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The decision to treat a lesion of the CNS that has
been discovered on imaging can have potentially serious
consequences for our patients. When we are confronted
with an imaging abnormality, we need to know what to
do. Furthermore, it is imperative that we provide justifica-
tion for these vital decisions. Ongoing advances in medi-
cal imaging, coupled with greater accessibility of these
technologies, have increased the likelihood of unexpected
discoveries of brain and spine lesions. Once a lesion is
found, patient anxiety and a referral to a specialist for
treatment often follow. This phenomenon, referred to as
the cascade effect in the clinical care of patients, can be
mitigated by either more selective use of diagnostic imag-
ing or better information on the correct management of
these incidental findings.!? Because referral to a specialist
is usually made after the lesion has been discovered, the
role of the specialist in the cascade effect is usually lim-
ited to proper interpretation of the imaging findings and
management recommendations. Unfortunately, we are of-
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ten not prepared to make treatment decisions given the
relative paucity of information that is available on these
lesions. Important questions that must be answered in-
clude the prevalence, natural history, and treatment risk
for each of these findings.

The purpose of this Neurosurgical Focus issue is
to attempt to fill some of these gaps in our knowledge.
The importance of this topic cuts across traditional lines
of specialization. In this issue, Lanzino et al. have pro-
vided new data on the management of small intracranial
aneurysms, an area of ongoing controversy. The proper
management of other types of incidental lesions such as
cysts, benign tumors, Tarlov cysts, os odontoideum, and
syringomyelia is also examined in this issue.

As editors, we are deeply indebted to all of the out-
standing groups from around the world that have shared
their expertise on these lesions. We hope that these ar-
ticles will stimulate further study of this important topic.
(DOI: 10.3171/2011.10.FOCUS11269)
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With the widespread use of brain imaging studies, neurosurgeons have seen a marked increase in the number
of incidental intracranial lesions, including vascular abnormalities. Specifically, the detection of incidentally discov-
ered aneurysms, arteriovenous malformations, cavernous angiomas, developmental venous anomalies, and capillary
telangiectasias has increased. The best management strategy for most of these lesions is controversial. Treatment
options include observation, open surgery, endovascular procedures, and radiosurgery. Multiple factors should be
taken into account when discussing treatment indications, including the natural history of the disease and the risk of
the treatment. In this article, the authors focus on the natural history of these lesions and the risk of the treatment,
and they give recommendations regarding the most appropriate management strategy based on the current evidence
in the literature and their experience with intracranial vascular abnormalities. (DOI: 10.3171/2011.9. FOCUS11200)

Key Worps ¢ aneurysm °
developmental venous anomaly

AVMs, CAs, DVAs, and capillary telangiectasias

are common incidental findings on imaging stud-
ies. With brain imaging becoming available ubiquitously,
these common lesions are expected to be discovered more
and more in an asymptomatic stage. The management of
most of these vascular abnormalities is still controver-
sial. As a general rule, the natural history of these lesions
should be balanced against the risk of morbidity and mor-
tality that may result from treatment. With the conflicting
results of recent studies, uncertainty remains concerning
the natural history and the risk of treatment, further com-
plicating the neurosurgeon’s task. This article reviews the
current evidence in the literature regarding the manage-
ment of incidentally discovered aneurysms, AVMs, CAs,
DVAs, and capillary telangiectasias and provides neuro-
surgeons with a decision-making paradigm for each of
these lesions.

B RAIN vascular abnormalities including aneurysms,

Abbreviations used in this paper: ARUBA = A Randomized
Trial of Unruptured Brain AVMs; AVM = arteriovenous malfor-
mation; CA = cavernous angioma; DVA = developmental venous
anomaly; ISUIA = International Study of Unruptured Intracranial
Aneurysms; SAH = subarachnoid hemorrhage.
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arteriovenous malformation
capillary telangiectasia  °

cavernous angioma  °
incidental finding

Aneurysms

The management of unruptured intracranial aneu-
rysms has been a very controversial topic in neurosur-
gery. There is no clear consensus today as to when an
incidental aneurysm should be treated and when it should
be observed. Moreover, the magnitude of this problem is
expected to increase in the future commensurate with in-
creased detection due to advances in imaging quality and
availability. The prevalence of aneurysms in the general
population is thought to be somewhere between 1% and
7% 5367102118 However, aneurysmal SAH remains a rare
event with an incidence of 6-20 cases per 100,000 per-
sons per year.*%%92 This underscores the importance of
patient selection for treatment. Because most aneurysms
remain asymptomatic throughout the patient’s life, it is
crucial to weigh the risks of treatment against the natural
history of these lesions. Treatment should only be offered
to patients whose risk of SAH exceeds the risk of surgical
or endovascular intervention.

Natural History

The natural history of intracranial aneurysms contin-
ues to be a controversial topic mainly because of the con-
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flicting results of the different studies. The largest study
to date that evaluated the risk of rupture of intracranial
aneurysms is the ISUIA (International Study of Unrup-
tured Intracranial Aneurysms).®®14” This prospective study
involved 1692 patients and reported 5-year rupture rates
for anterior circulation aneurysms with respect to their size
as follows: 0% for lesions smaller than 7 mm in diameter,
2.6% for those 7—12 mm, 14.5% for those 13-24 mm, and
40% for those larger than 25 mm. The annual rate of SAH
was 0.05% for aneurysms less than 10 mm in diameter and
1% for those 10 mm or greater. The 5-year rupture rates for
posterior circulation aneurysms (including posterior com-
municating artery aneurysms) were 2.5% for those less
than 7 mm, 14.5% for those 7—12 mm, 18.4% for those 13—
24 mm, and 50% for those larger than 25 mm. Results also
showed that the relative risk of rupture was 11.6 for aneu-
rysms 10-24 mm in diameter and around 13 for posterior
circulation aneurysms. Thus, the size and the location of
the aneurysms are 2 important factors in predicting the risk
of rupture of these lesions. Patients with a history of SAH
from another aneurysm were found to have an annual risk
of rupture of 0.5%, which is substantially higher than the
risk for patients with no history of SAH (0.05%). Despite
being heavily criticized by many authors for the flaws in
the design, as well as a significant selection bias, the ISUTA
has challenged the reports of previous studies and has had
an enormous impact on the contemporary management of
intracranial unruptured aneurysms. Based on the results
of this study, the Stroke Council of the American Heart
Association published guidelines for the management of
unruptured aneurysms favoring observation over treatment
for aneurysms less than 10 mm in diameter.” They also
recommended special consideration for treatment of small
aneurysms approaching the 10-mm-diameter size, those
with daughter sac formation, patients with a positive family
history for aneurysms or aneurysmal SAH, and if changes
in aneurysmal size or configuration are observed.”

In contrast to the findings of the ISUIA, several stud-
ies have reported results showing that the majority of SAH
resulted from aneurysms less than 10 mm in size.?'3+7
Winn et al.*° found that 80% of aneurysmal SAH result-
ed from aneurysms that were smaller than 10 mm in their
greatest diameter. They also suggested that the yearly rate
of rupture of intracranial aneurysms falls between 1%
and 2%. Similarly, in a study from Finland that followed
142 patients with 181 unruptured inrtracranial aneurysms
for a period of 19.7 years, the overall annual incidence of
SAH was found to be 1.3% in patients with prior SAH
and 1% in those with incidental aneurysms.®® A recent
meta-analysis that included 19 studies with 4705 patients
and 6556 unruptured aneurysms showed an annual risk
of rupture ranging from 0.6% to 1.3%.14 These results
were significantly higher than the annual risk of rupture
reported by the ISUTA. The meta-analysis also identified
higher age, female sex, smoking, location at the posterior
circulation, and increasing size of the aneurysm as risk
factors for SAH. In our practice, most patients present
with SAH harbor aneurysms smaller than 10 mm, and a
significant proportion present with ruptured aneurysms
less than 5 mm in diameter.
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Risk Associated With Treatment

The 30-day rate of mortality from aneurysmal SAH
approaches 50%.'“>¢ Preventive treatment of the aneurysm
can avoid this deadly and profoundly disabling event.
Treatment of unruptured aneurysms can be achieved either
by surgical clipping or by endovascular means. In either
case, the risk of the intervention should be weighed against
the potential benefit because the rate of morbidity and
mortality is substantial with these procedures.'7-338.114.147
The ISUIA reported a combined morbidity and mortality
rate at 1 year equal to 12.2% for surgery and 9.5% for coil
embolization.’®!¥” Many studies have reported, however, a
better benefit-risk profile for endovascular techniques than
for surgery.>*4%> In a series of 2069 patients with unrup-
tured aneurysms, Johnston and colleagues® found that
adverse outcomes were more frequent in patients treated
with surgery (25%) than in those treated with endovascular
procedures. In a recent large study that evaluated 2535 un-
ruptured aneurysms, endovascular treatment was associ-
ated with fewer adverse outcomes (6.6% vs 13.2%) and de-
creased mortality (0.9% vs 2.5%) than surgical treatment.>*
Many studies published recently have noted a very low rate
of complications or death related to aneurysm treatment.
Moroi et al.”” reported a remarkable 0.3% mortality and
2.2% morbidity after treating 549 unruptured aneurysms.
In arecent report Benes and colleagues? suggested that un-
ruptured aneurysms can be treated with coil embolization
with low rates of complication (6-month combined morbid-
ity and mortality rate of 1.5%), justifying offering treatment
to most patients with unruptured aneurysms. Along similar
lines, surgical treatment has produced low rates of morbid-
ity and mortality in patients with unruptured aneurysms in
expert hands.>198:10%123.141 Tyffiash et al."*! demonstrated no
cognitive effects of craniotomy for unruptured aneurysms.
Furthermore, the unparalleled team of Dr. Charles Drake
and colleagues was able to clip unruptured basilar bifur-
cation aneurysms smaller than 12.5 mm in diameter with
a 3.6% risk of poor outcome and no mortality.®® Later in
their monumental series, the combined risk of morbidity
and mortality was reduced below 3%. Therefore, it is clear
that the rate of morbidity and mortality of microsurgery or
endovascular techniques is largely dependent on the expe-
rience of the neurosurgical team.

Management of Incidentally Discovered Aneurysms

Neurosurgeons should consider many factors before
deciding whether to treat or watch an incidentally discov-
ered aneurysm. If the risk of SAH is substantial, treatment
should be considered. Two important factors that help
predict the risk of rupture are the size and the location of
the aneurysm. Aneurysms larger than 10 mm and those
located in the posterior circulation are at increased risk of
rupture.’®!#7 Conversely small intracavernous internal ca-
rotid artery aneurysms are less prone to rupture and do not
lead to SAH; observation is therefore recommended for
these lesions.”” Many studies also showed that multilobed
aneurysms are at increased risk of hemorrhage compared
with single-lobed lesions.*'?? Another parameter that
showed association with the risk of rupture is the aspect ra-
tio (height/neck width).>>*° In a study by Nader-Sepahi and
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colleagues,” the mean aspect ratio was 2.70 for ruptured
aneurysms, compared with 1.8 for unruptured aneurysms.
It is currently accepted that the risk of hemorrhage is high
when the aspect ratio is greater than 3.7

Active cigarette smoking has been shown to be an im-
portant risk factor for aneurysm growth*¢¢ and therefore
should be considered in the decision whether to treat or
watch an aneurysm.* Patients should also be strongly ad-
vised to quit smoking. Although female sex has been cited
in 1 article as a potential risk factor for aneurysm growth,%
more evidence is needed before including this factor in the
decision-making algorithm for these lesions. Hypertension
is the most obvious risk factor for aneurysm growth and
rupture in the brain and elsewhere in the body. 101106 A
recent article that linked arterial hypertension to cerebral
aneurysm growth and rupture strongly recommended that
hypertension be considered when treatment indications for
small unruptured aneurysms are discussed.®

The ISUIA showed that patients with prior SAH have
a greater risk of rupture of intracranial aneurysms. Simi-
larly, a family history of SAH is a significant risk factor for
aneurysm growth and ruprture.?”?4126 In a study that fol-
lowed 130 patients with unruptured aneurysms using serial
magnetic resonance angiography, a family history of SAH
was found to be an independent risk factor for aneurysm
growth.*

According to the recommendations of the Stroke
Council of the American Heart Association, any changes
in aneurysm size or configuration should lead to special
consideration for treatment.

A recent study showed that growth and rupture risks
of aneurysms in the autosomal dominant polycystic kid-
ney disease group are not higher than those in the general
population.®

Finally the patient’s age (and life expectancy) is a
crucial factor when discussing treatment indications. A
defined cutoff age, however, has not been determined.
Mitchell et al.? concluded in their study that patients with
remaining life expectancy of less than 20 years should be
informed that from a statistical point of view the benefits
of treatment do not outweigh the risks. Additional data
are necessary to more clearly determine the impact of age
and establishment of a potential age cutoff. An absolute
cutoff age is unlikely to be established as many other fac-
tors play into the decision-making process.

Treatment decisions should obviously be individu-
alized to every patient, and the choice between surgical
clip placement and endovascular treatment should take
into consideration the configuration and location of the
aneurysm, as well as the patient’s age and preferences. In
patients managed conservatively, periodic follow-up (ev-
ery 6—12 months) with noninvasive imaging studies (MR
angiography or CT angiography) is recommended .

Based on the current evidence in the literature, the
recommendations of the Stroke Council of the Ameri-
can Heart Association, and our institutional experience
with aneurysms, we suggest the following paradigm in
the decision-making process with respect to incidentally
discovered intracranial aneurysms (Fig. 1).

We grouped risk factors of growth and rupture of in-
tracranial aneurysms into 2 categories:
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The Type A category represents risk factors that fa-
vor intervention over observation. These factors include
active smoking, arterial hypertension, posterior circula-
tion aneurysm, prior SAH, history of familial SAH, and
an aspect ratio greater than 3.

The Type B category represents risk factors that war-
rant strong consideration for treatment regardless of the
size of the aneurysm. These include young patient age,
change in the size or configuration of the aneurysm, and
the presence of multiple, multilobed, or symptomatic an-
eurysms.

We recommend that aneurysms larger than 7 mm in
diameter be treated because of their propensity to rupture,
except in older patients and those with significant medical
comorbidities and short life expectancy. Aneurysms less
than 5 mm in diameter should only be treated in the pres-
ence of 2 or more Type A risk factors or in the presence of
any of the Type B risk factors. Finally, aneurysms that are
5-7 mm in diameter should be treated if any risk factor
(Type A or Type B) is present.

Arteriovenous Malformations

Brain AVMs are the leading cause of intracerebral
hemorrhage in the young population. They are respon-
sible for 3% of strokes in young adults and 9% of SAHs.?
The prevalence of these lesions is 1 per 1000 adults,'*
and their incidence is 1 per 100,000 per year.” The most
common manifestation of an AVM is an intracranial
hemorrhage, accounting for as many as 50% of initial
presentations.” AVMs may also cause headaches, sei-
zures, or focal neurological deficits. More recently, how-
ever, more AVMs are being incidentally discovered with
noninvasive imaging techniques. At present there is a
paucity of high-quality evidence in the literature. Conse-
quently, the optimal management of these lesions is not
clear, and neurosurgeons are left to make difficult clinical
decisions with respect to the management of incidental
brain AVMs.

Natural History

The most dreaded complication of an AVM is an in-
tracerebral hemorrhage. The annual rate of hemorrhage
varies widely and depends on the number of risk factors.
In most series, a previous hemorrhage, a central location,
a deep venous drainage, and the presence of intranidal
aneurysms greatly increase the risk of future hemor-
rhage 3038132134 Tn unruptured lesions not deeply located
and without deep venous drainage, the annual risk of
bleeding is as low as 0.9%, according to the Columbia
AVM database.'*> Conversely, in AVMs with all the pre-
viously mentioned risk factors, the annual rate of hemor-
rhage can reach 34.4%. The strongest risk factor for sub-
sequent AVM bleeding is an intracranial hemorrhage at
initial presentation.'*> A small AVM size was also associ-
ated with hemorrhage in 3 series,#132 but several other
studies failed to demonstrate this association.*** Further-
more, Stefani et al.'* reported that large and deep-seated
AVMs were more prone to hemorrhage during prospec-
tive follow-up of 390 patients with brain AVMs at the
University of Toronto (Toronto Brain Vascular Malfor-
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Fic. 1. Management of incidental aneurysms.

mation Study Group). Studies have also shown that the
presence of venous stenosis on angiography increases the
rate of intracranial hemorrhage.?>!%* It is estimated that
for unruptured AVMs, regardless of the other risk factors,
the average annual rate of bleeding ranges from 2% to
4% .3107 Kondziolka et al.”* proposed the following for-
mula taking into account the patient’s age to estimate the
lifetime risk of hemorrhage for an AVM:

risk of hemorrhage = 1 — (risk of no hemorrhage)expected years of
remaining life.

Based on a 3% annual risk of hemorrhage, Brown?
proposed a simple and reasonable approximation of the
above formula:

lifetime risk of hemorrhage = 105 — patient’s age in years.

It is also estimated that the average annual case fatal-
ity rate is around 1% for AVMSs."32 A hemorrhage from
the AVM remains a deadly and extremely morbid event;
the mortality rate is around 10%-15% and the morbid-
ity rate can be as high as 53—81%.* Such morbidity and
mortality rates could prompt neurosurgeons to offer treat-
ment to all incidentally discovered AVMs. However, the
low rate of hemorrhage of unruptured AVMs and the
mild clinical syndrome from such rupture reported in the
Columbia database raise doubt about the benefit of inter-
ventional therapy for AVMs that have not been associ-
ated with any hemorrhage.'** The results of the Columbia
database provided impetus for ARUBA (A Randomized
Trial of Unruptured Brain AVMs)."*! This ongoing project
is a prospective, multicenter, randomized, controlled trial
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that enrolls 800 patients with unruptured brain AVMs
and aims to determine whether medical management im-
proves long-term outcomes of patients with unruptured
AVMs compared with interventional therapy.

At present, there are limited data in the literature
about the natural history of AVMs. Additional informa-
tion may become available from studies such as ARUBA.

Management of Incidentally Discovered AVMs

The management of incidentally discovered AVMs
aims to prevent an intracranial hemorrhage. Arteriovenous
malformations are classically treated by open surgery, ra-
diosurgery, endovascular techniques, or a combination of
the three. It is not clear, however, if an intervention im-
proves the outcome of incidentally discovered AVMs. A
recent study by Wedderburn et al. 4 in Scotland compared
the 3-year outcome for adults who received interventional
treatment for their unruptured AVMs (63 patients) with
those who did not (51 patients). They found no difference
in the functional outcome between the 2 groups. Moreover,
interventional treatment was found to be an independent
predictor of progression to poor outcome, as was AVM
size. The results of this study should be interpreted with
much caution for 2 main reasons. First, the 2 groups were
not comparable at baseline, which means that confounding
factors were not neutralized and have probably biased the
study. Second, the follow-up was limited to only 3 years,
which greatly underestimates any long-term benefits from
interventional treatment and partly explains why the 2
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groups had comparable outcomes. Another study by Law-
ton et al.” compared the benefits from resection in 224 pa-
tients with ruptured or unruptured AVMs. The condition
of patients with ruptured AVMs improved after surgery,
whereas patients with unruptured AVMs were susceptible
to slight worsening of their neurological status. However,
again the mean follow-up period was just 1.3 years, so no
meaningful conclusions can be drawn from this study re-
garding the benefit of treatment. A recent analysis of the
Columbia database showed that the initiation of any in-
vasive treatment strategy was associated with a 3-fold in-
creased risk of AVM hemorrhage and an increased risk of
clinical impairment, raising questions about the benefit of
treating unruptured AVMs.!* Conversely, in a study involv-
ing 623 patients harboring AVMs, with a median follow-up
of 11.9 years, Laakso et al.” found that active treatment of
these lesions improved outcome and that even partial treat-
ment enhances survival, but this benefit is not apparent un-
til 6 years after the intervention. This may explain why the
previously cited studies reported no benefit from treatment
of unruptured AVMs. We hope that ARUBA, discussed
above, will help solve the dilemma, although we are con-
cerned that the planned follow-up period may be too short.

With the recent advances in endovascular techniques,
embolization has become a safe and effective primary
treatment modality for AVMSs. In a series of 387 patients
with a brain AVM, Valavanis and Yasargil'** achieved
a 40% angiographic cure with morbidity and mortality
rates as low as 1%. Endovascular embolization can com-
pletely cure an AVM, especially small lesions with lim-
ited arterial feeders, which were reported to have a cure
rate close to 85% according to a recent series.!? It can also
be used before surgery to decrease the size of the nidus
and occlude surgically inaccessible feeders, reducing the
amount of blood loss and shortening operative time.?*%’
In addition, embolization decreases the target size of the
AVM; this reduction in target size has been associated
with less morbidity and higher cure rates following radio-
surgery,” although it remains the subject of controversy.
Finally, embolization can be palliative for patients with
large nonresectable AVMs, intractable seizures, or pro-
gressive neurological deficits.**#? A variety of embolic
materials are currently used for the treatment of AVMs.
N-butyl cyanoacrylate (NBCA) and Onyx (ev3, Inc.) are
nonabsorbable embolic agents that can achieve complete
obliteration of an AVM. Due to its nonadhesive nature,
Onyx allows longer, slower, and more controlled injec-
tions with subsequent embolization of a larger percent-
age of the AVM from a single catheter position. In a very
recent article, Saatci et al.'”?! reported achieving complete
obliteration in more than 50% of brain AVMs using pro-
longed intranidal Onyx injection. The authors concluded
that this technique leads to higher rates of anatomical
cures than previously reported with other embolic agents.
In addition, the more effective intranidal penetration of
the embolic agent with this technique allows high-grade
AVMs to be made radiosurgically treatable.

In radiosurgical treatment of AVMs, the goal is oblit-
eration of the vessels in the nidus. It is known to provide
high cure rates and low morbidity rates, especially in
small lesions 381 It is also useful in treating small deeply
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located AVMs that are otherwise challenging to surgical
treatment or embolization.!'%* Maruyama et al.® reported
a 66% obliteration rate for brainstem AVMs after radio-
surgery (at 3-year follow-up). However, as the size of the
AVM increases, the cure rate decreases and the compli-
cation rate increases.*#"1% Another major disadvantage
of radiosurgery is the risk of hemorrhage until the AVM
is totally obliterated.!>!"" In a retrospective study of 500
patients with AVMs who were treated with Gamma Knife
surgery, Maruyama et al.® reported that 23 patients had
a hemorrhage during the first 2 years following radiosur-
gery, and 6 patients had a hemorrhage even after angio-
graphic obliteration. The risk of hemorrhage declined by
54% after 2 years and by 88% after obliteration of the
lesion. In a recently published article, Blamek and col-
leagues?® reported that annual hemorrhage rates after ra-
diosurgery were 3.4% and 1.1% during the 1st and 2nd
year of follow-up, respectively. The authors also conclud-
ed that a 3-year follow-up period is required to accurately
assess the outcome after radiosurgery for brain AVMs.
Surgical excision of AVMs has long been considered
the mainstay of treatment, with the advantage of com-
pletely removing the lesions. However, potential morbid-
ity and mortality rates associated with the procedure war-
rant careful patient selection especially for incidentally
discovered AVMs. The Spetzler-Martin classification
takes into account the AVM size, eloquence of the adja-
cent brain, and the pattern of venous drainage of the AVM
to estimate the surgical risk.'”” The initial classification
(1986) included 5 categories'?® (Table 1). In a prospective
evaluation of the classification system, morbidity rates for
Grades [, 11, and IIT were 0%, increasing to 21.9% in pa-
tients with Grade IV and 16.7% in patients with Grade V
AVMs.> Similarly, Heros and Tu> reported good surgical
results in 100%, 94.3%, 88.6%, 61%, and 28.6% of pa-
tients with Grade I, I, III, IV, and V AV Ms, respectively.
It is therefore clear that Grades I and II and even Grade
III lesions (low-grade AVMs) can totally be excised with
a low rate of observed morbidity. Conversely, Grade IV
and V AVMs (high-grade AVMs) are associated with a
high rate of complications, and surgery should therefore
be avoided in patients with these lesions. A few studies
have assessed the risk of hemorrhage of AVMs based on
the Spetzler-Martin grade with conflicting results. A high
annual risk of bleeding for high-grade AVMs (10.4%) was

TABLE 1: The Spetzler-Martin classification for AVMs

Lesion Characteristics Points

size

small (<3 cm)

medium (3—6 cm) 2

large (>6 cm) 3
eloquence of the adjacent brain

noneloquent 0

eloquent 1
pattern of venous drainage

superficial only 0

deep 1




reported in a study by Jayaraman and coworkers.®? Else-
where, the risk was found to be even lower (1.5%) than
that for all AVMs on average (3%).”! In a recently pub-
lished article, Spetzler and Ponce'*® proposed a new clas-
sification for AVMs (2011) that consists of 3 classes: Spet-
zler-Martin Grades I and II AVMs were combined into
Class A and Grades IV and V lesions into Class C; Grade
IIT AVMs became Class B (Table 2). This was justified
by the finding that surgical outcomes in 1476 cases from
7 surgical series were similar for Grades I and I AVMs
(Class A) and for Grades IV and V AVMs (Class C).13°
The new classification system also offers a paradigm for
management of AVMs; surgical excision is recommended
for Class A, multimodality therapy for Class B, and ob-
servation for Class C. Treatment of Class C AVMs is only
recommended in the presence of recurrent hemorrhages,
progressive neurological deficits, steal-related symptoms,
and AVM-related aneurysms.'3°

In our institution, we perform endovascular emboli-
zation for some Grade IV AVMs even in the absence of
the previously cited factors, especially in cases involving
young patients. Embolization can safely decrease the size
and the grade of the lesion, allowing for surgical exci-
sion or radiosurgery.’*!21.148.149 Blackburn et al.?’ recently
evaluated endovascular therapy followed by radiosurgery
in 21 patients with high-grade AVMs (12 lesions were
Spetzler-Martin Grade IV or V). Interestingly, they found
an obliteration rate close to 80% and a major neurological
complications rate as low as 0%. In the previously dis-
cussed study by Saatci et al.,'”! which involved 350 pa-
tients with brain AVMs, including high-grade lesions, the
authors reported complete obliteration by endovascular
means in 50% of the population, with 38% and 6% of the
patients referred to radiosurgery and surgical excision,
respectively. It is also well known that the Spetzler-Mar-
tin classification is not applicable for embolization pro-
cedures because deep venous drainage is not associated
with increased risk of complications for this treatment
modality. Furthermore the classification system does not
take into account important factors for embolization like
the number of vessels feeding into the AVM and the pres-
ence of fistulous components.*’

Based on the current evidence in the literature and
our experience, we suggest the following algorithm (Ta-
ble 3).

We recommend surgical excision for Spetzler-Martin
Grade I and IT AVMs. Grade III AVMs should be treated
with a combination of surgery, endovascular techniques,
and radiosurgery. Grade IV AVMs should be strongly
considered for endovascular therapy followed whenever

TABLE 2: The 3-tier classification of cerebral AVMs

Spetzler-Martin Class Grade Management
A &I resection
B 1] multimodality treatment
C V&V no treatment*

* Exceptions for treatment of Class C AVMs include cases character-
ized by recurrent hemorrhages, progressive neurological deficits, and
steal-related symptoms, as well as AVM-related aneurysms.
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TABLE 3: Management of incidental AVMs

Spetzler-Martin

Grade Management
&I surgery
Il multimodality treatment
v endovascular treatment followed by surgery/radiosur-
gery, or observation
\Y observation or endovascular treatment followed by

radiosurgery (especially for young patients)

possible by surgery or radiosurgery. Observation is also
an option in the latter group. Finally, we recommend
observation in cases of Grade V AVMs because of the
high morbidity rate associated with treatment. In some
cases, especially those involving young patients, Grade
V AVMs can be considered for endovascular therapy fol-
lowed by radiosurgery.

Cavernous Angiomas

Cavernous angiomas, more commonly known as cav-
ernomas, are low-flow vascular abnormalities of the brain
composed of clusters of dilated, thin-walled capillaries
filled with thrombus.** These lesions account for 15% of
all vascular malformations'®#¢ and have an estimated prev-
alence approaching 0.6% in the general population.!s-37120
Up to 50% of CAs are familial”” and follow an autoso-
mal dominant pattern of inheritance linked to the CCM1,
CCM2, and CCM3 genes on 7q, 7p, and 3q, respective-
ly.226177 Patients with familial CAs typically harbor mul-
tiple lesions, unlike those with a sporadic form who usually
present with a single lesion.””!3? Cavernous angiomas are
typically located supratentorially; brainstem lesions ac-
count only for 8%—22% of all cases.

Patients with CAs usually present in the 4th or Sth
decade of life, although in 25% of cases, patients present
in childhood.”® Depending on their location, the lesions
can manifest with seizures, headaches, progressive neu-
rological deficits, or intracranial hemorrhage. The most
common presentation in patients with supratentorial CA
is a new-onset seizure (40%—70% of cases).*’"15! Seizures
are due to recurrent microhemorrhages and hemosid-
erin deposition in the perilesional area."”> Headaches are
also a common presentation and occur in 30%-50% of
cases/+#151152 Infratentorial CAs are rarely clinically si-
lent and typically produce progressive neurological defi-
cits.>>!¥ Intracranial hemorrhages are seen in both supra-
tentorial and infratentorial lesions and are typically mild
in severity, but severe and fatal hemorrhages do occur.
With the increased use of MR imaging for brain imag-
ing, it is now estimated that almost 40% of CAs that are
identified represent incidental findings.'s

Cavernous angiomas are known as angiographically
occult vascular malformations because they do not ap-
pear on angiography, which therefore has little value in
the diagnosis or management of these lesions except for
detecting the presence of an associated atypical venous
drainage.?* Magnetic resonance imaging is the most sen-
sitive and specific imaging modality for the diagnosis and
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follow-up of CAs.57!16 Typically, the lesions appear as ar-
eas of mixed signal intensity on T1- and T2-weighted im-
ages and are surrounded by a peripheral area of hypoin-
tensity (representing a hemosiderin ring) on T2-weighted
images.!"® According to recent reports, the highly sensi-
tive T2-weighted gradient-echo imaging has become the
gold standard MR imaging sequence for visualization of
CAs 3181

Natural History and Management of Incidentally
Discovered CAs

The annual rate of symptomatic hemorrhage from a
CA ranges from 0.7% to 6% according to multiple stud-
ies and varies with a number of factors.”®!13:120.1532 The risk
of significant bleeding is higher in patients with a prior
history of hemorrhage.®’? In a study involving 122 pa-
tients with CAs, Kondziolka et al.”? reported an annual
hemorrhage rate of 0.6% in patients with no hemorrhagic
presentation versus 4.5% for patients with hemorrhagic
presentation. It is worth noting that the risk of rebleed-
ing is particularly high in the 2 years following the initial
hemorrhage but seems to significantly decrease there-
after. This phenomenon is known as “temporal cluster-
ing” and has been reported in several series.'*'** Deeply
located CAs, especially those in the brainstem, have
been found to carry a worse prognosis than superficial
lesions."? Porter et al.'"? reported that the risk of bleeding
for infratentorial CAs is 3.8% compared with 0.4% for
supratentorial CAs. Female sex also appears to negatively
impact the outcome for patients with CAs.%!"3 Seizures
and a familial form have been proposed as potential risk
factors for hemorrhage, but there is not enough evidence
in the literature to support this hypothesis.

The treatment of symptomatic CAs is image-guided
resection. If a DVA is associated, it is recommended not
to excise the DVA, as doing so would pose an unneces-
sary risk of venous infarction.® Surgery is classically
performed in patients with repetitive episodes of hemor-
rhage, intractable seizures, and progressive neurological
deficits, especially when the CA is located in noneloquent
areas of the brain.?*3'"> Conversely, in deep and elo-
quent areas, the risk of complications is substantial and
the threshold for surgery is even higher.'"?3> There is
a recent tendency in some institutions to extend surgical
indications to mildly symptomatic CAs, even in the brain-
stem. In a recent study involving 300 patients with surgi-
cally treated brainstem cavernomas, Abla et al.? reported
that surgery markedly improved the risk of rehemorrhage
and related symptoms. They concluded that surgery
should be considered in patients with accessible lesions.
However, new or worsening neurological symptoms de-
veloped in 53% of patients after the procedure, 36% had
permanent new deficits, and perioperative complications
developed in 28%.? Due to the significant potential mor-
bidity associated with resection of CAs in eloquent areas
like the brainstem, we have adopted a more conservative
approach. More evidence is needed to ascertain whether
patients with mildly symptomatic but accessible brain-
stem CAs actually benefit from surgery.

Finally, the role of radiosurgery in the treatment of
CAs is still controversial despite encouraging reports. In
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a recent study involving 68 patients with brainstem CAs
treated with Gamma Knife surgery, Monaco et al.>> found
that radiosurgery decreased the annual hemorrhage rate
from 32% before treatment to 1.3% after 2 years of follow-
up. However 11.8% of patients experienced new neurologi-
cal deficits as a result of adverse radiation effects. Lunsford
et al.®® were also able to demonstrate that radiosurgery
reduced the risk of bleeding from 32% to just 1% after 2
years of follow-up. The rate of morbidity was 13.5% in this
series. There are concerns about the high risk of complica-
tions associated with radiosurgery for CAs, particularly in
the brainstem and deep locations.”**% It is also known, as
discussed above, that the risk of bleeding of a CA signifi-
cantly decreases by itself beyond 2 years after the initial
hemorrhage. Consequently, the positive results associated
with radiosurgery in the previously cited studies could sim-
ply reflect the natural history of these lesions. The utility
of radiosurgery in the treatment of CAs remains unproven
and continues to be a subject of debate.

Purely incidental CAs should be managed conserva-
tively and followed with yearly MR imaging. We recom-
mend treating cavernous angiomas only in the following
situations: intractable seizures, progressive significant neu-
rological deficit, after the first clinically significant hemor-
rhage in noneloquent areas, and after the second clinically
significant hemorrhage in eloquent areas including the
brainstem.

Developmental Venous Anomalies

Developmental venous anomalies, formerly known as
venous angiomas, are enlarged venous vessels that drain
into a large-caliber vein with a characteristic appearance
of caput medusa on angiography. They are congenital
malformations of the brain that are viewed as a normal
variant of the cerebral venous system. Their prevalence
is 2.5% according to autopsy studies.*!>> Developmen-
tal venous anomalies are the most commonly diagnosed
intracranial vascular malformation and are typically dis-
covered incidentally on brain MR imaging studies or CT
scans.*” They are associated with a CA in 13%—-18% of
cases,'?*13% and it is thought that there is a causative link
between these 2 lesions. It has been postulated that the re-
current microhemorrhages from a DVA induce angiogen-
esis in the surrounding brain, leading to CA formation.!'”

Developmental venous anomalies have a benign nat-
ural history with an extremely low morbidity rate and a
mortality rate of 0%.°"1°° The annual risk of hemorrhage
is negligible (0.25%-0.34%),7" and it is thought that a
hemorrhage in the setting of a DVA is due to an associ-
ated CA."7 Nevertheless, DVA thrombosis can lead to a
venous infarct with a secondary hemorrhagic transforma-
tion, although this remains a rare event.” No relationship
has been established to date between DVAs and head-
aches or seizures.?®!3’

A DVA is primarily visualized on MR images as a
signal-void linear structure especially on T2-weighted se-
quences.'*? Magnetic resonance imaging also offers the
possibility of detecting an associated cavernoma. Con-
trast-enhanced MR imaging is the sequence of choice and
shows the classic caput medusa appearance.'® Similar
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findings are seen on contrast-enhanced CT. Angiography
is performed only in patients with an ischemic or hemor-
rhagic presentation and in those in whom an AVM should
be ruled out.

Surgical obliteration of a DVA can lead to venous
thrombosis, venous congestion, and infarct with a sec-
ondary hemorrhagic conversion."'?® This is due to the fact
that a DVA drains normal brain tissue. Developmental
venous anomalies should always be left untreated, even
when associated with a CA.! Given their benign natural
history, DVAs do not require follow-up imaging studies.

Capillary Telangiectasias

Capillary telangiectasias are dilated thin-walled cap-
illaries surrounded by normal brain parenchyma and as-
sociated with other vascular abnormalities.!” They are rel-
atively common and account for 4%—12% of all vascular
malformations.'?” Capillary telangiectasias are incidental
findings on imaging studies and are frequently misdiag-
nosed as glial tumors. Patients typically remain typically
asymptomatic throughout life, although the lesions may
occasionally cause seizures, vertigo, cranial nerve dys-
function, visual changes, and dizziness.’*!* In a recent
study, Sayama et al.”?” reported that 28.6% of large capil-
lary telangiectasias (> 1 cm) were symptomatic, whereas
none of the small ones were.

Capillary telangiectasias are visualized as small en-
hancing lesions on contrast-enhanced MR imaging se-
quences and demonstrate a signal intensity loss on gradi-
ent-echo sequences.”> They are angiographically occult
and are not usually seen on CT scan.

Capillary telangiectasias are benign lesions that do
not require any treatment or follow-up.

Conclusions

Incidentally discovered intracranial vascular ab-
normalities are increasingly coming to the attention of
neurosurgeons with the ubiquitous availability of high-
quality, noninvasive imaging studies. Lesions such as in-
tracranial aneurysms, AVMs, CAs, DVAs, and capillary
telangiectasias may be incidentally discovered on brain
imaging studies. Each pathological entity is associated
with its own unique natural history, and management
must be tailored to the type of lesion and individual cir-
cumstances of a given patient. In the present article we
have attempted to provide an evidence-based resource to
guide neurosurgeons in the management of these inciden-
tally discovered intracranial vascular abnormalities. The
quality and quantity of evidence, however, remains lim-
ited, and further studies are needed to elucidate the most
appropriate management strategy in many situations.
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Editorial

Small incidentally found aneurysms

RoBERT A. SoLomoN, M.D.

Department of Neurological Surgery, Columbia University, New
York, New York

The management of small unruptured aneurysms
continues to be one of the more controversial topics in
neurological surgery. Unfortunately, selection of patients
for conservative management, endovascular treatment, or
microsurgical clipping relies on an inexact science, with
a lack of data and continually evolving technology. These
issues, along with a minimal rate of complications in all
3 treatment arms, make design of a meaningful clinical
trial extremely difficult. Therefore, clinicians must be sat-
isfied with trying to glean information from single-center
consecutive series as presented in these articles by Dr.
Loumiotis and colleagues.'

In their 3-year study, Loumiotis and colleagues ana-
lyzed data obtained in 212 consecutive patients with in-
cidental aneurysms less than 1 cm in diameter. A total of
125 patients were treated with observation only. These
patients tended to be older and harbor smaller aneurysms
than patients who underwent invasive treatment, but exact
reasons for recommending treatment over observation are
not detailed in these reports. The conservatively treated
patients had the highest death rate due to non-aneurys-
mal causes, presumably reflecting the bias to withhold
treatment from patients with advanced age and medical
comorbidities. Endovascularly treated patients had a 3%
combined serious morbidity and mortality rate, and the
small surgical group had no significant complications.

The clinical experience from this group at the Mayo
Clinic is of course excellent, as might be expected from
such a high-level tertiary referral site. Unfortunately, it is
hard to gain any insight as to how this group of patients
should be treated in other settings. The authors state that
their approach “has been to favor endovascular treatment
over other options when it is judged a feasible and safe
choice.” There is very little science behind this statement,
and in fact little reason not to choose microsurgical clip-
ping as the first-choice treatment option for small unrup-
tured aneurysms, especially in the anterior circulation. In
the Mayo Clinic experience, there were no complications
in the surgical treatment arm. Even in the meta-analysis of
surgical results published in 1998 by Raaymakers et al.,*
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surgical morbidity and mortality for non—giant anterior
circulation aneurysms was 2.7%. In the ISUIA (Interna-
tional Study of Unruptured Intracranial Aneurysms), pa-
tients treated surgically initially fared worse than patients
treated conservatively or endovascularly. However, the
survival curves crossed at 5 years and follow-up results at
8.5 years showed that surgically treated patients did better
than conservatively or endovascularly treated patients.

Loumiotis and colleagues stress that careful patient
selection is key to obtaining excellent results. I have seen
our surgical results improve dramatically with the intro-
duction of endovascular approaches for complex aneu-
rysms. The important reason is that we are not forced to
undertake a surgical procedure that carries a high risk if
there is a good endovascular option. Similarly, high-risk
endovascular treatment should not be undertaken when
there is a good surgical alternative. The exact number of
stented cerebral vessels is not stated in the present report,
but it is interesting that 2 of the serious complications
noted occurred in patients who underwent stent-assisted
coiling. In the “experienced French centers” mentioned
in the authors’ study, there was a 12% serious morbidity
and mortality rate in patients treated with stent-assisted
coiling.?

Although there were no cases of aneurysm rupture in
this series, follow-up is limited. The anatomical oblitera-
tion rate was only 20% in the endovascular group, and
in the long term these patients may still be at risk for
subarachnoid hemorrhage. In my experience, the surgical
risk for a small anterior circulation aneurysm is under
3%, about the same as the endovascular risk for simple
coiling. In young healthy patients, microsurgical clipping
may be a better option than coiling, because the risks are
similar but the long-term obliteration rate is better with
surgery. Patients in whom a stent is required can be of-
fered a lower-risk procedure with surgery, and therefore
stenting of incidental aneurysms should be reserved for
cases in which the surgical risk is high, like large para-
clinoid aneurysms and posterior circulation aneurysms.

I agree with the authors that patients with small inci-
dental aneurysms need to be considered individually on
the basis of age, aneurysm anatomy, and the individual’s
emotional state. Expectant observation is usually the
best course of action, but treatment should be offered
to younger patients with larger aneurysms for which the
likelihood of excellent surgical or endovascular outcome
is high.


http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11234
http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11237
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ic, Rochester, Minnesota

We thank Dr. Solomon for his thoughtful analysis of
our study. We agree that the management of small inci-
dental aneurysms poses significant challenges, and there
are many unanswered questions that remain regarding
the lesion’s natural history as well as the risks and ef-
ficacy of different treatment modalities. However, we feel
that, despite logistic challenges, a meaningful study to
answer some of these questions can and should be done
so that our decisions can be based on more scientific evi-
dence. Optimally, such a study would be in the form of
a randomized trial. It is understood that the challenges
and feasibility of such a trial would be significant but
should not be insurmountable. As an initial step, a pro-
spective, all-inclusive registry of small aneurysms—with
both short- and long-term follow-up data, and including
repeat images, neuropsychological outcomes, and objec-
tive measures of quality of life—would clarify the risks
of treatment, risk of bleeding for untreated aneurysms,
and the role/frequency of radiological follow-up for aneu-
rysms treated conservatively.

In our series, recommendations for either invasive

Editorial

treatment or conservative management were based on mul-
tiple factors that included aneurysm-related characteristics
(location, size, shape, and perceived risks of treatment) and
patient-related factors (age, comorbidities/life expectancy,
attitude toward knowledge of harboring an intracranial an-
eurysm, presence or absence of family history and/or risk
factors known to be associated with aneurysm formation
and growth such as smoking and hypertension, and a pa-
tient’s preference for one option over the other). Once we
recommend treatment, we prefer endovascular treatment
when feasible and safe because patients usually better tol-
erate it. We agree that stent-assisted coiling carries a higher
risk than simple coiling alone, and for small aneurysms we
consider this technique almost exclusively for wide-necked
small basilar bifurcation aneurysms.

Our reliance on endovascular treatment of unrup-
tured aneurysms (unlike ruptured aneurysms for which
there is firm scientific evidence to support the benefit of
coil embolization over surgical clipping) is not based on
strong scientific evidence. However, there are some prac-
tical observations that would support our position. 1) We
know from ISAT (International Subarachnoid Aneurysm
Trial) that the risk of rebleeding associated with a previ-
ously ruptured intracranial aneurysm 1 year after endo-
vascular treatment is exceedingly low. Thus, it is reason-
able to assume that the risk of rupture is even lower (than
a ruptured aneurysm) for a previously unruptured small
aneurysm treated with coil embolization. 2) Despite thou-
sands of unruptured small aneurysms treated each year
with endovascular coil embolization, the rupture of a pre-
viously unruptured small incidental aneurysm remains
an extremely rare event. In ISUIA (International Study
of Unruptured Intracranial Aneurysms), investigators ob-
served 9 documented ruptures of the treated aneurysm
during the follow-up period in the endovascular cohort,
and all but one rupture involved large or giant aneurysms
(ISUIA III, unpublished data). The only rupture of a small
aneurysm occurred in a patient with an 8-mm-diameter
middle cerebral artery aneurysm. We certainly agree that
because of the lack of rigorous scientific evidence on the
efficacy and safety of endovascular treatment for small
unruptured aneurysms, it is imperative that we move for-
ward with a well-designed multicenter prospective study.
The ISUIA investigators are dedicated to conducting such
a study. Unfortunately, there has been ongoing resistance
to the idea of such a study, and the logistics of organiz-
ing such a trial and the feasibility of patient enrollment
have been used as an excuse to perpetuate obstruction-
ism. (DOI: 10.3171/2011.9. FOCUS11259)
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Small (< 10-mm) incidentally found intracranial aneurysms,
Part 1: reasons for detection, demographics, location, and
risk factors in 212 consecutive patients

Ioannis LoumioTis, M.D.,! ANNE WAGENBACH, R.N., C.N.P.,2 RoBerT D. BROWN JR., M.D.,?
AND GIUSEPPE LANZINO, M.D.?

'Department of Surgery, University of Arizona, College of Medicine, Tucson, Arizona; and Departments of
’Neurologic Surgery and ’Neurology, Mayo Clinic, Rochester, Minnesota

Object. The widespread use of imaging techniques for evaluating nonspecific symptoms (vertigo, dizziness,
memory concerns, unsteadiness, and the like) and focal neurological symptoms related to cerebrovascular disease has
led to increased identification of asymptomatic incidentally discovered unruptured intracranial aneurysms (UIAs).
The management of these incidental aneurysms is controversial and many factors need to be considered. The authors
describe reasons leading to diagnosis, demographics, and risk factors in a large consecutive series of patients with
small incidentally found UIAs.

Methods. The authors prospectively evaluated 335 patients harboring 478 small (< 10-mm) UIAs between Janu-
ary 2008 and May 2011. Patients with known aneurysms, possibly symptomatic aneurysms, arteriovenous malforma-
tion—related aneurysms, patients with a history of subarachnoid hemorrhage from another aneurysm, and patients har-
boring extradural aneurysms were excluded from the analysis. Only truly incidental small aneurysms (272 aneurysms
in 212 patients) were considered for the present analysis. Data regarding the reason for detection, demographics,
location, and presence of potential risk factors for aneurysm formation were prospectively collected.

Results. There were 158 female (74.5%) and 54 male (25.5%) patients whose mean age was 60.6 years (median
62 years). The most common reason for undergoing the imaging study that led to a diagnosis of the aneurysms was
evaluation for nonspecific spells and symptoms related to focal cerebrovascular ischemia (43.4%), known/possible
intracranial or neck pathology (24%), and headache (16%). The most common location (27%) of the aneurysm was
the middle cerebral artery; the second most common (22%) was the paraclinoid internal carotid artery (excluding
cavernous sinus aneurysms). Sixty-nine percent of patients were current or prior smokers, 60% had a diagnosis of
hypertension, and 23% had one or more relatives with a history of intracranial aneurysms with or without subarach-
noid hemorrhage.

Conclusions. Small incidental UIAs are more commonly diagnosed in elderly individuals during imaging per-
formed to investigate ill-defined spells or focal cerebrovascular ischemic symptoms, or during the evaluation of
known or probable unrelated intracranial/neck pathology. Hypertension, smoking, and family history of aneurysms
are common in this patient population, and the presence of these risk factors has important implications for treatment
recommendations. Although paraclinoid aneurysms (excluding intracavernous aneurysms) are uncommon in patients
with ruptured intracranial aneurysms, this location is very common in patients with small incidental UIAs.

(DOI: 10.3171/2011.9.FOCUS11234)
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performed for evaluation of vague and nonspe-

cific symptoms and concerns, have increased the
detection of asymptomatic small UIAs. There is a large
body of literature on the natural history and treatment
(surgical or endovascular) of UIAs. Most studies have
combined aneurysms of various sizes and various clinical
presentations (history of SAH from another aneurysm,

l l IGH-resolution modern imaging techniques, often

Abbreviations used in this paper: ICA = internal carotid artery;
SAH = subarachnoid hemorrhage; UIA = unruptured intracranial
aneurysm.
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symptomatic aneurysms, and so on). There is little infor-
mation on the variables that compel a patient to undergo
imaging that leads to aneurysm detection, demographics,
and risk factors for aneurysm formation in patients with
truly incidental small UIAs, which represent the majority
of intracranial aneurysms in a modern clinical practice.
In this study, we analyze the reasons leading to detection,
demographic data, and risk factors in a large contempo-
rary consecutive series of 212 patients with 272 small in-
cidentally discovered aneurysms evaluated in a 40-month
period.


http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11259
http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11237

Methods
Data Collection

The study was approved by the local institutional re-
view board. We reviewed a prospectively maintained da-
tabase on consecutive patients with UTAs evaluated by the
senior author (G.L.) from January 2008 until May 2011.
Information collected included demographic data, factors
that led to the discovery of the target aneurysm, potential
risk factors for intracranial aneurysm formation and rup-
ture (smoking, hypertension, and family history of intra-
cranial aneurysms and aneurysmal SAH), known medi-
cal disorders associated with an increased occurrence of
UlAs, and aneurysm location, size, and multiplicity. Aneu-
rysm size was measured using digital subtraction angiogra-
phy when available; otherwise, measurement was obtained
from the available CT/MR angiograms.

Inclusion and Exclusion Criteria

For the purpose of this study, patients were consid-
ered only if they harbored a UTA =< 10 mm in diameter (in
patients with multiple aneurysms, the largest one could
measure < 10 mm in diameter) and if the aneurysm was
discovered incidentally—that is, there was no correla-
tion between symptoms/complaints leading to aneurysm
detection and the aneurysm itself. We excluded patients
with cranial nerve palsies related to the aneurysm, pa-
tients with localized pain that could be referable to the
aneurysm (for example, ipsilateral retroorbital pain in pa-
tients with posterior communicating artery aneurysms),
and patients presenting with ischemic symptoms consid-
ered to be possibly related to the aneurysm. Patients with
unruptured aneurysms identified during investigation for
SAH from another aneurysm were also excluded. Be-
cause of the different natural history and the notion that
no treatment is indicated in such cases, patients with in-
cidentally found extradural aneurysms located in the cav-
ernous sinus were excluded from further analysis. Only
patients with newly discovered aneurysms were consid-
ered. Patients with known small incidental aneurysms
that had already been followed before by other physicians
were excluded. Patients with an aneurysm and associated
arteriovenous malformation were excluded. Treatment
recommendations and management of this cohort are
specified in the accompanying manuscript.?

Statistical Analysis

To determine whether a difference observed between
the groups was statistically significant, we used a 2-sided
t-test for continuous data and the chi-square test for cat-
egorical variables. The Fisher exact test was used when
more than 20% of the tables had a value less than 5. All
statistical analysis was performed using JMP software
version 9.0.1 (SAS Institute Inc.). A predefined p value
of 0.05 was considered the cutoff point of statistical sig-
nificance.

Results
Patient Population

During the study period, the senior author (G.L.)
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evaluated 335 patients (254 females [75.8%] and 81 males
(24.2%]) with 478 small, unruptured saccular aneurysms.
Excluded from further analysis were 79 patients (23.6%)
with known aneurysms already being followed, 11 patients
(3.3%) with unruptured aneurysms found during investiga-
tion for SAH from a different aneurysm, 26 patients (7.8%)
with small, potentially symptomatic aneurysms, and 2 pa-
tients (0.6%) with aneurysms associated with an intracra-
nial arteriovenous malformation. Two hundred seventeen
patients (64.8% of the entire cohort) were evaluated for
278 newly discovered incidental small UIAs. Five of these
patients only had incidental aneurysms located in the cav-
ernous sinus and were also excluded from further analysis.
Thus, 212 patients (63.3%) with 272 small incidental aneu-
rysms are the focus of this study. Reasons for performing
the imaging study that led to the discovery of the aneu-
rysms are summarized in Table 1.

The mean age of the patient population was 60.6 years
(median 62 years, range 25—88 years). There were 158
women (74.53%) and 54 men (25.47%). Demographics and
potential risk factors for aneurysm formation/growth at the
time of presentation are summarized in Table 2.

Aneurysm Characteristics

The most common aneurysm location was the mid-
dle cerebral artery and the second most common location
was the paraclinoid region of the ICA and the anterior
communicating artery—anterior cerebral artery complex.
Aneurysm characteristics are summarized in Table 3.
The mean size of the aneurysms was 5.5 mm (in patients
with multiple aneurysms, only the largest aneurysm was
considered for this calculation).

Discussion

With the widespread use of noninvasive imaging tech-

TABLE 1: Reasons leading to the diagnosis of small incidental
UlAs in 212 consecutive patients*

No. of
Reason for Imaging Patients (%)

evaluation for a known/probable head or neck pathology 51 (24.06)

(tumor, carotid disease, multiple sclerosis, giant cell

arteritis, refractory epistaxis, trigeminal neuralgia,

thyroid disease, ENT pathology, etc.)
evaluation for headache not related to aneurysm (mi- 34 (16.04)

graine, tension type, cluster, chronic)
evaluation for trivial head trauma/motor vehicle accident 12 (5.66)
evaluation for nonspecific spells (lightheadedness, verti- 92 (43.4)

go, visual blurring, memory complaints, confusion,

transient global amnesia, tinnitus, tremor, etc.) or

symptoms related to focal cerebrovascular ischemia
screening in patients w/ family history 9 (4.25)
evaluation for cancer staging 4(1.89)
others 10 (4.72)
overall 212

* ENT = ear, nose, and throat.
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TABLE 2: Demographic data in patients with small incidental
intracranial aneurysms

No. of Cases/

Variable Value (%)
sex
female 158
male 54
female/male ratio 2.92:1
age on presentation (yrs)
mean 60.6
median 62
range 25-88
risk factors
tobacco use
never 67 (31.6)
past 79 (37.3)
current” 66 (31.1)
family historyt
none 158 (76.5)
1 relative 30 (14.2)
>1 relative 18 (8.5)
not applicable 6(2.8)
hypertension
no 84 (39.6)
yes 128 (60.4)
miscellaneous history
fibromuscular dysplasia 3
autosomal dominant polycystic kidney disease 2

* Current tobacco use also includes those patients who reported quit-
ting smoking within 12 months of evaluation.
T History of intracranial aneurysm or aneurysmal SAH.

niques, small incidentally found UIAs are detected with in-
creasing frequency. More commonly these aneurysms are
detected in patients undergoing imaging evaluation for ill-
defined spells and symptoms related to focal cerebrovascu-
lar ischemia (43%). Other common reasons for performing
an imaging study, which in turn leads to the discovery of a
small aneurysm, include evaluation for a known or proba-
ble intracranial and neck lesion (24%), as well as headache/
migraine not related to the aneurysm (16%). When a small
intracranial aneurysm is detected, the treating physician is
often left with a significant management dilemma. The ma-
jority of small aneurysms probably endure without rupture.
However, the risk of rupture is not nil, and more impor-
tantly, when aneurysms do rupture, the prognosis is poor.?

I1l-defined spells, symptoms of focal cerebrovascu-
lar ischemia, and known or probable intracranial or neck
pathology are more common with advanced age, and a
large number of intracranial aneurysms are diagnosed in
elderly individuals. This is reflected in the age (mean 60.6
years, median 62 years) of patients with small incidental
intracranial aneurysms in our series. Advanced age is a
factor associated with a higher risk of complications from
treatment.® Elderly patients are also less likely to benefit
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TABLE 3: Characteristics of incidental small UIAs*

Variable No. of Cases/Value (%)
no. of patients 212
overall no. of aneurysms 272
no. of patients w/ multiple aneurysms 41(19.34)
location
cavernous 8(2.9)1
ICA 107 (39.3)
paraclinoid 60
ICA-PCoA 28
ICA-AChA 5
ICA-bifurcation 14
ACoA-ACA 55(20.2)
MCA 74 (27.2)
vertebrobasilar 28 (10.3)
BA 22
BA-PICA 4
BA-SCA 2
size (mm)F
mean max diameter 55+2.09§
median 5.0
range 2-10

* ACA = anterior cerebral artery; AChA = anterior choroidal artery;
ACoA = anterior communicating artery; BA = basilar artery; MCA =
middle cerebral artery; PCoA = posterior communicating artery; PICA
= posterior inferior cerebellar artery; SCA = superior cerebral artery.

