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ABSTRACT

Introduction

Seizures following cranioplasty are underreported and insufficiently investigated. 
Prevention of seizures has great potential to enhance the quality of life in cranioplasty 
patients. We aimed to identify specific risk factors related to the development of seizures 
in this setting.

Methods

A retrospective review of the charts of all cranioplasty patients at a single institution 
from January 2000 to December 2011 was conducted. Patients who underwent crani-
ectomy for cerebrovascular incidents, traumatic brain injury, non-traumatic subdural 
hematomas, and non-traumatic epidural hematomas were included, while patients who 
underwent craniectomy for tumors, infections, or epilepsy were excluded. We tested 
the following predictors of seizures: age, sex, race, diabetic status, hypertensive status, 
reason for craniectomy, urgency status of craniectomy (urgent vs. elective), location of 
cranioplasty, reoperation for hematoma, hydrocephalus post-cranioplasty, infection 
post-cranioplasty, and cranioplasty material type (autologous vs. synthetic). A multi-
variate logistic regression analysis was performed.

Results

A total of 348 patients were included in the study with a mean age of 49.70 years. Of all 
patients in the study, 14.37% (50/348) had seizures after cranioplasty. Of these, only 4 
patients (8.00% or 4/50) had a history of seizure prior to the cranioplasty. In a multivariate 
analysis, male gender, increasing age, and infection were associated with a higher risk of 
seizures. (OR=2.35 P<0.05; OR=1.04 P<0.05; OR=4.12 P<0.05: respectively). Trauma and 
convexity/bifrontal cranioplasty showed a trend of increased risk but were marginally 
significant (OR=2.86-P=0.06; OR=2.17 P=0.07, respectively).

Conclusion

Cranioplasty seizures are predicted by male gender, older age, and history of infected 
cranioplasty. Similar to previous studies, the majority of seizures occurred in the post-
cranioplasty period.

INTRODUCTION
Seizures following cranioplasty remain underreported in the literature. Many of the patients 
who suffer from seizures after cranioplasty progress to develop epilepsy.1 Prevention of 
seizures and, subsequently, of epilepsy can enhance the quality of life and neurological 
outcomes in those who have undergone this type of surgery.2 Therefore, we aim to identify 
specific risk factors related to the development of post cranioplasty seizure.

METHOD

Design
The University Institutional Review 
Board approved the study protocol. We 
conducted a retrospective review of all 
patients who underwent cranioplasty 
at our institution from January 2000 to 
December 2011. The study included all 
patients who underwent a craniectomy 
for traumatic brain injury (TBI), non-trau-
matic subdural hematoma, non-traumatic 
epidural hematoma, hemorrhagic stroke, 
ischemic stroke, and subarachnoid 
hemorrhage (SAH). Patients who had 
undergone craniectomy for epilepsy were 
excluded. We found 348 patients to be 
eligible for the study.

Study variables
We included in our study the following 
variables: age, sex, race, diabetic status, 
hypertensive status, tobacco use, reason 
for craniectomy, urgency status of 
craniectomy (urgent vs. elective), loca-
tion of cranioplasty (unilateral convexity, 
bilateral convexity, bifrontal, and suboc-
cipital), reoperation for hematoma, 
hydrocephalus post-cranioplasty, infec-
tion post-cranioplasty, and cranioplasty 
graft (synthetic vs. autologous bone 
graft). We ensured that o nly convincing 
epileptic events were included, therefore 
only documented seizures were included 
in the study. When in doubt, we reviewed 
the EEG and the neurology consult if 
ordered. Undocumented or uncon-
firmed seizures were excluded from the 
study. We also defined a previous history 
of seizure as one or more episodes of 
seizure prior to cranioplasty. 

Statistic Analysis
Data are presented as mean and range for 
continuous variables, and as frequency for 
categorical variables. Analysis was carried 
out using unpaired t-test, Chi-square, and 
Fisher’s exact tests as appropriate. Univar-
iate analysis was used to test covariates 

Mario Zanaty, MD1; Nohra Chalouhi, MD1; Robert Rosenwasser, MD1; and 
Pascal Jabbour, MD1; Stavropoula Tjoumakaris, MD1

1  Department of Neurosurgery, Thomas Jefferson University and Jefferson Hospital for 
Neuroscience, Philadelphia, Pennsylvania

Predictors of Seizures  
Following Cranioplasty



3JHN JOURNAL 

General Neurosurgery

In a multivariate analysis (Table 3), male 
gender, increasing age, and infection were 
predictive of seizures (OR=2.35 P<0.05; 
OR=1.04 P<0.05; OR=4.12 P<0.05: 
respectively). Trauma and cranioplasty 
location showed a trend of increased risk 
but did not achieve statistical significance 
(OR=2.86-P=0.06; OR=2.17 P=0.07, 
respectively). 

DISCUSSION

Background
Seizures post-cranioplasty can be attrib-
uted to the underlying etiology, the 
DHC, or the cranioplasty itself. It is not 
uncommon to have a minimal amount 
of brain tissue manipulation during 
cranioplasty. This manipulation may 
precipitate seizure activity in an already 
susceptible brain tissue4 and may inde-
pendently contribute to post-operative 
seizure5. In a recent retrospective study, 
cranioplasty was an independent risk 
factor for seizures occurrence in patients 
undergoing decompressive hemicraniec-
tomy (DHC) for stroke or trauma.1,4 The 
authors noted that the majority of seizures 
occurred in the following weeks after 
cranioplasty for patients who underwent 
DHC for middle cerebral artery stroke1. 
Free radical formation, ionic balance 
disturbance, and cerebral manipulation 
have been postulated as a mechanism of 
post-operative seizure formation.5,6 The 
primary objective of our study was to 
evaluate the influence of specific variables 
on the seizures’ rate after cranioplasty.

Demographic risk factors and 
comorbidities
We found that male gender and increasing 
age were the only demographic variables 
associated with a higher risk of seizure. 
Similarly, Creuztfeldt et al. found that 
seizures were more common in males.1 
None of the continuous variables in their 
study, which included age, Glasgow 
coma scale and National Institute of 
Health Stroke Scale, was associated with 

epidural hematoma (2.01%). The rate of 
reoperation for hematoma was 6.90%.

Predictors of seizures

Post-cranioplasty seizure occurred in 14% 
(50/348) of the patients. Of these, only 4 
patients (8.00% or 4/50) had a history of 
seizure prior to their cranioplasty.

Univariate analysis (Table 2) revealed the 
following variables to be associated with 
a higher risk of post-cranioplasty seizure: 
male gender (OR =2.37, P<0.05), older 
age of more than 60 years (OR=1.02, 
P<0.05), bifrontal and convexity cranio-
plasty location when compared to 
suboccipital (OR=9.43, P<0.05), decom-
pressive hemicraniectomy (DHC) for 
trauma (OR=3.22, P<0.05), cranioplasty 
site infection (OR=4.54, P<0.05), and 
reoperation for hematoma evacuation 
(OR=3.40, P<0.05). Smoking, hyper-
tension, diabetes, and race did reach 
statistical significant (p>0.05) (Table 2). 
There was no difference in seizure rate 
between patients who had a synthetic 
graft and those who had an autologous 
bone graft (Table 2).

predictive of seizure following cranio-
plasty. Interaction and confounding 
was assessed through stratification and 
relevant expansion covariates. Factors 
predictive in univariate analysis (p<0.15)3 
were entered into a multivariate logistic 
regression analysis. P-values of ≤ 0.05 
were considered statistically significant. 
Statistical analysis was carried out with 
Stata 10.0 (College Station, TX).

