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Vestibular Schwannoma Presenting with
Intratumoral Hemorrhage: Case Report

Hermes G. Garcia, MD'; Thomas O. Willcox, MD?, James J. Evans, MD'2

" Department of Neurological Surgery, Thomas Jefferson University and Jefferson Hospital
for Neuroscience, Philadelphia, PA USA

2 Department of Otolaryngology, Thomas Jefferson University and Jefferson Hospital for
Neuroscience, Philadelphia PA USA

ABSTRACT

Vestibular schwannomas (VS) are benign tumors of the vestibular division of cranial nerve
VIIL The initial presentation of intra-tumoral hemorrhage in a vestibular schwannomas is
uncommon. The clinical sequela after such event is still being elucidated and the treatment
approach to these has not been clearly defined. We report a case of a 39 year-old female refered
to our care after being diagnosed with a 22mm left-sided hemorrhagic cerebellopontine angle
mass. She initially presented with left ear pain, nausea, vomiting, and balance problems.
Mild hearing loss was found on initial audiogram. The patient had progressive improvement
of symptoms and elected to continue with observation rather that intervention for the VS.
Ten months after initial onset, she developed sudden worsening of her hearing that did not
improve with corticsteroids. Brain MRI did not reveal recurrent hemorrhage. The patient
underwent a retrosigmoid approach for gross total resection of a WHO grade I vestibular
schwannoma with evidence of prior hemorrhage and had a satisfactory post-operative course.
Details of this case report as well as a review of the risk factors, radiographic and pathologic
findings, possible mechanisms, and outcome for hemorrhagic vestibular schwannomas that
may influence decision-making is also presented.

INTRODUCTION

Vestibular schwannomas (VS) are histologically benign tumors that most commonly arise from
the superior division of the vestibular nerve (CN VTIII) at the Obersteiner-Redlich transition
zone. They comprise 8-10% of all intracranial tumors in most series and represent approxi-
mately 85% of tumors of the cerebellopontine angle (CPA).” While the vast majority of VS
are sporadic, 5% of cases are associated with neurofibromatosis type 215. The most common
symptoms are sensorineural hearing loss (98%), tinnitus (70%), dysequilibrium or vertigo
(67%), and headaches (32%).Larger tumors will cause symptoms related to compression of the
brainstem and adjacent cranial nerves.® Facial palsy is present in 10% of patients.® The course
is variable, from clinical dormancy for many years, to a slow chronic progression of the above-
mentioned symptoms, or of an acute onset with associated ataxia or rapid neurological decline.
Tumor size is variable at presentation; however, with increased access to magnetic resonance
imaging (MRI) a recent trend is to find tumors smaller in size.?

While 3.9 - 11% of intracranial tumors present with intratumoral hemorrhage (ITH), less
than 1% of cases of VS present initially with ITH15.# Since the first reported case of ITH in
a vestibular schwannoma by McCoy et al. in 1974, less than 50 cases have been reported in
small case studies and series.!® Given the rarity of this presentation of hemorrhagic VS, the
treatment approach to these has not been clearly determined. Further reports that give insight
into their initial presentation, risk factors, possible etiology, and outcome are of value to gain
more knowledge of hemorrhagic VS. In this report, we present a case of a VS with an initial
presentation of ITH. Despite initial resolution of symptoms, she developed sudden worsening
of hearing without documented recurrent hemorrhage.

CASE PRESENTATION

This is a 39 year-old female without signifi-
cant past medical history who was in her
usual state of good health until she awakened
from sleep with severe left-sided auricular
and periauricular pain. Her pain was associ-
ated with dizziness, nausea, vomiting, and
tinnitus. Computerized tomography (CT)
scan of the head and ultimately a brain MRI
with & without contrast (Figure 1) revealed a
heterogeneously enhancing, extra-axial left-
sided CPA mass suggestive of a vestibular
schwannoma with a subacute hemorrhage
within the tumor. The mass measured
22mmx 15mm x 17mm in the AP/transverse/
craniodaudal dimensions. No obstructive
hydrocephalus was appreciated. CT angi-
ography was also performed which did not
reveal an aneurysm or significant vascu-
larity of the tumor. She initially presented
to an outside hospital and was later referred
to our institution after improvement of her
symptoms in the subsequent days.

Upon initial evaluation one week after
symptom onset, she had residual yet
improving left periauricular pain. mild inter-
mittent left sided tinnitus, and unsteadiness
with rapid head movements. There was no
true vertigo and she felt that her hearing was
unchanged. General physical exam showed
appearance adequate for age, no cachexia, and
no skin marks. Neurologic exam was intact,
without perceptible nystagmus, hearing
loss, gait dysfunction, or any other cranial
neuropathy. An audiogram was consistent
with an asymmetric mild-to-moderate left
mid-frequency sensorineural hearing loss
with excellent discrimination (Gardener-
Robertson Class I). Despite radiographic
evidence suggesting a vestibular schwannoma
with intra-tumoral hemorrhage, other tumors
were included in the differential diagnosis,
such as high grade glioma, osteosarcoma,
metastasis, or chondrosarcoma. Due to the
progressive improvement of her symptoms,
close observation and short interval brain
MRI was recommended as initial treatment to
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Figure 1.

Brain MRI scan upon initial presentation A-D.

(A, B) T1-weighted pre-contrast and post-contrasts scans showing CPA mass with intracanalicular
component and focal hyperintensities surrounded by hypointensities. Mild heterogeneous contrast
enhancement is also seen. Hypointensities in the T1 post-contrast may represent old hemorrhages.

(C, D) T2-weighted and T2 GRE sequences showing focal hypointensities within tumor substances.
T2 GRE shows more focal hypointensities, which could indicate prior subclinical hemorrhages. The
T1 and T2weighted characteristics indicate early-subacute hemorrhage.

monitor for blood product resolution as well
as rule out any progression of the lesion that
would suggest a more aggressive pathology.

In subsequent visits at 2, 4, and 6-months,
the patient had progressive resolution of left
otalgia, improved tinnitus, and improved
balance. She never developed vertigo. Her
hearing remained stable and she was able to
continue use of telephone on both ears. There
weres no limitations of her daily activities.
Repeat brain MRI scan at these intervals
revealed progressive resolution of intratu-
moral hemorrhage as well as stable to slightly
decreased size of the tumor. No worsening
edema or developing hydrocephalus was

seen. During these visits, the patient wished
to continue with observation in view of stable
to decreasing size of tumor, lack of symptoms,
and reasonably preserved hearing.

Ten months after her initial hemorrhage,
patient developed a sudden onset left-sided
hearing loss that was treated with a course of
corticosteroids. Her audiogram after treatment
showed improvement. However, the patient
did not notice any symptomatic improvement
of her hearingloss, she reported inability to use
the phone on her left ear. She also described
worsened tinnitus. On evaluation, she denied
headache, vertigo, nausea, or balance prob-
lems. Decreased finger rub perception on her

left side was noted. No facial palsy, nystagmus,
or gait problems. A new brain MRI did not
reveal new hemorrhage or increasing size of
the tumor (Figure 2).

After discussion with the patient regarding
treatment options including stereotactic radia-
tion versus microsurgical resection, the patient
elected surgery. A left-sided retrosigmoid
craniectomy was performed with drilling of the
internal acoustic canal (IAC). Intraoperatively,
the tumor had gross appearance consistent
with a vestibular schwannoma. Gross total
resection was achieved. No damage to the
facial nerve (CN VII) was appreciated intraop-
eratively and suggested with neurophysiologic
monitoring. There were no intra- or post-
operative complications. Post-operative brain
MRI revealed gross-total resection (Figure 3).
The patient was discharged on post-operative
day® On follow up, the patient was found
without significant imbalance, vertigo, nausea,
or nystagmus. The patient had non-functional
hearing on her left side, yet there was no
facial palsy or any other additional cranial
neuropathy. Pathology revealed a WHO grade
I schwannoma with predominance of Antoni
A areas as well as scattered areas of focal hemo-
siderin deposition, consistent with a vestibular
schwannoma with chronic hemorrhage.

DISCUSSION

We describe a case of a VS with the rare presen-
tation of acute ITH. To our best knowledge,
under 38 cases have been reported in literature
since the first documented by McCoyed et al
in 1974.1%1315 This demonstrates the rarity of
this presentation. Vestibular schwannomas
most commonly present with slowly progres-
sive growth and development of symptoms
related to CN VIII dysfunction as well as CN
VII or other adjacent cranial nerves.'? In VS
that have presented with ITH, the symptoms
are sudden and most commonly associated
with headaches or otalgia.* 1 1° In patients
with a prior diagnosis of VS, ITH is found after
an acute worsening of their prior symptoms
and associated headaches.!” The prevalence
of facial palsy is increased from 6%'*to 31%
when compared to VS that do not present
with ITH." There are no studies analyzing
the mortality rate, however poorer outcome
is suggested in hemorrhagic VS compared to
non-hemorrhagic VS."®

On brain imaging, findings on both CT and
MRI will be consistent with acute hemor-
rhage in a CPA lesion. CT scans usually show
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Figure 2.

Axial Brain MRI scans after sudden onset of hearing loss (10 months after initial presentation).

(A) T1-weighted pre-contrast. (B) T1-weigthed post-contrast. (C) T2-weighted. (D) T2-weighted

GRE sequence ompared to figure 1, resolution of focal intratumoral hemorrhage without signs

of new hemorrhage. No gross enlargement of tumor size.

a CPA lesion with findings suggestive of a VS
(dilated internal acoustic canal (IAC) and
lack of hyperostosis) and hyperdensity within
the mass consistent with acute hemorrhage.
Brain MRI will most commonly reveal a
contrast enhancing CPA mass with exten-
sion to the internal acoustic canal (IAC).
Hemorrhage within the mass will commonly
show T1 and T2 signals of either hyperacute
(isointense on T1, hyperintense on T2), acute
(isointense on T1, hypointense on T2) or
subacute (hyperintense on T1, hypointense
on T2) depending on time between symptom
onset and scan.’ T2-weighted gradient echo
(GRE) sequences will show hypointensities
within the tumor and are helpful to evaluate
prior microhemorrhages in cases of VS with
no acute ITH on presentation.?> Although
the case presented demonstrated ITH in

a VS, another presenting form of a hemor-
rhagic VS is with a subarachnoid hemorrhage
(SAH).' Intratumoral hemorrhage is the
most common form, shown in 50% of cases
in a recent review by Maimone et al.' They
also showed that concomitant ITH and
SAH is seen in 20.4% of cases and isolated
subarachnoid hemorrhage in 13.6%.

Several risk factors for ITH have been studied.
Those specific to VS that have been suggested
are large tumor size on presentation, rapid
tumor growth, and prior radiation.>”!? The
average tumor size for cases in which the
maximum diameter has been reported is
approximately 3.1cm + 1.1 which is slightly
larger than the mean diameter for all VS
reported 2.0 + 1.0.">* However, large tumor
size of (> 2cm) is not a prerequisite since
there are reports of ITH in VS less than

Figure 3.
Brain MRI scan after left-sided retrosig-

moidectomy and gross total removal.

No residual seen of post-operative scan. No
evidence of post-operative hemorrhage.

2cm diameter.>*!® Rapid growth could be
secondary to repeated microhemorrhages or
growth of the cystic component in cases of
cystic VS. In the latter, it has been suggested
that their cystic components could represent
prior hemorrhages.!'® With proliferative
indexes similar to non-cystic VS, their growth
is most likely secondary to enlargement of the
cystic components.'

Risk factors non-specific to VS that have
been suggested are prior use of anticoagu-
lants,'>'1° cocaine use,?” and head traumas.
With regards to demographic findings,
the patient age has not been identified as a
possible risk factore, since he mean age of
presentation is similar to non-hemorrhagic
VS (50 years old)."* No comorbidities have
been found to increase the risk of [TH in VS.!

