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Spetzler-Martin Grade III arteriovenous 
malformations

To The ediTor: We read with interest the recent ar-
ticle by Koltz et al.6 (Koltz MT, Polifka AJ, Saltos A, et 
al: Long-term outcome of Gamma Knife stereotactic ra-
diosurgery for arteriovenous malformations graded by 
the Spetzler-Martin classification. Clinical article. J Neu-
rosurg 118:74–83, January 2013). The authors reported 
their experience of using Gamma Knife stereotactic ra-
diosurgery (SRS) in treating Spetzler-Martin Grade III 
arteriovenous malformations (AVMs), which pose differ-
ent surgical risks due to their heterogeneity. The authors 
concluded that, for patients with Grade III AVMs, SRS 
offers favorable outcomes that may be comparable with 
conventional microsurgery.

Grade III AVMs are categorized into 4 types using 
Spetzler-Martin classification10 as follows: S1E1V1 (small 
AVMs < 3 cm in eloquent cortex with deep venous drain-
age), S2E1V0 (AVMs ranging from 3 to 6 cm in eloquent 
cortex with superficial drainage), S2E0V1 (AVMs ranging 
from 3 to 6 cm in noneloquent cortex with deep venous 
drainage), and S3E0V0 (large AVMs > 6 cm in nonelo-
quent cortex with superficial drainage). Lawton et al.7 re-
ported that the surgical risks were 2.9% for small AVMs 
(Type S1E1V1), 7.1% for medium/deep AVMs (S2E0V1), 
and 14.8% for medium/eloquent AVMs (S2E1V0). They 
concluded that small Grade III AVMs (S1E1V1) have the 
lowest surgical risk and can be safely treated with mi-
crosurgical resection. Medium/deep Grade III AVMs 
(S2E0V1) have an intermediate surgical risk and require 
judicious selection for surgery. Medium/eloquent Grade 
III AVMs (S2E1V0) have a higher surgical risk and are 
best managed conservatively or with SRS. Davidson and 
Morgan3 reported that the risk of adverse outcome due to 
surgery was as follows: S1E1V1 in 9%, S2E1V0 in 15%, 
S2E0V1 in 15%, and S3E0V0 in 17%. Pandey et al.8 re-
cently demonstrated that multimodality management of 
Grade III AVMs resulted in a high rate of obliteration. 
They also showed that AVM size correlated with new 
neurological deficits, whereas an eloquent brain region 
and venous drainage did not influence this. Therefore, 
they proposed subclassifying the Grade III AVMs ac-
cording to their size (< 3 cm and ≥ 3 cm) to account for 
treatment risk.

In the series by Koltz et al.,6 the obliteration rate fol-
lowing SRS for small (< 3-cm) Grade III AVMs (S1E1V1) 
was 96%. Of 15 patients with nonhemorrhagic small 
Grade III AVMs (S1E1V1), SRS yielded an obliteration 
rate of 100% and morbidity rate of 0%. Therefore, SRS 
is a reasonable alternative to surgical treatment for un-
ruptured small Grade III AVMs (S1E1V1). Although SRS 
for the hemorrhagic group of lesions also yielded favor-
able outcomes, we recommend microsurgical resection 
for ruptured small Grade III AVMs (S1E1V1). Curative 

embolization is the therapeutic goal in some centers,9,11 
but it is considered for selected small Grade III AVMs 
with specific angioarchitecture.

The authors also described the obliteration rate fol-
lowing SRS for large (≥ 3-cm) Grade III AVMs. How-
ever, the obliteration rate in nonhemorrhagic large Grade 
III AVMs is incorrect. There were 5 survivors with in-
complete obliteration in the Grade III group, including 
1 patient with hemorrhagic small AVMs, 1 patient with 
hemorrhagic large AVMs, and 3 patients with nonhemor-
rhagic large AVMs. Since there was 1 death in this group, 
the obliteration rate of nonhemorrhagic large AVMs 
should be 71.4% (10 of 14), not 64% in Table 6. As shown 
in Table 6, the majority of large (≥ 3-cm) Grade III AVMs 
in their series were Type S2E1V0. Is the percentage of the 
nonhemorrhagic group of large Grade III AVMs in elo-
quent cortex (94%) also in error? Since the role of preradi-
osurgical embolization continues to be controversial,1,2,4,5 