T In patients with coexisting small incidental aneurysms in other loca-
tions.

T Calculation is based on the maximum diameter of the largest aneu-
rysm in patients who harbored multiple aneurysms.

§ Mean value presented + SD.

from treatment because of their shorter life expectancy
and the lesion’s low annual risk of rupture. Diagnosis of
a small incidental UIA in patients of advanced age is not
uncommon. Invasive treatment, however, should be con-
sidered only in selected cases. Many patients with UIAs
are already receiving or may need anticoagulation or an-
tiplatelet therapy, given the high incidence of cardiovas-
cular disorders. In such cases, we recommend proceeding
with anticoagulation or antiplatelet therapy if clinically
indicated irrespective of the status (treated or untreated)
of the aneurysm. This recommendation is based on the
very benign natural history of small unruptured inci-
dental aneurysms and on the fact that anticoagulation
or antiplatelet therapy per se does not increase the risk
of aneurysm rupture. In no case did the need of starting
antiplatelet or anticoagulation therapy influence our rec-
ommendation for management of the aneurysm. Smoking
and hypertension are known risk factors for aneurysm
formation and rupture.**’ In our series, 68% of patients
were either current or past smokers and 60% had known
hypertension. In patients who are cigarette smokers, ap-
propriate counseling and medical managements strate-
gies should be implemented to increase the likelihood of

3



smoking cessation. Elevation in blood pressure consis-
tent with hypertension should be treated to attain normal
blood pressure levels and should be monitored closely
over time. It is noteworthy that in part because of the as-
sociation of smoking and hypertension with intracranial
aneurysms, the overall long-term health of these patients
is mostly influenced by the development of cardiovascular
disease and cancer rather than rupture of the aneurysm.
Therefore, smoking cessation and control of hypertension
and other atherosclerosis risk factors may be as effective
as successful treatment of the aneurysm. In our series,
only 4% of aneurysms were discovered during screening
based on a familial history of aneurysms. However, 23%
of patients had a history of intracranial aneurysms with or
without SAH in at least one relative. Patients with a fam-
ily history of aneurysmal SAH are often quite distressed
by the knowledge of having an intracranial aneurysm
because they have witnessed the sequelae of aneurysmal
rupture. In these patients, invasive treatment of the an-
eurysm is often considered because of the stress and the
effects on the patient’s quality of life. Moreover, prelimi-
nary data from the Familial Intracranial Aneurysm study"
may suggest a more aggressive natural history for small
intracranial aneurysms in first-degree relatives of patients
with aneurysmal SAH.

The location distribution of small incidental UIAs
is slightly different than the distribution of small rup-
tured aneurysms. In particular, there is a preponderance
of paraclinoid aneurysms (approximately 22% of the to-
tal, after excluding extradural intracavernous aneurysms)
while these aneurysms, especially when small, are uncom-
mon in patients with aneurysmal SAH.3> This observation
may suggest that the natural history of small paraclinoid
aneurysms may be more benign than small aneurysms in
other locations, and aneurysm location should be consid-
ered when making treatment recommendations. Such dif-
ference in rupture rate by UIA location has been noted in
large natural history studies, when considering aneurysms
of all locations and sizes.?

Conclusions

In our study, small incidental UTAs were more com-
monly diagnosed in elderly individuals during imaging
studies obtained for investigation of ill-defined spells and
symptoms related to focal cerebrovascular ischemia, or
for the evaluation of known or probable other intracra-
nial/neck pathological entities. Hypertension, smoking,
and family history of intracranial aneurysm or SAH are
quite common in this patient population, and the presence
of these risk factors has important implications for treat-
ment recommendations. Although paraclinoid aneurysms
(excluding intracavernous aneurysms) are quite uncom-
mon among patients with ruptured intracranial aneu-
rysms, this location is the most common in patients with
small incidental UIAs.

I. Loumiotis et al.
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Small (< 10-mm) incidentally found intracranial aneurysms,
Part 2: treatment recommendations, natural history,
complications, and short-term outcome in 212 consecutive
patients

Ioannis Loumioris, M.D.,! RoBERT D. BROWN JRr., M.D.,’ RoANNA VINE, R.N.,*
HARrry J. CLOFT, M.D., Pa.D.,* Davip F. KaLLMES, M.D.,* AND GIUSEPPE LANzZINO, M.D.2*

'Department of Surgery, University of Arizona, College of Medicine, Tucson, Arizona; and Departments of
’Neurologic Surgery, ’Neurology, and *Radiology, Mayo Clinic, Rochester, Minnesota

Object. The management of incidental small unruptured intracranial aneurysms (UIAs) is controversial and
many factors need to be considered in the decision-making process. The authors describe a large consecutive series
of patients harboring small incidental intracranial aneurysms. Treatment strategy, natural history, complications, and
short-term outcomes are presented.

Methods. Between January 2008 and May 2011, the authors prospectively evaluated 212 patients with 272 small
(< 10-mm) incidental aneurysms. Treatment recommendations (observation, endovascular treatment, or surgery),
complications of treatment, and short-term outcomes were assessed.

Results. Recommended treatment consisted of observation in 125 patients, endovascular embolization in 64, and
surgery in 18. Six patients were excluded from further analysis because they underwent treatment elsewhere. In the
observation group, at a mean follow-up of 16.7 months, only 1 patient was moved to the embolization group. Seven
(6%) of the 125 patients in the observation group died of causes unrelated to aneurysm. Sixty-five patients underwent
69 embolization procedures. The periprocedural permanent morbidity and mortality rates in patients undergoing
endovascular treatment were 1.5% and 1.5%, respectively (overall morbidity and mortality rate 3.0%). In the surgery
group no periprocedural complications were observed, although 1 patient did not return to her previous occupation.
No aneurysmal rupture was documented in any of the 3 treatment groups during the follow-up period.

Conclusions. A cautious and individualized approach to incidental UIAs is of utmost importance for formulation
of a safe and effective treatment algorithm. Invasive treatment (either endovascular or surgery) can be considered
in selected younger patients, certain “higher-risk” locations, expanding aneurysms, patients with a family history
of aneurysmal hemorrhage, and in those who cannot live their lives knowing that they harbor the UIA. Although
the complication rate of invasive treatment is very low, it is not negligible. The study confirms that small incidental
UIAs deemed to be not in need of treatment have a very benign short-term natural history, which makes observation
a reasonable approach in selected patients. (DOI: 10.3171/2011.9.FOCUS11237)

Key Worps ©  brain aneurysm ¢  embolization

subarachnoid hemorrhage ¢ stroke

cerebral angiography

ANAGEMENT of small incidentally discovered
MUIAS is controversial. The prospective yearly

risk of rupture is very low, particularly in se-
lected locations, but outcome once rupture occurs is dis-
mal.>-* Despite advancements in neuroendovascular and
microsurgical techniques, however, there is still some
risk of invasive treatment.'"!3 Several studies have fo-
cused on the results of specific treatments (for instance,

Abbreviations used in this paper: ACA = anterior cerebral artery;
ACoA = anterior communicating artery; BA = basilar artery; ISUIA
= International Study of Unruptured Intracranial Aneurysms; MCA
= middle cerebral artery; NIS = Nationwide Inpatient Sample; PCoA
= posterior communicating artery; SAH = subarachnoid hemorrhage.
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medical, endovascular, or surgical treatment) in patients
with unruptured aneurysms. The ISUIA"® was a large
multicenter study with retrospective and prospective co-
horts of patients with unruptured aneurysms undergoing
observation, surgery, or endovascular treatment. How-
ever, patients enrolled in the ISUIA were treated in the
1990s, and therefore treatment outcomes do not neces-
sarily reflect current practice, particularly for those pa-
tients who underwent endovascular treatment. Therefore,
the optimal management of these small incidental UIAs
remains uncertain. In the present study, we analyze treat-
ment recommendations, natural history, and short-term
outcomes in a large consecutive contemporary series of
212 patients with 272 small incidental aneurysms.


http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11259
http://thejns.org/doi/abs/10.3171/2011.9.FOCUS11234

Methods

The study was approved by the local institutional re-
view board. We reviewed a prospectively maintained da-
tabase of consecutive patients with UIAs evaluated by the
senior author (G.L.) from January 2008 until May 2011.
Information collected included demographic data, factors
that led to the discovery of the target aneurysm, potential
risk factors for intracranial aneurysm formation and rup-
ture (smoking, hypertension, and family history of intra-
cranial aneurysms and aneurysmal SAH), known medi-
cal disorders associated with an increased occurrence of
UIAs, and aneurysm location, size, and multiplicity. An-
eurysm size was measured using digital subtraction an-
giography when available; otherwise, measurement was
obtained from the available CI/MR angiograms. Patient
inclusion and exclusion criteria, associated medical con-
ditions, risk factors, demographics, and factors leading to
diagnosis have been described in detail in the accompa-
nying manuscript.’

The natural history of incidental aneurysms and the
risks of treatment (observation and correction of risk fac-
tors, embolization, or surgery) were routinely discussed
with the patients and their family members, and a final
recommendation was made based on various factors that
included aneurysm characteristics (location, size, shape,
geometry, and presence of calcifications), the individual
patient’s characteristics (age, comorbidities, risk factors,
family history, and personality), and the patient’s prefer-
ence. Reasons for recommending observation or invasive
treatment were also prospectively annotated. In some pa-
tients the final decision before recommending treatment
was based on additional high-resolution 3D angiography
studies to better assess characteristics of the aneurysm as
well as potential risks of treatment.

Except for extenuating circumstances (such as very
advanced age or important medical comorbidities limit-
ing life expectancy), patients with newly diagnosed aneu-
rysms undergoing observation usually received a recom-
mendation to have a follow-up noninvasive imaging study
after 612 months to document stability of the aneurysm,
with repeat imaging performed intermittently over time.
In patients undergoing treatment, the type of treatment
(surgical or endovascular) and details of treatment were
collected. Any clinical complication resulting in a tran-
sient or permanent deficit was recorded. Length of hos-
pital stay in treated patients was annotated. Follow-up
information was obtained regularly through office visits
where patients were asked to rate themselves on the mod-
ified Rankin Scale or they were contacted over the phone
by a nurse practitioner or a nurse who was not directly
involved with patients’ treatment. Short-term and long-
term cognitive outcomes were not available in this cohort.

Statistical Analysis

To determine whether a difference observed between
the groups was statistically significant, we used a 2-sided
t-test for continuous data and a chi-square test for cat-
egorical variables. The Fisher exact test was used when
more than 20% of the tables had a value less than 5. All
statistical analysis was performed using JMP software
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version 9.0.1 (SAS Institute Inc.). A predefined p value
of 0.05 was considered the cutoff point of statistical sig-
nificance.

Results
Patient Population

Two hundred seventeen patients (64.8% of the entire
cohort of patients with unruptured aneurysms evaluated
by the senior author during the study period) were as-
sessed for 278 newly discovered incidental small aneu-
rysms. Five of these patients had 6 small incidental an-
eurysms located within the cavernous sinus and were
also excluded from further analysis. Thus, 212 patients
(63.3%) with 272 small incidental aneurysms are the fo-
cus of this study.

Aneurysm Characteristics and Treatment
Recommendations

Aneurysm location and size are summarized in Table
1. The mean size of the aneurysms was 5.5 mm (in pa-
tients with multiple aneurysms, only the largest aneurysm
was considered for this calculation). The recommended
treatment was observation with risk factor control in 126

TABLE 1: Characteristics of incidental small UIAs*

Characteristic Value (%)
no. of patients 212
overall no. of aneurysms 272
no. of aneurysms treatedt 89 (32.7)
no. of patients w/ multiple aneurysms 41 (19.34)
location of aneurysm
cavernous 8 (2.9)f
ICA 107 (39.3)
paraclinoid 60
ICA-PCoA 28
ICA-AChA 5
ICA-bifurcation 14
ACoA/ACA 55 (20.2)
MCA 74 (27.2)
vertebrobasilar 28 (10.3)
BA 22
BA-PICA 4
BA-SCA 2
maximum diameter (mm)§
mean 55+2.091
median 5.00
range 2-10

* AChA = anterior choroidal artery; ICA = internal carotid artery; PICA
= posterior inferior cerebellar artery; SCA = superior cerebral artery.

T Surgery or embolization.

T In patients with coexisting small incidental aneurysms in other loca-
tions.

§ Calculation is based on the maximum diameter of the largest aneu-
rysm in patients with multiple aneurysms.

9 Mean value presented + SD.
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cases (57.8%), endovascular in 72 cases (33%), and surgi-
cal in 20 cases (9.2%). Six patients were considered in the
analysis of recommended treatment but excluded from
further follow-up analysis because they elected to under-
go treatment elsewhere. Recommended treatment in these
6 patients was endovascular embolization in 4, surgery in
1, and observation in 1. Table 2 summarizes demographic
data and aneurysm size and location in the 3 manage-
ment cohorts (in patients with multiple aneurysms, only
the largest aneurysm is considered). Figure 1 illustrates
management approach stratified by age.

Observation Group. Included in this group are 125
patients with 160 aneurysms representing 58.9% of the
212 patients with small incidental UIAs. The most com-
mon reasons for selecting observation were (either alone
or in combination) age, presence of comorbidities, lack of
risk factors, “benign” appearance of the lesion, imaging-
documented location of the aneurysm, and patient prefer-
ence for observation.

There were 2 complications in the observation group
among patients who underwent digital subtraction angi-

TABLE 2: Summary and comparison of the 3 management cohorts*

ography for aneurysm definition. One patient suffered a
dissection of his femoral artery without significant clini-
cal sequelae. The second patient, a 65-year-old woman,
was evaluated for an unexplained left cranial nerve VI
palsy in the setting of a complicated medical history. She
was found to have an incidental left MCA aneurysm and
endovascular treatment was recommended, but emboliza-
tion was not carried out because 2 large vessel branches
arose from the aneurysm neck, and treatment was con-
sidered to be extremely risky. One day following digital
subtraction angiography, the patient was admitted with
left facial weakness and left upper-extremity weakness.
Magnetic resonance imaging of the brain demonstrated
subacute infarcts in the right basal ganglia region. The
patient was discharged 4 days later and her symptoms
gradually improved.

Most of the patients in the observation group were ad-
vised to undergo follow-up imaging within 6—-12 months
to document the stability of the aneurysm.

Clinical follow-up was available for 122 patients
(97.6%) after a mean of 16.7 months (median 15.1 months).
Seven patients (5.73%) died after an average of 14.31

Management Approach
Characteristic Observation Endovascular Surgery p Valuet
no. of patients (M/F)3 126 (34:92) 68 (15:53) 19 (5:14)
no. of patients treated (M/F) 125 (33:92) 64 (13:51) 18 (5:13)
no. of procedures NA 68 19

mean age in yrs (range)j
no. of patients

64.4 + 11.8 (27-88)

55.34 + 111 (30-79)

53.36 +8.36 (25-66) ) <0.001; b) <0.001; ¢) 0.5008

>65 yrs 72 (57.1%) 13 (19.1%) 1(5.3%) <0.001
w/ multiple aneurysms 22 (17.4%) 13 (19.1%) 7 (36.8%)
aneurysm characteristic
total no. 160 89 25
size (mm)§
mean( 4.91+2.02 6.37 £1.93 5.84 +1.98 a) <0.001; b) 0.058; c) 0.305
range 2-10 3-9.82 3-9
median 4.5 6.76 58
location of treated aneurysms
ICA NA 34 5 <0.001
paraclinoid NA 21 0
ICA-PCoA NA 9 2
ICA-AChA NA 1 1
ICA-bifurcation NA 3 2
ACoA/ACA NA 15 3
MCA NA 5 12
vertebrobasilar NA 14 0
mean length of hospital stay (days){| NA 14 +2.02 27+£115 0.0078

* NA = not applicable.

t Paired t-test between a) observation and embolization, b) observation and surgery, and c) embolization and surgery.
T One patient with 2 aneurysms had 2 different recommended and final treatments: 1 aneurysm was treated with surgery and the other with emboliza-

tion.

§ For the endovascular and surgical groups, size refers to the treated aneurysm’s dimensions.

1 Mean values presented + SD.
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Fie. 1. Bar graph showing age group distribution by management
approach.

months after initial evaluation and the causes were not re-
lated to the aneurysm (pneumonia in 1, cancer in 3, cardiac
arrest in 1, respiratory failure after hypertensive intrace-
rebral hemorrhage in 1, and unknown cause but unrelated
to the intracranial aneurysm in 1). No documented SAH
occurred in this cohort.

At least one type of follow-up angiographic study
(digital subtraction, MR, or CT) was available for 69
(56.5%) of the available patients after a mean interval
of 14.04 months (median 12.06 months). In 3 patients
(4.3%), follow-up imaging studies suggested a possible
increase in aneurysm size. Based on these changes, in-
vasive treatment was recommended for 1 patient with a
basilar trunk aneurysm, whereas in the remaining 2 the
changes were not considered significant and further ob-
servation was recommended. The patient who underwent
treatment was a 73-year-old woman who originally was
evaluated for a possible ischemic stroke and was found
to have an incidental basilar trunk aneurysm. Follow-up
imaging 22.1 months later suggested aneurysm enlarge-
ment, and she underwent stent-assisted coil embolization
(see Endovascular Treatment).

Endovascular Treatment. Our approach has been to
favor endovascular treatment over other options when it
is judged a feasible and safe choice. Because of the very
benign natural history of incidental small UIAs, we have
had a very low threshold for aborting treatment (this oc-
curred in 8 cases) very early in the procedure because of
perception that the procedure posed a higher risk than
the benign natural history of the disease. Management of
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these 8 patients included observation in 5 cases, surgery
in 2, and subsequent stenting in 1 patient in a separate
sitting. Overall, 65 patients (30.6% of 212 patients evalu-
ated for small incidental aneurysms) underwent 69 endo-
vascular procedures for 69 aneurysms (including the case
initially assigned to the observation group). The type of
endovascular treatment is summarized in Table 3.

The mean length of hospital stay in this cohort was
1.4 days (median 1 day). Immediate digital subtraction an-
giography demonstrated complete obliteration in 14 cases
(20.29%), near complete (= 90%) in 46 cases (66.67%),
and incomplete (< 90%) in 9 cases (13.04%).

Complications

Periprocedural Complications (Within the First 30
Days). There were 6 (9.23%/patient, 8.69%/procedure)
periprocedural (within 30 days) complications, which re-
sulted in permanent morbidity in 1 patient (1.53%/patient,
1.45%f/procedure) and death in another patient (peripro-
cedural mortality 1.53%/patient, 1.45%/procedure). Major
periprocedural complications consisted of thrombus for-
mation in 2 patients, ischemia in 2, periprocedural rup-
ture in 1, and death in 1. It is noteworthy that short- and
long-term cognitive outcomes were not available in this
cohort.

In 1 patient, treated for a basilar tip aneurysm, there
was transient development of in-stent thrombosis that re-
solved after initiation of pharmacological therapy with no
sequelae. The patient was discharged on the 1st postop-
erative day without any complaints. The second patient
with a thrombotic complication was a 39-year-old woman
who underwent treatment for a superior hypophyseal and
a BA aneurysm in 2 different sittings. The second proce-
dure (treatment of the BA aneurysm) was complicated by
in-stent thrombosis, which rapidly resolved with systemic
abciximab administration. The patient was discharged on
the 3rd postoperative day without any complaints except
minimal headache. One patient experienced transient
dysarthria following uncomplicated embolization of an
ACoA aneurysm. His symptoms quickly improved, and
he was discharged on the 2nd postoperative day without
any deficits. One additional patient underwent unevent-
ful embolization of a left PCoA aneurysm. She was dis-
charged the following day without any symptoms. She
was readmitted 2 days later with multiple small cerebel-
lar, thalamic, and parietal ischemic strokes that resulted
in a permanent mild disability after hemorrhagic trans-
formation of the parietal lesion. A 60-year-old woman
was evaluated for episodes of transient global amnesia.

TABLE 3: Type of endovascular treatment in 65 patients with 69
aneurysms

Procedure No. of Treated Lesions (%)
coiling 51 (73.91)
stent-assisted coiling 6 (8.70)
balloon-assisted coiling 10 (14.49)
flow diversion 1(1.45)
stent only 1(1.45)
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During embolization of a left PCoA aneurysm, perfora-
tion of the aneurysm sac occurred, causing SAH. The
patient required placement of a temporary external ven-
tricular drain but recovered without sequelae.

The only death in this series occurred after an expand-
ing basilar trunk aneurysm was treated by stent-assisted
coiling in a 74-year-old woman. The procedure was com-
plicated by in-stent thrombosis, and the patient suffered a
thalamic and pontine infarct despite prompt pharmacolog-
ically induced recanalization of the offending thrombus.
Eventually she died after hemorrhagic conversion of the
thalamic infarct.

Minor early-onset complications were observed in 4
patients and consisted of systemic infection treated with
antibiotic therapy (1 patient), groin infection requiring
antibiotic treatment (1 patient), rectal bleeding in 1 pa-
tient receiving dual-antiplatelet therapy, and iatrogenic
non—flow limiting vertebral artery dissection in 1 patient.

Late-Onset Complications. There was one significant
late (> 30-day) complication occurring at approximately
74 months following treatment. This 50-year-old man
underwent an uncomplicated stent-assisted embolization
of an ACoA aneurysm. Catheter angiography performed
1.6 and 7.4 months later suggested partial aneurysm oblit-
eration, progressive coil compaction, and significant an-
eurysm recurrence. The geometry of the aneurysm pre-
cluded further embolization. It was decided to proceed
with surgery and the patient was taken off clopidogrel
first and aspirin afterward. This resulted in thrombus for-
mation around the stent with distal emboli and a disabling
stroke in the ACA territory. The stroke caused permanent
cognitive dysfunction and rendered the patient unable to
return to work. No surgery was performed in this case.

Clinical and Radiological Follow-Up

Imaging follow-up was available in 41 of the patients
(43 procedures); the studies were obtained at an average
of 10.6 months. In the last available imaging evaluation,
obliteration was complete in 21 aneurysms (48.8%), near
complete (= 90% obliterated) in 16 (37.2%), and incom-
plete (< 90% obliterated) in 6 (14%). Angiographic results
in patients with at least 1 follow-up imaging study are
summarized in Table 4. Clinical follow-up (mean 12.6
months, range 0.5-35.6 months) was available in all 64
survivors (after 68 procedures). There was no rupture
documented in this group of patients and there were no
new symptoms that could be ascribed to the aneurysm.
No patient underwent repeat embolization for residual/
recurrent aneurysm.

Surgery. In the period between January 2008 and
May 2011, 18 patients underwent craniotomy for the treat-
ment of small incidentally discovered UIAs, representing
8.5% of the total number of patients. Surgical treatment
was considered when the aneurysm was deemed not to
be amenable to endovascular treatment based on aneu-
rysm characteristics and patient-related factors. Eighteen
patients underwent 19 procedures for 20 aneurysms: 16
patients with 16 aneurysms and 2 patients with 2 aneu-
rysms each. All of the treated aneurysms were treated
by clipping. Table 2 provides a summary of patient de-
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TABLE 4: Comparison of immediate and final angiographic
occlusion rates in a subgroup of patients who underwent
immediate and final follow-up imaging

No. of Procedures (%)
Immediate Occlusion

Extent of Occlusion Rate Final Occlusion Rate
complete (100%) 11 (25.6) 21(48.8)
near complete (=90%) 28 (65.1) 16 (37.2)
incomplete (<90%) 4(9.3) 6 (14)

mographics as well as characteristics of the treated an-
eurysms. The mean length of hospital stay in patients
undergoing surgery was 2.7 days (range 1-5 days, me-
dian 3 days). There were no periprocedural transient or
permanent neurological deficits in this small subgroup.
However, 1 patient, a 51-year-old woman with a small
MCA aneurysm, did not return to her previous occupa-
tion after surgery. She was discharged on the 2nd post-
operative day after uncomplicated aneurysm clipping. A
month later she started complaining of fatigue, memory
issues, and problems with focus and concentration. At the
last follow-up, 16.3 months following surgery, she had de-
veloped obsessive-compulsive disorder and was unable to
go back to work (modified Rankin Scale score of 2). A
CT scan of the head obtained by her local physician was
reported to show postoperative changes but no evidence
of complications.

Intraoperative indocyanine green angiography in ev-
ery patient and postoperative catheter angiography in se-
lected cases demonstrated complete aneurysm obliteration
in 18 cases (90%) and near-complete obliteration (small
neck remnant) in 2 cases (10%). Clinical follow-up infor-
mation was available for all 18 patients after an average of
14.6 months (median 16.3 months, range 0.1-29.2 months).

Discussion

With the widespread use of noninvasive brain imag-
ing techniques, small incidental intracranial aneurysms
are commonly detected. When a small UIA is found, the
treating physician is often left with a significant manage-
ment dilemma. The majority of small aneurysms likely
do not rupture. However, the risk of rupture of small inci-
dental UIAs, particularly when located in certain regions,
is not zero, and, more importantly, when aneurysms do
rupture, the prognosis is poor.* Although the follow-up
duration in the present study is short, only a few patients
were lost to follow-up (clinical follow-up available in >
95% of patients in the observation cohort). Furthermore,
findings in our observation cohort confirm that the short-
term risk of rupture for those patients deemed not in need
of invasive treatment is very low, as suggested by the fact
that no episodes of aneurysm rupture occurred in the
“observation” group. This observation is consistent with
the results of ISUIA"™ and is in disagreement with some
studies from Japan, although in these latter studies all
patients with unruptured aneurysms, irrespective of size
and symptomatic status, were considered together.!''2 The
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lack of UIA rupture in the follow-up period in our obser-
vation cohort is also in disagreement with another widely
quoted study on the natural history of UIAs by Juvela and
coworkers.”® However, the 2 studies are not comparable
to other studies, including the ISUTA (patients without a
prior SAH), because careful analysis of the Juvela et al.
study reveals that 102 of the 105 patients considered had
an unruptured aneurysm discovered in the setting of a
prior SAH from another aneurysm. It has been reported
that in patients with a history of SAH the aneurysm has
a worse natural history and higher risk of rupture,”® and
these patients were not included in our study because we
focused exclusively on patients with truly incidental un-
ruptured aneurysms.

Given that the natural history of very small incidental
UIAs appears to be benign in Caucasian populations, any
interventional treatment must be carefully considered. The
availability of endovascular techniques has fostered a per-
ception of treatment being available and safe, and there has
been a significant increase in the number of patients with
UIAs evaluated and treated in the past decade.5 Analysis of
data from the NIS shows that the fraction of treated UIAs
managed with endovascular coiling increased from 20% in
2001 to 63% in 2008.2 However, even though endovascular
treatment is relatively well tolerated and less invasive than
open surgery, complications do occur. In our study, there
was 1 permanent periprocedural stroke resulting in minor
disability and 1 periprocedural death, resulting in a com-
bined short-term periprocedural morbidity and mortality
rate of 3%. Given that previous data suggest that adverse
cognitive outcomes are a key contributor to interventional
morbidity and mortality, it is important to note that such
data were not available in the current cohort. These out-
come data are in line with those previously reported. In
a large prospective study on coiling of UIAs conducted
mostly in experienced French centers,'® the periprocedural
morbidity and mortality rates were 3.1% for the standard
approach with coils and 3.7% for the remodeling tech-
nique, respectively. In overall clinical practices, however,
treatment complications are probably higher than noted in
the literature. Following analysis of the NIS, a large ad-
ministrative database containing data on a random sample
of 1000 US hospitals, discharge to a site other than home
(used as a surrogate for perioperative complications) was
4.1% in patients undergoing endovascular treatment and
13.8% in patients undergoing surgery.® Although these NIS
data included unruptured aneurysms of all sizes and there
was no differentiation made between truly incidental and
symptomatic aneurysms, these data underscore once again
that, despite recent progress in techniques, treatment of
UTIAs continues to be associated with serious and clinically
relevant complications.

Ongoing uncertainty regarding risks and benefits
of treating small incidental UIAs can only be clarified
through a well-designed, randomized clinical trial. The
need for such a trial is exacerbated by the large amount
of health care expenditures focused on imaging follow-up
of both treated and observed small aneurysms, as well as
on interventional management for these cases. Although
such a proposed trial will require many years of follow-
up (given the low occurrence of end points in the observa-
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tion group) and significant resources, it is the responsibil-
ity of the medical community to make it happen.

We believe that only a minority of patients with small
incidental intracranial aneurysms should be considered
for treatment, and this belief is in line with current guide-
lines.! Less than one-half of small incidental aneurysms
in our cohort were recommended for treatment. Further-
more, we have maintained a low threshold to abort en-
dovascular procedures if any difficulty is encountered.
Notably, many of the patients were sent to us for a second
opinion after invasive treatment had been recommended
elsewhere. In our opinion, interventional treatment is
likely not indicated in most older patients, for those with
incidental UIAs in specific benign locations such as the
paraclinoid carotid artery and selected other anterior cir-
culation locations, and for those with significant comor-
bid conditions affecting their life expectancy. Factors that
increase the potential recommendation for interventional
treatment include a younger age patient, particularly with
a family history of aneurysmal hemorrhage, a UIA in
a posterior circulation or PCoA location, selected UIA
morphological features, patient perspective regarding the
need for treatment after hearing an unbiased presentation
of the comparison of natural history and risks of inter-
vention, and occurrence of aneurysm growth during the
follow-up period. When these factors were present, espe-
cially in younger patients, invasive treatment was recom-
mended even in those with very small aneurysms, which
explains why some aneurysms as small as 3 and 4 mm
were treated in this cohort.

It is notable that all deaths unrelated to the aneurysm
in our cohort were in the observation group, indicating
that patients with UIAs considered by us not to be in need
of intervention have a substantially greater likelihood of
dying from non—aneurysm related disorders compared
with potential SAH as noted in other large UTA cohort
studies.” It is also important to consider the management
of risk factors for aneurysm formation and rupture in all
patients, including those who undergo observation and
those who undergo intervention. In patients who are ciga-
rette smokers, appropriate counseling and medical man-
agements strategies should be implemented to increase
the likelihood of smoking cessation. Elevation in blood
pressure consistent with hypertension should be treated to
attain normal blood pressure levels and should be moni-
toring closely over time.

Our study has limitations related to being a single-
institution series reflecting treatment recommendations
and primarily the bias of the senior author who has dual
training in surgical and endovascular procedures. In ad-
dition, cognitive outcomes were not available. Neverthe-
less, there are many strengths, including concentration on
a very specific and homogeneous group of patients such
as those with truly incidental small aneurysms, the com-
plete follow-up, having no patient who underwent inva-
sive treatment lost to follow-up, follow-up data available
in more than 95% of the patients who underwent obser-
vation, the strict criteria adopted in reporting complica-
tions (based on patients’ self-assessment of the modified
Rankin Scale score), and inclusion of patients in whom
complications developed in the course of evaluation or
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beyond the “traditional” 30-day time window used to
assess treatment-related complications. Moreover, our
study population represents a contemporary series during
which there have been few changes in terms of technol-
ogy or patient assessment.

Conclusions

We describe our experience in the management of
incidental UIAs. Cautious patient selection can yield ex-
cellent outcomes with minimal morbidity and mortality
even with aggressive approaches. Coil embolization has
the potential to be a cost-effective treatment approach
which, unfortunately, still harbors a finite risk of serious
complications. It is unlikely that this morbidity will de-
crease significantly, especially in view of the fact that an
increasing number of elderly patients are diagnosed with
intracranial aneurysms and the documentation of a high
prevalence of smoking and hypertension in these patients,
which increase the likelihood of atherosclerosis and in-
crease the risk or periprocedural complications.
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Cavernous malformations (CMs) are angiographically occult vascular malformations that are frequently found
incidentally on MR imaging. Despite this benign presentation, these lesions could cause symptomatic intracranial
hemorrhage, seizures, and focal neurological deficits. Cavernomas can be managed conservatively with neuroimag-
ing studies, surgically with lesion removal, or with radiosurgery. Considering recent studies examining the CM’s
natural history, imaging techniques, and possible therapeutic interventions, the authors provide a concise review of

the literature and discuss the optimal management of incidental CMs. (DOI: 10.3171/2011.9. FOCUS11211)

Key Worps
intracranial hemorrhage

formations that consist of thin hyalinized vascular
channels without intervening brain parenchyma.?*
These lesions are surrounded by hemosiderin deposits and
a gliotic margin and may be thrombosed.® While their lo-
cation is variable, 70%—-80% of intracranial CMs have a
supratentorial origin 3
With the increasing availability of MR imaging, the
diagnosis of CM has risen significantly. In fact, prior to
MR imaging, CMs were uncommon, and their evaluation
and management were described only in case reports and
small clinical series.> These vascular lesions are not ap-
parent with diagnostic angiography, given their nature as
low-pressure systems, and thus are known as angiograph-
ically occult vascular malformations.”’” However, im-
provements in radiographic imaging have led not only to
the increased diagnosis of symptomatic lesions, but also
to the incidental discovery of CMs, with 40% of them
now being diagnosed incidentally.® The specific risk as-
sociated with CMs is the occurrence of hemorrhage or
microhemorrhages that can lead to death, neurological
deficits, epilepsy, or perhaps no clinical deficit at all. In

CEREBRAL cavernous malformations are vascular mal-

Abbreviation used in this paper: CM = cavernous malformation.
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cavernous malformation ¢
vascular malformation °

incidental lesion
seizure

this review, we discuss the natural history of CMs, as well
as the risks and benefits of various treatment options.

Cavernous malformations are the most common,
clinically significant vascular anomaly and constitute ap-
proximately 10%—15% of all vascular malformations.®
Their incidence is roughly 0.4%-0.8% in the general
population based on autopsy studies and large MR imag-
ing series.5?*33 They occur throughout the age spectrum,
with 25% occurring in children, although the mean pa-
tient age is in the fourth decade of life.?!

Clinical Presentation

As previously mentioned, approximately 40% of
CMs are incidental, and many patients present with only
a headache (6%—65%).5'*23 Given more frequent MR
imaging studies, incidental CMs are outpacing seizures
as the more frequent presentation. Patients with infraten-
torial CMs that are initially found incidentally have an
increased risk of experiencing a focal neurological defi-
cit. The incidence of asymptomatic CMs in patients pre-
senting with a previously unknown hemorrhage ranges
between 9% and 88%, reflecting the lack of a consistent
classification for hemorrhage regarding CMs.%14.15.20.28.33



Genetics

In 40%—-60% of cases, the lesions are multiple and
a familial inheritance is suggested.” Three distinct gene
foci on chromosomes 7q, 7p, and 3 have been linked to
familial CMs.” Three separate genes, known as CCM1/
KRITI, CCM2/MGC4607, and CCM3/PDCDI0, are im-
plicated in familial CMs and exhibit a Mendelian autoso-
mal dominant inheritance pattern due to a heterozygous
loss-of-function mutation at 1 of the 3 distinct loci.** The
identified proteins encoded by CM genes are expressed in
neural tissue and appear to interact with the cytoskeleton
and interendothelial cell junction proteins during angio-
genesis.** More recent research suggests that there is a
common pathway connecting the protein products of the
CM genes, which ultimately impair endothelial cell-cell
junctions and vasculogenesis.** The discovery and eluci-
dation of these genes, their protein products, and a cellu-
lar pathway hold the clinical promise of a potential target
for molecular and genetic therapies for CMs.**

Imaging Characteristics

Images of CMs are characterized by microhemor-
rhages surrounding the malformation.”?”3! Hemoglobin
degradation products of methemoglobin, hemosiderin,
and ferritin allow for detection on MR imaging.???’ Cav-
ernous malformations are generally characterized on T2-
weighted sequences as areas of mixed signal intensity in
a central complicated core with decreased signal intensity
along a peripheral rim. Gradient echo sequences have also
been advocated as a more sensitive means of diagnosing
CMs because of the more recognizable lesion hypointen-
sities on this sequence. Gradient echo sequencing comes
with the caveat that it may portray a larger apparent size
of the lesion because of the hemosiderin. This illusion of
a larger size may complicate surgical planning if the true
lesion size does not extend to the pial surface, as it can
appear. Susceptibility-weighted imaging has also been
advanced as a more sensitive MR sequence for multifocal
familial lesions given its sensitivity to deoxyhemoglobin
and iron content.” Cavernous malformations are generally
classified into 4 main types based on MR imaging char-
acteristics.”* Type I CMs contain subacute hemorrhage
characterized by a hemosiderin core, which is hyperin-
tense on T1 and T2 sequences. Type II CMs with loculat-
ed areas of hemorrhage are surrounded by gliotic tissue
displaying a reticulated mixed signal on both T1 and T2
sequences with a classic “popcorn” appearance. Type 111
lesions, typically seen in familial CMs, contain chronic
resolved hemorrhage, with T1, T2, and gradient echo se-
quences displaying an isointense lesion. Familial lesions
are also thought to more frequently lack a developmental
venous anomaly, which becomes apparent on contrast-
enhanced MR imaging.!! Type IV lesions appear similar
to telangiectasias and are only seen on gradient echo MR
imaging as small punctate hypointense signals.”’

Risk of Hemorrhage

Studies vary greatly on the risk of subsequent hem-
orrhagic presentation for CMs, depending on the specific
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design of each study. Given the variability in the reported
incidence of hemorrhage, recommendations on surgical
management have been unclear. Earlier population stud-
ies retrospectively reviewing MR imaging documented
symptomatic hemorrhage rates between 0.25% and 2.3%
per patient-year and about 0.1%—-1.4% per lesion-year.>28-3
However, many of these rates were calculated assuming
that the CMs were present at birth, and the risk of hemor-
rhage was calculated considering a patient’s entire lifes-
pan. Prospective studies have demonstrated a rate of hem-
orrhage between 0.8% and 3.8% per patient-year.'+23-2829
This rate was increased in the patients initially presenting
with hemorrhage: 7%—8.9% per patient-year.

In familial CMs, symptomatic hemorrhage rates
have been reported as 6.5% per patient-year and 1.1% per
lesion-year, reflecting the more common tendency for fa-
milial CMs to occur in multiples.®® In this subpopulation
asymptomatic hemorrhage rates were reported to be as
high as 13% per patient-year.* This elevated rate increas-
es the importance of identifying familial CMs perhaps
with new MR imaging sequences such as susceptibility-
weighted imaging. Identifying this subpopulation should
lead to genetic screening and counseling of first-degree
relatives given their potential risk for a hemorrhagic event.

Temporal Clustering

While a hemorrhagic event has been shown to put
patients at an increased risk for subsequent hemorrhages,
it is disputed whether this high-risk period is limited in
terms of time. When looking over time periods for CMs,
Barker et al.’ reported a decline in the hemorrhage risk
2 years after the initial hemorrhagic event. They docu-
mented a decrease in bleeding rates from 2.1% per pa-
tient-month to 0.8% after 28 months. This effect, which
has been termed “temporal clustering,” is important when
analyzing treatment options with limited efficacy until 18
months, when the risk of hemorrhage may decline based
on natural history alone.

Risk Factors for Hemorrhage

Besides the already discussed risk factor of an origi-
nal hemorrhagic event, several other factors can contrib-
ute to a CM’s elevated risk of hemorrhage. A major study
by Porter et al.? delineated the natural history of CMs by
location. When comparing supratentorial and infratento-
rial CMs, the authors found infratentorial lesions to have
an increased risk of hemorrhage (3.8% per patient-year)
as compared with supratentorial CMs (0.4% per patient-
year).”> After analyzing superficial malformations against
CMs located in the brainstem, thalamus, or basal ganglia,
they reported a hemorrhage risk of 0% per patient-year
versus 4.1%, respectively. Multiple retrospective case series
focused on brainstem CMs have documented an elevated
hemorrhage risk rate of 2.5%—-5% per patient-year and a
rate of hemorrhage of 5.1%—-30% per patient-year after an
initial bleeding event.'®122627 Note, however, that a retro-
spective analysis by Tarnaris et al.*® revealed a very low
rate of rehemorrhage, 0.05% per patient-year. Deep CMs
may have a greater risk for hemorrhage or instead are more
likely to have an identified symptomatic event as a result of
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their eloquent location. Several studies have also demon-
strated an elevated risk of hemorrhage in females. Kuper-
smith et al."” reported an increased rate of rehemorrhage in
women (5.9%) compared with that in men (3.3%). Anec-
dotally, an increase in the size of CMs is thought to occur
with frequent microhemorrhages, causing fibrosis and cal-
cification. However, there is no evidence to correlate size
with hemorrhagic risk.

Seizure Development

Seizures are the most common presentation in pa-
tients with symptomatic CMs and are thought to develop
based on the ionic effects of iron deposition.* Seizures
are found to occur in 4.3% of patients after the initial di-
agnosis and in about 2.4% per patient-year. Seizures are
thought to develop from microhemorrhages and forma-
tions of gliosis that surround the CM. Despite this theo-
retical etiology, seizures have not been shown to be a risk
factor for subsequent hemorrhage.*

Surgical Risks and Outcomes

Many surgical series on CMs have demonstrated
good results with operative management, with minimal
surgical morbidity or mortality among patients with le-
sions in the cerebral hemispheres. Amin-Hanjani et al.?
reported no deaths, a 20.6% rate of transient neurological
deficits, and a permanent morbidity rate of 6.2% follow-
ing the treatment of all 97 CMs in 94 patients. The rate of
permanent disability was diminished to 3.2% among pa-
tients with lesions in the cerebral hemispheres compared
with 14.2% among those with brainstem CMs. Similarly,
among patients with lobar CMs, only 4.8% suffered a
neurological decline. The authors also reported their ex-
perience with CMs in which total resection was compli-
cated by the elevated risk of permanent deficit and low
potential for restoring function.

Several studies have reported favorable results, that is,
complete freedom from seizures, after complete resection
of CMs in patients who had presented with seizures. Amin-
Hanjani et al.? reported that 97% of their patients who had
presented with or later demonstrated epilepsy were seizure
free at an average of 1.5 years of clinical follow-up.

Brainstem CMs

Approximately 20%-35% of CMs are found in the
brainstem.! The risk of symptomatic hemorrhage for non-
familial brainstem CMs has been prospectively studied
and reported as 0.25%—6.5% per patient-year.!> As is
the case with more superficial CMs, an increase in the
annual hemorrhagic risk in the context of prior bleeding
ranges from 3.8% to 35%."'> Other studies use “clinical
event rates” as an end point to presume hemorrhage de-
spite radiographic findings, which Porter et al.? note as
10.6% per patient-year for deep CMs. This higher rate is
emblematic of the location of and close association that
brainstem CMs have with adjacent cranial nerve nuclei as
well as motor and sensory tracts. Among brainstem CMs,
60% of all hemorrhages were found to be symptomatic."”

A very high initial postoperative morbidity rate (29%—
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67%) is related to postoperative edema and surgical manip-
ulation.! Several series have reported a tracheostomy and/
or gastrostomy rate of approximately 10%.!62636¢ Moreover,
permanent morbidity and mortality have been estimated to
be around 10%—-36% and 1.1%—2%, respectively, in large
case series.”” The surgical approach is carefully selected
depending on the anatomical location of the lesion and sur-
geon preference. Recurrence rates on follow-up MR imag-
ing after surgical extirpation are as high as 3.4%—-3.5%.!8-28

Mathiesen et al.!® attained complete resection of brain-
stem CMs in only 25 of 69 patients who had undergone
surgical treatment, with a 69% incidence of transient neu-
rological worsening. However, other studies have shown
some promise in achieving a higher rate of complete re-
section with low morbidity. A series of 137 patients who
underwent surgery for brainstem CMs demonstrated a 72%
rate of stability or improvement.*? The indications for treat-
ment in patients with lesions were presentation with neuro-
logical deterioration, grave presentation, overt hemorrhage,
and a lesion location at the surface of the brainstem. Clear-
ly, CMs that reach the pial surface are the most accessible
and lead to the most favorable results. More recently, other
groups would offer resection to all patients with symptom-
atic lesions that are surgically accessible, including intrin-
sic ones not abutting the pial surface.! Only if lesions are
deep-seated and causing mild symptoms are they treated
conservatively.

Radiosurgery

In several series radiosurgery has been advocated as
a treatment option for CMs; however, its efficacy has been
heavily debated. When advocated, its use is generally rec-
ommended only for deep or eloquent CMs with 2 symp-
tomatic hemorrhages and when the operative risk carries
increased morbidity, effectively making the lesions surgi-
cally inaccessible. The option for the patient and treat-
ing neurosurgeon is between radiosurgery and the natural
history of the lesion. Regardless of the lesion location,
reported postradiation rebleeding rates have been from
4% to 15.2% per patient-year. Morbidity and mortality
from radiation injury or rebleeding have been 7%—-21%
and 0%—13%, respectively.??”¥ Liscdk et al.” had noted
improvement in neurological deficits attributed to CMs in
43% of isolated brainstem lesions; edema and rebleeding
in the first 6 months was noted in 28%.

Role of Surgery

No clear consensus has been reached regarding the
role of surgical treatment for CMs. Incidental lesions that
carry no history of neurological deficits have traditionally
been observed. In the absence of symptoms the morbidity
associated with surgery argues for conservative manage-
ment. These guidelines are supported almost exclusively
by modest case series (Level 4 evidence;** Table 1), and
no Level 1 evidence exists on the management of this dis-
ease entity. However, asymptomatic CMs must be closely
monitored for either clinical symptomatology or a change
in radiographic appearance. Many originally asymptom-
atic patients may experience symptomatic hemorrhage
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TABLE 1: Factors promoting or contraindicating resection of
CMs

Factors Promoting Surgical Intervention
medically intractable seizures
progressive neurological decline
clinically significant hemorrhage in noneloquent cortex
2nd clinically significant hemorrhage in eloquent cortex
patient risk adversity
young patient age
female sex
Relative Contraindications
asymptomatic
multiple incidental or familial lesions
brainstem CM

(0.2%-3.8% per patient-year) or seizures (2.4% per pa-
tient-year).

Even utilizing the most conservative risk of bleed-
ing, such a risk is not trivial over a lifetime, especially
in younger patients. For certain people, depending on
their lifestyle, occupation, or mindset, an incidental le-
sion often cannot be ignored and carries an intrinsic psy-
chological burden that may outweigh the risk of surgical
morbidity once the lesion is diagnosed. For truly solitary
lesions discovered incidentally, an easily accessible one
in a young patient presents an opportunity for a cure, ob-
viating regular follow-up, preventing even a small chance
of serious sequelae from the lesion, and even simplifying
pregnancy management in women or any anticoagulation
management that may be needed later in life.

For the majority of patients with known CMs at our
institutions, annual MR imaging is undertaken to deter-
mine the development of de novo CMs, any lesion growth,
or new microhemorrhages. A careful neurological history
and physical examination are performed to determine
whether a newly discovered CM is truly asymptomatic
or whether a patient has a history of seizures or an undi-
agnosed neurological deficit. Similarly, based on the im-
aging and genetic criteria mentioned above along with a
family history, patients with multiple familial cavernomas
are closely monitored both clinically and radiographical-
ly. For most patients with multiple familial cavernomas
that are incidentally discovered, resection is not offered
given its risk, as well as the morbidity associated with
multiple surgical corridors or even craniotomies to access
the multiple cavernomas. At the point of neurological de-
cline, we would generally advocate surgical intervention
for CMs in noneloquent cortex because of the increased
risk of further symptomatology, which is 2.5%—5% per
patient-year. For patients with CMs in eloquent areas,
we would recommend surgical intervention after a sec-
ond hemorrhage, particularly for cavernomas that occur
at the pial surface. However, if the first hemorrhage is
particularly disabling or if the lesion is easily accessible
surgically (that is, an exophytic fourth ventricular lesion,
a cerebellar lesion, or a lesion accessible via a transsulcal
approach in the primary hand area), then surgical inter-
vention is considered after symptomatic presentation or
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the first hemorrhagic event. Conversely, in some locations
(that is, the central pons or ventral medulla), even 3 or
more nondisabling bleeds would not warrant a disabling
surgery, and further observation or radiosurgery may be
considered even after 2 bleeds. At our center, we gener-
ally manage these lesions conservatively through obser-
vation and do not offer radiosurgery. As stated above, we
emphasize that these are only general guidelines based
on surgical experience and that they must be tempered by
the individual patient and lesion considerations.

Conclusions

Cavernomas are being increasingly detected as inci-
dental lesions on noninvasive imaging studies. Patients
with CMs may also present with seizures or hemorrhage.
Purely incidental CMs should be managed conservatively
and followed-up with annual MR imaging. The treatment
of symptomatic CMs is generally image-guided resec-
tion. If a venous abnormality is associated, we do not
recommend excising the developmental venous anomaly,
as doing so would pose an unnecessary risk of venous
infarction. We recommend treating CMs only in the fol-
lowing situations: in the context of intractable seizures or
progressive significant neurological deficit, after the first
clinically significant hemorrhage in noneloquent areas,
and after the second clinically significant hemorrhage in
eloquent areas including the brainstem. Note, however,
that these are only general guidelines. The best manage-
ment at present relies on a surgeon’s personal experience
and clinical judgment.
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Discovery of asymptomatic moyamoya arteriopathy in
pediatric syndromic populations: radiographic and clinical
progression

NinG LiN, M.D., Lissa Bairp, M.D., McKENziE Koss, B.S., KimBerLy E. KoPECKY, B.S.,
EVELYNE GONE, B.A., NicoLE J. ULLrRICH, M.D., PH.D., R. MicHAEL ScorTt, M.D.,
AND EpwARrD R. SmMiTH, M.D.

Department of Neurosurgery, Children’s Hospital, Harvard Medical School, Boston, Massachusetts

Object. Limited data exist to guide management of incidentally discovered pediatric moyamoya. Best exempli-
fied in the setting of unilateral moyamoya, in which the unaffected side is monitored, this phenomenon also occurs
in populations undergoing routine surveillance of the cerebral vasculature for other conditions, such as sickle cell
disease (SCD) or neurofibromatosis Type 1 (NF1). The authors present their experience with specific syndromic
moyamoya populations to better characterize the natural history of radiographic and clinical progression in patients
with asymptomatic moyamoya.

Methods. The authors performed a retrospective review of the clinical database of the neurosurgery department
at Children’s Hospital Boston, including both nonoperative referrals and a consecutive series of 418 patients who
underwent surgical revascularization for moyamoya disease between 1988 and 2010.

Results. Within the period of time studied, 83 patients were asymptomatic at the time of radiographic diagnosis
of moyamoya, while also having either unilateral moyamoya or moyamoya in association with either SCD or NF1.
The mean age at presentation was 9.1 years (range 1-21 years), and there were 49 female (59%) and 34 male (41%)
patients. The mean follow-up duration was 5.4 = 3.8 years (mean = SD), with 45 patients (54%) demonstrating ra-
diographic progression and 37 (45%) becoming symptomatic within this period. Patients with SCD had the highest
incidence of both radiographic (15 patients [75%]) and clinical (13 patients [65%]) progression, followed by NF1 (20
patients [S9%] with radiographic progression and 15 patients [44%] with clinical progression) and patients with uni-
lateral moyamoya (10 patients [35%] with radiographic progression and 9 patients [31%] with clinical progression).

Conclusions. Radiographic progression occurred in the majority of asymptomatic patients and generally herald-
ed subsequent clinical symptoms. These data demonstrate that moyamoya is a progressive disorder, even in asymp-

tomatic populations, and support the rationale of early surgical intervention to minimize morbidity from stroke.

(DOI: 10.3171/2011.10.FOCUS11228)
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atic moyamoya in children has been well estab-

lished, with multiple studies demonstrating a clear
benefit to patients, with reduced rates of ischemic injury
when compared with the natural history.>!31%17 Less clear,
however, is the natural history and appropriate course of
action to take in the case of children found to have the ar-
teriopathy of moyamoya who are asymptomatic. Where-
as a sound rationale has been proposed for revasculariza-
tion in patients with asymptomatic moyamoya based on
the premise that long-term outcome is largely dependent
on neurological status at the time of surgery, there are
few data on the natural history of incidentally discovered
moyamoya, with almost no data specific to children.'!”

THE role for surgical revascularization for symptom-

Abbreviations used in this paper: NF1 = neurofibromatosis Type
1; SCD = sickle cell disease; TCD = transcranial Doppler; TIA =
transient ischemic attack.
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One of the major limitations to the study of asymp-
tomatic moyamoya in children is the rarity of incidentally
discovered cases. The majority of pediatric moyamoya
is idiopathic moyamoya disease (bilateral, presumably
genetic, arteriopathy), which is found only after presen-
tation with ischemic symptoms.>'®!” However, there are
populations of pediatric patients who have medical condi-
tions known to be associated with moyamoya (moyamoya
syndrome) who undergo periodic screening studies of the
brain and cerebral vasculature and are thus more likely to
have an incidental diagnosis. In particular, if one excludes
idiopathic moyamoya disease, children with NF1 and SCD
comprise the most common subgroups of syndromic moy-
amoya.'® Patients with NF1 may receive surveillance MR
images to monitor tumor status, and patients with SCD
routinely undergo TCD studies to ascertain the need for
exchange transfusions, which are frequently corroborated
with MR images.'>!322 In addition, patients with unilateral
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moyamoya syndrome are frequently followed with serial
imaging, because approximately one-third of unaffected
hemispheres will ultimately progress to develop moyam-
oya.l0.1?

This study exploits the availability of serial imaging
studies in select populations of pediatric patients—those
with NF1, SCD, or the unaffected hemisphere in children
with unilateral moyamoya—to characterize the radiograph-
ic and clinical progression of incidentally found, asymp-
tomatic moyamoya syndrome. The objectives of this work
are to document the incidence of radiographic and clinical
progression in previously asymptomatic children found to
have moyamoya. A clear demonstration that asymptomatic,
incidentally discovered moyamoya can progress—both ra-
diographically and clinically—along with data identifying
general rates of progression and at-risk populations would
aid clinicians involved with the care of these children.

Methods

We performed a review of the clinical database from
the Boston Pediatric Neurosurgical Foundation to identify
all patients referred to either of the senior authors (R.M.S.
and E.R.S)) for the diagnosis of moyamoya and who had
the coexisting diagnosis of either NF1 or SCD. This se-
ries thus included both surgically and nonsurgically treated
patients, with the surgically treated cases obtained from
clinical records of a consecutive series of 418 patients with
moyamoya syndrome who underwent surgical revascular-
ization performed by the senior authors at the Children’s
Hospital, Boston, between 1988 and 2010. All patients ul-
timately received a diagnosis of moyamoya arteriopathy as
defined by the ICD and outlined in the guidelines from the
Japanese Ministry of Health.* All patients also had a con-
comitant diagnosis of NF1, SCD, or unilateral moyamoya.
A total of 83 patients met these criteria.

We determined patient age, sex, length of follow-up,
radiographic findings, and clinical symptoms. All patients
had undergone multiple MR imaging sessions, including
at least 1 individual with no evident arteriopathy. Ra-
diographic progression was defined as the following: 1)
worsening of arteriopathy, with development of collateral
vessels and/or greater narrowing of the anterior cerebral,
middle cerebral, or internal carotid arteries on MR imag-
ing or catheter angiogram (per the cited guidelines); 2)
development of FLAIR hyperintensity in the sulci on MR
imaging—the “ivy sign”—as a marker of slow cerebral
blood flow; and 3) evidence of radiographic infarction, as
determined by MR imaging and reported by neuroradi-
ologists.>*23

Although all patients were by definition asymptom-
atic at the time of the initial radiographic diagnosis of
moyamoya, we collected data on the number of patients
in whom clinical symptoms occurred after development
of the arteriopathy. Clinical progression was defined as
the new onset of any of the following symptoms: TIA,
stroke, headache, seizure, or symptomatic hemorrhage.'
In addition, the number of patients who ultimately under-
went surgical revascularization was analyzed, along with
the time interval between diagnosis of the arteriopathy
and the revascularization procedure.
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Special note should be made of the patients with uni-
lateral moyamoya. Although these individuals had radio-
graphic evidence of moyamoya in the initial, ipsilateral,
affected hemisphere (with or without symptoms), the pa-
tients selected for this study had no evident disease—radio-
graphically or clinically—on the contralateral, unaffected
hemisphere. They are included here as a population that
had no disease contralaterally at the time of diagnosis of
the ipsilateral hemisphere, but who are known to be at risk
for potential involvement of the contralateral hemisphere,
and are thus followed carefully with serial imaging and of-
fice visits in the practice of the senior authors.

This work was performed with approval of the Chil-
dren’s Hospital Boston’s institutional review board.