The mechanism behind ITH in VS is not
clearly known. Some of the proposed
mechanisms include abnormal vascularity
and mixed Antoni A/B pattern.!” Histo-
pathological studies have commonly shown
abnormally dilated thin walled vessels and
hypervascularity.>!*2¢ It has been suggested
that these vessels could lead to spontaneous
obliteration, necrosis, and subsequent hemor-
rhagel. Microhemorrhages, which may be
subclinical, have been shown to occur due
to the presence of hemosiderin-laden micro-
phages on histological specimens in patients
indicating that intratumoral hemorrhages
are more common that thought but not all
are manifested clinically.!” With regards to
the Antoni A/B pattern, a mixture of both
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have been more commonly found, however,
its significance regarding I'TH is questionable
as this is a common pathologic feature present
inall VS. Additionally, VS with ITH of which
a predominance of Antoni A pattern have
been reported,? as is also the case presented
in this report.

The treatment approach of a VS presenting
with ITH has not been clearly defined. There
are limited cases to establish the natural
history of hemorrhagic VS thus at this time,
each case should be approached individually.
As stated above, there is increased risk of
facial palsy, and suggested worse outcome.'
Of the cases reported in literature 13.2%
(5/38) have reported recurrent hemorrhages
and of these, two have documented sudden
worsening of prior symptoms with onset
of new hemorrhage.”>1%1:2! Takeuchi et al
showed in their study that re-hemorrhages
usually occurs more than one month after
initial hemorrhage.? The worsening of
symptoms with recurrent hemorrhage
warrants close observation if conservative
management is chosen. There are no reports
comparing stereotactic radiosurgery (SRS)
versus surgical resection in VS with ITH to
indicate which treatment is superior, however,
a recent review by Niknafs YS showed that
17.9% of VS with ITH were previously treated
with SRS."® Whether these events were due to
an increased risk of ITH after SRS or whether
the hemorrhage occurred as the natural
history of the VS cannot be determined,
but should be considered during the clinical
decision-making.

In our case, the patient had initial conserva-
tive management as she presented to our care
1 week after onset, had progressive resolu-
tion of symptoms with preserved hearing,
no limitation in daily activities, and a small
to moderate size of tumor. Additionally,
given the low rate of ITH in VS, currently
reported as <1%," close follow up to rule out
other malignancies (ie, malignant gliomas,
metastasis, and lymphoma) that would alter
treatment options was chosen. Despite close
follow up that included short interval brain
MRIs to monitor blood resolution and tumor
growth pattern, as well as serial audiograms
to monitor her hearing, the patient developed
sudden hearing loss 10 months after initial
presentation. Gross recurrence of tumor
hemorrhage or acute size increase was not
found on imaging. This could indicate that
sudden hearing loss can occur without

recurrent hemorrhage thus decision to treat
either surgically or with SRS should not be
based on the occurrence of this event. Despite
the sudden hearing loss, the patient had a
good clinical outcome therefore, as with non-
hemorrhagic VS, any sign of neurological
deterioration should prompt intervention.

CONCLUSION

In this report we present a rare case of a
VS with an initial presentation of ITH. A
review of existing literature indicates that
these may represent a more aggressive kind
of VS with a slightly increased risk of devel-
oping facial palsy and poorer outcome. Risk
factors suggested include large tumor size
on presentation, rapid increase in size, prior
SRS, history of anticoagulant use, trauma,
and cocaine use. The mechanisms suspected
include hypervascularity and abnormal
vasculature that predispose to hemorrhage.
There is a significant risk of recurrent hemor-
rhages in VSs with prior ITH and acute
worsening of symptoms. VS that present
with ITH warrant close observation and lack
of documented recurrent hemorrhage in the
setting of worsening symptoms should not
withhold intervention.
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Benign Meningioma Encasing the
Internal Carotid Artery

Ethan Benardete, MD PhD
Department of Neurological Surgery, Thomas Jefferson University and Jefferson Hospital for Neuroscience, Philadelphia, PA

A 47 year-old woman presented with an incidental finding of an extra-axial brain tumor on MRI. (A) Gadolinium-enhanced MRI of the brain showed that
the tumor encased the left intracranial internal carotid artery (ICA). (B) T2-weighted MRI confirmed that the flow void (black dot) in the tumor was the
left ICA. (D) This intraoperative image shows the partially resected tumor and the ICA being dissected free of tumor. (E) After microsurgical resection of
the tumor, the left ICA is seen with all of its smaller branches intact. The third cranial nerve is seen to the left. (F) Postoperative MRI confirmed gross total
resection. (C) Cerebral angiography showed that the supraclinoid ICA was mildly narrowed by the tumor.

Skull Base and Tumor

Unique Imaging Characteristics of
P16+ Squamous Cell Carcinoma

of the Oropharynx

Victor Carlson, BA'; Steven Finden MD?
' Jefferson Medical College, Thomas Jefferson University, Philadelphia, PA

2 Department of Neuroradiology, Thomas Jefferson University Hospitals and Jefferson Hospital
for Neuroscience, Philadelphia, PA

Department of Neuroradiology, Thomas Jefferson University
June 7, 2013 - August 16, 2013

ABSTRACT

The increasing rate of human papillomavirus (HPV) infection is responsible for the rising
incidence of orpharyngeal (OP) malignancy in tonsil and base of tongue tumors. Early HPV
detection can guide treatment and reduce metastasis to the base of the skull and cranial nerve
subsites. Currently, there are no non-invasive techniques to determine HPV positivity. The aim
of this study was to investigate the correlation between HPV+ tumors and lymph node imaging.
Pretreatment images of 126 patients (102 male, 24 female; age range, 41-90) were evaluated for
cystic foci, size, and matting. HPV status was determined using immunohistochemistry (IHC)
for p16 and confirmed with in situ hybridization (ISH). Out of the total sample size, 93 were
HPV+. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated. Initial data (19 patients) showed 42.9% sensitivity, 80% specificity,
85.7% PPV, and 33.3% NPV for cystic focus. Matted lymph nodes showed 85.7% sensitivity,
40% specificity, 80% PPV, and 50% NPV. Morphologically normal small (<1.5) lymph nodes
with cystic focus showed 14.3% sensitivity, 100% specificity, 100% PPV, and 29.4% NPV. Early
results suggest correlation between morphologically normal small lymph nodes with cystic
foci and HPV+ malignancy. These findings warrant evaluation of the remaining images.

BACKGROUND

The oropharynx (OP) is the anatomical region in the upper respiratory tract containing the
tonsillar pillars, base of the tongue, soft palate, and pharyngeal walls." Lined predominately
by non-keratinized? squamous epithelium,>* the OP shares many characteristics of the cervix
including inflammatory activity and susceptibility to the human papillomavirus (HPV).>¢”
HPV infection markedly increases risk of squamous cell carcinoma (SCC)® in OP crypts.’
HPV-related SCC accounts for 25% of head and neck cancers and the majority of oropharyn-
geal cancers.* The most common sites of oropharyngeal tumor development are the tonsils
followed by the base of the tongue.’

In up to 96.1% of reported HPV-OPSCC cases, HPV-16 is the infecting virus;9, 10 other high-
risk strains such as HPV-18 account for the remaining cases."! HPV+ tumors have distinct
molecular, pathologic, and clinical characteristics.”'*!* HPV oncoproteins E6 and E7 drive
tumor formation''® by respectively degrading the master cell regulator p53 and inactivating
Rb.10161718 Vira] integration into genomic DNA reinforces dysplasia and triggers malignant
transformation."

In light of intact apoptotic pathways, HPV+ tumors respond enthusiastically to radiation and
chemotherapy.?>?! Many studies, including a meta analysis by Ragin et al, reported increased

survival in HPV+ patients who undergo
surgery, chemotherapy, or radiation treat-
ment.!*1¢22 23 Reduced risk of recurrence
was also evident.?

In addition to HPV status, the most influ-
ential prognostic factors of head and neck
cancers are smoking and nodal staging.'
HPV+ SCC demographics differ from
OPSCC associated with smoking. Data
indicates increased representation of
white males, higher socioeconomic status,
decreased age, and better performance
status.'® Increased marijuana rates are also
associated with HPV+ OPSCC,** however
increased tobacco and alcohol rates are
not.?! Reflecting the rise in HPV prevalence,
OPSCC tonsillar rates increased 1.3% annu-
ally and base of the tongue rates increased
6% annually from 1971-2004.% Smoking
rates decreased by half during the same time
period implying significant increase in HPV
associated tumors.?®

Clinically, HPV+ patients are more likely
to present with small, poorly differentiated,
stage [IT or IV primary tumors"'’ and are less
likely to have synchronous or metachronous
second primaries.”’” Unusual patterns of
distant metastases and longer latent inter-
vals following therapy are also more likely
and warrant a thorough patient work-up.?!
Metastatic routes include direct extension
along bone, lymphatics, and neurovascular
bundles to the skull base and cranial nerves.*
Basaloid morphology, defined as nests of
cells with dense hyperchromatic nuclei and
a high nuclear to cytoplasmic ratio?® also
correlates strongly with HPV positivity.!**

Surrogate markers for HPV infection include
pl6 over expression, EGFR amplification,
and c-myc expression5 without cyclin D
amplification.!3*” Testing for p16 identi-
fies all known high risk HPV strains with a
reported sensitivity of 100% and specificity
0f79%.'° A tumor is designated HPV+ when
at least 75% of cells have strong and diffuse,
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nuclear and cytoplasmic immunohisto-
chemical (IHC) staining for p16.

HPV status significantly influences
treatment and prognosis.'®?*2! Early
HPV+ detection, particularly in base of
tongue OPSCC, can significantly reduce
mortality.’! Currently, there are no nonin-
vasive techniques to determine HPV status.
This retrospective study aims to evaluate the
potential association between nodal imaging
characteristics and HPV+ OPSCC using an
adequate sample size. If nodal cystic foci
provide high sensitivity or specificity for
HPYV positivity, then nodal imaging can be
used to determine HPV status.

METHODS

Pretreatment .9mm thin section images were
evaluated at 3mm segments for 126 patients
with OPSCC. Patients ranged from 41 to 90
years old; 102 were male, and 24 were female.

Table 1. Demographics

Patient Characteristics

Male 102/126 (81%)
Female 24/126 (19%)
HPV+ 93/126 (74%)
Mean Age 61.75y0

Age Range 41-90 yo

HPYV status was determined using IHC for
pl6 and confirmed with in-situ hybridiza-
tion (ISH). According to standard protocol,
IHC for pl6 was performed on representa-
tive 4-pm sections cut from formalin-fixed,
paraffin-embedded tissue blocks using a
monoclonal antibody to pl6 (MTM Labo-
ratories before 2012, Ventana starting in
2012; monoclonal; 1:1 dilution) on a Ventana
Benchmark LT automated immunostainer
(Ventana Medical Systems, Inc., Tucson,
AZ). Tolocate bound primary antibodies we
used a cocktail of enzyme-labeled secondary
antibodies included in Ventana’s ultraView
Universal DAB Detection Kit. The complex
was visualized with hydrogen peroxide
substrate and a 3,30-diaminobenzidine
tetrahydrochloride (DAB) chromogen; no
biotin was involved. Ventana CC1, EDTA-
Tris, pH 8.0 solution was used for machine
standard antigen retrieval. With each run,
a known pl6 expressing head and neck
SCC case was used as the positive control
and sections of normal tonsil were used for

negative controls. Nuclear and cytoplasmic
staining was graded by a pathologist binarily
into positive (more than 75% of the tumor
cells) and negative (less than 75% of the
tumor cells) groups.