RESULTS

Demographics
A total of 348 patients met the study 
criteria. Data analysis revealed a mean age 
of 49.70 +/– 13.40 years. As for gender, 
50.57% (176/348) of the patients were 
males and 49.43% (172/348) were females. 
The proportion of smokers was 46.84% 
(163/348) and that of non-smokers was 
53.16% (185/348). Demographics and 
comorbidities are included in Table 1. 
The leading cause of craniotomy was 
SAH (52.01%), followed by TBI (18.96%), 
hemorrhagic stroke (16.09%), and isch-
emic stroke (10.92%). There were limited 
cases of non-traumatic subdural and 

Table 1: Demographics and comorbidities

Demographics/comorbidities Proportions or Mean

Age 49.70 +/– 13.40

Gender Males: 0.51; Females:0.49 

Race
Caucasian = 0.73; African-American = 0.16;  
Hispanic = 0.07; Asian = 0.04

Smoking Smokers = 0.47; Non-Smoker = 0.53

Diabetic Diabetic = 0.15; Non-Diabetic = 0.85

Blood Pressure Hypertensive = 0.57; Normotensive = 0.43

Table 2: Univariate analysis

Risk Factors Odds Ratio, P value

Male gender OR=2.37, P<0.05

Older age OR=1.02, P<0.05

Bifrontal/convexity cranioplasty location OR=9.43, P<0.05

Craniectomy for trauma OR=3.22, P<0.05

Cranioplasty site infection OR=4.54, P<0.05

Reoperation for hematoma OR=3.40, P<0.05

Diabetes mellitus OR=1.66, P=0.19

Hypertension OR=1.03, P=0.911

Synthetic material OR=0.94, P=0.85

Table 3: Multivariate analysis

Male gender OR=2.35 P<0.05

Increasing age OR=1.04 P<0.05

Infection OR=4.12 P<0.05

Trauma OR=2.17 P=0.07

Bifrontal/convex OR=2.86 P=0.06
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cerebral artery infarction (Table 4). Of 
these, only one study by Creutzfeldt 
and colleagues, reported on the time 
of seizure occurrence relatively to the 
cranioplasty operation, and found as 
we previously discussed, that most of 
the seizures occurred within the weeks 
following cranioplasty.1 Creutzfeldt et 
al estimated the 1-year risk of seizure, 
using Kaplan-Meier method, to be 57%; 
remarkably higher than the risk reported 
by previous craniectomy studies, which 
ranged between 3-40%.1,2,4,6,19,20 The 
authors attributed the elevated risk to 
the younger age of their cohort, the 
malignancy of the patients’ stroke and 
the long-term follow-up.

Limitation
The main limitation is the retrospective 
design of the study. It is also difficult to 
differentiate whether the risk of seizure 
was due to the initial injury, or to a 
combination of both the cranioplasty 
and the etiology. It would be difficult to 
answer this question because the control 
group required must not undergo DHC. 
However, this was not the purpose of our 
study. Finally, some patients might have 
had seizures after their last follow-up 
but were not treated in our institution. 
Nevertheless, our model explains 15.3% 
(pseudo R square) in the variance of 
factors leading to post-cranioplasty 
seizures.

CONCLUSION
In conclusion, male gender, cranioplasty 
infection and older age were signifi-
cantly associated with seizures. Diabetes 
mellitus, hypertension, smoking, race, 
SAH, ischemic/hemorrhagic stroke, 
subdural/epidural hematoma, reopera-
tion for hematoma, and post cranioplasty 
hydrocephalus did not affect the risk for 
developing seizures. Prospective studies 
are needed to confirm these results and 
perhaps set protocols that might decrease 
the rate of complication.

to suboccipital location. However, trauma 
and cranioplasty location did not achieve 
statistical significance when multivariate 
analysis was applied (OR=2.86 P=0.06 
for trauma and OR=2.17 P=0.07 for loca-
tion). Other reasons for craniectomy 
included in the study were stroke, SAH, 
and non-traumatic epidural and subdural 
hematomas, none of which conferred a 
higher risk of seizure. It is noteworthy that 
the caseload of non-traumatic subdural 
and epidural hematomas was not large 
enough to yield a firm analysis. Lee et al. 
reviewed the charts of 243 cranioplasties 
and found that 14.81% of patients had a 
post-cranioplasty seizure, rendering it 
the most common complication in their 
study6. In their report, the three statisti-
cally significant predictors were TBI, DHC 
for hemorrhagic stroke, and neurological 
deficit before cranioplasty. Their model 
explained 9.1% (Cox and Snell R square) in 
the variance of factors leading to seizures.

Cranioplasty complications as 
predictors of seizure

Complications of cranioplasty, such as 
infections and reoperation for hematoma, 
were associated with post cranioplasty 
seizures development. Reoperation for 
hematoma combines the risk of the 
surgery’s free radical formation with the 
iron supply of blood, which might explain 
the higher rates of seizure in this cohort 
of patients. However, in multivariate anal-
ysis, infection was the only cranioplasty 
complication that predicted seizures.

We had a similar or a slightly lower 
proportion of seizures in our study 
when compared with the literature 
(Table 4), although the data necessary 
for a head-to-head comparison is not 
available. The seizure rate was strikingly 
high in some studies on DHC for middle 

seizure occurrence. We have no expla-
nation to why male gender increases 
the seizure rate, but it appears that a 
moderate preponderance of males exists 
in most reports of first adult seizures7-10. 
However in these reports, statistical 
significance was not evaluated. Race, 
smoking and hypertension had no effect 
on the outcome in our study. The finding 
of higher seizure rate in older age is 
consistent with previous studies that have 
shown age to affect the risk of epilepsy, 
with young children (<1 year) and older 
patients (> 65 years) having the highest 
incidence.11 Other studies have also 
reported that younger age predisposes 
to seizures following DHC for malignant 
stroke.2 In our study, both male gender 
and increasing age remained significant 
in multivariate analysis (Table 2).

Underlying etiology as  
a predictor of seizure
Post-traumatic epilepsy is known to occur 
in patients with extensive traumatic brain 
injury (TBI). Brain tissue damage leads to 
toxic neurotransmitter secretion that may 
result in excessive neuronal stimulation 
and early post-traumatic seizure forma-
tion.12 When extensive damage occurs, 
iron accumulation in the tissue under-
goes a chain of oxidoreduction reactions 
that generates bioactive free radicals.12,13 
This is believed to lead to the formation  
of epileptic foci responsible for late 
epilepsy.6,12 Earlier studies argued that 
cranioplasty might decrease the risk of 
post-traumatic epilepsy,14-18 but when 
groups with similar injury were compared, 
no significant statistical differences were 
noted in the seizure rates related to the 
cranioplasty itself.14 We found that seizures 
were more common in trauma patients 
and in those who underwent bifrontal or 
convexity cranioplasty when compared 

Table 4:  Seizure rate after cranioplasty and DHC

Seizure rate after cranioplasty

Walcot et al 4 3.35%

Sobani et al 20 15.6%

Lee et al 6 14.81%

Seizure rate after Decompressive Hemicraniectomy

Creutzfeldt et al 1 49%*

DECIMAL** trial 19 40%

* Most of the seizures occurred in the weeks following cranioplasty

**DECIMAL = DEcompressive Craniectomy in MALignant MCA Stroke
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Imaging
Imaging revealed significant findings in 
the abdomen, brain, and spine. CT of 
the abdomen revealed a sigmoid mass 
suggestive of colon cancer. CT of the 
brain revealed edema in the left tempo-
rooccipital region. Subsequent MRI 
of the brain with gadolinium revealed 
a left occipital enhancing fusiform 
mass invading the skull, epidural and 
subdural space. Imaging characteristics 
were most consistent with a metastasis  
(Image 1). CT imaging of the spine 
demonstrated a lesion within the 
thoracic spine at T7 with air within the 
vertebral body (Image 2). The pattern 
of intraosseous gas was concerning for 
gas-forming infection. Metastatic disease 
has also been described as a rare cause of 
intravertebral gas. The patient was further 
evaluated with MRI of Cervical, Thoracic 
and Lumbar Spine, which demonstrated 
enhancement at multiple levels, as well 
as loculated ventral and dorsal epidural 
collections, between T4 and T9 with T7 
vertebral body enhancement, suggestive 
of infection (Images 3 and 4).