Results

Demographic Information and Clinical Characteristics at
Diagnosis

A total of 83 patients were included in this study, with
demographic and summary data reviewed in Table 1. The
majority of the children were female (49 patients, 59%),
and the mean age was 9.1 years (range 1-21 years). Of the
83 patients, 34 had NF1, 20 had SCD, and 29 had unilateral
disease. Differences in age and sex were noted between
these groups (see Table 1), but all had comparable overall
lengths of follow-up (5.4 = 3.8 years; mean = SD).

Radiographic Progression

Radiographic data are summarized in Table 2. Over-
all, 45 patients (54%) had evidence of radiographic pro-
gression within a mean of 5.4 years of follow-up. Differ-
ences in the incidence of progression were present, with
the SCD subgroup having the greatest number of patients
who worsened (75%), followed by NF1 (59%) and patients
with unilateral moyamoya (35%). Radiographic data col-
lected included the following: 1) the interval between the
date of the first diagnosis of the clinical syndrome (NF1,
SCD, or the first affected hemisphere in unilateral moy-
amoya) and the date of the first radiographic study (MR
imaging or angiogram) in which the diagnosis of moy-
amoya was recognized; 2) the interval between the last
MR imaging study with no reported moyamoya (that is,
the last “normal” scan) and the first radiographic study

TABLE 1: Demographic information and clinical characteristics
on admission in 83 patients with asymptomatic moyamoya*

Unilat
Characteristic NF1 SCD Moyamoya All Pts

no. of pts 34 20 29 83
meanageinyrs 73+39 9.0zx49 N7+74 9157
sex (%)

F 22 (65) 13 (65) 14 (48) 49 (59)

M 12 (35) 7(35) 15 (52) 34 (41)
mean FUinyrs 55+43 53+3.9 55+27 54138

* Unless otherwise indicated, values are expressed as the mean + SD.
Abbreviations: FU = follow-up; pts = patients.
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TABLE 2: Radiographic progression in 83 patients with asymptomatic moyamoya*

Feature NF1 SCD Unilat Moyamoya All Pts
no. of pts 34 20 29 83
any radiographic progression (%) 20 (59) 15 (75) 10 (35) 45 (54)
mean FU in yrs 55+43 53+39 5527 54+338
time interval measurements in yrs
interval btwn diagnosis of syndromic disease & arteriopathy 59+37 83151 18+24 58147
interval btwn last normal scan & arteriopathy 1.5+£09 24+24 2016 1.9+16
interval btwn arteriopathy & slow cortical blood flow (“ivy sign”) 0.4+ 0.4 11+14 NA 0.7+11
interval btwn arteriopathy & stroke 05+04 1.3+£19 0507 1.0+£16

*

(MR imaging or angiogram) in which the diagnosis of
moyamoya was recognized; and, for the subset of patients
in whom the findings developed, 3) the interval between
the first scan in which the diagnosis of moyamoya was
identified and the first scan that demonstrated “ivy sign”
on FLAIR imaging; and 4) the interval between the first
scan in which the moyamoya was diagnosed and the pres-
ence of a stroke on MR imaging.

Clinical Progression

Clinical progression is defined as the new onset of
any of the following symptoms; TIA, stroke, headache,
seizure, or symptomatic hemorrhage.' It is important to
note that individual patients could experience more than
1 symptom, making the total number of reported find-
ings greater than the total number of patients. Results are
reported in Table 3, with 37 patients (45%) developing at
least 1 new symptom following the diagnosis of moyam-
oya. Overall, any ischemic symptoms including TIA or
stroke (clinically persistent neurological deficit) were the
most common, followed by headache, then seizure, with
no symptomatic hemorrhages. These relative frequencies
were conserved across all 3 subgroups.

Discussion

This study seeks to better inform the clinician faced
with the scenario of a child presenting with asymptom-

Unless otherwise indicated, values are expressed as the mean + SD. Abbreviation: NA = not available.

atic, incidentally discovered moyamoya. Although the
natural history of the symptomatic patient generally sup-
ports the use of surgical revascularization, there are few
data to guide decision-making in the asymptomatic pe-
diatric population.>!*!%7 However, reports from the lit-
erature on adult patients, coupled with isolated pediatric
papers (or individual patients within larger series), lend
support to the hypothesis that asymptomatic moyamoya
is not a benign entity, and—although variable in rate and
severity—often progresses to affect individuals adversely.

Patient Population

The overall demographic composition of the patient
population in this report was reflective of larger series
reported by us and others.>” Female sex predominated
in a roughly 2:1 ratio overall, although the percentages
for unilateral cases were nearly evenly split between the
sexes, at 48:52. The composite mean age was 9.1 years,
slightly older than in other reported series (including the
previously reported series from our institution, in which
the mean age was 6.5 years).” The older age at diagnosis
may correlate with the absence of symptoms or with re-
ferral patterns from subspecialists who may think it un-
necessary to send outwardly healthy patients for neuro-
surgical evaluation.

There was a clear age division by subgroup: the pa-
tients with NF1 were the youngest, at 7.3 years; those with
SCD were in between, at 9 years; and the patients with uni-

TABLE 3: Clinical progression in 83 patients with asymptomatic moyamoya

Feature NF1 SCD Unilat Moyamoya All Pts
no. of pts 34 20 29 83
any clinical progression (%) 15 (44) 13 (65) 9(31) 37 (45)
mean FU in yrs 55143 53+3.9 55127 54+38
symptoms
headache 2 6 2 10
TIA 1" 10 8 29
stroke 4 5 1 10
seizure 1 2 0 3
hemorrhage 0 0 0 0
op (%) 25 (74) 14 (70) 10 (35) 49 (59)
interval btwn arteriopathy & op in yrs 06+04 19+15 06+£12 11+£1.2
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lateral moyamoya were the oldest, at 11.7 years. Although
difficult to assess from the relatively small numbers, it is
interesting to note that the group with the youngest age
is also the one that most commonly starts screening with
MR imaging soonest, with the attendant risk of tumors
in children with NF1. It is tempting to speculate that the
younger age of detection in this study might be related to
the earlier use of imaging, although subsequent studies
will need to address this question more formally.

Radiographic Progression

More than half of all patients (45 [54%]) demonstrat-
ed radiographic progression after being diagnosed with
moyamoya within the mean 5.4 years of follow-up, sug-
gesting that this is a dynamic process that is particularly
likely to have an impact on pediatric patients, given their
expected long life spans. When children are born or first
diagnosed with genetic conditions, such as NF1 or SCD,
it can take a long time (5.9-8.3 years) for moyamoya arte-
riopathy to first develop, but once started, the disease of-
ten moves quickly. Following the first-ever development
of asymptomatic evidence of radiographically confirmed
arteriopathy, the mean time to then develop radiographic
evidence of ischemia (as manifested by the “ivy” sign)
is 0.4 and 1.1 years for NF1 and SCD patients, respec-
tively. It is then only 1-3 months longer, on average, until
the first radiographic evidence of infarction appears for
the one-third of patients who develop strokes. These data
suggest that any evidence of progression of the arteriopa-
thy on serial scans in asymptomatic patients may herald
precipitous changes in cerebral perfusion, with a concom-
itantly increased risk of ischemic injury. Although further
study of this interesting finding is warranted, it provides
additional justification to consider revascularization in
this asymptomatic population.

Clinical Progression

Of the 83 patients in whom incidentally discovered,
asymptomatic moyamoya was found in this series, 37
(45%) went on to develop clinical symptoms referable to
the arteriopathy within the mean 5.4 years of follow-up.
As outlined in Table 3, the most common symptoms in the
37 patients with clinical progression were directly related
to cerebral ischemia, including TIA (29 patients, 78%) and
stroke (10 patients, 27% [manifesting clinically as fixed
neurological deficits]). These symptoms were followed
in frequency by headache (10 patients, 27%) and seizure
(3 patients, 8%). No patient had clinically evident hemor-
rhage. Interestingly, these symptomatic presentations were
essentially unchanged in order of frequency, regardless of
whether the patient had NF1, SCD, or unilateral moyamo-
ya. The overwhelming preponderance of ischemic symp-
toms is concordant with many other series of pediatric pa-
tients with moyamoya and suggests that the natural history
of these children—once they become symptomatic—will
probably become indistinguishable from patients with
symptomatic moyamoya in any population.>'®

Comparisons With Previous Reports, Including Adult
Series, With Rationale for Surgical Intervention

Similar to what we have reported here, there is evi-
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dence in the adult literature that substantial numbers of
patients with asymptomatic moyamoya can experience
radiographic and clinical progression. One group report-
ed that 24% of 63 adults with idiopathic moyamoya ex-
hibited radiographic progression within a 6-year period,
with more than 50% of these patients manifesting isch-
emic or hemorrhagic infarction during this time.!? In a
more recent series from Japan, a group of asymptomatic
adults and children who were followed without undergo-
ing surgery demonstrated a 7% mortality rate from ce-
rebral infarction/hemorrhage over a mean of 3.7 years.?
Other adult case reports reveal that untreated, asymp-
tomatic moyamoya can present with catastrophic stroke
or death, adding further support to the premise that this
disorder can be rapidly progressive, and that preemptive
treatment in asymptomatic patients may be warranted.'”

The findings in these reports, coupled with our data in
this series, are important because the practice of perform-
ing surgical revascularization in asymptomatic patients—
including populations of syndromic children (those with
Down syndrome, SCD, NF1, unilateral cases, and brain
tumor survivors postirradiation)—demonstrates minimal
operative morbidity and, in contrast to the natural history
reported above, durable protection from ischemic symp-
toms in long-term outcomes.®%-1016-1922 Surgery has been
successfully used in adults who were found to have asymp-
tomatic progression of their moyamoya, with evidence of
improved perfusion and absence of ischemic symptoms
postoperatively, despite the radiographic progression.” The
protective effect of surgery against stroke in this popula-
tion was further highlighted in another study of 34 asymp-
tomatic adults, in which 20% of untreated patients became
symptomatic within approximately 3.5 years, with an over-
all 3.2% annual stroke rate; this contrasts with a 0% stroke
rate in surgically treated patients."

In the series described here, 49 (59%) of the 83 pa-
tients elected to undergo surgical treatment with pial syn-
angiosis, a technique of indirect revascularization devel-
oped by one of the senior authors (R.M.S.)."7? With the
exception of the SCD patients (in whom had a mean of 1.9
years elapsed between the development of radiographic
arteriopathy and surgical intervention), most patients
were treated within 7 months of the scan on which radio-
graphic progression of the moyamoya was seen. As with
other series, the surgical treatment was offered to provide
protection from stroke but did not halt the ongoing radio-
graphic progression of the arteriopathy.'*!8:1

Operative Indications and Technique, Follow-Up

It is the practice in our institution to offer surgical
revascularization with pial synangiosis to patients in
whom moyamoya is diagnosed, including asymptomatic
patients. Although individual review occurs with each
case, we will generally proceed with surgery in children
with radiographically documented moyamoya (Suzuki
Stage 2 or greater), barring medical contraindications to
craniotomy or a recent stroke (< 6 weeks). In patients with
bilateral disease, we have routinely performed surgery on
both sides during a single anesthetic session; we have
used this method for nearly a decade. For greater detail
on the operative technique, along with specific protocols
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for subpopulations of syndromic patients (such as chil-
dren with SCD), readers are referred to other reports from
our group.7182021

For those patients who are observed (unclear diagno-
sis, Suzuki Stage 1, medically unstable—or patients with
unilateral disease undergoing monitoring of the unaffect-
ed hemisphere), we will commonly perform surveillance
imaging with MR imaging/MR angiography on an an-
nual basis. In cases with the onset of new symptoms or in
infants (< 3 years of age), we will consider more frequent
studies and offer surgical treatment if moyamoya is con-
firmed. In surgically treated patients we typically obtain
an MR imaging/angiography study at 6 months and then
imaging at 1 year postoperatively, with annual MR imag-
ing/angiography for at least 5 years thereafter.

Study Limitations

There are obvious limitations to this type of study,
including its retrospective nature, limited number of pa-
tients, and the inherent variability in defining many of
the measures used in the evaluations (progression of ar-
teriopathy, “ivy” sign, clinical manifestations of cerebral
ischemia). The selection of specific subgroups of patients
with syndromic moyamoya was based on availability of
data and relatively homogeneous patient populations. It
would be beneficial to expand this work to include other
groups, such as patients with brain tumor postirradiation
and children with Down syndrome, among others.

It is also important to note that the population in this
study is derived from a center that has a high volume of
moyamoya referrals. This may introduce a bias, because
it is likely that asymptomatic patients in other locations
may not be referred for evaluation and treatment. Our
center has a bias toward offering treatment—even to as-
ymptomatic patients—and it would be potentially useful
to understand the natural history better in untreated in-
dividuals. However, data from Japan and the US suggest
that the natural history in moyamoya is highly likely to be
progressive, with a substantial risk of stroke, as reviewed
previously in the discussion. Therefore, although we ac-
knowledge that a bias probably exists at our institution
and appreciate that further study would certainly be of
interest, we would contend that our aggressive approach
to offering treatment can be justified.

Although we acknowledge that further study is cer-
tainly warranted, we hope that this work will provide
some preliminary observational data to assist in the clini-
cal practice of physicians involved in the care of children
with these syndromes and with moyamoya.

Conclusions

Incidentally discovered asymptomatic moyamoya in
children has the potential to progress, both radiographi-
cally and clinically. Once started, development of signs
and symptoms referable to cerebral ischemia can present in
rapid fashion, sometimes within months, with the potential
for permanent deficits. These data support the practice of
continued monitoring in at-risk syndromic populations and
early referral to neurosurgeons once evidence of arteriopa-
thy develops, and they provide additional justification to
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consider revascularization in asymptomatic patients with
moyamoya.
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Clinical considerations in the management of asymptomatic
carotid artery stenosis
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Incidental findings pose considerable management dilemmas for the treating physician and psychological burden
for the respective patient. With an aging population, more patients will be diagnosed with asymptomatic internal ca-
rotid artery stenosis. Patients will have to be counseled with regard to treatment options according to their individual
risk profile and according to professionals’ knowledge of evidence-based data derived from large randomized control
trials. Treatment consensus has long been lacking for patients with asymptomatic carotid artery stenosis prior to any
randomized controlled trials. Additionally, an individual’s risk profile may be hard to assess according to knowledge
gained from randomized controlled trials. Moreover, while earlier studies compared carotid endarterectomy and
medical therapy, in the past years, a new therapeutic modality, carotid artery angioplasty and stenting, has emerged
as a possible alternative. This has been evaluated in a recent randomized controlled trial, the Carotid Revasculariza-
tion Endarterectomy versus Stenting Trial (CREST), which compared carotid endarterectomy with angioplasty and
stenting in both symptomatic and asymptomatic patients. The following review summarizes current knowledge of
the natural history, diagnosis, and treatment strategies to counsel patients with asymptomatic carotid artery stenosis.

(DOI: 10.3171/2011.9.FOCUS11222)

KEy Worps ¢  stroke
evidence-based medicine

ing, incidental findings have become common, with
clinically significant findings present in about 2%—
8% of patients undergoing MR imaging of the brain.%
The management of these incidental findings poses con-
siderable treatment dilemmas and psychological burden
for the patient because there is no widespread agreement
of treatment concepts.®® Treatment dilemmas have tra-
ditionally been particularly pronounced in patients with
incidental or asymptomatic cerebrovascular pathological
entities.% This dilemma partly stems from the fact that,
while most cerebrovascular pathological entities may
cause catastrophic events, their proposed surgical treat-
ment is not without important risks. The risk of treatment
may further be accentuated in the mind of the patients
because they are asymptomatic when the lesion is inci-
dentally found and any intervention carries only a hypo-
thetical benefit in the future.
Careful consideration of the natural history and pos-
sible benefit of various management options is particu-

S INCE the advent of modern neuroradiological imag-

Abbreviations used in this paper: ACAS = Asymptomatic Carotid
Atherosclerosis Study; ACST = Asymptomatic Carotid Surgery
Trial; CREST = Carotid Revascularization Endarterectomy versus
Stenting Trial.
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revascularization

carotid occlusive disease

larly necessary in cases of asymptomatic carotid artery
stenosis, for which treatment consensus has been lack-
ing, prior to any randomized controlled trials.’*>! Given
that roughly 2 million Americans may be harboring an
asymptomatic carotid artery stenosis, the optimum treat-
ment is of considerable public health interest.’” In the fol-
lowing review, we discuss the prevalence, natural history,
progression rate, diagnostic modalities, and the results of
randomized controlled trials highlighting our current un-
derstanding of the management of asymptomatic internal
carotid artery stenosis.

Prevalence of Carotid Occlusive Disease

Carotid artery stenosis is one of the main causes of
ischemic stroke, which remains a major public health issue
with a high burden of disease in the US. To put the current
epidemiology of stroke in perspective: stroke is the third
leading cause of death in the US, with more than 143,579
people dying from strokes each year (http:/www.stroke
center.org/patients/stats.htm). It is also the main cause of
serious, long-term disability. Each year, about 795,000
people suffer a stroke. About 600,000 of these are first at-
tacks and 185,000 are recurrent attacks.”” About 15%-20%
of these strokes are estimated to be the result of carotid
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artery occlusive disease, with nearly 80% of these strokes
occurring in asymptomatic patients without a history of
stroke or transient ischemic attacks.>'®

The estimated prevalence of asymptomatic carotid
artery stenosis varies significantly depending on the pop-
ulation studied. The overall prevalence of asymptomatic
carotid artery stenosis = 50% in the general population is
estimated at 2%—-9%.%" A higher prevalence of 5%—-9% is
anticipated in patients older than 65 years of age, which is
of public health relevance because it means that 1.3-2.4
million Americans in this age group are being affected
by carotid artery occlusive disease (http://www.stroke
center.org/patients/stats.htm).'®>7 The prevalence is even
higher in patients who harbor additional atherosclerotic
lesions. An estimated 11%—-26% of patients with coronary
artery disease and 25%—-49% with peripheral artery dis-
ease have asymptomatic carotid artery stenosis.*’ Table
1 summarizes the findings of some of the large studies
assessing the prevalence of asymptomatic carotid artery
stenosis in different populations.

A number of risk factors have been established for
the development and presence of asymptomatic carotid
artery stenosis.”!3314758 Among these factors, age appears
to be the most consistent. This may be due to a combina-
tion of factors, mostly inherent changes related to aging
of the arterial wall but also prolonged exposure to risk
factors with increasing age.”** Male sex is another sig-
nificant risk factor, with men exhibiting a 2-fold higher
prevalence than women in some studies and with a grad-
ual increase in both males and females with increasing
age.!*314l Large population-based studies in numerous
countries have also established traditional modifiable car-
diovascular risk factors, such as diabetes, hypertension,
smoking, and dyslipidemia, as being consistently associ-
ated with carotid artery occlusive disease.?$470

Progression of Carotid Artery Occlusive Disease

The progression rate of asymptomatic carotid artery
stenosis is important to the clinician because higher grades

P. Taussky, R. A. Hanel, and F. B. Meyer

of stenosis are associated with a higher stroke risk, while
the progression of carotid artery stenosis itself is a predic-
tor of increased stroke risk.* Numerous studies have
analyzed the rate and severity of carotid artery occlusive
progression, but the results show considerable differenc-
es.3% Table 2 summarizes the results of some of these
studies.

In the first prospective study of its kind, Roederer
and colleagues® performed follow Doppler/duplex ultra-
sonography in 167 patients with carotid bruits. Of these
patients, 31% exhibited stenotic progression unilaterally
and 7% exhibited progression bilaterally. After 3 years,
disease in one-third of the patients progressed to carotid
artery stenosis of = 50% and 3 of 5 studied arteries pro-
gressed to a more severe category of stenosis.

In the largest prospective study, Muluk and coauthors*®
followed 1004 asymptomatic patients with serial duplex ul-
trasonography for a mean 28-month follow-up period at the
Pittsburgh Veterans Administration Medical Center. Pro-
gression was defined as a minimum increase in internal
carotid artery stenosis of 50%, with a baseline of less than
50%, or as an increase to a higher category of stenosis if
the baseline stenosis was = 50%. The authors found a sub-
stantial and steady increase of stenosis at an annualized
risk of progression of 9.3%. A multivariate analysis identi-
fied 4 variables affecting progression: baseline ipsilateral
internal carotid artery stenosis = 50% (relative risk 3.34),
baseline ipsilateral external carotid artery stenosis = 50%
(relative risk 1.51), baseline contralateral internal carotid
artery stenosis = 50% (relative risk 1.41), and systolic pres-
sure > 160 mm Hg (relative risk 1.37). By the 7th year of
follow-up, more than 50% of patients studied showed some
degree of disease progression.*®

Depending on the population studied, the rate of
progression may even be higher. Liapsis and colleagues®
showed a 15% progression rate in a large cohort of as-
ymptomatic patients with a large prevalence of significant
risk factors, including coronary artery disease. Cina and
colleagues’ studied a Canadian cohort of asymptomatic
patients with peripheral vascular disease. They found

TABLE 1: Selection of large studies reporting prevalence rates of asymptomatic carotid artery disease in different populations*

Screening No.of  Age

Male/Female Diagnostic %

Authors & Year Population Pts  (yrs)t Ratio Stenosis Prevalence Risk Factors Identified
Hennericietal., cardiovascular 2009 58 1647:362 Doppler 250  91% peripheral vascular disease
1981 disease
Hennerici etal., vascular risk 3225 62 NS Doppler 240  50-99: 7.5%;
1987 factors occlusion: 1.7%

Elisetal., 1992 peripheral vas- 1196 68
cular disease

O'Learyetal,  age>65yrs 5116 NS 2210:2906 duplex
1992

Fine-Edelstein  general 116 66-93 441:675 duplex
etal., 1994

Qureshi et al., general 1331 66 439:892 duplex
2001

826:370 duplex

50-99 13.8%

50-99 M 7.6%/F 5.1%;
occlusion M 1.0%/F 0.6%

250  MO9%/F 7%

male, hypertension, smoking,
CAD, wall thickness

age, smoking, hypertension,
hypercholesterolemia

age >65 yrs, smoking, CAD,
hypercholesterolemia

260  18%

* CAD = coronary artery disease; NS = not stated; Pts = patients.

T Age reflects the mean, except for the Fine-Edelstein et al. value, which represents the age range.
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TABLE 2: Studies analyzing the percentage of carotid artery
stenosis progression over time*

Authors & Year % of CAS Progression Time Period
Javid et al., 1970 22 1-9yrs
Roederer et al., 1984 3 36 mos
Lewis et al., 1997 21.3 5.6 yrs
Olin et al., 1998 15.5 60 mos
Muluk et al., 1999 22.6 10 yrs
Liapis et al., 2000 18.6 10 yrs
Sabeti et al., 2007 5 6-9 mos
Hirt, 2011 5.2 =5yrs

* CAS = carotid artery stenosis.

progression from one class of stenosis to a more severe
class in 15% of patients and progression from a lower de-
gree of 50% to 99% stenosis in 6.5% of patients during a
follow-up period of 6—9 months.

In summary, the risk of progression of an asymp-
tomatic carotid artery stenosis increases with time and
varies from 4% to 29% annually, mainly depending on
the population studied. Numerous studies have addressed
the question of predictors of stenotic progression to iden-
tify asymptomatic patients in need of regular follow-up
and possible early intervention.?33748 Carotid artery dis-
ease progression appears to be associated with diabetes,
smoking, hypertension, and, in patients with more severe
stenosis, heterogeneous plaque and contralateral dis-
ease.5!1374860 Moreover, the severity of the stenosis is a
risk factor for progression, with moderate stenosis being
5-fold more likely to progress than mild or no stenosis.**43

Diagnostic Studies

Traditionally, asymptomatic carotid artery stenosis
was identified on hearing a carotid bruit during physical
examination or on carotid artery ultrasound screening.

TABLE 3: Definition of commonly used statistical terms*

While carotid artery auscultation is a consistent part of
a routine physical examination, its accuracy in detecting
carotid artery stenosis depends on the severity of the ste-
nosis. In a large cohort of 1486 patients in whom 1555
carotid artery investigations were performed, Johanson
and Wester??> demonstrated a sensitivity for carotid artery
bruits of 55% for stenosis of 50%—69% and 77% sensi-
tivity for stenosis of 70%—-99%. Specificity was 52% for
stenosis of 50%—69% and 71% sensitivity for stenosis of
70%-99%, as measured by carotid artery ultrasonogra-
phy. Table 3 summarizes some of the medical statistical
terms used here.

Ultrasonography has been the most commonly used
diagnostic modality to screen for carotid artery stenosis
because of the modality’s noninvasive nature, lack of ra-
diation exposure, and widespread availability. Its limita-
tions in carotid artery stenosis include its association with
the operator’s skill, experience, and large interpersonal
variability. Two meta-analyses examined the accuracy of
ultrasonography to detect carotid artery stenosis. A meta-
analysis by Nederkoorn and colleagues** included stud-
ies published from 1993 through 2001 and estimated the
accuracy of carotid duplex ultrasonography using digital
subtraction angiography as the reference standard. The
authors found that carotid duplex ultrasonography had
an estimated sensitivity of 86% and a specificity of 87%
for detecting carotid artery stenosis of 70%-99%.5* In a
meta-analysis by Jahromi and colleagues,” the authors
reported comparable results for sensitivity and specificity.
Using their analysis, a sensitivity of 94% was estimated,
as was a specificity of 92% for carotid artery stenosis of
60% or greater.”®’> The reliability of carotid artery du-
plex ultrasonography, however, has significant limitations
with important differences in the measurement properties
applied by different ultrasound laboratories, which may
result in clinically relevant differences.”

More commonly, with the advent of modern neuro-
imaging modalities, MR angiography and CT angiogra-
phy have become common noninvasive screening tools.
While similar in many aspects, MR angiography and CT

Statistical Term

Definition

sensitivity the probability that the test says a person has the disease when in fact he/she does have the disease
specificity the probability that the test says a person does not have the disease when in fact he/she is disease free
95% ClI indicates the range of values w/in which the value would fall 95% of the time if the researcher were to

calculate the value from an infinite no. of samples of the same size, drawn from the same population

absolute risk

the probability that an individual will experience the specified outcome during a specified period; it lies

in the range 0-1, or is expressed as a percentage

relative risk

the no. of times more likely (relative risk >1) or less likely (relative risk <1) an event is to happen in one

group compared w/ another; the ratio of the risk in the treated group to the risk in the control group

absolute risk reduction the absolute difference in risk btwn the treated & control groups in a trial; this value does not give any
idea of the proportional reduction btwn the 2 groups: for this, relative risk reduction is needed

relative risk reduction

the proportional reduction in risk btwn treated & control participants in a trial; it is the percentage reduc-

tion in events in treated patients vs controls

hazard ratio
the rate in the other group

compares 2 treatments: if the hazard ratio is 2.0, then the rate of deaths in one treatment group is twice

* Cl = confidence interval.
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angiography exhibit differences not only because CT an-
giography is radiation based and uses contrast cleared by
the kidneys, but because these diagnostic options show
different sensitivity and specificity profiles, which are
summarized in Table 4.

Nederkoorn and colleagues™ examined 203 consecu-
tive patients in whom there was suspicion of carotid ar-
tery stenosis, using MR angiography and conventional
angiography. The sensitivity and specificity of the MR
angiography with projection that showed the maximal
stenosis on angiography were 92.6% (95% CI, 85.3%—
97.0%) and 82.7% (95% Cl, 78.1%—87.3%), respectively.
The mean difference between maximal stenosis on MR
angiography and angiography was 7.5% (95% CI, 5.2%—
9.9%).>* A meta-analysis by the same research group
showed a pooled sensitivity of 95% (95% CI, 92%-97%)
and a pooled specificity of 90% (95% CI, 86%—93%) for
stenosis of 70%—99%. For occlusions, MR angiography
yielded a sensitivity of 98% (95% CI, 94%—-100%) and a
specificity of 100% (95% CI, 99%—-100%).>*

More recently, CT angiography has been introduced as
a diagnostic tool to evaluate carotid artery stenosis. While
it exposes the patient to radiation and iodine-based con-
trast medium, many clinicians prefer this modality because
it is based on tomography scanning and thought to depict
the pathoanatomical features more directly than MR angi-
ography. Disadvantages include the possible overlap with
bone and venous structures, as well as its inaccuracy in
the presence of calcified plaque.’ A recent systematic re-
view analyzing CT angiography and standard angiography
found a pooled sensitivity and specificity for detection of
a 70%-99% stenosis were 85% (95% CI, 79%—89%) and
93% (95% CI, 89%—96%), respectively.> For detection of
an occlusion, the sensitivity and specificity were 97% (95%
ClI, 93%-99%) and 99% (95% CI, 98%—100%), respec-
tively.®> This compares favorably with the sensitivity and
specificity found in MR angiography.

The gold standard, against which all diagnostic mo-
dalities are compared, remains conventional angiography.
The degree of carotid artery stenosis was determined by
angiography in the ACAS, ECST (European Carotid Sur-
gery Trial), and NASCET (North American Symptomatic

TABLE 4: Representation of sensitivity and specificity in the
diagnosis of carotid occlusion expressed in percentage, as
represented in the literature*

Extent of Stenosis/Diagnostic Modality ~ Sensitivity Specificity
stenosis =70
duplex 86 87
MRA 93 83
CTA 85 93
occlusion
duplex 96 100
MRA 98 100
CTA 97 99

*

Data were derived from studies by Koelemay et al., Nederkoorn and
Brown, 2009, and Nederkoorn et al., 2003. Abbreviations: CTA = CT
angiography; MRA = MR angiography.
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Carotid Endarterectomy Trial), but most centers currently
do not use angiography as a regular diagnostic tool. The
main disadvantages of angiography are its invasiveness,
associated costs, and infrastructural needs, as well as the
reported 1.3% neurological complication rate.” As a result,
cerebral angiography is used by most clinicians only in se-
lected patients in whom noninvasive diagnostics were not
conclusive, or when MR angiography cannot be performed
due to claustrophobia or the presence of metal implants.

Natural History

Several short- and long-term cohort studies have ana-
lyzed the natural history of asymptomatic carotid artery
stenosis to define risk factors, or predictors, for stenosis
progression by multiple linear regression analysis and also
to evaluate stroke risk and predictors of stroke risk.>2%3%¢!
Depending on the population studied, most short-term
follow-up studies report an annual risk of unheralded
ipsilateral stroke of approximately 1%—3%; within this
group, higher degrees of stenosis are associated with
higher risks of stroke.>'826283% Conversely, some studies
report higher stroke rates in patients with clinically mani-
fest atherosclerotic disease: In the Dutch Smart Study, a
large prospective cohort study, 2684 consecutive patients
with clinical manifestations of arterial vascular disease
or Type 2 diabetes mellitus were followed after undergo-
ing baseline carotid artery ultrasonography.'® Asymptom-
atic carotid artery stenosis of 50% or greater was present
in 221 patients (8%). During a mean follow-up period of
3.6 years, a first vascular event occurred in 253 patients
(9%). The cumulative incidence for the composite of sub-
sequent vascular events after 5 years was 12.3% (95%
CI, 10.7%-13.9%), for cerebral infarction 2.2% (95% CI,
1.4%-2.8%), and for myocardial infarction 8.0% (95%
ClL, 6.6%—9.4%). Adjusted for age and sex, asymptomatic
carotid artery stenosis of 50% or greater was associated
with a higher risk of subsequent vascular events (hazard
ratio 1.5,95% CI, 1.1%-2.1%)."® Longer follow-up studies
show 10- and 15-year risks of ipsilateral stroke to be 5.7%
(95% CI,0%—12%) and 8.7% (95% CI, 1%— 17%), respec-
tively, in patients with 0%—49% stenosis, and 9.3% (95%
CI, 1%-18%) and 16.6% (95% CI, 1%—32%), respectively,
in patients with a stenosis of 50%—99%.%

Despite the clear association shown in these studies
between asymptomatic carotid artery stenosis and stroke
risk, our ability to predict stroke risk in any individual pa-
tient is limited.*” While large cohort studies demonstrate
a higher stroke risk with a higher degree of stenosis, and
patients with classic cardiovascular risk factors are at a
higher risk of experiencing cerebrovascular events, indi-
vidualized data remain difficult to obtain because of the
multifactorial etiology of ischemic events.'®-2%4° Uncer-
tainty in interpreting the current data in an individual-
ized fashion stems, in part, from the following factors.
Inzitari and colleagues®® showed that, while the stroke
risk increases with a higher degree of stenosis, it actually
decreases again in asymptomatic patients whose stenosis
is between 94% and 99%. Moreover, in the same study,
approximately 80% of the first strokes were not heralded
by a prior transient ischemic attack. A large number of
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actual cerebral ischemic events may have been unrelated
to the carotid artery stenosis and were of a cardioembolic
nature or related to lacunar infarcts, further complicat-
ing any true risk assessment.”® A complex interaction of
both patient factors and lesion factors turn an asymptom-
atic stenosis into a symptomatic one, but these factors are
poorly understood.*

Treatment Evidence

Finally, the question needs to be addressed of wheth-
er patients with asymptomatic carotid artery stenosis
benefit from any particular treatment option. Historically,
studies on this issue compared maximal medical manage-
ment and carotid endarterectomy. Later studies compared
these treatment modalities with carotid artery angioplas-
ty and stenting.”’

The earliest studies analyzing the role of surgery in
asymptomatic carotid artery disease was provided by the
CASANOVA trial (Carotid Artery Stenosis with Asymp-
tomatic Narrowing Operation Versus Aspirin)* and the
MACE trial (Mayo Asymptomatic Carotid Endarterec-
tomy).** These studies have been regarded as subop-
timal.* The MACE trial was prematurely stopped after
enrollment of only 71 patients due to a high rate of myo-
cardial infarction (22%) in the surgical group. This may
have been a direct result of the trial policy of withhold-
ing aspirin from the surgical group. For the CASANOVA
study, a total of 410 patients with 50%—90% stenosis were
enrolled. A total of 17% of the surgical patients never
underwent a carotid endarterectomy, and in 20% of the
medical patients, a unilateral or bilateral carotid endarter-
ectomy was performed. This high rate of crossovers made
the final interpretation of this study problematic.

The Veterans Affairs Trial included 444 asymptom-
atic men with angiographically demonstrated stenosis
of 50%—-99%; the patients were randomly assigned to 1
of 2 groups: the best medical management or the best
medical management with carotid endarterectomy. The
primary end points after 48 months were incidence of
transient ischemic attack, transient monocular blindness,
and stroke. The combined incidence of ipsilateral neuro-
logical events was 8.0% in the surgical group and 20.6%
in the medical group (p < 0.001), given a relative risk of
0.38 (95% CI,0.22-0.67) for the surgical group compared
with the medical group.” The incidence of ipsilateral
stroke alone was 4.7% in the surgical group and 9.4% in
the medical group. An analysis of stroke and death com-
bined within the first 30 postoperative days showed no
significant differences between groups in terms of all
strokes and deaths (surgical group 41.2%, medical group
44 2%; relative risk 0.92; 95% CI, 0.69-1.22).2* Overall
mortality, including postoperative deaths, was primarily
due to coronary artery disease.

The ACAS is considered the first modern well-de-
signed and conducted study to examine the role of ca-
rotid endarterectomy in asymptomatic patients for stroke
prevention.'? Its results were reported in 1995. A total of
1662 patients with asymptomatic carotid artery stenosis
of 60% were randomized to either medical management
alone or medical management with carotid endarterec-
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tomy. The study was halted by the Data Safety and Moni-
toring Board 2.7 years after it began because of a project-
ed 5.9% absolute risk reduction at 5 years favoring carotid
endarterectomy. The 5-year projected rate of ipsilateral
stroke was 11.0% for the medically treated patients and
5.1% for the surgically treated patients. This translated
into a 47% relative risk reduction of stroke or periopera-
tive death in the surgical group. The perioperative stroke
rate was 2.3%, which is lower than that in more contem-
porary studies and is most probably due to accepting only
surgeons with an excellent safety record. The ACAS cal-
culated that 17 carotid endarterectomies need to be per-
formed to prevent 1 stroke, but a 1000 endarterectomies
need to be performed to prevent 59 strokes by 5 years.®

At the time of its publication, ACAS was the larg-
est and methodologically best study of its kind. However,
the study also produced some controversial findings.>’
Its results provided no evidence that the incidence of dis-
abling stroke was reduced. Reduction seemed to be only
in nondisabling stroke, although this may have been a
chance finding.>® While men benefited significantly from
surgery at 5 years (absolute risk reduction 8%, relative
risk reduction 66%), women derived no advantage (abso-
lute risk reduction 1.4% at 5 years, relative risk reduction
17%).%° Another controversial issue was there appeared to
be no association between stenosis severity and long-term
stroke risk.

Many of these uncertainties could be settled once the
results of the ACST were published.?® The ACST enrolled
3120 patients with greater than 60% stenosis documented
on ultrasonography and assigned groups to immediate ca-
rotid endarterectomy (88% by the 1Ist year) or indefinite
deferral of carotid endarterectomy with a 5-year follow-
up at 1 of 126 centers in 30 countries. Eligibility included
carotid artery diameter reduction of at least 60% on ul-
trasound and no symptoms within the last 6 months. En-
rollment began in 1993 and continued until 2003. A total
of 3120 patients were randomized (1560 in each group).
The study included 2044 men and 1076 women. Com-
bining the perioperative events (stroke and death within
30 days) and the non-perioperative strokes, the net 5-year
risks were 6.4% (immediate carotid endarterectomy)
compared with 11.8% (deferred carotid endarterectomy)
for all strokes (p < 0.0001) and 3.5% compared with 6.1%
for fatal or disabling strokes (p = 0.004). Subgroup analy-
ses demonstrated significant benefits for patients younger
than 65 years and those between 65 and 74 years, but un-
certain benefits for those older than 75 years. Both men
and women benefited from carotid endarterectomy. The
5-year benefit of carotid endarterectomy appeared to be
as great for those with about 70%, 80%, and 90% carotid
artery stenosis on ultrasonography. The results showed no
significant difference in patients who were never symp-
tomatic (7.1% absolute 5-year gain) compared with those
with symptoms greater than in the previous 6 months
(4.6% absolute 5-year gain). And finally, surgery was per-
formed very safely with a low operative risk of 2.8%.2

With ACST largely supporting and extending the re-
sults of ACAS, there now exists Level I evidence demon-
strating a net benefit of surgery for asymptomatic patients
with stenosis = 60% in reducing disabling or fatal strokes.**
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Even with the advent of endovascular techniques, carotid
artery angioplasty and stenting has been considered an
alternative to carotid endarterectomy in both studies of
symptomatic and asymptomatic patients.>® Thus, with
the established benefit in stroke reduction for asymptom-
atic patients, questions were raised with regard to optimal
treatment. While the first large modern study in which
carotid endarterectomy was compared with carotid an-
gioplasty and stenting, the ICSS study (International
Carotid Stenting Study), included only symptomatic pa-
tients; the later CREST enrolled both symptomatic and
asymptomatic patients.>!

The CREST study enrolled 2502 patients at 117 cen-
ters in the US and Canada. The trial included 1321 symp-
tomatic and 1181 asymptomatic patients who were ran-
domized to undergo either stenting with the same stent and
distal protection devices (Acculink and Accunet devices)
or carotid endarterectomy. Inclusion criteria were as fol-
lows: patients with symptomatic stenosis had 50% or great-
er stenosis documented by angiography, 70% or greater by
ultrasonography, or 70% or greater by CT or MR angiog-
raphy. In asymptomatic patients lesions were identified by
angiography (= 60%), ultrasonography (= 70%), or CT/MR
angiography (= 80%). The primary end point for the study
was any periprocedural stroke, myocardial infarction,
death, or postprocedural ipsilateral stroke up to 4 years
after intervention. A rigorous training and credentialing
process for interventionalists was required prior to partici-
pation.”’ In short, there was no significant difference in the
rates of the primary end points between carotid angioplas-
ty with stenting and carotid endarterectomy (7.2% vs 6.8%,
respectively; hazard ratio with stenting 1.11; p = 0.51) at a
mean follow-up of 2.5 years.> No modification of a treat-
ment effect was detected with respect to symptomatic sta-
tus or sex, but an interaction with age was established (p =
0.02). Surprisingly, outcomes were slightly better with ca-
rotid artery stenting in patients aged younger than 70 years,
with greater benefit the younger the patient; outcomes were
also better with endarterectomy in patients older than 70
years of age, with an increase in age demonstrating an in-
crease in benefit. Overall, the periprocedural (30-day inci-
dence) end point did not differ for carotid artery stenting
and endarterectomy, but there were statistically significant
differences in the components for stent- and endarterecto-
my-treated patients (stroke 4.1% vs 2.3%, respectively [p
= 0.012], and myocardial infarction 1.1% vs 2.3%, respec-
tively [p = 0.032]). The CREST showed endarterectomy to
be superior to carotid angioplasty and stenting with respect
to the outcomes of ischemic stroke, perioperative stroke,
or death in both asymptomatic and symptomatic patients.
However, addressing the primary end point of any stroke,
myocardial infarction, or death up to 4 years after interven-
tion, both procedures proved equal.?

The inclusion of asymptomatic myocardial infarction
as a primary end point in CREST has been criticized by
a number of commentators.' The clinical relevance of in-
cluding silent cardiac events is questionable because re-
sults from the SF-36 (36-Item Short Form Health Survey)
in CREST showed no adverse effects on the quality of life
as a result of cardiac events, whereas the occurrence of a
stroke significantly affected the patient’s quality of life
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in a negative manner. Without inclusion of asymptom-
atic cardiac ischemia in CREST as a primary end point,
endarterectomy would be a safer procedure because of
a greater incidence of perioperative strokes and death in
the angioplasty and stenting group. This difference is still
significant at 4 years."® A post hoc analysis of outcome
and safety according to patients’ symptomatic status in-
cluded an analysis of 1181 asymptomatic patients. For
these asymptomatic patients, the stroke and mortality
rates were 2.5% and 0.6% for carotid artery stenosis and
1.4% and 0.5% for carotid endarterectomy (hazard ratio,
1.88; 95% CI, 0.79-4.42; p = 0.15).

Individualized Decision-Making Strategies

The assessment of an individual patient’s risk based
on our knowledge from large randomized controlled trials
remains challenging. An individual’s risk profile depends
on many factors and may not be easily interpolated from
clinical trials because of differences in the individual’s
clinical factors or anatomical characteristics. While both
carotid endarterectomy and carotid artery stenting have
been proven to be safe and effective treatment options
in the context of asymptomatic carotid artery stenosis, a
number of different patients’ characteristics need to be
considered when choosing the optimal treatment modal-
ity for any single patient. Table 5 summarizes the clinical
and anatomical features favoring either endarterectomy
or stenting.

Discussion and Outlook Into the Future
With increasing prevalence due to an aging popula-
tion, asymptomatic carotid artery stenosis is a significant

TABLE 5: Clinical and anatomical factors influencing decision
making for either carotid endarterectomy or carotid stenting*

Favoring Favoring
Factor Endarterectomy  Stenting

age >69 yrs X
female sex X
severe plaque calcification X

X

severe common or internal carotid artery
tortuosity

cardiac disease (CHF, CAD) X
kidney disease X
complex aortic arch X
carotid bifurcation above C-2

tandem stenosis

contralat laryngeal palsy

contralat carotid occlusion

prior radiotherapy

prior neck op

prior endarterectomy

X X X X X X X

* CHF = congestive heart failure.
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cause of stroke morbidity and mortality;'” prevention and
treatment remain major public health concerns. Although
large randomized controlled trials on carotid endarterec-
tomy for symptomatic patients have provided impressive
results in terms of stroke risk reduction, uncertainties
about the optimum treatment of asymptomatic patients
persist.34467 These uncertainties are mainly related to
a lack of data on prevalence, progression rates, and the
natural history of patients suffering from asymptom-
atic carotid artery stenosis.* In the meantime, 2 large
randomized controlled trials, ACAS and ACST, with a
combined population of 4782, established a net benefit of
carotid endarterectomy for asymptomatic patients with a
stenosis exceeding 60%. Moreover, surgery was shown
to be safe, with a perioperative neurological complica-
tion rate of less than 3%.'>%° In a recent 10-year update
on the findings of the ACST, Halliday and colleagues®
reported a sustained benefit with carotid endarterectomy
in stroke risk reduction. Half of this reduction has been in
disabling or fatal strokes.

Clearly, the treatment benefit for any patient diagnosed
with an asymptomatic carotid artery stenosis needs to be
weighed against the natural history of the disease and
treatment risks. Determination of any patient’s individual
risk for future cerebrovascular events is an equivocal task.
Ideally, stroke risks and best treatment options may be pre-
dicted and individualized according to a number of dif-
ferent factors evaluating a patient’s individual risk profile.
Such factors may include an analysis of plaque character-
istics and plaque instability, fludeoxyglucose-based PET
scanning of brain metabolism, and transcranial Doppler
monitoring of high-intensity transient signals.®® Indeed,
some researchers have hypothesized that in the future, 3
subgroups of patients will benefit from surgical interven-
tions: patients with plaque instability; patients with insuf-
ficient collateral circulation demonstrated on transcranial
Doppler ultrasonography and/or MR angiography; and pa-
tients with severe metabolic compromise, characterized by
increased oxygen-extraction fraction on PET.®" Other pa-
tients may best be treated by medical management. While
improvements in medical management may change the
future risk profile, the outcome impact remains to be seen.
In fact, in the 10-year follow-up study of ACST, 80% of
patients received aggressive modern medical management,
including lipid-lowering medications. Carotid endarterec-
tomy, however, reduced the stroke risk by about one-third
of patients. By 10 years, the overall risk of stroke (includ-
ing perioperative events) was 13.4% for those undergoing
early operation compared with 17.9% with delayed or no
carotid endarterectomy.”” Currently, carotid endarterec-
tomy remains the gold standard for asymptomatic patients
with an incidental asymptomatic carotid artery stenosis of
60% or greater.
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Spinal injury patterns among skiers and snowboarders
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Object. Skiing and snowboarding injuries have increased with the popularity of these sports. Spinal cord injuries
(SCIs) are a rare but serious event, and a major cause of morbidity and mortality for skiers and snowboarders. The
purpose of this study is to characterize the patterns of SCI in skiers and snowboarders.

Methods. The authors queried the Nationwide Inpatient Sample for the years 2000-2008 for all patients admitted
with skiing or snowboarding as the mechanism of injury, yielding a total of 8634 patients. The injury patterns were
characterized by the ICD-9 diagnostic and procedure codes. The codes were searched for those pertaining to vertebral
and skull fracture; spinal cord, chest, abdominal, pelvic, and vessel injuries; and fractures and dislocations of the up-
per and lower extremity. Statistical analysis was performed with ANOVA and Student t-test.

Results. Patients were predominantly male (71%) skiers (61%), with the average age of the skiers being older
than that of snowboarders (39.5 vs 23.5 years). The average length of stay for patients suffering from spine trauma
was 3.8 days and was increased to 8.9 days in those with SCI. Among hospitalized patients, SCI was seen in 0.98% of
individuals and was equally likely to occur in snowboarders and skiers (1.07% vs 0.93%, p < 0.509). Cervical spine
trauma was associated with the highest likelihood of SCI (19.6% vs. 10.9% of thoracic and 6% of lumbar injuries, p
<0.0001). Patients who were injured skiing were more likely to sustain a cervical spine injury, whereas those injured
snowboarding had higher frequencies of injury to the lumbar spine. The most common injury seen in tandem with
spine injury was closed head injury, and it was seen in 13.4% of patients. Conversely, a spine injury was seen in
12.9% of patients with a head injury. Isolated spine fractures were seen in 4.6% of patients.

Conclusions. Skiers and snowboarders evaluated at the hospital are equally likely to sustain spine injuries. Ad-
ditionally, participants in both sports have an increased incidence of SCI with cervical spine trauma.

(DOI: 10.3171/2011 8. FOCUS11179)

KEy WorDps  °

winter sports and are growing in popularity, which

has coincided with an increase in injuries in both
sports.2 With injury rates ranging from 2 to 6 per 1000
days of skiing or snowboarding, both sports are consid-
ered to be fairly safe. Despite the low incidence, there
tends to be high morbidity associated with these injuries,
because they typically occur at high speeds. Accidents
involving collision with trees or other obstacles are the
most common causes of injury and death seen in skiers,’!!
whereas intentional jumping over obstacles higher than 2
m is consistently reported as the most frequent cause of
injury in snowboarders."'* Most injuries in skiers occur
in the lower extremities, most commonly as a tibial frac-
ture or anterior cruciate ligament strain.>’-'*> Snowboard-
ing accidents lead to fewer lower-extremity injuries, but
to more wrist fractures and a higher incidence of splenic
injuries.!

S KIING and snowboarding are commonly enjoyed as

Abbreviations used in this paper: NIS = Nationwide Inpatient
Sample; SCI = spinal cord injury; SCIWORA = SCI without radio-
graphic abnormality.
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epidemiological study

e skiing ¢ snowboarding < spine injury

Although SClIs are a relatively rare event,'? they re-
sult in significant morbidity and mortality when they
do occur. One study suggested that snowboarders had a
higher risk of spine injuries.! The inherent differences in
skiing and snowboarding, such as stance, preferred ter-
rain, and maximum speeds attained, probably account for
the differences in severity and patterns of injury. A later
study suggests that the risk of SCI is approximately equal
in both skiers and snowboarders."?

In the present study, the NIS was used to attain a
large study population, and our investigation aimed to
describe SCI patterns in those who suffer a vertebral col-
umn fracture while skiing or snowboarding. This study is
a descriptive analysis of spinal column injuries and SCIs
seen in skiers and snowboarders who sustained trauma
requiring hospital evaluation.

Methods

The NIS was obtained from the Agency for Health-
care Research and Quality for the years 2000-2008. The
NIS represents the largest database of hospital admissions

1



in the US, includes all payers, and with approximately 8
million entries per year, it accounts for a stratified sample
of approximately 20% of all inpatient admissions. For
the year 2008, the NIS contains data obtained from 1056
hospitals in 42 states. The authors queried the NIS for
the years 20002008 for all patients admitted with ski-
ing or snowboarding as the mechanism of injury, yield-
ing a total of 8634 patients. Patient sex, age, in-hospital
death, and the day of the week and month of injury were
recorded. The injury patterns were characterized using
the ICD-9 diagnostic and procedure codes. The codes
were searched for those pertaining to vertebral and skull
fracture; spinal cord, chest, abdominal, pelvic, and ves-
sel injuries; and fractures and dislocations of the upper
and lower extremity. Procedure codes for fusion of any
vertebral level, laminectomy, or any surgical spine re-
pair were extracted from the sample set (Table 1). The
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length of stay, need for repeat surgery, and presence of
thromboembolic complication were assessed for each pa-
tient. Statistical software (SPSS, Inc.) was used to search
the database for each of the above-mentioned codes. Sta-
tistical analysis was completed using the Fisher exact,
chi-square, ANOVA, and Student t-tests in GraphPad
Prism (GraphPad Software, Inc.).

Results
Patient Demographic Data

Patients were predominantly male (71%) skiers (61%),
with the average age of the skiers being older than that
of snowboarders (39.5 vs 23.5 years). Nine (25%) of 36
snowboarders with an SCI were younger than 18 years of
age, compared with 9 (18.3%) of 49 skiers (Table 2). The

TABLE 1: List of ICD-9 codes queried for injuries, procedures, and complications related to ski and

snowboard accidents

Description of Injury

ICD-9 Injury Codes

cause of injury
fall from skis
fall from snowboard
closed head injury
concussion, contusion, intracranial bleed
skull fracture
skull vault
skull base
facial fracture
other skull fracture
nervous system injury
SCI
cranial nerve injury
peripheral nerve injury
SCIWORA
spine fracture
cervical vertebrae/dislocation
thoracic vertebrae/dislocation
lumbar vertebrae/dislocation
sacral
pelvic fracture
anywhere in pelvis
limb injury
upper extremity
lower extremity
dislocations
chest injury
internal chest injuries
rib fracture
abdominal injury
internal injuries
vessel injury
carotid artery

E885.3
E885.4

850-854

800
801
802
803, 804

806
950, 951
955, 956
952

805.0, 805.1, 806.0, 806.1, 839.0, 839.1
805.2, 805.3, 806.2, 806.3, 839.21, 839.31
805.4, 805.5, 806.4, 805.5, 839.20, 839.30
805.6, 805.7, 806.6, 806.7

808

810-819, 880-887, 840-842

820-829, 890-897, 843-846

830-838

860-862
807

863-868

900
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TABLE 2: Demographic data for patients with ski and snowboard
injuries obtained from the NIS

No. (%)

Characteristic Total Skiers Snowboarders
no. of patients 8634 (100) 5277 (61) 3357 (39)
sex

M 6096 (71) 3423 (65) 2673 (80)

F 2538 (29) 1854 (35) 684 (20)
average age in yrs 33.3 39.5 235

range 2-99 2-99 2-97
no. of injuries

vertebral 510 (5.9) 433 (8.2) 77(2.3)

SCI 85 (0.98) 49 (0.93) 36 (1.07)

majority of injuries occurred in February, followed by
March and January (23.1%, 21.8%, and 21.2%, respective-
ly; p < 0.002). Among hospitalized patients, SCI was seen
in 0.98% of the patient sample and was equally prevalent
in snowboarders and skiers treated in the hospital (1.07%
vs 0.93%; p < 0.509 [not significant]). Of the subset of
patients who suffered an SCI, 57.6% were injured while
skiing and 42.4% were injured while snowboarding.

Surgical Intervention

Isolated spine injuries were seen in 4.6% of patients.
Skiers had higher rates of fracture or dislocation in the
cervical spine, followed by thoracic and lumbar spine
B%, 2.71%, and 2.5%, respectively; p < 0.0001 between
cervical and lumbar spine). Snowboarders were more
likely to suffer lumbar or thoracic injury than trauma in
the cervical spine (4.9% lumbar, 3.9% thoracic, 2.6% cer-
vical; p < 0.0001). In the analysis of patients who suffered
a spine injury with or without SCI, skiers were more like-
ly to injure the cervical spine (40.7% in skiers vs 25.3% in
snowboarders; p < 0.0001), whereas snowboarders were
more likely to injure the lumbar spine (47.6% in snow-
boarders vs 35.2% in skiers; p < 0.0007). However, in
both groups, cervical spine trauma was associated with
the highest likelihood of SCI (19.6%, vs 10.9% of thoracic
and 6.0% of lumbar injuries; p < 0.0001) (Fig. 1 upper).
This held true when analyzed according to sport as well,
as seen in Fig. 1 lower.

Of those who sustained a cervical SCI, 66.6% un-
derwent surgical fixation compared with 56.7% of those
with a thoracic injury and 55.6% of those with a lum-
bar injury. Patients with SCI associated with a thoracic
fracture were more likely to undergo surgical fusion than
those without SCI (OR 11.93,95% CI 5.171-27.54). Simi-
larly, in patients with a lumbar spine fracture, there was a
significantly increased tendency to undergo spinal fusion
if there was an associated SCI (OR 13.4, 95% CI 4.847—
37.25). Patients with cervical spine injuries were equally
likely to have fusion with and without SCI (OR 1.3, 95%
CI 0.707-2.540) (Fig. 2).

Of note, SCIWORA, although rarely occurring, was
seen almost twice as frequently in skiers as in snowboard-
ers (1.17% vs 0.54%, p < 0.0001).
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Fie. 1. Bar graphs showing associations between trauma level and
SCI.  Upper: The SCI level among injured skiers and snowboarders
was significantly correlated with the vertebral level of the trauma. Cer-
vical spine trauma had the highest incidence of SCI, at 19.6%, com-
pared with 10.9% in thoracic, and 6.0% in lumbar spine fractures (p
< 0.0001). Lower: The association between higher vertebral level
and increased likelihood of SCI was maintained across both skiers and
snowboarders.

Multiply Injured Patients

The most common injury seen in tandem with spine
injury was closed head injury, and it was seen in 13.4% of
patients. Conversely, a spine injury was seen in 12.9% of
patients with a head injury. Among those with spine inju-
ries, snowboarders had almost twice as many closed head
injuries compared with their skiing counterparts (14.0%
and 7.8%, p < 0.0001).

Excluding head injuries, skiers who had thoracic and
lumbar vertebral injury were more likely to have multi-
organ trauma than skiers who had cervical spine injuries
(48% for thoracic and 46% for lumbar vs 19% for cervi-
cal; p <0.004). A similar trend was seen in snowboarders;
24% with thoracic trauma, 27% with lumbar trauma, and
14% with cervical trauma had multiple injuries (p < 0.06).