Pretreatment lymph nodes were evaluated
for cystic foci, size, and matting using
criteria proposed by Morani et al*> and
Spector et al.*® Positive cystic focus in lymph
nodes was defined as low attenuation area
measuring less than 25 Hounsfield units,
with well defined and smooth margin. Low-
attenuation focus too small to measure was
considered cystic if more than 70% of the
margin was well defined and smooth. If it
had irregular margins, it was considered
positive for necrotic focus. Small lymph
nodes were defined by <1.5cm.*? Matted
lymph nodes were characterized by 3 nodes
abutting one another with extracapsular
spread replacing the intervening fat plane.
Loss of the sharp plane between the capsule
of the lymph node and the surrounding fat
indicated extracapsular spread.*
Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value
(NPV) were calculated for HPV+ tumors
presenting with nodal cystic foci, smaller
lymph nodes with low attenuation focus,
and matted lymph nodes.

RESULTS

Initial data showed 42.9% sensitivity, 80%
specificity, 85.7% PPV, and 33.3% NPV for
cystic focus.

Table 2. Cystic focus

Cystic focus HPV Status
Positive Negative

Positive 6

Negative 8 4

Matted lymph nodes showed 85.7%
sensitivity, 40% specificity, 80% PPV, and
50% NPV.

Table 3. Matted lymph nodes

Matting HPV Status
Positive Negative

Positive 3 0

Negative 11 5

Smaller lymph nodes with low-attenuation
focus showed 21.4% sensitivity, 100% speci-
ficity, 100% PPV, and 31.3% NPV.

Table 4. Smaller lymph nodes with

low-attenuation focus

Smaller nodes with
low-attenuation HPV Status
focus

Positive | Negative
Positive 3 0
Negative 11 5

Morphologically normal small lymph nodes
with cystic focus showed 14.3% sensitivity,
100% specificity, 100% PPV, and 29.4% NPV.

Table 5. Morphologically normal small

lymph nodes with cystic focus

Morphologically

normal small

lymph nodes with BT

cystic foci

Positive | Negative

Positive 2 0

Negative 12 5
DISCUSSION

Various imaging techniques are used to
evaluate OP cancers. Contrast enhanced
CT and MRI are used to determine T-stage
(T) and nodal involvement. PET uses
radioactive nuclides to locate areas of
increased physiologic activity associated
with malignancy. Combined PET-CECT is
effective in identifying unknown primaries,
metastases (M) and nodal (N) pathology
with a reported nodal sensitivity of 92% and
specificity of 99%.!

Up to 76% of HPV+ tonsillar SCC and
60% of base of tongue SCC exhibit
internal jugular node involvement, most
frequently at cervical levels II, III, and
IV.* Pathologic nodes appear round with
necrotic or cystic foci, irregular margins
and enlarged borders."* Cystic adenopathy
is characterized by a rind of enhancing tissue
with central hypoattenuation resembling
water.* Morani et al reported 100% HPV+
specificity for intranodal cystic foci with
small, morphologically normal lymph nodes
<1.5cm.*?

Our study examined nodal imaging as
potential means to determine HPV status
in OP cancers. Preliminary data suggest
smaller lymph nodes with low-attenuation
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focus and morphologically normal small
lymph nodes with cystic focus have strong
association with HPV+ tumors (100%
specificity and PPV). Our initial results
for small nodes with cystic foci support
earlier findings reported by Morani et
al’?, however our data for smaller lymph
nodes with low-attenuation focus is unique.
These findings warrant evaluation of the
remaining CT images.
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Brain Tumor Support Group
at Jefferson

The group is open to patients with all types of brain tumors,
along with their families. It offers a wonderful opportunity
to meet others facing similar situations and feelings. The
group conducts open meeting time for general support and
networking, and it also features occasional guest speakers to
enhance knowledge and understanding.

Location

Jefferson Hospital for Neuroscience (JHN)
3rd Floor Conference Room

900 Walnut Street, Philadelphia, PA 19107

Date

Second Thursday of every month, except for
July and August

Time
7 - 8:30 p.m.

Facilitator
Alisha Amendt, MSN CRNP

Contact
phone: 215-955-4429
e-mail: alisha.amendt@jefferson.edu

Parking
Validated parking available for the Jefferson Hospital
for Neuroscience (JHN) garage

Other

Light refreshments and snacks will be served
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on Repeat Imaging: A Case Report for
Standardizing CT Imaging Techniques

in Spine Trauma
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ABSTRACT

Introduction

Many spine traumatic fractures are referred to multidisciplinary tertiary care centers for
definitive management. We highlight a case of an acute type 2 dens fracture that failed to be
identified using CT reformatted imaging with 3mm axial images.

Clinical Course

A fifty-eight year-old man was witnessed to fall from standing. He had evidence of a myocar-
dial infarction and required cardiopulmonary resuscitation (CPR). On arrival to the outside
ER he had minimal responsiveness to deep stimulation but required no emergent cardiac
intervention since he was hemodynamic stable. A CT of the cervical spine was performed due
to the history of a fall demonstrated a “chronic odontoid ‘osseous abnormality”” and with an
acute Jefferson-type fracture variant. Upon transfer for definitive cardiac and spine care, the
patient had a repeat CT scan with 1.25 mm axial images of the cervical spine demonstrating
a type 2 dens fracture. MRI of the cervical spine confirmed an acute type-2 dens fracture.

Conclusion

The use of thin cut axial images improved the quality of reformatted images, thus repeat
images with thinner cut images may be required to define anatomy with greater accuracy.

Key Words

Spine, odontoid, computed tomography, trauma, occult

INTRODUCTION

Despite the effort to reduce cost in the emergency room and trauma setting, concern for
missing occult spine fractures is still a common concern among clinicians. The NEXUS and
CCR criteria are two widely accepted algorithms for cervical spine scanning by the American
College of Radiology, which sets ‘Appropriateness Criteria’ for the diagnostic imaging for
various pathologies."> Despite these criteria, a recent report in 2012 found only 1.5% of
radiographic studies to be clinically relevant in trauma evaluation, amounting to 19 of 1245
studies obtained to evaluate the cervical spine, deeming most to be inappropriate by the ACR
criteria.® Type II dens fractures are a common ailment encountered by spine surgeons in the

emergency setting today, seen in as high as
15% of cervical spine fractures, a growing
number in the aging population.* The typi-
cally accepted treatment is immobilization
or surgical stabilization with instrumenta-
tion.>!2 Factors portending a high incidence
of nonunion of type 2 odontoid fractures
were fracture gaps greater than one milli-
meter, posterior displacement greater than
five millimeters, and failure to initiate treat-
ment within 4 days.®

Today, many spine fractures are referred to
multidisciplinary subspecialty institutions
(i.e. ‘spine centers’) for definitive manage-
ment. Theocharopoulos, et al found that the
added risk from radiation of CT scanning for
cervical spine fracture is counterbalanced
by the increased sensitivity for detecting
cervical spine fractures and increasing that
patient’s likelihood for treatment.'?
Specialty centers typically employ high
resolution helical/spiral CT scanners to
maximize resolution of imaging and provide
high quality multimodality reconstructions
to rapidly aid in evaluation of the spine.
Williams, et al evaluated 192 patients, nearly
20% of which were diagnosed with osteopo-
rotic thoracic compression fractures, finding
only 5% accurately diagnosed.™* Given the
increased prevalence of type 2 dens frac-
tures in the elderly population, recognition
of the possibility of underreported occult
fractures is a real issue. We present at our
institution a specific case of an occult type 2
dens fracture, where the diagnosis hinged on
two separate CT scanning protocols imaged
several hours apart.

Specialty centers typically employ high
resolution helical/spiral CT scanners to
maximize resolution of imaging and provide
high quality multimodality reconstructions
to rapidly aid in evaluation of the spine.
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Figure 1.

CT scan on initial ER presentation (3 mm slice thickn

and dens, however, no fracture identified. C1 Jefferson-fracture variant is noted.

s). Axial, Sagittal, and Coronal views demonstrate osseuous abnormality of the C2 vertebral body

Figure 2.

CT scan on transfer to Tertiary Care Facility (1.25 mm slice thickness). Axial, Sagittal, and Coronal views demonstrate type 2 dens fracture with minimal
displacement. MRI, T2-weighted, STIR, and T1-weighted Sagittal view demonstrates displaced type 2 dens fracture with bone marrow, fracture, and spinal

cord hyperintensities. Ventral epidural hematoma noted (axial T2 views).

Williams, et al evaluated 192 patients, nearly
20% of which were diagnosed with osteopo-
rotic thoracic compression fractures, finding
only 5% accurately diagnosed." Given the
increased prevalence of type 2 dens frac-
tures in the elderly population, recognition
of the possibility of underreported occult
fractures is a real issue. We present at our
institution a specific case of an occult type 2
dens fracture, where the diagnosis hinged on
two separate CT scanning protocols imaged
several hours apart.

BACKGROUND

A fifty-eight year-old man had a witnessed
syncopal episode, and subsequent fall from
standing, with trauma to the head and neck.
Cardiopulmonary resuscitation (CPR) was
initiated for ten minutes and then upon
arrival by EMS, ACLS protocol was initiated
prior to rapid sequence intubation en route
to the emergency department. Upon arrival
at the emergency room the patient was
noted to be with pulseless electrical activity;
CPR was administered for ten minutes,
with return of circulation. A STEMI was

diagnosed by twelve-lead electrocardio-
gram. Given a poor neurological exam
with minimal responsiveness, no emergent
cardiac intervention was attempted. Upon
stabilization, a CT of the head was obtained,
which was normal. A CT of the cervical spine
demonstrated a “chronic odontoid ‘osseous
abnormality” and Jefferson-type fracture
variant.! Upon stabilization of arrhythmia
by the cardiac intensive care unit, a repeat
CT of the cervical spine was obtained.
1.25mm thick images were reformatted
in multiple planes; these demonstrated an
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acute Jefferson variant fracture of the arch of
Cl.In addition, an acute type 2 dens fracture
was evident on sagittal reformations, with
minimal retrolisthesis, and a fracture line
approximately 1 millimeter wide. No canal
violation was noted (Figure 2). On post injury
day 4, a diagnostic MRI brain and cervical
spine was obtained to demonstrate an
underlying cause of the failure of neurologic
improvement. At this point, minimal trace
upper and lower extremity movements to
deep painful stimulus were observed, felt to
be spinal reflexes. The MRI of the cervical
spine demonstrated further dislocation
of the odontoid process, a thin epidural
hematoma underlying the fracture, with
cord hyperintense signal from the obex to
C4 (Figure 3). An MRI of the Brain without
gadolinium found no underlying strokes or
evidence of global anoxia. T2 hyperintensity
of the obex was noted. On post-injury day 3
spontaneous eye opening was noted, as well
as signs of brainstem function, and minimal
spinal reflexes only in the lower extremities.

DISCUSSION

The impetus for transition from plain film
to CT radiography in the evaluation of
the unresponsive trauma patient has been
the low sensitivity and negative predictive
value.”Link, et al evaluated plain films and
CT radiographs for 234 trauma patients
with multiple injuries, finding 44 cervical
fractures by xray, 20 of which were of C2.
When compared to available CT evidence,
CT diagnosed nearly twice the number
of cervical spine fractures. Acheson, et al
evaluated 160 patients with 136 fractures,
finding 99% by CT while 47% was detected
by plain radiograph alone.'® Additionally,
the diagnostic significance of sagittal recon-
struction in CT imaging has been likewise
of benefit.

While there are no well recognized random-
ized controlled trials that address CT or
plain film radiography in the diagnosis
of C-spine fracture, the preponderance of
evidence points to the advantage of the use
of CT over plain radiography in evaluating
spine fractures.'”!® One meta-analysis evalu-
ating radiographic techniques of diagnosis
of cervical spine injury found a pooled
sensitivity of 52% in radiographs compared
to 98% sensitivity with multi-detector CT."”
These numbers were similar to those found

Figure 3.

MRI Cervical Spine, T2 weighted imaging, sagittal and axial views demonstrating a type I dens

fracture, cord signal edema, and epidural hematoma. and spinal cord hyperintensities. Ventral
epidural hematoma noted (axial T2 views).

by Brohi and investigators, who found a
sensitivity of 39-51% for plain radiographs,
versus 98% for CT scanners for detecting
cervical injury.”