Operative Management
The patient first underwent an image-
guided left temporal craniotomy and 
tumor resection. After recovering from 
his first operation without complication 
he was discharged from the hospital. 
On second admission 3 weeks later, the 
patient was taken to the operating room 
for two separate staged spine surgeries. 
The first operation consisted of a left 
thoracotomy and T7 corpectomy and 
T6-8 arthodesis with an autologous 
iliac crest bone graft. Next, the patient 
underwent posterior exposure of the 
thoracic spine, laminectomy of T4-T9 
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Concurrent Metastatic Colon Adenocarcinoma 
and Vertebral Osteomyelitis: A Case Report

INTRODUCTION
Vertebral osteomyelitis and metastases can have a similar presentation. In both entities, 
signs and symptoms can be subtle, such as fatigue, low-grade fevers and back pain. 
Non-invasive modalities such as laboratory studies and imaging play a critical role in 
helping narrow the diagnosis. In many cases however, it is not until a surgical specimen is 
obtained that a definitive diagnosis can be made. We present a patient who interestingly 
had both vertebral osteomyelitis and metastases in the same vertebral body. 

CASE REPORT

Presentation

The patient is a 57-year-old man without significant past medical history who presented 
to a local emergency department with mental status change for several days. As reported 
by his family, history and physical exam revealed that the patient had been experiencing 
low back pain, dark and tarry stools, in addition to change in sensorium. 

Image 1. 

MRI of the brain with gadolinium 
revealed a left occipital enhancing  
fusiform mass invading the skull, 
epidural and subdural space.

Image 2. 

T2-weighted MRI with gadolinium, axial 
view, demonstrating a lesion within the 
thoracic spine at T7 with air within the 
vertebral body. 
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Vertebral metastases can be difficult 
to differentiate from vertebral osteo-
myelitis on patient presentation alone. 
Vertebral metastases occur in up to 90% 
of systemic cancer patients at time of 
death and about 30% of systemic cancer 
patients experience symptomatic verte-
bral metastases.6 Vertebral metastases 
have the highest incidence in the 40-65 
years old male population. The solid 
tumors that have the highest predilection 
for vertebral metastases are breast, lung 
and prostate.6,7 The primary tumor most 
commonly spreads by the hematogenous 

Laboratory findings of patients with 
vertebral osteomyelitis depend on the 
grade of the pathologic process and the 
causative agent.4 Elevated erythrocyte 
sedimentation rate (ESR) and C-reactive 
protein (CRP) are highly sensitive labora-
tory findings for vertebral osteomyelitis 
with elevated values present in 98% and 
100% of patients respectively. Compara-
tively, a high white blood cell (WBC) 
count or an increased neutrophil count 
on differential have low sensitivity.1 Blood 
cultures are also necessary in the assess-
ment of vertebral osteomyelitis. 

The initial imaging study for vertebral 
osteomyelitis is usually plain radiog-
raphy. The sensitivity and specificity of 
plain radiographs is very low. Addition-
ally, plain radiographs will usually not 
detect early findings of the disease.1,4 
The earliest sign on plain radiography is 
a loss of definition and irregularity of the 
vertebral end plate usually starting anter-
osuperiorly. As the disease progresses 
the end plate becomes poorly defined 
and there is a decrease in disc height. 
Eventually there is sclerosis, osteophy-
tosis, kyphotic deformity, and bony 
ankylosis.4 

Magnetic resonance imaging (MRI) 
should be the initial choice for imaging 
in patients with neurologic impair-
ment.1 MRI is the method of choice 
and has a high accuracy (90%) for diag-
nosing vertebral osteomyelitis.1,2,4 On 
T2-weighted sequences it shows a high 
intensity signal within the disc and loss 
of the intranuclear cleft. It is common 
for the disc space and two adjacent 
vertebral bodies to show involvement.1 
T1-weighted images are useful for 
disc material and bone differentiation. 
T1-weighted sequences reliably show 
specific signs of vertebral infection: low 
signal areas of the vertebral body, loss 
of definition of the end plates and inter-
ruption of the cortical continuity, and 
destruction of the cortical margins.4

Computed tomography (CT) has a 
lower sensitivity compared to MRI and 
has therefore a minor role in diagnosing 
early vertebral osteomyelitis.4 CT can 
be helpful for assessing the status of the 
vertebral endplates, and is indicated for 
patients who are ineligible for MRI or 
to guide a percutaneous biopsy or for 
surgical planning.

Spine

with evacuation of epidural abscess, and 
irrigation and debridement of paraspinal 
abscess. 

Pathology

Pathology confirmed metastatic disease 
to the brain and spine at the level of T7 
vertebral body consistent with adenocar-
cinoma with Signet ring cell features and 
concurrent osteomyelitis. Final culture 
from epidural abscess and T7 vertebral 
body was positive for anaerobic organism 
Bacteroides fragilis.

Discussion 

Vertebral osteomyelitis is part of a 
spectrum of spinal infections that has 
an incidence estimated at 2.4 cases per 
100,000 populations.1 The incidence 
is higher in older individuals: 6.5 cases 
per 100,000 among people over age 
70 compared to 0.3 cases per 100,000 
among people under age 20.1 The 
mortality for vertebral osteomyelitis 
ranges from 2-20% and high rates 
of morbidity exist among survivors.2 
Staphylococcus aureus, seen in 55-90% 
of cases, is the most common causative 
agent in pyogenic vertebral osteomy-
elitis.1,3,4 Complications of vertebral 
osteomyelitis can include direct seeding 
of other compartments leading to para-
vertebral, epidural, or psoas abscesses.1 
Patients with vertebral osteomyelitis 
commonly present initially with back 
pain.1,2 The infection site determines 
where the patient will experience pain, 
with the lumbar spine being the most 
common site (58%).1,4 Some patients will 
present with various neurologic deficits 
such as sensory loss, lower extremity 
weakness, paraplegia and radicuolop-
athy.1,4 Vertebral osteomyelitis can exist 
as an acute (occurring over a few days 
or weeks) or chronic process [lasting 
for weeks or months).1 Patients under-
going a chronic process may complain 
of persistent back pain occurring over 
months to years as well as fever, malaise, 
anorexia, spinal tenderness, and rigidity.4 
Most cases of vertebral osteomyelitis 
are due to hematogenous seeding of 
a distant infection and consequently 
the symptoms of primary infection can 
dominate the signs of vertebral osteo-
myelitis.1 In about half of all cases the 
source of infection is found.5

Image 3 (sagittal) and 4 (axial). 