the authors might provide data for preradiosurgical embo-
lization of large (≥ 3-cm) Grade III AVMs. Some studies 
have suggested that preradiosurgical nidus embolization 
is associated with lower obliteration rates compared with 
SRS alone.1,5 This discrepancy might result from several 
factors. First, residual nidus volume after embolization 
is significantly correlated to obliteration rate after SRS. 
In large AVMs, partial embolization is not helpful if the 
AVM size is not reduced sufficiently. Izawa et al.4 have re-
ported that the obliteration rate was significantly better if 
nidus volume after embolization but before SRS was less 
than 12 ml compared with a nidus volume more than 12 
ml. Blackburn et al.2 have recently suggested that staged 
embolization sessions are required to achieve a residual 
AVM volume ≤ 10 ml. Second, embolization might be 
helpful for SRS only if specific anatomical compartments 
of the lesion are obliterated. Diffuse embolization of the 
nidus without reducing the volume does not improve the 
outcomes. Third, varied embolic agents might affect SRS 
targeting. In our experience, for large Grade III AVMs in 
accessible regions, we prefer preoperative embolization to 
decrease the blood supply to the malformation, thereby 
enhancing the safety of the operation. For large Grade III 
AVMs in eloquent regions, we recommend staged embo-
lization to reduce large AVMs to a manageable size that is 
amenable to radiosurgical ablation.12 For large Grade III 
AVMs with a diffuse nidus, or “en passage” feeders, we 
recommend staged SRS.

In summary, management of Grade III AVMs should 
be determined on an individual basis, based on size, loca-
tion, angioarchitecture, and rupture status.

Feng Xu, M.d., Ph.d.
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reSPonSe: We wish to thank Dr. Xu and colleagues 
for their insightful review of our case series. We whole-
heartedly agree that the clinical management of Spetzler-
Martin Grade III AVMs remains challenging and that 
the literature supporting current practices is incomplete. 
Indeed, a major stimulus prompting our review of out-
comes for AVMs treated with Gamma Knife radiosur-
gery, stratified by the Spetzler-Martin classification, was 
to better elucidate the role of radiosurgery specifically for 
Grade III lesions. The microsurgical contribution to the 
literature, as referenced by Dr. Xu and colleagues, is well 
respected by us. We hope that our experience will help 
clinicians to better manage this complex patient popula-
tion.

In Table 1 we provide the long-term outcomes of our 
5 patients who had preradiosurgical embolization of large 
(> 3-cm) Grade III AVMs. Twenty- percent of these pa-
tients (n = 1) presented with hemorrhagic stroke. The aver-
age nidus diameter was 5 cm. Each patient had an average 
follow-up of 8.8 years. Over this period, the obliteration 
rate was 60% (n = 3) with a mean time to obliteration of 
2.7 years; in the other 2 patients there was a substantial 
although subtotal reduction in lesion volume. There was 
a 0% rebleed rate after embolization-radiosurgery treat-
ment. The morbidity rate after embolization alone was 
20% (n = 1), the result of a retained microcatheter after 
N-butyl cyanoacrylate injection. The morbidity (seizures, 
which we consider to be a minor morbidity) after radio-
surgery in patients who underwent embolization prior to 
treatment was 20% (n = 1). This compares favorably to 
Lawton’s microsurgical morbidity of S2V0E1 lesions of 
14.8%. The mortality rate was 0%. 

We acknowledge that the number of patients in our 
series with this specific subtype of AVM and this specific 
management was low (n = 5). To date, our outcomes have 
been excellent with correspondingly high patient satis-
faction, despite the complex pathology (large lesion lo-
cated in eloquent cortex). In our experience, patients with 
Grade III lesions, both hemorrhagic and nonhemorrhagic, 

TABLE 1: Long-term outcome of patients with Spetzler-Martin Grade III AVMs who underwent preradiosurgical  
embolization of a large nidus (> 3 cm)*

Presentation
Nidus  

Diameter (cm)
AVM Grade  

(S-V-E) Treatment Course
Follow-Up  

(yrs)
Time to Obliteration 

If Attained (mos)
Overall Clinical  

Outcome

nonhemorrhagic 4 2_0_1 E-E-E-GKRS 5 27 seizures
nonhemorrhagic 3.6 2_0_1 E-GKRS 9 52 intact
nonhemorrhagic 5 2_0_1 E-E-GKRS-GKRS 5 98% obliteration intact
nonhemorrhagic 5.5 2_0_1 E-E-GKRS-GKRS-GKRS 16 90% obliteration intact
hemorrhagic 7 2_0_1 E-E-E-E-GKRS 9 21 intact