There are few studies in the literature
investigating disparities between various
modalities of CT scanning devices, as well
as slice thickness, and a minimum standard
of clinically acceptable imaging quality.
With the advent of spiral CT scanning,
improved spatial resolution and the ability
to routinely utilize multiplanar reformatted
images have been demonstrated over older,
more conventional CT technology.?*?! Even
with conventional CT technology, cases in
the literature may be found involving occult
spine fractures in patients with diseases of
bone mineralization such as ankylosing
spondylitis.?> While the concern for occult
fracture in the trauma patient with osteopo-
rosis and other bone demineralizing states is
recognized, this case report highlights the
more prevalent issue where variance in CT
protocol can lead to undetectable fractures
in the healthy, aging population.

In this particular case of a 58 year-old male
presenting in a comatose state, imaging is of
vital importance for a witnessed trauma. The
referral institution had used the GE Ultra
Lightspeed™ (GE Healthcare, Waukesha,
WI) 8 slice scanner with a minimum refor-
matted slice thickness of 3mm, as compared
to a Phillips (Phillips Healthcare, Andover,

MA) 64 slice scanner utilizing a routine
minimum reformatted slice thickness of
1.25mm. At our tertiary facility, 1.25mm
thickness slices are reformatted to optimize
the quality of 3-dimensional reconstruc-
tions. While few may argue that CT scanning
of the trauma patient is acceptable given a
witnessed trauma, there is little consensus
on the appropriate slice thickness, radiation
dose, and number of reformatted sequences
obtained to achieve a clinically acceptable
imaging series of a particular set of anatomy.

Regarding a 2009 statement by the Amer-
ican College of Radiologists, there is not a
consensus on the specific radiation dose
accepted, as well as a specific algorithm
for implementing CT. There are general
recommendations regarding slice thickness,
however. Given the nature of dens fractures
in the transverse plain, they have proposed
a lateral radiograph of C2 to supplement
‘thick-cut’ axial CT scans greater than 3 mm
slice thickness of the cervical spine.”® The
AJR instead suggests that this is unnecessary
and that slice thicknesses of 1.25 mm should
be adequate in detecting these injuries.*

This patient presents a tough challenge to the
clinician. The clear and apparent injury to
the patient was evident on EKG as a STEMI,
which explains the syncopal episode. Given
the traumatic fall and GCS of 3 upon arrival,
the concern for cerebral hypoperfusion/
anoxia as well as spinal cord injury are real
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concerns. Initial evaluation routinely is
a CT of the head and cervical spine. Both
were performed and demonstrated no
acute abnormalities. The combined issue
of the STEMI and need for anticoagulation
precluded any further urgent workup for
spinal cord injury while an intensive cardiac
evaluation was pursued. It was only when
the patient did not wake up, and did not
demonstrate any expected extremity move-
ments did we obtain an MRI to evaluate the
brain and spine. A further displaced type 2
dens fracture and significant cervical spinal
cord edema was then demonstrated.

This case report illustrates a common
problem in trauma medicine today. Many
regional centers are unable to coordinate
minimum standards of imaging with those
of highly specialized tertiary care centers.
The unfortunate result is continued non-
diagnosis of traumatic injuries. In the case
of the cervical spine fractures, a reformatted
slice thickness of 1.25mm is recommended,
not only for improved fracture detection,
but also to better facilitate high quality
3-dimensional reconstructions to guide any
possible surgical management. High cervical
spine fractures carry a high morbidity and
mortality, especially in the elderly popula-
tion. With the ubiquitous goal to limit delay
to diagnosis and treatment, as well as the
push to prevent liberal use of CT imaging,
consensus on minimum imaging standards
are necessary to provide quality care.
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ABSTRACT

Osteoporotic spinal fractures are a major cause of morbidity and mortality. Spinal surgeons
are often the initial healthcare providers to encounter a newly diagnosed osteoporosis, in the
form of vertebral osteoporotic compression fractures. Osteoporosis is highly prevalent, with
a significant cumulative lifetime expense. The initial treatment of osteoporosis is medical
management, with targeted biological therapies aimed at the osteoblast/osteoclast complex
with a goal of restoring or maintaining bone mineral density. Many randomized controlled
trials have demonstrated the advantages of vertebroplasty and kyphoplasty in post-operative
pain relief and improved quality of life in patients with osteoporotic compression fractures.
However, much heterogeneity exists in the literature, and compression fractures are largely
considered a non-operative disease. Raising awareness of this disease and its need for urgent
management needs to be a priority for all physicians, including spinal surgeons.
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Core Tip

Osteoporosis carries a significant morbidity and mortality and is unfortunately the most
common cause of compression fractures of the spine in the elderly. It is often a disease where
preventative care is underplayed at both the primary care and tertiary care level. Surgical treat-
ments for compression fractures such as vertebroplasty and kyphoplasty can dramatically
reduce pain and achieve immediate postoperative ambulation in the elderly population. While
the literature is heterogenous, recent data is in support of the benefits of these surgical interven-
tions over medical management.

INTRODUCTION

With a national (USA) prevalence of 10 million and a worldwide prevalence estimated at 100
million1, osteoporosis is becoming increasingly more common.?? Other estimates place verte-
bral osteoporotic compression fractures(VOCFs) at an incidence of 1.4 million new cases per
year.* Occult VOCFs will affect roughly one-third of everyone over 65.5-7 In North America
a rising prevalence is thought to be due to combinations of the aging population, increased
lifespan, and a lack of physical activity. While the majority of osteoporotic patients are female,
30% are male, and therefore gender should not be underplayed. Generally, osteoporosis is
referred to as either primary (type 1), or secondary (type 2). Primary osteoporosis, which has
further delineations, is overwhelmingly a disease seen in the female population. Due dili-
gence should be undertaken in the office workup to exclude underlying causes of osteoporosis

which can commonly include corticosteroid
use, alcoholism, prior radiation treatment,
vitamin D deficiency, smoking, low dietary
calcium, and malnutrition. In addition, a
variety of diseases can cause malnutrition,
underscoring the multiple etiologies for
osteoporosis.

Vertebral Osteoporotic Compression Frac-
tures (VOCEF) are of specific concern within
the elderly population. They occur at a rate
of approximately 700,000 per year and are
the most common type of osteoporotic
fracture.l More than half of women and
one-third of men will suffer from a VOCF
in their lifetime, with between 50 and 80% of
them being incidentally diagnosed on chest
radiographs.®® Longitudinal studies show
that up to one-fifth of these patients are
unfortunate enough to have a second VOCF,
heightening the urgency in these patients for
prompt preventative treatment.!’

Recent surveys of US Spinal surgeons have
been conducted regarding the frequency of
osteoporosis or osteomalacia workup in clin-
ical practice. The poor results are surprising,
suggesting a need for a heightened awareness
of theimportance of addressing bone mineral
density in the elderly on a routine basis.! In
this manuscript the authors summarize the
literature regarding the recommendations
for preventative treatment for spinal osteo-
porosis and perioperative management of
osteoporotic spinal fractures.

MEDICAL MANAGEMENT

Bisphosponates

Medical therapy is traditionally targeted at
osteoblasts and osteoclasts.!? Spine surgeons
should keep this in mind since these are the
cells that are required for fusion. However,
in the only human clinical study performed
assessing bisphosphonates in spinal fusion,
there was no clinically significant difference
between the treatment and the control arm
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with regards to fusion. This study'®, however,
did find a 95% fusion rate in the alendronate
group versus 65% in the vitamin D control
arm treated for one year after surgery
(P=0.025). Aside from this randomized
controlled trial, the remaining 18 studies are
animal studies demonstrating histological
support that bisphosphonate result in a rela-
tively immature fusion mass.!* Ultimately,
with only one human trial of less than 40
patients in favor of bisphosphonate use to
improve fusion results in single level poste-
rior lumbar interbody fusions, there appears
to be no consensus on the optimal medical
management of osteopenia/osteoporosis in
patients undergoing spinal surgery.

Parathyroid Hormone

Parathyroid Hormone (PTH) is secreted
by the parathyroid glands in response to
low calcium, whereupon the net effect is
elevation of serum calcium. PTH is antago-
nistic to calcitonin, a hormone that lowers
the serum calcium concentration and is
produced by the thyroid gland. A prepon-
derance of the available animal literature
shows that PTH chemotherapy may aid
in bony fusion.’”!® Near and colleagues'
supplemented usual estrogen therapy with
parathyroid hormone in a large prospective
randomized controlled trial of 1638 patients
with the intent of demonstrating a reduction
of vertebral fractures. In these osteoporotic
patients, a significant reduction in vertebral
compression fractures was demonstrated
on 21-month follow-up (6% versus 3% with
treatment). With the results of this study, a
strong recommendation for supplemental
parathyroid hormone for patients with
osteoporosis can be made and was recently
given FDA approval for use.

Guidelines for Medical therapy

Other antiresorptive agents can be adjunc-
tively given at the discretion of either an
endocrinologist or primary care physician.
Selective estrogen receptor modulators
(SERMs) and calcitonin have demonstrated
antiresorptive effects, but they have not
been shown to build bone mineral density.
In general, bisphosphonates and vitamin D
have been utilized as first line therapy, in
addition to limiting lifestyle risk factors (eg.
tobacco, minimal physical activity). Patients
who remain osteopenic or progress to osteo-
porosis should have PTH (Forteo™, Eli Lilly
Corp, Indianapolis, Indiana) added to their
medical regimen. PTH is also a valid first

line option in patients not tolerating other
agents due to adverse effects.

SURGICAL MANAGEMENT

Operative versus Nonoperative
Treatment of VOCFs

Aside from medical therapies, the mainstay
of treatment of a VOCF has been nonopera-
tive bracing with the option of surveillance
spinal x-rays to observe for future compres-
sion fractures and to track spinal alignment.
Progressive kyphosis occurs in approxi-
mately 10% of compression fractures.
Routine magnetic resonance imaging
workup varies by institution, but advocates
of this additional study argue that MRI is
important in order to evaluate for the pres-
ence of an underlying pathologic process
(eg. tumor). While bracing is relatively
inexpensive, patients have longer hospital
stays, increased narcotics use, and a longer
duration of pain with respect to minimally
invasive forms of surgical treatment.

Surgery

Alarge volume of retrospective and prospec-
tive data has been published in favor of
intervention of VOCFs with vertebroplasty or
kyphoplasty.?’ The benefits of early surgical
intervention in osteoporotic fractures of the
spine, has been shown in randomized trials
and systematic reviews of the literature 18122
Interventions studied in particular are verte-
broplasty and kyphoplasty. Osteoporotic
spine fractures other than compression
fractures may be candidates for open
surgical decompression and stabilization by
an instrumented fusion, based on fracture
morphology. Such open surgical manage-
ment, however, is widely debated.

The literature is heterogeneous in its support
for the use of minimally invasive forms of
stabilization.?® Buchbinder and Kallmes
published two prominent prospective RCTs
in favor of nonsurgical management over
vertebroplasty, despite much criticism.?28
In these trials, discrepancies in patient
selection were questioned. For example,
inclusion criteria stipulated that patients
were eligible if the fracture was less than one
year old. Generally, acute fractures, under
6 weeks at a maximum have been thought
to receive a benefit from vertebroplasty or
balloon kyphoplasty (BKP).?*** These two
studies were also mired with enrollment
difficulties, where only 131 out of 1812

patients were enrolled in the Buchbinder
study, and it took nearly 5 years in the Kallmes
study to obtain adequate enrollment.?* Many
RCTs and systematic reviews are clear on
the beneficial effects of vertebroplasty and
kyphoplasty, with immediate postopera-
tive pain reduction. However, other studies
show the beneficial effects leveling off after
3 months.?"3? In addition, these trials are
expensive. Prior to making any conclusion
about a trial, the surgeon should consider the
sources of funding, and whether or not the
study was industry sponsored, as is the case
in most vertebroplasty and BKP trials.