CT of the thoracic spine, axial and 
sagittal views, revealed loculated 
ventral and dorsal epidural collections, 
between T4 and T9 with T7 vertebral 
body enhancement, suggestive  
of infection.
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route to the vertebrae, invading the 
thoracic spine in 70% of symptomatic 
lesions, compared to 20% in the lumbosa-
cral spine, and 10% in the cervical region.6 
In metastatic disease the most common 
site of neoplasm is the vertebral body and 
pedicle. The neoplasm can spread into 
the extradural space potentially leading 
to compression of the spinal cord, cauda 
equina, or nerve roots.8

Patients with vertebral metastases most 
commonly present with pain as their 
initial symptom (90% of patients). The 
pain is local, radicular, or mechanical. 
Pain does not improve with rest and lasts 
longer than six weeks. Patients may also 
have decreased muscle strength, sensi-
tivity alterations, reduced anal sphincter 
tone, and loss of appetite.9

The first imaging technique historically 
utilized to diagnosis vertebral metastases 
is a plain radiograph of the spinal column. 
In order to detect radiographic changes 
30-50% of trabecular bone needs to be 
destroyed. This is why early metastatic 
lesions may not be identified. The first 
radiographic change due to metastases 
is absence of the pedicle in the anterior-
posterior view.9 Radiographs also show 
bone destruction and sclerosis.8 CT 
evaluates the bone architecture. MRI is 
superior to a CT in evaluating the struc-
tures surrounding the bone such as the 
muscles, ligaments, spinal cord, and 
extent of the neoplasm.6 Thus, due to 
the soft tissue evaluation capabilities of 

the MRI, the MRI is the imaging technique 
preferred in evaluating vertebral metas-
tases. Furthermore, an MRI is 97% specific 
and 93% sensitive for the diagnosis of 
medullary compressions.9

Patients with vertebral osteomyelitis can 
have a similar presentation to patients 
with vertebral metastases. Both can 
experience chronic pain and neurologic 
deficits. Imaging techniques that unveil 
characteristic pathologic findings can help 
differentiate between the two entities. 
One difference between osteomyelitis 
and metastatic lesions of the vertebrae is 
that metastatic lesions do not destroy the 
intervertebral disc whereas osteomyelitis 
typically destroys the intervertebral disc 
and adjacent vertebral plateaus.6 Patients 
with vertebral osteomyelitis tend to have 
involvement of their lumbar vertebrae 
whereas metastases have a predilection 
for the thoracic vertebrae. In addition 
to using imaging techniques to look for 
changes consistent with the suspected 
disease process, a blood culture and 
bone biopsy provide valuable informa-
tion.1 The University of Miami School of 
Medicine has described three patients 
with the same finding as our patient in this 
case: concomitant infection and tumor at 
the same level of the vertebral column. 
They emphasize that it is important to 
be able to differentiate between the two 
pathological conditions and thus make a 
correct diagnosis because the treatment 
of each is different.10 
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Hydrocephalus, a Complication  
of Flow-diversion?

INTRODUCTION
The pipeline embolization device (PED;Covidien/ev3, Irvine, CA) utilizes the principle of 
flow diversion and seeks to restore normal arterial anatomy for the treatment of brain 
aneurysms.1 Globally, the neurovascular community has frequently used PED since 2008 
with encouraging outcomes. Multiple case series have reported 6-month aneurysm 
obliteration rates of more than 80% and 1-year aneurysm obliteration rates of more 
than 90%.2-7 Additional complications are being reported as the PED is being used to 
treat a greater number of patients and more diverse types of cerebral aneurysms.7-10 
Here we report the first case of a patient developing normal pressure hydrocephalus 
(NPH) after she was treated with the PED and discuss the management challenges of 
this complication.

CASE REPORT

Presentation to treatment
A 75-year old female was referred from an outside hospital for the management of an 
aneurysm found on MRA done for the work-up of a right third nerve and a partial six 
nerve palsy. On admission the patient had nausea, diplopia, and a significant headache 
that corresponded to 7/10 on the visual analogue scale. On neurological examina-
tion, right-sided third nerve and sixth nerve palsy were documented. A CT scan was 
performed to rule out hemorrhage, which showed a hyperdense mass (Figure 1) 
compatible with the aneurysm noted on an outside MRA. Age related cerebral atrophic 
and microangiopathic changes were also noted (Figure 2). The MRA showed a possible 
right posterior-communicating artery (PCOM) aneurysm. Digital Subtraction Angiog-
raphy (DSA) showed a right-sided large, wide-neck P1-P2 aneurysm measuring 11 x 12 
mm (Figure 3a). The patient was treated by embolization with a PED (2.5 x 16 mm). A 
dyna CT showed adequate placement of the PED (Figure 3b).

Clinical and Radiological follow up
A follow-up angiogram was performed the next day and showed 50% thrombosis of the 
aneurysm with normal flow in the parent vessel (Figure 3c). The patient was discharged 
in stable condition the following day. The patient was kept on dual antiplatelet therapy 
(DAPT) consisting of aspirin (81mg) and clopidogrel (75mg).

Two months after PED deployment, the patient was complaining of persistent headaches 
and chronic third-nerve palsy. An MRI was ordered and was unchanged from baseline. 
An angiogram showed 100% thrombosis of the aneurysm (Figure 3d). The patient was 
prescribed steroids and was asked to follow up in clinics.

Two weeks later the patient started having difficulty ambulating, with shuffling gait 
and was even unable to walk on her own, in addition she was complaining of urinary 

incontinence and worsening short-
term memory loss. A head CT scan was 
performed (Figure 4), and showed mild 
increase in size of the ventricles compared 
to the immediate post-operative CT. A 
high-volume lumbar tap was performed, 
which showed significant improvement 
of her walk compared to the pre lumbar 
tap, as evaluated objectively by physical 
therapy. Therefore, the patient was diag-
nosed with NPH and the decision was 
made to shunt her.

Management for NPH
The patient was maintained on 81mg 
of aspirin while clopidogrel was 
discontinued for 5 days. The risks of 
thromboembolic complications from 
discontinuing clopidogrel as well the 
risks of hemorrhagic complications 
during surgery were discussed with the 
patient and she underwent a standard 
ventriculoperitoneal shunt placement 
(Figure 5). The post-op CT scan showed a 
small amount of intra ventricular hemor-
rhage without any clinical significance. 
She recovered from surgery without any 
complications and was discharged home 
after three days in stable condition. She 
was kept on 81mg of aspirin and Plavix 
was restarted 48 hours post-operatively.

On 2-month follow up visit, the patient 
was walking independently without any 
shuffling, she was no more having any 
urinary problems and her short memory 
was still improving slowly.

DISCUSSION
In 2011, the PED was approved by the 
FDA for treatment of large and wide neck 
aneurysms of the internal carotid artery 
from the petrous apex to the superior 
hypophyseal artery on the basis of 
“Pipeline for Uncoilable or Failed Aneu-
rysms study” (PUFS).5,7 PED is generally 
associated with lower incidence of 
mortality and morbidity. According to a 
literature review by Tse et al, morbidity 
and mortality range between 4.5-16.6% 
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shunt is well established and known to 

the neurosurgical community. However, 

managing NPH can be challenging in the 

acute and sub-acute setting following 

PED placement. The neurosurgeon must 

balance the risk of surgery on antiplatelet 

therapy with the risk of thromboembolic 

events, if antiplatelet therapy is to be 

stopped prematurely.

and 0-5.5% respectively, which compares 
favorably to the risks associated with 
stent and balloon assisted coiling for 
unruptured aneurysms.7,11,12 The major 
complications reported have included 
intracranial hemorrhage, thromboem-
bolic events (TEE), perforator occlusion, 
in-stent thrombosis, mechanical delivery 
problems and aneurysm rupture.2,4-7,13,14 
However, PED is now widely used in other 

patients who do not strictly match the 
criteria of PUFS study.5,7,8 Recent reports 
have mentioned unique and unusual 
complications, such as embolic retinal 
venous occlusion and shortening/migra-
tion of the PED itself.8,9 To the best of 
our knowledge, this report is the first to 
describe NPH development after pipeline 
embolization. The diagnosis and manage-
ment of NPH with a ventriculoperitoneal 

Figure 1. 

Head CT scan without contrast 
showing a hyperdense mass in the 
prepontine cisternae.

Figure 2. 