* E = embolization; GKRS = Gamma Knife radiosurgery; S-V-E = Size of nidus, Venous drainage, and Eloquence of adjacent 
brain.
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are excellent candidates for Gamma Knife radiosurgery 
and we support this treatment option.
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Severe traumatic brain injury

To The ediTor: We read with interest the article by 
Whitmore et al.4 (Whitmore RG, Thawani JP, Grady MS, 
et al: Is aggressive treatment of traumatic brain injury 
cost-effective? Clinical article. J Neurosurg 116:1106–
1113, May 2012). This unique and nicely crafted research 
insightfully addressed the cost of more and less aggres-
sive treatment approaches for traumatic brain injury 
(TBI) from the perspective of the patient and the health 
care system. The authors defined aggressive treatment as 
adhering to the Brain Trauma Foundation (BTF) guide-
lines in 50% or more of cases. However, such a definition 
may be problematic in really defining the differences in-
herent in aggressive and “traditional” or more “routine” 
or “palliative” care paradigms. For example, there would 
likely be very little difference in two hospitals, one of 
which followed BTF guidelines in 49% of cases and an-
other that followed them in 51% of cases. The literature in 
fact suggests a cutoff in terms of adherence to BTF guide-
lines that is much higher than the value used in the article. 
The IRTC (Inova Regional Trauma Center) Neurotrauma 
Task Force considered 88% adherence to the same guide-
lines to be “high compliance.”2 Faul and associates re-
garded 80% adherence as fully compliant for the reason 
that a small subset of severely brain-injured patients will 
not be candidates for the guideline application due to co-
morbidities or extenuating circumstances.3 Faul et al. also 
recognize probable overestimation of benefits of adher-
ence to guidelines due to low Glasgow Outcome Scale 
(GOS) scores in their sample.3 We wonder what would 
happen to the authors’ conclusions had the more stringent 
definitions of “aggressive care” been used in the study? 
Would a range of percentage BTF guideline adherence 
that defines each category (for example, 70%–90% for ag-
gressive and 10%–30% for traditional) perhaps be more 
effective in producing accurate distinctions between ag-
gressive and traditional care? In this way, the “gray area” 
of compliance proportions that fall on the limits of two 
categories would be eliminated, thus removing the pos-
sibility of the treatments being analogous from a clinical 
perspective.

In addition, the authors estimate long-term quality 
of life (QOL) according to GOS outcomes at 6 months. 
In the calculations for cost-effectiveness, these QOL 

measurements were assumed to remain static for the re-
mainder of the patient’s life expectancy. However, there is 
considerable evidence to suggest that significant recovery 
after a TBI can continue beyond 6 months postinjury: at 
least 36% of patients with severe TBI were reported to 
have improved GOS scores during the period between 
6 months and 1 year after the incident.1 To what degree 
would replacing the 6-month assumption with one that 
assumes static outcomes after 1 year affect the results 
of this study? Would the differences in results between 
comfort and routine care be reduced had this different 
assumption been used?

Given the huge global burden of TBI, Whitmore and 
collaborators have made an important contribution. In 
the future, to help resolve the issue of whether aggressive 
treatment is cost-effective for a 20-year-old or an 80-year-
old with a severe TBI, we will need more studies and 
studies from other jurisdictions with vastly different cost 
estimates for patients with TBI. We also look forward to 
the development of simple tools that predict not only out-
comes but also lifetime costs likely to be incurred, given 
a particular patient with a particular degree of injury, liv-
ing in a particular jurisdiction.

MichaeL d. cuSiMano, M.d., M.h.P.e., F.r.c.S.c., Ph.d.
KaTrina zaneTTi, B.Sc.
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St. Michael’s Hospital
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reSPonSe: We would like to thank Cusimano and col-
leagues for their interest in our paper and their thoughtful 
commentary. Specifically, they raise two broad questions 
regarding our methodology: 1) the threshold of adherence 
to BTF guidelines that we used to distinguish aggressive 
from traditional (routine) treatment; 2) the 6-month cutoff 
we used for GOS scores to calculate Quality Adjusted Life-
Years (QALYs) created by the treatment paradigm.