Vertebroplasty

Vertebroplasty is a minimally invasive
percutaneous procedure involving trans-
pedicular access to the vertebral body with
fluoroscopic guidance. Most commonly,
polymethylmethacrylate (PMMA) cement is
administered via cannulation of a guidewire
localized to the vertebral body.**-** Most of
these percutaneous systems also come with
a method of performing routine biopsies of
the cancellous bone to evaluate for malig-
nancies or other radiographically suspicious
lesions. Fracture acuity is highly correlative
with clinical improvement. MRI evidence of
marrow edema in the form of decreased signal
on T1 or increased signal on a fat suppression
modality is suggestive of an acute fracture.
Bone scan can also be used, although this is
performed less commonly. In the bone scan,
increased metabolic uptake indicates the pres-
ence of an acute fracture.

Kyphoplasty

Balloon kyphoplasty (BKP) is a result of the
natural evolution of vertebroplasty, in that
many surgeons sought a minimally invasive
method for restoring vertebral body height.
Via the transpedicular route, a percutaneous
bilateral approach to the centrum of the verte-
bral body is utilized to restore the height of
an acute compression fracture with an inflat-
able balloon, followed by augmentation of
the vertebral body with PMMA injected into
the defect created by the balloon. Benefits of
this procedure over both vertebroplasty and
nonsurgical management have been demon-
strated in systematic reviews, including
superior reduction in kyphosis and decreased
cement leakage.” Level I evidence has demon-
strated the advantage of BKP over nonsurgical
management in terms of quality of life (via
SE-36), reduction in pain, and no significant
difference in adverse events.*
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Kyphoplasty/Vertebroplasty versus
nonsurgical management

Balloon kyphoplasty and vertebroplasty
are commonly utilized for the treatment of
acute osteoporotic compression fractures,
as mentioned above. Recent systematic
reviews found benefits of pain relief in
the acute period with either balloon
kyphoplasty or vertebroplasty versus non
surgical management.?>*¢ It is commonly
witnessed in patients with VOCFs as wells
as cancer-related compression fractures to
note dramatic pain relief and ambulation
on the same day after intervention.*! More-
over, recent evidence shows kyphoplasty to
have an advantage over vertebroplasty and
nonsurgical management in the reduction
of subsequent fractures and in the reversal
of kyphosis.?>%

Novel Therapies

New medical devices for the treatment of
osteoporotic compression fractures have
risen out of the drive for competition over
a lucrative market share. These new devices
are typically small modifications of the
proven systems. Many of these involve the
placement of a graft in the vertebral body as
ameans to maintain restoration of vertebral
body height. For example, vertebral stenting
was devised as a method of preventing loss
of height that may occur after a balloon
kyphoplasty where invariable settling may
occur. In this procedure, an expandable
stent is placed after the balloon re-expan-
sion of the vertebral body. This is then
followed by cement augmentation. While
this therapy has been available for several
years, its additional costs have limited its
widespread use in place of BKP. In addition,
a recent randomized controlled trial found
no radiographic advantage in the reduction
of kyphosis for vertebral stenting when
compared to the use of BKP.¥”

CONCLUSION

Spinal surgeons are increasingly on the
front line of the diagnosis of osteoporosis,
as VOCFs are the most common initial frac-
ture leading to its diagnosis. Osteoporosis is
highly prevalent, with a significant cumu-
lative lifetime expense. Raising awareness
of this disease and options for its manage-
ment must be a priority for all physicians,
including spinal surgeons.
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ABSTRACT

The management of mycotic aneurysm has always been subject to controversy. The aim of this
paper is to review the literature on the intracranial infected aneurysm from pathogenesis till
management while focusing mainly on the endovascular interventions. This novel solution
seems to provide additional benefits and long-term favorable outcomes.

Intracranial infectious aneurysms (IIAs) or mycotic aneurysms are a rare entity and repre-
sents 0.7 to 5.4% of all cerebral aneurysms'. The name mycotic originated from the fact of
their resemblance to fungal vegetation®. Although they can be caused by fungal pathogen,
they are most commonly due to bacterial infection’. Historically the management of mycotic
aneurysms relied on surgery and antibiotics with limited use of endovascular therapy fearing
the risk of overwhelming infection by introducing a foreign body to an infected region[4].
This theoretical fear exists in spite of the absence of reports in the literature on persistent
infection or abscesses formation following endovascular surgery®. A recent review of the
literature examined 287 cases of cerebral mycotic aneurysms (CMAs)® found no postproce-
dural infection of the 46 cases treated by endovascular coiling. In another study, coiling was
successful even in the presence of active bacteremia®. However, the safety and efficacy of these
techniques are published in case-series and case-reports. Therefore, endovascular treatment
remains an individualized therapy with no standard guidelines’. Given the inconsistency
in ITA’s evolution, response to treatment, and given the lack of randomized controlled trials
(RCTs), there has not been any widely accepted standard management®. The purpose of this
article is to briefly review cerebral mycotic aneurysms while focusing on the endovascular
approach for their management.

INTRODUCTION

Intracranial infectious aneurysms (IIAs) or mycotic aneurysms are a rare entity and repre-
sents 0.7 to 5.4% of all cerebral aneurysms'. The name mycotic originated from the fact of
their resemblance to fungal vegetation®. Although they can be caused by fungal pathogen,
they are most commonly due to bacterial infection’. Historically the management of mycotic
aneurysms relied on surgery and antibiotics with limited use of endovascular therapy fearing
the risk of overwhelming infection by introducing a foreign body to an infected region®. This
theoretical fear exists in spite of the absence of reports in the literature on persistent infection
or abscesses formation following endovascular surgery®. A recent review of the literature
examined 287 cases of cerebral mycotic aneurysms (CMAs)® found no postprocedural infec-
tion of the 46 cases treated by endovascular coiling. In another study, coiling was successful
even in the presence of active bacteremia®. However, the safety and efficacy of these techniques
are published in case-series and case-reports. Therefore, endovascular treatment remains
an individualized therapy with no standard guidelines’. Given the inconsistency in IIA’s
evolution, response to treatment, and given the lack of randomized controlled trials (RCTs),
there has not been any widely accepted standard management®. The purpose of this article

is to briefly review cerebral mycotic aneu-
rysms while focusing on the endovascular
approach for their management.

METHODOLOGY

We performed a literature review using
MEDLINE. The following meshwork words
were used individually or in combination:
mycotic, cerebral, infectious, intracra-
nial, aneurysm, endovascular, treatment,
management, and onyx. We managed to find
3 articles on the use of onyx in the treatment
of ITAs. Other articles were included in our
study using a more extensive search to briefly
review the pathogenesis of the disease and
to evaluate other alternative managements.
The search was limited to study published
in English.

EPIDEMIOLOGY

ITAs represent 5% of all intracranial aneu-
rysms®. Currently there are no rigorous
population-based epidemiological studies,
but an analysis of a pooled cohort by
Ducruet et al revealed that 65% of patients
with IIA have an underlying endocarditis®.
The prevalence have decreased from 86%
after the advent of antibiotic era’. The most
common sources of infectious bacteremia
remain intravenous (IV) drug abuse and
poor dental hygiene. Direct invasion of the
vascular wall from a nearby infectious focus,
such as cavernous sinus thrombophlebitis
and bacterial meningitis are also common
cause of IAA. The median age tends to vary
depending on the reviews between 35.1°
and 53 years'’. Some studies reported a
higher male predominance while the pooled
cohort done by Ducruet et al showed similar
proportions of both genders (52% males and
48% females)®.

PATHOLOGY AND
PATHOGENESIS

The process is the result of a developing infec-
tious process involving the arterial wall'’.
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Mycotic Aneurysm

Ruptured Unruptured

High Risk:

* Proximal location

® PAO cannot be done —

¢ Circumferential vessel
involvement

Invasive Management Medium to Low Risk

Conservative or Invasive

(Physician preference) sl popzaelio

e Size increased or no
change in size

* Development of other

aneurysm

¢ Rupture occurred

Invasive Management

Open Surgery: Endovascular:

® Young patient ¢ Old age

e Limited comorbidity e Multiple comorbidities

e Presence of hematoma with ® Severely dysplastic and

mass effect no neck present
¢ Candidate for cardiac surgery
¢ Distal location (or surgically
inaccessible)

* Multiple lIAs

Figure 1. Management Algorithm

A patient with a history of intravenous drug abuse was admitted to an outside hospital for treatment
of endocarditis. MRI at this time demonstrated multiple

The acute inflammation leads to neutrophils internal elastic lamina and proliferation of
infiltration followed by degradation of the the intima. The weakened vessel wall in
media and adventitia, fragmentation of the combination with the pulsatile pressure

in the vasculature leads to an aneurysm
formation and consequential growth®.
Most of the authors prefer the term pseu-
doaneurysm'?, although, both are widely
used. Many processes may contribute to the
development of ITAs; septic emboli lodging
at distal branches, spreading infection
involving the vasa vasorum and periarte-
rial lymphatic and vascular manipulation
precipitating infection?, all of which leads
to focal polymorphic neutrophil infiltra-
tion with enzymes and pro-inflammatory
cytokine secretions. Consequently, the
inflammatory reaction contributes to vessel
friability, weakening and pseudoaneurysm
formation. Grossly, the aneurysm appears
friable, have a thin-wall, and wide or absent
neck. This predisposes the aneurysm to
rupture and consequent bleeding. If it
ruptures, the mortality rate can be extreme,
as high as 80%'>!. Even though a fusiform
morphology points toward a mycotic pseu-
doaneurysm, a saccular morphology does
not exclude it; as it has been shown that
approximately 41% of mycotic aneurysm in
the literature are saccular.’

Even though virus and fungi can cause ITAs,
bacterial infection remains by far the most
predominant cause. The most commonly
reported bacterial pathogens are S. aureus
and Streptococcus species. IIAs have been
described following viral infection such as
HIV-1 and VZV', and fungal infection
such as Candida and Aspergillus*. ITAs can
be formed at distal branching points when
the infectious agent spread by hematogenous
route, as seen in endocarditis, or it can be
formed near the infected foci when the
infectious agent spreads by direct invasion
of the arterial wall from the extravascular
site.>® The latter is more commonly seen in
immunocompromised patients.”!” The most
common location of ITA seems to be the
anterior circulation, mainly the MCA and
its distal branches, contributing to as much
as 50-78% of all [TAs.»>?

CLINICAL MANIFESTATIONS
AND DIAGNOSIS

ITA’s natural history is somewhat unpre-
dictable, but linked to significant mortality
ranging from 30% to 80% if rupture occurs'®.
Some studies reported rupture as the most
common presentation of IIAs, and most of
the studies reported that headache followed
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Figure 2.

A patient with a history of intravenous drug abuse was admitted to an outside hospital for treatment of endocarditis. MRI at this time demonstrated
multiple cerebral septic emboli and mycotic aneurysms (A-C). Two weeks after initiation of antibiotics, the patient had a significant headache and CT scan
demonstrated new hemorrhage in the superior parietal lobe (D). The patient was transferred to our hospital for further care, and CTA and MRI at this
time demonstrated 2 persistent mycotic aneurysms with hemorrhage surrounding the 7mm aneurysm arising from the distal cortical branch from the
middle cerebral artery (E-H). As the patient required a cardiac valve replacement and would receive full anticoagulation and had a hemorrhage 2 weeks

after initiation of antibiotics, the intervention of the ruptured aneurysm was considered the best course of therapy. Due to the distal nature of the aneurysm,

microsurgical removal was deemed the best therapy (Figure I, intraoperative image of cortically based aneurysm). Intraoperative angiogram demonstrated
complete resection of the cortically based aneurysm with only the single aneurysm remaining (J, K). Follow CTA demonstrated resolution of the final
remaining aneurysm. Proximal aneurysm such ash those arising from cavernous ICA tend to be treated more by a direct approach using coiing, SAC, onyx

and flow-devireter.