A, preprocedure CT scan showing microangiopathic changes. In additional age related 
widening of sulci and enlargement of ventricles can be appreciated. B, Post procedure 
CT scan shows PED in place. The ventricles are dilate 

Figure 3a-d, shown left to right, respectively.

a) Pre-procedural DSA shows an 11 x 12 mm P1/P2 aneurysm on the right side with a wide neck. b) DSA shows successful placement  
of PED (measuring 2.5 x 16 mm). c) Shows a DSA performed the following day after treatment that showed a 50% thrombosis of the  
aneurysm with normal flow in the parent vessel. d) 3-month follow-up angiography shows a 100% occlusion of the aneurysm.
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CONCLUSION
Normal pressure hydrocephalus might 
develop as a rare complication of PED 
placement. The pathophysiology is still 
unknown. Further CSF studies would be 
interesting to try to establish the poten-
tial causality. Such patients can be safely 
and effectively treated by a ventriculo-
peritoneal shunt. However, the timing of 
surgery remains a challenge and should 
be delayed if possible until it is felt rela-
tively safe to stop Plavix.

Conflict of interest: the corresponding 
author Pascal Jabbour M.D is a consultant 
at Covidien

GRANT SUPPORT
None

ACkNOwLEDGMENT
none

NPH has been previously described after 
the use of Hydrocoils.23 The authors 
postulated that this complication might 
be due to the leakage of the hydrogel 
into the subarachnoid space inducing 
aseptic meningitis and alternating the 
CSF circulation. A multicenter registry 
that retrospectively examined the devel-
opment of hydrocephalus after coiling, 
found that large aneurysm had a higher 
chance of hydrocephalus develop-
ment.24 The authors also reported that 
overt hydrocephalus developed early 
after coiling, while NPH tends to develop 
late (> 6 months). This delay makes the 
physiopathology less related to the 
physical packing of the aneurysms and 
more related to the inflammation and 
thrombosis, which might potentially 
release a cascade of cytokines into the 
subarachnoid space interfering with CSF 
absorption.24 Large aneurysms are more 
likely to have a significantly larger inflam-
mation. The HELPS trial also showed 
that the type of coil did not significantly 
affect the development of hydrocephalus 
post-embolization.25, 26 It would be inter-
esting to start studying CSF inflammation 
markers after pipeline embolization to 
try to determine the pathophysiology or 
possible relationship between the pipe-
line device and NPH.

General Neurosurgery

Thromboembolic events have been 
estimated to complicate 8% of neuro-
endovascular procedures due to the 
thrombogenic nature of implants and 
guidewires.15 DAPT consisting of aspirin 
and clopidogrel is widely used to prevent 
such complications.15 The use of DAPT 
for neuroendovascular procedures has 
carried on from the best practice models 
of percutaneous coronary intervention 
(PCI) in interventional cardiology, where 
large case series have shown DAPT to be 
superior to aspirin alone or a combina-
tion of aspirin and warfarin in preventing 
thromboembolic complications.16,17 At 
present there is no evidence from clinical 
trials to specifically delineate the duration 
of DAPT after neuroendovascular proce-
dures and the issue remains controversial 
even in cardiology.18

Finally, The relationship between flow-
diversion and NPH has not been described 
in the literature. It is already established 
that PED placement incites hemody-
namic flow alteration and thromboemboli 
formation.19 It is also theorized that NPH 
symptoms are explained by ischemic and 
mechanical factors.20-22 Whether the 
appearance of NPH symptoms after PED 
was a simple coincidence or whether PED 
hastened the process remains unknown. 

Figure 4. 

Mild increase in the size of the 
ventricles compared to the imme-
diate post-operative CT scan.  
The ventricles are dilated out of 
proportion to earlier scan and  
represent newly developed NPH.

Figure 5a-b.

Head CT scan without contrast performed after ventriculoperitoneal shunt placement 
shows dilated and bulging ventricles, prominent sulci and shunt in place.
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Moyamoya: A Review of the Disease  
and Current Treatments

INTRODUCTION
Moyamoya disease is a rare progressive cerebrovascular disease characterized by 
bilateral stenosis of vasculature of the Circle of Willis, specifically the distal internal 
carotid arteries, that leads to extensive collateral circulation. These dilated collateral 
vessels are described as having a hazy “puff of smoke” appearance on angiography. 
“Moyamoya” is the Japanese word for this characteristic appearance. The disease was 
originally described in Japan in 1957 1 and introduced to the English literature in 1969.2 
The disease is most known for its distribution in Asian populations, but recently there has 
been more research and attention given to moyamoya in Europe and North American 
Moyamoya disease presents clinically due to the ischemic and hemorrhagic complica-
tions of abnormal cerebral vascularity.3,4

Epidemiology
Moyamoya disease was originally described in Japanese populations but is present in a 
variety of ethnicities.3,5,6 In Japan, the incidence per 100,000 patient years is between 
0.35 to 0.943 with a male: female ratio of 1:1.87. In the US, incidence ranged from 0.05 
to 0.17 per 100,000 patient years with a similar gender distribution.3,6 Other population 
studies have not been as robust but European studies show moyamoya statistics that 
are more similar to American findings than those of Asian moyamoya findings.4 There is 
a bimodal distribution of incidence: in early childhood and adulthood, but the double-
peaked incidence is less dramatic in the US and Europe.4,8 Children typically present with 
the ischemic symptoms and adults can present with either ischemic or hemorrhagic 
type, with the ischemic type predominating.5,9 Overall, the hemorrhagic type is more 
common in Asia than the U.S.9 The incidence has been increasing with time, which may 
be due to increased awareness.5

Etiology
The etiology of moyamoya disease is largely unknown. However, there are genetic 
susceptibilities and biochemical correlates that warrant further research. This impor-
tance is highlighted in the 10-15% of moyamoya disease cases that are familial.10 The 
proposed mechanism of inheritance is autosomal dominant with incomplete penetrance 
but it is likely there are polygenic interactions as well.11 Currently, screening is not recom-
mended for moyamoya disease.

The first gene associated with moyamoya disease was RNF213 on chromosome 17.12 
Animal models show that knockout of this gene causes arterial abnormalities with wall 
malformation and abnormal angiogenesis.13 Another study showed that different muta-
tions of this ring finger protein are associated with different clinical presentations of 
moyamoya: R4810K mutation with the ischemic form and A4399T mutation with the 
hemorrhagic form.14 

There is evidence of a dysregulation of a variety of extracellular matrix proteins in 
moyamoya, including basic fibroblast growth factor,15 transforming growth factor beta-
116, and vascular endothelial growth factor.17 A tentative pathologic process is believed 

to be mediated by intimal thickening and 
media attenuation in proximal vessels, 
along with abnormal smooth muscle cell 
turnover and neovascularization in distal 
vessels.18

Moyamoya Syndrome

Moyamoya disease is characterized 
by an idiopathic abnormal vasculature 
adjacent to the circle of Willis with exten-
sive compensatory collateral vessels. 
Moyamoya syndrome is a separate entity, 
associated with another disease that 
causes a similar angiographic appear-
ance.19 The most common examples 
of diseases that can cause moyamoya 
syndrome are sickle-cell disease, neuro-
fibromatosis type I, cranial irradiation, and 
Down syndrome. Even without these risk 
factors, a unilateral presentation is also 
considered to be moyamoya syndrome 
since moyamoya disease is defined as 
a bilateral disease.20 The distinction 
between these two entities is critical for 
an appropriate clinical approach.