We defined aggressive care as adherence to BTF 
guidelines in more than 50% of cases. This threshold 
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follows previous definitions by our group2 and other lit-
erature, including the study by Faul et al.,1 which depicts 
an increasing linear relationship between improved BTF 
compliance and patient lives saved. In practice, most 
modern centers do adhere to the BTF guidelines in con-
siderably more (or less) than half their cases. Adopting a 
more stringent definition of aggressive care in this study 
would likely change the proportion of patients in each 
GOS category at 6 months (see Table 1 in original article) 
such that a greater percentage would have GOS higher 
than 3 in aggressive care and lower than 3 in routine care. 
As Dr. Cusimano and colleagues note, this would accen-
tuate the benefit of adherence to BTF guidelines between 
the two categories of treatment.  

When selecting our methodology, we made conscious 
choices to avoid bias in favor of aggressive treatment. 
Adopting a definition of aggressive care as greater than 
70% BTF guideline compliance not only biases the analy-
sis in favor of aggressive treatment, but also risks intro-
ducing other sources of bias, such as temporal covariates. 
The same holds true for using GOS scores greater than 6 
months. Even if adequate numbers of cases with longer-
term follow-up data were available, they are likely to fa-
vor the aggressively treated group. It could be argued that 
patients saved by aggressive care who would have died 
under routine treatment are more likely to continue to 
improve after 6 months. On the other hand, if late recov-
ery rates are the same in the two groups, changes in cost 
and QALYs will also be the same. Thus the incremental 
cost-effectiveness ratio should change little, if at all. The 
question of continued recovery may indeed influence the 
comparison between the routine and comfort care groups. 
However, as stated above, this latter comparison is not a 
practical one, nor do we seriously promote comfort care 
as a therapeutic alternative, except in selected cases.

Finally, we heartily agree with the writers that pro-
spective studies of diverse populations and development 
of predictive models applicable to individual cases would 
aid clinicians greatly in making complex treatment deci-
sions.

roBerT g. whiTMore, M.d.
SherMan c. STein, M.d.
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Intracranial hemorrhage and left ventricular 
assist devices 

To The ediTor: We read the manuscript by Wilson et 
al.5 concerning the management of intracranial hemor-
rhage (ICH) in patients with left ventricular assist devices 
(LVADs) with some interest (Wilson TJ, Stetler WR Jr, 
Al-Holou WN, et al: Management of intracranial hem-
orrhage in patients with left ventricular assist devices. 
Clinical article. J Neurosurg 118:1063–1068, May 2013).

The authors conducted a single-center retrospective 
review over a 9-year study period identifying 36 patients 
who underwent LVAD placement and suffered an ICH, 
either traumatic or spontaneous in nature. Part of the au-
thors’ medical management consisted of withholding as-
pirin in 17 patients (47% of cases) between 1 to 13 days 
and warfarin in 22 patients (61% of cases) between 2 to 
41 days. Although the authors’ rationale for temporarily 
stopping either one or both agents and for a particular 
duration of time is unclear, none of these patients expe-
rienced any cases of pump failure, clinically significant 
ischemic events, or new hemorrhage after resumption of 
aspirin or warfarin during the follow-up period. Based on 
this observation they conclude that “withholding aspirin 
for 1 week and warfarin for 10 days is sufficient to reduce 
the risk of hemorrhage expansion or rehemorrhage while 
minimizing the risk of thromboembolic events and pump 
failure.” 

We believe a discussion on the management of ICH 
in patients with LVADs is incomplete without address-
ing acquired von Willebrand syndrome (AVWS), which 
occurs to varying degrees in nearly all patients1,3 in this 
population. Under high shear stress, von Willebrand fac-
tor is cleaved into smaller multimers that are less effec-
tive in mediating clot formation than larger multimers.1,3 
Clinically, shear stress can be reduced by decreasing rota-
tor speed of the LVAD since shear stress is proportional 
to velocity of fluid, based on the equation τ(y)=μ(δu/δy), 
where τ represents sheer stress, u represents velocity, and 
μ represent viscosity. Thus we suggest performing this 
maneuver to normalize hemostasis only in patients who 
can safely tolerate a reduction in cardiac output and who 
have an AVWS identified by impaired arachidonic-acid 
independent platelet aggregation on PFA-100.