Distally located MCA (46%) or PCA aneurysms (26%) mainly due to septic emboli: These atypically located aneurysms can be treated very elegantly by selec-
tive occlusion of the aneurysm or distal parent vessel occlusion with ethylene vinyl alcohol or Onyx.

by fever are the most common symptoms'.
However, a recent review found septic
infarct to be more common than intra-
parenchymal hemorrhage (IPH), and focal

neurologic deficit to be a more common
initial presentation than fever®. The bleeding
can be subarachnoid, intraparencyhmal, or
intraventricular®. Other signs and symptoms

of IIAs are due to the underlying etiology’?,
such as septic emboli, fever and chills, or to
the mass effect of the aneurysm. Silent ITAs
are not uncommon and can represent up to
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Table 1. Response of aneurysm to medical treatment

Disappearance | Decrease in size | No Change in size Increase in size Additional aneurysm
development
Bartakke S et al 29% 18.5% 15% 22% 15%
CorrPetal 33% 17% 33% 17%

Table 2. Characteristics of different agents used in embolization

- Hydrogel coated coils (increase in
volume once in contact with blood,
decreasing therefore initial coil-
packing density)

Agent Properties Advantages Inconvenience
NBCA - Non absorbable, adhesive - High durability - High risk of gluing the
- Rapid polymerization - Minimal inflammatory micro Cgthqter (instant
effect polymerization)
Detachable coil - New generation soft coil - Durable - Risk of rupture (transient

- Decreased risk of rupture
(vs old-generation coil)

increase in pressure while
deployment)

Onyx Non absorbable, adhesive

- Slow polymerization

- Multiple injection from
single catheter

- Requires familiarity
- Requires special catheter

GDC* +/- stent

Table 3: Aneurysm coiling with or without stent

Modality of treatment

Response

Yen PS et al

- Helistent 3.5x9mm + GDC for left cavernous
carotid

- Helistent 4x9mm + GDC for right cavernous
carotid

Complete occlusion
No complication

Nakahara | et al

- 9.2mm PCA, ultrasoft GDC

- 5,7 mm distal left ACA, ultrasoft GDC, treated
by PAO

Complete occlusion
No complication

Chapot et al (18 cases)

- Non-selective cyanoacrylate
-Coil embolization

Complete occlusion
No rupture or death

*GDC: Guglielmi detachable coils

10% of autopsy cases?. It is noteworthy that
in contrast to saccular aneurysm, size does
not seem to predict the risk of rupture?.
When the CMA is extracranial, the presen-
tation tends to be different. When this is the
case, the most common presentation is a
pulsatile painful lateral cervical mass, which
may compress the cranial nerves resulting in
dysphagia and dysphonia??. Ifleft untreated,
it may rupture causing a hemorrhagic shock,
or may deliver septic emboli to the anterior
circulation of the brain®%.

The diagnosis of mycotic aneurysms relies
on the presence of a predisposing infectious

process with an aneurysm documented by
vascular imaging. Some literatures even
recommend screening patient with bacte-
rial endocarditis for intracranial aneurysms
given the strong correlation between the
two®. Digital Subtraction Angiography
(DSA) continues to be the gold standard for
the diagnosis of IIA?, although CT angiog-
raphy and Magnetic Resonance imaging can
be used®. Some of the findings on DSA that
points toward ITA are: the fusiform shape,
the multiplicity, the distal location, and the
change in size on follow-up angiography.
Positive culture from the wall itself can

confirm the diagnosis®. Other indicators
are positive blood culture (only found in
35.6%), leukocytosis, elevated erythrocyte
sedimentation rate (ESR), and elevated
C-reactive protein (CRP)°.

TREATMENT

Approach to Management

Given the lack of RCTs, there are currently
no standards to guide clinical decision-
making. Treatment involves antimicrobial
agents, surgery, endovascular approach and
or a combination of them®. As a rule, I1As
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management depends essentially on whether
it has ruptured or not’, the aneurysm char-
acteristics and the overall health status of
the patient.

For unruptured IIAs in patients with high
surgical risk, conservative treatment with
antibiotic is the mainstay therapy. Antibiotic
are guided by blood and cerebrospinal fluid
(CSF) cultures. If the results were nega-
tive, empiric treatment based on suspected
pathogens is continued. A period of four to
six weeks of antimicrobial therapy is gener-
ally recommended®. An aneurysm has a
high surgical risk if there is a circumfer-
ential vessel involvement, if the location is
proximal, or if parent artery sacrifice cannot
be done due to considerable neurological
deficits. These characteristics render the
surgery or the endovascular therapy diffi-
cult and unsafe. Follow-up angiography is
necessary to assess the risk of rupture, which
is always present even with appropriate
medical therapy.® Conservative manage-
ment yields different outcomes in terms
of change in size or disappearance of the
aneurysm. The outcome with conservative
management is worse than that of invasive
treatment when the latter is indicated.?®*
Table 1 summarizes some of the outcomes
after conservative management. Resistance
to conservative treatment is suspected when
the aneurysm size increases or remains the
same, and/or when other aneurysms devel-
oped while the patient is on the appropriate
antibiotics. In this case, invasive manage-
ment is warranted."® However, some authors
advise for endovascular or surgical manage-
ment whenever the aneurysm is accessible?!,
regardless of the rupture status.

In the case of unruptured aneurysm without
high surgical risk, endovascular or surgical
treatment is advised irrespectively of the size
because of the high risk of rupture and the
weak association between size and rupture?!.

Ruptured aneurysms on the other hand
should be immediately secured by surgical
or endovascular means. The success of
endovascular or surgical treatment depends
mostly on the aneurysm morphology,
the co-morbidities of the patient and the
presence of an associated intracerebral
hemorrhage.” The choice between endo-
vascular and open surgery is complex and
should be individualized.

Surgical Management

A good candidate for surgery would be a
young symptomatic patient with surgically
accessible ITA and/or when a significant
hematoma with mass effect is present.” Open
surgery however would be challenging when
the location of the aneurysm is in the distal
anterior circulation. From a technical point
of view, clipping a mycotic aneurysm is more
difficult than a regular saccular aneurysm
due to the friable nature of the aneurysm
and to the absence or the deformity of the
neck. In addition, localizing a distal branch
aneurysm might be challenging. However,
image guidance technology may help in that
issue. Open surgery faces a major limitation
when the patient is candidate for cardiotho-
racic surgery, which requires heparinization
and anticoagulation. This puts the patient
at higher risk of intracranial bleeding after
craniotomy. Even more, studies have shown
that cardiothoracic surgery following crani-
otomy increases the risk of perioperative
heart failure.?¢>® The major complications
of surgery are perioperative rupture and clip
erosion of the parent artery.”?* An alterna-
tive option in an unruptured aneurysm
would be to delay surgery and give adequate
time for the aneurysm to become fibrotic,
minimizing therefore the risk of periopera-
tive rupture and enabling direct clipping®.
Even then, the risk of surgery remains high®.
For all the previous reasons and given that
many patients with ITA are quite ill and have
multiple comorbidities, surgery is falling out
of favor.?”? In these settings, the endovascular
option seems to have replaced surgery as
standard of care in treatment of IIAs,” yet
the optimal treatment paradigm remains
controversial.

Endovascular Management

The advantages of endovascular therapy
over surgery are a decreased risk of anes-
thesia particularly in patients with impaired
valve function, rapid institution of antico-
agulation therapy, and shortening of the
delay between aneurysm treatment and
cardiac surgery. The delay can be reduced
from 2-3 weeks to as little as 1 day.>>*>* A
major indication for endovascular therapy
would be a patient with high surgical risk, a
patient candidate for cardiac surgery®, and
a surgically inaccessible or multiple ITAs*

Current strategies in endovascular therapy

include an indirect approach by parent
artery occlusion (PAO) using coils or liquid
embolic agents (LEAs), and direct approach
by embolization of the aneurysm using coils,
stent-assisted coiling (SAC), flow diverters,
and LEAs.”*32 PAQ is attempted when the
aneurysm is distally located, dysplastic,
involving the whole circumference of the
parent vessel, and has a complex morphology,
provided that the area of the brain supplied
by that artery is non eloquent. Intracranial
balloon test occlusion or amobarbital injec-
tion testing can help determine whether the
area is eloquent or not when the provider is
unsure.” IIAs that are proximal in location
such as those arising from cavernous ICA
tend to be treated more by a direct approach,
while both approaches are equally used for
aneurysms that are distal in location such
as those arising from MCA and posterior
cerebral artery (PCA). When the aneurysm
is difficult to reach, LEAs can be used for
distal PAO (N-butyl 2-cyanoacrylate NBCA,
ethylene-vinyl alcohol copolymer Onyx).
The advantages and disadvantages of the
different agents used are summarized in
Table 2.

Endovascular coiling has been attempted
by Androu et al'® and Chapot et al*® with
successful occlusion, without any rupture
or death (Table 3).1°%33 Sugg et al**presented
a case-report in which an ITA was treated
by Neuroform stent. The major drawback
was the use of antiplatelet agents?”, which
can be critical if the aneurysm ruptured.
Jadhav et al* used Onyx 18 to treat 2 cases
of mycotic aneurysm, one due to its resis-
tance to antibiotic treatment and the other
due to its high risk of rupture in the setting
of chronic anticoagulation in a patient with
antiphospholipid syndrome.?”” Onyx has
the advantage over NBCA of being non-
adhesive, with a long precipitation time.
This allow for more precise control resulting
in more satisfactory embolization.”*

Katakura et al treated pediatric IIAs using
NBCA and coils for PAO with no compli-
cations from the occlusion of distal MCA
branches®®. Eddleman et al approached
pediatric patients with IIAs that presented
with rupture.” One patient was treated with
PAO using Onyx and another patient was
treated by direct coiling followed by onyx
embolization due to persistent filling of the
aneurysm on follow-up DSA”. The treatment
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was effective and safe (Table 3 and 4). For
management algorithm, please refer to
Figurel.

At our institution, Thomas Jefferson
University Hospital, 4 mycotic aneurysms,
3 of which were associated with arteriove-
nous malformation and 1 with Moyamoya
disease, were successfully treated. Complete
aneurysm obliteration was achieved in all
patients by using Onyx 18 to occlude the
aneurysm or to trap the parent vessel, with a
procedural related mortality and morbidity
rate of 0%. Unfortunately, 2 of our patients
died from cardiac complications caused by
their endocarditis. The technique that seemed
to provide additional safety was the injection
just proximal to the aneurysm, limiting thus
the distal migration while the filling is taking
place. There were neither instances of reflux
nor accidental migration of embolic material.
There were no recanalization or rebleeding
on follow-up. We conclude that parent vessel
trapping with Onyx 18 offers a simple, safe,
and effective means of achieving obliteration
of distal challenging aneurysms. Avoiding
the need for aneurysm catheterization
reduces intraarterial manipulation, and thus
practically eliminates the risk of aneurysm
perforation. Figure 2 illustrates a case of IIA
that was treated by Onyx 18.

CONCLUSION

ITAs have a rupture risk of less than 2%.
Nevertheless the mortality rate post rupture
could reach as high as 80%2"* In the last
decade the flourishing advances in endo-
vascular techniques expanded the scope of
its application and have transformed it from
a rescue procedure to a first line treatment
as recommended by many authors.?$3%35-38
The majority of the patients with IIAs are
quite ill with multiple comorbidities. There-
fore, an endovascular approach would be a
more suitable treatment option?’. Unrup-
tured ITAs can be treated with antibiotics
and follow-up imaging in 1-2 weeks after
therapy. If the aneurysm decreased in size
or resolved, then the patient most likely will
not need an invasive therapy. Continuation
of the antimicrobial in that case would be
appropriate, while noting that a decrease
in size does not correlate with a decrease
in the risk of rupture.* If the aneurysm is
increasing in size or remaining the same,
invasive procedures become mandatory.