CLINICAL PRESENTATION
Moyamoya disease can be asymptom-
atic in early stages, or present with a 
range of symptoms associated with 
the abnormal vasculature including 
headaches, seizures, hemiparesis, and 
sensory impairment. The two major 
types of manifestations are ischemic and 
hemorrhagic. Ischemic symptoms are 
associated with insufficient perfusion and 
infarcts are typically small and located in 
the basal ganglia.21 Hemorrhages can 
occur due to the poorly formed collat-
eral arterial supply and result in a worse 
prognosis.5 Roughly half of patients have 
a single symptomatic episode and half 
have multiple recurrences of ischemic 
events.23 Recurrences in the pediatric 
population are associated with stress, 
hyperventilation, dehydration, and crying, 
which are important factors to recognize 
and explain to the patient’s family for 
prevention measures.19 
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DIAGNOSIS AND IMAGING
It is important that Moyamoya is consid-
ered in patients with stroke-like symptoms 
due to its unique clinical approach. This is 
especially important to keep in mind with 
pediatric patients since 6% of pediatric 
strokes are due to moyamoya disease.5,9,22

Due to the symptoms at presentation, 
the initial imaging study of these patients 
is typically computed tomography (CT). 
CT can identify ischemic lesions from 
the basal ganglia (earlier stages) to the 
cortex (later stages) but can be normal 
if the lesions are small.24 Commonly, the 
diagnosis of moyamoya disease requires 
multiple imaging modalities. Brain MRI is 
more sensitive for these smaller lesions 
and can also identify punctuate flow 
voids in the basal ganglia which is highly 
suggestive of moyamoya disease.19 

The gold standard for diagnosis is conven-
tional cerebral angiography. Transcranial 
Doppler studies can also be useful to 
noninvasively detect stenotic vessels via 
an increased flow rate and track changes 
in this flow over time.25

THERAPEUTIC OPTIONS
The mainstay of treatment for patients of 
all age groups presenting with Moyamoya 
continues to be neurosurgical interven-
tion. Surgery is the only means by which 
the morbidity and mortality of the disease 
can be dramatically reduced. There is 
no agreed upon medical regimen, and 
the only medical options available treat 
the complications of the disease. For 
example; aspirin may be given to inhibit 
the formation of microthromboemboli 
that could cause ischemia (surgical 
patients are given this routinely); calcium 
channel blockers have been reported to 
improve intractable headaches; and fluids 
are given to avoid hypoperfusion.26 

The disease is inevitably progressive,27 
and the single most important prognostic 
indicator is neurologic status at the time 
of treatment.26 Surgery is considered first 
line as a preventative measure against 
stroke and neurologic decline,27 serious 
complications for the relatively young 
patient population affected by moyamoya. 
If there are contraindications to surgery, 
such as a recent stroke or infection, or 
if the patient has adequate collateral 
circulation, medical management may 

be chosen over surgery.27,28 Symptomatic 
patients treated medically show much 
higher rates of recurrent stroke than 
surgical patients.29

Revascularization
Surgical revascularization techniques 
aim to increase cerebral blood flow to 
affected territories, and to indirectly shrink 
the aberrant collaterals that have formed 
as a result of ICA stenosis. A variety of 
direct, indirect and combined surgical 
techniques have been employed, which 
can decrease the frequency of ischemic 
and hemorrhagic events that occur and 
therefore improve functional outcomes.30 
For the purpose of discussion, direct and 
indirect approaches can be separated 
into two distinct categories. In practice, 
however, the combined approach more 
effectively promotes long-term revas-
cularization, and has not been proven 
to increase complication rates over one 
technique alone.23,27

Direct Bypass
Direct revascularization involves the 
anastomosis of the superficial temporal 
artery with the middle cerebral artery, 
distal to the stenotic region.30 This allows 
for an immediate increase in blood flow 
to previously hypoperfused territories 
of the brain. This method has better 
revascularization outcomes than indi-
rect methods alone.23 One concerning 
complication of this method, however, 
if there is inadequate blood pressure 
control, is postoperative hyperperfusion, 
which can lead to seizures.27 Also, this 
bypass is not always feasible in children 
as their vessels are of a smaller diameter,27 
so indirect methods are often relied upon 
in the pediatric population.31

Indirect Revascularization
Indirect revascularization describes a 
number of surgeries with the unifying 
theme of applying richly vascular tissue on 
top of the hypoperfused region in order 
to promote angiogenesis.27 Ultimately, 
the transposed vessel anastomoses 
with the existing vasculature, which can 
significantly improve flow through the 
previously undersupplied vessels. Poten-
tial issues with this technique include 
the time delay of weeks to months 
after surgery before the target tissue is 
perfused, and the potential for mass effect, 

as you are introducing relatively large 
sections of tissue into critically eloquent 
areas of cerebral cortex.32 Tissue can be 
taken from, for example, the omentum 
(omental transplantation) or the tempo-
ralis muscle (encephalomyosynangiosis), 
but the three most commonly utilized 
indirect techniques in North America are 
encephaloduroarteriosynangiosis (EDAS), 
encephaloduroarteriomyosynangiosis 
(EDAMS), and multiple burr hole place-
ment (MBH).30

The EDAS procedure requires suturing the 
STA and a tissue cuff to the dura overlying 
the target area. Burr holes are used to 
facilitate the craniotomy. Many variations 
exist, but one popular technique, pial 
synangiosis, involves attaching the STA 
and tissue cuff directly to the pia. EDAMS 
is a more involved procedure that involves 
utilization of the deep temporal, super-
ficial temporal, and middle meningeal 
arteries.32 MBH is the least invasive tech-
nique, more commonly used in children 
than adults, and requires the placement 
of a number of burr holes through small 
cuts in the periosteum. This allows for 
targeting of specific tissue regions and 
promotes angiogenesis in those areas.32

PROGNOSIS
Moyamoya, as mentioned above, is 
inherently progressive.25,26 The natural 
history of the disease cannot be 
changed by intervention, but it can be 
delayed significantly, and the functional 
status of the patient kept remarkably 
intact.30 Outcomes are best predicted 
by neurologic status at treatment, and 
presentation with a stroke (hemorrhagic 
more than ischemic) was found to be the 
greatest predictor of mortality during 
hospital stay for treatment.5,26,27 In North 
America, where presentation is primarily 
ischemic regardless of age group, child-
hood diagnosis is considered to have a 
worse prognosis.30 When left untreated, 
even asymptomatic patients will progress 
to the point of potentially devastating 
recurrent strokes, but with early diagnosis 
and surgical intervention individuals can 
live for many years with a dramatically 
lower risk of the morbidities associated 
with moyamoya disease.33,34
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Cerebrovascular

CONCLUSION
Moyamoya is a predominantly Asian 
cerebrovascular disease of poorly under-
stood etiology that has seen a global 
increase in incidence in recent decades. 
Moyamoya presents on angiography 
with bilaterally stenosed distal ICAs and 
hazy dilated collateral networks; this 
finding can be idiopathic or present with 
associated diseases such as sickle cell. 
Initial imaging is done using CT or MRI. 
When symptomatic, presentation of isch-
emic or hemorrhagic stroke is the most 
common. The disease is most common 
in young children or middle-aged adults, 
with a female predominance. A variety 
of genetic mutations have been found 
to associate with the disease, but none 
have proven to be causative; there is likely 
interplay between numerous genetic and 
environmental factors.