In general, snowboarders were more likely to have
injuries to their upper extremities, (48% vs 13% of skiers,
p < 0.0001), whereas skiers had significantly more lower-
extremity injuries (58.6% vs 22.3% of snowboarders, p <
0.0001). Patients who had an SCI were more likely to be
discharged to a rehabilitation facility than those with in-
juries not including SCI (OR 17.02, 95% CI 11.02-26.30).

Length of Stay and Hospital Charges
On average, patients who suffered an SCI stayed 5.8
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39.6% p<0.0001

Patients Undergoing
Surgical Fusion (%)

Thoracic Lumbar

Cervical

Fic. 2. Bar graph showing that operative stabilization was performed
most frequently among skiers and snowboarders with cervical fractures
(39.6%) compared with thoracic (15.0%) and lumbar spine injuries
(11.3%), with or without SCI.

days longer than their counterparts without SCI (8.8 days
vs 3.0 days, p < 0.0001). Patients who suffered an SCI
also had higher costs associated with their hospitaliza-
tions ($94,795 vs $29,479; p < 0.0001). Patients with SCI
were more than 8 times as likely to be discharged to a
rehabilitation facility versus home or self-care after their
hospital stay (53% of patients with SCI vs 6.2% patients
without SCI, p < 0.0001). Skiers and snowboarders had
similar length of hospital stays and charges accrued (2.9
vs 3.2 days and $20,175 vs $22,824, respectively).

Discussion

As skiing and snowboarding become more popular
sports, with growing numbers of occasional participants,
the rates of injuries are increasing.*®’ Two studies sug-
gested that the rates of spinal column (vertebral) injury
and SCI are decreasing in overall frequency, but have
changed in regard to the level injured.>” The rates of neu-
rological injury are typically in the range of 1 in 100,000
skier days, and complications leading to death are as low
as 1 in 2 million skier days.>!""!* This study aimed to ex-
amine, on a large scale, how spinal column injuries and
SClIs differed in participants in these 2 sports. As with
other studies, minor injuries may not have been brought
to the attention of the ski patrol or may not have required
evaluation in an emergency department.'

Using the dataset, we calculated an estimate of the
national burden of spine injuries among skiers and snow-
boarders. Because the NIS represents a rotating sample
of approximately one-fifth of hospitalizations in the US
annually, we performed an approximation of the annual
injury burden by calculating the mean injury rate within
the NIS for the years in question and then estimating a
national average of the types of injuries in patients admit-
ted to hospital. Between the years 2000 and 2008, there
was a mean of 81.3 (range 18—126) spine injuries, leading
to an estimate of 406.5 spine fractures sustained nation-
ally by skiers and snowboarders each year. Of these spine
injuries, an estimated 105.5 required surgical treatment
each year nationwide.

In this population, SCI was not seen more frequently
in skiers or snowboarders, which is divergent from the
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study by Tarazi et al.,* but mirrors the results seen by
Sacco et al.'? The difference may be due a deficiency in
our study due to inability to calculate the total number of
skiing participants or because of the substantially larger
patient population in this study.

Cervical injuries were seen more frequently in ski-
ers than in snowboarders, which is congruent with the
mechanism of injury previously described for each
sport.!7!' The majority of injuries sustained while skiing
occur due to falls or collision and have been associated
with cervical injuries, whereas snowboarding injuries are
more likely to occur as a result of intentional jumping
and subsequent landing on the buttocks or with increased
force on the legs.+6%11:13.1416 This is contrary to what was
seen in an analysis of injuries treated in a Utah hospital,'
where the most frequent level injured was the thoracic
and lumbar spine. As stated above, our data suggest that
cervical spine injuries lead to more SCI and that skiers
more frequently injure their cervical spine. However, it
did not show statistically significantly more SClIs in ski-
ers. We reported a higher surgical intervention rate than
in previous studies® and noted that SCI substantially in-
creased the incidence of fusion in lumbar and thoracic
injury. Cervical fusion rates were not dependent on SCI.
The high occurrence of fusion in cervical injuries without
SCI could be due to surgeons’ comfort level with cervical
fusions compared with the thoracic spine. In our study,
the exact vertebral injury level was not assessed, nor was
injury to the thoracolumbar junction, which was noted to
be the most common location by other authors.*!* Also,
the type of fracture could not be assessed in this study
due to the inability to review patient charts.

The proximal cause of death was not available be-
cause charts were not reviewed. However, the number
of deaths in patients admitted to the hospital with ski or
snowboard injuries is extremely low. Other authors have
quoted the incidence of fatal ski or snowboarding injury
to be as low as 1 in 2 million skier days.’ Also, similarly
to Sacco et al.,'> a higher number of fatal injuries was
seen in primarily male skiers.

The younger age of snowboarders is a trend that has
been noted in several other studies.®®1214-16 Although in
this study we were not able to assess skill levels in the
injured participants, others have noted that most injuries
occurred while patients were skiing or snowboarding at
their skill level, and individuals sustaining injuries were
typically intermediate or expert skiers.!'* This has been
attributed to the higher likelihood of “jump failure” in
the expert groups; these individuals are taking more risks
than those in the beginner groups.

The most common mechanism of injury in snow-
boarders is associated with jumping.''® With aerial ma-
neuvers being cited as the culprit for increased SCIs in
snowboarders,'® it is not unreasonable to believe that
more skiers will sustain injuries as they begin pushing
vertical boundaries. The addition of more extreme skiing
and snowboarding into the Olympics and other interna-
tional competitions will serve to push those limits further.

The increased incidence of SCIWORA in skiers is
interesting, because it is typically associated with pediat-
ric injuries due to the laxity of the spinal ligaments.® This
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differs from what would be expected when the younger
population typically consists of more snowboarders than
skiers. It is likely that the flexion and extension injuries
seen in skiers accounts for this difference.

We did not find a difference in length of hospital
stay between skiers and snowboarders, unlike others.'*>!
Length of hospital stay was dictated more by the presence
of SCI, which is probably reflective of the more severe
nature of the injury. The overall cost of hospitalization
was not different between sports, which is expected if the
length of stay is primarily determined by other variables.
Similar to what was found by Sacco et al.,'> February was
the month most associated with injuries.

Limitations of the Study

As a retrospective study, there may have been some
information that was not included in the initial collection
of data. Coding for similar injuries may have been incon-
sistent because the patient population was formed using a
nationwide database. In such a large, heterogeneous pop-
ulation, there is no way to know the total number of ski/
snowboard days, and thus there is no true denominator.
Also, the use of protective equipment was not recorded
in the database.

Skiers and snowboarders who suffered injuries that
did not necessitate an emergency room workup were not
part of this study group, thus eliminating less severe inju-
ries from this cohort. To counteract this, those who died
while still at the resorts were also not included, which
leads to an underestimation of fatalities in this study.

Conclusions

The prevalence of SCIs is similar among skiers and
snowboarders evaluated in hospital. Additionally, partici-
pants of both sports have an increased incidence of SCI
with cervical spine trauma. The most predominant differ-
ence between the groups is at what level the fracture oc-
curred; snowboarders had more lumbar fractures and ski-
ers had more cervical injuries. This is probably attributed
to the mechanism of injury, which has been described in
other studies.
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Strategies for asymptomatic carotid artery stenosis
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The treatment of asymptomatic carotid artery stenosis (ACAS) has continued to evolve for the past 3 decades.
With rapidly advancing technology, the results of old trials have become obsolete. While there has been little change
in the efficacy of carotid endarterectomy, there have been vast improvements in both medical management and carot-
id angioplasty with stenting. Finding the best therapy for a given patient can therefore be difficult. In this article, the
authors review the current literature regarding treatment options for ACAS and the methods available for stratifying

patients who would benefit from surgical versus medical treatment. (DOI: 10.3171/2011.9. FOCUS11206)

KEy WoRrRDs  »

endarterectomy ¢ carotid stent

rowing of the common carotid artery or the ICA

due to atherosclerosis and is most commonly seen
in the geriatric population. It is associated with an in-
creased risk of ischemic stroke.®® In some patients, the
stenosis is discovered as a result of transient ischemic at-
tacks or amaurosis fugax (transient blindness in one eye).
In these patients, the likelihood of suffering an ischemic
stroke in the near future is increased.*' Surgical interven-
tion, either CEA or CAS, is generally accepted in symp-
tomatic patients.’’

Given advances in imaging of the cerebral vascu-
lature and the more widespread use of such studies, the
frequency of incidentally discovered carotid stenosis is
increasing."* The severity of stenosis and the development
of symptoms are not necessarily directly related, due to
collateral circulation from the contralateral carotid artery
and the posterior circulation. The management of ACAS
has been debated since the late 1970s and early 1980s
when clinical trials were performed to compare the best
medical treatment at the time and CAE.”? The controver-
sy continued in the early 1980s when some physicians
believed that conservative medical management was
warranted until severe stenosis or symptoms appeared®

CAROTID artery stenosis commonly refers to a nar-

Abbreviations used in this study: ACAS = asymptomatic carotid
artery stenosis; CAE = carotid endarterectomy; CAS = carotid
angioplasty with stenting; ECST = European Carotid Surgery Trial;
hs-CRP = high-sensitivity C-reactive protein; ICA = internal carotid
artery; NASCET = North American Symptomatic Carotid Endarter-
ectomy Trial; TCD = transcranial Doppler.
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treatment

versus others who advocated more aggressive prophylac-
tic surgery.”

Current American Heart Association and American
Stroke Guidelines indicate that endarterectomy and ag-
gressive management of risk factors is the best course of
treatment for ACAS in patients with = 60% stenosis if
surgery is not otherwise contraindicated due to comor-
bidities and other risk factors.?’ Polling in the US indi-
cates that about 47% of patients are treated medically,
36% with CEA, and the remainder with CAS.*° Interna-
tional statistics are similar regarding treatment choice.*’
The clinical reasoning behind the predominance of medi-
cal management is that many physicians are treating in-
dividuals with atherosclerotic disease in other areas of
the body and are uncomfortable with the risks of surgery,
despite the proven long-term success of endarterectomy.*’
However, the choice of aggressive medical management
alone may not necessarily be incorrect given the recent
advances and emerging evidence.

Multiple trials have been performed to help elucidate
the best treatment strategy for ACAS.? In the 1980s and
1990s, trials were designed to examine CEA and medical
management. Examples of these trials include the NA-
SCET and the ECST. Although focused on symptomatic
stenosis, both NASCET and ECST included information
regarding the nonsymptomatic artery. These data have
been used for analyses of the efficacy of CEA in asymp-
tomatic stenosis; however, the data cannot be generalized
to the truly asymptomatic population as these trials in-
volved patients who were symptomatic in the contralat-
eral artery.



In the 1990s and early 2000s, trials specifically fo-
cused on asymptomatic patients were conducted, the most
notable being the Asymptomatic Carotid Atherosclerosis
Study and the Asymptomatic Carotid Surgery Trial.”’
These studies examined ACAS directly by following the
long-term effects of medical management and CEA; how-
ever, these trials were performed at a time when medical
management consisted mainly of aspirin. Therefore, these
trials may now be outdated due to improvements in medi-
cal management, including lipid-lowering medications,
antihypertension medications, and antiplatelet agents.

In the early 2000s, CAS became a viable treatment
option for patients with carotid stenosis. Percutaneous an-
gioplasty and stenting gained popularity due to the less
invasive nature of endovascular procedures. Carotid an-
gioplasty with stenting was believed to be a particularly
good option for patients with a high surgical risk. Specific
trials investigating the efficacy and safety of CAS were
organized, including the Stenting and Angioplasty with
Protection in Patients at High Risk for Endarterectomy
trial and the Stent-Protected Angioplasty in Asymptom-
atic Carotid Stenosis (SPACE) trials. These trials have
led to little consensus as to where CAS should fall in the
treatment paradigm for patients with ACAS. Addition-
ally, these trials examined CAS against CEA and rarely
included a branch for medical management alone. An
ongoing trial, SPACE-2, has an arm for CEA, CAS, and
purely medical treatment, making it unique.

The management of ACAS remains debatable due
to the inherent risks posed by surgical procedures, both
CEA and CAS, and the improvements in medical man-
agement. A consensus on the prognosis for ACAS needs
to be developed to properly stratify patients who would
benefit from either surgical intervention or medical man-
agement.

Diagnosis

It is estimated that 15%—-30% of all ischemic strokes
are related to carotid atherosclerotic disease, highlight-
ing the importance of early diagnosis.®” A thorough his-
tory and physical examination are the initial steps in
evaluating a patient with potential ACAS. Risk factors
for carotid stenosis are similar to those for coronary ar-
tery disease and include hypertension, diabetes mellitus,
smoking, and elevated blood cholesterol levels, but may
include patient age and sex as well.* A carotid bruit is
an often overlooked sign that can easily be identified on
routine physical examination; although it is not necessar-
ily indicative of carotid stenosis, its presence should raise
suspicion. A carotid bruit should be followed up with
TCD, which is currently the most cost-effective means of
diagnosing carotid stenosis. Doppler ultrasonography is
also capable of determining the degree of stenosis, which
is a major factor in determining the risks associated with
carotid stenosis.*r The NASCET and ECST trials were
important in helping to establish the methods by which
stenosis is measured for consistency among observers.
Both trials used the formula: percent stenosis = (1 — D/N)
x 100, where D is the diameter of the vessel at the most
stenotic segment and N is the normal diameter of the ves-
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sel. The difference between the 2 trials is how the normal
diameter was measured. According to NASCET criteria
the normal diameter was measured in the ICA distal to
the stenosis, whereas according to ECST criteria the nor-
mal diameter was measured at the predicted outline of
the carotid bulb.?5¢¢! Figure 1 illustrates the differences
in these methodologies. Although the methods are differ-
ent, they both have been effective in minimizing interob-
server variability.®!

Patients with significant findings on Doppler ultraso-
nography should undergo further workup with advanced
imaging of the cerebral vasculature using conventional
angiography, CT angiography, or MR angiography. The
greater definition of the anatomy, collateral circulation,
and plaque morphology is helpful in designing treatment
options, particularly if an intervention is being considered.

Depending on the degree of stenosis, the 7-year risk
of an ipsilateral stroke varies from 8% to 35%.% In an
earlier study, patients with moderate to severe stenosis of

ean o i gy

Fie. 1. Lateral cervical angiogram showing the anatomical sites
used in calculating percent stenosis. Diameter of the vessel at the site
of maximal stenosis is indicated by D, and normal vessel diameter is
indicated by N. Note that N is measured distal to the stenosis according
to the NASCET criteria, while the ECST criteria measured N using the
predicted outline of the carotid bulb.
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more than 50% had a 9.3% risk of ipsilateral stroke at
10 years.>! Since a significant proportion of strokes can
be attributed to carotid stenosis, some physicians believe
that screening for ACAS in the general population could
be beneficial.* In the general population, the prevalence
of moderate (= 50%) and severe (= 70%) stenosis ranges
from 0% to 7.5% and 0% to 3.1%, respectively, depending
on patient age and sex.** Accounting for the time and
costs associated with screening using TCD, it has been
estimated that the prevalence of severe ACAS would need
to surpass 20% to be cost-effective.'* Given these figures,
it seems that screening the general population is not war-
ranted; however, some authors have pointed out that there
may be a cost-benefit to screening populations with mul-
tiple risk factors.!

Medical Management

The medical treatment of ACAS has evolved greatly
since the major trials of the 1980s.5” At that time, aspirin
was the only major component of medical management.?*
However, medical management now involves lipid-lower-
ing drugs, a greater variety of antihypertension medica-
tions, and antiplatelet agents.” Clinical trials indicate that
statins may even go so far as to decrease atherosclerotic
plaques in individuals who do not yet have significant ste-
nosis.>*% Maintenance of adequate high-density lipo-
protein levels is also important since they help to reduce
plaque volume.* Antiplatelet drugs have also been devel-
oped to decrease the risk of thromboembolic events, which
could lead to ischemic stroke. When CEA was followed
by antiplatelet therapy, there was a decreased stroke risk
as compared with CEA alone.?! It would be expected that
antiplatelet medications would similarly decrease stroke
risk within a strictly medical management option as well.
The increase in the quality of these drugs is cause enough
to perform new trials comparing their efficacy to that of
CEA and CAS ¥

Hemodynamic studies provide some evidence that
medical therapy is becoming more effective in preventing
adverse events in ACAS. Transcranial Doppler ultrasonog-
raphy is capable of detecting the presence microemboli due
to carotid stenosis.” Microemboli are fragments from em-
boli from the heart or arteries. It has been shown that these
microemboli are extravasated through tissues in a normal
perfusion model; however, in the case of hypoperfusion,
they are not as readily cleared from the vascular system.”®
This is relevant since stenosis of the carotid artery would
affect perfusion of the ipsilateral anterior circulation of the
brain and could hinder clearance of these microemboli,
eventually leading to stroke. Aged mice were also shown
to have delayed removal of microemboli.”® Since most pa-
tients with ACAS are 50 years of age or older, this finding
may be relevant. With more widespread use of increasingly
effective medical treatment, the presence of microemboli
has decreased in patients with ACAS.% The rate of plaque
progression in treated patients has also significantly de-
creased.®” While this provides some evidence that medi-
cal treatment is becoming more successful, a clinical trial
would be required to validate this claim.

Strokes that occur in patients with carotid stenosis
may not necessarily be caused by the stenosis itself. Inzi-
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tari et al.» suggested that 45% of strokes ipsilateral to
carotid stenosis are either lacunes or cardioembolic in
origin. These statistics have not been used in the method-
ology of clinical trials for carotid stenosis. Since ACAS
is a predictor of cardiovascular disease elsewhere in the
body, aggressive medical treatment is beneficial for the
long-term health of these patients independent of the ca-
rotid artery disease.?6*

The risk of stroke due to carotid stenosis is lower than
previously believed according to recent studies.*’>' Some
physicians believe that medical management should be the
mainstay of ACAS therapy and that invasive techniques
should only be used in specific cases.* There is growing
support in the literature for reevaluating the efficacy of
medical treatments due to the aforementioned improve-
ments. Some authors believe that no patients with asymp-
tomatic disease warrant surgery due to the generally poor
vascular health in this population.? In a recent analysis by
Abbott,' medical management was determined to be the
best option for patients with ACAS due to the high costs
of surgical intervention and associated complications.

Surgical Treatment
Carotid Endarterectomy

In the early 1950s CEA was developed as a meth-
od of removing plaque in the carotid artery and thus
decreasing the risk of stroke in patients by improving
cerebral perfusion.” Carotid endarterectomy is associ-
ated with a periprocedural risk of myocardial infarction,
cranial nerve injury, and stroke.® It is generally accepted
that CEA provides an absolute risk reduction in stroke
of approximately 1% over the moderate to long term.’!
Based on estimates from older data on medical manage-
ment, CEA is advocated if the periprocedural risk is 3%
or lower.3”%¢7 Accordingly, the skill and experience of
the surgeon are significant and should be included in the
decision regarding CEA.* Earlier studies have indicated
that CEA should only be considered in patients with a
hemodynamically significant stenosis.”

Several classification systems exist for risk stratifica-
tion in patients undergoing CEA. In 1978 Moore et al.*
developed a classification system based on the extent of
plaque ulceration. Grade A indicates a smooth and shal-
low ulcer; Grade B, a smooth but large and deep ulcer;
and Grade C, an irregular, large, and deep ulcer.!> A
more thorough system for stratifying risk in carotid ste-
nosis was introduced by Sundt et al.”! in 1986. Table 1
shows the essential features of this classification sys-
tem.”7! Only patients in Groups 1-3 are relevant to the
discussion of ACAS, as those in Group 4 are by definition
symptomatic. Patients in higher groups have a greater in-
cidence of postoperative neurological complications and
death following CEA.™

Restenosis following CEA is another consideration
when evaluating a patient for endarterectomy®” and has
been reported in up to 15% of cases.*® Patients experi-
encing restenosis after CEA have an increased risk of
stroke.** Several techniques have been developed to re-
duce the incidence of restenosis. One of these is eversion
CEA, in which a transverse incision is made in the artery
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TABLE 1: Sundt classification system*

Group Description

1 neurologically stable w/ no major medical or angiographic
risks w/ unilat or bilat carotid disease

2 neurologically stable w/ no major medical factor but significant
angiographic risks

3 major medical risks regardless of angiographic findings

4 neurologically unstable

* Medical risk factors: angina pectoris, myocardial infarction within 6
months, congestive heart failure, obesity, chronic obstructive pulmo-
nary disease, or age > 70 years. Neurological risk factors: progressive
deficit, deficit within 24 hours, crescendo transient ischemic attacks,
and multiple cerebral infarcts associated with deficits. Angiographic risk
factors: contralateral ICA occlusion, coexisting carotid siphon stenosis,
high bifurcation, long plaque length, or evidence of thrombus from an
ulcer.

as opposed to a standard longitudinal arteriotomy. Ever-
sion CEA has been reported to have a lower restenosis
rate compared with a traditional technique while main-
taining similar perioperative mortality and morbidity.*
Another technique is patch angioplasty, which involves
the use of a venous or synthetic patch to close the arteri-
otomy, as opposed to the primary closure utilized in the
standard technique. In a recent review by Rerkasem and
Rothwell,® the incidences of periprocedural stroke and
restenosis were both decreased with patch angioplasty
as compared with the standard technique, although the
sample size was relatively small in the study. Despite the
lack of conclusive data regarding the efficacy of patch an-
gioplasty with CEA, it is still commonly used, with the
choice of patch material being unimportant.?

Although it is recognized that performing CEA in
all patients with moderate to severe stenosis is not cost-
effective, there are clinicians who would still recommend
it to all patients with ACAS as long as a skilled surgeon
is available.®%* Small studies done in single centers have
demonstrated that endarterectomy is still superior to
medical management. Lutz et al.** studied data from pa-
tients receiving lipid-lowering medications and antiplate-
let agents, as well as treatment for diabetes and hyper-
tension. The sample size of this study was small, and a
larger scale, multicenter clinical trial is needed to deter-
mine whether CEA is truly superior to current medical
management. It is also important to note that although it
is easy to argue for medical management as a better pos-
sible option, there is no Level I evidence to indicate that
this is necessarily true.%> Without further trials to prove
otherwise, CEA should be accepted as the standard of
care in patients with moderate to severe ACAS.

Figure 2 shows representative images from a patient
with asymptomatic stenosis of the right ICA and near-
complete occlusion of the left ICA that was treated with
right-sided endarterectomy.

Carotid Angioplasty With Stenting

Carotid angioplasty with stenting is a newer option in
the treatment of ACAS, and due to its less invasive nature
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Fic. 2. Images obtained in a 77-year-old woman who was found
to have near-occlusion of the left ICA and severe stenosis of the right
cervical ICA on MR imaging of the cervical spine for neck pain. A:
Lateral view angiogram showing focal stenosis in the proximal cervical
ICA. B: A 3D reconstruction of a rotational angiogram further high-
lighting the stenosis. The patient was treated with CEA.

it has garnered a great deal of interest. Several trials, such
as the Carotid Revascularization Endarterectomy Versus
Stenting Trial (CREST), have been designed to compare
the efficacy of CAS as compared with CEA.% Patient se-
lection for the CAS trials was aimed at patients with a
high surgical risk. It is important to note that although the
Sundt classification is often used to stratify patients for
CAS, the system was not designed with this application
in mind and may not be applicable. The trials comparing
CAS and CEA suggest that CAS is at best equal to CEA
in patients with ACAS in terms of efficacy.?$-30-3¢:32 There
is common agreement that CAS has a decreased risk of
myocardial infarction and cranial nerve injury and an in-
creased risk of perioperative stroke.®!'73 However, there is
little consensus beyond that. A lack of consensus occurs
even when the same data are analyzed because of the use
of different statistical strategies.’® Even within a single
meta-analysis of CAS, there are few conclusions that can
be made given the heterogeneity of the data.? The use of
a distal protection device during a CAS procedure has
shown questionable benefit, although it is still a common
practice when placing a carotid stent.?’ The CREST was
the first trial to evaluate the efficacy of CEA and CAS in
a similar population and showed that the prognosis fol-
lowing the 2 procedures was similar, although they had
different periprocedural risks, as previously mentioned."
Moreover, it was concluded that older patients (age = 70
years) encountered worse outcomes with CAS.”® In an-
other study, which focused on patients 80 years of age or
older, CAS results approached those of the natural history
(approximately 3%).™

Much like with CEA, patients who have undergone
CAS are at risk for restenosis; however, the rates are
typically lower than those seen with CEA. In a study by
Gonzdlez et al.”® restenosis occurred in 4.3% of patients.
Even in patients with a high surgical risk, restenosis after
CAS occurs less frequently than after CEA.%
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Economically, CAS has a much greater material cost
as compared with CEA.* Although there is a decreased
hospital stay for those undergoing CAS, the high cost
of equipment from the procedure itself offsets the sav-
ings.*** There also appears to be an age-linked benefit to
CAS that should be factored in, as perioperative risks of
CAS are reduced in younger patients.'

Operator experience is a factor that has led to incon-
sistency in interpreting data from these trials. The entry
criteria for surgeons performing CEA were more strin-
gent than for those performing CAS. This may help to
explain the lack of consensus and disagreement found in
the carotid stenting literature.?’ Furthermore, the stratifi-
cation of patients recommended for either CAS or CEA
is significant. Since many patients with a high surgical
risk undergo CAS, they should be considered inherently
riskier. Because of this bias, it may be hard to objectively
compare CEA and CAS.* The early CAS trials did not in-
clude these factors in their designs and thus are flawed.?-*
These trials also had issues with patient recruitment as
well as trial suspensions due to risks, ultimately leading
to debate of their validity.”® Although CEA is equal or
better in long-term benefit depending on the trial, even
the proponents of CEA recognize the situational benefit
of CAS for those who are at a particular risk for surgery.”
Carotid angioplasty with stenting is currently used in
high risk surgical patients with asymptomatic disease and
> 80% stenosis; however, in May 2011 the FDA approved
CAS for standard surgical risk patients with > 60% ste-
nosis. Table 2 illustrates various factors that should be
considered when deciding between CEA and CAS for a
patient with ACAS.

Figure 3 illustrates a patient with complete right ICA
occlusion and severe stenosis of the left ICA that was
treated with carotid stent placement, with subsequent im-
provement in cerebral blood flow.

Risk Stratification

Identifying patients who would benefit from an inter-
vention and those who can be treated with medical treat-
ment alone is likely more useful than classifying any one
treatment method as superior.* The importance of identi-
fying asymptomatic patients who are at particularly high

TABLE 2: Factors favoring a type of intervention in ACAS*

Carotid Endarterectomy Carotid Artery Stenting

focal lesions long-segment stenosis
calcified noncalcified

tight EDP-friendly

robust collateral circulation poor collateral circulation
poor stent candidate medical comorbidities
average bifurcation high bifurcation

tortuous aortic arch favorable aortic arch
male prior neck op or radiation
age <70 yrs age >70 yrs

* EDP = embolic distal protection device.
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Fic. 3. Images obtained in a 55-year-old woman who was found to
have complete occlusion of the right ICA and severe stenosis (> 80%) of
the left ICA during medical clearance for femur fixation. The patient was
deemed high risk for surgery and was treated with carotid stenting. ~ A:
Preintervention lateral angiogram showing flow-limiting stenosis of the
left ICA and complete occlusion of the left ECA from an atherosclerotic
plaque. B: Poststenting lateral angiogram showing improvement in
vessel diameter as well as blood flow.

risk has been realized since the 1970s.”? If patients can be
risk stratified using noninvasive and cost-effective tests,
then patients with ACAS can remain on medical treatment
and undergo surgery only when there is a specific need.
Transcranial Doppler ultrasonography can be used
to identify the presence of microemboli. Their presence
is a positive marker for future stroke.” Patients positive
for embolic signals are 5.6 times more likely to experi-
ence ipsilateral stroke compared with those without the
embolic signals.*® Patients without the signals have a
low absolute risk of stroke.*® Based on detection of mi-
croemboli, it is estimated that as few as 5% of patients
with ACAS stand to benefit from surgical revasculariza-
tion.%70 In utilizing TCD ultrasonography to better un-
derstand the hemodynamics of the cerebral vasculature
and the affected carotid artery, patient selection for sur-
gery can be improved.*® Patients with ACAS who have
microemboli on TCD ultrasonography are more likely to
benefit from surgery, whereas those without microemboli
can be maintained on medical treatment.
Ultrasonography has also been used in stratifying
patients with ACAS. It has been observed that patients
with progressively increasing stenosis are at highest risk
for adverse events affecting not only the cerebral, but also
the coronary and peripheral vasculature.*>¢> Ultrasonog-
raphy can also be useful in understanding the histology
of the plaque. Echolucent plaques are indicative of high
lipid levels with more inflammatory cells and thin cap,
whereas echogenic plaques are indicative of fibrous struc-
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tures.!® Patients with echolucent plaques are therefore at
increased risk for neurological events.*? It is also possi-
ble to determine the homo- or heterogeneity of a plaque
with ultrasonography. Heterogeneous plaques have been
shown to be more unstable than plaques that are more
homogeneous.®

Thrombin production is associated with inflamma-
tion, which is helpful in understanding the utility of an-
other test. Increased levels of hs-CRP have been identified
as being indicative of plaque instability since it marks the
presence of macrophages and T lymphocytes.” If hs-CRP
is monitored in patients with ACAS, the need for surgical
intervention could be identified earlier in those most at
risk for thromboembolic events from the atherosclerotic
plaque.?’

Another factor when considering an intervention for
asymptomatic patients is cerebral hemodynamics. Single
photon emission computed tomography with an acetazol-
amide challenge is a common method for measuring a
patient’s cerebral reserve. A radioisotope (technetium-99)
that is conjugated to a compound capable of crossing the
blood-brain barrier (hexamethylpropyleneamine oxime) is

Significant Risk Factors

C. Doe et al.

injected intravenously. The isotope then gives off gamma
rays, which can be detected by CT and translated to a map
of cerebral blood flow. Administration of acetazolamide
causes vasodilation and can help to determine cerebral
reserve in the areas of interest after obtaining a baseline
scan. Patients with diminished cerebral reserve may ben-
efit from an interventional procedure over those with ad-
equate reserve.?> At our institution, we are investigating the
use of SPECT data when it is unclear on imaging alone
whether a patient should undergo an intervention or remain
on medical therapy. Figure 4 shows a flow diagram of our
institutional protocol for caring for patients with ACAS.
Patient compliance and costs are important consid-
erations when weighing the different treatment options.
Medication can be expensive and must be maintained for
long periods.™ At the same time, myocardial infarction is
more common in patients with ACAS than stroke. This
is due to atherosclerosis present elsewhere in the vascu-
lature.%® Thus, patients who undergo CEA or CAS are
generally asked to maintain these medications for cardiac
protective reasons. Carotid angioplasty with stenting is
more expensive initially due to the high material input

= Coronary Artery Disease

= Peripheral Vascular Disease 5

ormdbtn Carotid Ultrasound |
» Smoking l

* Diabetes .

= Hypertension swf['ms

(Absent)

(rresent

( Cerebral Angiogram, CTA, or MRA |

!

Degree of Stenosis

(<60%)

H

Carotid

Medical Management with Repeat Imaging in 6-12 Months

Endarterectomy
or Carotid
Artery Stenting”

Fic. 4. Flowchart illustrating our institutional approach to patients with ACAS. CTA = CT angiography; MRA = MR angiogra-
phy; SPECT = single-photon emission CT with acetazolamide challenge. Refer to Table 2 for factors influencing the choice of

CEA or carotid artery stenting.
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required relative to CEA. Long-term follow-up in patients
both undergoing surgical intervention and receiving med-
ical treatment is crucial. Restenosis occurs in a signifi-
cant proportion of the population and is associated with
an increased risk of stroke.** Monitoring the contralateral
carotid artery is also important since stenosis can develop
following surgical treatment.’

When deciding on treatment, it is important to con-
sider all risk factors. Manageable cardiovascular risk
factors, such as hypertension, hyperlipidemia, diabetes
mellitus, and smoking, should be controlled.’! Patient
age and sex are both important when considering treat-
ment options.'® Several studies have noted an apparent
surgical benefit for younger cohorts as opposed to older
ones, especially in the case of CAS."” Men are also more
likely to have ACAS and garner a greater benefit from
surgery.'+1666 The contralateral carotid artery should also
be observed since patients with even moderate stenosis
have been shown to have a significantly increased risk
of stroke if the other carotid is occluded.* Specific surgi-
cal risks are also important to consider. It has been rec-
ognized that although CEA does reduce stroke risk, this
reduction must be measured carefully against procedural
risks, as these patients are generally high-risk surgical
candidates.”> The Asymptomatic Carotid Surgery Trial
suggests that surgery is only beneficial to patients with an
age < 75 years due to life expectancy.® A life expectancy
of approximately 35 years is necessary to warrant surgi-
cal intervention in all cases; patients who have a gener-
ally decreased life expectancy due to age or comorbidi-
ties should be treated with medical management.?>33%* In
a Cochrane-based meta-analysis of the ACAS trials from
the 1990s, the perioperative stroke and death rate was
2.9% and the absolute reduction of stroke risk was about
1%.!* In these trials, the enrollment of patients was highly
selective and centers were specialized in the care of these
patients. Thus, the 2.9% is not likely to be reproducible at
less specialized hospitals, which may exceed the numbers
observed in separate trials and in Medicare records.%®

Conclusions

Since there is no definitive evidence that CEA has
become inferior to medical treatment or CAS, it should
remain the standard for treatment. Physicians and patients
alike can find it difficult to manage ACAS, especially giv-
en the current evidence.% This is further complicated by
the fact that there is some evidence in support of current
medical management as a better and more cost-effective
method of treating ACAS.#” Since medical treatment has
improved over the past 3 decades while CEA has had
little change in efficacy and operative risk, medical treat-
ment must be compared again in more updated trials. The
role of CAS remains uncertain in this patient population,
but the recent FDA approval for patients with a standard
surgical risk may result in increased acceptance.

Creating effective strategies for identifying those
who would benefit from surgery is another area of devel-
opment. If hs-CRP, TCD ultrasonography, SPECT, and
carotid ultrasonography can be used to identify patients
at high risk for stroke, medical treatment can become the

Neurosurg Focus / Volume 31 /| December 2011

initial treatment choice, with surgical intervention used
strictly for those who would gain the most benefit from
it.?¢ There has been a general trend toward this style of
care. This strategy may have the secondary benefit of de-
creasing the number of strokes attributable to surgery.>*
Although the best treatment for ACAS is still debated, it
is generally accepted that aggressive medical therapy and
risk management are warranted in all cases, regardless of
the decision to intervene surgically or not.*’ Since ACAS
is almost entirely seen in the elderly population, it is im-
portant to take into account all risk factors for cardiovas-
cular disease and surgical risk, as well as the anticipated
lifespan in deciding a treatment plan. Doctors must learn
to help patients make judgments based on circumstances
and experience.

The therapies available for treating ACAS continue to
evolve. Trials evaluating CAS and current medical man-
agement against CEA are underway and will help to elu-
cidate the best treatment strategy for patients with asymp-
tomatic carotid disease. Additionally, there are diagnostic
studies capable of identifying patients with ACAS who
are at higher risk for stroke. Physicians treating patients
with ACAS must understand these factors, as well as the
natural history of the disease and procedural risks to bet-
ter select patients for either surgical or medical treatment.
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Incidental os odontoideum: current management strategies
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Os odontoideum was first described in the late 1880s and still remains a mystery in many respects. The genesis
of os odontoideum is thought to be prior bone injury to the odontoid, but a developmental cause probably also exists.
The spectrum of presentation is striking and ranges from patients who are asymptomatic or have only neck pain to
those with acute quadriplegia, chronic myelopathy, or even sudden death. By definition, the presence of an os odon-
toideum renders the C1-2 region unstable, even under physiological loads in some patients. The consequences of this
instability are exemplified by numerous cases in the literature in which a patient with os odontoideum has suffered
a spinal cord injury after minor trauma. Although there is little debate that patients with os odontoideum and clini-
cal or radiographic evidence of neurological injury or spinal cord compression should undergo surgery, the dispute
continues regarding the care of asymptomatic patients whose os odontoideum is discovered incidentally. The authors’
clinical experience leads them to believe that certain subgroups of asymptomatic patients should be strongly consid-
ered for surgery. These subgroups include those who are young, have anatomy favorable for surgical intervention, and
show evidence of instability on flexion-extension cervical spine x-rays. This recommendation is bolstered by the fact
that surgical fusion of the C1-2 region has evolved greatly and can now be done with considerable safety and success.

When atlantoaxial instrumentation is used, fusion rates for os odontoideum should approach 100%.

(DOI: 10.3171/2011.9.FOCUS11227)
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atlantoaxial fusion

which the tip of the odontoid process lacks conti-

nuity with the body of C-2. It appears as a smooth-
margined, apical osseous segment separated from the base
of the odontoid process by an obvious gap. Os odontoi-
deum may be discovered as part of a workup for neck pain
and/or neurological symptoms, but it is also often found
incidentally. Most spine surgeons agree that patients with
signs or symptoms of neurological dysfunction should un-
dergo stabilization, but the role for surgical stabilization
in asymptomatic patients and those with neck pain alone
remains controversial.

In an article in the “Guidelines for the Manage-
ment of Acute Cervical Spine and Spinal Cord Injuries”
supplement published in 2002 jointly by the American
Association of Neurological Surgeons and the Congress
of Neurological Surgeons, the authors reviewed the avail-
able literature on os odontoideum and found no Class I
or Class II data to generate treatment standards or guide-
lines.! The following management option was given for
patients with incidental os odontoideum based on the
available Class III data: “Patients with os odontoideum,
either with or without C1-2 instability, who have neither
symptoms nor neurological signs may be managed with

Os ODONTOIDEUM is an anatomical abnormality in

Abbreviation used in this paper: VA = vertebral artery.

Neurosurg Focus / Volume 31 / December 2011

incidental os odontoideum °
screw fixation

atlantoaxial instability

clinical and radiographic surveillance.” Even so, the au-
thors acknowledged that patients with C1-2 instability
are at risk for future spinal cord damage and that surgical
stabilization and fusion of C1-2 is “meritorious.” In fact,
the literature regarding the management of os odontoi-
deum remains limited to Class III data. Here we present
the case of a patient with an incidentally discovered os
odontoideum and review the embryological aspects and
relevant upper cervical spinal anatomy and literature. We
conclude by presenting a management strategy that we
believe is rational given our experience, along with data
from the available literature.

Illustrative Case
Clinical Presentation

This 14-year-old girl was admitted to the hospital
after having possible seizures, intermittent headaches,
and dizziness. She underwent MR imaging of her brain,
which showed a mild Chiari I malformation with approx-
imately 6 mm of tonsillar herniation, but also a dysplastic
odontoid. On her cervical spine MR images there was no
spinal cord signal change or syringohydromyelia, and the
VA anatomy was normal (Fig. 1A). A CT scan confirmed
the presence of an os odontoideum. The os fragment was

1
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Fie. 1. Sagittal T2-weighted MR image (A) and sagittal (B) and coronal (C) CT scans showing a dystopic-type os odontoideum
in a 14-year-old girl. On the coronal image, it is clear that the gap between the ossicle and the remainder of the odontoid is above
the superior articulating facet of C-2. Flexion radiograph (D) shows no sign of instability, but with extension (E), there is almost
10 mm of subluxation. The patient underwent placement of a Harms construct with bilateral pars interarticularis screws at C-2
coupled to lateral mass screws at C-1. The intraoperative radiograph (F) and postoperative sagittal CT (G) show the position of
the hardware. An liac crest autograft was harvested and secured between C-1 and C-2 after the surfaces were well decorticated.

fused to the posterior aspect of C-1, consistent with a
dystopic os odontoideum (Fig. 1B and C). There was no
abnormal atlantoaxial motion on flexion, but with exten-
sion, the patient had posterior subluxation of 9-10 mm
(posterior instability, Fig. 1D and E). We concluded that
although her os odontoideum was discovered inciden-
tally, surgical fusion was indicated because she showed
evidence of instability.

Treatment and Postoperative Follow-Up

After approximately 1 month in a collar, the patient
underwent a posterior C1-2 fusion performed using C-1
lateral mass screws coupled to C-2 pars interarticularis
screws (Fig. 1F and G). Posterior iliac crest autograft was
fashioned and secured between C-1 and C-2. We elected
not to perform a posterior fossa decompression for her
mild Chiari malformation because we believed it was
asymptomatic. A CT scan obtained 4 months after surgery
showed a solid fusion.

Embryological Development and Pathogenesis

During normal embryological development, the
odontoid process is derived from somites 4 (fourth occipi-
tal sclerotome, “C0”); 5 (first cervical sclerotome, “C17);
and 6 (second cervical sclerotome, “C2”). The body of
the odontoid begins as part of the centrum of the first
cervical vertebra, but becomes separated from the atlas
to fuse with the remainder of the axis between the 6th
and 7th weeks of gestation. The apex of the odontoid is

2

derived from the fourth occipital sclerotome, commonly
known as the proatlas. At birth, there is an epiphyseal
growth plate called the neurocentral synchondrosis that
separates the body of the axis (C-2) from the dens (C-
1). This synchondrosis is not located at the base of the
dens, but is well below the level of the superior articulat-
ing facet of the axis and into its body. The blood supply
to the odontoid is also unique. The VA provides both an
anterior and a posterior ascending artery, but the neuro-
central synchondrosis prevents further rostral supply by
these arteries. Therefore, the odontoid is supplied by a
descending supply superiorly called the apical arcade.

The cause of os odontoideum remains the subject
of debate. It was once believed to be a congenital lesion
caused by a failure of fusion between the first and second
sclerotomes (that is, across the neurocentral synchondro-
sis). A familial form of the condition and os odontoideum
found in identical twins have been reported in patients with
no preceding history of trauma, supporting the congenital
hypothesis;!3263¢ however, this theory has been questioned
because, as previously stated, the neurocentral synchon-
drosis is located below the level of the superior articulat-
ing facet, whereas the gap in os odontoideum is frequently
located above the plane of the superior articulating facet.
Nonetheless, some authors still believe that a congenital
mechanism is plausible. Currarino® proposed that os odon-
toideum represents an abnormal complete or partial em-
bryonic segmentation of the midportion of the odontoid
between chondrification segments X and Y.

Most physicians now believe that the ossicle rep-
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resents a posttraumatic phenomenon resulting from a
nonhealed odontoid synchondrosis fracture. In essence,
the odontoid fragment fails to remodel and unite with
the body of C-2. This scenario is supported by the ob-
servation that many patients with os odontoideum have
a history of remote trauma, particularly in early child-
hood.?* The most commonly cited theory was proposed
by Fielding et al.,” who suggested that with a fracture or
disruption through the neurocentral synchondrosis, the
alar ligaments that attach to the apex of the odontoid may
gradually distract the fragment away from the base. The
apex and base of the odontoid continue to have adequate
perfusion, but the midportion suffers from lack of blood
supply and thus contributes to poor healing.

The “traumatic cause” hypothesis is supported by
case reports of patients with a previously documented in-
tact C-2 who later were found to have os odontoideum
after remote trauma. Schuler et al.’! reported on a 2-year-
old patient who fell out of her crib and complained of
neck pain; her initial cervical x-ray was normal. After
continued neck pain, repeat cervical x-rays were obtained
13 months after her injury, which demonstrated os odon-
toideum with atlantoaxial instability. A recent case report
by Zygourakis et al.*! supports the delayed formation of
an os odontoideum through a combination of trauma and
vascular compromise. Their patient was a 2-year-old girl
who sustained a C1-2 ligamentous injury but no bone in-
jury. Four years later an os odontoideum was found, and
10 years after trauma the child had developed mild at-
lantoaxial hypermobility that continued to be managed
nonoperatively. It is likely that os odontoideum most
commonly arises as a result of remote trauma, but some
cases are also probably due to faulty embryogenesis. Os
odontoideum needs to be differentiated from a persistent
ossiculum terminale. The latter represents congenital
nonunion of the odontoid body from a terminal ossicle
located above the transverse atlantal ligament. Thus, at-
lantoaxial instability is usually not associated with an os-
siculum terminale.

Presentation and Imaging Features

Rowland et al.? categorized symptoms of os odon-
toideum into 4 groups: Group 1, local symptoms only (for
example, neck pain, headaches) and no signs of myelopa-
thy; Group 2, posttraumatic transient myelopathy; Group
3, persistent myelopathy; and Group 4, cerebral symptoms
suggestive of posterior circulation ischemia. Patients with
symptoms in Group 2 classically have transient complete
tetraplegia immediately after a traumatic event, which is
often minor in nature. Those with symptoms in Group
3 have chronic, often progressive myelopathy because of
repeated trauma to the spinal cord as a result of excessive
motion of the ring of C-1 and the ossicle. Patients with
posterior circulation symptoms are quite rare, but have
been reported.'’3* Asymptomatic patients, by definition,
have incidentally discovered os odontoideum. This group
comprised 15% of patients in our recent series."

Os odontoideum is a rare radiographic diagnosis.
Two types of os odontoideum have been defined based on
the position of the dens tip: orthotopic and dystopic.? In
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the orthotopic type, the dens is in an anatomical position.
In dystopic os odontoideum, the dens tip is in any other
position. Most commonly, the fragment is located near the
foramen magnum, where it may fuse with the clivus, or it
may be fixed to the anterior ring of the atlas. Plain cervi-
cal x-rays are often sufficient to suggest the diagnosis of
an os odontoideum, but a high-resolution multiplanar CT
scan is necessary to provide the detailed anatomy of the
os odontoideum and any associated cervical or skull base
anomalies for surgical planning. Dynamic flexion and ex-
tension lateral radiographs may be obtained to determine
whether there is any abnormal atlantoaxial motion and, if
s0, in which direction is the subluxation: anterior, poste-
rior, or both.

In our series, a subset of 60 patients with os odontoi-
deum who underwent dynamic imaging had predominant-
ly anterior instability (70%), with almost equal posterior
instability (10%) or combined anterior/posterior instability
(13%). No motion was seen in 7% of the patients. Although
many spine surgeons believe that a patient with normal
mentation can undergo volitional flexion and extension im-
aging without risking neurological injury, particularly in
those who are without symptoms, these studies should be
ordered with caution in those who have had recent neu-
rological injury or chronic myelopathy. An MR imaging
study should also be done to evaluate for any intrinsic
spinal cord signal change at the level of os odontoideum
that would indicate prior or continuing spinal cord trauma.
Rarely, synovial cysts may develop as a result of the abnor-
mal motion, and these are best evaluated using MR imag-
ing.""?” Careful evaluation of the regional vascular anatomy
is necessary because anomalies have been reported in as-
sociation with an os odontoideum, particularly the pres-
ence of an anomalous VA®¥ or persistent fetal anterior-
posterior circulation connection.?!

Biomechanics and Stability

The stability of the C1-2 joint is determined by the
integrity of the odontoid process, the transverse ligament,
and to a lesser extent, the alar ligaments. Thus, the biome-
chanical principles of C1-2 stability are inherently violat-
ed with os odontoideum. With an incompetent odontoid
process, the spinal cord may be compressed posteriorly
during flexion by the posterior ring of C-1 or on exten-
sion by posterior translation of the os itself (Fig. 2). In the
absence of an intact odontoid process, we believe that the
existing stabilizing structures—the thinner vertical por-
tion of the cruciate ligament (an extension of the posterior
longitudinal ligament), the thin anterior longitudinal liga-
ment, and the lax capsular ligaments—are insufficient to
provide the necessary spinal stability and protection of
the spinal cord. An os odontoideum is biomechanically
analogous and in some cases difficult to distinguish from
a chronic nonunited Type 2 odontoid fracture. Although
it is well accepted among most spine surgeons that Type
2 fractures, whether acute or chronic but not healed, are
unstable and require treatment, there continues to be a
significant difference of opinion among surgeons regard-
ing the treatment of an incidental os odontoideum.



P. Klimo Jr., V. Coon, and D. Brockmeyer

Flexion Extension

Fic. 2. Diagrams depicting an os odontoideum in neutral (A), flexed (B), and extended (C) positions. With an os odontoideum
(A), abnormal motion may occur anteriorly, posteriorly, or both. Flexion (B) can cause translation of the C-1 ring and ossicle com-
plex to the point that it may impinge on the dorsal aspect of the cord. On extension (C), the anterior ring with the ossicle can strike
the ventral aspect of the cord. Reproduced with permission from Klimo P Jr, Kan P, Rao G, et al: Os odontoideum: presentation,
diagnosis, and treatment in a series of 78 patients. Clinical article. J Neurosurg Spine 9:332-342, 2008.

Natural History and Risk of Injury

Descriptions of the natural history of os odontoi-
deum are very limited and dated. Several reports have
presented evidence of patients who were treated conser-
vatively without further incident. Fielding et al.® reported
a series of 35 patients, 8 of whom had no radiographic
evidence of C1-2 instability and underwent conservative
management. Each of them remained without symptoms
at follow-up evaluation. Similarly, all 5 of the asymptom-
atic patients with os odontoideum in whom the condition
was managed without surgical intervention by Dai et al.®
remained stable at follow-up. Spierings and Braakman??
analyzed 37 patients with os odontoideum, in 20 of whom
the condition was managed conservatively. The authors
found that patients with a minimal sagittal diameter (de-
fined as the distance between the posterior border of the
body of C-2 and the posterior atlantal arch on flexion) of
< 13 mm had the greatest risk of developing permanent
or progressive cord signs. This suggests that incidental os
odontoideum may be managed without surgical interven-
tion unless the minimum sagittal diameter is < 13 mm or
there is progressive neurological decline. Although these
studies suggest that in some patients with incidental os
odontoideum the condition can be safely managed con-
servatively, in sum the studies provide less than defini-
tive evidence as to the natural history and risks associated
with untreated os odontoideum.

Sudden death’>-% and significant neurological mor-
bidity?0-243 with minor trauma have both been reported
as the initial presentation of patients with a previously
undiagnosed os odontoideum. Choit et al.* reported on 2
children who each had an os odontoideum that had not
been appreciated on initial imaging and that caused sub-
sequent morbidity. One of the children sustained a severe
high spinal cord injury after a minor accident. We previ-
ously presented 3 case examples of patients in whom an
os odontoideum was initially diagnosed but who never
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received treatment and who subsequently developed a
spinal cord injury."” More recently, Zhang et al.** reported
on 10 patients with atlantoaxial instability from os odon-
toideum, including 3 who were asymptomatic, who later
suffered a spinal cord injury. The mechanism was a fall
in 6 patients, a minor motor vehicle accident in 3, and
assault in 1. Based on this experience, the authors ad-
vocated fusion and instrumentation for all patients with
radiographically unstable os odontoideum, whether they
were symptomatic or not.

White and Panjabi®’” defined clinical instability as
“the loss of the ability of the spine under physiological
loads to maintain its pattern of displacement so that there
is no initial or additional neurological deficit, no major
deformity, and no incapacitating pain.” For some patients
with os odontoideum, everyday physiological loads are
well tolerated and supported by the accessory structures
described previously. Given the numerous reports of pa-
tients suffering neurological injury from minor trauma,
however, we believe that the ability to tolerate physiologi-
cal loads or minor trauma cannot be assumed, because
the potential loss of that gamble could be catastrophic.

For some patients, particularly young children and
teenagers, it is difficult or even impossible to limit day-to-
day activity to “physiological” loading, without severely
restricting their activity and thus negatively impacting the
quality of their life. This includes the normal day-to-day
episodes of ground-level falls in toddlers or, for example,
falls from playground equipment in older children. For
teenagers, giving up contact or collision sports may be
relatively easy, but the pushing and shoving that goes on
in school hallways, as another example, may not be so
easy to avoid. Conversely, it is relatively easy for most
young adults with os odontoideum to modify their activi-
ties to reduce the risk of spinal cord injury. Their greatest
risk obviously lies in the possibility of a motor vehicle
accident, which is a risk shared by almost everyone. That
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is why we choose to use the patient’s age as a surgical
selection criterion for an incidentally discovered os odon-
toideum; we believe that young patients are more likely to
need protection than older ones.

Management of Incidental Os Odontoideum

We believe that all patients with neurological symp-
toms or significant neck pain due to os odontoideum
should undergo surgical stabilization. Patients with inci-
dentally discovered os odontoideum should be considered
for surgery on a case-by-case basis. Those patients who
show evidence of radiographic instability at the atlan-
toaxial level, who are relatively young (< 20 years old),
and who have bone anatomy favorable for screw fixation
should be strongly considered for surgery. Asymptomatic
patients who do not meet the criteria given above may be
monitored with serial radiographs and clinical evaluations
to detect whether instability or significant symptoms are
developing. Arvin et al.? presented similar recommenda-
tions, arguing that patients with a stable os odontoideum
without evidence of spinal cord compression should be
evaluated annually with dynamic plain x-rays, repeat MR
imaging in 5 years, and avoidance of all contact sports.

Surgery

Excellent clinical results and high rates of fusion (>
90%) for both adults and children who have undergone in-
strumentation of the C1-2 level have been demonstrated
in numerous series.'>14132228.35 Surgical techniques and fu-
sion technology have evolved tremendously over the last
several decades. Screw fixation techniques have largely
replaced the stand-alone graft/wiring procedures such as
the Gallie and Brooks techniques of the past, leading to ex-
cellent results.>!! Placement of transarticular C1-2 screws
was the main method of screw fixation of the C1-2 joint,
but this technique involved a risk of injuring the VA."® The
surgeon now has available other types of screws, including
C-1 lateral mass screws, C-2 pedicle or pars screws, C-1
hooks, and C-2 laminar screws, to minimize the chance
of injuring the VA. Consequently, the use of transarticu-
lar screws has become less popular. Hardware can now
be placed with minimal risk of neurological or vascular
injury. Although harvested autograft, typically from the
patient’s posterior iliac crest, is still the main grafting sub-
strate, there is now evidence that allograft may work just as
well, thus eliminating donor site-related issues, particularly
pain.'® Although there is a loss of approximately 40%—-50%
of rotation with fusion of C1-2, we have found that older
adults seem to adapt well to this loss of motion. Younger
adults and children often have little, if any, limitation to
motion after atlantoaxial fusion, because other spinal lev-
els assume more rotatory function. It is our opinion that
the loss of rotation after a C1-2 fusion seems to be a small
price to pay for securing spinal stability and avoiding po-
tentially catastrophic cord compression.

Conclusions

The incomplete odontoid process found in os odon-
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toideum results in weakness of the C1-2 joint. It is poten-
tially dangerous to assume that the remaining support-
ing structures are strong enough to sustain physiological
loads and forces from even minor trauma. Patients with
an incidentally discovered os odontoideum should be
considered carefully for surgery, taking into account their
age, activity level, and radiographic findings, including
evidence of atlantoaxial instability and anatomy favor-
able for surgical instrumentation. Surgery can be done
safely, with minimal risk of complications, and with an
excellent chance of achieving optimal clinical results.
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Incidental findings on cranial imaging in nonagenarians

WaJjp N. AL-HorLou, M.D.,! Apam KHan, B.S.,! THOMAS J. WiLsoN, M.D.,!
WiLLiaM R. STETLER JR., M.D.,! GAURANG V. SHAH, M.D.,2 AND CorMAC O. MAHER, M.D.!

Departments of 'Neurosurgery and *Radiology, University of Michigan, Ann Arbor, Michigan

Object. The aim of this article was to report on the nature and prevalence of incidental imaging findings in a
consecutive series of patients older than 90 years of age who underwent intracranial imaging for any reason.

Methods. The authors retrospectively reviewed the electronic medical and imaging records of consecutive pa-
tients who underwent brain MR imaging at a single institution over a 153-month interval and were at least 90 but less
than 100 years of age at the time of the imaging study. The prevalence of lesions by type in this consecutive series of
MR imaging evaluations was calculated for all patients. The authors reviewed the medical record to evaluate whether
a change in management was recommended based on MR imaging findings. They evaluated patient age at the time
of death and the time interval between MR imaging and death.

Results. The authors identified 177 patients who met the study criteria. The group included 119 women (67%)
and 58 (33%) men. Their mean age was 92.3 + 1.8 years. Evidence of acute ischemic changes or cerebrovascular ac-
cident (CVA) was found in 36 patients (20%). Fifteen patients (8 %) had an intracranial tumor. Intracranial aneurysms
were incidentally identified in 6 patients (3%). Chronic subdural hematomas were found in 3 patients (2%). Overall,
25 patients (14%) had some change in medical management as a result of the MR imaging findings. The most com-
mon MR imaging finding that resulted in a change in medical management was an acute CVA (p <0.0001). The mean
time to death from date of MR imaging was 2.5 + 2.3 years.