The choice between open surgery and
endovascular management depends on
a multitude of factors already described
above, but the most important are the
following: the morphology and location of
the aneurysm, whether it is possible or not
to sacrifice the parent artery, whether the
patients needs or has received valve replace-
ment surgery, and lastly the patient overall
health status. Even though there is no head
to head RCTs comparing endovascular and
open surgery, most infectious aneurysms
are being treated by endovascular method.”
The ITAs of patients considered “strongly
immunocompromised” such as those with
AIDS, those on chemotherapy or on immu-
nosuppressive drugs, have higher rates
of growth and rupture®*® The prognosis
of these patients depends on the prompt
recognition and early aggressive treatment.
Both endovascular and surgical techniques
are safe and effective options that have been
shown to increase survival when compared
to conservative management alone.*
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Intra-Operative Visualization of Prior Stroke
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Figure 1 A, B

Intraoperative visualization of a middle cerebral artery territory stroke during expo-

sure for a right temporal lobectomy indicated for medically intractable epilepsy

The patient is a 41-year-old right-handed female with a history of stroke at age 24, in the
distal right middle cerebral artery territory. Of note, when the patient had the stroke she was
a cigarette smoker and simultaneously on oral contraceptives. She presented to our institution
in early 2013 with medically intractable epilepsy, for surgical evaluation due to worsening of
her seizures. The patient had experienced seizures for the past 16 years, and failed multiple
anti-epileptic drugs. She underwent placement of a vagal nerve stimulator in 2007. Further
work-up at Jefferson Hospital for Neuroscience revealed the patient to be a surgical candidate
for her epilepsy.

She underwent an extended temporal-
parietal lobectomy with intraoperative
electrocorticography, The above images
(Figures 1A, B) were taken from the initial
exposure of the brain, and show the area of
brain where her stroke occurred 17 years
ago. The patient remained at neurological
baseline post-operatively.
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ABSTRACT

Neurocysticercosis (NCC) is an invasive parasitic infection of the central nervous system
(CNS) caused by the larval stage of the tapeworm Taenia solium. The clinical manifestations
of NCC depend on the parasitic load and location of infection as well as the developmental
stage of the cysticerci and host immune response, with symptoms ranging from subclinical
headaches to seizures, cerebrovascular events, and life-threatening hydrocephalus. Racemose
NCC represents a particularly severe variant of extraparenchymal NCC characterized by the
presence of multiple confluent cysts within the subarachnoid space and is associated with
increased morbidity and mortality as well as a decreased response to treatment. In this report,
we describe a patient recently emigrated from Mexico with racemose NCC and hydrocephalus
and review the clinical, diagnostic, and therapeutic features relevant to the management of
this aggressive form of NCC.

INTRODUCTION

Neurocysticercosis is a common parasitic infection of the central nervous system caused by
the tapeworm Taenia solium. Infection is typically characterized by the presence of intra-
parenchymal cysts within the cerebral hemispheres at the grey-white junction and NCC is
the most frequent cause of acquired epilepsy in developing countries.' Parasitic infestation
is endemic to South and Central America, Southeast Asia, China, and Sub-Saharan Africa?
and is of increasing importance in the United States due to the high volumes of immigration
from these endemic areas.* Extraparenchymal NCC is less common than the intraparen-
chymal form and is defined as neurocysticercosis involving the subarachnoid, meningeal, and
intraventricular space. Extraparenchymal NCC presents unique diagnostic and therapeutic
challenges compared to the intraparenchymal form. The racemose variant of extraparen-
chymal NCC represents a particularly aggressive infection and is associated with relatively
increased morbidity and mortality and decreased responsiveness to medical treatment. The
variant is characterized by the presence of multi-lobulated confluent cysts within the basal
subarachnoid space that appear “grape-like” both radiographically and pathologically.? In
this report, we describe the successful management of a patient with extensive racemose
NCC and hydrocephalus treated with cerebrospinal fluid (CSF) diversion and prolonged
administration of albendazole and corticosteroids with complete radiographic and clinical
resolution of infection.

CASE REPORT

A 39 year old male presented to the emergency room with complaint of worsening headaches
and visual decline. The patient emigrated from Mexico 13 months prior to presentation
and reported no other significant medical history. He described diffuse headaches that had
progressed over a one month period with new-onset bilateral visual impairment and nausea
for the last week. His neurologic exam was non-focal, however, ophthalmologic evaluation

revealed bilateral papilledema and dimin-
ished visual acuity. He was afebrile on
presentation and without meningeal
irritation signs. Initial laboratory findings
indicated a normal white blood cell count
of 7400/mm3 with 73% polymorphonuclear
leukocytes, 21% lymphocytes, and 1%
eosinophils. A head computed tomography
(CT) scan demonstrated hydrocephalus with
transependymal flow and a multi-lobulated
hypodense mass in the basal cisterns.
Subsequent magnetic resonance imaging
(MRI) was performed which demonstrated
the presence of too numerous to count non-
enhancing, T2-hyperintense cystic lesions
in the lateral ventricles and subarachnoid
spaces including the bilateral sylvian fissures
and cerebellopontine angles as well as the
suprasellar, interpeduncular, and prepon-
tine cisterns with the largest cyst measuring
21mm in diameter and exerting mild mass
effect upon the brainstem (Figure 1). Minor
sylvian fissure enhancement was noted
bilaterally, however, magnetic resonance
angiography (MRA) showed no large vessel
stenosis or occlusion. A screening MRI of
the spine demonstrated a small subarach-
noid cystic lesion at the level of the conus
and multiple septations at the S1-S2 level.
A lumbar puncture was performed and an
elevated opening pressure was documented.
Cerebrospinal fluid (CSF) analysis revealed a
mild lymphocytic pleocytosis with 60 white
blood cells/mm3 (96% lymphocytes, 4%
eosinophils). The initial CSF protein level
was 106 mg/dL with a glucose level of 54 mg/
dL. CSF cysticercus antibody ELISA testing
was positive and a diagnosis of racemose
NCC was made based on the immunoassay
results, neuroimaging findings, and history
of recent emigration from Mexico.

After extensive discussion between the
neurosurgical and infectious diseases teams,
we elected to proceed with placement of a
ventriculoperitoneal shunt to ameliorate
his elevated intracranial pressure and
communicating hydrocephalus. High-dose
dexamethasone (4mg QID) was initiated
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Figure 1.

(A) Axial T2-weighted MRI demonstrating multiple confluent cystic lesions in the basal cisterns
and sylvian fissures. (B) FLAIR MRI showing multiple cystic lesions with the largest cyst measuring
21mm in maximal diameter (dashed arrow) and mild mass effect upon the brainstem. (C) Sagittal

T1-weighted MRI post-gadolinium administration showing hydrocephalus and cystic lesions in
suprasellar, prepontine, and foramen magnum cisterns. (D) FLAIR MRI demonstrating multiple
cystic lesions within the lateral ventricles bilaterally (arrows) with enlarged ventricles and transep-
endymal flow.

followed by administration of prolonged
albendazole (10mg/kg/day) treatment. The
patient experienced immediate relief of his
visual deficit following the CSF diversion
treatment. He maintained a mild headache
disorder that responded well to steroids
and he was able to be slowly weaned off of
this medication over a 12 month period.
MRI scan performed at that time revealed
complete radiographic resolution of his
subarachnoid, spinal, and intraventricular
cystic lesions with very mild persistent

meningeal enhancement (Figure 2). A serum
cysticercus antigen ELISA test was nonreac-
tive and albendazole was discontinued.

DISCUSSION

Cysticercosis is the most common helmin-
thic infection of the central nervous system
with infection occurring primarily through
the ingestion of eggs of the parasitic tape-
worm Taenia solium.® The eggs hatch within
the digestive system and the released onco-
spheres penetrate the intestinal mucosa to

enter the circulation. The oncospheres are
then passively transported to various tissues
including the brain, muscle, and eyes where
the parasites form larval cysts, or cysticerci.
Extraparenchymal NCC occurs as the
cysticerci reach the ventricles through the
choroid plexus where they may pass freely
or become attached to the ependyma.®
Intraventricular infection appears to be
more frequent than previously believed with
recent series documenting the presence of
parasitic cysts in up to 30% of patients with
NCC.” Displacement of the cysts from the
ventricles via the CSF may lead to infection
within the basal cisterns, sylvian fissures,
and cortical and spinal subarachnoid spaces.
Excessive basal subarachnoid infection
involving numerous parasitic membranes
and enlarged vesicular cysts accompanied by
arelative lack of scolices is termed racemose
NCC, although no definitive diagnostic
criteria for this rare but severe variant have
been described.?

The diagnosis of racemose NCC is typically
based on neuroimaging, serum and CSF
laboratory evaluation, and clinical epide-
miologic data including immigration from
or frequent travel to disease endemic areas.
Contrast-enhanced MRI is the imaging
modality of choice for detection of extrapa-
renchmal NCC as CT has limited sensitivity
for identification of intraventricular and
small subarachnoid cysts.® Lesions typi-
cally appear as hyperintense on T2-weighted
sequences and provide clear delineation of
the cyst wall and presence of obstructive or
communicating hydrocephalus. Contrast
evaluation is important to determine the
extent of the host inflammatory response
including ependymitis and basal arach-
noiditis as well as the evolutionary stage
of the parasite. While the clinical and
neuroimaging findings are of paramount
importance, serologic testing may provide
additional data especially in patients without
an appropriate epidemiologic history.
Peripheral eosinophilia is a common but
nonspecific finding with NCC.? Similarly,
the presence of CSF eosinophils is frequently
indicative of NCC and is a helpful in
differentiating NCC from other forms of
infectious chronic meningitis, although
this finding has been reported to occur in
only 15% of patients.” The most common
CSF abnormalities observed with NCC are
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Figure 2.

(A) Axial T2-weighted MRI showing cyst resolution within the basal cisterns and sylvian fissures.

(B) FLAIR MRI showing resolution of the multiple cystic lesions within the lateral ventricles and

hydrocephalus.

a mild-moderate lymphocytic pleocystosis
and increase in protein with the levels
varying according to parasitic burden and
location of infection. Positive serum and
CSF immunoassays for detection of anti-
cysticercal antibodies are highly suggestive
of NCC infection in the appropriate clinical
setting, although false-negative results are a
well-recognized limitation.® The sensitivity
of these immunoassays has not been estab-
lished for the racemose variant but would
be expected to be increased given the robust
inflammatory reaction typically elicited
with subarachnoid infection.

The intraventricular and cisternal forms
of NCC typically manifest in a more clini-
cally aggressive manner than parenchymal
infection and frequently cause intracranial
hypertension due to CSF outflow obstruc-
tion or inflammatory basal arachnoiditis.’
Cysts within the ventricular cavities may be
free floating and cause obstruction at the
foramina of Monro, sylvian aqueduct, or
fourth ventricle and may present with rapid
clinical deterioration secondary to acute
hydrocephalus. These cysts may also become
attached to the ependymal wall of the

ventricle and result in ependymitis following
cyst degeneration that may lead to intraven-
tricular loculation and make CSF diversion
more problematic. Similarly, cyst degen-
eration within the subarachnoid space may
elicit an accompanying host inflammatory
response with basal arachnoiditis, vasculitis,
elevated intracranial pressure, and subacute
to chronic hydrocephalus requiring CSF
diversion. In 2002, DeGiorgio demonstrated
that patients with heavy cyst burdens and
hydrocephalus carried the highest risk of
mortality with NCC, primarily because of
elevated intracranial pressure and shunt-
related problems.!® Similarly, Colli et al.
reported a 30.8% mortality in patients who
required placement of a ventriculoperitoneal
shunt and a greater than 80% rate of shunt
failure secondary to shunt obstruction due
to proteinaceous debris.!! In addition to
hydrocephalus, the active inflammatory
process may lead to vasculitis and cerebro-
vascular complications. Angiography or
magnetic resonance angiography (MRA)
may reveal segmental narrowing or occlu-
sion of large vessels within the basal cisterns
and sylvian fissures, with the majority of

infarcts occurring in the lenticulostriate
artery distributions.!”” Basal meningitis
may also cause cranial nerve dysfunction
due to fibrous entrapment.® Callacondo
et al. recently described that extension of
infection to the spinal subarachnoid space
is very common in racemose NCC, with
spinal involvement documented in 17 of 28
patients in their prospective study leading
the authors to recommend that screening
MRI of the spine be performed in basal
subarachnoid disease to document spinal
involvement, prevent complications, and
monitor for recurrent infection.!?

