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Radiosurgery for cerebral cavernous 
malformations: a word of caution

TO THE EDITOR: We read with great interest two ar-
ticles by Nagy et al.13,14 highlighting their use of stereotac-
tic radiosurgery for the treatment of superficial and deep-
seated cerebral cavernous malformations (CMs) (Nagy 
G, Burkitt W, Stokes SS, et al: Contemporary radiosur-
gery of cerebral cavernous malformations: Part 1. Treat-
ment outcome for critically located hemorrhagic lesions. 
J Neurosurg [epub ahead of print July 27, 2018. DOI: 
10.3171/2017.5.JNS17776]; Nagy G, Stokes SS, Erőss LG, 
et al: Contemporary radiosurgery of cerebral cavernous 
malformations: Part 2. Treatment outcome for hemispher-
ic lesions. J Neurosurg [epub ahead of print July 27, 2018. 
DOI: 10.3171/2018.2.JNS171267]). These articles address 
the controversial question of whether radiosurgery pro-
vides an improvement over the natural history of CCMs 
and whether this treatment modality can serve as an al-
ternative to surgery for select patients. The future impli-
cations of these papers are significant. Therefore, we ad-
dress each article separately with the hope of facilitating 
an open dialogue on this important issue. 

In the first article on the use of radiosurgery for the 
treatment of patients with hemispheric lesions,14 the au-
thors first tackled the question of alterations in natural his-
tory caused by radiosurgery. In this cohort, they noted that 
in the subset of patients without a hemorrhagic presenta-
tion treated with radiosurgery, the annual rate of bleeding 
was 0.4% per lesion; the rate was 2.5% in those with a sin-
gle prior hemorrhage, and for those with multiple bleeds, 
this rate was 3.85% for the first 2 years after treatment and 
1.3% in long-term follow-up. Several retrospective natural 
history studies have addressed the rate of hemorrhage of 
CCMs in superficial locations using a similar methodolo-
gy to that used by Nagy et al. These studies cited a natural 
history rate of annual hemorrhage ranging between 0.25% 
and 2.3% per patient per year.5,9 Prospective studies have 
cited a higher hemorrhage rate, especially for individuals 
with a history of a hemorrhage. In these studies, incidental 
lesions had a hemorrhagic rate of 0.6% per year compared 
to those with a history of hemorrhage (4.5% per year) and 
those with a history of seizures (0.4% per year).5,9 In sum, 
the rates of hemorrhage when treated with radiosurgery 
versus when not treated with radiosurgery do not appear 
to be significantly different. 

A large recent meta-analysis of 1620 patients demon-

strated a 5-year risk of hemorrhage of 3.8% in patients 
with nonbrainstem CCMs who did not present with intra-
cerebral hemorrhage (ICH) or a focal neurological deficit 
(FND), or roughly a 0.7% per-year risk of hemorrhage.8 
Although there are many statistical nuances associated 
with the calculation of hemorrhage rates, the rate of bleed-
ing after radiosurgery does not appear to be different from 
what is known to be the natural tendency of these lesions 
to bleed and for bleeding episodes to cluster. Not only 
does radiosurgery provide no protection over the natural 
history of CCMs, but the series noted 8 treatment failures 
associated with radiosurgery, with a posttreatment hem-
orrhage complication associated with a permanent defi-
cit of 4.3% and with radiation toxicity in 2% of patients. 
The combined posttreatment morbidity rate under this 
paradigm is therefore 6.3%. Compare this with surgery, in 
which the rate of permanent deficits after the resection of 
a cortical lesion has been reported to range between 1.3% 
and 3.2%.2–4,6 Surgery, therefore, provides a definite cure 
of CCMs with a more favorable morbidity rate in both the 
short and long term for superficial lesions. Perhaps most 
alarming is the finding that in this cohort, pediatric pa-
tients had the highest rate of treatment failure. The use 
of radiosurgery in this context would unnecessarily place 
the population at highest risk for radiation side effects and 
with the highest life expectancy at the greatest risk. Fur-
ther along the same line of discussion, radiosurgery has 
been shown to lead to the formation of CCMs in a delayed 
fashion.12 The use of radiation to treat patients at risk for 
formation of additional lesions, such as familial cases of 
CCM, may lead to a further increase in disease burden in 
at-risk populations.

A separate but critical issue addressed by Nagy and 
colleagues is the question of radiosurgery’s efficacy in 
seizure control. The authors noted a seizure control rate 
of 78%–87% for patients with a variety of epileptic pre-
sentations, with or without hemorrhage, but they did not 
provide enough detail for readers to parse out the subtle-
ties required to attribute a role for radiosurgery for seizure 
control. The reported rates for seizure control in this paper 
are comparable to those in surgical series.

The second article by Nagy et al.13 addressed a cohort 
of 210 patients with lesions located in the brainstem, basal 
ganglia, or thalamus treated with radiosurgery. The au-
thors asserted that radiosurgery results in a decrease in 
the tendency of deep-seated lesions to bleed. The results 
of this paper warrant an independent discussion. The natu-
ral history of untreated CCMs in deep locations has been 
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the topic of several recent publications. Tian et al. recently 
reported on the outcome of untreated thalamic CCMs,16 
noting an annual hemorrhage rate of 9.7% in this popula-
tion. The highest rate was observed in patients who pre-
sented with hemorrhage and neurological deficits (14.1%), 
and the lowest annual hemorrhage rate was in those in 
whom the lesion was identified incidentally (1.2%). There-
fore, the natural history of annual hemorrhage in thalamic 
lesions rests between 1.2% and 14.1%. The natural history 
of untreated brainstem cavernous malformations has been 
the topic of two recent studies. Li et al. reviewed the Bei-
jing Tiantan Hospital experience in both pediatric patients 
and all comers.10,11 In the larger study of 331 patients, they 
noted that the annual risks of hemorrhage in patients with 
or without FNDs were 15.9% and 12.4%, respectively. The 
rate of hemorrhage in patients with incidentally identified 
lesions was 8.7%. In their pediatric cohort, they noted an 
annual hemorrhage rate of 11.7%, and they observed a sig-
nificant decline in rate of hemorrhage 2 years after the 
initial hemorrhage. Based on a recent large meta-analysis, 
the estimated 5-year risk of hemorrhage in patients with 
brainstem CCM presenting with ICH or FND was 30.8%, 
whereas that for brainstem CCMs without ICH or FND 
was 8.0%. Therefore, the rate of hemorrhage based on this 
meta-analysis on a per-year basis is between 1.6% and 
6.1%. Nagy et al. cited a lifetime annual hemorrhage rate of 
2.4% per lesion for patients with a single hemorrhage. The 
rate appears to stabilize at 1.1% after an initial increase to 
4.3% during the first 2 years after radiosurgery, suggest-
ing that the radiation treatment itself may exacerbate the 
bleeding risk for a short period. Their annual pretreatment 
hemorrhage rate was 2.8% for lesions with multiple bleeds 
prior to radiosurgery, with a pretreatment rebleeding rate 
of 20.7% (although it is not clear over what period of time), 
a decrease within the first 5 years, and plateau at 11.5%. 
They noted that the rebleeding rate fell to 7.9% for the first 
2 years after radiosurgery, and it declined to 1.3% there-
after. The rates noted are within the range reported in the 
literature for risk of rebleeding and fit with what is known 
about the natural history of lesions followed in the long 
term: some go on to be dormant. Further troubling is the 
fact that the conclusions of the authors as to the long-term 
hemorrhage-free rate in this cohort are based on a single 
patient using Kaplan-Meier analysis. 