Conclusions. Intracranial imaging is rarely performed in patients older than 90 years. In cases of suspected
stroke, MR imaging findings may influence treatment decisions. Brain MR imaging studies ordered for other indi-
cations in this age group rarely influence treatment decisions. Incidentally discovered lesions in this age group are

generally not treated. (DOI: 10.3171/2011.9. FOCUS11205)

KEy WORrRDs  »

ITH the increasing use of diagnostic intracranial

s’s/ imaging, the incidental discovery of lesions on
MR imaging is becoming an increasingly fre-

quent cause of referral to specialists.? Prior reports on
incidental findings from brain MR imaging have included
very few individuals older than 90 years of age. Awad
et al.’ reported on 86 adults undergoing brain MR im-
aging and found that adults older than 60 years of age
were more likely to have incidental lesions discovered
on images. Vernooij et al.*? studied the MR imaging stud-
ies of 2000 older adults in the Netherlands to examine
the prevalence of incidental findings on neuroimaging. In
that report, 257 patients were included who were older
than 75 years of age, but the nonagenarian age group was
not examined separately. Yue et al.*® reported on 3672
patients older than 65 years of age who were enrolled
in a longitudinal study of cardiovascular and cerebrovas-
cular disease. They found clinically important incidental

Abbreviations used in this paper: CVA = cerebrovascular acci-
dent; SDH = subdural hematoma.
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abnormalities on 64 scans (2%). Katzman et al ! studied
brain MR images obtained in 1000 healthy adults and
found incidental abnormal findings in 18% of this group.
No nonagenarians were included in that analysis. No pa-
tients older than 90 years of age were included in several
other recent analyses of incidental findings 22629324143
and no prior study has focused on patients in this age
group. The aim of this article is to report on the nature
and prevalence of incidental imaging findings in a con-
secutive series of patients older than 90 years of age who
underwent intracranial imaging for any reason.

Methods
Data Collection

Following approval from the University of Michigan
institutional review board, we retrospectively reviewed
the electronic records of all patients who underwent brain
MR imaging at the University of Michigan Health System
from January 1, 1997, through September 30, 2009, and
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were at least 90 but less than 100 years of age at the time
of the study. All MR imaging studies were performed
with either a 1.5- or 3-T MR imaging device. During the
study period, 62,933 patients of all ages underwent in-
tracranial imaging at our center. Of these patients, 177
(0.3%) were in the 10th decade of life at time of the MR
imaging. We reviewed the electronic medical record of
each of these patients to collect data regarding patient
demographic characteristics, including date of birth and
sex, as well as clinical information such as the indication
given for ordering the brain MR imaging, records of any
previous intracranial imaging, neurological symptoms,
and neurological examination findings. Any lesion that
was not considered symptomatic by the treating physi-
cian was considered incidental, even if the patient had
symptoms that were attributed to a different cause. The
MR imaging findings were reviewed and categorized as
either symptomatic or asymptomatic and incidental. The
prevalence of lesions by type in this consecutive series of
MR imaging evaluations was calculated for all patients.
The finding of acute ischemic changes was defined as
any acute or subacute parenchymal diffusion abnormality
identified on MR imaging. We also reviewed the medical
record to evaluate whether a change in management was
recommended based on the MR imaging findings. We de-
fined a change in management as any recommendation
that would not have been made without the results of the
MR imaging study. For example, in patients identified
with acute ischemia, a change in management took place
if a patient was placed on antiplatelet or anticoagulation
therapy, such as high-dose aspirin, aspirin/dipyridamole
(Aggrenox), clopidogrel sulfate, or warfarin, or underwent
an intervention for the treatment or prevention of further
acute ischemic events, such as administration of tissue
plasminogen activator or carotid endarterectomy. We also
evaluated patient age at the time of death and the time
interval between MR imaging and death. For patients in
whom the date of death was not recorded in our electronic
medical record, the date of death, when applicable, was
obtained from the Social Security Death Index.

Data Analysis

Categorical data points were compared using the Fish-
er exact test. Data were analyzed using PASW version 18.0
software (SPSS, Inc.).

Results

We identified 177 patients who underwent brain MR
imaging during the period from January 1, 1997, through
September 30, 2009, and were at least 90 but less than
100 years of age at the time of the imaging study (Table
1). Of these patients, 119 (67%) were women and 58 (33%)
were men. Their mean age was 92.3 + 1.8 years. The most
common indication for imaging was an acute neurologi-
cal change concerning for acute CVA in 65 patients (37%)
(Table 2). Other common indications for imaging were
dementia evaluation in 29 patients (16%) and mental sta-
tus changes in 22 patients (12%). Eleven patients (6%) un-
derwent MR imaging for evaluation of a known head or
neck malignancy. Magnetic resonance angiography of the
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TABLE 1: Age distribution of 177 consecutive nonagenarians
undergoing brain MR imaging

Patient Age (yrs) No. of MRIs
90 54
N 39
92 29
93 26
94 13
95 7
96 6
97 2
98 1
99 0

brain or neck was performed in conjunction with brain
MR imaging in 47 patients (27%). In 96 patients (54%),
a CT scan of the head had been performed in the month
prior to the brain MR imaging.

The MR images were evaluated to identify intra-
cranial findings (Table 3). All patients had evidence of
chronic ischemic changes. Evidence of acute ischemic
changes or CVA was found in 36 patients (20%), and 12
(7%) had evidence of severe carotid artery or vertebro-
basilar artery stenosis. Of the 12 patients with vascular
stenosis, 11 had significant cervical carotid artery disease
(> 70% stenosis). In 7 cases, the stenosis was identified
incidentally and in 4 cases the stenosis was considered
symptomatic. None of the patients with incidentally dis-
covered carotid artery stenosis underwent treatment for
the condition. One patient had significant vertebral artery
stenosis, but this was considered an incidental finding and
no treatment was recommended.

Fifteen patients (8%) had an intracranial tumor on
MR imaging. Based on imaging appearance, 7 of these
tumors were meningiomas, 3 were consistent with meta-
static disease from a known primary carcinoma, 3 were
suspected intraparenchymal glial tumors, and 2 were pi-
tuitary tumors. Of the 7 patients identified with menin-
giomas, 1 had a known history of a meningioma; in the
other 6 patients the meningiomas were newly identified.
Of these 7 meningiomas, 6 were asymptomatic, inciden-
tally discovered, and were not treated (Fig. 1). One pa-
tient with a newly diagnosed posterior fossa meningioma
presented with mass effect related to the meningioma;
however, this patient did not receive any treatment. Three
patients presented with an intracranial glial tumor; each
of these patients had symptoms due to the tumor. Three
patients had a presentation consistent with intracranial
metastatic disease from a known primary carcinoma; the
finding of intracranial disease was not included in any of
these 3 patients. Head and neck malignancies were seen
on MR images obtained in 13 additional patients. None
of the head or neck cancers were incidental discoveries.

Intracranial aneurysms were incidentally identified
in 6 patients (3%) (Fig. 2). None of these patients were
symptomatic and none were treated. Five patients had an-
terior circulation aneurysms ranging in size from 2 to 9
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TABLE 2: Indications for imaging in 177 nonagenarians as recorded on the MR imaging requisition form

Patients w/ Head CT Prior  Patients w/ Changes in Management

Indication Frequency (%) to MRI (% w/in indication)  Following MRI (% w/in indication)
acute neurological deficits/concern for CVA 65 (37) 56 (86) 17 (26)
dementia 29 (16) 0(0) 0(0)
nonfocal mental status changes 22 (12) 19 (86) 2(9)
dizziness/vertigo 17 (10) 9(53) 2(12)
concern for seizure 8 (5) 4(50) 0(0)
headache 6(3) 3(50) 1(17)
hearing loss 6(3) 0(0) 0(0)
trigeminal neuralgia 32 0(0) 0(0)
history of head or neck tumor 11 (6) 2(18) 6 (55)
evaluation for metastatic disease 7(4) 3(43) 0(0)
other 32 0(0) 0(0)

mm, and 1 patient had a small basilar apex aneurysm.
One patient had 2 incidentally identified aneurysms: a
right-sided posterior communicating artery aneurysm
and a left-sided middle cerebral artery aneurysm. No pa-
tients were identified with cavernous malformations or
arteriovenous malformations. Chronic SDHs were found
in 3 patients (2%). In 2 patients, the SDH was found inci-
dentally; the remaining patient was symptomatic and un-
derwent bur hole evacuation. In 1 patient (0.6%), a small
asymptomatic acute SDH was identified. Four patients
(2%) had other symptomatic intracranial hemorrhages.
No pineal cysts were identified. Intracranial findings did
not significantly differ between male and female patients.

Clinical records were reviewed to determine if the

TABLE 3: Imaging findings in 177 consecutive nonagenarians
undergoing intracranial MR imaging for any indication

Frequency
Finding (%) Incidental Symptomatic

intracranial tumor 15 (8) 8 7

glioma 3 0 3

meningioma 7 6 1

pituitary adenoma 2 2 0

intracranial metastasis 3 0 3
head & neck malignancy 13 (7) 0 13
intracranial aneurysm 6 (3) 6 0
intracranial stenosis 12/(7) 8 4
chronic SDH 3(2) 2 1
acute SDH 1(0.6) 1 0
other intracranial hemorrhage 4(2) 0 4
developmental venous anomaly 2 (1) 2 0
cavernous malformation 0 0 0
arteriovenous malformation 0 0 0
arachnoid cyst 1(0.6) 1 0
pineal cyst 0 0 0
xanthogranuloma 1(0.6) 1 0
cavum septum pellucidum & 1(0.6) 1 0

cavum vergae
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medical management for a patient was altered on the ba-
sis of the MR imaging findings (Table 2). Overall, 25 pa-
tients (14%) had some change in medical management as
a result of the MR imaging findings, whereas 152 patients
had no change in management. No patient in this series
underwent surgical treatment for an incidentally discov-
ered lesion. The most common MR imaging finding that
resulted in a change in medical management was an acute
CVA (p <0.0001). In the 36 patients with a CVA on MR
imaging, 18 (50%) had a change in management; in 10
patients the dose of antiplatelet medication was increased,
7 were treated with anticoagulant medication, and 2 un-
derwent carotid endarterectomy. Five patients (3%) with
head and neck cancers had a change in management as a
result of the imaging findings relating to the malignancy;
4 of these patients were treated with radiation and 1 pa-
tient was offered resection. No patients with incidentally
discovered intracranial aneurysms were offered surgical
or endovascular treatment. Of the 81 patients who did not
undergo previous head CT scans, only 4 (5%) had some
change in management as result of MR imaging findings,
and this was a significantly smaller proportion than in pa-
tients who had a prior head CT (22%) (p = 0.001).

Fic. 1. Axial (left) and coronal (right) contrast-enhanced T1-weight-
ed MR images obtained in a 93-year-old woman who presented with a
2-week history of severe headaches. The images demonstrate a left
frontal meningioma. The headaches resolved spontaneously and no
treatment was recommended.
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Fie. 2. Sagittal (A), axial (B), and coronal (C) contrast-enhanced T1-weighted images obtained in a 94-year-old woman who
presented with acute mental status changes following a fall. The images show an incidentally discovered anterior communicating

artery aneurysm. No treatment was recommended.

We evaluated the indication for imaging as recorded
on the MR imaging requisition (Table 2). Of the 29 pa-
tients who underwent MR imaging as part of the workup
for dementia, no patient underwent a head CT scan prior
to the MR imaging study, and no patient had any change
in management as a result of the MR imaging. Overall,
of these 29 patients, 1 had significant carotid artery ste-
nosis and 1 had a possible intracranial xanthogranuloma.
Of the 22 patients who underwent MR imaging because
of nonfocal mental status changes, 2 (9%) patients had a
change in management and in both cases the change was
due to the finding of a cerebral infarction. Of these 22
patients, 3 (14%) did not have preceding head CT scans.

At the completion of this study, 132 patients were de-
ceased (75%). The mean age at death for this population
was 94.9 + 2.8 years. The mean time to death from the
date of the MR imaging was 2.5 + 2.3 years. Twenty-nine
patients (16%) died within 4 months of completion of the
MR imaging.

Discussion

The increasing prevalence of small-vessel disease and
leukomalacia in older age groups is well established.?+18.2942
White matter lesions in the elderly are frequently asymp-
tomatic but have been associated with a decline in cogni-
tive or neurobehavioral ability in some studies, even when
controlling for patient age.'®*® Our finding that every nona-
genarian in this group had some evidence of leukomalacia
is consistent with the known natural progression of leuko-
malacia with advancing age.*?*242 In addition to evidence
of small-vessel disease, 36 of our patients had evidence of
a larger cerebral infarction. Advancing age is a risk factor
for cerebral infarction.’” Vernooij et al.*> found MR imag-
ing evidence of asymptomatic cerebral infarction in 18% of
patients older than 75 years. When even small (> 3 mm) in-
farcts were considered, Price et al.*” found cerebral infarcts
in a higher percentage (31%) of individuals older than 65
years.

In our study, 15 patients had evidence of an intracra-
nial tumor on MR imaging and 8 of these lesions were
incidental findings. Although 3 patients in this series had
an intrinsic brain tumor consistent with a glioma, none

4

of these tumors were incidental findings. Meningiomas,
however, were most often found incidentally. In 6 of the
7 patients with a diagnosis of meningioma, the lesions
were asymptomatic. Vernooij et al.** found that 1.6% of
individuals older than 75 years had incidental meningio-
mas. Our own detection rate in an older population was
even higher. Fortunately, older age at the time of menin-
gioma diagnosis has been associated with slower rates of
growth.?** For this reason, it is unusual for patients in
this age group to undergo surgery for the treatment of me-
ningioma. Nevertheless, several groups have found that
meningioma resection can be performed safely in well-
selected elderly individuals.”!627 None of the patients in
our own series that presented with asymptomatic menin-
giomas required treatment.

Incidental pituitary tumors (“incidentalomas”) are
known to occur in adults of all ages but are especially
prevalent in the elderly. Prevalence estimates of pituitary
incidentalomas in adults have ranged from less than 1%
to over 20% and vary by age of the population studied
and the screening method used.'®!°340 Autopsy series
have resulted in higher prevalence estimates than imag-
ing studies.” In our group, 2 patients had pituitary lesions
that, by imaging appearance, were most consistent with
incidentally discovered pituitary tumors. Asymptomatic,
incidentally discovered pituitary lesions are associated
with a generally benign natural history and should not be
treated in the elderly unless symptoms arise.!**! Neither
of our patients with an incidentaloma was treated.

Arachnoid cysts have previously been reported in
older individuals 1122345 but there are no prior published
reports of an arachnoid cyst in a nonagenarian. One patient
in our group had an arachnoid cyst. None of the patients
in our series had a pineal cyst. This finding is consistent
with results of prior analyses of age-related changes in the
prevalence of pineal cysts.! We previously found that cysts
of the pineal gland became less prevalent with advancing
age, becoming extremely rare in older age groups.!

In 6 patients (3%), intracranial aneurysms were inci-
dentally discovered on brain MR imaging. Although this
imaging prevalence is higher than that of cerebral aneu-
rysms in the general population,’# the prevalence of these
lesions is believed to increase over time. Winn et al.** re-
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ported on a consecutive series of 3684 arteriograms from
a single institution. They found unruptured aneurysms in
0.6%—1.1% of patients younger than 75 years, but in 1.5%
of those patients aged 75-84 years. No nonagenarians
were included in that report. Similarly, Vernooij et al.*?
found that 1.6% of individuals older than 75 years in their
study harbored an incidental cerebral aneurysm. None of
the patients in our series with an incidentally discovered
intracranial aneurysm were offered surgical or endovas-
cular treatment. This is consistent with treatment guide-
lines for unruptured intracranial aneurysms, in which pa-
tient age is considered an important factor with respect to
evaluation of candidates for treatment.>

Decreasing brain volume and increased size of the
extraaxial spaces places the elderly at increased risk for
SDH.*151735 We found chronic SDH in 3 patients, only
one of whom presented with symptoms of the condition.
Symptomatic SDHs in the elderly should generally be
treated with surgical drainage.®

In general, surgeons should exercise extreme caution
and follow evidence-based guidelines if recommending
surgical treatment for incidental discoveries. Most inci-
dental lesions will not require surgical treatment. This
principle is especially true for treating nonagenarians who
may have a short life expectancy and are likely to have
significant medical comorbidities. Surgical risk increases
with advancing age.®!336-% In many cases, patients in our
series were not surgically treated for lesions that were
discovered on imaging. If a lesion becomes symptom-
atic, resection may be well tolerated in individuals who
are highly functional, lack significant comorbidities, and
have a lesion in a noncritical location.*®* Even symptom-
atic tumor resection may not be indicated in very elderly
individuals if the Karnofsky Performance Scale score is
less than 70, if there are significant medical comorbidi-
ties (American Society of Anesthesiologists Grade 4 or
5), or if the lesion is located in eloquent or deep areas of
the brain.'*383* Magnetic resonance imaging findings are
more likely to affect medical management of the stroke
patient. Surgical or endovascular treatment of carotid ar-
tery disease may be indicated for symptomatic stenosis in
some cases.?

There are several limitations to our analysis. This is
a retrospective review evaluating a series of patients at a
large referral center. Therefore, there is a selection bias,
since patients who are referred for brain MR imaging
evaluation may have a higher rate of intracranial findings
than is expected in the general population. Patients were
included in this cohort because they underwent brain MR
imaging at our institution. Although there are many rea-
sons to obtain a brain MR imaging study, the population
undergoing brain MR imaging is different from the gen-
eral population. Therefore, the prevalence estimates that
were found should be properly termed MR imaging prev-
alence rather than true population prevalence. It is pos-
sible that this MR imaging prevalence is an overestimate
of lesion prevalence in the population. To obtain a true
population prevalence of intracranial findings in non-
agenarians, screening normal nonagenarians with MR
imaging would be preferable to reviewing a cohort for
whom scanning was thought to be medically necessary.

Neurosurg Focus / Volume 31 /| December 2011

Referral bias may affect our results, as physicians may be
more likely to refer patients with neurological symptoms
for evaluation. The impact of this bias is mitigated by the
lack of symptoms resulting from many of these lesions.

Conclusions

Intracranial imaging is rarely performed in patients
older than 90 years. In cases of suspected stroke, MR im-
aging findings may influence treatment decisions. Brain
MR imaging studies ordered for other indications in this
age group rarely influence treatment decisions. Inciden-
tally discovered lesions in this age group are generally
not treated.
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The management of incidental low-grade gliomas using
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Object. The discovery of incidental low-grade gliomas (LGGs) on MR imaging is rare, and currently there is

no existing protocol for management of these lesions. Various studies have approached the dilemma of managing
patients with incidental LGGs. While some advocate surgery and radiotherapy, others reserve surgery until there is
radiological evidence of growth. For neurosurgeons and radiologists, determining the course of action after routine
brain imaging poses not only a medical but also an ethical dilemma. The authors conducted a systematic review of
case reports and case series in hopes of enhancing the current understanding of the management options for these
rare lesions.

Methods. A PubMed search was performed to include all relevant MR imaging studies in which management of
suspected incidental LGG was reported. Comparisons were made between the surgical treatment arm and the active
surveillance arm in terms of outcome, mode of discovery, reasons for treatment, and histology.

Results. Nine studies with 72 patients were included in this study (56 in the surgical arm and 16 in the active
surveillance arm). Within the surgical arm, 49% remained deficit free after treatment, 25% showed evidence of tumor
progression, 13% underwent a second treatment, and 7% died. The active surveillance group resulted in no unantici-
pated adverse events, with serial imaging revealing no tumor growth in all cases. Lesion regression was reported in
31% of this group. The surgical arm’s mortality rate was 7% compared with 0% in the active surveillance arm.

Conclusions. Treatment decisions for incidental LGG should be individualized based on presenting symptoms
and radiological evidence of growth. The asymptomatic patient may be monitored safely with serial MR imaging and
occasionally PET scanning before treatment is initiated. In patients presenting with nonspecific symptoms or concur-
rent symptomatic lesions, treatment may be initiated earlier to reduce potential morbidity. All treatment decisions

must be tempered by patient factors and expectations of anticipated benefit. (DOI: 10.3171/2011.9. FOCUS11219)

Key WorDs  »
magnetic resonance imaging

casionally noted in asymptomatic individuals. In the

case of LGGs, the reported occurrence of inciden-
tal findings is extremely rare, with an incidence rate of
0.04%—-0.2% within the general asymptomatic popula-
tion.!”?¢ Although seizures are often the presenting symp-
toms in most LGGs, incidental LGGs lack associated spe-
cific symptoms and remain undetected until the patient
obtains radiological imaging for an unrelated reason. The
majority of incidental findings are a consequence of gen-
eral radiological screening of an asymptomatic popula-

INCIDENTAL abnormal findings on MR imaging are oc-

Abbreviations used in this paper: 'F-FET = fluorine-18-labeled
fluoroethyl-1-tyrosine; KPS = Karnofsky Performance Scale; LGG =
low-grade glioma; SAH = subarachnoid hemorrhage.
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incidental finding
management protocols ¢

low-grade glioma  °
systematic review

tion;?® they may also be discovered as a result of imaging
for trauma* or from investigation of other neurological
or nonspecific conditions.*

With the increasing use of MR imaging of the brain
by clinicians and investigators, the occurrence of these
incidental findings has increased.”?02324 Typically, the
objective of preventative screening using CNS imaging
is to identify any abnormalities that may pose significant
future risk. For gliomas in particular, the goal is early
identification and intervention before anaplastic dedif-
ferentiation to potentially thwart progression and im-
prove survival. Patients with incidental gliomas may have
longer overall survival from radiological diagnosis than
patients with symptomatic gliomas.?® Incidental gliomas
potentially represent an early step in the histopathologi-

1



cal progression of high-grade gliomas.® Detecting and
treating incidental gliomas may therefore yield a better
prognosis, limiting active treatment to symptomatic glio-
mas; however, no long-term prospective analysis has been
conducted to provide confirmation.

On the other hand, several studies have questioned
the validity of glioma screening. According to Steiger,
screening for gliomas is unjustified given their rarity and
the lack of evidence corroborating the prognostic value
of early intervention. In addition, long-term studies hint
at the inevitability of glioma progression even with ear-
ly diagnosis and treatment.*> Because of the ubiquity of
brain imaging for a wide variety of unrelated complaints,
the occurrence of incidental LGG is likely to continue to
increase, furthering the need for an appropriate manage-
ment paradigm for these lesions.

Various studies have approached the dilemma of
managing patients with incidental LGG. Although some
studies advocate surgery and radiotherapy, other studies
suggest that deferral of surgery until tumor progression
may be more appropriate for asymptomatic patients. For
neurosurgeons and radiologists, determining the course
of action after routine brain imaging poses not only a
medical but also an ethical dilemma. On the one hand,
surgical intervention carries the risk of harm without
benefit in terms of symptomatic relief; on the other hand,
passively allowing tumor progression carries the poten-
tial for preventable harm. These questions have been only
rarely addressed in the literature on this topic."” In this
paper, we analyze all relevant published data on the man-
agement of incidental LGGs and determine whether there
is a consensus on their management.

Methods
Study Selection

Our study used the MeSH database system within the
PubMed search engine to perform our literature search.
Within the MeSH system, we searched between 1990 and
2011 for the phrases “incidental findings” and “glioma.”
Because of the low number of matches, we expanded
our search to a general PubMed search of the following
phrases singly: “incidental astrocytoma,” “incidental oli-
godendroglioma,” “asymptomatic astrocytoma,” and ““as-
ymptomatic oligodendroglioma.” To ensure that all pos-
sible studies were included, another PubMed search was
conducted using the terms “magnetic resonance imaging
AND (incidental finding* OR incidental discover* AND
brain).” Articles were limited to those in English, and hu-
mans were defined as the subjects for this study.

To examine the controversial management issues of
gliomas, we limited our study to the main spectrum of in-
cidental LGGs: low-grade (WHO Grade I or II)) astrocyto-
mas and oligodendrogliomas. To meet the inclusion criteria
for this paper, each article must have had at least 1 case of
an incidental/asymptomatic LGG (astrocytoma or oligo-
dendroglioma) found based on MR imaging. Case reports
and large asymptomatic screenings were included, and
editorials and commentaries were excluded. Articles that
did not describe methods of treatment/management for the

2

A. H. Shah et al.

incidental tumor were excluded. No studies were found to
be duplicates. The last search was performed July 1, 2011.

Data Extraction

The included studies were carefully analyzed based
on the patient population, methodology, reasoning for
MR imaging, treatment modality, outcome, and follow-up
time. Articles were separated into 2 main groups based
on treatment: active surveillance and surgical treatment.
Included in the surgery group were patients who under-
went surgery or biopsies, including patients who delayed
treatment until symptomatic progression. Patients who
waited until malignant transformation for treatment were
placed in the surgical group. Patients who were originally
diagnosed with incidental LGG but were found to have
malignant tumors were excluded. The outcome of these
patients was reported in reference to the author’s postop-
erative outcome and follow-up description.

Data for all patients were reported when available in
the literature. We note that the literature search yielded
very few articles, and from those articles, only a few con-
tained full data sets for our study. No formal statistical
analysis was performed due to the small sample size and
intrinsic selection bias.

Results
Study Selection

Six case series (4 retrospective analyses and 2 pro-
spective studies) and 3 case reports met the criteria for our
study (Table 1). Seventy-two patients were included, with
a mean age of 37.0 years (range 3—63 years). The male-
to-female ratio was 0.68. Two papers formed the majority
of cases with 17" and 47% patients, comprising 88.9% of
the total study population. Within specific papers, certain
patient data sets with incidental LGG were excluded be-
cause the reported information was pooled with other pa-
tient populations, and management information specific
to patients with incidental LGG was not specified.”’ In
addition, cases involving findings of incidental LGG with
CT scans were not included due to the lack of diagnostic
certainty (gliomas may be isodense on CT) and the im-
plausibility of using CT scans in asymptomatic research
studies due to radiation risks.*%19303! Four cases that were
originally believed to be incidental LGG (based on radio-
logical evidence) were excluded because histological ex-
amination revealed malignant WHO Grade III and IV as-
trocytomas." Incidental LGG was most often diagnosed
due to investigation of nonspecific or unrelated symp-
toms (69.4%), through workup of concurrent CNS lesions
(13.9%), through MR imaging screening of healthy vol-
unteers (11.1%), and following trauma (5.6%). The most
common presenting symptom was headache (50%), fol-
lowed by dizziness (22%) and mood disorders (8%; Table
2). Other reported nonspecific or unrelated symptoms
included amenorrhea (6%), blurred vision (4%), fainting
(4%), hearing deficiencies (4%), and lower-limb paresthe-
sias (2%). All nonspecific or unrelated symptoms were
not found to be related to the functional location of the
incidental LGG. The 10 symptomatic lesions diagnosed
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TABLE 2: Mode of incidental LGG discovery

A. H. Shah et al.

TABLE 3: Reasons for treatment

Mode of ILGG Discovery No. (%) Reason for Treatment No. (%)
nonspecific symptoms 50 (69.4) radiological evidence of growth 24 (42.9)
headache 25 (50) development of clinical symptoms 15(26.8)
dizziness 11(22) evidence of malignant transformation 8 (14.3)
mood disorders 4(8) need for histological diagnosis 4(71)
amenorrhea 3(6) patchy enhancement 1(1.8)
fainting 2 (4) unknown 4(71)
hearing deficiencies 2(4) total 56 (100)
blurred vision 2(4)
othlz\r’\l:;:r;:r:::iﬁt:zz:‘s 1[1) Ei),’ 9 these pa‘tients'refused' further treatment after histological
. diagnosis until MR imaging demonstrated a suspected
glioma 2(20) malignant transformation.
schwannoma 2 (20)
cerebellar atrophy 1(10) Patient Management
SAH 1(10) Patients were divided into 2 categories: those who
Chiari malformation 1(10) underwent resection/biopsies and those who did not. In
meningioma 1(10) the surgery category, 56 patients were treated at a mean
pituitary adenoma 1(10) of 21.4 months (range 0171 months) after radiological
, , diagnosis. At least partial resection was achieved in 40
arteriovenous malformation 1(10) patients (71.4%), with 16 undergoing biopsy only (28.6%;
trauma 4(5.6) Table 4). Fourteen patients delayed surgery until evidence
asymptomatic screenings 8 (11.1) of physical symptoms and were treated similarly to stan-
total 72 (100) dard LGG patients (with resection). One patient with an

that led to the discovery of an incidental LGG were ad-
ditional symptomatic gliomas (2), schwannomas (2), me-
ningioma (1), pituitary adenoma (1), arteriovenous mal-
formation (1), cerebellar atrophy (1), SAH of the anterior
communicating artery (1), and surveillance imaging of a
postoperative Chiari malformation (1).

Reasons for Treatment

Within the study group, 4 patients (5.6%) did not
mention a reason for treatment distinct from the standard
of protocol for LGGs and were treated immediately. For
the rest of the patients (Table 3), reasons for treatment in-
cluded 24 of the 56 patients with radiological evidence of
growth (42.9%), 15 with manifestations of physical symp-
toms (26.8%), 8 with radiological evidence of malignant
transformation (14.3%), 4 with the need for histological
diagnosis (7.1%), and 1 with patchy enhancement (1.8%).
Two reports measured the volumetric diameter expan-
sion with MR imaging and determined the necessity of
treatment based on models of predicted LGG growth of
3.5 mm per year.3?* Another study used '®F-FET PET
analysis in conjunction with MR imaging to determine
the prognosis of incidental LGG and subsequent treat-
ment."! If there was radiological evidence of continuous
slow growth (2-3 mm per year) and a negative '®F-FET
PET scan, patients were referred to surgery, and histo-
logical confirmation was performed. Included in the pa-
tients who were treated as a result of physical symptoms
was a case of symptomatic SAH anatomically close to
an incidental LGG in the frontal lobe, which facilitated
tumor removal with a single craniotomy.’® Eight patients
underwent biopsies, which revealed incidental LGGs, but

4

SAH from a ruptured anterior communicating artery an-
eurysm in the same anatomical location as a glioma was
treated surgically by a single craniotomy.

Stereotactic biopsies were obtained prior to treatment
in 16 patients (Table 4).2 Of these 16 patients, 8 did not
receive oncological treatment until malignant transfor-
mation, whereas 1 received radiotherapy and 5 received
chemotherapy. The mode of treatment was unspecified in
the 8 patients who had radiological evidence of malignant
transformation and in 2 patients who received a stereotac-
tic biopsy alone because of pooling of information within
the article. Histological confirmation was made by either
stereotactic biopsy primarily (16 patients) or surgical re-
moval (40 patients; Table 5).

TABLE 4: Surgical management

Surgical Management No. (%)
biopsy 16 (28.6)
no treatment until malignant transformation 8(14.3)

& chemo 5(8.9)

&RT 1(1.8)

only 2(3.6)
resection 40 (71.4)

partial 1(1.8)
subtotal 13(23.2)
GTR 20 (35.7)
unspecified 6 (10.7)
&RT 4(7.14)

& chemo 1(1.8)

& both 1(1.8)
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TABLE 5: Histological diagnosis

Histological Diagnosis No. (%)
oligodendroglioma 35 (48.6)
pilocytic astrocytoma 1(1.4)
low-grade astrocytoma 11 (15.3)
mixed oligodendroglioma/astrocytoma 9 (12.5)
unspecified/unknown 16 (22.2)

A total of 16 patients underwent active surveillance
after radiological diagnosis of incidental LGG, without
histological confirmation. Fifteen patients demonstrated
negative results on the study’s prognostic tests (negative
growth on serial MR imaging and negative SF-FET PET
scan), so no treatment was required. These patients un-
derwent clinical and radiological follow-up examinations.
In 1 case a patient was referred to a tertiary center where
treatment was believed to be unwarranted.®

Outcomes

The mean follow-up among all 72 patients was 74.8
months (range 0-29.7 years; data available for 69 patients).
Outcomes were reported for the surgical group and the ac-
tive surveillance group. Within the surgical group of 56
patients, 49% did not have any neurological deficits and re-
mained stable with no events over the course of the follow-
up period (Fig. 1). Twenty-five percent of the patients in the
surgical group had radiological or histological confirma-
tion of tumor progression to a higher WHO grade (mean
follow-up postdiscovery using radiology was 5.4 years).
This also included 8 patients who waited for oncological
treatment until malignant transformation. Approximately
13% of the surgical group underwent a second treatment,
and 7% died during the course of follow-up.

The outcome of 10 patients was complicated by the
existence of other symptomatic lesions and tumors that
were diagnosed simultaneously to the incidental LGG.
Individual survival rates for this specific patient popula-
tion were not calculable because several papers reported
grouped data instead of individual data sets. In fact, 80%

60.00%
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12798
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Fic. 1. Management outcomes of patients with incidental LGG in the
surgical group. This group includes patients who delayed surgery until
radiological progression and/or clinical manifestations.

2645

UNKNOWS

DEFICITS

Neurosurg Focus / Volume 31 /| December 2011

of the symptomatic lesions that justified an initial radio-
logical screening were from a single paper, which also
had the highest reported complication rates.? It is likely
that the patients with coexisting symptomatic lesions and
incidental LGGs may have had worse outcomes, although
individual data were not reported in any included study.

Asymptomatic patients from large screening trials
without previous surgery or neurological impairment
who underwent surgery did not have any reported com-
plications."”*® Among the patients whose incidental LGGs
were discovered due to trauma, there were no reported
recurrences, and only 1 patient with a tectal glioma had a
KPS score < 100 at follow-up.3

Among the 16 patients with no interventional treat-
ment, radiological evidence of lesion regression (at least
30% of original diameter) occurred in 5 patients; in 4 of
these patients the lesion completely resolved within 6
months, and 1 slowly regressed over 1 year. For patients
with lesion regression, clinical and radiological examina-
tions with MR imaging were performed at 4-month in-
tervals for 1-2 years after radiological diagnosis.!" Ten
patients did not demonstrate any growth and remained
stable during the course of follow-up examinations for 3
years. The MR imaging findings of these patients were
inconclusive, although they suggested the presence of an
incidental LGG. Both those with lesion regression and
those with stable lesions had negative prognostic indica-
tors of malignancy, with negative *F-FET PET scans and
no growth on MR imaging. No complications were re-
ported for this patient population, although Floeth et al.!
mentioned the possibility that a thromboembolic event
may have been attributable to a radiological lesion in 1
patient. There was no evidence of poor outcomes at fol-
low-up for the untreated patients (Fig. 2).

Fic. 2. Management outcomes of patients with incidental LGG in the
active surveillance group. This group includes patients who were de-
termined to have incidental LGG based on radiological findings alone.
Follow-up MR imaging found no tumor growth and showed negative
BF-FET PET uptake in 15 patients.



Discussion

Incidental LGGs account for roughly 3%—-5% of all
LGGs."'® As neuroimaging technology advances and thus
incidence increases, the controversial issues surrounding
treatment of incidental findings will become increasingly
relevant. This holds true for incidental LGG, as well as
many other radiological findings of incidental pathology
elsewhere in the body. Although some authors propose
a uniform policy toward managing incidental findings,’
many investigators do not comment on management op-
tions and usually adhere to a similar approach to that
applied to symptomatic patients.>* Because of these dis-
crepancies in the management of these lesions, and even
in the recognition of incidental LGG as a distinct entity,
understanding the natural history and response to treat-
ment of these lesions is extremely important.

Symptomatic Versus Incidental LGG: Is There a
Difference?

Duffau and colleagues® proposed that incidental
LGG may be an earlier step in the pathological progres-
sion of LGG. Their data extrapolated the genesis of a
Grade II glioma using repeated surveillance MR images
of a 31-year-old patient after decompression for a Chiari
malformation. Using these repeat scans, the volumetric
diameter expansion was established, dating the inception
of the glioma and providing critical insight into the patho-
genesis of LGG. Pallud et al.?® provided supplemental
data to distinguish between the traditional symptomatic
LGG and incidental LGG. The incidental 47 patients in
the LGG group in this study had a lower age at diagnosis,
a significantly smaller tumor volume, and a significantly
lower rate of midline shift at the time of radiological di-
agnosis, which gives credence to the theory that inciden-
tal LGG may represent a premature step in the natural
course of LGG. In addition, 13 patients developed clini-
cal symptoms when no treatment was initiated. Of signifi-
cance, the study also reported an increased survival rate
among the incidental LGG group, although this may be
attributable to lead-time bias from early diagnosis. The
question of whether survival is affected by early treat-
ment of incidental LGG is, as yet, unanswered.

Does the Mode of Discovery of Incidental LGG Matter?

Within our study, incidental LGGs were discovered
due to a variety of reasons including research studies, non-
specific symptoms, trauma, and other symptomatic lesions.
There are 2 categories of patients that must be considered
fundamentally differently based on the ethical consider-
ations of further investigation and treatment. The first is
the group of healthy, asymptomatic volunteers among
whom incidental LGG is discovered through participation
in a research study or preventative screening program. The
second is the group of patients who receive MR imaging
for other neurological or nonspecific complaints. The treat-
ment approach to these 2 groups is fundamentally differ-
ent, as outlined below.

Healthy Volunteers. Studies with healthy volunteers
comprised 11.1% of our review’s patient population. Al-
though not the majority of patients, intervention in this
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group is controversial. Because many healthy volunteers
are enrolled in brain MR imaging screenings, occasion-
ally for research or for occupational screening, the pro-
tocols that govern treatment and management of these
lesions should be defined clearly.!>!¢4° Due to the po-
tential impact on quality of life and occupation from a
diagnosis of glioma, the following questions should be
explicitly addressed prior to enrolling patients in research
studies that carry the potential for revealing an incidental
LGG: 1) is the patient fully aware of the potential impli-
cations of brain MR imaging and the possibility of an
incidental finding; 2) who should supervise the follow-up
care for these patients in the event that an incidental LGG
is found; 3) who will provide the neurosurgical care for
these patients; and 4) what is the accepted guideline for
treating a lesion that produces no clinical symptoms?
Floeth et al.'! outlined a potential treatment para-
digm for patients enrolled as healthy volunteers who are
radiologically diagnosed with incidental LGG, with ac-
tive surveillance by MR imaging every 3—4 months with
a concurrent PET scan (used to discover possible malig-
nant gliomas). Pallud et al.” followed a similar regimen
without the addition of the PET scan. Most of the patients
in this study underwent oncological treatment after ra-
diological progression with few receiving treatment due
to patchy enhancement on MR imaging or the need to
confirm histology. In this manner, exploratory surgery
may be avoided and additional MR imaging investiga-
tion can be used to confirm growth by volumetric diam-
eter expansion. However, once symptomatic progression
occurs or radiological evidence of growth or malignant
transformation is found, the need for resection becomes
more pressing. In cases in which a needle biopsy has been
performed and histology confirms an incidental LGG, the
optimal management approach remains to be elucidated.

Nonspecific or Unrelated Symptoms. There may be
considerable debate as to whether a particular patient’s
symptoms are, in fact, related to the incidental LGG. Al-
though symptoms such as headaches, mood disorders, and
amenorrhea may not be functionally related to incidental
LGG, the correlation between presentation and pathol-
ogy can be difficult to attribute to coincidence alone.'??
In these cases, the patient’s preferences are instrumen-
tal in guiding therapeutic decisions. In general, manage-
ment in these patients tends to be more aggressive due
to the uncertain cause of their symptoms;?® however, as
before, radiological evidence of growth before initiation
of treatment can be a prerequisite for any intervention.
In the study by Floeth et al.,'! most (14/15) of the patients
with nonspecific symptoms did not show any radiologi-
cal evidence of growth, and treatment was avoided. At
the end of the follow-up period, patients remained healthy
and had no evidence of seizures. Nevertheless, these pa-
tients remain challenging to manage because their symp-
tomatology is unclear, and the definite need for surgery
is yet to be established. For any patient who desires sur-
gical intervention for resection of an incidental LGG in
the setting of vague or not functionally related symptom:s,
the risk that surgery will not relieve their chief complaint
must be explicitly and carefully outlined.
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Incidental LGG in Patients With Concurrent CNS
Disease. In the few cases in which symptomatic CNS
lesions were the main reason for radiological imaging,
management of a coincidental incidental LGG can be
difficult. In the 10 cases reported in the analyzable litera-
ture, resection was performed in all cases; however, the
justification for surgery has not always been readily ap-
parent.” The decision to perform a biopsy/resection may
be justified in this population due to increased morbidity
associated with multiple lesions, although there is no spe-
cific evidence for this in the published literature. Further-
more, the clinical decision to operate in these cases may
be influenced by the neurosurgical protocol for treatment
of the symptomatic lesion. For example, if a meningioma
necessitates surgical intervention, it may be prudent to
resect a nearby incidental LGG in the same surgery.>”!3

Age-Dependent Classification

When determining treatment for incidental LGG,
the neurosurgeon may be compelled to alter his or her
decisions based on the age of the patient at diagnosis.
For example, younger patients may be more prone to re-
ceive surgery earlier due to parent’s anxiety of “observ-
ing” children with incidental LGG. Furthermore, for the
middle-age group of patients, surgery may be a viable op-
tion given no previous history of comorbidities. Consider-
ing evidence of an age-dependent increase in anaplastic
transformation of incidental LGG, operative decisions
may be made depending on the age of the patient at diag-
nosis.*3>% For example, studies by Shafgat et al.** dem-
onstrated that patients older than 45 years of age have a
mean time to dedifferentiation of 7.5 months after radio-
logical diagnosis, compared with 44.2 months in patients
younger than 45 years. However, the elderly population
may benefit from active observation given that neurosur-
gery on elderly patients may have an increased risk for

ASYMPTOMATIC PATIENT

IN RESEARCH STUDY

—.I SUSPECTED ILGG FOUND

PATIENT W/ NON-SPECIFIC
OR UNRELATED SYMPTOMS

STABLE LESIONS
(NO GROWTH)

REGRESSING LESIONS

(DECREASED

SERIAL MRI EVERY 4
MONTHS W/ CLINICAL

complications and poor outcomes. Regardless, age must
be factored together with the mode of discovery and other
confounding factors into the decision for treatment of in-
cidental LGG.

Treatment Paradigm. The management of incidental
LGG may be portrayed as a continuum of care due to the
interplay between the active surveillance group and the
surgical group. Many patients (24) in the surgical group
initially were actively observed and underwent resection
at a later time. Therefore, understanding the transition be-
tween active surveillance and surgery may be an impor-
tant tool in creating a treatment paradigm. Based on our
review of analyzable literature, we have established the
safety of active surveillance, and have therefore proposed
the following diagram (Fig. 3) illustrating the manage-
ment of incidental LGG.

Limitations. This interpretation of the literature on
the topic of incidental LGG is subject to a number of
limitations. Taken together, the case series and case re-
ports of incidental LGG comprise Level 111 evidence and
should not be used as a definitive guide for clinical prac-
tice, but rather as an indication of the viability of different
treatment approaches for different patients.

The surgical group was the only group that reported
negative outcomes. Although surgery is associated with
inherent risks, there may be other risks attributable to the
active surveillance group. Patients who are being observed
without treatment may progress to anaplastic transforma-
tion or present with clinical symptoms, which could in-
crease the overall morbidity and mortality in this group.
However, because these patients may eventually receive
some form of treatment, they transition to the surgical
group. Therefore, a portion of the surgical group may be
a reflection of an acute cohort of the active surveillance

group.
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Fic. 3. Optimal treatment paradigm for incidental LGG (ILGG).
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Because all the patients underwent biopsies/surgeries
(retrospectively screened for incidental LGG confirmed
by histology), it was difficult to eliminate this paper’s
negative outcome bias within the surgical group. Regard-
less, the outcomes of the surgical patients included de-
ceased patients, the need for second treatment, and tumor
progression (Fig. 1). It is important to note that 8 patients
diagnosed with radiological or histological evidence of
tumor progression only underwent biopsy and were not
fully treated until malignant transformation. Excluding
the paper by Pallud et al.,” it appears that the surgical
group did not have many complications and that resec-
tion for incidental LGG remains relatively safe, although
there may be a publication bias that excludes negative
outcomes. In addition, suspected cases of incidental LGG
that underwent resection that confirmed a different un-
suspected lesion were not included in this study; there-
fore, it remains unknown how many diagnostically erro-
neous surgeries are performed.

Among the active surveillance group, incidental LGG
was only suspected and not definitively diagnosed. This
makes direct comparison between the 2 groups impos-
sible, and outcomes should be used as a guide only rather
than a definitive comparison for statistical analyses. Nev-
ertheless, patients in this group who have been reported
in the literature had extremely good outcomes, with no
evidence of growth, malignant transformation, or clinical
symptomatology. The majority of lesions remained stable
throughout follow-up and demonstrated no growth on MR
imaging.

It is important to recognize that although this paper
provides insight into the management of incidental LGG,
the authors of this paper are not offering evidence that
supports the use of asymptomatic healthy patient screen-
ings. Previously, it has been shown that these screenings
can lead to misdiagnosis of patients with no underlying
pathology,? increasing anxiety in patients by unmasking
abnormalities that are not clinically relevant,'*?? or giving
patients the false impression that their brain MR imaging
is negative. Previous publications have provided insight
into the necessity to tailor brain MR imaging for asymp-
tomatic patients in specific at-risk populations instead of
generalized screenings.?' Patients at risk for cerebrovas-
cular disease might benefit from brain imaging that could
possibly identify asymptomatic cerebral infarctions and
reduce future risk. However, for patients not at risk or
enrolled in healthy volunteer research studies, the need
for brain MR imaging screenings may not be clinically
worthwhile as it would exaggerate negligible findings
with very few clinically significant diagnoses.

Ethical Issues. The decision to treat patients without
symptomatology is certainly an ethical predicament. In
the case of incidental LGG, decisions to operate or in-
tervene must be weighed with a careful examination of
the clinical symptoms, history, and radiological findings.
Without sufficient evidence, intervening in cases of in-
cidental LGG may have significant ethical implications
because it is unclear whether the decision to treat earlier
improves overall survival rates. Also, surgical interven-
tion must be weighed against the uncertainty of diagno-
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sis, inadequate clinical history, or evidence of growth. In
addition, intervening in suspected incidental LGG cases
that do not necessitate immediate removal may disrupt
the quality of life of asymptomatic patients or create in-
creased pre- and postoperative anxiety, yet the decision
not to operate can also be viewed as an ethical dilemma
as well. Patients may not understand the rationale for
withholding treatment until sufficient evidence is uncov-
ered, and the neurosurgeon must be prepared to address
all possible concerns about management in these cases. In
all circumstances, precise care must be taken to maintain
physician’s values while respecting the patient’s wishes.

Decisions to manage incidental LGG nonoperatively
hold considerable legal implications in countries in which
malpractice litigation is prevalent. Justifying active sur-
veillance on a patient may result in increased litigation
if there is sufficient evidence to demonstrate negligence.
Currently, neurosurgeons must practice defensively in
countries where medical malpractice lawsuits are preva-
lent, and considerable precaution must be taken into ac-
count before a decision to not operate is made. In other
countries with more malpractice reform, nonsurgical in-
tervention may be facilitated.

Conclusions

For the neurosurgeons responsible for the care of pa-
tients with incidental LGG, understanding the ethical re-
sponsibilities of treating asymptomatic lesions is critical
as we address this problem in the future. Urgent surgery
is not always indicated in cases of suspected incidental
LGG, and each patient’s treatment must be individual-
ized based on the context, circumstances, and character-
istics of the diagnosed lesion. Recognizing that incidental
LGG is a precursor to symptomatic LGG may just be the
first step in the process of elucidating a unified therapeu-
tic approach for these lesions. Based on the continuum
between surveillance and treatment, our treatment para-
digm may be clinically useful in asymptomatic patients;
however, these decisions for an incidental LGG in set-
tings of concurrent lesions may be different. It is likely
that serial clinical examination and MR imaging is a safe
option for most asymptomatic patients, with the option of
intervention based on certain criteria that are, as yet, to
be elucidated fully.
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Natural history of untreated syringomyelia in pediatric
patients
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Object. The natural history of syringomyelia in pediatric patients remains uncertain. Although symptomatic and
operative cases of syringomyelia are well studied, there are fewer articles in the literature on the nonoperative syrinx
and its clinical and radiological course. The purpose of this research was to analyze the natural history of untreated
syringomyelia in pediatric patients presenting with minimal neurological symptoms.

Methods. A review of the neurosurgery database at British Columbia’s Children’s Hospital identified all pe-
diatric patients (< 18 years of age) with syringes identified on MR imaging. Patients were included in this study if
they had at least 2 MR images of the spine, at least 1 year apart, while receiving nonoperative treatment. Magnetic
resonance imaging was used to determine changes in the size of the syrinx over time. Clinic notes were analyzed to
establish demographic and clinical features and to determine any clinical changes over time.

Results. A total of 17 patients were included in the study. Symptoms at presentation were often mild and included
limb numbness (3 cases), headaches (2 cases), mild sensory deficits (2 cases), mild motor deficits (3 cases), and in-
termittent incontinence (7 cases). The consultant neurosurgeon believed that the syrinx was not contributing to the
symptoms in these 17 patients. The syrinx either remained unchanged (7 cases) or diminished in size (8 cases) in a
total of 15 patients (88%). In the remaining 2 patients the authors noted an increase in syrinx size, in 1 of whom the
clinical course also worsened. Both of these patients had a Chiari malformation and subsequently underwent cranio-
cervical decompression. Overall, the mean change was —0.7 mm of maximal axial diameter (range —2.6 to +2.7 mm).

Sixteen patients (94%) exhibited no worsening of symptoms over time.

Conclusions. Syringomyelia often remains stable in patients receiving nonoperative treatment. However, given
that 2 (12%) of 17 syringes in this series enlarged, it is likely appropriate to include periodic imaging in the follow-up
of these cases. (DOI: 10.3171/2011.9. FOCUS11208)

Key Worps ¢ syringomyelia
magnetic resonance imaging

tively treated patients remains unclear. With its

pathogenesis not well defined,'? ambiguity exists
with regard to managing this condition, especially when
syringomyelia is identified incidentally on MR imaging.
Most neurosurgeons would choose to operate when a syr-
inx is progressing in size or deemed symptomatic.” There
is no accepted strategy, however, for the management of
syringes found on MR images when symptoms are subtle
or not thought to be related to the syrinx. Although some
other studies have emphasized purely idiopathic syring-
es,’ our institution has some cases of Chiari malforma-
tion—associated syringes managed without surgery, and
the patients are included in the present study.

THE natural history of syringomyelia in nonopera-

Abbreviations used in this paper: AP = anteroposterior; BCCH =
British Columbia’s Children’s Hospital.

Neurosurg Focus / Volume 31 / December 2011

conservative management  °

Many pediatric patients presenting with a syrinx at
BCCH also present with a Chiari malformation. Surgical
correction of the latter condition often leads to reduction
in size of the syrinx.>"* For this reason, many neurosur-
geons elect to intervene surgically when a syrinx with
tonsillar herniation is present.! In idiopathic cases (that
is, those unrelated to Chiari Type I malformation), syrinx
management is less clear. Management options are de-
pendent on the clinical circumstances and include poste-
rior fossa decompression, syrinx shunting, tethered cord
release, or serial imaging observation.>#

Pediatric case studies have demonstrated that syrin-
gomyelia can spontaneously resolve if left untreated.!”” As
a consequence of these observations, some authors have
advocated nonoperative management.>'° This is a senti-
ment anecdotally shared by many others,> and we have
generally been following our cases asymptomatic syring-
es without undertaking surgery.



Other cases of syringomyelia, while the lesion has
not diminished in size, have shown no progress over time.
One study analyzing the natural history of syringomyelia
in 14 adult patients found disease progression to be slowly
progressive or clinically arrested in most clinical cases."
Another study in adults reported no neurological deterio-
ration in 8 of 9 asymptomatic patients with syringomy-
elia. These patients had an associated Chiari malforma-
tion and were followed up nonoperatively for 10 years.'?
The natural history of syringomyelia in the pediatric
population, however, remains poorly characterized.

At BCCH, our pediatric neurosurgery service ad-
vocates nonoperative management when patients are as-
ymptomatic or when patients’ symptoms are deemed to
be unrelated to the syrinx.

Patients/families frequently have questions regarding
the likelihood that the syrinx will enlarge or diminish or
become symptomatic in the future—in short, questions
about the natural history of the condition. The research
study in the present study focuses on this issue by evalu-
ating the clinical and radiological history of these syring-
es in the pediatric population.

Methods

Ethics approval for the study was obtained from the
University of British Columbia and Children’s and Wom-
en’s Health Center of British Columbia research ethics
board. A review of the prospectively maintained neuro-
surgery database at BCCH was conducted, and all pediat-
ric patients (< 18 years of age) diagnosed with syringomy-
elia were identified, with syrinx defined as a central canal
1 mm or greater in axial size and extending a minimum
of 2 vertebral levels.” Patients were included in the study
if they had a follow-up MR imaging of the spine (at least
1 year from initial imaging study) while being managed
with observation for a minimum of 1 year.

A chart review was performed to ascertain clinical
signs and symptoms. Clinical status was compared at pre-
sentation and at last follow-up to determine any changes
in symptoms over time.

A review of all MR imaging studies was conducted
to evaluate the change in size of the syrinx in relation to
time. Two authors (A.B. and T.B.R.) reviewed all images,
blinded to clinical information at presentation and follow-
up. Axial MR images were used to measure both the AP
and the transverse diameters of the syrinx. The maximum
diameter of these 2 measurements was then recorded.
Other information obtained included location and length
of the syrinx. The location of the syrinx was determined
in relation to the level of the spinal cord. The length of
the syrinx was measured on sagittal T2-weighted images.

Comparison of measurements was made between
initial MR images and most recent follow-up images to
determine the change in maximum syrinx diameter. For
consistency, initial AP values and initial transverse values
were compared with AP and transverse measurements at
follow-up. Depending on the image available (digital or
film), digital calipers or rulers (appropriate to the mag-
nification scale on film images) were used for measure-
ments.
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For the purposes of this study, any difference in syr-
inx greater than 1 mm was considered a change in size.
This number was chosen because of the potential error in
measuring small syringes, both using digital calipers and
mechanical ruler measurements.

Results

Syringomyelia was identified in 103 patients in the
neurosurgery database. Seventeen patients met the inclu-
sion criteria for the study. The relatively small number of
patients eligible for the study was reflective of many pa-
tients in our database who underwent surgery, had an as-
sociated spinal cord lesion (for example tumor or myelo-
meningocele), or had no follow-up information (clinical or
radiological) available. The ratio of males to females was
10:7. The average age at initial imaging assessment was 8.7
years (range 10 months—16 years). The mean follow-up du-
ration was 3.2 years and the median was 2.3 years (range
1-12.8 years, interquartile range 1.2—4.2 years).

In all cases of syringomyelia in the present popula-
tion, the lesions were discovered on MR imaging, with
the earliest investigation dating to 1997. Syringes were
found in 4 patients while ruling out tethered spinal cord.
Three patients underwent imaging for scoliosis investi-
gation. Headaches, dizziness, and episodes of syncope
led to studies in 3 patients whereas in 2 additional pa-
tients imaging was performed for physical injuries. The
remaining 5 patients underwent imaging for seizures, ce-
rebral palsy, possible Chiari malformation, and work-up
VACTERL syndrome (Vertebral anomalies, Anal or duo-
denal atresia, Cardiac defects, TracheoEsophageal fistula,
Renal anomalies, and Limb malformations).

During the follow-up period, 28 MR imaging in the
17 patients studies were acquired in total, and the num-
ber of repeat scans per patient varied between 1 and 4.
Ten of 17 patients had 1 follow-up MR imaging study at
the time of investigation, whereas the other 7 patients had
2 or more repeat MR imaging studies. Other associated
conditions identified on MR imaging included Chiari
malformation (5 cases), scoliosis (3 cases), and abnormal
vertebral fusion (3 cases). None of the 17 patients had an
associated tethered cord.

The syringes were located at all levels of the spinal
cord: the cervical (5 cases), cervicothoracic (3 cases), tho-
racic (8 cases), and thoracolumbar (1 case) spine. In 4 of
the 5 patients with cervical syringes, we also documented
a second syrinx in the thoracic region. The mean length
of the syrinx was 80 mm. When compared against adja-
cent vertebrae, this corresponded to an average length of
7 vertebral levels.