No consensus exists regarding the optimal
treatment of racemose NCC including
the duration of anthelmintic treatment
and the role of surgical intervention. In
patients presenting with hydrocephalus,
the priority is relief of raised intracranial
pressure.® Obstructive hydrocephalus due
to intraventricular cysts is best managed
endoscopically via cyst removal or drainage
and often obviates the need for permanent
shunt placement.®! Intraventricular cysts
may be freely mobile and imaging immedi-
ately prior to neuroendoscopic intervention
is recommended to confirm the location
of the cyst. A relative contraindication for
endoscopic removal of intraventricular cysts
is the presence of significant ependymal
enhancement as this typically indicates
dense adhesion between the parasitic cyst
and the ependymal wall with attempted cyst
removal associated with neurologic injury
and intraventricular hemorrhage.'> 6 A role
for endoscopic or microsurgical removal of
subarachnoid cysts within the basal cisterns
and sylvian fissures is less established due to
frequently high cyst burden and widespread
subarachnoid distribution and inflamma-
tory response. Giant (>5cm) subarachnoid
cysts with associated mass effect and
intracranial hypertension are most often
managed surgically, although Proaiio et al.
demonstrated complete resolution of giant
cysts in 19 of 33 patients treated medically
with prolonged multi-course anthelmintic
and corticosteroid therapy.'” Couldwell et al.
suggested that surgical therapy be reserved
for cisternal forms of NCC if initial medical
management fails or experiences neuro-
logic decline as conventional microsurgical
approaches have been associated with signif-
icant morbidity, likely due to the presence
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of arachnoiditis with adherence of the cyst
walls to cranial nerves and arteries.'® More
recently, several authors have described
minimally-invasive keyhole or endoscopic
approaches to the basal cisterns to achieve
cyst drainage, although the utility of these
approaches for extensive subarachnoid
disease has yet to be established."” Fortu-
nately, spillage of cyst contents with these
approaches has not proven to exacerbate the
inflammatory response in the postoperative
period, although careful attention to this
concern and copious intraoperative irriga-
tion are reccommended.?*?!

In our patient with hydrocephalus and rela-
tively rapid progression of visual loss, given
the bilateral sylvian fissure involvement and
absence of any dominant cystic lesion or focal
neurologic deficits, we elected to proceed
with placement of a ventriculoperitoneal
shunt prior to initiating therapy directed
against the invasive infection. Delayed
exacerbation of intracranial hypertension
frequently occurs several days following
administration of cysticidal agents as a result
of cyst degeneration and subsequent host
inflammatory reponse with release of pro-
inflammatory cytokines.>? For this reason,
steroids should be administered concur-
rently with anthelmintic therapy to reduce
the inflammatory response. Subarachnoid
cysts are considered less responsive to
pharmacologic therapy compared to intra-
parenchymal lesions, with albendazole the
preferred drug for treatment of racemose
NCC due to its superior CSF penetration
compared to praziquantel.’® Additionally,
the CNS distribution of albendazole is less
effected by steroid administration.?* The
dose and duration of treatment must be indi-
vidually tailored to each patient depending
on their parasitic burden and clinical and
radiographic response to treatment with the
treatment course frequently longer than that
prescribed for parenchymal disease. Aggres-
sive medical treatment has been shown to
decrease the incidence of shunt malfunction
which has been directly linked to poorer
clinical outcome.?* For patients with giant
cysts, Proao et al. achieved excellent results
with a four week course of albendazole,
although more than half of their patients
required more than one treatment course
to achieve cyst resolution. Four of the 33
patients in their study required three or

more months of therapy and ten patients
also received praziquantel following a failure
of the cysts to respond to albendazole.!”

CONCLUSION

In our patient, we report the successful
clinical resolution of racemose NCC
following CSF diversion and prolonged
anthelmintic therapy and corticosteroid
administration to prevent development of
chronic subarachnoid inflammation. No
shunt complications or revisions occurred
and a complete radiographic response
was observed. Racemose NCC represents
a fortunately rare but aggressive form of
extraparenchymal NCC often resulting
in basilar arachnoiditis, vasculitis, and
cranial neuropathy. Proper recognition of
this infection and appropriate management
with careful consideration of the deleterious
effects of the attendant host inflammatory
response to cyst degeneration is necessary
to reduce patient morbidity and mortality.
Racemose NCC accompanied by intracra-
nial hypertension and hydrocephalus is
associated with poorer clinical outcomes,
often related to ventriculoperitoneal shunt
infection and malfunction. Vigilant clinical
and radiographic monitoring of response to
treatment is imperative to reduce neuro-
logic sequelae and infection relapse as
prolonged or multi-course medical therapy
is frequently necessary.
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The Department of Neurosurgery at Thomas Jefferson University is a national leader in
neurosurgical research. At present, the Department is conducting or participating in 26
active clinical trials and 49 retrospective studies and reviews, with additional future projects
currently in the pipeline.

Our clinical trials include industry-sponsored trials as well as federally-funded, national
collaborations including:

o The PROTECT Trial - for traumatic brain injury

o The BOOST Trial - for traumatic brain injury

o The SHINE Trial - for patients following stroke

o The CLEAR Trial - for patients following stroke

« The NACTN Registry - for patients following spinal cord injury
o The POINT Trial - for patients following stroke

Our Department’s research spans the breadth of clinical neurosurgery, covering vascular and
endovascular neurosurgery, functional neurosurgery, spine and peripheral nerve surgery,
oncological neurosurgery, neuro-intensive care, and trauma. The Department’s Clinical
Research Unit is the only clinical research unit in the region with 24/7 staffing to conduct and
support ongoing neurosurgical research projects. This unit also supports vascular neurology
research stroke trials. The Department also collaborates with multiple Jefferson Hospital

for Neuroscience laboratories to study behavioral and systems cognitive neuroscience, the
neurobiology of disease, cellular and molecular neuroscience, and translational and clinical
neuroscience. Furthermore, our state of the art telemedicine program supports our research
initiatives across the region.

A listing of recently published, peer-reviewed articles authored by Jefferson neurosurgery
faculty is provided below.
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Support

Support Groups

Brain Aneurysm and AVM Support Group at Jefferson

The Brain Aneurysm and AVM (arteriovenous
malformation) Support Group provides support
for individuals, family members and friends
who have been affected by cerebral aneurysms,
subarachnoid hemorrhage and AVMs. The
purpose of the group is to gain and share
knowledge and understanding of these vascular
anomalies and the consequences of these disease
processes. The group provides mutual support
to its members by creating an atmosphere that
engenders active listening and sincere and
thoughtful speech within a caring environment.

When Third Wednesday of every month (September through June)
Time 6:30-8:30 p.m.
Place 909 Walnut Street, 3rd Floor, Conference Room

Philadelphia, PA 19107

Moderators Mariana Evanitsky, RN and Cynthia Labella, RN, BS

Secretary Jill Galvao

Parking Complimentary parking is provided in the parking garage
located in the JHN Building (Jefferson Hospital for
Neuroscience) on 9th Street (between Locust & Walnut)

Information For additional information please call: 215-503-1714

The Delaware Valley Brain Tumor Support Group at Jefferson

The Delaware Valley Brain Tumor Support
Group at Jefferson provides an opportunity
for patients and their families to gain support
in obtaining their optimum level of well-being
while coping with, and adjusting to the diag-
nosis of brain tumor. Members are encouraged
to share their support strategies so members
can confront the challenges that this disease
process has imposed on their lives. The strength
gained from group can be a source of comfort
and hope for whatever lies ahead.

When Second Thursday of every month (except July and August)

Time 7-8:30 p.m.

Place Jefferson Hospital for Neuroscience, 3rd Floor conference room
900 Walnut Street

Philadelphia, PA 19107

Facilitator Alisha Amendt, CRNP
215-955-4429

Light refreshments and snacks will be served. Free parking is available at the Jefferson
Hospital for Neuroscience parking lot.

Neurosurgical Emergency Hotline

Jefferson Hospital for Neuroscience
Aneurysms ° AVMs ° Intracranial Bleeds
7 day ° 24 hour coverage

1-866-200-4854

JHN JOURNAL n



UPCOMING JEFFERSON

NEUROSURGERY CME PROGRAMS

As an integral part of Jefferson Hospital for Neuroscience, the region’s only dedicated hospital
for neuroscience, the Department of Neurological Surgery is one of the busiest academic
neurosurgical programs in the country, offering state-of-the-art treatment to patients with
neurological diseases affecting the brain and spine, such as brain tumors, spinal disease,
vascular brain diseases, epilepsy, pain, Parkinson’s disease and many other neurological
disorders (http://www.jefferson.edu/jmc/departments/neurosurgery.html).

As part of a larger educational initiative from the Jefferson Department of Neurological Surgery,
the Jefferson Office of Continuing Medical Education is offering the following continuing
professional educational opportunities for 2013-2014:

* 3rd Annual Brain Tumor Symposium:
Current Innovations in Brain Tumor Treatments
November 1, 2013
The Ritz-Carlton, Philadelphia

e 25th Annual Pan Philadelphia
Neurosurgery Conference
December 6, 2013
The Union League of Philadelphia

* 3rd Annual Neurocritical Care
Symposium: A Case-Based Approach
January 24, 2014
The College of Physicians of Philadelphia

¢ 13th Annual Cerebrovascular Update
March 20-21, 2014
Hyatt at the Bellevue, Philadelphia

* 5th Annual Navigating Spinal
Care Symposium
May 2014
Philadelphia (Location TBD)

For additional information regarding these and other
Jefferson CME programs, please visit our website at
http://jeflline.jefferson.edu/jeffcme/ or call the Office of
CME at 888-JEFF-CME (888-533-3263).

THOMAS JEFFERSON UNIVERSITY HOSPITALS

Neurosurge
Grand R%)lllzds

Overall Goals & Objectives

Fridays, 7:00 am

« Evaluate current controversies in neurosurgery

« Discuss routine occurrences in neurosurgical practice and evaluate them in terms of
outcome and alternative methods of management

De Palma Auditorium

1025 Walnut Street
College Building, Basement
Philadelphia, PA 19107

« Review recent advances and current therapeutic options in the treatment of various
neurosurgical disorders.

Jefferson Medical College of Thomas Jefferson University is accredited by the ACCME to

provide continuing medical education for physicians.

Jefferson Medical College designates this educational activity for a maximum of 1 AMA

PRA Category 1 Credit(s)(TM). Physicians should only claim credit commensurate with

the extent of their participation in the activity.

For additional information and a schedule of speakers, please contact:
Janice Longo

215-503-7008

janice longo@jefferson.edu

SAVRDATE

25" ANNUAL

PAN PHILADELPHIA
NEUROSURGERY CONFERENCE
DECEMBER 6, 2013

THE UNION LEAGUE OF PHILADELPHIA e PHILADELPHIA. PA
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Jefferson Hospital for Neuroscience is the region’s only hospital dedicated to neurosurgery and neurology, with
specialized critical care units and advanced technology. The experience of our physicians - including six board-certified
neurointensivists — and nurses is nearly impossible to match, especially when it comes to treating brain aneurysms,
AVMs, brain tumors and stroke with minimally invasive procedures they helped to develop. For neuroscience,

experience the advantages that choosing our team makes. Choose Jefferson.

JeffersonHospital.org/neuroscience 1 '800'JEFF' NOW




