issues pertinent to this 
study remain. The results obtained in this study are from lim-
ited locations of eloquent BAVMs, specifically the Rolandic 
area. However, it is unclear as to which area is better—the 
motor or sensory area. The significance of the depth in other 
eloquent areas like the language area remains unknown. 
Furthermore, we do not discuss the relations between DTI 
tractography and closeness of the nidus. Although the effec-
tiveness of GKS and multimodal treatment for high-grade 
BAVM has been reported in recent years [21–23], the current 
study is not a comparative one between the modalities of 
treatment. The question remains whether surgical removal is 
superior to GKS or another multimodal strategy. As another 
limitation, this study was a retrospective one and the sample 
size was small. Further analyses and experiments are needed 
in this regard. This small subset of patients may overestimate 
the value of nidus depth compared with other variables that 
are well known to be factors in development of perioperative 
morbidity, including hemorrhagic status and size, primarily, 
and others. However, this is an interesting case series of an 
uncommon entity: surgically operated motorsensory cortex. 
We think that it is a meaningful report derived from rare 
cases.

From our results, the radicality of surgical removal was 
extremely high and the requirement for surgery cannot be 

Fig. 3 Illustrative case 2. Axial T2-weighted image (a) and axial and 
coronal maximum intensity projection image of time of flight magnetic 
resonance angiography (b and c) showing brain arteriovenous malfor-

mation (Spetzler-Martin grade III) in the sensory area. The maximum 
nidus depth was 44 mm. The yellow dotted line indicates the maximum 
nidus depth relative to the tangential line of the brain’s surface
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completely ruled out. In the future, downgrading using mul-
timodal treatment may also be promising as a new strategy to 
prevent surgical morbidities in such challenging entities. 
Thus, critical deep lesions or eloquent locations should first 
be eliminated with relatively noninvasive treatment modali-
ties with higher priority [24], resulting in downgrading by 
decreasing the maximum nidus depth and affected eloquent 
area followed by surgical treatment. It is necessary to con-
sider new treatment strategies for safe and highly radical 
BAVM treatment. Maximum nidus depth is more likely to be 
associated with surgical morbidity in BAVMs in the eloquent 
Rolandic areas. Although surgical treatment should be care-
fully considered, the maximum nidus depth is a simpler and 
stronger predictor of the outcome than maximum nidus size 
in patients with this challenging entity.
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