Patients presented with minimal neurological symp-
toms, which included occasional numbness/tingling in
limbs (3 cases), headaches (2 cases), pain (4 cases), sub-
jective sensory deficits (2 cases), fine and gross motor
difficulties (3 cases), bladder incontinence (5 cases), and
bowel incontinence (2 cases). Two patients presented with
toe-walking. Only 3 patients had no neurological symp-
toms at initial clinic visit. None of the syringes were be-
lieved to be contributing to the symptoms, based on the
surgeon’s judgment at the initial consultation. The pre-
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senting symptoms and associated outcomes at the time of
clinical follow-up are summarized in Table 1.

At most recent follow up, 16 of 17 patients showed
either no change in symptoms (9 patients [53%]) or an
improvement (7 patients [41%]). One patient exhibited a
mild worsening of dysphagia, hand weakness, and incon-
tinence. This patient had a cervical syrinx, and was 1 of
2 patients in whom the syrinx increased in size and who
underwent surgery. These symptoms did not resolve after
foramen magnum decompressive surgery (3-year follow-
up period), and the syrinx has grown slightly in the post-
operative period.

Eighty-eight percent of patients (15 of 17) had either
no change (7 patients [41%]) in maximum axial diameter
or reduction (8 [47%]) in syrinx size. In 2 patients (12%)
imaging documented an increase in syrinx size (increase
of 2.7 and 2.1 mm). Figures 1 and 2 highlight the radio-
logical changes over time in syrinx morphology observed
in 2 patients.

The average and median for the maximum diameter
at initial investigation was 6.1 and 4.4 mm, respectively
(range 3.1-13.3 mm). The median change in maximum
diameter was —0.9 mm (range -2.6 to +2.7 mm). This
means that the typical syrinx was smaller on follow-up
than on the original MR image. The transverse measure-
ment was found to be the maximum diameter in 12 (71%)
of the 17 cases.

The results are summarized in Table 2.

Discussion

With the use of MR imaging as a tool for investi-
gation, syringomyelia is increasingly being diagnosed.
The majority of neurosurgeons consider surgery in cases
involving symptomatic patients with syringes.” Debate
exists among neurosurgeons as to the appropriate man-
agement of a syrinx when patients exhibit minimal symp-
toms or when the syrinx is detected serendipitously. Some

TABLE 1: Symptoms at presentation and at clinical follow-up*

Symptoms at Presentation Symptomst

(no. of patients) Worsened Unchanged Improved
pain (4) 0 1 3
headache (2) 0 0 2
toe-walking (2) 0 2 0
nausea & vomiting (1) 0 0 1
syncope (1) 0 0 1
numbness/tingling in limbs (3) 0 0 3
mild sensory deficits (2) 0 1 1
mild motor deficits (3) 1 2 0
dysphagia (1) 1 0 0
bladder incontinence (5) 1 1 3
bowel incontinence (2) 0 0 2
limited neck rotation (1) 0 1 0
no neurological symptoms (3) 0 3 NA

* NA = not applicable.
t Values represent the number of patients.
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Fie. 1. Case 5. Sagittal T1-weighted MR images obtained in a pa-
tient with progressive syringomyelia and Chiari Type | malformation at
initial (left) and 2-year follow-up (right) examination.

authors have argued that if a syrinx is relatively large,
even if patient is asymptomatic, that intervention should
be undertaken before symptoms progress.!? Other authors
have presented cases in which syringes may spontane-
ously resolve if left without surgical intervention.>!

Our findings suggest that syringes tend to remain
stable in the short term when patients present with mini-
mal symptoms. In 15 (88%) of 17 patients there was no
evidence that the syrinx increased in size (7 unchanged
lesions, 8 reduced in size) from the initial imaging to
follow-up, at least 1 year later. This is consistent with the
findings of a recently published study of nonoperated sy-
ringes.’

The decreasing size of the syrinx in 8 patients is in
keeping with the previous reports of spontaneous resolu-
tion.>!? Interestingly, one of these reported patients exhib-
ited syrinx enlargement at the first follow-up, but nonop-
erative management was continued based on the clinical
circumstance, and an overall reduction in size was noted
after 5 further years of observation.

For the 2 remaining patients in whom the lesion nei-
ther remained the same size nor got smaller, the syrinx
increased in size and surgical intervention was indicated
after initial observation. These findings could be related
to the fact that both of these patients had associated Chiari
malformations and both had large syringes (> 12 mm, the
largest 2 in our series) at initial presentation. With a small
series, meaningful statistical analysis is challenging, but
it is intriguing that both syringes that grew and required
surgery were in the cervical spine, were associated with
Chiari Type I malformation, appeared distended, and
were the largest syringes in our series. In neither case did
imaging initially exhibit a signal change above or below

Fic. 2. Representative initial (left) and 5-year follow-up (right) axial
T2-weighted MR images demonstrating spontaneous regression in syr-
inx size over time.
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the syrinx. It might be that the large, Chiari malforma-
tion—associated cervical syrinx, if not initially resected,
deserves the closest clinical and radiological follow-up.

With 15 individuals (88%) harboring nongrowing
syringes and 16 (94%) exhibiting no symptom progres-
sion, the clinician might need to consider the frequency
and timing of follow-up MR imaging. A survey of pe-
diatric neurosurgeons suggested that many would elect
for follow-up MR imaging every 6—12 months to monitor
syringomyelia in asymptomatic patients.” Magnetic reso-
nance imaging, however, causes anxiety for children and
their families® and are costly to the health care system.
Anesthesia/sedation may be necessary. Given that only 1
of our 17 patients harbored a growing syrinx in the ab-
sence of worsening symptoms, the need for frequent im-
aging could be reconsidered. This is particularly true of
the smaller syringes (< 10 mm in greatest cross-sectional
diameter), which in our study demonstrated no growth.

Limitations exist with respect to this study. The study
relies on a retrospective review, even though it draws from
a prospectively maintained database that minimizes ascer-
tainment biases. With 17 individuals, meaningful compar-
ative statistical analysis is challenging, and we rely largely
on descriptive analysis. Measuring syrinx size is not per-
fectly precise, either by digital or manual means. An effort
was made to determine the reliability of the measurements
of the maximal syrinx diameter. Both a student (T.B.R.
and a neuroradiologist (A.B.) measured the syrinx diam-
eter on MR images, and there was concordance between
their measurements, as evidenced by an r value (line of
best fit) of 0.94 between their measurements.

However, we only considered a syrinx to have changed
if the change in maximum diameter was at least 1 mm.

Conclusions

In syringomyelia, the syrinx infrequently increases
in size in conservatively and asymptomatic or minimally
symptomatic patients during the early years following
detection. Nonoperative management for asymptomatic
or minimally symptomatic patients appears to be rea-
sonable. Cervical syringes, associated with Chiari Type
I malformation and measuring over 10 mm in greatest
axial diameter, may benefit from regular annual follow-
up. Less frequent imaging to detect changes in size seems
appropriate in patients with small syringes
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Tarlov cysts: a controversial lesion of the sacral spine

Corrapo Lucantoni, M.D.,! Kuor D. THan, M.D.,2 ANTHONY C. WANG, M.D.,?
JuaN M. VaLDIVIA-VALDIVIA, M.D.,> CorRMAC O. MAHER, M.D.,2 FRANK LA MARCA, M.D.,?
AND PAUL PARK, M.D.2

Institute of Neurosurgery, Universita Cattolica del Sacro Cuore, Rome, Italy; and *Department of
Neurosurgery, University of Michigan, Ann Arbor, Michigan

The primary aim of our study was to provide a comprehensive review of the clinical, imaging, and histopatho-
logical features of Tarlov cysts (TCs) and to report operative and nonoperative management strategies in patients with
sacral TCs. A literature review was performed to identify articles that reported surgical and nonsurgical management
of TCs over the last 10 years. Tarlov cysts are often incidental lesions found in the spine and do not require surgical
intervention in the great majority of cases. When TCs are symptomatic, the typical clinical presentation includes
back pain, coccyx pain, low radicular pain, bowel/bladder dysfunction, leg weakness, and sexual dysfunction. Tarlov
cysts may be revealed by MR and CT imaging of the lumbosacral spine and must be meticulously differentiated from
other overlapping spinal pathological entities. They are typically benign, asymptomatic lesions that can simply be
monitored. To date, no consensus exists about the best surgical strategy to use when indicated. The authors report
and discuss various surgical strategies including posterior decompression, cyst wall resection, CT-guided needle as-
piration with intralesional fibrin injection, and shunting. In operative patients, the rates of short-term and long-term
improvement in clinical symptoms are not clear. Although neurological deficit frequently improves after surgical

treatment of TC, pain is less likely to do so. (DOI: 10.3171/2011.9.FOCUS11221)

Key Worps ¢ Tarlovcyst e
incidental finding * surgery

tal lesions are increasingly found in patients

undergoing neuroimaging studies. Tarlov cysts
frequently present as multiple cystic lesions of the nerve
root sheath in the lower spine. The first report of a TC
was made by Tarlov®? in 1938 as an incidental finding at
autopsy, and the lesion was subsequently classified as a
Type II meningeal cyst by Nabors et al.?® Tarlov cysts are
typically located at the junction of the dorsal ganglion
and the posterior nerve root and usually develop between
the endoneurium and perineurium of the nerve root.
Although the etiology is still unclear, microcommunica-
tion with the subarachnoid space at the dural sleeve of
the nerve root may function as a valve, allowing CSF in-
flux and restricting CSF efflux, causing formation of the
cysts. 202!

We focus on a particular incidental lesion of the
lumbosacral spine: sacral perineural (Tarlov) cysts. Tar-
lov cysts are rare lesions. According to the findings of
previous studies, the lesions occur in about 1%—5% of
patients.?*? Depending on their location, size, and re-
lationship to the nerve roots, a subset of cysts may be-
come symptomatic and cause sensory disturbances, mo-
tor deficits, or bowel/bladder dysfunction. This occurs in
approximately 1% of patients.?® The clinical significance
of this lesion must be meticulously assessed before plan-

D UE to the wide availability of imaging, inciden-

Abbreviation used in this paper: TC = Tarlov cyst.
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sacral perineural cyst ¢ spine °

ning surgical treatment. There is no consensus on the best
treatment of symptomatic sacral cysts, although various
surgical strategies have been proposed.

Our goal is to provide a review focusing on the more
commonly located sacral TC. The definition of a TC, as
well as the clinical and operative management of this
small subset of symptomatic cysts, is analyzed.

Methods

A thorough search of the PubMed database for
English-language literature concerning sacral perineural
cysts was conducted for the years 2000-2011. Studies
were limited to this time period to emphasize the most
current data. Search terms used were Tarlov cyst(s), peri-
neural cyst(s), and sacral nerve root cyst(s). The bibliog-
raphy of each article was reviewed for additional relevant
articles. Each article was carefully analyzed and included
in our study if details of treatment and outcome were
reported. Pathogenesis, pathology, clinical presentation,
neuroimaging, treatment options, and surgical indications
were reviewed. In addition, case reports were included in
this study to describe as many different treatment options
as possible.

Results

Twelve studies published in the last 10 years were
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identified, each reporting treatment of more than 1 pa-
tient with a TC. After review of these 12 articles, 1 other
relevant study was identified and included in the analysis.
From these studies, a combined total of 251 patients were
treated for symptomatic TCs. Data related to these series
(> 2 patients/series) are summarized in Table 1. Table 2
summarizes the 11 single case reports of TC treatment to
provide further insight into the surgical management of
these lesions.

Discussion

In the practice of medicine, it is common to discover
an incidental lesion, which is an asymptomatic lesion
found while examining the patient for reasons unrelated
to the incidentally found lesion. In many hospitals, the
introduction of the picture archiving and communication
system has led to an increasing number of incidental le-
sion discoveries.** Patients now undergo MR imaging of
the lumbar spine for various symptoms including back
pain, sciatica, and neurological dysfunction. These MR
imaging studies of the lumbosacral spine often result in
the discovery of benign lesions. The most common in-
cidental lumbosacral lesions are vertebral hemangiomas,
perineural cysts, fibrolipomas, synovial cysts, and sacral
meningoceles.?

One recent report indicates an 8.4% rate of incidental
findings on lumbar spine MR imaging for suspected disc
herniation or lumbar stenosis.?® The prevalence of differ-
ent incidental findings in the lumbosacral spine seems to
vary significantly for age and sex. Some authors describe
a 1%—5% incidence of TCs (Table 3).22%3 The incidence
does not significantly differ between sexes but is more
prevalent in younger people: 4.0% in people less than 50

C. Lucantoni et al.

years of age old versus 1.3% in people greater than 50
years of age.?*

Definition, Anatomy, Pathophysiology, and Histology

After the first report by Tarlov®? in 1938 as an inci-
dental finding at autopsy, several authors described dif-
ferent types of spinal cysts. Spinal meningeal cysts have
been recently classified by Nabors et al.?” into 3 different
types: Type I (extradural meningeal cysts without spinal
nerve root fibers); Type II (extradural meningeal cysts
with spinal nerve root fibers [that is, TCs]); and Type III
(spinal intradural meningeal cysts).

Regardless of the classification system, the definition
of a TC is histopathological, because it requires the pres-
ence of spinal nerve root fibers in the wall of the cyst or in
its cavity. Tarlov cysts are defined as CSF-filled saccular
lesions located in the extradural space of the sacral spinal
canal and are formed within the nerve root sheath at the
dorsal root ganglion. Cyst walls are composed of peri-
neurium and neural tissue. The cysts show membranous
tissue walls, with peripheral nerve fibers and ganglionic
cells embedded into connective tissue.*?' Voyadzis et al.*®
found nerve fibers in the walls of the cysts in 75% of their
cases.

Cysts created by the dilated sheaths usually have
microconnections to the subarachnoid space. However,
when pulsatile and hydrodynamic forces of CSF, through
a ball-valve mechanism, cause these perineural cysts to
fill and expand in size, they can begin to compress neigh-
boring nerve fibers, resulting in neurological symptoms.'®
The ball-valve theory has been previously postulated as
the reason why some large TCs cause symptoms that
progress, whereas others cause only mild symptoms.
The so-called un-valved cysts (that is, those in which

TABLE 1: Literature review of series in which patient were surgically treated for TCs*

No. of  Follow-Up % w/ Symptom
Authors & Year Patients ~ (mos) Surgical Technique Improvement Complications
Caspar et al., 2003 15 6-108 SL+CR 87 none
Guo et al., 2007 " 3-156  SL + CR + Cl + FG + MP + Gelfoam 82 CSF leak, bladder dysfunction
Kunz et al., 1999 8 24-96  NA 38 NA
Langdown et al., 2005 3 6-12 SL+CR +MP 100 CSF leak, cauda syndrome by MP displace-
ment
Lee etal.,, 2004 2 6 1) CT-NA; 2) SL + CR + NL + Cl 100 none
Mummaneni et al., 2000 8 1-73 SL+CF +Cl 88 none
Murphy et al., 2011 122 NA 1) CT-NA&FI; 2) SL + CF + FP 1) 65t1; 2) 63  transient urticaria
Neulen et al., 2011 13 25-20 SL+CF+CR 541 CSF leak
Park et al., 2008 2 NA SL + CR + FG + Gelfoam 100 none
Sajko et al., 2009 3 NA CF+FG 100 none
Tanaka et al., 2006 12 6-52 SL+CR+Cl 4l prostatitis, PF bleeding
Voyadzis et al., 2001 10 3-136  SL + CR + NL + FG + Gelfoam 70 urinary incontinence
Zhang et al., 2007 31 10-28 CT-NA & FI 80 fever, headache

* CF = cyst fenestration; Cl = cyst imbrication; CR = cyst resection; CT-NA & Fl = CT-guided needle aspiration and fibrin injection; FG = fibrin glue; FP
= fat packing; MP = muscle patch; NA = not available; NL = (cyst) neck ligation; PF = posterior fossa; SL = sacral laminectomy.

T In 23% of improved patients, symptoms returned on average 7.3 months following the initial procedure.

T Includes 1 patient with initial improvement and pain relapse 2 months after surgery.
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TABLE 2: Case reports of surgically treated TCs

Symptoms

Authors & Year Follow-Up (mos) Surgical Technique Improvement  Complications
Acosta et al., 2003 3 SL + CF + CR; FG + myofascial flap yes none
Chaiyabud & Suwanpratheep, 2006 9 SL+CF yes none
Hsu & Kuo, 2010 0.3 NL + FG + fat yes none
Ishii et al., 2007 NA SL + NL + root section yes none
Kayali et al., 2003 3 SL+CF +Cl yes none
Jainetal., 2002 NA SL+CR yes none
Juetal., 2009 6 cyst-subarachnoid shunt yes none
Landers & Seex, 2002 6 CT-NA+SL+Cl+FG yes meningocele
Morio et al., 2001 24 cyst-subarachnoid shunt yes none
Prashad et al., 2007 9 SL+CR+CF yes none
Singh et al., 2009 12 SL+CR yes none

CSF can freely circulate in and out) are unlikely to cause
symptoms. On the other hand, lesions in which CSF ac-
cumulates under gravitational pressure within the cyst in
a valve-like way enlarge over time and can cause neural
structure compression. The cysts are often multiple and
can erode surrounding sacral bone structures, causing
irritation of the periosteal pain fibers®! and insufficiency
fractures.?’

Several hypotheses have been proposed to explain
the etiologies of perineural cysts in the sacral region. The
most important ones include inflammation of nerve root
cysts followed by inoculation of fluid, arachnoidal prolif-
eration along and around the sacral nerve root, breakage
of venous drainage in the perineurium and epineurium
secondary to hemosiderin deposition after trauma, and
developmental or congenital origin.®®% Some authors
have reported a 40% rate of association with trauma.?
The presence of nerve fibers, ganglionic cells, or signs
of old microhemorrhages in the form of hemosiderin has
been related to fact that TCs may be in different stages of
evolution.?+%

Based on their observations of 2 surgically treated
cases of symptomatic sacral TCs in one family, Park et
al.** suggested that a genetic origin could be an important
factor involved in the pathogenesis of TCs.

Clinical Presentation

Most people with TCs are asymptomatic. The report-
ed incidence of symptomatic TCs is approximately 1%
or less (Table 3).42326 The clinical presentation of symp-
tomatic cysts is nonspecific and similar to other disc or
lumbar spine pathological entities. Symptoms that can be
correlated to TCs include low-back pain, sacrococcygeal
pain, perineal pain, sacral nerve root pain (sciatic pain),
leg weakness, neurogenic claudication, bowel and blad-
der dysfunction, and sexual dysfunction.'®* The onset
of symptoms can be sudden or gradual. Usually, patients
report that their symptoms are exacerbated by coughing,
standing, and change of position. This can be explained
by the increase in CSF pressure, leading to an activation
of the aforementioned ball-valve mechanism. Symptom-
atic relief can usually be achieved by recumbent position-

ing.

Neurosurg Focus / Volume 31 /| December 2011

Neuroimaging

Magnetic resonance imaging is the gold-standard
modality to detect sacral perineural cysts, to study their
relationship with surrounding structures, and to plan sur-
gical treatment (when indicated). On MR imaging, the
cyst is a fluid-filled lesion showing a low signal on T1-
weighted images and high signal on T2-weighted images
(that is, CSF signal) (Fig. 1). Scalloping of the sacral ver-
tebral body or posterior arches, caused by a slow increase
in size of the cysts, can be seen on both MR and CT im-
ages. Computed tomography scans can also be useful for
the treatment of the cysts by percutaneous aspiration, as
has been reported.'>!*2¢ Plain radiographs usually appear
normal, but they may reveal characteristic bone erosion
of the spinal canal or neural foramina.

Myelography is a more invasive imaging modality
that can have a role in detecting communication of the
TC with the subarachnoid space. The communication be-
tween the thecal sac and cysts functions as a valve. Thus,
a delayed filling after intrathecal contrast administration
helps to determine the “valved cysts,” which are more
likely to produce symptoms.

Surgical Indications and Treatment Options

Because TCs are often incidental, the finding can
lead to 3 different diagnostic options: 1) another pathol-
ogy is causing symptoms (that is, the TC is not related
to symptoms); 2) another pathology is probably causing
symptoms, but the TC could be a secondary cause of the
symptoms; or 3) the TC is the only pathological finding
that can explain the symptoms. Obviously, this requires

TABLE 3: Incidence of TCs in patients undergoing MR imaging
for lumbosacral symptoms

No. of Incidence of Incidence of
Authors & Year Patients TC (%) Symptomatic TC (%)
Paulsen et al., 1994 500 23 (4.6) 5(1.0)
Langdown et al., 2005 3535 54 (1.5) 7(0.2)
Park et al., 2011 1268 27 (21) 0(0)




Fie. 1. Sagittal T2-weighted MR image showing an example of a
small TC at S-2.

one to carefully evaluate the correlation between clinical
and radiological findings.

In Option 1, the main goal is treatment of the primary
cause. Some authors have reported cases related to Option
2, in which TCs can contribute to symptoms by virtue of
their anatomical location, but they cannot be considered
the primary cause because patients have other identified
pathology. In those cases, surgical treatment of the as-
sociated problem (for example, disc prolapse or foraminal
stenosis) can lead to symptomatic improvement.>!

If the first 2 options can be excluded and the TC is
considered the cause of patient’s symptoms, treatment
of the cyst is indicated. However, no consensus has been
reached on the ideal treatment modality. There are very
little published data regarding the natural history of TCs.
Moreover, none of the available studies report significant
numbers, and there seems to be no clearly defined criteria
for surgical or conservative management of symptomatic
TCs.

Conservative treatment, including medical thera-
py (with analgesic and nonsteroidal antiinflammatory
medications) and physical therapy, is suggested as a first
option. Mitra et al.!'é described 2 cases of symptomatic
perineural cysts treated with conservative management.
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Symptomatic relief was obtained with oral steroids in a
patient with a cervical (C-6) perineural cyst and in a pa-
tient with an L-5 perineural cyst, also obtaining in the
latter case shrinkage of the cyst after epidural steroid
injections. Langdown et al.'* reported on 3 patients with
symptomatic TCs who refused surgery and were able to
tolerate their fluctuating symptoms. They did not describe
the alternative treatment recommended to these patients,
but in a median radiological follow-up of 3.3 years, no
changes in cyst features were documented.

Reports in the literature thus far on different surgical
options for TC can be divided in 2 subgroups: 1) diver-
sion of CSF flow (CT-guided percutaneous aspiration and
modifications, lumboperitoneal shunt, or cystosubarach-
noid shunt); or 2) direct microsurgical approach.

The first reports on a percutaneous CT-guided sacral
meningeal cyst aspiration described this technique as a
potential treatment to alleviate symptoms,?® but compli-
cations such as the tendency of the cysts to reaccumulate
fluid and cause symptoms were noted. Subsequently, some
authors suggested the use of percutaneous CT-guided fi-
brin glue injections in sacral meningeal cysts, reporting
no recurrence of the cyst after 6 months, but there were
3 (of 4) cases of postprocedural aseptic meningitis.?’ In a
more recent study of 31 patients treated with CT-guided
percutaneous fibrin glue injections with or without previ-
ous cyst aspiration, the authors described an 80% symp-
tom improvement.*® There was statistically significant
back and leg pain reduction and no recurrence of the
treated cysts for during a mean follow-up of 23 months.
Two cases of transitory aseptic meningitis were reported.
Murphy et al.” retrospectively described a larger series
of 122 patients treated by CT-guided fibrin glue cyst in-
jection. This group showed symptomatic improvement in
65% of patients, 23% experienced symptom recurrence
after 7 months. The authors recommended percutaneous
CT-guided aspiration of the cyst and fibrin glue injection
as a first treatment option, reserving open surgery only
for patients not candidates for aspiration or for patients in
whom this technique was unable to improve symptoms.

Assuming that a slit-like communication exists be-
tween the subarachnoid space and the cyst, functioning
as a valve, pressure waves can enhance enlargement of
the cyst. Thus, surgical strategies have been proposed
with the aim of decreasing CSF pressure of the cephalad
thecal sac. Lumboperitoneal shunt implant after a CSF
lumbar drainage test has been proposed as a surgical op-
tion to lessen the hydrostatic pressure and dampen the
CSF pressure waves, decreasing the pressure within the
sacral nerve root cyst, as well as compression of the ad-
jacent nerve root. Bartels and van Overbeeke? reported
on 2 patients suffering from back/leg pain treated with a
lumboperitoneal shunt. Symptom relief was achieved at
a median of 10 months after shunt insertion. This option
has been suggested for patients with multiple TCs, when
it is difficult to determine which one is symptomatic. Its
advantage is also that it avoids direct manipulation of the
cyst by requiring a more technically demanding surgical
procedure; however, the risks of every shunt procedure,
such as malfunction or infection, are present.? In 2 single
case reports,'®!” the patients underwent placement of cys-
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tosubarachnoid shunts. These systems were implanted
following a direct surgical approach, aiming to equal-
ize the pressure between the thecal sac and the cyst but
avoiding the risk of cyst wall resection and potential neu-
rological sequelae. The authors reported relief of symp-
toms without complication (Table 2).

Although some authors have not described good
results in association with direct surgical treatment,'?
several authors have recommended it for selected symp-
tomatic patients. Numerous strategies of direct surgical
approaches have been proposed (Table 1). Simple poste-
rior sacral bony decompression has low success rates and
can have serious complications, such as dural or nerve le-
sions.? Microsurgical excision®¢!821:33 consists of a sacral
laminectomy or laminoplasty?' followed by microsurgical
resection of the wall of the cyst(s). Care must be taken
in preserving nervous fibers of the parental nerve roots,
which lie directly on the walls of the cyst.>® Procedures
including cyst imbrication by suturing the walls of the
cyst;¥ neck ligation”* to close communication of the cyst
with the subarachnoid space; and cyst fenestration allow-
ing free communication of the CSF between the thecal
sac and the cyst’ have been suggested as different tech-
nical options. Some authors® have proposed excising the
cyst and sacrificing the parental root without significant
neurological deficit.

Absorbable gelatin sponge and/or fibrin glue and
muscle or fat patching can be used to fill the cyst cav-
ity and cover the dural defects. Neurological worsening
due to muscle patch displacement and subsequent cauda
equina syndrome' has been reported. Leakage of CSF
has been a reported complication in 1 of 11 patients re-
ported by Guo et al.,* 1 of 3 by Langdown et al.,'* and 1
of 13 by Neulen et al.?! Prolonged lumbar drainage is the
suggested treatment for CSF leakage. Some authors have
recommended routine postoperative lumbar drainage for
3-7 days to prevent CSF leakage,>'® as well as the use of
intraoperative electrophysiological monitoring to mini-
mize damage to the sacral nerve roots during excision.!®

Despite low rates of cyst recurrence (range 0%-—
10%*41221), different rates of symptomatic improvement
have been reported in association with microsurgical
treatment (Table 1), varying from 38% to 100%. These
results should also be correlated to the patient’s preopera-
tive symptoms. Caspar et al.’> noted an improvement in
87% of patients complaining of radicular pain, 90% of
patients with sensory disturbances, and 100% of patients
with a motor deficit or bowel/bladder dysfunction. Neulen
et al.?! suggested that radicular symptoms are less likely
to benefit from surgery, probably because of the perma-
nent impairment of the nerve itself, resulting in chronic
pain due to deafferentation.

In statistical terms, the numbers in the present report
are too small to draw any definitive conclusions. How-
ever, several authors have suggested some indications to
identify the better responder to surgical treatment. Voy-
adzis et al.*® observed that better results were achieved
in patients with radicular symptoms or bladder/bowel
dysfunction, and patient with cyst diameters exceeding
1.5 cm. Surgical treatment of multiple cysts, especially
those larger than 1.5 cm, has been suggested.5!® Neulen
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et al.?! suggested that a tendency to improve after surgery
was present in patients with single or multiple perineu-
ral cysts > 1 cm in diameter and with delayed contrast
filling on postmyelographic CT scanning. Patients who
present with pain exacerbated by both postural changes
and Valsalva maneuvers are also likely to benefit most
from surgery.!®

To our knowledge, only 1 study has reported on the
results of surgical treatment compared with conservative
management. Kunz et al."” did not observe significant dif-
ferences in terms of symptomatic improvement between
the 2 groups (total 16 patients). Due to unfavorable results
in terms of pain relief observed after surgical treatment,
they recommended surgery only for those patients with a
short history and with a neurological deficit."”

Unfortunately, all these recommendations are based
on results obtained from a small number of patients and,
overall, from retrospective reviews.

Conclusions

Tarlov cysts are usually incidental findings on radio-
logical examination performed in the lumbosacral spine.
A small percentage of these lesions may be symptomatic.
Meticulous care should be taken to clearly define the pa-
tient’s symptoms and correlate them to radiological find-
ings. What Tarlov stated in his seminal article more than
70 years ago still seems to be true today: “The clinical
significance of these cysts remains to be determined.”?

The results reported in the literature on the surgical
treatment of symptomatic cysts, which can now be per-
formed using different methods, have conflicting results,
can be technically demanding and not without significant
complications, and often do not provide lasting benefit.
The best management option must be determined by the
size and location of the patient’s cyst, as well as the sur-
geon’s skillset.
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Idiopathic syringomyelia: retrospective case series,
comprehensive review, and update on management
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Lllinois

Object. A syrinx is a fluid-filled cavity within the spinal cord that can be an incidental finding or it can be ac-
companied by symptoms of pain and temperature insensitivity. Although it is most commonly associated with Chiari
malformation Type I, the advancement of imaging techniques has resulted in more incidental idiopathic syringes that
are not associated with Chiari, tumor, trauma, or postinfectious causes. The authors present a comprehensive review
and management strategies for the idiopathic variant of syringomyelia.

Methods. The authors retrospectively identified 8 idiopathic cases of syringomyelia at their institution during the
last 6 years. A PubMed/Medline literature review yielded an additional 38 articles.

Results. Two of the authors’ patients underwent surgical treatment that included a combination of laminectomy,
lysis of adhesions, duraplasty, and syrinx fenestration. The remaining 6 patients were treated conservatively and had
neurologically stable outcomes. Review of the literature suggests that an etiology-driven approach is essential in the
diagnosis and management of syringomyelia, although conservative management suffices for most cases. In particu-
lar, it is important to look at disturbances in CSF flow, as well as structural abnormalities including arachnoid webs,
cysts, scars, and a diminutive posterior fossa.

Conclusions. The precise etiology for idiopathic syringomyelia (IS) is still unclear, although conceptual ad-
vances have been made toward the overall understanding of the pathophysiology of IS. Various theories include the
cerebellar piston theory, intramedullary pulse pressure theory, and increased spinal subarachnoid pressure. For most
patients with IS, conservative management works well. Continued progression of symptoms, however, could be ap-
proached using decompressive strategies such as laminectomy, lysis of adhesions, and craniocervical decompression,
depending on the level of pathology. Management for patients with progressive neurological dysfunction and the lack
of flow disturbance is unclear, although syringosubarachnoid shunting can be considered.

(DOI: 10.3171/2011.9.FOCUS11198)

Key Worps *  syringomyelia
syringomyelia pathophysiology

tomically lies within the spinal cord parenchyma

or the central canal.!'® Although syringomyelia is
clinically associated with a centromedullary syndrome
with predominantly sensory symptoms such as pain and
temperature insensitivity,** in many cases it is an inci-
dental finding. This entity is most frequently associated
with a CM-L* although other known causes include spi-
nal cord tumor, trauma, and posttraumatic or infectious
adhesive arachnoiditis.'®?23 With the increasing use of
MR imaging, discovery of IS is more common.3!* Vari-
ous terms have been used to refer to IS including hy-
dromyelia, idiopathic localized hydromyelia, and syrin-

ﬁ SYRINX is defined as a fluid-filled cavity that ana-

Abbreviations used in this paper: ACDF = anterior cervical
discectomy and fusion; CM-I = Chiari malformation Type I; IS =
idiopathic syringomyelia.
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idiopathic syringomyelia °

gohydromyelia.'2634 Although not clearly defined, the
general consensus seems to be that IS is not associated
with any of the conditions mentioned previously.32831:3437
The management and natural history of such idiopathic
syringes remain unclear. Here, we present our experience
with IS in a retrospective case series of 8 patients, and
we provide a comprehensive review of the current evi-
dence. We add to our previous study examining nontrau-
matic cervicothoracic syringes and include several cases
that were observed conservatively.* We also formulate
guidelines to assist neurosurgeons who encounter this
pathological entity.

Methods

The study was approved by the institutional review
board for patients seen in our neurosurgical clinic with
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a diagnosis of syringomyelia. From this group, we retro-
spectively identified all patients who had been diagnosed
with IS between 2005 and 2011. The patients had no evi-
dent etiology such as CM-I, tumor, trauma, or postlami-
nectomy adhesions. We did not have a minimal syrinx
diameter for inclusion, given the overall paucity of sy-
ringes that were idiopathic. We also did not exclude pa-
tients with arachnoid webs, adhesions, or cysts, consistent
with other studies on IS.?":28

PubMed/Medline searches using the key words “id-
iopathic syringomyelia,” “pathophysiology of syringomy-
elia,” “classification of syringomyelia,” and “management
of syringomyelia” resulted in 130 articles, which were
independently analyzed by 2 authors (A.K.R. and N.P.S.).
This group was further screened to include articles with a
focus on IS; this process yielded 38 articles.

Results

A total of 8 patients were identified. The mean age
was 39.3 years (25-61 years), and there were 7 men and
1 woman. Patient characteristics, type of surgery (if any),
follow-up status, and duration are detailed in Table 1. Ta-
ble 2 summarizes the evidence from key articles.

Symptoms and Signs

One patient (Case 1) presented with a history of
worsening right arm pain and had myelopathic signs on
examination that were evidenced by gait abnormalities,
urinary urgency, and hyperreflexia in the lower extremi-
ties. Another patient (Case 2) presented with progressive
difficulties in walking and also had myelopathic signs
evidenced by hyperreflexia in the lower extremities.

Five patients (Cases 3-7) presented with milder
symptoms that mostly included pain in different distribu-
tions. None of these patients had any abnormalities on ex-
amination. The patient in Case 8 had an initial diagnosis
of cervical stenosis, which was treated by a C3—4 ACDF
to which he responded well. Five years later, the patient

TABLE 1: Summary of patients with IS*

A. K. Roy, N. P. Slimack, and A. Ganju

presented with some recurrent radicular symptoms, which
led to the diagnosis of a lower thoracic syrinx.

Imaging Studies

The patients in Cases 1 and 2 underwent extensive
imaging, which revealed CSF flow abnormalities. In the
patient in Case 1, initial MR imaging revealed a syrinx
at the cervicothoracic junction. Further studies, including
cine MR imaging and CT myelography, revealed abnor-
mal flow at the T1-2 level and possible scarring/adhe-
sions at the same level. Initial MR images obtained in the
patient in Case 2 revealed a C5-T5 syrinx, and with the
addition of cine MR imaging and CT myelography re-
vealing abnormal flow at the C5-T1 levels and subarach-
noid compartmentalization from T-4 to T-6.

The patients in Cases 3—8 were only investigated us-
ing MR imaging, given their mild symptoms and intact
neurological examinations. All these patients had some
evidence of degenerative changes apart from the syringes.

The combined mean syrinx diameter was 3.88 mm
(range 0.78-8.39 mm), and the mean length was 97 mm
(range 38.7-178.8 mm). A cursory analysis does reveal a
larger mean diameter in the surgically versus conserva-
tively treated cases (6.3 vs 3.08 mm); however, given the
low case numbers, we have not run further statistical tests
on these results. Most syringes spanned the cervicotho-
racic cord. The mean length was 78.9 mm for the surgi-
cal cases and 104.2 mm for the conservative cases. Only
the imaging report was available for the initial scan in 1
patient (Case 3), which did not include the actual length
of the syrinx.

Outcomes

Given the presence of myelopathic signs on examina-
tion with a demonstrable CSF flow abnormality, 1 patient
(Case 1) underwent T1-3 laminectomy with lysis of ad-
hesions. Figure 1 shows pre- and postoperative images
of this case with collapse of the syrinx. At the l-year
postoperative visit, the patient had an intact neurological

Case Age (yrs),

Imaging Finding; Diameter

No. Sex Sx & Signs (mm), Length (mm) Treatment Time/Outcomes
1 43, M rt UE pain, urinary urgency, C7-T2 syrinx; 7, 38.73 T1-3 laminectomy w/ lysis of ad- 1 yr, collapse of syrinx & resolution
patellar hyperreflexia hesions of Sx
2 45,M  ltleg weakness C5-T5 syrinx; 5.6, 119.25  T4—6 laminectomy w/ lysis of ad- 5 yrs, initial resolution w/ LE pain at
hesions & fenestration of 5yrs
syrinx
3 27,M  mid-thoracic pain T5-12 syrinx; 2, unclear ~ conservative 6 mos, stable syrinx & resolution of Sx
4 43,M thoracic dysesthesia T6-9 syrinx; 0.78, 76.86  conservative no FU available
5 40,M  neck & thoracic pain C5-T2 syrinx; 8.39, 128.13 conservative 10 yrs, stable syrinx & resolution of Sx
6 25,M  low-back & LE pain T5-10 syrinx; 4.92, 178.81 conservative 2 yrs, stable syrinx & resolution of Sx
7 31, F neck & shoulder pain C4-T2 syrinx; 1.24,61.84  conservative no FU available
8 61,M tingling in neck, low-back & T8-11 syrinx; 1.16, 75.77  C3-4 ACDF at time of initial pre- 5 yrs, episodic radicular Sx

LE pain

sentation

* Two patients underwent surgical intervention after signs of myelopathy were evident, which was progressive in nature. All other patients had a stable
follow-up for different periods of time. Abbreviations: FU = follow-up; LE = lower extremity; UE = upper extremity.
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Idiopathic syringomyelia

Fic. 1. Case 1. Preoperative (left) and 1-year postoperative (right)
T2-weighted images.

examination with resolution of symptoms. Under similar
operative indications, another patient (Case 2) underwent
a T4—-6 laminectomy with lysis of adhesions. Although
this patient did well for almost 2.5 years after surgery,
he subsequently developed bilateral pain and weakness
in his lower extremities. Cine MR imaging at this time
revealed diminished dorsal and ventral flow from C5-T4,
although we did not identify a clear pathology for sur-
gery. In a subsequent 5-year follow-up, this patient has
had some resolution of the pain.

The patients in Cases 3—8 were treated conservatively.
The follow-up periods ranged from 6 months to 10 years.
In 3 of these 6 patients, radiographic follow-up was also
available and revealed no changes in syrinx size. Figure 2
shows images that were obtained at the initial visit and the
10-year follow-up in 1 patient (Case 5). All conservatively
treated patients had resolution of their symptoms during
follow-up visits, with the exception of the patient in Case
8 who had occasional radicular symptoms in his legs. This
responded well to epidural steroid injections.

Discussion
Pathophysiology

There are few studies that directly address the patho-
physiology behind IS. Most work in the field of syringo-
myelia comes from work done on CM-I. Here, we include
areview of this evidence as background for possible simi-
larities in mechanisms behind IS. Koyanagi and Houkin"
divided the CM-I syringomyelia evidence into 3 catego-
ries depending on the source of origin: CSF entrance from
the fourth ventricle, CSF entrance from the subarachnoid
space, and extracellular fluid origin.

Previous evidence by Gardner and Angel® regarding
CSF entrance from the fourth ventricle was supported by
success of their procedure that involved closure of the
obex along with a medial suboccipital craniectomy. The
validity of this theory is now questioned by cine-mode
MR imaging studies that did not demonstrate any CSF
entrance from the fourth ventricle into the syrinx.*?> The
procedure performed by Gardner and Angel has also
been reported to work just as well without closure of the
obex. In their review of pathological specimens, Milhorat

Neurosurg Focus / Volume 31 /| December 2011

Fic. 2. Case 5. Sagittal T2-weighted images obtained at presenta-
tion (left) and at the 10-year follow-up (right).

et al.?? reported that syringes that communicated with the
fourth ventricle were mostly found in children with hy-
drocephalus. This included an association with postmen-
ingitic and posthemorrhagic hydrocephalus along with
CMs Type II and Dandy-Walker cysts.

Greitz'® questioned the theory about increased sub-
arachnoid pressure propelling CSF into the syrinx since
such a pressure might actually compress the cavity. More-
over, most studies have not consistently identified a pres-
sure gradient that would favor CSF flow into the syrinx
from the subarachnoid space.™ It has been noted that
delayed CT myelography after intrathecal injection of
metrizamide has demonstrated enhancement of syringo-
myelic cavities.?* In their review, Koyanagi and Houkin'
reported that these results are not specific to syringo-
myelia and that delayed clearance of the contrast from
syrinx cavities may explain the delayed visualization on
CT myelography. In an animal model of posttraumatic
syringomyelia, Brodbelt et al.> showed increased perivas-
cular flow at the level of the syrinx, although it is unclear
if such flow actually causes the syrinx to develop or is
simply a byproduct of localized inflammation and edema.
Iwasaki et al.* demonstrated that syringosubarachnoid
shunting is effective at collapsing CM-I syringes; this
does not appear to be in concordance with the theory pos-
tulating CSF entrance from the subarachnoid space. The
piston theory by Oldfield et al.’> suggests that increased
downward motion by cerebellar tonsils in CM-I causes
increased CSF pressure, driving subarachnoid CSF into
the central canal. This, however, has been questioned by
the more recent studies mentioned above.

Papers that support an extracellular origin of CSF
include those by Klekamp,'” Levine,?* Greitz,'® and Koy-
anagi and Hougin."” The exact mechanism, however, is
still debated. Greitz!° described the concept of intramed-
ullary pulse pressure causing cord distension and subse-
quent cavitation. Koyanagi and Hougin" argued that a
reduced compliance of posterior spinal veins leads to re-
duced absorption of extracellular fluid and thus syringo-
myelia. The interested reader is referred to these reviews
for an exhaustive coverage of these theories and historical
evidence.

The intramedullary pulse pressure theory by Greitz!°
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synthesizes a unifying principle for all types of syringo-
myelia, regardless of cause. Future clinical evidence will
demonstrate if this is indeed true, although it is not un-
reasonable that the theories outlined for the formation of
syringomyelia in patients with CM-I may apply to those
with IS. For example, in a study comparing patients with
IS, those with CM-I, and controls, Bogdanov et al.? found
similar morphometric abnormalities in patients with IS
and those with CM-I. This included similar shortening of
the posterior fossa and a reduction of ventral CSF space,
although the dorsal CSF space was significantly smaller
in CM-I patients. Syrinx diameter was found to be signifi-
cantly larger in patients with CM-1 (6.5 +47 vs 27+ 19
mm). The study by Bogdanov et al.? posited that a poste-
rior fossa with decreased compliance promotes the de-
velopment of pulsatile CSF subarachnoid pressure waves,
aiding in the development of syringomyelia.! Struck and
Haughton?” also reported abnormal CSF flow velocities in
patients with IS and raised the possibility of similarities
in flow patterns at the foramen magnum between patients
with CM-I and those with IS. The idea of similar morpho-
metric abnormalities in IS and CM-I seems to follow the
reasoning by Klekamp,'” who questioned whether a true
idiopathic syrinx actually exists. Porensky et al.’* report-
ed on 2 patients with IS; the report postulated that subtle
microtrauma may have been contributory.

Imaging and Classification

On imaging, it is critical to differentiate between a
true syrinx and residual enlargement of the central ca-
nal. As we age, the central canal normally involutes, such
that by adulthood it is often not easily seen on images.*
Holly and Batzdorf' examined 32 patients with slitlike
syrinx cavities, which they termed “asymptomatic per-
sistent central canals.” The authors found symmetrically
enlarged central spinal cord cavities with a mean diam-
eter of 2 mm (range 1-5 mm) with no enhancement after
intravenous Gd injection. It was noted that 10 patients did
have a history of trauma, although the study did not clas-
sify the syringes as posttraumatic. The study also found
that 50% of the patients had alternate diagnoses for their
symptoms. Holly and Batzdorf' argued that these slitlike
syrinx cavities do not represent true syringomyelia and
are possibly even different from a presyrinx-like state. In
the literature, there is no uniformity regarding this opin-
ion. For example, Roser et al.* differentiated hydromyelia
as referring simply to a dilated central canal due to IS.
These authors portended that IS is accompanied by dif-
ferent clinical and radiological signs. According to Roser
et al.,** patients with hydromyelia have no neurological
deficits and mainly present with pain that could be ra-
dicular, burning, or musculoskeletal. This constellation
of symptoms is similar to those described by Holly and
Batzdorf."® Roser et al.** suggested that hydromyelia is a
congenital condition; in the setting of trauma, syringo-
myelia could develop.”® Based on these studies, it is dif-
ficult to determine if slitlike syringes, hydromyelia, and
IS are truly different entities or simply a continuum on a
spectrum.

Classically, the idiopathic form of syringomyelia
does not have an anatomical abnormality readily seen on
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imaging. Some of the evidence presented in the patho-
physiology section earlier, however, raises the concern
that this may be too simplistic of a definition. Struck and
Haughton® have reported increased peak CSF flow ve-
locities in IS. The study by Bogdanov et al.? also found a
small posterior fossa and narrow CSF spaces in IS. Kyo-
shima et al.?° described a series of 4 patients with IS but
also documented all as having a “tight cisterna magna,’
referring to the cisterna magna being impacted by the
tonsils. Mallucci et al.?’ evaluated 10 patients with ap-
parent idiopathic syringomyelia, with subsequent CT my-
elography revealing CSF blockage in 9 of them. Patients
who subsequently underwent laminectomy and adhesions
of arachnoid webs performed much better than those who
underwent shunt treatment. Clifton et al.® also reported
on a patient with a T2—CS5 syrinx along with a spinal in-
tradural arachnoid cyst between T-6 and T-3 found by
aqueous myelography. This patient improved after lami-
nectomy and collapse of the cyst. A later study by Mauer
et al.”® evaluated 125 patients with IS using cardiac-gated
phase-contrast CSF flow studies and found blockage of
flow in 33 patients. The most common level of block-
age was T-6. Fifteen of the 33 cases had a ventrally open
circular shape syrinx cavity. In 8 of the 33 patients with
unequivocal evidence of CSF flow blockage on MR imag-
ing studies, Mauer et al.?® also performed CT myelogra-
phy, which revealed blockage in 2 patients. These authors
concluded that conventional myelography is not a useful
tool in diagnosis and that cardiac-gated CSF flow studies
should suffice. According to this study, IS is not entirely
idiopathic and a closer look at the anatomy may reveal
structural problems.

Other descriptors of IS include a distinction of local-
ized versus extended IS. In their retrospective case series
on IS, Nakamura et al.’! described localized IS as being
fewer than 3 vertebrae and extended IS as 4 or more ver-
tebrae. The localized variant had milder symptoms and
was treated conservatively. Nakamura et al.*' also re-
ferred to the localized syringomyelia variant as a possible
congenital enlargement of the central canal. Kyoshima et
al.?® detailed the numerous classification systems to de-
lineate terms such as hydromyelia, simple hydromyelia,
syringomyelia, and syringohydromyelia. It is unclear if
this aids in the diagnostic or management process.

Presentation

Symptoms that lead to the diagnosis of IS can fall
into a variety of categories. In a population of 48 children
with IS, Magge et al.?¢ divided the presentation into the
following 5 groups: scoliosis, cutaneous marker/develop-
mental anomaly, pain, neurological findings, and screen-
ing/incidental finds. Chern et al.’” also recently published
their evidence on patients with CM Type O and syringo-
myelia, and the presenting symptoms included scoliosis,
headaches, and neck, back, or leg pain.

Specifically, regarding the issue of pain, Magge et
al.?® noted that there does not appear to be any correla-
tion between syrinx size or location and the symptom of
pain. Although we did find an overall increased syrinx
diameter in the 2 surgical cases, the relevance is unclear
given the few cases we have. Nonspecific symptoms such
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as pain may be a coincidental finding rather than a direct
result of the syrinx. Even in our population of adults who
were conservatively treated, it is difficult to localize the
symptoms to the syrinx. Thus, it is critical to stress that IS
is generally an incidental, asymptomatic finding. While
the classically described centromedullary syndrome may
accompany a syrinx, these are usually found in surgical
cases.

In the few cases in which we can attempt to local-
ize the symptoms to the syrinx, it is highly dependent on
the location within the spinal cord. Patients may actually
have comorbid symptoms from degenerative changes of
the spine and musculoskeletal complaints, prompting
medical evaluation. Although syringomyelia symptoms
are classically described as pain and temperature insen-
sitivity in a capelike distribution, few of our patients, and
indeed few of the studies reviewed, actually demonstrat-
ed this. Mallucci et al.?’ discussed that while the most
common presenting symptom is pain followed by pares-
ethesias, numbness, and unnoticed hand injuries, it is not
uncommon for patients to present with long tract signs.
For noncommunicating syringes, symptoms can include
spastic weakness of the lower extremities, paresthesias,
or dysesthesias and segmental sensory loss.?? Bogdanov
and Mendelevich* reported that the pace of neurological
deterioration in syringomyelia is initially rapid but slows
down after neurological signs become well established.

Management

Table 2 provides a review of the key literature regard-
ing idiopathic syringomyelia. The reader is cautioned that
only some of the details for each study were included and
that some of the patients were eventually found to have
other structural anomalies. The studies discuss a large
number of treatment options including posterior fossa and
foramen magnum decompression, laminectomy, lysis of
adhesions, syrinx fenestration, and syringosubarachnoid,
syringoperitoneal, and syringopleural shunting. Most re-
cent studies have reported on the importance of improv-
ing CSF flow dynamics regardless of the treatment strat-
egy used 3202131

The management strategies outlined above should
only be reserved for clearly symptomatic patients with
progression on serial examinations. The majority of the
patients in our series were conservatively treated, giving
credence to the idea that serial imaging is an option for
patients. The reader is especially cautioned in tying the
symptoms to the syrinx and proceeding with surgical
treatment, since the symptoms may be purely coinciden-
tal as mentioned earlier. In particular, a nonoperative ap-
proach is justified when a patient is either asymptomatic
or experiences relatively mild symptoms. In their study
on IS, Magge et al.?¢ also suggested that surgical man-
agement of the syrinx may not offer much utility since
both their surgical cases either worsened or showed no
changes clinically. We routinely may obtain follow-up
MR images on an annual basis or more frequently as dic-
tated by symptoms.

Historically, shunting strategies have been used and
have led to clinical and radiological improvement in the
treatment of IS. However, some studies have reported a
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variety of complications including shunt failure, syrinx
relapse, catheter tip migration, and comorbidities from
mechanical damage to cord tissue.>* Mallucci et al.?’
also discussed that shunts are not an effective solution in
preventing the progress of syringomyelia given the subse-
quent gliosis that can follow within the cord. We believe
that shunting should be used as a measure of last resort
when no etiology is evident after repeated imaging stud-
ies and surgical exploration do not reveal any pathology
around the site of the syrinx.

In cases in which the etiology is clearly evident such
as a tight cisterna magna or small posterior fossa, cra-
niocervical decompression is the best option for restoring
CSF flow dynamics. Holly and Batzdorf,'? however, have
cautioned that too wide of a suboccipital craniectomy can
lead to cerebellar ptosis. Kyoshima et al.?® also mentioned
that wider opening of the foramen magnum and not the
posterior fossa is the key. If CSF flow obstruction origi-
nates from spinal subarachnoid pathology such as a cyst,
web, or scar, treatment should be targeted toward decom-
pressing the spinal subarachnoid space and reconstituting
flow. This is illustrated by the 2 patients in our series who
underwent surgical treatment. There is no clear evidence
on precisely what such decompression and reconstruction
should include. Laminectomy followed by scar, web, or
cyst resection has been commonly used in other stud-
ies®?'27 and has been used with good results by the senior
author (A.G.). In the event of no evidence of any anatomi-
cal abnormality in the setting of progressive neurological
dysfunction attributable to a syrinx, surgical exploration
is a reasonable option with a shunt as the last resort.

We have combined evidence on IS and our experi-
ence into an algorithm (Fig. 3) to assist in the decision-
making process. In most cases of incidental, asymptom-
atic findings, annual imaging should be sufficient. For the
more challenging symptomatic cases, the key focus is to
resolve CSF flow problems since most of the evidence
points to disrupted flow dynamics leading to the develop-
ment of syringomyelia.

Conclusions

Idiopathic syringomyelia is a pathological entity in
which no overt etiology is evident for a syrinx; numerous
cases of IS are now attributed to CSF flow abnormalities.
It is important to understand that most incidental cases of
IS can be successfully managed using conservative ap-
proaches. Most patients in our series were treated con-
servatively. With regard to surgical options for continued
progression of symptoms, syrinx shunting is generally a
less favored approach as it does not resolve the under-
lying etiology and is associated with high failure rates.
A particular challenge to the neurosurgeon is surgical
treatment of syringes with no overt etiology and worsen-
ing symptoms even after a complete diagnostic workup
including flow studies. While we recommend surgical
exploration in these cases, future studies will hopefully
reveal a more systematic approach for these patients. We
have presented our institution’s recent experience with IS
management, and we have detailed the existing literature.
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Spontaneous resolution of an infantile hemangioma in a
dorsal root ganglion

SHAWN L. HERVEY-JUMPER, M. D.,! PAUL E. MCKEEVER, M.D., Pu.D.,?
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Infantile hemangiomas are tumors commonly seen in children. Few authors have reported infantile hemangio-
mas affecting the CNS, and there are no prior reports detailing spontaneous resolution of a histologically proven juve-
nile hemangioma within a dorsal root ganglion. The authors report the case of a newborn boy with a large cutaneous
hemangioma in the midline of his back. Spinal MR images were obtained to rule out associated spinal cord tethering,
and an intradural spinal lesion was unexpectedly discovered. Biopsy revealed an intradural infantile hemangioma
within the dorsal root ganglion, and, based on this diagnosis, no resection was performed. Sixteen months following
the biopsy, the cutaneous hemangioma had become involuted and the intradural hemangioma had completely re-
solved. The behavior of the intradural component in this case follows the natural history of many cutaneous infantile

hemangiomas. (DOI: 10.3171/2011.9. FOCUS11203)

KEy WoORrRDs  »

of distinct clinicopathological entities. Based on

recommendations of the International Society for
the Study of Vascular Anomalies, a biologically based
classification system was adopted in 1996 that divided
vascular anomalies into either malformations or tumors
based on the presence of either endothelial cell mitotic
activity or errors in vascular morphogenesis.®'® The
vascular tumors that may present in children include in-
fantile hemangiomas, congenital hemangiomas, hepatic
hemangiomas, and Kasabach-Merritt lesions. Infantile
hemangiomas are further classified into superficial, deep,
or compound categories.'® Although cutaneous heman-
giomas are the most common tumor of infancy, affecting
3%—10% of all children,” intradural hemangiomas are
much less common. There are multiple reports of spinal
extradural>'%'2 and intradural®?141517222326 hemangiomas
in adults. We report the case of a newborn with a cutane-
ous hemangioma, as well as hemangiomas in the extra-
dural space and a intradural space involving the DRG.
Intradural infantile hemangiomas of the spine are very
rare.” To the best of our knowledge, this is the first re-
ported case documenting spontaneous resolution of a

‘ J AscULAR tumors in childhood represent a number

Abbreviation used in this paper: DRG = dorsal root ganglion.
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infantile hemangioma

e natural history ¢ vascular tumor

histologically proven infantile spinal hemangioma. The
natural history mirrors the resolution that is often seen
with cutaneous infantile type hemangiomas. This is also
the first reported case of an infantile hemangioma infil-
trating the DRG.

Case Report

Presentation and Examination. This newborn boy
presented to his pediatrician with a large cutaneous hem-
angioma on the midline of his lower back, from the level
of the lumbosacral junction to the lower sacral levels (Fig.
1). Ultrasonography of the spine showed a low-lying co-
nus medullaris, and MR imaging was recommended to
determine if a tethered cord was present. Magnetic reso-
nance images confirmed that the conus terminated below
the L-3 level. Unexpectedly, a contrast-enhancing mass
lesion was also seen within the spinal canal at the L5—
S1 level (Fig. 2). Although the lesion was most obvious
within the spinal canal, it extended through the neural
foramen on the left and also had a paraspinal component
extending to the psoas muscle (Fig. 2). The patient was
referred for neurosurgical evaluation. At our initial ex-
amination of the patient, we observed a 7-cm, red, raised
cutaneous hemangioma in the inferior midline portion of
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Fic. 1. Left: Photograph of the patient’s back depicting a cutaneous
hemangioma as it appeared 1 week following open biopsy. Right:
Regression of the cutaneous hemangioma is seen at 17 months of age.

the patient’s back. His neurological examination results
were normal. In view of the imaging characteristics of
the lesion, the differential diagnosis was thought to in-
clude neuroblastoma or, less likely, teratoma, lymphoma,
or sarcoma.