The disease is inevitably progressive and 
cannot be reversed, but prompt interven-
tion can dramatically reduce the likelihood 
of stroke and neurologic decline. Treat-
ment methods are primarily surgical, with 
a combined method of direct and indi-
rect revascularization showing the best 
results. STA-MCA bypass carries a risk of 
post-operative hyperperfusion, and is not 
feasible in all individuals, such as in chil-
dren with small diameter vessels. Indirect 
revascularization requires months to form 
the necessary anastomoses, and carries 
a risk of mass effect from the introduced 
tissue. While moyamoya is a rare disease 
in the US, the ability to recognize and 
treat affected individuals is essential, 
as devastating stroke can occur if it is 
allowed to progress.
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Infectious Diseases in Neurosurgery

INTRODUCTION 
Shunting of cerebrospinal fluid using a ventriculoperitoneal (VP) shunt is the standard 
treatment for management of hydrocephalus.1 While VP shunting is effective at reducing 
the morbidity and mortality associated with hydrocephalus, the high rates of complica-
tion leads to about 32% of adult patients to need revision surgery.2 One of the most 
common complications associated with VP shunts is infection, occurring in 5.8% of 
patients.3,4 Bacterial infection is the most commonly reported microorganism implicated 
in VP shunt infection.3,5,6

Fungal organisms very rarely cause VP associated infections. Only 58 cases of shunt-
related fungal infections have been reported in the literature. Of these cases, the most 
commonly reported fungal organisms include members of the Candida species, as 
well as Cryptococcus neoformans and Histoplasma capsulatum.7 In this case report we 
present a patient with a previously placed VP shunt, originally placed more than 20 years 
ago for the treatment of normal pressure hydrocephalus, who presented with confusion 
and difficulty ambulating. Analysis of the patient’s cerebrospinal fluid from a shunt tap 
revealed the presence of Cryptococcus neoformans. 

CASE PRESENTATION
The patient is a 65 year-old male who was admitted to an outside hospital due to 
difficulty ambulating. The patient had a ventriculoperitoneal shunt placed more than 
20 years ago for treatment of normal pressure hydrocephalus. Upon presenting to 
the outside hospital, he was noted to have dilated ventricles and had a large volume 
tap done. He was subsequently transferred to Thomas Jefferson University Hospital 
for further treatment. The patient was alert and oriented on admission but had lower 
extremity weakness (2/5). MRI showed minimal linear enhancement in the 4th ventricle 
and mild ependymal enhancement in the right temporal horn which was suggestive 
of possible infection. A shunt tap showed that his shunt was working properly, but to 
our surprise cerebrospinal fluid cultures revealed the presence of encapsulated yeast 
Cryptococcus neoformans. 

The patient was diagnosed with an infected right occipital ventriculoperitoneal shunt. He 
was treated with flucytosine and amphotericin B liposome and underwent externaliza-
tion of the peritoneal catheter. To ensure complete removal of the fungus, we planned 
for the entire shunt to be surgically removed. The patient was taken to the operating 
room where the shunt was removed and a right ventriculostomy was placed until the 
shunt could be replaced. CSF cultures remained negative for more than a week. A new 
VP shunt was placed 15 days following the removal of the previous shunt. The patient 
was discharged 1 month after admission neurologically intact and was instructed to 
continue amphotericin B and flucytosine. At his 3-month follow-up, the patient had 
remained neurologically intact and symptom free.

DISCUSSION
Cryptococcus infection is a rare complication associated with VP shunts. Only 9 cases 
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of shunt related Cryptococcus infection 
have been reported in the literature.7, 8 
The majority of patients with cryptococ-
cosis not associated with VP shunts are 
immuno-comprised; one study found 
that 89% percent of patients with crypto-
coccosis were HIV positive and 82% of HIV 
negative patients with cryptococcosis had  
at least one underlying medical condi-
tion.9,10 Interestingly, 5 out of 9 of the 
previous cases of shunt related cryp-
tococcosis had no underlying medical 
conditions.8 The patient in the present 
case report had multiple underlying 
medical conditions, but was believed to 
be immuno-competent at the time of 
presentation. 

In the reported cases of cryptoccocal 
shunt infection, the time from shunt 
placement to symptom onset ranged 
from 10 days to 14 months.8, 11 The current 
case report is exceptionally unusual, with 
a shunt placement to symptom onset time 
of more than 20 years. Of the 9 previous 
cases of cryptococcal shunt infection, 
the most commonly reported symptoms 
were headache (44.4%, n = 4), emesis 
(44.4%, n=4), and fever (33.3% n=3). Three 
patients were treated with amphotericin 
B, fluctyosine, and fluconazole, 5 patients 
were treated with amphotericin B and 
fluctyosine, and one patient was treated 
with only amphotericin B.7,8 Treatment 
included removal of the infected shunt in 
8 out of 9 of the cases. One patient was 
successfully treated with systemic therapy 
alone.12 Four patients died as a result of 
the infection or related complications. 

Several possible sources for shunt related 
cryptococcal infection exist including 
shunt placement in previously infected 
patients, infection acquired during the 
shunt placement procedure, and infection 
occurring after shunt placement. Six of the 
9 previous cases of shunt related crypto-
coccal infection were concluded to have 
resulted from shunt placement in previ-
ously infected individuals.8, 13 One patient 
developed cryptococcal shunt infection 
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following shunt placement; this patient 
had predisposing factors including small 
cell cancer and subsequent treatment 
with neuraxis irradiation.12 Analysis of the 
source of infection for the remaining two 
patients were inconclusive.11, 14 Due to the 
greater than 20 year span between shunt 
placement and cryptococcal infection, 
our patient likely was not pre-operatively 
infected; nor is it likely that the infection 
was acquired during shunt placement. 
Rather, it is most likely that the crypto-
coccal infection was acquired during the 
time period following shunt placement. 
No predisposing factors that could 
have contributed to the development of 
cryptococcal infection and explain the 
delayed onset were identified. 

Ventriculoperitoneal shunt fungal infec-
tion is a rare but serious complication of 
CSF shunting. Many patients who develop 
shunt fungal infections were infected 
prior to shunt placement. Consequently, 
a diagnosis of fungal meningitis should 
be ruled out for patients presenting with 
hydrocephalus prior to shunt placement. 
Shunt cryptococcal infection can also 
be acquired following shunt placement, 
often requiring shunt removal. The 
present case report demonstrates that 
Cryptococcal shunt infections, although 
extremely rare, may occur more than 
a decade following shunt placement. 
Treatment involves shunt removal, anti-
fungal therapy, and shunt replacement.
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BACkGROUND
Brain arteriovenous malformations (bAVMs) are abnormal shunts that bypass the capil-
lary bed and directly divert blood from the arterial to the venous circulation, without 
exchanging nutrients or dissipating the arterial blood pressure. They are thought to 
be congenital vascular lesions that occur during the late stages of fetal development, 
however the exact pathogenesis has not been elucidated yet.1 History of hemorrhage, 
small AVM size, high arterial feeding blood pressure, and deep venous drainage are the 
main risk factors that increase the likelihood of AVM rupture. According to the American 
Stroke Association, 1 in 200-500 people have an AVM, while 25% of AVM patients experi-
ence seizures and 50% of patients suffer intracranial hemorrhage (ICH) at some point 
in their lives.2 Also, 5-15% of AVM patients experience severe headaches because of the 
increased intracranial pressure and a similar percentage of patients exhibit neurological 
deficits.1 With the advent of noninvasive imaging, AVMs are being detected at an early, 
unruptured stage, but the optimal course of action for preventing future complica-
tions still remains uncertain. The ARUBA trial strove to determine whether medical 
management or interventional therapy has a better long-term outcome for patients 
with unruptured AVMs. While it provides important data, limitations in its study design 
raise doubts concerning the generalizability of its findings.