The common shortcoming of these natural history stud-
ies is their preselection at surgical centers where readily 
accessible lesions are operated on. Nonetheless, these data 
support the notion that brainstem CCMs have a higher an-
nual hemorrhage rate than their cortical counterparts; the 
rate of rehemorrhage is higher; there exists a wide range 
in the risk of hemorrhage by these lesions and factors lead-
ing to hemorrhage are ill-defined; the risk of hemorrhage 
decreases significantly after the initial period of hemor-
rhage, but this natural history is not well delineated; and 
the existing natural history data are heavily influenced by 
surgical centers and their patient selection criteria.15

Nagy et al. stated that their treatment paradigm consist-
ed of an “early intention to treat paradigm” given that re-
peated hemorrhages resulted in a significant rate of deficit. 
However, review of the paper shows that the median age at 
presentation in this cohort was 37 years but that the medi-

an age at treatment was 43 years. This significant discrep-
ancy between ages at presentation and treatment begs the 
question of whether the patients were truly treated early 
or if they were treated after a cool-down period, when the 
risk of hemorrhage from these lesions had decreased. The 
use of radiosurgery as a treatment option was associated 
with 11 failures: 5 treated with surgery and 6 requiring 
retreatment with radiosurgery. Posttreatment hemorrhage 
was associated with morbidity in 7.4% of patients and ra-
diation-related complications in another 7.2%, for a com-
bined morbidity/complication rate of 14.6%. The mortality 
rate was 1%. These data compare with a 10%–14% perma-
nent morbidity rate (although the transient morbidity rate 
is higher) and 1% mortality rate observed with surgery for 
similar lesions.6,7 Furthermore, surgery is associated with 
a 2% risk of rehemorrhage per patient1 and, for most le-
sions, results in a cure, whereas in this study radiosurgery 
was associated with a significantly higher risk of rebleed-
ing than surgery, a comparable risk of complications, and 
no apparent alteration in the natural history of brainstem 
cavernous malformations. 

In the search for the ideal treatment for patients with 
CCMs, practitioners must weigh the risks of their interven-
tion against the natural history of the disease. If the treat-
ment offers no improvement over the natural history, or 
differently stated, if the risks of complications outweigh 
the natural history of the disease, one must urge caution 
with the use of the treatment. The two papers by Nagy et al. 
reignite discussion on the role of radiosurgery for CCMs. 
Radiosurgery is thought to obliterate arteriovenous mal-
formations through a sclerosing action on arteries and ar-
terioles, inducing endothelial cell loss and stimulation of 
smooth muscle cells. CCMs lack these arterial elements, 
and therefore they lack the biological basis of radiosur-
gery’s action. With long life expectancies, patients with 
CCMs should be treated with modalities that offer defini-
tive and durable treatment effects on their lesions. Based 
on the data from the two papers by Nagy et al. and a review 
of the existing literature, it does not appear that radiosur-
gery a) significantly alters the natural history of CCMs; b) 
offers a “cure” rate comparable with that of surgery; or c) 
offers a morbidity profile that is better than surgical op-
tions, definitely for hemispheric lesions, and most likely 
for deep-seated lesions; but it does seem that radiosurgery 
d) provides a higher failure rate than surgery in pediatric 
patients who are at most risk from radiation and have the 
longest life expectancy and are therefore at highest risk 
long-term. We urge caution in interpreting the results of 
these papers that suggest that radiosurgery is an alternate 
to surgery or even to observation for patients harboring 
these lesions.

M. Yashar S. Kalani, MD, PhD
University of Virginia School of Medicine, Charlottesville, VA

Michael T. Lawton, MD
Robert F. Spetzler, MD

Barrow Neurological Institute, St. Joseph’s Hospital, Phoenix, AZ
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Response
Radiosurgery for cavernous malformations (CMs) has 

been controversial since its introduction. Not only the fact 
that there is no reliable radiological measure available to 
indicate cure after radiosurgery, but also the high morbid-
ity associated with the pioneering efforts and ambiguous 
reports on natural history, has discouraged the neurosur-
gical community from accepting radiosurgery as a real 
treatment alternative for a long time. However, while the 
controversy has lived on, treatments have continued, and 
at the same time radiosurgery has made technical and per-
ceptual progress, and the natural history and real-life sur-
gical outcomes of patients have become better understood. 
In this context, we felt it mandatory to analyze data ac-
cumulated during the last 2 decades, particularly in light 
of our current knowledge concerning the natural history 
and different treatment modalities. The aim of writing our 
two papers on CM radiosurgery was not only to revisit our 
increasing pool of data but also to reflect on our current 
knowledge and to promote open discussion in this context. 
Therefore, we were happy to read the commentary by Ka-
lani et al. on our papers. While we agree with the authors 
on some observations, there are strong arguments against 
some others, and we also have to point out the limitations 
of our current knowledge that may help us to define future 
directions.