Operation. A biopsy was performed. We made a
midline incision 2 cm superior to the back hemangioma
and extending less than 1 cm into the hemangioma itself.
The spinal lesion was exposed via a 2-level laminoplasty.
An epidural vascular mass was identified, removed, and
sent for pathological analysis. The frozen section was
thought to be consistent with a possible vascular tumor.
We explored the left side of the spinal canal in the epidur-
al space and found an enlarged L-5 nerve root sleeve. The
dura mater was opened, and multiple samples of the red
vascular tissue within the nerve root sleeve were sent for
pathological analysis. The frozen-section analysis of this
tissue sample was thought to be consistent with dorsal
root ganglia without tumoral tissue, although we noted
hypercellularity. Given the uncertain diagnosis, no resec-
tion of the mass lesion was carried out. The patient awoke
from surgery in stable neurological condition and was
dismissed from the hospital on the 3rd postoperative day.

Pathological Findings. On histological examination
of the specimens, lobules of capillary-sized vessels were
seen lined with flattened epithelium. Sheets of cells infil-
trating the DRG were noted (Fig. 3). High-magnification
microscopy of the epidural component showed endothe-
lial cells with vacuolated cytoplasm, radially lined and
resembling vascular lumens consistent with hemangioma.
Immunohistochemistry for endothelial antigen CD31
was positive for both the epidural tumor and cells within
the DRG. Cells positive for vimentin, CD31, CD34, fac-
tor VIII, muscle-specific actin, and smooth muscle actin
were seen within the DRG, creating cellular density and
swelling of the DRG. Type 4 collagen surrounded both
the infiltrating cells and the DRG elements, but the col-
lagen was noted to be much denser around the infiltrating
cells. There were no mitoses, and the nuclei were bland
with light chromatin. The MIB-1 proliferation index var-
ied and was as high as 30% in some regions. Ganglion
cells and satellite Schwann cells stained for neuron-spe-
cific enolase, CD57 and S100 protein; ganglion cells also
stained for neurofilament and synaptophysin. A diagnosis
of hemangioma infiltrating a DRG was made.

Postoperative Course. Given this diagnosis, the deci-
sion was made to follow the patient with serial MR imag-
ing. On the first postoperative MR image, a significant
amount of residual enhancing mass was seen, especially
along the left L5-S1 foramen. Magnetic resonance im-
ages obtained 3 months later revealed further regression
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Fic. 2. Preoperative sagittal (left) and axial (right) T1-weighted MR
images obtained after administration of Gd, showing an enhancing in-
tradural mass lesion at L5-S1.

of the enhancing tissue with residual hemangioma along
the cauda equina and nerve root sheaths. Sixteen months
postoperatively, MR images showed no sign of a persis-
tent spinal mass lesion (Fig. 4). The patient remains neu-
rologically intact.

Discussion

Based on the International Society for the Study of
Vascular Anomalies classification recommendations,®'8
this infant’s lesion may be categorized as a vascular tu-
mor of the subtype infantile hemangioma. Infantile hem-
angiomas are benign tumors occurring in up to 10% of all
infants.*?” Thirty percent of these hemangiomas are evi-
dent at birth. A small number of them may pose a risk by
compressing vital structures. The vast majority, however,
are solitary cutaneous lesions that have no serious conse-
quences for the patient. Hemangiomas involving the head
and neck area account for 40%—-60% of cases, but the in-
ferior portion of the back is also a common location.?’
Superficial hemangiomas are red and have well-defined
borders. Deep hemangiomas, however, involve the dermal
layer and appear as a red, purple, or blue subcutaneous
mass. Those lesions displaying combined features of su-
perficial and deep lesions are called compound heman-
giomas. Infants with hemangiomas in the midline of the
lower back are frequently referred for spinal imaging to
rule out a tethered spinal cord and neural tube defect.!¢-?
In our patient, spinal imaging led to the incidental dis-
covery of an asymptomatic enhancing mass within the
spinal canal.

Infantile hemangiomas involving the intradural spi-
nal compartment in children are extremely rare. Fewer
than 20 such cases have been reported.®?! Intradural hem-
angiomas in children are even less common, and there
are no published reports reviewing the natural history of
this lesion. Infantile hemangiomas of the CNS have been
associated with both PHACE syndrome (Posterior fossa
abnormalities and other structural brain abnormalities;
Hemangioma(s) of the cervical facial region; Arterial
cerebrovascular anomalies; Cardiac defects, aortic coarc-
tation, and other aortic abnormalities; and Eye anoma-
lies)*>3! and tethered cord.!*3!' Our patient did not have any
other features of PHACE syndrome, but the spinal cord
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Fie. 3. Photomicrographs of tissue samples.  A: Sheets of cells infiltrating the DRG containing nerve and ganglion cells. H
& E, original magnification x 20.  B: High magnification of a juvenile hemangioma showing plump endothelial cells resembling
cells lining vascular lumens. The cytoplasm of the hemangioma cells is vacuolated. H & E, original magnification x 60. C: A
classic immunohistochemical endothelial antigen stain, CD31, reveals juvenile hemangioma within DRG. Original magnification
x 20.  D: Neurofilament protein stain highlighting the long peripheral nerve axons and large round ganglion cells, spread apart
by neurofilament-negative juvenile hemangioma cells. Original magnification x 20.

was tethered. Tethered cord has also been associated with
cutaneous hemangioma of the lower back, even in the ab-
sence of an intradural lesion.! Our patient had a cutaneous
hemangioma associated with hemangiomas in the DRG
and the paraspinal musculature. To our knowledge, this is
the first reported case of infantile hemangioma infiltrat-
ing a DRG and the first report detailing the spontaneous
resolution of a histologically proven intradural heman-
gioma in an infant.

Infantile hemangiomas comprise a group of tumors
exhibiting cellular proliferation with features including
abnormal vascular lesions and extensive accumulations
of blood vessels. Infantile hemangiomas may be distin-
guished from other types of hemangioma on the basis of

Fic. 4. At 16 months following the biopsy, sagittal (left) and axial
(right) MR images show essentially complete resolution of the mass.
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their distinctive presentation and natural history. Infantile
cutaneous hemangiomas characteristically appear within
2 weeks of birth, enlarge rapidly, stop growing before 1
year of age, and spontaneously involute over the next sev-
eral years.>!"”” The natural history of cutaneous infantile
hemangiomas is determined by 2 active clinical stages:
proliferation and involution.?” Proliferation occurs during
the first 12 months of life, with periods of rapid growth
within the first few weeks, and later between Months 4
and 6.7233 Cutaneous hemangioma involution is marked
by a change in color from bright red to a darker red with
a grayish hue. During this phase the lesion ceases grow-
ing and becomes soft, lobular, and compressible. During
involution, infantile hemangiomas gradually flatten as in-
active cells replace plump proliferating endothelial cells
and vascular channels become more pronounced.

Given the usual clinical course, many cutaneous
hemangiomas require no treatment. More severe cases
of cutaneous hemangioma can be treated with cortico-
steroids, interferon, or vincristine.’' In our case, the in-
tradural component exhibited the natural history typical
of cutaneous infantile hemangiomas. After 14 months of
follow-up, the patient had near-complete resolution of the
cutaneous portion and no evidence of residual intradu-
ral tumor. This parallel behavior should be remembered
when determining the treatment for children with infan-
tile hemangiomas that are associated with enhancing
mass lesions within the intradural compartment. In cases
with associated tethering of the spinal cord, the decision
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to untether the spinal cord should be made according to
the usual criteria for spinal cord untethering.

Infantile hemangiomas within the CNS are very rare.
Most previously reported cases of infantile hemangioma
in the CNS have been intracranial, including lesions found
in the fourth ventricle, cerebellopontine angle, pineal re-
gion, hypothalamus, and hippocampus.’1319-24.25.28.30.31
Balaci et al.? recently reported on a case that diffusely
involved both the brain and the cervical spinal cord. Her-
man et al."” reported on a single infant with extradural
extension of a mediastinal hemangioma. Karikari et al.®
reported on 2 infantile cases involving the lumbar spine.
Both patients underwent resection, precluding any analy-
sis of the natural history."* In 2008 Viswanathan et al.*!
reviewed the literature and found 15 previously reported
cases of true “infantile” hemangiomas that involved the
neuronal axis, to which they added 15 of their own cas-
es. Of their 15 new cases, 6 involved solitary intraspinal
hemangiomas, and 9 were intracranial; 1 tumor involved
both intracranial and intraspinal regions. Only 2 of the
patients in the intraspinal cohort presented with neuro-
logical deficits and another 2 had cutaneous hemangio-
mas on the back. Viswanathan et al. found that none of
their cases had spinal cord parenchymal involvement, in
contrast to involvement of the DRG in our patient. While
Viswanathan et al. reviewed the treatment, imaging, and
histological features of infantile hemangiomas involving
the neuronal axis, they did not report on natural history
of the lesion in the absence of corticosteroid and inter-
feron therapy. Nahed et al."” recently reported on a patient
with a scalp hemangioma associated with a intracranial
hemangioma that caused hydrocephalus and venous sinus
thrombosis. The patient had a documented decrease in le-
sion size following treatment with prednisolone and low—
molecular weight heparin. Although the lesion in their
case was cranial rather than spinal, its behavior mimics
that of our own case and reinforces our conclusion re-
garding the behavior of these lesions.

An important feature of most reported cases of infan-
tile hemangioma involving the CNS is the overlying cu-
taneous hemangioma. Furthermore, many previously re-
ported cases have had continuity between the superficial
lesions and the lesions in the CNS.?! In our patient, hem-
angiomas were present in the skin and epidural space, as
well as the DRG, but the lesions did not appear continu-
ous on either imaging or on surgical inspection.

The molecular analysis and histological observation of
vascular tumors and malformations has been significantly
clarified in recent years. Older reports frequently used iden-
tical terminology for lesions that are now considered to be
different."! Capillary hemangiomas were once considered
a subtype of infantile hemangiomas but are now consid-
ered a separate diagnostic entity, often renamed congenital
nonprogressive hemangiomas.®2*2! These tumors typically
display capillary lobules separated by fibrous tissue instead
of the normal tissue that is seen in infantile hemangioma.
In addition, these are not GLUT1-positive. Another sub-
type of hemangioma, the congenital hemangioma, is usu-
ally present and fully formed at birth, and variable periods
of involution follow, further distinguishing it from classic
infantile hemangioma.?® Although pathological analysis
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will allow for the proper classification of a vascular lesion,
we do not recommend biopsy sampling of a lesion that is
considered likely to be an intramedullary hemangioma in
an asymptomatic child. In cases that are not biopsied, fol-
low-up MR imaging is necessary to document involution
of the lesion.

Conclusions

Cutaneous vascular lesions are commonly found in
infants and may very rarely be associated with enhanc-
ing lesions in the CNS. Although rare, infantile heman-
gioma should be included in the differential diagnosis
of children with intradural extramedullary lesions, par-
ticularly when associated with an overlying cutaneous
hemangioma. For CNS lesions with characteristics of in-
fantile hemangioma of the CNS in neurologically intact
children, close clinical observation rather than resection
should be considered.
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Incidental vertebral lesions

JEAN-VALERY C. E. Coumans, M.D., AND BriaN P. WaLcort, M.D.
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Massachusetts

Incidental vertebral lesions on imaging of the spine are commonly encountered in clinical practice. Contributing
factors include the aging population, the increasing prevalence of back pain, and increased usage of MR imaging.
Additionally, refinements in CT and MR imaging have increased the number of demonstrable lesions. The manage-
ment of incidental findings varies among practitioners and commonly depends more on practice style than on data or
guidelines. In this article we review incidental findings within the vertebral column and review management of these

lesions, based on available Class Il data. (DOI: 10.3171/2011.9.FOCUS11207)
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ing of the spine in asymptomatic individuals.'*3' The

advent or refinement of new imaging techniques car-
ries with it the challenge of discerning these incidental
findings from pathological lesions. Magnetic resonance
images of the spine are obtained with increasing frequen-
cy, possibly because the incidence of back pain is increas-
ing® and the population is aging.'” Trauma patients are
also increasingly undergoing evaluation with CT scan-
ning, effectively replacing plain radiography.”!'?* Axial
imaging also increases the amount of data to review and
the probability of encountering an incidental lesion.** For
the purpose of this review, incidental findings are defined
as unexpected lesions that are unrelated to the original
reason for obtaining the scan. There are two diagnostic
pitfalls when dealing with incidental findings. At one end
of the spectrum, failure to recognize a serious condition
masquerading as an incidental finding can lead to a diag-
nostic delay. Also problematic is the failure to recognize
a process as benign, and in the process exposing a patient
to an unnecessary intervention such as a biopsy. As with
any screening test, the lower the pretest probability, the
higher the likelihood of a false positive finding. With the
increasing use of spinal imaging, it is important to have
an algorithm for managing incidental spine lesions.

In this article, we review the imaging characteristics
and management of incidental findings in the osseous
spine. Some incidental findings such as small hemangio-
mas and enostoses are asymptomatic and clinically in-
significant. Others are potentially more serious than the
original diagnosis prompting the study. The finding of
anemia, or osteoporosis, for example, is incidental only
in the sense that it may not relate to the indications for
obtaining the scan in the first place. The term incidental
should not be used to suggest that the findings are any
less important.

INCIDENTAL lesions are commonly detected with imag-
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incidental finding

vertebra ¢ congenital ¢ os odontoideum

The Normal Vertebral Body

Understanding the nuances of normal vertebral body
anatomy is necessary to prevent mistaking normal anat-
omy as lesional. The normal vertebral body cancellous
bone has the T1 and T2 signal characteristics of bone
elsewhere. Cortical bone is hypointense to cancellous
bone on TI1- and T2-weighted imaging. The cartilage
endplate is hypointense to marrow on T1- and T2-weight-
ed imaging. With the normal aging process, bone mar-
row undergoes an increase in T1-weighted signal inten-
sity, corresponding to an increase in marrow fat content.
While this can certainly be accelerated by factors such
as radiation treatment, the process in and of itself falls
within the confines of normal aging.

Additionally, venous anatomy must not be mistaken
for a pathological process. Embryologically, the verte-
bral body is composed of a fusion of a rostral and cau-
dal sclerotome, and a midvertebral structure can persist.
There is, for example, a midvertebral body vein that,
when large, can be mistaken for a vascular abnormality
or even a fracture (Fig. 1).

Congenital Malformations

Congenital malformations of the spine are com-
monly encountered in clinical practice. These are gener-
ally benign, but on occasion can be associated with se-
vere problems such as spinal cord injury, in the case of
os odontoideum. It is convenient to think of congenital
vertebral body variants in terms of their corresponding
embryological dysfunction, such as failure of ossification
or abnormal segmentation. Although this approach may
not suffice to encompass the myriad of complex congeni-
tal malformations, it applies to more common, straight-
forward incidental malformations.



Fic. 1. Axial T1- (left) and T2-weighted (right) MR images demon-
strating prominent midvertebral body vein (arrow).

Abnormal Segmentation

Block Vertebra. Two or more vertebra can fail to
segment, resulting in an immobile segment of the spine
(Fig. 2). This tends to occur at upper cervical levels.*® The
clinical significance of this malformation remains uncer-
tain. This condition is commonly observed in Klippel-
Feil syndrome, in which there is a congenital fusion of 2
or more cervical vertebrae.® It is possible that an increase
in either intradiscal pressure or movement adjacent to a

Fic. 2. Lateral radiograph demonstrating an incidental finding of an
unsegmented C2-3 vertebra in an asymptomatic patient.
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block vertebra might contribute to accelerated degenera-
tion of adjacent intervertebral discs. However, the effect
may not be large or clinically significant, and the natural
history is not well defined. Figure 3 illustrates a case of
mild central canal stenosis caudal to an unsegmented up-
per cervical spine. In a radiographic study of 25 patients
with a block vertebra, there was a significant decrease in
the height caudal to the block vertebra, but not to the disc
height rostrally. A kinetic analysis of the adjacent levels
demonstrated no hypermobility in rotation or transla-
tion.*® The effects of a congenitally fused vertebra on the
adjacent spine may differ from those of a surgical fusion.
In surgical fusion, the adjacent levels may already be de-
generated, and surgery itself may have an effect on adja-
cent levels. Thus, it appears reasonable to inform patients
with congenital fusion about the possibility of premature
degeneration of adjacent levels, but the effect is largely
unknown and is likely minor. Persons with Klippel-Feil
syndrome and cervical stenosis may be at increased risk
for spinal cord injury after minor trauma as a result of
hypermobility of the various cervical segments.2485
Activity modification should be considered in patients
Klippel-Feil syndrome who are at high risk for neurologi-
cal compromise, such as those with severe central canal

.r"

Fic. 3. Sagittal MR image demonstrating failure of segmentation of
upper cervical vertebrae with caudal central canal stenosis. The degree

to which unsegmented vertebrae predispose to adjacent disc degenera-
tion or stenosis is unknown.
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stenosis or myelopathy. Discovery of congenitally fused
segments should prompt a systemic investigation because
persons with Klippel-Feil Syndrome often have cardiac
and/or genitourinary congenital anomalies as well.*

Aberrant Number of Vertebra. Approximately 20%
of the population has an aberrant number of lumbar ver-
tebral bodies.?® This has a significant implication in clini-
cal practice, with the most obvious being the accuracy of
using numbered vertebral levels for surgical localization.
When the number of vertebral segments is variant or even
indeterminate, surgical localization has the potential to
be misleading and not consistent between practitioners.
In a large series of patients undergoing whole spine MR
imaging, the number of lumbar vertebral bodies varied
between 3 and 6.2 While these findings are incidental,
they can have profound consequences if care is not taken
to accurately and consistently localize the correct surgi-
cal level.

Failure of Chondrification or Ossification

Early in embryonic development, mesodermal cells
form somites lateral to the notochord. The paired somites
divide into a medial part (the sclerotome) and a lateral
part (the dermomyotome). Mesenchymal cells from each
sclerotome pair migrate to the location of the presumptive
vertebral body, giving rise to 3 chondrification centers per
side. Once vertebral chondrification is complete, primary
ossification centers appear: 1 ventrally and 2 at the level
of the pedicles.’* Failure of formation of 1 of the chon-
drification centers or subsequent failure of ossification re-
sults in the absence of part of a vertebra. The more severe
malformations are not incidental findings and present
with a deformity at birth or during infancy. Absence of an
anterior chondrification center, for example, gives rise to
a hemivertebral body and results in congenital scoliosis
or kyphosis (Fig. 4). More mild developmental anomalies
can present as incidental findings as discussed below.

Synchondrosis Mimicking Fracture. Knowledge of

J - 1 A8
1

Fic. 4. Lateral lumbar radiographs (left) and sagittal T2-weighted
MR imaging (right) of a patient who presented with symptoms of steno-
sis and a hemivertebral body (arrow). He was unaware of his vertebral
abnormality and associated focal kyphosis.
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normal embryological development is essential to avoid
misinterpretation of normal epiphyses or synchondro-
ses as pathological conditions. Ossification of the ver-
tebra continues after birth, and the synchondroses vis-
ible on imaging in young children can be mistaken for
fractures.>2® The diagnosis of a fracture in the immature
spine can be problematic because the synchondrosis can
resemble a fracture or can itself be fractured. A common
clinical scenario involves axial imaging through the im-
mature spine following trauma. In general, synchondroses
should be recognized by their characteristic locations and
smooth margins with cortication. In contrast, fractures
can occur at any location and have irregular, nonsclerotic
margins.’” A typical location for syncondroses include the
3 primary ossification centers of the atlas: 1 for the ante-
rior arch and 1 for each of the lamina.* The lamina fuse
posteriorly around 3 years of age and the anterior arch by
7 years of age. Another typical location of synchondroses
is the axis. The second cervical vertebra has 4 ossification
centers at birth: 1 for the odontoid process, 1 for the body,
and 1 at each of the lamina. The odontoid process fuses
with the body of the axis normally by 3—6 years of life,
although the subdental synchondrosis may be visualized
up until 11 years of age and should not be confused with
a fracture.’’#* As is the case for other conditions in which
instability is suspected, controlled dynamic imaging can
be helpful, as can delayed repeat imaging.?

Absent Pedicle. Congenital absence of a pedicle or
part of a facet can occur when a lateral chondrification
center fails to form or subsequently ossify.”” Congenital
absence of the pedicle is rare. The C-5 and C-6 levels
are most commonly affected. Because the chondrification
center also forms part of the facet and lamina, these struc-
tures are usually dysplastic. An absent pedicle can present
as an incidental finding or in association with neck pain.
Failure to recognize this entity can lead to unnecessary
halo fixation or instrumented fusion for presumed trau-
matic instability.’® Given the associated dysplasia of the
articulating pillar, it is recommended that the integrity of
the articulating pillar be studied with CT scanning and
that the stability of the column be assessed with dynamic
radiographs. Unlike os odontoideum, this malformation
is often associated with a stable spine and has been de-
scribed in a football player.”

Butterfly Vertebra. Another rare failure of ossifica-
tion is a butterfly vertebra.** This congenital anomaly is
typically encountered incidentally but has been associat-
ed with pain. It probably represents a ventral ossification
failure. Two chondrification centers that form the verte-
bral body fail to fuse and ossify across the midline. This
results in an area of relative bone deficit in the midline.
Because it is not associated with a significant deformity, it
is typically incidental and can present later in life. Clini-
cally, the scenario is encountered when a patient presents
after an injury, and a compression fracture is suspected
on plain radiographs. Computed tomography scanning
often confirms the diagnosis. The presence of sclerotic
bone along the suspected cleft is diagnostic.>

Os Odontoideum. An os odontoideum consists of an
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ossicle-like odontoid process unconnected to the body of
the axis. It remains uncertain whether this entity is devel-
opmental or posttraumatic. The odontoid synchondrosis
closes at 5—6 years of age, and os odontoideum may rep-
resent a fracture through the synchondrosis.>® Although
it is commonly encountered as an incidental finding, it
can be associated with cervical instability and spinal cord
injury.® A cord signal change at the level of the odontoid
suggests the sequelae of repetitive trauma. It is important
to note that cord thinning or traumatic myelomalacia can
occur in the absence of a history of frank traumatic spinal
cord injury. Flexion-extension radiographs may disclose
occult instability. The role of surgery is still being defined,
and factors such as patient age, cervical instability, and
lifestyle weigh into the decision. At present there are only
Class III data, and the opinion of experts varies regard-
ing whether or not to perform surgery.’> At a minimum,
when os odontoideum is encountered, the patient should
be evaluated for signs of instability and myelopathy. Fig-
ure 5 illustrates the case of an incidentally discovered os
odontoideum on lateral radiography obtained in the emer-
gency department after a fall. The surgical risks including
the biomechanical consequences of a C1-2 fusion and the
possibility of pseudarthrosis should be weighed against
the possibility of spinal cord injury with a minor trauma.*
As with cervical stenosis, patients should also be warned
about the risk of chronic progressive myelopathy.

Spinal Bifida Occulta. When the neural arch ossifi-

Fic. 5. Lateral CT scan of a patient who presented to the emergency
department after a fall. An incidental os odontoideum was discovered.
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cation centers fail to fuse, a posterior bone defect occurs,
resulting in spina bifida. Spinal bifida occulta is com-
mon, with estimates of incidence in a general population
of approximately 22%.%'® There is some evidence that
links spina bifida occulta with other spinal anomalies and
clinical syndromes, such as intraspinal lipoma, tethered
cord syndrome, genitourinary dysfunction, increased
incidence of disc pathology, lumbar spondylolysis, foot
deformities, and syringomyelia.?>-303447 However, some
studies have shown that spina bifida occulta is not a reli-
able indicator of spinal cord structural abnormalities.*0#
Spinal bifida occulta can take on subtle forms, such as
incomplete formation of the ventral or dorsal arch of C-1
(Fig. 6) and can involve a large section of the sacrum. Spi-
nal bifida occulta is important to recognize, not because
it is pathologic per se, but because surgical exposure of
the spine requires careful attention to the exposed neu-
ral structures (Fig. 7). The authors have treated a patient
referred for a cauda equina injury and associated pseu-
domeningocele related to exposing the L5-SI junction
in a patient with no dorsal sacral bone. When exposing
the cervical spine, especially the third, fourth, and fifth
vertebrae, the surgeon can encounter a fully bifid spinous
process. Failure to recognize this can cause one to enter
the spinal canal while dissecting along the medial surface
of a bifid process.

Degenerative and Other Changes

Diffuse Vertebral Changes

Some systemic conditions can produce incidental
imaging changes in the vertebral body. Because these
abnormalities are related to an underlying metabolic pro-
cess, they affect the spine diffusely. As such, they may be
less obvious than focal lesions and are more likely to be
missed.

Osteoporosis. One of the most common conditions af-
fecting the spine is osteoporosis, affecting more than 10
million people in the US. It is responsible for more than
388,000 vertebral compression-type fractures annually.'?
The greatest risk for developing osteoporosis occurs in
postmenopausal women and is related to maximum peak
bone mass and bone mineral density development in young

Fic. 6. Axial CT scan obtained in a trauma patient demonstrating
incomplete anterior fusion of the C-1 arch (arrow). This can also occur
posteriorly and is typically not associated with mechanical instability.
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Fic. 7. Anteroposterior radiograph (left) and axial T1-weighted MR
image (right) of a patient with spina bifida occulta. Surgical approach to
the lumbosacral junction, if it were needed, could risk inadvertent entry
into the spinal canal.

adult life>! Weight-bearing exercise, nutrition, and ciga-
rette smoking are key factors in this disease process.?? Di-
agnosis can be assessed by dual-energy x-ray absorptiom-
etry, with the given T-score being a value that can also be
used to track response to therapy.”” With MR imaging, the
appearance of the normal bone marrow normally varies.
For example, with the normal aging process, bone mar-
row undergoes a gradual replacement from red marrow to
yellow marrow, reflecting a loss of hematopoiesis.*® The
increased fat content is visible on imaging as an increase
on T1-weighted images. These changes can be uniform, but
on occasion focal areas of increased yellow marrow can
be observed. In severe osteoporosis, there is greater than
expected fatty replacement of bone marrow.>

Marrow Reconversion. At the opposite end of the
spectrum, bone marrow reconversion refers to the return
of hematopoiesis or to bone marrow hyperplasia. This can
produce an incidental imaging finding opposite of the ex-
pected aging process, with decreased T1 signal intensity.
When this is encountered, pathological conditions such as
anemia should be suspected. Neoplastic marrow infiltra-
tion can also produce similar signal changes, but the pat-
tern of involvement tends to be more diffuse with anemia.

Another diffuse incidental finding is related to hemosid-
erin deposition, which causes decreased signal intensity
in the bone marrow on both T1- and T2-weighted images.
Increased marrow hemosiderin can be seen in cases of
hemolytic anemia, sickle cell anemia, thalassemia, and in
cases of chronic transfusions. Complete blood counts and
serum iron studies can be useful in further investigation.

Focal Changes

Vertebral Hemangioma. Hemangiomas are benign
lesions of bone (Fig. 8). They are common and may be
more prevalent in adults than in children, suggesting that
they are not congenital.* In a recent study of over 1200
lumbar MR imaging scans, incidental hemangiomas
were encountered in 1.5% of patients.* Histologically,
they consist of endothelium-lined sinuses interspersed
between bone trabeculae. The bony trabeculations pro-
duce a characteristic speculated appearance on axial CT
scans. They contain fat and have a characteristic T1 MR
imaging appearance.’® Some, however, demonstrate a low
fat content and have an atypical MR imaging scan ap-
pearance. When examined with out of phase imaging,
however, they demonstrate a greater degree of signal loss
than malignant lesions and this can be used to distinguish
them from metastatic processes.”® In rare instances, the
hemangioma can be so large that it becomes painful,
perhaps related to a compromise of the stability of the
vertebral body's or even fracture (Fig. 9). Symptomatic
vertebral hemangiomas can be treated by a variety of
modalities and strategies. A combination of transarterial
emoblization with or without the use of surgical decom-
pression can be used to treat the majority of lesions and
is effective at treating cord compression and pain syn-
dromes.! Vertebroplasty is another technique that can be
useful for improving pain symptoms, especially when no
neurological deficit is present.! Other treatments include
radiotherapy?®' and alcohol embolization.>

Lipoma. Intraosseous lipomas of the vertebral bodies
are rare lesions and are typically asymptomatic.'>>” When
discovered incidentally, careful interpretation of the MR
image can obviate further investigation. Since these le-

Fic. 8. Sagittal T1-enhanced (left) and T2-weighted (right) MR images demonstrating incidental vertebral hemangioma (ar-

row) in a patient undergoing evaluation for lumbar stenosis.
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Fic. 9. Sagittal T1- (A) and T2-weighted (B) MR images in a patient with a very large hemangioma that fractured, causing
compression of the cauda equina as noted on axial T2-weighted imaging (arrow, C).

sions have the potential to be confused with aneurysmal
bone cysts, chondroid tumors, simple bone cysts, and fi-
brous dysplasia, detailed understanding of the MR imag-
ing characteristics is necessary. For lipomas, the T1- and
T2-weighted sequences are uniformly hyperintense and
there is an absence of cortical destruction and soft tissue
abnormality.

Degenerative Endplate Changes. Modic changes af-
fecting the endplates are well-characterized.’ Occasion-
ally, however, the signal abnormality is so extensive that a
more serious lesion is suspected. There are 2 main types
and a less common type of endplate lesion. The first type
represents endplate edema and is well-characterized on
MR imaging; relative to marrow, Type I endplate changes
demonstrate T1 signal hypointensity and T2 hyperinten-
sity. Type II changes are more chronic and believed to
represent fatty infiltration; relative to marrow, they are
characterized by both T1 and T2 signal hyperintensity
(Fig. 10). The third type represents endplate sclerosis and
is characterized by signal hypointensity to normal mar-
row on both T1- and T2-weighted images.

There are certain characteristics of endplate changes
that merit follow-up, because Modic changes do not always
account for all signal changes on MR imaging. Whereas
the MR imaging characteristics of fulminant osteomyeli-
tis are easy to recognize, the signal characteristics of very
early osteomyelitis are subtle and easy to overlook.” An
example of this difference is when an MR image is ob-
tained that demonstrates signal abnormality bridging 2
vertebral bodies, thereby raising the suspicion of osteomy-
elitis. Both degenerative changes and early osteomyelitis
affect the endplate region.” Classically, an MR imaging
signal change that spans 2 vertebra, or is associated with
inflammatory changes in the disc, is a sign of potential os-
teomyelitis/discitis. Dunbar et al.l” reviewed patients with
confirmed vertebral osteomyelitis and identified 4 instanc-
es in which an initial early MR image was not diagnostic.
These patients had demonstrated Modic Type I changes.
Even though all 4 patients were receiving antibiotics, they
later developed the full changes noted with infection. In the

6

proper clinical context, repeat MR imaging should be per-
formed a few days later because the infection can progress
over days, even in the setting of antibiotic treatment. Ad-
ditional suspicion for early osteomyelitis over degenerative
endplate changes should be raised when the patient has an
elevated serum C-reactive protein level, an elevated serum
white blood cell count, pain out of proportion to the radio-
graphic findings, or bacteremia.

In patients with a history of cancer, one must consider
the possibility of metastasis if the endplate change is ex-
tensive. One technique that may help distinguish benign
disease from metastasis involves examining the ratio of
signal intensity between abnormal and normal bone mar-

S PEENY N
Ny (Y gAY
Fic. 10. Endplate changes related to degeneration of the spinal unit

are classified as Modic changes. Type Il, or fat-type changes, show
both T1 (left) and T2 (right) signal hyperintensity (arrow) on MR imag-

ing.
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row for in-phase and out-of-phase images;'>*® the follow-
ing formula is useful: signal intensity ratio = (out-of-phase
abnormal vertebra / in-phase abnormal vertebra) / (out-of-
phase normal vertebra / in-phase normal vertebra). Benign
lesions, including vertebral endplate changes, benign hem-
angiomas, and bone edema around Schmorl nodes, demon-
strate greater loss of signal intensity between out-of-phase
imaging and in-phase imaging compared with malignant
lesions, where little loss of signal intensity is noted.™

Bone Stress. In areas of mechanical stress, a signal
change can be observed prior to the occurrence of a frac-
ture. This change can occur in the pedicle or in the pars
interarticularis. It is uncertain whether these changes are
strongly associated with a subsequent fracture or whether
they even cause symptoms. Information on the manage-
ment of these lesions is sparse. It is reasonable to assume
that the risk of fracture is increased and that physical ac-
tivity should be modified to avoid loading the spine, par-
ticularly in extension, and to strengthen the supporting
core muscles.

Paget Disease. Paget disease, a disorder of disorga-
nized bone formation, can be associated with pain. It can
also be encountered in asymptomatic individuals. When
symptomatic, it can cause considerable morbidity, caus-
ing bone pain, fractures, and hypercalcemia. In inciden-
tally discovered lesions, systemic treatment with bisphos-
phonates is controversial.’* The prospective randomized
PRISM trial suggests that intensive medical management
of Paget disease aimed at maintaining normal serum al-
kaline phosphatase levels conferred no advantage over
symptomatic treatment.’> Referral to a rheumatologist is
appropriate. Figure 11 illustrates the case of a 58-year-old
woman who presented for evaluation of sciatic pain and
was found to have Paget disease of the L-1 vertebra with-
out associated symptoms, despite loss of vertebral height.
No additional treatment was undertaken.

Enostosis. Enostosis or “bone island” refers to an area
of cortical bone within cancellous bone. It is more com-
mon in long bones, but can be found in the spine.>* In a
study of over 1200 patients who underwent CT scanning
of the cervical spine for evaluation of trauma, only a single
case was encountered.® Histologically these lesions are
benign, and it remains unclear if they represent develop-
mentally aberrant ossification or hamartomatous lesions.
Enostosis has the imaging characteristics of cortical bone
on MR imaging and can usually be diagnosed on imaging.
However, CT scanning can help confirm the diagnosis. On
plain radiographs the dense lesion has a peripheral brush-
like spiculated appearance.”® Because these lesions are
usually metabolically hypoactive relative to bone marrow,
bone scanning can also help confirm the diagnosis.

Conclusions

Incidental findings in the vertebral column are com-
mon and typically benign. While most have a character-
istic imaging appearance, others must be differentiated
from potentially concerning pathology and may require
complementary or repeat imaging.

Neurosurg Focus / Volume 31 /| December 2011

Fic. 11. Lateral radiograph of a patient who presented for evaluation
of lumbar radiculopathy, in whom a loss of vertebral height was encoun-
tered incidentally (arrow). A CT scan revealed changes consistent with
Paget disease.
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Incidental pituitary adenomas
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Object. Pituitary incidentalomas are a common finding with a poorly understood natural history. Over the last
few decades, numerous studies have sought to decipher the optimal evaluation and treatment of these lesions. This
paper aims to elucidate the current evidence regarding their prevalence, natural history, evaluation, and management.

Methods. A search of articles on PubMed (National Library of Medicine) and reference lists of all relevant ar-
ticles was conducted to identify all studies pertaining to the incidence, natural history, workup, treatment, and follow-
up of incidental pituitary and sellar lesions, nonfunctioning pituitary adenomas, and incidentalomas.

Results. The reported prevalence of pituitary incidentalomas has increased significantly in recent years. A com-
plete history, physical, and endocrinological workup with formal visual field testing in the event of optic apparatus
involvement constitutes the basics of the initial evaluation. Although data regarding the natural history of pituitary
incidentalomas remain sparse, they seem to suggest that progression to pituitary apoplexy (0.6/100 patient-years),
visual field deficits (0.6/100 patient-years), and endocrine dysfunction (0.8/100 patient-years) remains low. In larger
lesions, apoplexy risk may be higher.

Conclusions. While the majority of pituitary incidentalomas can be managed conservatively, involvement of the
optic apparatus, endocrine dysfunction, ophthalmological symptoms, and progressive increase in size represent the
main indications for surgery. (DOI: 10.3171/2011.9. FOCUS11217)
incidentaloma e
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endocrine dysfunction

common primary brain tumor, behind gliomas and

meningiomas, accounting for 10%—15% of all primary
brain tumors.#* At autopsy, these lesions are even more
common, with an average frequency of approximately
14.4% in the general population.?

With the increase in the use of radiographic imaging,
there has been a concurrent increase in the number of in-
cidental pituitary lesions diagnosed. Generally defined as
previously unsuspected pituitary lesions found on imaging
performed for another reason, PIs are nevertheless not pre-
cisely delineated. While some studies include all lesions
of the sella, others exclude lesions not fitting the criteria
for pituitary adenoma, including Rathke cleft cysts, cra-
niopharyngiomas, arachnoid cysts, colloid cysts, and epi-
dermoid cysts.**#” For the purposes of this review, we will

IN clinical series, pituitary tumors are the third most

Abbreviations used in this paper: ACTH = adrenocorticotropic
hormone; IGF-1 = insulin-like growth factor—1; PI = pituitary inci-
dentaloma.
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transsphenoidal surgery

focus on lesions most likely representing adenomas of the
pituitary. Long-standing convention has classified macro-
incidentalomas as being 1 cm or larger and microinciden-
talomas as being smaller than 1 cm.

In this report, we review the existing literature regard-
ing the incidence, natural history, workup, treatment, and
follow-up of incidental pituitary lesions with a particular
focus on pituitary adenomas.

Methods

A search of articles on PubMed (National Library of
Medicine) and reference lists of all relevant articles was
conducted to identify all studies pertaining to the inci-
dence, natural history, workup, treatment, and follow-up of
incidental pituitary and sellar lesions, nonfunctioning pi-
tuitary adenomas, and incidentalomas. In total, 34 studies,
8 reviews, and 4 consensus reports were included. Studies
including patients with pituitary lesions that were symp-
tomatic at the time of diagnosis were excluded.



Results

Radiological and autopsy study estimates of the preva-
lence of PIs have varied between 1% and 30%.!'*> The in-
creased use of diagnostic imaging has yielded a dramatic
increase in the number of incidentalomas diagnosed.**4+ A
recent report by Raappana et al.’¢ highlighted that in the
second half of an 18-year study, there was a 3-fold increase
in incidentally found lesions. This accounted for the per-
ceived increased trend in the prevalence rates of pituitary
adenomas.

Despite the increased prevalence, it is believed that
these data generally do not fully encompass the true fre-
quency of these lesions. Some autopsy studies have re-
vealed that up to 20%—25% of the general population may
have a pituitary adenoma.’ These lesions were clinically si-
lent and were only found incidentally postmortem through
microscopic dissection of carefully sectioned samples of
pituitary gland. They included mostly null cell tumors
but some stained positive for prolactin, growth hormone,
ACTH, thyroid-stimulating hormone, and gonadotropic
hormones.? It is thought that in these cases the hormone is
not effectively secreted or the amount of hormone secreted
is not elevated enough to be clinically significant.

Differential Diagnosis

While the majority of incidentally found pituitary le-
sions are adenomas, it is important to consider the large
collection of other abnormalities of the sella (Appendix ).
The differential diagnosis for sellar lesions includes cystic
lesions, pituitary hyperplasia, germ cell tumors, glioma,
lymphoma, meningioma, metastatic tumors, and other in-
flammatory or vascular lesions.

Endocrinological Evaluation

The first step is to evaluate all patients who present with
PI for hormone hypersecretion or hypopituitarism through
a complete history, physical examination, and a basic endo-
crinological workup.?! The senior author (W.T.C.) performs
an endocrinological evaluation even in asymptomatic pa-
tients. It is unknown whether downstream effects of silent
somatotroph and corticotroph adenomas on cardiovascular
complications, malignancy risk, and cerebrovascular dis-
ease are similar to the risk in the general population. Bal-
deweg et al.’ reported a series of 22 patients who underwent
transsphenoidal resection for silent corticotroph adenomas
that stained positive for ACTH. Four (18.1%) of the patients
began to show signs of hypercortisolemia during follow-up,
providing evidence that even silent adenomas can become
secretory and that the transformation to a more aggressive
tumor type should be considered in all silent adenomas.
Bradley et al.® reported a similar series of 28 patients who
underwent transsphenoidal resection for silent corticotroph
adenomas that stained positive for ACTH and compared
them with patients whose nonfunctional adenomas were
immunonegative for ACTH. A significant recurrence rate
of 7.1% was observed in the immunopositive group com-
pared with no recurrence in the immunonegative group.

While it is generally agreed that screening for hor-
mone hypersecretion should be undertaken, there is cur-
rently no formal consensus on the extent of hormone
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screening needed. Most data on the prevalence of hormone
hypersecretion come from small, retrospective studies and
autopsy studies. The prevalence of clinically evident pitu-
itary adenomas has been reported to be between 0.04 in
1000 and 1 in 1000 of the population.'>!¢233¢ This broad
variation likely suggests an underdiagnosis within certain
communities.!?

Many studies have advocated obtaining a baseline se-
rum prolactin level upon discovery of a PI. Positive staining
for prolactin secretion has been seen in 11.9%—-15.2% of mi-
croincidentalomas,?’** and 12.5% of macroincidentalomas
in a small series of 16 patients stained positive for prolactin.
While large autopsy studies have reported that 39.5% of Pls
stain positive for prolactin, the clinical relevance of these
findings is unclear.>*2!22 When assessing prolactin levels,
mild elevations need to be taken in the right clinical context
because of the possibility of stalk effect. Compression by le-
sions that block the outflow of the hypothalamus can impede
hypothalamic inhibitory control on the anterior pituitary, re-
sulting in moderate hyperprolactinemia (usually < 150 ng/
ml). Typically, prolactin levels 200 ng/ml or greater indicate
a primary prolactin-secreting tumor. Additionally, when
assessing prolactin levels in the presence of very large PIs,
having the laboratory do serial dilutions of the serum sample
will decrease the potential for a false-negative result due to
the hook effect. Excessive levels of prolactin can prevent the
formation of the necessary antibody-prolactin-signal com-
plexes required to provide the correct reading.5

Autopsy studies have shown that up to 1.8% of PIs
stain positive for growth hormone.’ If the decision is made
to evaluate for the possibility for a somatotroph adenoma,
assessment of IGF-1 is typically sufficient. In the event that
this is not possible, an oral glucose tolerance test can be
used. Failure to suppress growth hormone levels less than
2 ng/ml after a 75-g oral glucose load indicates dysfunction
along the hypothalamic-pituitary axis.

In a series of 3048 autopsies, 334 pituitary adeno-
mas were found and 13.8% stained positive for ACTH.
Whereas this was previously thought to be a benign find-
ing, reports have shown that even nonobese, normoglyce-
mic patients with adrenal incidentalomas have glucose in-
tolerance, insulin insensitivity, and elevated blood pressure
compared with age-matched controls.! Subclinical Cush-
ing disease can be presumed to also result in the sequelae
of hypertension, diabetes, and osteoporosis.®' Subclinical
hypercortisolemia in a patient with PI should prompt a fur-
ther evaluation for Cushing disease. The most commonly
used screening tests for hypercortisolemia due to Cush-
ing syndrome are the dexamethasone suppression test and
24-hour urinary free cortisol, and more recently, midnight
salivary cortisol.* Whether a baseline ACTH level should
be measured in a patient with PI as part of the screening
laboratory studies is currently a point of contention, as no
systematic screening of incidentalomas for subclinical glu-
cocorticoid excess has been reported. It is interesting to
note that there have been reports of recurrence and florid
hypercortisolemia in the presence of a previously resected
presumed silent corticotroph adenoma.?

Gonadotroph adenomas comprise approximately 10%
of all pituitary adenomas, but because they overwhelm-
ingly present as a nonfunctioning sellar mass without any
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associated symptoms, screening for these entities without
clinical suspicion for hypogonadism is seldom performed.*

In patients with an initially normal endocrinological
evaluation, the senior author (W.T.C.) typically repeats en-
docrinological laboratory studies at 1 year (Appendix 2)
and then follows with additional laboratory studies thereaf-
ter only if the patient’s clinical symptoms change. Abnor-
mal laboratory values are followed up on an individualized
basis depending on the patient’s presentation.

In all patients with PIs, some consideration should
be made toward the familial disorder multiple endocrine
neoplasia type 1 (MEN-1). Patients who present with pluri-
hormonal discrepancies have an increased risk of MEN-1,
and further attention should be paid to obtaining a careful
family history and evaluating parathyroid/pancreas func-
tion.>*#! Although there are no recent consensus guidelines
regarding how to screen for MEN-1, such patients at our
institution undergo a molecular genetic analysis for MEN]
gene mutations, as well as clinical, biochemical, and radio-
graphic evaluations for MEN-1-associated tumors.

Evidence for the importance of screening for hypopi-
tuitarism has also come from small observational studies.
Recent reports have shown rates of hypopituitarism in pa-
tients with PIs to be between 10.6% and 41.3%.3' Mac-
roincidentalomas are much more likely than microinci-
dentalomas to induce hypopituitarism. Reports describing
the natural history of PIs smaller than 1 cm show an over-
whelmingly benign course with the maintenance of normal
pituitary function. Reincke et al.*® and Donovan and Coren-
blum" showed that all of the patients in their combined
series of 22 microincidentalomas retained normal pituitary
function. Macroadenomas likely prompt altered pituitary
function by direct compression on the hypothalamus, pi-
tuitary stalk, or pituitary itself. Rates of hypopituitarism
in macroincidentalomas have been reported to be as high
as 41.3%.22274446 Because of this high rate of decreased pi-
tuitary function in clinically asymptomatic patients, it is
generally accepted to screen for hypopituitarism upon the
discovery of macroincidentalomas. Of the endocrinopa-
thies seen, hypogonadism, hypocortisolism, hypothyroid-
ism, and decreased growth hormone were seen in up to
30%, 18%, 28%, and 8% of patients, respectively.?!-?>¥

Radiographic Evaluation

The advent and widespread use of MR imaging has
revolutionized the visualization of the sellar region. This
has also led to the increase in diagnosis of PIs, namely
microincidentalomas. The use of Gd contrast allows for
better differentiation of the pituitary-PI interface, evalu-
ation of abutment of the optic chiasm, and invasion into
the cavernous sinus, which are all important consider-
ations when surgery is being discussed.'> Coronal dynamic
contrast-enhanced images are used to evaluate for nodules
of decreased or delayed enhancement characteristic of
microadenomas. Thin-section or volumetrically acquired
T2-weighted sequences are particularly helpful in delinea-
tion of whether the mass is intrasellar or suprasellar and
whether the pituitary gland is normal. These images also
demonstrate the lesional anatomy and morphology and re-
gional mass effects on adjacent structures such as the in-
fundibulum, optic chiasm, or internal carotid arteries. A
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combination of T1-weighted, T2-weighted, and contrast-
enhanced sequences, usually obtained coronally, can help
distinguish between a cystic lesion (for example, Rathke
cleft cyst, pars intermedia, and arachnoid cyst) and the
presence of hemosiderin as can be seen in hemorrhagic ad-
enomas. Delayed postcontrast sequences can show areas of
enhancement in craniopharyngioma, macroadenoma, pilo-
cytic astrocytoma, germ cell tumor, and Langerhans cell
histiocytosis. Furthermore, granulomatous processes such
as sarcoidosis or tuberculosis can have additional nodular
basal cistern and leptomeningeal enhancement. Menin-
giomas, which are common suprasellar lesions, typically
demonstrate marginal peripheral dural thickening and
enhancement (“dural tail”). Computed tomography scan-
ning plays an important role in determining the presence
of calcifications, which are characteristic of craniopharyn-
giomas, or hyperostotic changes/osseous remodeling from
a meningioma. Additionally, helically acquired CT scans
can provide detailed nasal cavity anatomy and can be used
for stereotactic guidance.

Routine pituitary imaging performed at our institution
includes sagittal T1-weighted precontrast and postcontrast
images with fat saturation. In the coronal plane, precontrast
T1- and T2-weighted, dynamic TI-weighted postcontrast,
and delayed T1-weighted postcontrast images with fat satu-
ration sequences are acquired. Additional whole-brain im-
ages to evaluate for extrasellar disease include axial FLAIR,
T2-weighted/refocused gradient echo and diffusion-weight-
ed imaging.

Visual Field Testing

Visual loss is one of the devastating complications as-
sociated with larger lesions with suprasellar extent. Reincke
et al.¥ monitored 11 patients with macroincidentalomas
prospectively and found that 9.1% had visual field deficits
and 18% had compression of the optic chiasm. In another
prospective analysis of 25 patients with macroincidentalo-
mas, initial ophthalmological evaluation yielded visual
field deficits in 4.5% of patients.?> Dekkers et al.” moni-
tored 28 patients with newly diagnosed macroadenomas
that were initially not surgically treated. Surgical treatment
was eventually required in 6 (21.4%) of 28 patients who
were initially asymptomatic but developed visual field defi-
cits. Most authors propose formal visual field testing for all
patients with PIs that demonstrate compression of or are
adjacent to the optic chiasm on imaging.

Cost of Evaluation

Because of the frequency of incidental pituitary lesions
in the general population, substantial expenses are incurred
by the medical system for evaluation and monitoring even
if they remain stable and no treatment is needed. A review
of the experience of the University of Utah between 2002
and 2009 shows that the evaluation of a single patient with
PI costs approximately $6000; this includes physicians’
fees (neurosurgeon, endocrinologist, and radiologist fees),
imaging, and laboratory tests.*® Accounting for the average
incidence of these lesions in the general population, the to-
tal cost for the US health system would be approximately
$7 million in 1 year.®



Natural History

Although several studies have aimed to elucidate the
natural history of PIs, the resultant data have been scarce
and generally of poor quality. In 2011, Ferndndez-Balsells
et al.** performed a meta-analysis of the available litera-
ture in an attempt to garner the prognostic factors involved
in PI progression. Eleven primarily single-center studies
were chosen. The mean follow-up time ranged from 2.3
to 8 years. Headache was the most common baseline com-
plaint warranting obtaining MR images.**% The overall
frequency of PIs was higher in female patients. The aver-
age event rate for all PIs was 5.8 per 100 patient-years. The
incidence was significantly higher in macroincidentalomas
than in microincidentalomas (12.53 vs 3.32). The incidence
of pituitary apoplexy (0.6/100 patient-years), worsening of
visual field deficits (0.6/100 patient-years), and onset of en-
docrine dysfunction (0.8/100 patient-years) were found to
be low. The authors concluded that despite the thorough
literature search, the available literature was scarce and
not particularly helpful in predicting the natural history of
PIs. Additionally, the lack of separation of nonfunctional
pituitary adenomas and PIs in a few of the studies made it
difficult to predict distinct incidence rates. Future studies
would need to contain larger sample sizes, be prospective
in design, contain clear inclusion and exclusion criteria,
and have uniform follow-up.*

An important paper® has documented that among 42
patients with asymptomatic macroadenomas monitored for
5 years, nearly 10% developed pituitary apoplexy. This risk
is important to note when counseling patients with larger
tumors that are found incidentally.’ In addition, apoplexy
may occur in microadenomas (Fig. 1).% It is likely that this
occurs more frequently than is recognized, but the inci-
dence is unknown. The senior author (WT.C.) also coun-
sels patients about this small risk when monitoring inci-
dental microadenomas.

Treatment of PIs

The majority of PIs do not require surgery. The data
evaluating various treatments and follow-up strategies for
lesions that require intervention are not substantiated by
high-quality evidence;'® however, a few tenets appear to be
generally accepted. Medical and surgical therapy is indi-
cated when there is biochemical evidence of pituitary hy-
persecretion. This is well established in the literature and
fortified by clinical guidelines for prolactinomas, somato-
troph adenomas, and corticotroph adenomas. Untreated
hyperprolactinemia can produce early and profound osteo-
penia in young women, in addition to infertility in both
sexes. While medical therapy with prolactinomas in the
form of dopamine agonists is attempted initially, early sur-
gical intervention has emerged as the treatment of choice
for hypersecreting somatotroph and corticotroph adeno-
maS.4’10’2°

Macroincidentalomas have an established tendency to
grow and cause clinically evident symptoms via compres-
sion and mass effect, with rates as high as 40% over 5 years
in one study.’ As previously illustrated, they are almost 4
times more likely to grow as tumors smaller than 1 cm.?*
Macroincidentalomas should be monitored closely for ra-
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Fic. 1. Magnetic resonance images obtained in a 27-year-old woman
who was being monitored by the senior author for a pituitary microad-
enoma who went on to develop pituitary apoplexy. A and B: Sagittal
and coronal T1-weighted MR images with contrast enhancement ob-
tained at initial presentation, showing a small adenoma in the left part of
the pituitary gland.  C and D: Coronal T1-weighted MR imaging stud-
ies without and with contrast enhancement, showing hemorrhage into
the area of the previously diagnosed tumor. Reproduced from Randall
BR, Couldwell WT: Acta Neurochir (Wien) 152:1737-1740, 2010, with
permission from Springer-Verlag.

diographic evidence of optic nerve and chiasm involve-
ment, biochemical evidence of pituitary hypersecretion
and hypopituitarism, and ophthalmological signs of visual
field deficits, which are all indications for surgical inter-
vention.2!*183 While microincidentalomas are less likely
than macroincidentalomas to grow significantly, close
follow-up with history, clinical examination, biochemical
testing, and radiological imaging are essential. Microin-
cidentalomas are estimated to have a 10.6% incidence of
tumor growth seen on MR imaging with follow-up periods
of 8 years.’ Surgery is usually reserved for patients who
present with rapidly enlarging tumor masses, compression
of the optic apparatus, pituitary apoplexy, and evidence of
hypopituitarism.4-

When surgery is indicated, the transsphenoidal ap-
proach has emerged as the preferred method. When per-
formed by skilled, experienced neurosurgeons at high-
volume centers, superior short-term outcomes with low
morbidity and mortality have come to be expected.

The senior author chooses to follow all incidental non-
functional microadenomas that have normal documented
endocrine function® with a study in 1 year. If there is no
demonstrable growth of the tumor, the patient is not moni-
tored further unless symptoms develop. In larger, nonfunc-
tional tumors, those that are 15 mm or larger, treatment is
considered in younger patients, given the higher incidence
of growth known to occur in these patients and the rela-
tively higher risk of apoplexy. If the patient chooses conser-
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vative monitoring, yearly studies are done and the lesion is
removed if growth is noted.

Practice Guidelines

In April 2011, the Endocrine Society attempted to
critically analyze the data regarding the treatment of Pls
and make practice guidelines regarding the evaluation,
follow-up, and indications for surgery for these lesions.?
Each recommendation was given a strength of recommen-
dation (“1” referred to recommendations and “2” referred
to suggestions), and an assessment score on a 4-point scale
regarding the quality of the evidence was used to make the
specific recommendation. A 4-star assessment indicated
high-quality evidence, a 3-star assessment indicated mod-
erate quality, a 2-star assessment indicated low quality, and
a l-star assessment indicated very low quality evidence.
The members of the task force reached a significant con-
sensus, adding to the strength of these guidelines. Table 1
shows the individual recommendations, recommendation

strength, and assessment score for various lesion character-
istics.? Strength and assessment scores for the recommen-
dations regarding initial evaluation were strong, whereas
those for nonsurgical follow-up were generally weaker. In-
dications for surgery were generally viewed as falling into
1 of 2 extremes, with some indications judged as recom-
mendations with high-quality evidence but others as only
suggestions with low-quality evidence. The lack of well-
designed prospective studies directly comparing different
treatment modalities accounts for this dichotomy.