Additionally, one should also obtain specific knowl-
edge of the implanted device and the respective rates of 
hemorrhagic and thrombotic complications. The Heart-
Mate II (Thoratec), for example, appears to have lower 
rates of thromboembolism, 2.2%, than hemorrhagic 
events, reported as 12.9% and 35.7% on two different 
anticoagulation regimens.2 Based on these findings, the 
authors concluded that some patients, especially those 
with intolerance to anticoagulation, might be able to avoid 
anticoagulation (other than aspirin) altogether.2 This sys-
tem and its predecessor, HeartMate XVE, both employed 
textured surfaces that promoted formation of “pseudointi-
ma;” this eliminated contact between clotting elements 
and prosthetic surfaces and reduced thrombotic complica-
tions.2,4

We hope these details, along with information ex-
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trapolated by the authors of the present study, will guide 
rational management of ICH in patients with LVADs.
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reSPonSe: We appreciate the interest that Desai et al. 
had in our manuscript regarding the management of ICH 
in patients with LVADs. 

The authors point out that many patients with LVADs 
in place have AVWS from shear stress on platelets by 
the LVAD rotators. They suggest that decreasing rotator 
speed may be a helpful adjunct in patients with AVWS 
so as to decrease shear stress on platelets in an effort to 
improve platelet function. The authors also point out that 
each specific LVAD device has varying incidences of re-
ported thromboembolic events and that the type of device 
should be taken into account when managing patients 
with ICH in the setting of LVAD.

We agree with many of the authors’ points, but feel 
that much of our conclusion could be lost amid the details 
the authors discussed. The aim of our study was to pro-
vide clinicians with information regarding the course of 
patients with ICH in the setting of LVAD when making 
treatment decisions and counseling families. We recom-
mend our treatment strategy, which is to withhold antico-
agulation in the acute setting, and point out that despite 
many preconceived notions about the inability to perform 
such a maneuver in the setting of LVAD without the pa-
tients suffering thromboembolism, we had no thrombo-
embolic events. The conclusions we draw were intended 

to guide the general neurosurgical audience in making 
immediate treatment/prognostic decisions. For instance, 
if a patient arrives in a given emergency department with 
an ICH and LVAD, it is difficult to determine the pres-
ence of AVWS in a reasonable time and more difficult to 
successfully manipulate the device with the patient’s car-
diologist/cardiothoracic surgeon in an effort to decrease 
expansion of the hematoma. 

The authors make valid suggestions, but we are con-
cerned about a few points they mention. Our institution 
does not routinely assess for AVWS, and performing the 
gold standard assay for AVWS (von Willebrand Factor 
multimer assay) requires sending a specimen to Mayo 
Medical Laboratory and takes over a week for results to 
arrive back. Using the PFA-100 platelet aggregation as-
say as the authors suggest may not be helpful to diagnose 
AVWS, as all patients should be inhibited as they all are 
already on aspirin. Additionally, none of the patients in 
our cohort had signs/symptoms of AVWS, such as muco-
sal/gastrointestinal bleeding or early bleeding after im-
plantation, the most common symptoms of AVWS. We 
feel that all patients with LVADs will have some degree 
of platelet dysfunction, and when determining manage-
ment strategies, this should be assumed. Given these limi-
tations, identification of AVWS would be most helpful in 
decision making in the subacute setting.

Finally, we agree with the authors that pump settings 
should be manipulated only in selected patient popula-
tions, as decreasing rotator speed may lead to decreased 
cardiac output and subsequent decline in cerebral perfu-
sion pressure (CPP). It would seem that most patients with 
ICH are likely to have a large ischemic and metabolic 
penumbra and that manipulation of the pump could lower 
CPP and place patients at risk for incorporation of this 
penumbra into the final infarct volume. We would advo-
cate against adjusting the pump routinely in the acute set-
ting, and in favor of having proven AVWS and evidence 
that the patient tolerates a decrease in cardiac output.

Management of ICH patients with LVAD is a com-
plex and challenging endeavor. We agree with Desai et al. 
that multiple facets of the patient’s case must be consid-
ered when managing these patients, and that each patient 
should be managed on a case-by-case basis. Additionally, 
we acknowledge that specifics of device type, settings, 
and presence of AVWS might be taken into account in 
selected patients so as to optimize their posthemorrhage 
management. These complex discussions should take 
place between the patients’ neurosurgeons and their car-
diologist/cardiothoracic surgeons.
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