To start with the weaker part of the CM radiosurgery 
story, we intentionally wrote a separate paper on hemi-
spheric CMs. As we pointed out in the introduction, hemi-
spheric CMs are not often considered for radiosurgery, 
because their natural history is less aggressive7 and micro-
surgical resection is usually safe and effective.4 Moreover, 
our data suggest that rehemorrhage in this anatomical 
location does not lead to significantly increased cumula-
tive morbidity. Clearly, for a benign lesion with a 5-year 
estimated bleeding risk of 3.8% without and 18.4% with 
prior hemorrhage7 (an annual first-ever hemorrhage rate 
of 0.6% and rehemorrhage rate of 4.5%),8 the statistical 
power to detect a significant benefit on hemorrhage rate 
after radiosurgery remains low. Therefore, even if the 
radiosurgery-related morbidity is low (6%, all modified 
Rankin Scale [mRS] score of 1), its role in the prevention 
of hemorrhage and neurological consequences can rightly 
be questioned. Ours is an honest paper, clearly pointing 
out the current limitations of our knowledge in this field, 
and based on our data, we would strictly reserve radiosur-
gery for a small group of selected patients harboring prov-
en-aggressive CMs in eloquent locations not amenable to 
safe resection. There is no doubt that microsurgery is the 
treatment of choice for most hemispheric hemorrhagic 
CMs, and we counsel our patients with this knowledge in 
mind. It should be also stressed, however, that even if the 
patients are well informed, some would still be reluctant 
to undergo craniotomy. More importantly, our current pa-
per, together with few prior publications,10 demonstrates 
that radiosurgery leads to good seizure control similar 
to microsurgery. Outcomes after both microsurgery and 
radiosurgery appear to be superior to the natural history 
or medical therapy alone.3 Thus, as a noninvasive option, 
radiosurgery can be confidently considered as part of our 
armamentarium to prevent seizures associated with CMs, 
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especially if the lesion is eloquent, in a patient reluctant to 
undergo open surgery. It is with this sentiment that we felt 
it important to bring our results into the public domain.

The second issue is the natural history of deep-seated 
CMs and the question of whether outcome after radio-
surgery is superior to observation in the long term? The 
most conservative estimate of the 5-year risk of rebleeding 
from brainstem CMs with a hemorrhagic presentation is 
30.8%.7 However, other series give an estimated median 
hemorrhage-free survival time of 55 months with and 67 
months without FNDs of hemorrhagic brainstem CMs,9 
and only 55% of thalamic CMs were hemorrhage free at 5 
years after presentation.13 Our data suggest a far superior 
long-term outcome after radiosurgery: the 5-year hemor-
rhage-free survival is 90% (numbers at risk: 113), falling 
only to 83% at 10 years (numbers at risk: 43). We accept 
the argument that our prediction for longer-term outcome 
becomes uncertain (only 1 patient), but we have to stress 
that we cannot even provide a prediction of median hem-
orrhage-free survival after radiosurgery because our data 
suggest it far later than our observation period (20 years), 
contrary to the natural history studies. Clearly, more data 
and a longer follow-up period are needed, but available 
long-term data are promising.

With regard to the quoted median age at presentation of 
37 years and the median age at treatment of 43 years, it is 
not a real discrepancy between our early intention to treat 
and our real practice. We would call it, rather, a statistical 
“illusion” as we state later in the text that the median time 
between the presenting bleed and radiosurgery was 1 year 
in the single-bleed group and 3 years in the multiple-bleed 
group, and the median time between the first and second 
bleeds was 2 years in the latter group. At first, this may 
seem paradoxical, but the statistical reason is that the old-
er half of our patients was treated sooner after presenta-
tion. In other words, younger patients were relatively older 
at treatment, which shifted the median time at treatment 
to older age. In fact, 70% of the single-bleed cohort was 
treated not later than 1 year after the bleed and 87% within 
2 years. From a strict point view, analyzing those single-
bleed lesions that were treated within the 1st year after 
bleed, the annual rate of rebleed was 6% within the first 
2 years after radiosurgery and 1% thereafter. These data 
do not support the “cooling down” theory as a bias. Based 
on the most conservative estimate, the annual rebleed rate 
is 15% during the 1st year, 8% during the 2nd year, and 
4% thereafter in untreated hemorrhagic brainstem CMs.7 
Our data are in line with this trend if we assume a partial 
protection of radiation during the first 2 years after radio-
surgery and a more likely protection thereafter. Moreover, 
due to partial removal of a significant proportion of surgi-
cal cases, the long-term annual rebleed risk is 2% after 
microsurgery,1 which is clearly not superior to our 1% an-
nual long-term rebleed rate.

The next controversial issue is the morbidity of micro-
surgery and radiosurgery. It is important to stress that the 
indications for surgery are restricted, even in the opinion 
of most experienced surgeons. To quote Dr. Spetzler: “…
those that are symptomatic, those that cause mass effect, 
or those that abut a pial surface” are surgical candidates, 
and “those with mild symptoms and/or deep-seated CMs 