Conclusions

Pituitary incidentaloma is a fairly common occur-
rence in the general population. With the increasing use
of modern imaging technology, physicians are increas-
ingly encountering these incidentally diagnosed pituitary
lesions. The first step is to rule out a hypersecreting ad-
enoma through a complete history, physical examination,

TABLE 1: Endocrine Society Clinical Practice Guidelines on PI*

Section

No. Recommendation

Assessment
Strength Score

1.0 initial evaluation

1.1 complete history & physical examination for all patients

111 clinical/laboratory evaluation for hormone hypersecretion (all patients) 1 o
11.2  clinical/laboratory evaluation for hypopituitarism (all patients) 1 b
11.3  formal VF testing (if lesion abutting optic nerve/chiasm on MRI) 1 i
114 MRIrecommended if Pl discovered on CT (if no contraindication) 1 b
2.0 follow-up testing for Pl w/ no indications for surgery
21 patients should have clinical & radiological follow-up as follow: 2 >
211 macroincidentaloma: repeat MRI in 6 mos; if unchanged then 1 **
repeat MRI every yr for 3 yrs, & less frequently thereafter 2 **
211 microincidentaloma: repeat MRI in 1 yr; if unchanged then 1 *
repeat MRI every 1-2 yrs for 3 yrs, & less frequently thereafter 2 *
21.2  formal VF testing for enlarging Pl abutting/compressing chiasm 1 i
21.2  no VF testing recommended if Pl has no contact w/ chiasm on MRI 2 *
21.3  macroincidentaloma: repeat biochemical testing for hypopituitarism at 6 mos then yearly if 1 i
unchanged
21.3  microincidentaloma: repeat biochemical testing for hypopituitarism not recommended if clini- 2 >
cal picture, history, & MRI unchanged
2.2 in case of new signs/symptoms or increase in size on MRI: more frequent/detailed evaluation 1 *
3.0 indications for surgery
31 visual field deficit due to lesion 1 b
31 other visual abnormality or neurological deficit due to compression 1 i
31 Pl abutting or compressing optic nerve or chiasm on MRI 1 i
3.1 pituitary apoplexy w/ visual disturbance 1 i
31 hypersecreting (except prolactinoma) 1 i
3.2 significant growth 2 b
3.2 loss of endocrine function 2 >
3.2 Pl close to optic chiasm and patient planning to become pregnant 2 *
3.2 Pl w/ unremitting headache 2 b

* The recommendations were obtained from Freda PU, et al: J Clin Endocrinol Metab 96:894-904, 2011. Abbreviation: VF =
visual field. See Practice Guidelines for definition of assessment scores.
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and hormonal profile. The other crucial element is to en-
sure that the lesion is not causing significant mass effect
by checking for hypopituitarism and for visual defect if the
mass is abutting the optic apparatus. Although the natural
history of these lesions is not fully understood, most PIs
can be treated conservatively. A close clinical and radio-
logical follow-up is of paramount importance since these
lesions (mostly macroincidentalomas) can potentially grow
and are predisposed to apoplexy. In accordance with the
published practice guidelines, it is our practice to reserve
surgery for hypersecreting adenomas (except for prolacti-
nomas), those causing visual defect, large masses abutting
the chiasm, macroadenomas with secondary hypopituita-
rism, and lesions with a documented increase in size.

Appendix 1: Differential Diagnosis for Sellar Masses

pituitary tumor
adenoma
carcinoma

cystic lesion
Rathke cleft cyst
craniopharyngioma
arachnoid cyst
colloid cyst
epidermoid cyst
xanthogranuloma
dermoid cyst

pituitary hyperplasia

germ cell tumor
germinoma
teratoma
dermoid

glioma

lymphoma

meningioma

metastatic tumor

inflammatory lesion
pyogenic infection
granulomatous infection
sarcoidosis

vascular lesion
aneurysm
cavernous angioma

Appendix 2: Endocrinological Evaluation for Pituitary
Incidentalomas

initial evaluation
prolactin
IGF-1
growth hormone
fasting cortisol, serum
ACTH
thyroid-stimulating hormone
thyroxine
luteinizing hormone
follicle-stimulating hormone, serum
if initial laboratory studies are normal, at 1 year
prolactin
IGF-1
growth hormone
fasting cortisol, serum
ACTH
thyroid-stimulating hormone
thyroxine
luteinizing hormone
follicle-stimulating hormone, serum

W. Sivakumar et al.

Disclosure

The authors report no conflict of interest concerning the mate-
rials or methods used in this study or the findings specified in this
paper.

Author contributions to the study and manuscript preparation
include the following. Conception and design: Couldwell. Acquisi-
tion of data: Sivakumar. Analysis and interpretation of data: Sivaku-
mar. Drafting the article: Sivakumar. Critically revising the article:
Couldwell, Chamoun, Nguyen. Reviewed submitted version of
manuscript: all authors. Approved the final version of the manuscript
on behalf of all authors: Couldwell. Study supervision: Couldwell.

Acknowledgment

The authors would like to thank Kristin Kraus, M.Sc., for her
superb help in editing this paper.

References

1. Angeli A, Terzolo M: Adrenal incidentaloma—a modern dis-
ease with old complications. J Clin Endocrinol Metab 87:
4869-4871,2002

2. Arafah BM: Reversible hypopituitarism in patients with large
nonfunctioning pituitary adenomas. J Clin Endocrinol Metab
62:1173-1179, 1986

3. Arita K, Tominaga A, Sugiyama K, Eguchi K, Iida K, Sumida
M, et al: Natural course of incidentally found nonfunctioning
pituitary adenoma, with special reference to pituitary apoplexy
during follow-up examination. J Neurosurg 104:884-891,
2006

4. Arnaldi G, Angeli A, Atkinson AB, Bertagna X, Cavagnini F,
Chrousos GP, et al: Diagnosis and complications of Cushing’s
syndrome: a consensus statement. J Clin Endocrinol Metab
88:5593-5602, 2003

5. Baldeweg SE, Pollock JR, Powell M, Ahlquist J: A spectrum
of behaviour in silent corticotroph pituitary adenomas. Br J
Neurosurg 19:38-42,2005

6. Barkan AL, Chandler WF: Giant pituitary prolactinoma with
falsely low serum prolactin: the pitfall of the “high-dose hook
effect” case report. Neurosurgery 42:913-916, 1998

7. Barker FG II, Klibanski A, Swearingen B: Transsphenoidal
surgery for pituitary tumors in the United States, 1996-2000:
mortality, morbidity, and the effects of hospital and surgeon
volume. J Clin Endocrinol Metab 88:4709-4719, 2003

8. Bradley KJ, Wass JA, Turner HE: Non-functioning pituitary
adenomas with positive immunoreactivity for ACTH behave
more aggressively than ACTH immunonegative tumours but
do not recur more frequently. Clin Endocrinol (Oxf) 58:59—
64,2003

9. Buurman H, Saeger W: Subclinical adenomas in postmortem
pituitaries: classification and correlations to clinical data. Eur
J Endocrinol 154:753-758, 2006

10. Casanueva FF, Molitch ME, Schlechte JA, Abs R, Bonert V,
Bronstein MD, et al: Guidelines of the Pituitary Society for the
diagnosis and management of prolactinomas. Clin Endocrinol
(Oxf) 65:265-273,2006

11. Chambers EF, Turski PA, LaMasters D, Newton TH: Regions
of low density in the contrast-enhanced pituitary gland: normal
and pathologic processes. Radiology 144:109-113, 1982

12. Chong BW, Kucharczyk W, Singer W, George S: Pituitary gland
MR: a comparative study of healthy volunteers and patients
with microadenomas. AJNR Am J Neuroradiol 15:675-679,
1994

13. Couldwell WT, Cannon-Albright L: A heritable predisposition
to pituitary tumors. Pituitary 13:130-137, 2010

14. Daly AF, Burlacu MC, Livadariu E, Beckers A: The epidemiol-
ogy and management of pituitary incidentalomas. Horm Res
68 (Suppl 5):195-198, 2007

15. Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa

Neurosurg Focus / Volume 31 /| December 2011



Incidental pituitary adenomas

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

MA, Beckers A: High prevalence of pituitary adenomas: a
cross-sectional study in the province of Liege, Belgium. J Clin
Endocrinol Metab 91:4769-4775, 2006

Davis FG, Kupelian V, Freels S, McCarthy B, Surawicz T:
Prevalence estimates for primary brain tumors in the United
States by behavior and major histology groups. Neuro Oncol
3:152-158, 2001

Dekkers OM, Hammer S, de Keizer RJ, Roelfsema F, Schutte
PJ, Smit JW, et al: The natural course of non-functioning pitu-
itary macroadenomas. Eur J Endocrinol 156:217-224, 2007
Dekkers OM, Pereira AM, Romijn JA: Treatment and follow-
up of clinically nonfunctioning pituitary macroadenomas. J
Clin Endocrinol Metab 93:3717-3726, 2008

Donovan LE, Corenblum B: The natural history of the pitu-
itary incidentaloma. Arch Intern Med 155:181-183, 1995
Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE, Vance
ML, et al: The prevalence of pituitary adenomas: a systematic
review. Cancer 101:613-619, 2004

Fainstein Day P, Guitelman M, Artese R, Fiszledjer L, Chervin
A, Vitale NM, et al: Retrospective multicentric study of pitu-
itary incidentalomas. Pituitary 7:145-148, 2004 (Erratum in
Pituitary 14:198, 2011)

Feldkamp J, Santen R, Harms E, Aulich A, Modder U,
Scherbaum WA: Incidentally discovered pituitary lesions: high
frequency of macroadenomas and hormone-secreting adeno-
mas—results of a prospective study. Clin Endocrinol (Oxf)
51:109-113, 1999

Fernandez A, Karavitaki N, Wass JA: Prevalence of pituitary
adenomas: a community-based, cross-sectional study in Ban-
bury (Oxfordshire, UK). Clin Endocrinol (Oxf) 72:377-382,
2010

Ferndndez-Balsells MM, Murad MH, Barwise A, Gallegos-
Orozco JF, Paul A, Lane MA, et al: Natural history of non-
functioning pituitary adenomas and incidentalomas: a system-
atic review and metaanalysis. J Clin Endocrinol Metab 96:
905-912, 2011

Freda PU, Beckers AM, Katznelson L, Molitch ME, Montori
VM, Post KD, et al: Pituitary incidentaloma: an endocrine so-
ciety clinical practice guideline. J Clin Endocrinol Metab 96:
894-904, 2011

Growth Hormone Research Society, Pituitary Society: Bio-
chemical assessment and long-term monitoring in patients with
acromegaly: statement from a joint consensus conference of the
Growth Hormone Research Society and the Pituitary Society. J
Clin Endocrinol Metab 89:3099-3102, 2004

Igarashi T, Saeki N, Yamaura A: Long-term magnetic resonance
imaging follow-up of asymptomatic sellar tumors—their natu-
ral history and surgical indications. Neurol Med Chir (Tokyo)
39:592-599, 1999

Karavitaki N, Ansorge O, Wass JA: Silent corticotroph ad-
enomas. Arq Bras Endocrinol Metabol 51:1314-1318, 2007
McComb DJ, Ryan N, Horvath E, Kovacs K: Subclinical adeno-
mas of the human pituitary. New light on old problems. Arch
Pathol Lab Med 107:488-491, 1983

Molitch ME: Nonfunctioning pituitary tumors and pituitary in-
cidentalomas. Endocrinol Metab Clin North Am 37:151-171,
xi, 2008

Molitch ME: Pituitary tumours: pituitary incidentalomas. Best
Pract Res Clin Endocrinol Metab 23:667-675, 2009
Nammour GM, Ybarra J, Naheedy MH, Romeo JH, Aron DC:

Neurosurg Focus / Volume 31 /| December 2011

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

43.

44.

45.

46.

47.

Incidental pituitary macroadenoma: a population-based study.
Am J Med Sci 314:287-291, 1997

Nishizawa S, Ohta S, Yokoyama T, Uemura K: Therapeutic
strategy for incidentally found pituitary tumors (“pituitary inci-
dentalomas”). Neurosurgery 43:1344-1350, 1998

O’Brien T, O’Riordan DS, Gharib H, Scheithauer BW, Ebersold
MJ, van Heerden JA: Results of treatment of pituitary disease
in multiple endocrine neoplasia, type I. Neurosurgery 39:273—
279, 1996

Oyama K, Sanno N, Tahara S, Teramoto A: Management of
pituitary incidentalomas: according to a survey of pituitary in-
cidentalomas in Japan. Semin Ultrasound CT MR 26:47-50,
2005

Raappana A, Koivukangas J, Ebeling T, Pirild T: Incidence of
pituitary adenomas in Northern Finland in 1992-2007. J Clin
Endocrinol Metab 95:4268-4275, 2010

Randall BR, Couldwell WT: Apoplexy in pituitary microad-
enomas. Acta Neurochir (Wien) 152:1737-1740, 2010
Randall BR, Kraus KL, Simard MF, Couldwell WT: Cost of
evaluation of patients with pituitary incidentaloma. Pituitary
13:383-384, 2010

Reincke M, Allolio B, Saeger W, Menzel J, Winkelmann W:
The ‘incidentaloma’ of the pituitary gland. Is neurosurgery re-
quired? JAMA 263:2772-2776, 1990

Sanno N, Oyama K, Tahara S, Teramoto A, Kato Y: A survey of
pituitary incidentaloma in Japan. Eur J Endocrinol 149:123—
127,2003

Scheithauer BW, Laws ER Jr, Kovacs K, Horvath E, Randall RV,
Carney JA: Pituitary adenomas of the multiple endocrine neo-
plasia type I syndrome. Semin Diagn Pathol 4:205-211, 1987
Sivakumar W, Cole CD, Couldwell WT: Rathke cleft cyst pre-
senting with hyponatremia: an unusual presentation. Neuro-
surg Focus 31(1):E4, 2011

Terada T, Kovacs K, Stefaneanu L, Horvath E: Incidence, pa-
thology, and recurrence of pituitary adenomas: study of 647
unselected surgical cases. Endocr Pathol 6:301-310, 1995
Vernooij MW, Ikram MA, Tanghe HL, Vincent AJ, Hofman
A, Krestin GP, et al: Incidental findings on brain MRI in the
general population. N Engl J Med 357:1821-1828, 2007
Young WF Jr, Scheithauer BW, Kovacs KT, Horvath E, Da-
vis DH, Randall RV: Gonadotroph adenoma of the pituitary
gland: a clinicopathologic analysis of 100 cases. Mayo Clin
Proc 71:649-656, 1996

Yue NC, Longstreth WT Jr, Elster AD, Jungreis CA, O’Leary
DH, Poirier VC: Clinically serious abnormalities found inci-
dentally at MR imaging of the brain: data from the Cardiovas-
cular Health Study. Radiology 202:41-46, 1997

Zada G, Lin N, Ojerholm E, Ramkissoon S, Laws ER: Cranio-
pharyngioma and other cystic epithelial lesions of the sellar
region: a review of clinical, imaging, and histopathological
relationships. Neurosurg Focus 28(4):E4, 2010

Manuscript submitted August 15, 2011.

Accepted September 13,2011.

Address correspondence to: William T. Couldwell, M.D., Ph.D.,
Department of Neurosurgery, University of Utah, 175 North Medical
Drive East, 5th Floor, Salt Lake City, Utah 84132. email: neuropub@
hsc.utah.edu.



Neurosurg Focus 31 (6):E19, 2011

Incidental meningiomas

Roukoz Cuamoun, M.D., KuaLep M. Krisat, M.D.,
AND WiLLiaM T. CouLpwgiLL, M.D., PH.D.

Department of Neurosurgery, University of Utah, Salt Lake City, Utah

With the increasing availability and use of modern brain diagnostic imaging modalities, discovery of incidental
meningiomas has become fairly common. This creates a dilemma among neurosurgeons as to whether these lesions
should be treated. Numerous natural history studies have been published in an effort to shed light on the potential for
growth of incidental meningiomas. The available data appear to suggest that these tumors can fall into 1 of 3 main
growth patterns: no growth, linear growth, or exponential growth. The therapeutic strategy selected should also con-
sider several other factors, mainly the risk of complications from an eventual surgery, the possibility of malignancies
and other pathological conditions that mimic meningiomas, and the age and medical condition of the patient. The
authors believe that most asymptomatic incidental meningiomas can be observed using serial imaging and clinical
follow-up evaluations. Surgical interventions are typically reserved for large, symptomatic lesions and those with

documented potential for significant growth. (DOI: 10.3171/2011.9.FOCUS11220)

KEy Worps ¢ incidental o

the use of brain imaging modalities. In practice, clini-
cians try to maintain a high index of suspicion in an ef-
fort to diagnose intracranial lesions at an early stage based
on subtle signs and symptoms. In the research field, there
is an ongoing effort to understand normal brain functions,
as well as diseases affecting the central nervous system.
The aforementioned inquiries—whether research- or
clinically based—resulted in a large number of published
studies based on structural and functional brain imaging
in healthy volunteers and/or patients with neurological
disorders. In addition, the concern of missing a diagno-
sis has led physicians to order more laboratory tests and
imaging. All of these factors have resulted in a substantial
increase in the number of brain imaging scans performed
and consequently of incidentally found abnormalities.
Incidental findings on brain imaging have been de-
fined as “previously undetected abnormalities of potential
clinical relevance that are unexpectedly discovered and
unrelated to the purpose of the examination.”'* Katzman
et al.’’ reported the incidental findings on brain MR im-
aging from 1000 asymptomatic volunteers who partici-
pated as control subjects for research protocols at the NTH
(age range 3-83 years; 54.6% male). Their participation
resulted in the detection of incidental findings in sev-
eral patients, some of them requiring medical referral,
including 3 cases of suspected brain tumors. In another
report involving 3672 people aged 65 years and older who
were enrolled in a population-based study of cardiovas-

IN recent years, there has been a progressive increase in
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cular and cerebrovascular disease, 64 (1.74%) clinically
relevant abnormalities were found, and 19 of them were
meningiomas (prevalence 0.52%).% In a more recent pro-
spective population-based study in the Netherlands in-
volving 2000 people who were 45 years of age or older,
the prevalence of benign brain tumors was 1.6%, with
meningiomas as the most common (0.9%).’' These me-
ningiomas ranged from 5 to 60 mm in diameter, and their
prevalence was 1.1% in women and 0.7% in men. The
study also detected an increase in prevalence from 0.5%
in patients 45-59 years old to 1.6% in those 75 years old
or older.

With the discovery of these incidental findings, phy-
sicians are faced with several important questions. What
is the clinical significance of the lesion? What is the natu-
ral history, and what are the indications for a therapeutic
intervention? In this article, we will focus specifically on
incidental meningiomas. Our purpose is to review the rel-
evant medical literature related to this topic and discuss
the decision-making strategy involved in their manage-
ment given the available data on their natural history and
potential for complications.

Epidemiological Data

An epidemiological study conducted in Germany
between 1961 and 1986 found an annual incidence of
meningioma of 1.85 per 100,000 population.?® The rates
were 2.1 times higher in women (2.44) than in men (1.16),
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and the incidence increased continuously with age. In-
terestingly, approximately 50% of the meningiomas in
the study were discovered at autopsy. This high rate of
meningiomas first found on postmortem examination
can be explained by the fact that these are typically slow-
growing benign tumors and that they can remain asymp-
tomatic throughout the life of the individual. In the US,
the prevalence of meningiomas is estimated to be 97.5
per 100,000 people.” Data from the Central Brain Tumor
Registry of the US also showed a more than 2-fold higher
incidence among females and a steady increase in inci-
dence with age:* the incidence rates in 2002 for the age
groups 20-34, 45-54, 65-74, and above 85 years were
0.74, 4.89, 12.79, and 18.86 per 100,000 individuals per
year, respectively. Atypical and malignant meningiomas
comprise a relatively small fraction of the total (estimated
to be approximately 5%).3

Natural History of Incidental Meningiomas

Understanding the natural history of incidentally
found meningiomas is a crucial step in formulating an ap-
proach to address them and deciding whether they should
be treated. Several studies have been conducted to better
understand the behavior of these lesions if left untreated.
Nakamura et al.”” reported their results in 47 asymptom-
atic patients monitored with serial imaging. The absolute
annual growth rate ranged from 0.03 to 2.62 cm?year
(mean 0.796 cm?/year), and the majority of tumors (66%)
grew less than 1 cm?®year. The relative annual growth
rates ranged from 0.48% to 2.8% (mean 14.6%). The tu-
mor doubling time ranged from 1.27 to 143.5 years (mean
21.6 years). The authors also found a moderate correlation
between age and annual growth rates, with younger pa-
tients showing a higher growth rate and shorter doubling
time. Other important predictive factors included the
presence of calcifications and hypointense or isointense
tumor signal on T2-weighted MR imaging, which were
associated with statistically significantly lower growth
rates. Although annual growth rates appear to be higher
in men than in women, the difference did not reach statis-
tical significance.

In several studies that investigated the growth pat-
tern of incidental meningiomas, annual growth rates were
calculated by determining the initial and final volumes
during the follow-up period based on the assumption that
these tumors grow exponentially.®!” Hashiba et al.!' per-
formed serial monitoring of tumor volumes in 70 patients
and used regression analysis to analyze tumor growth.
In each case, the tumor volume was calculated at follow-
up and plotted on time-to-volume coordinates. Patients
were then divided into 2 groups: a growth group and a
no-growth group. Growth curves in the first group were
examined to determine whether they followed a linear or
an exponential model. Twenty-six patients (37%) showed
essentially no growth of their tumor. Among 44 patients
with tumor growth, 16 followed an exponential growth
pattern, 15 followed a linear pattern, and 13 did not fit
either pattern. The presence of calcification was the only
radiological characteristic predicting a no-growth pat-
tern. Of note, there was no significant difference between
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growth/no-growth or between different growth patterns
with regard to tumor location; however, the authors of the
study admitted that tumor cell kinetics are complex and
their relationship to tumor volume is still poorly under-
stood. Fitting the growth curves to either linear or expo-
nential patterns may be too simplistic, and meningiomas
may actually exhibit various patterns of growth over mul-
tiple phases.

In the largest and most recent study on the topic pub-
lished to date, Oya et al.?? reported their results in 244 pa-
tients who harbored 273 incidental meningiomas. A 2-mm
or greater increase in maximum diameter was observed in
120 tumors (44% of the cases), with a mean follow-up pe-
riod of 3.8 years. Predictive factors of tumor growth in this
study were younger age, absence of calcifications, T2 sig-
nal hyperintensity, and peritumoral edema. Tumor location
was not found to be a significant predictive factor (Table 1).
Nakasu et al.?’ suggested that atypical meningiomas grow
exponentially, while benign meningiomas exhibit exponen-
tial, linear, or no growth. Exponential growth essentially
means that the tumor grows with a constant growth frac-
tion. Linear growth entails a gradual decrease in the tumor
growth speed (decrease of the cell proliferation rate and/or
increase of the cell death rate). Meningiomas may initially
grow exponentially but then slow their growth, possibly in
relationship to the availability of blood supply and progres-
sion of calcifications; the opposite may also happen, pos-
sibly through acquisition of new mutations resulting in an
increase in growth rate.

Lesions Mimicking Meningiomas

Incidental meningiomas are, by definition, diagnosed
on brain imaging, typically an MR image of the brain,
with no histopathological confirmation. Although radio-
logical findings are usually fairly characteristic, many le-
sions can mimic the appearance of meningiomas on im-
aging (Figs. 1 and 2). This possibility underscores the im-
portance of an initial close follow-up evaluation if a con-
servative approach is chosen. The two classical differen-
tial diagnoses for meningioma are hemangiopericytoma
and meningeal metastasis. Hemangiopericytoma is a rare
intracranial malignancy believed to represent 2%—3% of
all primary meningeal tumors.>* Hemangiopericytomas
were initially considered a subgroup of meningioma (an-
gioblastic variant),! but since 1993 the WHO has classi-
fied them as a distinct entity.”” Hemangiopericytomas are
known for their aggressive behavior, high recurrence rate,
and potential for metastasis. The median survival from
the time of diagnosis is approximately 13 years.?*

Dural metastasis can also look like meningiomas,
with a similar enhancing pattern and dural tail. It is es-
timated that dural metastases are found in 8%-9% of
patients with advanced systemic cancer at autopsy.'® The
clinical incidence is lower because many of these lesions
are asymptomatic. The most commonly reported primary
tumors that undergo meningeal metastases are prostate,
lung, and breast cancer.'®!® Numerous other diseases can
also mimic meningiomas, including lymphoma,’?* epen-
dymoma,? sarcoma,’ periosteal osteoblastoma,* inflam-
matory pseudotumor,” and Rosai-Dorfman disease.!”
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TABLE 1: Summary of studies on natural history of incidental meningiomas published from 2000 through 2011*

No.of ~ Mean  No. (%) Showing

Average Growth Rate

Factors Favoring No

Authors & Year Patients FU (mos) Growth Per Year Factors Favoring Growth Growth
Kuratsu et al., 2000 63 27.8 20 (31.7) not available T2 hyperintensity calcification
Niiro et al., 2000 40 41.8 14 (35) not available larger size, T2 hyperintensity, calcification

male sex
Yoneoka et al., 2000 37 504 9(24.3) >1 cmd younger age smaller tumors
Nakamura et al., 2003 41 43 (33% grew>1  0.796 cm? younger age, T2 hyperintensity ~ calcification
cm?/yr)
Herscovici et al., 2004 43 67 16 (37.2) >0.2 cm® younger age, sphenoid ridge calcification, smaller
tumors
Yano & Kuratsu, 2006 67  >60 25(37.3) 1.9 mm T2 hyperintensity calcification
Hashiba et al., 2009 70 39.3 40 (57.1) exponential growth in 16, none calcification
linearin 15
Oya et al., 2011 244 45.6 120 (49.2) 0.54 cm? (patients <60 yrs),  younger age, T2 hyperintensity, ~calcification
0.83 cm? (patients >60 yrs) ~ peritumoral edema
* FU = follow-up.

Regular radiological and clinical monitoring can help
ascertain the behavior of the lesion and can potentially
raise uncertainties regarding the presumed diagnosis of
a benign meningioma. Table 2 provides a summary of
the main lesions that are usually considered in the dif-
ferential diagnosis, although it is not an exhaustive list
of all of the possibilities. In addition, depending on the
anatomical location, other diagnoses should be consid-
ered. For instance, schwannomas may be included in the
differential diagnosis for a cerebellopontine angle tumor
and pituitary adenomas and craniopharyngiomas should
be added for a sellar tumor.

Fic. 1. Coronal T1-weighted MR imaging with contrast enhancement
showing an extraaxial ependymoma that mimicked meningioma on im-

aging.
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Complications of Surgery

Despite major advances in modern therapies, includ-
ing state-of-the-art medical care and up-to-date surgical
technologies, the risk of complications from a surgical in-
tervention cannot be overlooked. Meningioma surgery as a

Fie. 2. Axial T1-weighted MR imaging with contrast enhancement
showing a solid enhancing extraaxial mass with evidence of focal bone
involvement of the temporal bone (arrow). This lesion was an osteoblas-
toma that mimicked meningioma on imaging. Reprinted from Pathol
Res Pract 204: Tawil A, Comair Y, Nasser H, et al. Periosteal osteo-
blastoma of the calvaria mimicking a meningioma, 413-422, Copyright
(2008), with permission from Elsevier.



TABLE 2: Differential diagnosis for meningiomas

glial & mesenchymal neoplasms
hemangiopericytoma
solitary fibrous tumor
sarcoma (leiomyosarcoma, gliosarcoma)
ependymoma
osteoblastoma
dural metastatic tumors
prostate cancer, lung cancer, breast cancer, & others
hematopoietic neoplasms
Hodgkin disease
Non-Hodgkin lymphoma
plasmacytoma
inflammatory/infectious lesions
Rosai-Dorfman disease
sarcoidosis
granuloma
tuberculoma

whole constitutes a very heterogeneous group, and the risk
of complications varies greatly within this group. The re-
section of a meningioma can vary from a technically sim-
ple procedure to a formidably challenging endeavor associ-
ated with a high risk of injury to critical structures. When
recommending surgery, the clinician should be mindful
of the risks involved and should balance them against the
potential benefits of surgical intervention. Sanai et al.?®
reported a series of 141 consecutive patients who under-
went resection for a supratentorial convexity meningioma.
Their objective was to report the outcome of this kind of
surgery in the modern neurosurgical era. They found an
overall complication rate of 10%, including hematoma,
infection, CSF leak, and pulmonary embolus. Unsurpris-
ingly, the complication rate is significantly higher when
more complex types of meningiomas are considered. In
a series of 81 patients with tentorial meningiomas treated
microsurgically, the permanent surgical morbidity rate was
19.8%, while the mortality rate was 2.5%.? Such a high rate
of complications has also been reported with many skull
base tumors such as petroclival meningiomas. In a surgical
series of 109 consecutive patients, for instance, Couldwell
et al.’ reported a perioperative mortality rate of 3.7%; in
addition, 56 significant complications occurred in 35 other
patients.

Complications of meningioma surgery, however, are
not solely related to tumor location and the technical as-
pects of surgery. Many patients that present are elderly in-
dividuals with comorbidities that put them at risk for seri-
ous medical complications that may be unrelated to their
disease. In a review of 834 patients who underwent surgery
for meningiomas in a large tertiary care center, 33% of the
patients were older than 60 years of age.” Overall, 57 pa-
tients (6.8%) experienced serious medical complications,
and 4 patients died. The most common complication was
pneumonia, followed by renal dysfunction, arrhythmia,
and deep venous thrombosis and/or pulmonary embolus.
The risk factors for serious medical complications included
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a new or worsened neurological deficit, age greater than
65 years, hypertension, and currently taking more than 2
cardiac medications.

Indications for Surgery

The treatment strategy for an incidentally diagnosed
meningioma should be formulated after a careful and thor-
ough evaluation. Unfortunately, no Class I or Class II evi-
dence is available to support the standard of care or prac-
tice guidelines. All recommendations are based on Class
IIT evidence related to expert opinions and retrospective
case series. Pertinent questions that should be addressed
include the following. Is the lesion symptomatic? What is
the size of the lesion? Does the patient have previous imag-
ing? How old is the patient? What is the patient’s medical
condition? A number of arguments can be made in favor of
resection of incidental meningiomas: 1) a certain percent-
age of these tumors can be atypical or malignant; 2) nu-
merous more aggressive lesions can mimic meningiomas
on imaging; 3) an untreated tumor can be the source of
anxiety to the patient; and 4) resection would reduce the
need for careful initial follow-up. Although these argu-
ments support resection for some incidental meningiomas,
we believe that the vast majority of asymptomatic inciden-
tal meningiomas should be treated conservatively. In our
practice, surgery is recommended if 1) the tumor is large
with obvious mass effect accompanied by neurological
symptoms; 2) there is a documented increase in size on
serial imaging; 3) there is a reasonable suspicion for malig-
nancy based on tumor appearance or behavior; and 4) if the
patient is medically fit for surgery.

The decision to use conservative management is
supported by several factors. Although the differential
diagnosis is vast and although some meningiomas may
prove to be malignant, benign meningiomas remain by
far the most common lesion when the MR imaging is
characteristic for this tumor. Furthermore, a close initial
radiographic and clinical monitoring can detect rapid
growth, change in imaging characteristics, or unexpect-
ed worsening in the neurological examination, leading
to an adjustment in the management plan. A reasonable
approach would be to start with a first follow-up in 3—4
months from the time of diagnosis to rule out growth of
an aggressive lesion. The time frame can then be further
increased to 6-9 months and thereafter to 1 year. Fur-
thermore, the vast majority of asymptomatic meningio-
mas either remain stable or grow slowly. In a large clini-
cal series of 603 asymptomatic meningiomas,* 63% did
not increase in size, and only 6% of patients eventually
experienced symptoms (mean follow-up of 3.9 years). In
light of these data, and because the risk of serious com-
plications can clearly outweigh any potential benefit in
the elderly and patients with significant comorbidities, a
conservative approach is often sufficient. Finally, patient
education on the nature of these lesions and their natural
history would alleviate anxiety in most cases. The senior
author (WT.C.) specifically removes incidental tumors
that are of significant size in young individuals, those tu-
mors that are associated with significant edema, or those
found in younger individuals in locations in which further
growth might limit the ability to remove the lesion with
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TABLE 3: General criteria for treatment selection in patients with intracranial meningioma*

Type of Intracranial

Patient Age (yrs) Meningioma Treatment
<65 asymptomatic observation: serial imaging and clinical FU; surgery recommended for growing lesions
or stereotactic radiosurgery can be considered for some tumor locations associated
w/ high surgical morbidity (such as cavernous sinus)
symptomatic primary treatment is surgery; stereotactic radiosurgery considered adjunctively when

complete resection is not possible; adjuvant radiotherapy considered for atypical &
anaplastic tumors

>65 (or poor surgical candidate) asymptomatic

observation: serial imaging & clinical FU; stereotactic radiosurgery considered for

growing lesions; surgery considered for further progression & neurological deterio-

ration

symptomatic (tumor <3 cm) stereotactic radiosurgery is considered; surgery considered for further progression &
neurological deterioration

symptomatic (tumor =3 cm) close monitoring if minimally symptomatic; surgery considered for further progression
&/or significant impact on quality of life

* From Couldwell 2011.5

the lowest possible Simpson grade. Stereotactic radiosur-
gery is usually considered for lesions showing document-
ed growth on serial imaging in older patients, those with
comorbidities, and for lesions in locations associated with
a high surgical morbidity. Table 3 illustrates the general
criteria that we use when deciding which treatment op-
tion is best for the individual patient.’

Case Illustrations
Case 1

This patient was a 79-year-old woman who com-
plained of swelling of the throat. On physical examination,
she was found to have bruit over the left internal carotid
artery. As part of her evaluation, she underwent MR an-
giography of the neck that showed the presence of asymp-
tomatic stenosis of the internal carotid artery. Magnetic
resonance imaging of the brain showed the presence of an
incidental tuberculum sella meningioma (Fig. 3). The pa-
tient did not have visual symptoms and was neurologically
intact on examination. Her endocrinological workup was
normal as well. In view of her age and the size of the lesion,
the decision was made to proceed with serial imaging for
follow-up. She has since been followed-up for more than 5
years without tumor growth or visual symptoms.

Case 2

This patient was a 27-year-old woman with long-
standing nonspecific headaches and a normal neurologi-
cal examination. Magnetic resonance imaging of the brain
showed the presence of a large lateral sphenoid wing me-
ningioma (Fig. 4). The mass had a maximum diameter of
4.5 cm and was associated with significant brain edema
and mass effect. The decision to operate was made because
of the large size of the tumor, the peritumoral edema, and
the young age of the patient.

Conclusions

In recent years, physicians have increasingly been
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faced with an aging population in a technologically ad-
vanced world of preventative medicine that affords more
screening modalities performed over a longer time pe-
riod. This ultimately results in the identification of a num-
ber of patients with asymptomatic meningiomas. While
these lesions can be the source of anxiety for the patient,
a thorough discussion with the physician and an educa-
tion on the nature of incidental meningioma can help the
patient to better understand the condition and participate
in the decision-making. The available data on the natu-
ral history of incidental meningioma suggest that most
of these lesions either remain stable in size or grow very
slowly over time. In light of this, physicians should try
to be conservative in their approach for treating inciden-
tally found meningiomas, keeping in mind, however, that
some of these lesions can grow significantly and become
symptomatic. The possibility of a malignant meningioma
or other kinds of malignancies mimicking meningiomas
should also be kept in mind. A prudent approach would
be a close initial radiographic and clinical follow-up to
detect unexpected tumor behavior. The follow-up period

Fic. 3. Case 1. Sagittal T1-weighted MR imaging without contrast
enhancement (left) and coronal T1-weighted MR imaging with contrast
enhancement (right) showing a tuberculum sella extraaxial lesion con-
sistent with meningioma. The lesion measured 2.5 x 1.7 cm. No treat-
ment was offered, and the tumor has been monitored for more than 5
years with no changes in size or symptoms.
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Fic. 4. Case 2. Coronal (A) and axial (B) T1-weighted MR imaging with contrast enhancement and axial T2-weighted MR im-
aging (C) showing the presence of a large, left, lateral sphenoid wing meningioma. The lesion was 4.5 x 3.0 cm. The T2-weighted
image demonstrates significant peritumoral edema. The large lesion (WHO Grade | meningioma) was surgically resected; 2
smaller contralateral lesions are being monitored with serial imaging.

can then be increased gradually once the tumor is found
to be stable. In addition, the possibility of complications
in a population of older patients who may harbor comor-
bidities that puts them at higher risk for serious complica-
tions from surgery argues for a conservative management
approach. We prefer to reserve surgical interventions for
large symptomatic lesions and those with a documented
potential for growth. A high index of suspicion for malig-
nancy based on imaging characteristics and/or patient’s
medical history would also favor resection.
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Incidental findings of mass lesions on neuroimages in
children

CoRINNE PERRET,! EUGEN BOLTSHAUSER, M.D.,> IANINA SCHEER, M..D.,?
CHRISTIAN J. KELLENBERGER, M.D.,> AND MICHAEL A. GROTZER, M.D.!

Departments of 'Oncology, *Neurology, and *Diagnostic Imaging, University Children’s Hospital of Zurich,
Switzerland

Increasing use of neuroimaging in children has led to more incidental findings of CNS mass lesions, the man-
agement of which is uncertain. The authors’ aims in this study are to describe these mass lesions and their evolution,
as well as to discuss the management options and determine the prevalence of incidental CNS mass lesions at their
pediatric clinic. A retrospective study was undertaken in children with primary CNS tumors who were younger than
18 years old and were admitted to the University Children’s Hospital of Zurich, Switzerland, between January 1995
and December 2010. In 19 (5.7%) of 335 patients with newly diagnosed CNS tumors, the diagnosis of a CNS mass
lesion was an incidental finding. Reasons for obtaining neuroimages in these 19 patients were head trauma (in 6 pa-
tients); research protocols (in 3); nasal/orbital malformations (in 2); endocrinological and psychiatric evaluations (in
2); and vertebral bone anomaly without neurological signs, absence seizures, congenital ataxia, recurrent vomiting,
developmental delay, and “check-up” at the explicit request of the parents (in 1 patient each). Seven patients under-
went immediate surgery for low-grade glioma (4 patients) and craniopharyngioma, ependymoma, and choroid plexus
papilloma (1 patient each); and 12 were treated conservatively or were observed. Ten of 12 conservatively treated
patients remained stable (median follow-up time 1.8 years) and the other 2 underwent delayed surgery because of
tumor progression (medulloblastoma in one patient and fibrillary astrocytoma in the other).

Clinicians are increasingly challenged by the discovery of incidental CNS mass lesions. A subgroup of such
lesions (with typical imaging patterns such as tectal glioma and dysembryoplastic neuroepithelial tumor) can be
monitored conservatively, clinically, and radiographically. Future prospective studies are needed to define optimal
management strategies based on larger collections of natural histories, as well as to assess the true prevalence of
incidental CNS mass lesions. (DOI: 10.3171/2011.9.FOCUS11121)

KEy WoORrRDs  »

brain imaging ¢ children -

imaging of the CNS has led to the more frequent
discovery of unexpected results. Incidental findings
(also called “incidentalomas”) are defined as previously
undetected abnormalities that are unrelated to the pur-
pose of the examination. This phenomenon, as well as
the prevalence and the nature of the lesions, have been
reported in several publications, mainly those involv-
ing adults.!4912202! Tn their meta-analysis, Morris et al.'
found an overall prevalence of 2.0% (range 1.1%-3.1%)
of nonneoplastic incidental brain findings and an overall
prevalence of 0.7% (95% CI 0.47%—-0.98%) of neoplastic
incidental brain findings.
Only recently, studies have been published on CNS

IN recent decades, the increasing use of CT and MR

Abbreviations used in this paper: DNT = dysembryoplastic
neuroepithelial tumor; LGG = low-grade glioma; NF1 = neurofibro-
matosis Type 1.
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incidentalomas in children. These studies have reported
variable rates of incidental findings, which are most often
benign and do not need referral. Most lesions described
are extracerebral lesions (for example, fluid-filled parana-
sal sinuses), cerebral malformations (for example, Chiari
I malformation), or cysts (for example, a pineal or arach-
noid cyst). A minority consist of vascular malformations
(for example, cavernoma or developmental venous anom-
aly), tissue changes, or tumoral lesions, accounting for
less than 1% of all the incidental brain findings.68!1:14.18
The nature and the spontaneous evolution of these neo-
plastic lesions, as well as their appropriate management,
remain under debate in view of limited literature reports
and personal experience.

The aims of this study are to describe incidental CNS
mass lesions and their evolution, to discuss management
options, and to determine the prevalence of incidental
CNS mass lesions in our pediatric clinic.



Methods

A retrospective study was undertaken in children 18
years old and younger with primary CNS tumors, who
were admitted consecutively to the University Children’s
Hospital of Zurich, Switzerland, between January 1995
and December 2010. Medical case notes, referral letters,
neurosurgical records, histopathology reports, follow-up
data, and survival outcomes were reviewed. An inciden-
tal finding is generally defined as being unexpected and
without any correlation with the patient’s history and
clinical examination. In this specific context, we use the
following inclusion criteria for an “incidental mass le-
sion:” 1) imaging evidence of a clearly space-occupying
lesion, without or with a characteristic neuroimaging
pattern in favor of a specific tumor type (that is, cranio-
pharyngioma, dysembryoplastic neuroepithelial tumor,
or tectal glioma); or 2) imaging evidence of a permanent
lesion that does not correspond to the usual appearance
of an inflammatory (as seen in multiple sclerosis or acute
disseminated encephalomyelitis), residual (such as post-
ischemic or posttraumatic), hamartomatous, or migra-
tional (as heterotopia) lesion. Excluded from this study
were children with neurocutaneous disorders (NF1, NF
Type 2, or tuberous sclerosis).

Results
Patient and Tumor Characteristics

Between January 1995 and December 2010, a total of
24,047 neuroimaging studies (12,725 brain MR images,
9161 brain CT scans, and 2161 spinal MR images) were
obtained at the University Children’s Hospital of Zurich,
Switzerland. Since some children underwent more than
1 neuroimaging examination (for example, postoperative
and/or oncological follow-up investigations), the num-
ber of patients is smaller (estimated to be approximately
15,000).

In the same period, 335 patients with a primary CNS
tumor were admitted. The tumor characteristics of these
patients are summarized in Table 1. The median age at
diagnosis for all patients was 7.6 years (range 0.0-18.4
years). Two hundred three patients (61%) were boys and
132 (39%) were girls. Diagnoses were established by
histological assessment of a tumor specimen obtained
at surgery in 297 patients (89%) and by typical imaging
findings in 20 patients (6%) (for example, diffuse intrinsic
pontine glioma). In 4 patients (1%) with large tumors and
poor general condition, no biopsy was undertaken and the
histology remains unknown. In 16 patients (5%) in good
general condition, no biopsy was undertaken, and the pa-
tients were monitored using a wait-and-see policy.

In 19 (5.7%) of 335 patients with newly diagnosed
CNS tumors, the diagnosis of a CNS mass lesion was an
incidental finding (Table 2). The median age at diagnosis
for patients with incidentalomas was 7.5 years (range 1.0—
14.9 years). Reasons for obtaining neuroimages in these
19 patients were head trauma (in 6 patients); research
protocols (in 3); nasal/orbital malformations (in 2); endo-
crinological and psychiatric evaluations (in 2); and ver-
tebral bone anomaly without neurological signs, absence

2
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TABLE 1: Location und histology of 335 consecutively diagnosed
CNS tumors*

Location & Tumor Histology No. of Tumors (%)

infratentorial 145 (43)
medulloblastoma 50 (15)
cerebellar LGG 29 (9)
brainstem glioma 36 (10)
ependymoma 12 (3)
other 11(3)
tumors of unknown histology 7(2)

supratentorial hemispheric 121 (36)
LGG 35 (10)
HGG 19 (5)
choroid plexus tumor 2(0.6)
ependymoma 8(2)
PNET 7(2)
neuronal/mixed neuronal-glial tumor 19 (5)
meningioma 1(3)
other 15 (4)
tumors of unknown histology 5(1)

supratentorial midline 56 (17)
craniopharyngioma 16 (5)
germ cell tumor 8(2)
LGG 16 (5)
PNET 3(0.9)
other 13 (4)
tumors of unknown histology 0(0)

spinal cord 13 (4)
LGG 6 (2)
ganglioglioma 2(1)
other 4(1)
tumors of unknown histology 1(0.3)

* HGG = high-grade glioma; PNET = primitive neuroectodermal tumor.

seizures, congenital ataxia, recurrent vomiting, develop-
mental delay, and “check-up” at the explicit request of the
parents (in 1 patient each). Therefore, no patient had an
imaging finding related to and/or explaining an underly-
ing neurological disorder. In retrospect, the indication for
neuroimaging in the patients in Cases 2 (anxiety disor-
der), 3 (“check-up” at the request of the parents), and 4
(absence seizures) is debatable.

Seven patients underwent immediate surgery for
LGG (4 patients) and craniopharyngioma, ependymoma,
and choroid plexus papilloma (1 patient each); and 12
were treated conservatively or with observation. Ten of
these 12 conservatively treated patients remained stable
(median follow-up time 1.8 years, range 0.3-16.3 years)
and the remaining 2 patients underwent delayed surgery
because of tumor progression (medulloblastoma in one
patient and fibrillary astrocytoma in the other).

The following comments are intended to illustrate
the rationale behind the treatment decisions.
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Incidental Lesions With Subsequent (Immediate) Surgical
Intervention (7 patients)

Case 4. This patient underwent examination else-
where for absence seizures. The cerebellar hemispheric
tumor found on MR imaging was not considered respon-
sible for the seizures. Although there was no CSF ob-
struction and the neurological examination findings were
normal, the parents opted for surgical exploration. As ex-
pected, the histological examination confirmed pilocytic
astrocytoma.

Case 5. The MR imaging findings in this patient,
who underwent investigation for general developmental
delay, were suggestive of a choroid plexus tumor, which
was surgically treated in view of its considerable size. As
expected, the developmental delay did not improve.

Case 6. This patient underwent MR imaging after a
fall from a considerable height. The fourth ventricle was
occluded and, thus, in our view, surgical removal was in-
dicated.

Case 8. This patient was hit by a snowball in the or-
bital region. Papilledema was confirmed by an ophthal-
mologist. A large tectal tumor and early signs of supraten-
torial ventricular dilation prompted surgery before clini-
cal signs of increased intracranial pressure were evident.

Case 10.This patient underwent follow-up in the con-
text of a research protocol for perinatal hypoxic/ischemic
encephalopathy. A subcortical lesion was first detected at
1 year of age and was assumed to be an LGG. The lesion

C. Perret et al.

increased in size over the next few months. The parents
finally agreed to biopsy and surgical removal.

Case 12. This patient was seen after a fall in a play
group. Neurological examination findings were normal,
but the patient was markedly macrocephalic. Magnetic
resonance imaging revealed a large space-occupying le-
sion with midline shift. An operative procedure was per-
formed with excellent results.

Case 18. This patient was found to have a cranio-
pharyngioma on MR images obtained for orbital trauma.
Findings on neurological, ophthalmological, and endocrine
evaluations were normal. An interdisciplinary discussion
concluded that surgical intervention was indicated.

Incidental Lesions Managed Conservatively (10 patients)

Cases 2 and 3. In these patients, a cerebellar tumor
was found incidentally on neuroimages obtained for anxi-
ety (Case 2) and for a “check-up” at the explicit wish of
the parents in view of an “extreme sport” adventure (Case
3). Given that the MR imaging patterns in both patients
were typical of LGGs with no evidence of CSF obstruc-
tion (Fig. 1) and that the neurological examination find-
ings were normal, we observed these patients by conduct-
ing regular clinical and neuroimaging investigations.

Cases 7 and 13. These patients underwent neuroim-
aging in the context of a comprehensive outcome study
of congenital cardiac malformations. The lesion in the
patient in Case 7 was compatible with a tectal LGG not
leading to aqueductal obstruction; therefore, we only ob-

Fic. 1. Case 2. Incidental cerebellar mass lesion (assumed diagnosis of LGG) found in a 14.9-year-old boy with anxiety disor-
der. Axial T2-weighted MR (A) and coronal FLAIR (B) images. Left panels were obtained initially. Center and right panels show
the lesion after a period of 5 and 13 months, respectively, of wait-and-see.
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served this patient. The lesion in the patient in Case 13
(Fig. 2) was suggestive of a neurocytoma. A diagnostic
(stereotactic or open) biopsy was considered to carry a
substantial risk of surgical morbidity. Observation with
repeat (every 6 months) clinical and MR imaging investi-
gations proved justified.

Case 9. In this patient, neuroimaging was requested
by an endocrinologist in view of the patient’s tall stature.
The brainstem appeared mildly enlarged with ill-defined,
rather diffuse T2-weighted signal abnormalities reminis-
cent of “unidentified bright objects” as often seen in cases
of NF1. However, there were no clinical signs of NF1, and
findings from the neurological examination were normal.
Two years later, MR imaging findings were unchanged,
and on a third MR imaging study obtained 2 years later,
the lesion was no longer evident. We have no explanation
for this observation.

Case 11. The lesion found in this patient, who was
evaluated after he fell off his bicycle, had the characteris-
tic imaging pattern of a DNT (Fig. 3). As this was an inci-
dental finding, conservative management was suggested.
In the subsequent 9.7 years, the patient has remained well
and never experienced a seizure.

Cases 14—16. These patients were found incidentally
to harbor small thalamic lesions (Fig. 4), not explaining
the clinical picture or corresponding to findings seen as
residual findings (that is, postischemic), such as hetero-
topia or gliosis, but being compatible with an LGG. A
diagnostic biopsy was not considered justified, balancing
the diagnostic benefit against the potential morbidity of
the diagnostic procedure. These children will continue to
be managed conservatively.

Case 19. This patient had vertebral anomalies at the

cervicothoracic junction. He underwent initial examina-
tion elsewhere for a vague suspicion of closed spinal dys-
raphism. Spinal MR imaging was suggestive of a cystic
neoplastic lesion. Findings on neurological examination
were normal. The patient was lost to follow-up but was
again seen 16.3 years later. He was a healthy, active stu-
dent. Additional MR imaging revealed an increase in the
size of the lesion, which was considered to be an LGG
(Fig. 5). In view of normal findings on the neurological
examination, the patient opted for further observation.

Incidental Findings Initially Observed, With Delayed
Intervention (2 patients)

Case 1. This patient underwent cranial CT scanning
at 7.5 years of age after mild head trauma. The images re-
vealed an ill-demarcated vermian lesion with small focal
calcifications. Magnetic resonance imaging confirmed a
lesion with extension in the brainstem; there was no CSF
obstruction and no contrast enhancement. Computed to-
mography scanning had already been performed 1 year
previously, after a fall on the playground. Findings on this
CT scan, which were considered normal at that time, were
in retrospect identical to the findings on the recent CT
scan. In view of this apparently prolonged stable situation
in a boy with normal findings on neurological examina-
tions, a conservative attitude was adopted, with imaging
follow-up investigations performed every 6 months. A
year and a half later, slow motor deterioration was noted,
accompanied by tumor progression. Surgical exploration
revealed a medulloblastoma. In view of extension into the
brainstem, only partial removal was achievable.?

Case 17. This patient was initially investigated at the
age of 1.2 years for an orbital process with fluctuating

Fic. 2. Case 13. Incidental ventricular mass lesion (assumed diagnosis of neurocytoma) found in a 13-year-old boy. Neuro-

imaging was performed as part of a research protocol for cardiac malformations. Coronal (A) and parasagittal (B) T2-weighted
MR and coronal FLAIR (C) images. Left panels were obtained initially. Right panels show the lesion after a period of 6 months

of wait-and-see.
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Fic. 3. Case 11. Axial (left) and sagittal (right) T2-weighted MR im-
ages showing an incidental occipital mass lesion (assumed diagnosis
of DNT) that was found in a 10.8-year-old boy after a traffic accident.

proptosis. Magnetic resonance imaging revealed a cystic
orbital lesion that was later confirmed as lymphangioma,
and a partially calcified multicystic sellar/parasellar le-
sion most likely corresponding to a mature teratoma. In
view of normal neurological, ophthalmological, and en-
docrine assessments, the patient underwent regular clini-
cal and neuroimaging investigations. The lesion remained
unchanged on imaging. At the age of 5 years, the lesion
was subtotally removed, at the explicit request of the par-
ents, by a transsphenoidal approach. Histology confirmed
a mature teratoma.

Discussion

Advancements in diagnostic imaging have revolu-
tionized the practice of modern medicine.® Neuroimag-
ing, in particular, facilitates more accurate diagnosis of
CNS disorders and neuroanatomical variants. Recom-

C. Perret et al.

Fic. 5. Case 19. Sagittal T2-weighted (left) and T1-weighted (right)
MR images showing an incidental intramedullar mass lesion (assumed
diagnosis of LGG) in a 12-year-old boy who was found to have a verte-
bral fusion anomaly.

mendations for the use of neuroimaging are based on the
principles of evidence-based medicine. Observation of
current practice patterns, however, indicate that neuro-
imaging overuse is common in the clinical evaluation of
certain symptoms such as headache in children.’

There is a current lack of neuroimaging data that can
provide baseline images of “normal” brains at various
ages and upon which the possible clinical significance of
incidental findings can be evaluated.!” Projects are under
way to address this need.*

There is only sparse literature on incidental CNS
mass lesions in children (Table 3). Analyzing the brain

Fic. 4. Case 14. Incidental thalamic mass lesion (assumed diagnosis of LGG) in a 2.1-year-old boy presenting with a nasal
fistula. Axial (A) and coronal (B) T2-weighted MR and coronal FLAIR (C) images. Left panels were obtained initially. Right panels

show the lesion after a period of 16 months of wait-and-see.
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MR imaging of school-aged children with sickle cell
disease, Jordan et al.!" found a total prevalence of inci-
dental findings of 6.6%. The majority of these incidental
findings are without clinical impact (for example, cavum
septum pellucidum, pineal cyst, arachnoid cyst, and other
variants). Potentially urgent or serious abnormalities were
present in 0.6%. In children with posterior fossa brain tu-
mors, 7 (2.2%) of 312 were found to be incidentalomas.’

In the present study, analyzing 335 tumors of the
CNS, we found 19 (5.7%) incidental mass lesions. In the
entire cohort of children undergoing neuroimaging at our
institution, the prevalence of incidental CNS mass lesions
is estimated to be approximately 0.1%.

Clearly, the incidental finding of a mass lesion re-
quires further evaluation. However, the optimal manage-
ment strategies are largely unknown and are certainly
debatable in view of limited published and personal ex-
perience. When the diagnostic benefit is balanced against
the potential morbidity of the diagnostic procedure in an
asymptomatic child, neurosurgery is not necessarily jus-
tified for all incidental CNS mass lesions. We favor an
individual management strategy following an interdisci-
plinary discussion, with full comprehension by the par-
ents being essential. It must be acknowledged that a wait-
and-see approach may be accompanied by uncertainties
that may have significant psychological repercussions on
the parents and child.

We have opted for surgical intervention for large
space-occupying lesions, impending CSF obstruction, doc-
umented tumor growth, and at the request of the parents.
However, we have found conservative management (includ-
ing regular clinical and neuroimaging follow-up, usually
every 6 months) justified in children with either a typical
neuroimaging pattern of the incidentaloma (for example,
DNT, cerebellar LGG, or teratoma) or with small thalamic
or periventricular lesions. This management algorithm is
summarized in Fig. 6. Clearly, this is work in progress and

C. Perret et al.

needs revisions/emendations based on further experience.
So far, we have not encountered any psychological or com-
pliance problems with this approach.

This management option has also been chosen by
other authors in individual patients; when a DNT was an
incidental imaging diagnosis in the absence of epilepsy,
surveillance with serial imaging was used.!® Similar man-
agement was adopted for a tectal glioma that was diag-
nosed incidentally on imaging. This tumor was smaller
than 2 cm in diameter and did not exhibit tumor extension
or contrast enhancement.? Meanwhile, conservative man-
agement of tectal gliomas is a well-accepted treatment
strategy by many neurosurgeons.'

In patients with medulloblastoma the median inter-
val from onset of symptoms to histologically confirmed
diagnosis ranges from several days to months. As most
posterior fossa tumors are removed upon detection, very
little is known about their natural growth rate. To our
knowledge, such a long observation period of the growth
of a primary medulloblastoma as described in the patient
in Case 1 has not been described before.

Limitations of the Study

Limitations of this study include the fact that not
all neuroimaging studies were performed after contrast
injection and that many neuroimaging studies were per-
formed using CT scanning only. Further limitations are
the retrospective nature of the study, the relatively long
study period, possible selection and referral bias, and a
relatively short follow-up for some of the patients.

Conclusions

Incidental CNS mass lesions should be anticipated in
the use of neuroimaging in clinical practice and in the
design of research protocols. Information on the natural
course and prognosis of these lesions is needed to define

Incidental finding
of mass lesion

/\

- No signs or symptoms

- Imaging typical for benign lesion
(low-grade glioma, DNT,
small thalamic lesion )

l

Observation
(clinical / neuroimaging)

N

- Increased ICP
- Impending CSF flow obstruction
- Imaging not typical for benign lesion

l

Intervention

| Stable disease |

Progression

(clinical / neuroimaging)

Fic. 6. Flow chart showing the suggested preliminary management algorithm for incidental findings of mass lesions. ICP =

intracranial pressure.
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clinical management. Future prospective studies are re-
quired to determine the true prevalence of this problem
and to develop optimal management strategies based on
larger collections of natural histories of incidental CNS
mass lesions.
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