The study planned to include 800 patients who were to be followed for a minimum 
of five and a maximum of seven years.3 They were randomly assigned to one of two 
groups, the interventional therapy and medical management group. Patients in the 
medical management group received only pharmacological therapy for the medical 
symptoms that they experienced (unless they developed hemorrhage or infarction, 
in which case they were switched into the other group). Patients in the interventional 
therapy group received endovascular surgery, microsurgery, or radiosurgery, with or 
without pharmacological therapy depending on their concurrent medical conditions. 
The primary hypothesis was that medical management is more effective in the treat-
ment of patients with unruptured bAVMs, the primary endpoint was death or stroke, 
the secondary endpoint was the quality of life, while the functional outcome status was 
measured using the Rankin scale.3

Previous studies had shown that early interventional treatment in patients with ruptured 
bAVMs is necessary and patients did not have major future clinical problems.3 Inter-
ventional therapy includes endovascular surgery, which aims to occlude the nidus by 
delivering liquid embolics or embolic coils via a catheter, microsurgical resection of the 
AVM, or radiosurgery that induces a vascular injury response resulting in AVM obliteration 
within 1 or 2 years.1 A multimodal therapy that involves more than one of these inter-
ventional procedures can also be performed on certain patients. Furthermore, medical 
management was shown to be very effective in treating unruptured bAVMs as indicated 
by the very low rate of future hemorrhage. Yet, based on data from the Columbia Univer-
sity Medical Center, interventional treatment of ruptured AVMs had a significantly greater 
likelihood of hemorrhage and/or clinical impairment (Rankin score ≥2) than medical 

management of unruptured AVMs. It is 
thus imperative to compare the effec-
tiveness of the two methods of treatment 
only on patients with unruptured bAVMs, 
since patients who present with an ICH 
have an already much higher risk of 
experiencing a subsequent ICH (hazard 
ratio of 3.6).4 The ARUBA trial is the first 
study comparing medical management to 
surgical care on patients with unruptured 
bAVMs and a Rankin score less than two.3

RESULTS
The trial started on April 4, 2007 and 
ended on April 15, 2013 after following 223 
patients for 33 months on average. Both 
groups had very similar demographics, 
clinical symptoms, lesion characteristics 
and modified Rankin scores, with the 
exception of the interventional therapy 
group having a slightly higher propor-
tion of small bAVMs (less than 3 cm).4 
The study ended earlier than planned 
because it was determined that patients 
who received interventional therapy had 
a 3-fold increase in their risk of death or 
stroke than those who only received phar-
macological treatment4. More specifically, 
10.1% of patients in the medical manage-
ment group and 30.7% of patients in the 
interventional therapy group reached 
the primary endpoint, stroke or death 
from any cause during the study.5 The 
primary endpoint incidence rate in the 
interventional therapy group was found to 
be very similar to the complication rates 
of the various invasive procedures when 
treating bled and unbled brain AVMs: 29% 
for surgery, 25% for embolization, and 
13% for radiotherapy. In contrast, medical 
management patients had a 2.2% sponta-
neous rupture rate per year.4

The participants of the ARUBA trial will 
continue to be monitored for at least five 
more years in order to assess whether 
the differences observed in the clinical 
outcome and the Rankin scores will 
remain the same over time.
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the generalizability of the trial findings 
questionable. First, there is concern that 
Mohr et al. introduced selection bias in 
the study by studying only relatively mild 
cases of bAVMs, because including only 
bAVMs without any previous complica-
tions is not reflective of the majority 
of the cases seen in the hospital. Only 
13% (226 out of 1740) of the patients 
screened were selected, but the reasons 
for excluding the rest were not explicitly 
stated.6 If the actual risk of spontaneous 
rupture is higher, then conservative 
medical management may not be suffi-
cient. Additionally, the effectiveness of 
each interventional method varies drasti-
cally based on the bAVM morphology.8,9,10 
Mohr et al. did not provide enough infor-
mation concerning the success rate of 
each procedure used to treat the different 
bAVM types. More details are needed 
about the embolic material used in the 
embolization procedures, the number 
and outcome of patients with total 
versus near-total occlusion, and the use 
of gamma knife versus linear accelerator 
in radiotherapy.7 Lastly, many consider 
microsurgical resection of bAVMs to be 
more effective than embolization and 
radiosurgery in obliterating the nidus, yet 
it was used on very few patients. It was the 
only treatment used in 5% of the patients 
and used in combination with another 
procedure in 13% of the patients, but the 
reasons behind the preferential use of the 
other two methods over microsurgical 
resection were not explained.6,7 

Due to these limitations in the ARUBA 
trial, it is questionable whether we can 
group all of the interventional methods 
together when assessing their effective-
ness in curing bAVMs in comparison to 
medical management. More research 
needs to be conducted on the long-term 
clinical outcome of the two methods of 
treatment, taking into consideration the 
increased rupture risk with aging and the 
varying complication rate of the inter-
ventional methods based on the bAVM 
morphology.

DISCUSSION
Brain AVMs can be detected early on 
while they are unruptured and mostly 
asymptomatic, but the ideal treatment 
is still uncertain. The ARUBA trial argues 
that the best treatment for these patients 
is solely medical management, using 
anticonvulsants if the patient has seizures, 
and analgesics if the patient experiences 
headaches. However, the ARUBA trial has 
received plenty of criticism concerning 
its study design and the credibility of its 
findings. 

The trial states that 30.7% of patients 
in the interventional treatment group 
reached the primary endpoint, but the 
actual symptoms experienced by the 
patients are not specified. The primary 
endpoint, stroke, is very broadly defined, 
including seizure, a new neurological 
deficit, or headache that results from 
ischemia or hemorrhage.7 There is an 
obvious difference in the severity of each 
of these clinical presentations, but the 
researchers did not identify the likelihood 
of each symptom based on which inter-
ventional treatment the patient received.7 
Moreover, even though the spontaneous 
rupture rate per year for patients who 
undergo medical management is 2.2%, 
the rate increases with increasing age 
and patients continue to be at high risk 
throughout their lives. The complication 
rates of the various interventional treat-
ments are indeed higher, however, the 
purpose of interventional therapy is to 
obliterate the bAVM so that patients can 
avoid increased risk and be worry-free in 
the future. Therefore, monitoring patients 
for only 33 months is inadequate; patients 
need to be monitored for a few decades 
in order to assess the risk of hemor-
rhage throughout their lifespan, as this 
is imperative information for making the 
right decision by both the doctor and the 
patient.6 

Furthermore, the vast heterogeneity 
in the bAVM morphology and in the 
selection of the interventional treat-
ment that the patients received deems 
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Support 

Brain Aneurysm and AVM Support Group at Jefferson

Support Groups

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

Moderator/  
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

N eurosurgical Emergency   Hotline           

 Jefferson Hospital for Neuroscience 

Aneurysms • AVMs • Intracranial Bleeds

7 day • 24 hour coverage

1-866-200-4854

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.

The 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 diagnosis 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

Time 7-8:30 p.m.

Place   Jefferson Hospital for Neuroscience, 3rd Floor conference room 
900 Walnut Street 
Philadelphia, PA 19107

Facilitator Joseph McBride, BSN, RN and Katelyn Salvatore, BSN, RN. 
 215-955-4429

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



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 2014-2015: 

•  4th Annual Brain Tumor Symposium 
October 31, 2014 
Hyatt Regency Philadelphia at Penn’s Landing

•  26th Annual Pan Philadelphia  
Neurosurgery Conference 
December 5, 2014 
The Union League of Philadelphia

•  Fundamental Critical Care Support Course 
December 15-16, 2014 
Campus of Thomas Jefferson University

•  4th Annual Neurocritical Care Symposium 
January/February 2015 
Location TBD

•  14th Annual Cerebrovascular Update 
March 2015 
Hyatt at the Bellevue, Philadelphia

•  6th Annual Navigating Spinal Care Symposium 
May 2015 
Location TBD 

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

Jefferson Medical College of Thomas Jefferson University 
is accredited by the ACCME to provide continuing medical 
education for physicians.



Neurosurgery 
   Grand Rounds

Fridays, 7:00 am

De Palma Auditorium
1025 Walnut Street 
College Building, Basement 
Philadelphia, PA 19107

Overall Goals & Objectives

•  Evaluate current controversies in neurosurgery

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

•  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 

26 th ANNUAL 
PAN PHILADELPHIA

NEUROSURGERY CONFERENCE
DECEMBER 5, 2014

THE UNION LEAGUE OF PHILADELPHIA  • 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.
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