were observed until further bleeding episodes made the 
lesions more amenable to intervention (that is, the pial sur-
face could be reached via the hemorrhagic cavity).”2 This 
leaves, from our point of view, a broad spectrum of indica-
tions for radiosurgery: patients who are without symptoms 
or with only minimal symptoms and those with deeper-
seated, small lesions. If left untreated, only 30% of the 
patients harboring brainstem lesions recovered fully,9 and 
only 38% of those with thalamic CMs remained indepen-
dent.13 We disagree with the policy of waiting until a fur-
ther bleed destroys enough of the brainstem or thalamus/
basal ganglia to become amenable for resection, because it 
means additional morbidity that is higher than the morbid-
ity of radiosurgery. The rate of functional independence 
(mRS score of 0 or 1) was 84% before radiosurgery in our 
cohort of patients with CMs and single hemorrhage, and 
it remained 78% after radiosurgery, whereas it was 69% 
and 62% in the multiple bleed group, respectively. Keep-
ing in mind that we are not talking about identical groups 
of patients, we should point out the dark and not always 
apparent side of surgery for deep-seated CMs. The authors 
quote a 36% rate of permanent new deficits with their im-
pressive 260-patient experience in their earlier report of 
surgical outcome of patients with brainstem CMs,1 while 
a meta-analysis of 1390 patients indicated only 16% wors-
ening after surgery.6 One wonders about the discrepancy 
between surgical outcomes in one of the most experienced 
centers and the rest of the published literature and won-
ders whether the meta-analysis of the published results is 
only a reflection of the shiny tip of the iceberg. Admit-
tedly, surgeons do not like to publish their poor results, 
and our personal perception of the real outcomes of brain-
stem and thalamic CM surgery (at least in our countries) 
is certainly closer to (may even be worse than) the 36% 
surgical morbidity rate of one of the most experienced 
brainstem surgeons in the world. Moreover, strictly speak-
ing on the shiny published results, 12% of the surgical pa-
tients required tracheostomies or gastrostomies, 1.8% of 
whom required them permanently.6 Even if one does not 
need them permanently, this is a significant morbidity. We 
should also consider the socioeconomic costs of microsur-
gery (including shorter or longer ICU stay) and that nearly 
half of the microsurgical patients were discharged to an 
in-patient rehabilitation unit and not home.1 Unfortunately, 
little information can be found in the literature about the 
severity of surgical morbidity (in mRS scores), but it is 
important to stress that the 14.6% overall morbidity rate 
of radiosurgery indicates an increase of 1 in mRS score in 
13.1% of the patients, which means independent life. It is 
also important to stress that radiosurgery is independent 
of the operator as it is well standardized even in the case 
of CMs today. Outcomes are well reproducible all over the 
world, as it was shown in a recent review of ours: adverse 
radiation effects of 4.2% and posttreatment hemorrhages 
of 5.3%.10 From this perspective, one might even consider 
our present results “poor” in comparison to the radiosur-
gical literature, but our definition of morbidity was strict 
and therefore sensitive, and we are still talking about rare 
minor symptoms in independent patients.

Finally, the authors claim that “radiosurgery is thought 
to obliterate arteriovenous malformations through a scle-
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rosing action on arteries and arterioles, inducing endothe-
lial cell loss and stimulation of smooth muscle cells,” and 
CMs “lack these arterial elements, and therefore they lack 
the biological basis of radiosurgery’s action.” Several his-
topathological reports demonstrate a “scarring” effect of 
radiosurgery in CMs11 in parallel to the decreasing rebleed 
rate, which is not identical to the effect of radiosurgery on 
arteriovenous malformations.14 It is important to note that 
these studies were based on specimens from symptomatic 
patients who underwent surgery after radiosurgery, and 
therefore it is likely that the histopathological view reflects 
a partial response in these studies. Nevertheless, the ef-
fect of radiosurgery on CMs is already well documented 
histopathologically.

In conclusion, we agree that CM radiosurgery is still 
controversial, and there are several concerns to be an-
swered. However, over the last 3 decades the radiosurgical 
community has been able to define a safe treatment proto-
col that reduced the initial high morbidity rate seen in the 
experimental phase, which was the main basis for the early 
skepticism.5 Moreover, during the last decade, accumula-
tion of extensive population-based data also led to a bet-
ter understanding of the natural history of CMs, shifting 
the debate surrounding radiosurgery from a speculative12 
to a data- and observation-based foundation. This debate 
remains ongoing until more data with a higher number of 
patients and longer follow-up times are available, but we 
hope that with our present pair of papers we were able to 
add important pieces of mosaics to the whole picture, and 
we believe that the current debate will be stimulating for 
the neurosurgical community. 

Gábor Nagy, MD, PhD
National Institute of Clinical Neurosciences, Budapest, Hungary

Andras A. Kemeny, MD, FRCS
Thornbury Radiosurgery Centre, Sheffield, United Kingdom

Matthias W. R. Radatz, MD, FRCS
Thornbury Radiosurgery Centre, Sheffield, United Kingdom

National Centre for Stereotactic Radiosurgery, Royal Hallamshire 
Hospital, Sheffield, United Kingdom
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The treatment of cerebral cavernous 
malformation–related hemorrhage 
using β-blocker medication

TO THE EDITOR: We read with great interest the 
article by Goldberg et al.2 regarding the treatment of ce-
rebral cavernous malformation (CCM)–related hemor-
rhage using β-blocker medication (Goldberg J, Jaeggi 
C, Schoeni D, et al: Bleeding risk of cerebral cavernous 
malformations in patients on β-blocker medication: a 
cohort study. J Neurosurg [epub ahead of print June 15, 
2018. DOI: 10.3171/2017.12.JNS172404]). In this article, 
the authors performed a retrospective cohort study to in-
vestigate whether β-blocker medication can lower the risk 
for CCM-related hemorrhage. They found that β-blocker 
medication does not seem to be associated with a de-
creased risk of CCM-related hemorrhage at presentation 
or during follow-up. This is an excellent retrospective co-
hort study, focusing on the role of β-blocker medication in 
CCM-related hemorrhage. However, the topic is still con-
troversial, and some issues need to be discussed. 

This research included almost every type of β-blocker 
medication but only two patients were under treatment with 
propranolol. The proportion of patients with hypertension 
was 36%, and the proportion of patients with hypertension 
under the treatment of a β-blocker was 92.5%. It has been 
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reported by Zabramski et al. that propranolol reduced the 
size of CCMs and recurrent hemorrhages.8 However, these 
two patients did not present with hypertension. Another 
study by Reinhard et al. indicated that propranolol stopped 
progressive multiple CCMs in a 22-year-old man.7 Notably, 
this patient did not present with hypertension. It has been 
recently reported that the level of plasma acetylcholine 
was lower in patients with intracerebral hemorrhage (ICH) 
compared with the healthy controls. However, serum nor-
epinephrine and cortisol were higher in patients with ICH. 
Namely, ICH can lead to sympathetic nervous system ac-
tivation.9 In addition, the cholinergic antiinflammatory 
pathway has been suggested to be critical in attenuating 
inflammation after stroke.1 In hypertensive patients, the 
sympathetic nervous system has already been activated, 
and it will be further activated after ICH onset. As a result, 
the parasympathetic nervous system is strongly inhibited, 
facilitating inflammation around hemorrhagic brain tissue. 
Therefore, hypertension might interfere with the effect of 
β-blocker medication, and hypertension might be a critical 
factor in the effect of β-blocker medication on the CCM-
related hemorrhage. We suggest that the authors investi-
gate the effect of β-blocker medication on CCM-related 
hemorrhage in patients without hypertension. 

Additionally, the effect of propranolol has been con-
firmed in infantile brain cavernoma6 and cutaneous hem-
angiomas.3,5 In this retrospective cohort study, the patients 
were mainly middle aged and elderly. Age might be anoth-
er important factor that affects the effect of propranolol. 
The mechanisms of propranolol involve vasoconstriction, 
apoptosis of capillary endothelial cells, and decreased 
expression of vascular endothelial and basic fibroblast 
growth factor genes.4 With increasing age, dysfunction of 
the β-2 receptor in the blood vessels will occur, and there 
might be a decrease in the expression of β-2 receptor. Con-
sequently, the efficacy of propranolol will be decreased. 

In summary, further clinical research is needed to con-
firm the efficacy of β-blocker medication, which might be 
determined by hypertension and age. We, therefore, sug-
gest that attention should be paid to these two factors when 
designing clinical trials. 

Lei Zhao, MD
Tangdu Hospital, The Fourth Military Medical University, Xi’an, China
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Response 
We thank Dr. Zhao for his thoughtful letter and re-

sponse to our article. The issues raised by the author focus 
on the inclusion of all types of long-term β-blocker medi-
cations in our study, the high rate of underlying arterial hy-
pertension, and the age in the subgroup of patients treated 
with β-blocker medication.

Like the author, we have been impressed by the pub-
lished case series observing size reduction or stabiliza-
tion of CCMs in terms of the likelihood of hemorrhage 
after treatment with propanolol.1,6,7,9,10 We agree that the 
results provided by our study are limited and cannot be 
generalized regarding exclusive propranolol medication. 
However, the underlying mechanisms for the effects of 
propranolol are not yet completely elucidated, and the β1-
selective β-blocker atenolol also showed positive effects 
for infantile cutaneous hemangiomas.2,8 This is why the 
decision was made to investigate the effects of all types of 
β-blockers. All in all, we could not find an association be-
tween CCM-related hemorrhage and any type of β-blocker 
medication at presentation or during follow-up in our co-
hort. 

We agree that most of the patients in our β-blocker co-
hort suffered from arterial hypertension. This is inherent 
to the retrospective design of the study. Dr. Zhao suggests 
that this might influence the effects of β-blocker medica-
tion. The activity of the sympathetic nervous system may 
be increased in patients suffering from arterial hyper-
tension and ICH, this being responsible for an inhibition 
of the protective effects of the parasympathetic nervous 
system on brain inflammation. This thought is interesting 
but still highly speculative. The authors of the studies pro-
vided analyzed primary basal ganglia ICH11 and stroke in 
general.3 To our knowledge, it is unclear whether these re-
sults can be generalized to CCM-related hemorrhage. The 
question of whether arterial hypertension is influencing 
the possible effects of propranolol in CCMs can only be 
answered in the setting of a prospective comparative trial. 

We agree that age is an important factor concerning 
CCM-related hemorrhage. Further studies are needed in 
order to assess whether this, together with other factors 
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(and possibly including genetic ones), influences the effect 
of propranolol on the disease. The average age at diagno-
sis of CCM was reported to range from 42.7 to 45 years 
in recent meta-analyses.4,5 Patients in the β-blocker cohort 
of our study were on average 62.5 years, whereas the age 
available in the reported case series ranges from newborns 
to 58 years.1,6,7,9,10 

The questions and controversies raised by the author, by 
the reported case series, and by the present cohort study 
highlight the need for a prospective multicenter trial, pow-
ered enough to determine which subgroups of patients 
could potentially benefit from β-blocker medication.

Johannes Goldberg, MD
David Bervini, MD, MAdvSurg

Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland
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Intracranial stenting in acute stroke
TO THE EDITOR: We read with great interest the ar-

ticle from Kang et al.3 (Kang DH, Yoon W, Kim SK, et 
al: Endovascular treatment for emergent large vessel oc-
clusion due to severe intracranial atherosclerotic stenosis. 
J Neurosurg [epub ahead of print June 22, 2018. DOI: 
10.3171/2018.1.JNS172350]). As an institution with signifi-
cant interest and more than a decade of experience with 
intracranial stenting in the setting of acute large vessel 
occlusion (LVO), we found the results of this study quite 
remarkable. In the spirit of advancing the care of acute 
stroke, we were extremely impressed by the outcomes. 
Should these results be extrapolated to the general stroke 
population, a quantum leap in outcomes could very well 
be observed.

The authors present data from a cohort of 72 patients 
treated with intracranial stenting after thrombectomy in 
the setting of severe intracranial atherosclerotic disease. 
The rate of symptomatic hemorrhage was 1.4%, mortal-
ity was 9.7%, and a modified Rankin Scale (mRS) score 
0–2 was recorded at 90 days in 57%. Comparatively, in a 
cohort of 68 patients treated with the infusion of tirofiban 
after thrombectomy instead of stenting, the rate of symp-
tomatic hemorrhage was 0%, mortality was 5.9%, and an 
mRS score 0–2 was found at 90 days in 63%. The authors 
concluded that both approaches are safe and effective.3

The HERMES collaboration pooled patient-level data 
from five randomized trials on thrombectomy and reported 
a 4.4% symptomatic hemorrhage rate, 15% mortality, and 
an mRS score 0–2 in 46% at 90 days.2 Obviously, the re-
sults of Kang and colleagues are significantly better. This 
is remarkable given that Kang et al. performed thrombec-
tomy and subsequent intracranial stenting or tirofiban in-
fusion. Most would agree that an average thrombectomy 
harbors less risk than performing intracranial angioplasty/
stenting. Nevertheless, outcomes in their study were better 
for the compound procedure than the published results for 
thrombectomy alone.  

Although one can perhaps partially account for this in 
the stenting cohort in the context of lower National In-
stitutes of Health Stroke Scale (NIHSS) scores among 
presenting patients (median 11 for stented cohort in Kang 
study vs 17 in HERMES study); in the tirofiban cohort, 
the median presenting NIHSS score was similar to those 
in the intervention groups in the HERMES study. It is 
thus remarkable that despite the added administration 
of tirofiban, the symptomatic hemorrhage rate was, in 
fact, less than that in the HERMES collaboration (0% vs 
4.4%).2,3 It is also important to emphasize, considering the 
results in the SAMMPRIS trial (Stenting and Aggressive 
Medical Management for Preventing Recurrent Stroke in 
Intracranial Stenosis),1 that patients with medically man-
aged severe symptomatic intracranial stenosis harbor a 
6% risk of recurrent transient ischemic attack (TIA) or 
stroke in 30 days. Thus, it is remarkable that, despite this 
compounded risk, 63% of patients had an mRS score 0–2 
at 90 days.3

In our hands, and as recently reported by Kasab et al.,4 
we have found symptomatic hemorrhage rates to be higher 
after acute stenting for LVO caused by severe intracranial 
atherosclerotic disease, a result some might consider intui-
tive. Consistent with other groups as well, we have found 
clinical outcomes among this cohort to be generally worse 
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and worthy of more precise quantification. Although we 
have not utilized tirofiban after recanalization of LVO due 
to intrinsic disease, it is important to emphasize the sig-
nificant risk of acute vessel re-occlusion in the setting of 
recent recanalization. We have often seen the vessel re-
occlude on interval angiography in the process of prepar-
ing to stent.

Kang et al.’s results are remarkably superior to those 
seen in the HERMES collaborative data. It is obvious that 
these discrepant results are worthy of discussion. Specifi-
cally, an explanation for the discrepancy may shed invalu-
able light on an ability to improve stroke outcomes. Do 
the authors believe the discrepancy is attributable to a pre-
intervention process? A technical aspect of intervention? 
Posttreatment care? Highlighting the specifics would be 
of particular use to those treating this challenging disease 
process as some might otherwise endorse a more guarded 
prognosis for patients with LVO secondary to severe ath-
erosclerotic disease.

Bradley A. Gross, MD
Ashutosh P. Jadhav, MD, PhD

Brian T. Jankowitz, MD
Tudor G. Jovin, MD

UPMC Stroke Institute, University of Pittsburgh Medical Center, 
Pittsburgh, PA

References
 1. Chimowitz MI, Lynn MJ, Derdeyn CP, Turan TN, Fiorella D, 

Lane BF, et al: Stenting versus aggressive medical therapy for 
intracranial arterial stenosis. N Engl J Med 365:993–1003, 
2011

 2. Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell 
PJ, Demchuk AM, et al: Endovascular thrombectomy after 
large-vessel ischaemic stroke: a meta-analysis of individual 
patient data from five randomised trials. Lancet 387:1723–
1731, 2016

 3.  Kang DH, Yoon W, Kim SK, Baek BH, Lee YY, Kim YW, 
et al: Endovascular treatment for emergent large vessel 
occlusion due to severe intracranial atherosclerotic stenosis.  
J Neurosurg [epub ahead of print June 22, 2018. DOI: 
10.3171/2018.1.JNS172350]

 4. Kasab S, Almadidy Z, Spiotta AM, Turk AS, Chaudry MI, 
Hungerford JP, et al: Endovascular treatment for AIS with 
underlying ICAD. J Neurointerv Surg 9:948–951, 2017

Disclosures
Dr. Jovin has received a nonfinancial grant from the Fundació 
Ictus Malaltia Vascular and modest honoraria from Silk Road 
(consultant), Medtronic and Stryker Neurovascular (consultant/
advisory board), and Neuravi (consultant). Dr. Jankowitz is a con-
sultant for Medtronic and Stryker Neurovascular.  

Correspondence 
Bradley A. Gross: grossb2@upmc.edu.

INCLUDE WHEN CITING  
Published online September 21, 2018; DOI: 10.3171/2018.7.JNS181873.

Response
We greatly appreciate the interest in our study. As sug-

gested by Gross et al., it would be beneficial to readers to 
provide further discussion on the possible factors associ-

ated with the better treatment outcomes after the endovas-
cular therapy in our patient population in comparison to 
those in the HERMES collaborative data.1 

First, most of the patients included in our study un-
derwent preoperative MRI including a gradient-recalled 
echo (GRE) sequence, which may be helpful in predict-
ing the underlying intracranial atherosclerotic stenosis 
(ICAS) before the procedure. Prediction of the underly-
ing ICAS before commencing the endovascular therapy 
is of particular importance because it can minimize the 
unnecessary passage of thrombectomy devices through a 
severely stenotic artery. Therefore, it allows a significant 
reduction in procedure time and leads us to perform the 
rescue therapy with more confidence as early as possible, 
all of which collectively could contribute to procedural 
success in this patient population. One of the ways to pre-
dict the underlying ICAS in patients with LVO is by ob-
serving a susceptibility vessel sign (SVS) on GRE or sus-
ceptibility-weighted sequences. We previously reported 
that the absence of an SVS (negative SVS) on GRE MRI 
was significantly associated with the underlying ICAS in 
patients with an acute middle cerebral artery occlusion.4 
The negative SVS in patients with ICAS may be due to a 
component of clots (fibrin and platelet dominant) as well 
as a small clot burden.

Second, we tried to achieve optimal angiographic re-
sults (defined as < 50%  residual stenosis on the final 
angiogram) as much as possible when performing angio-
plasty or stenting. We previously investigated the predic-
tors of acute re-occlusion in patients undergoing emergent 
angioplasty with or without stenting for the treatment of 
LVO due to severe ICAS.2 In this study, acute re-occlu-
sion occurred more frequently in patients with a subopti-
mal result than in those with an optimal result (71.4% vs 
2.6%). In addition, acute re-occlusion was significantly 
associated with a poor 90-day outcome. These results 
suggest that sufficient dilatation of the stenosis should 
be obtained to prevent the acute re-occlusion and thus 
achieve favorable outcomes in patients who are undergo-
ing emergent angioplasty or stenting for severe ICAS. 

Third, we could achieve a very high rate (95%) of suc-
cessful reperfusion with our treatment strategies com-
pared to those in the five randomized controlled trials 
(58.7%–88%). A very high rate of successful reperfusion 
in our patient cohort may be attributed to the following 
factors: 1) patients with underlying ICAS have no apparent 
clot burden or a very small clot burden;4–7 and 2) these pa-
tients have an excellent pre-existing collateral circulation 
before the onset of acute arterial occlusion.3 

In summary, the use of an MRI vessel sign to predict 
the underlying ICAS before endovascular therapy, a max-
imal effort to restore adequate luminal patency during 
angioplasty or stenting, the achievement of a very high 
rate of successful reperfusion with effective rescue ap-
proaches, and intrinsic factors related to the ICAS itself, 
such as a small clot burden and good collateral circula-
tion, may have contributed to better treatment outcomes 
in our study. 

Woong Yoon, MD, PhD
Chonnam National University Medical School, Gwangju,  

Republic of Korea
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Reducing EVD-related infections
TO THE EDITOR: We read with great interest the pa-

per from Champey et al.1 (Champey J, Mourey C, Fran-
cony G, et al: Strategies to reduce external ventricular 
drain–related infections: a multicenter retrospective study. 
J Neurosurg [epub ahead of print June 22, 2018. DOI: 
10.3171/2018.1.JNS172486]). We congratulate the authors 
on this large study, which tackles an ever-present challenge 
in neurosurgical practice. It raised some interesting issues, 
and we would like to respectfully offer some interpretation 
and ask some questions of this study. 

The authors state that this study examines the impact 
of two aspects of external ventricular drain (EVD) care, 
namely, daily samples and intraventricular antibiotics pri-
or to EVD removal, but it is shown in the article that the re-
sponse to positive cultures differs between the three units 
(Grenoble, Saint-Etienne, and Marseille). Grenoble has a 
policy of distal EVD replacement at suspicion of coloniza-

tion or infection, while the other two units will only inter-
vene once infection is confirmed. Do the authors feel that 
the lower infection rate at the Grenoble site, despite the 
same proportion of positive cultures, is generated through 
this third aspect of practice? 

In Grenoble, the threshold for EVD removal did not 
reach confirmed infection. It is not stated whether it was 
sufficient to exclude the re-inserted EVD (assuming one 
was re-inserted) from the study as a marker of pre-existing 
CSF infection. The potential problem from this omission 
is patients developing confirmed infections in EVDs no 
longer included in the study. 

The criteria for confirmed infection attribute much val-
ue to clinical deterioration with multiple cultures, and fe-
ver in its absence being classified as colonization. Howev-
er, is the intensive care population the most sensitive group 
for these criteria to be applied, as a clinical deterioration is 
difficult to detect in the patient undergoing intubation and 
ventilation, and as such may be misclassified due to the 
obscured clinical state? 

The omission of intraventricular antibiotics in the 3 
patients who developed ventriculitis can be interpreted in 
different ways; is it confirmed that the remaining 218 pa-
tients all received the antibiotics or were these 3 patients 
part of a larger group of Grenoble patients without pre-
removal antibiotics? This is understandably a constraint 
of retrospective research, but these two scenarios greatly 
alter the perceived impact of the intraventricular antibiot-
ics, as the lack of administration can be interpreted as a 
significant contributor to development of ventriculitis or a 
chance finding in a heterogeneous group. 

Daily sampling behind the collector in Grenoble not 
showing an increase in positive cultures is an interesting 
finding, demonstrating a level of safety despite such fre-
quent access. 

This study appears to successfully demonstrate vari-
ety in practice, but a unity in approach between 3 units, 
achieving similar results in positive cultures through the 
use of standardized care plans. We commend the authors 
for providing this important message for those managing 
patients with EVDs. 

Andrew Dapaah, MBChB, MRCS
William Sage, MBBS, MRes

Harshal Ingale, FRCS(SN)
Queen’s Medical Centre, Nottingham, United Kingdom
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Response
We warmly thank Dr. Dapaah and colleagues for their 

constructive comments on our article. They addressed 
three important issues concerning the bundle of care re-
sulting in a lower incidence of EVD-related infections in 
the Grenoble site compared to the two other sites. 

Was this low incidence explained by an early EVD re-
moval prior to the development of CSF infection in Greno-
ble? This could have artificially impacted the incidence of 
CSF infections. In fact, 1 of the 21 patients with positive 
CSF cultures underwent EVD removal for suspicion of in-
fection. For the rest of the Grenoble cohort, EVD removal 
was performed because of neurological improvement or 
EVD dysfunction with no associated CSF infection. 

How to diagnose ventriculitis in sedated patients? This 
could have misclassified confirmed EVD-related infection 
in patients with neurological deterioration. This comment 
is obviously correct and reminds us of the importance to 
clinically assess brain-injured patients without interfer-
ence of sedatives to detect neurological complications. In 
sedated patients, such detection relies on changes from in-
direct measurements such as pupil size, cerebral imaging, 
transcranial Doppler ultrasonography, intracranial pres-
sure, and/or extracranial variables. In the present study, the 
development of each case of ventriculitis was delayed in 
the 3 cohorts, typically occurring after 1-week duration of 
EVD drainage in which patients were no longer sedated. 
As mentioned in the Supplemental Material, the 3 patients 
who developed ventriculitis in Grenoble were awake and 
able to be examined neurologically at the time of diagno-
sis.

What was the role of pre-removal administration of in-
traventricular antibiotics in preventing EVD-related infec-
tions? Although intraventricular administration of amika-
cin prior to EVD removal was one specific measure of our 
EVD bundle of care, it was unfortunately not possible to 
establish a causal link between the absence of this mea-
sure and the development of ventriculitis in our 3 patients. 
This was due to a number of missing data regarding this 
action in the 218 other patients. The prophylactic effective-
ness of such a measure needs to be confirmed.

It should be kept in mind that the EVD bundle of care 
at Grenoble may help physicians to be more reactive when 
biological changes occur in daily CSF samples prior to the 
development of ventriculitis. This strategy may also limit 
the overtreatment of patients with positive CSF cultures.

Clément Mourey, MD
Julia Champey, MD

Gilles Francony, MD
Jean-François Payen, MD, PhD

Pôle Anesthésie Réanimation, CHU Grenoble Alpes, Grenoble, France
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Ketamine sedation for the 
suppression of spreading 
depolarizations

TO THE EDITOR: We wish to congratulate Carlson 
et al.1 on their important study demonstrating the effect of 
ketamine sedation to suppress injurious spreading depo-
larizations (SDs) during intensive care after severe brain 
injury (Carlson AP, Abbas M, Alunday RL, et al: Spread-
ing depolarization in acute brain injury inhibited by ket-
amine: a prospective, randomized, multiple crossover tri-
al. J Neurosurg [epub ahead of print May 25, 2018; DOI: 
10.3171/2017.12.JNS171665]). SDs have been intensively 
studied as a causative mechanism of lesion development 
and excitotoxicity in animal models,6 and translational 
studies have demonstrated even greater relevance to human 
brain injury.3,5 A hurdle to broader application—and patient 
benefit—has been identification of effective approaches to 
prevent SDs through pharmacology or amelioration of tis-
sue conditions that trigger them. The multicenter study of 
Hertle et al.8 showed a strong effect of ketamine on de-
creasing SD incidence, yet the study suffered from hav-
ing a retrospective and nonrandomized design in which 
case mix, factors leading to sedation choice, and natural 
SD time course4,7 were possibly confounding. Carlson et 
al. addressed these concerns with a randomized, multiple-
crossover design in which ketamine, dosed to the patient’s 
sedative needs, was alternated with dexmedetomidine and 
either propofol or midazolam every 6 hours. Thus, the ef-
fects of injury type/severity and SD timing were balanced 
between the alternating regimes. The authors found that 
periods with no or low-dose ketamine (< 1.5 mg/kg/hr) had 
increased risk of SD compared to periods of ketamine dos-
age > 1.5 mg/kg/hr, with an impressive odds ratio of 13.8.

We noted that effects in this trial were not significant 
in a per-subject analysis and suspect this was due to a 
relatively low overall rate of SDs when patients were off 
ketamine. Toward this point, we wish to communicate 
a case of severe brain trauma with a high baseline rate 
of SDs that were strikingly suppressed with a 1.5-mg/kg 
ketamine bolus (see Fig. 1 for details). From the start of 
electrocorticography after emergency neurosurgery, SDs 
(n = 55) recurred continuously in the injured hemisphere 
at regular intervals of 20 ± 6 minutes for 18 hours. Af-
ter the ketamine bolus was given, the next expected SD 
did not occur, and SDs remained suppressed for 2 hours. 
Subsequently, they resumed at regular intervals of 23 ± 6 
minutes, totaling 50 SDs in the following 19 hours. The 
potency of this effect was particularly noteworthy given 
the injury severity and the refractory rise of intracranial 
pressure (ICP). Ketamine was not continued due to a fam-
ily decision to withdraw care. It is provocative to wonder 
whether the patient’s course might have been different had 
he received sustained ketamine sedation from the start. 

There has been resistance to ketamine use for sedation 
in brain-injured patients due to historical fears that it may 
cause ICP elevation. However, these views have been re-
futed in randomized studies, and in some centers ketamine 
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is now routinely used in conjunction with other anesthetics 
for sedation when patients are mechanically ventilated.2 
The randomized study by Carlson et al. has now provided 
a conclusive demonstration that sedative doses of racemic 
ketamine are not only safe regarding ICP effects, but also 
effective in suppressing SDs. We agree that multicenter 
trials of ketamine for neuroprotection are now warranted 
and note that SD monitoring in such a trial would allow a 
novel precision medicine approach through selective pa-
tient inclusion and mechanistic targeting.7

Jed A. Hartings, PhD
Laura B. Ngwenya, MD, PhD

Christopher P. Carroll, MD
Brandon Foreman, MD

University of Cincinnati, Cincinnati, OH
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FIG. 1. Ketamine bolus suppresses SDs in a case of severe brain trauma. A 49-year-old man fell 30 feet from a ladder. Upon arrival to our Level I trauma 
center, he was withdrawing his upper extremities. Head CT scan (left) showed a large subdural hematoma, and the patient was taken emergently to the 
operating room for hemicraniectomy and hematoma evacuation. A subdural electrode strip was placed on the left inferior frontal gyrus, ICP and tissue 
oxygen (PtiO2) probes were placed through a bolt in the contralateral hemisphere, and scalp electroencephalography (EEG) monitoring was performed. 
In the 1st day of postoperative neurointensive care, ICP became progressively refractory to standard treatment, while SDs occurred continuously 
at electrodes 4–6 of the subdural strip. In order to maximize sedation while preserving arterial pressure, a 1.5-mg/kg intravenous bolus of racemic 
ketamine was given. The traces (right) show a 9-hour period around this time. Upper trace: Recordings from electrode 5 of the subdural strip show SDs 
evidenced by the negative deflections (asterisks) in the direct-current electrocorticography (ECoG) study and simultaneous depressions of spontane-
ous ECoG activity (0.5–50 Hz; second trace). Center trace: EEG study from the C3–P3 channel shows amplitude fluctuations reflecting the depression 
periods of SD. Similar fluctuations were present in other ipsilateral EEG channels. Note that both ECoG and EEG studies show a dramatic recovery of 
spontaneous brain activity after ketamine administration, which persists continuously for 2 hours until SDs resume. ICP increased progressively from 55 
to 75 mm Hg over the period shown, and mean arterial pressure was maintained at 100–110 mm Hg. Due to the patient’s poor neurological examination 
results and lack of improvement, the family elected to withdraw care, and the patient died the next day. 
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Response
We appreciate the comments from this very experi-

enced and pioneering group regarding the role of SDs in 
brain injury. The case presented provides a very dramatic 
illustration of the “on/off” effect of ketamine on SDs, and 
we thank authors for sharing this very interesting case. We 
agree that this example strengthens our data regarding an 
effect that can be quite dramatic in some patients. 

We also appreciate the comments regarding ketamine 
and ICP, which we agree add to the large body of literature 
supporting the safety from an ICP perspective. Finally, 

we strongly agree that the observational, retrospective, 
and now prospective pilot data that have been amassed re-
garding the potential benefits of monitoring for SDs and 
administering targeted therapy (such as ketamine) are ad-
equate to warrant prospective multicenter trials. 

Andrew P. Carlson, MD, MS-CR
C. William Shuttleworth, PhD

University of New Mexico School of Medicine, Albuquerque, NM
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