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Dear Colleague,

Since inaugurating the Neurological Institute Journal 
earlier this year, the Neurological Institute at University 
Hospitals (UH) has continued to expand. Collaborating 
with scientists at Case Western Reserve University School 
of Medicine, physicians at the Neurological Institute test 
and refine the latest advances in treatment for patients 
with disabling neurological disorders. 

The Neurological Institute Journal highlights a sampling of advances being made 
here, and demonstrates our interdisciplinary strengths. As an added benefit for 
our readers, CME credit is readily available in each issue for the busy practitioner 
interested in receiving AMA PRA Category 1 Credits™.

In this second issue of the journal, we feature articles on a broad array of clinical 
expertise and knowledge in the neurosciences authored by our physicians and 
surgeons.  

An article from Jason Wilson, MD, and colleagues discusses a rare case of a giant 
intracerebral aneurysm in a teenage patient requiring complex surgical treatment, 
and reviews use and indications for intracranial-extracranial bypass graft surgery.

David Hart, MD, Director of the Spinal Neurosurgery Center, reviews the latest 
advances in minimally invasive techniques for treating spinal disorders. These new 
techniques offer hope of recovery to patients with disabling spinal conditions.

Drs. Bashar Katirji, Director of the Neuromuscular Center, and Raymond P. Onders 
explain diaphragmatic pacing, a new technique developed at University Hospitals 
Case Medical Center, that offers hope for improved quality of life to patients 
facing progressive debilitation from amyotrophic lateral sclerosis. Such new 
techniques truly represent the spirit of interdisciplinary collaboration of physician-
scientists at our Neurological Institute. 

Drs. Cathy A. Sila, Director of the Stroke and Cerebrovascular Center, and 
Michael A. De Georgia, Director of the Neurocritical Care Center, highlight 
the newest thinking and technologies for treating and monitoring ischemic 
strokes. New methods to recognize the warning signs of stroke, combined with 
the expertise of a dedicated neurosciences intensive care unit, offer patients a 
potential for recovery unthinkable even a few years ago. In a special focus article, 
Dr. De Georgia highlights the essential components of a dedicated neurocritical 
care center.

Finally, Drs. Monisha Goyal and Shenandoah Robinson discuss current ideas about 
the indications for surgical management of epilepsy in children and adolescents. 

We are pleased to share our clinical findings with others in the neuroscientific 
community and hope our readers can benefit from them.  We welcome your 
comments and inquiries.  

Nicholas C. Bambakidis, MD
Editor-in-Chief
(216) 844-8758
Nicholas.Bambakidis@UHhospitals.org
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By 
Jason Wilson, MD
David M. Smith, MD
Warren R. Selman, MD
Robert W. Tarr, MD 
Nicholas C. Bambakidis, MD

The use of bypass grafting for the 
treatment of central nervous system 
disorders remains controversial. 
While initially conceived as a method 
by which flow to the brain could 
be augmented in cases of ischemic 
stroke, and analogous to methods 
applied to cardiovascular disease, 
such applications have never found 
broad scientific support. Nevertheless, 
in certain circumstances of ischemic 
disease, bypass grafting may have 
significant benefit in preventing 
ischemia.

For the treatment of large intracranial 
aneurysms when reconstruction 
of the parent vessel is not feasible, 
flow augmentation is often required. 
This article reviews the literature 
on bypass grafting techniques and 
indications for its use, and describes a 
representative case example of its use 
in the treatment of a giant aneurysm.

Extracranial-Intracranial Bypass Grafting:  
Current Use and Indications

Case Study
A 15-year-old previously healthy boy presented to the University Hospitals 

Rainbow Babies & Children’s Hospital Emergency Department with sudden onset 
of left upper extremity weakness with headache. On examination, he was awake 
and alert but had significant weakness graded as 3/5 of the left arm and hand 
with mild weakness (4/5) of the left lower extremity. Sensation was intact, and 
the remainder of his examination was unremarkable. During the evaluation, his 
strength gradually improved to near normal.

Magnetic resonance imaging (MRI) demonstrated the presence of a large mass in 
the right hemisphere, with evidence of an underlying ischemic deficit in the internal 
capsule. There was no evidence of hemorrhage, but angiography confirmed the 
presence of a giant middle cerebral artery (MCA) aneurysm (Figure 1).

The patient was treated by a multidisciplinary team at Rainbow Babies & 
Children’s Hospital. Surgical exposure was through the MCA distribution. Because 
of the size and morphology of the aneurysm, direct surgical reconstruction of the 
MCA was not possible. Therefore, in anticipation of microsurgical trapping, the 
superficial temporal artery (STA) was dissected and preserved (Figure 2). A direct, 
“double-barrel” anastomosis to distal branches of the MCA was performed in two 
distributions of the MCA using both branches of the STA (Figure 3).

Once the bypass was completed, the surgical team confirmed flow using 
micro-Doppler monitoring and further explored the aneurysm in anticipation of 
clip trapping. Because of proximal and distal branches of the MCA arising from 
the aneurysm itself, direct clip occlusion was deemed unsafe. Instead, the team 
planned for postoperative endovascular treatment.

Postoperative angiography confirmed flow in the distal MCA distribution via the 
STA donor vessels, with flow absent in the aneurysm itself. At 5 years follow-up, 
angiography demonstrated maturation of the donor vessels and continued aneurysm 
occlusion (Figure 4). The patient continues to do well.

Figure 1: Contrast-enhanced MRI image demonstrating a large, enhancing lesion in the 
right sylvian fissure consistent with a giant middle cerebral artery aneurysm (A). This 
is confirmed with angiography (B and C) demonstrating the aneurysm arising at the 
takeoff of the anterior temporal artery (arrow).
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Cerebral Revascularization: Extracranial-Intracranial Bypass
The application of microvascular techniques in neurosurgery was first explored 

in the 1960s in laboratories in Vermont and Zurich, Switzerland. In 1963, a 
bypass was performed with a saphenous vein graft between the common carotid 
artery (CCA) to the supraclinoid internal carotid artery (ICA) in a patient with an 
occluded ICA in the neck.1 In 1965, there was an unsuccessful attempt to bypass 
an anterior cerebral artery (ACA) aneurysm using a shunt from the STA to the distal 
ACA.2 Around the same time, interposing a femoral vascular graft from the CCA 
to the MCA, as a form of extracranial-intracranial (EC-IC) bypass, progressed to 
thrombosis, and the idea of performing STA-MCA bypass was born.3 By the end of 
1966, more than 30 such operations had been performed in dogs.

In 1967, the first STA-MCA anastomosis was performed in a patient with 
Marfan syndrome and an MCA occlusion.4 In 1974, others described the 
anastomosis of the occipital artery to the MCA in patients with unsuitable 
STA for bypass.5 Techniques applied to the anterior circulation were eventually 
implemented into the posterior circulation. In 1982, the first vein grafts were used 
for EC-IC vertebral artery reconstruction and bypass from the ICA to the basilar 
artery.6 Since that time, EC-IC bypass has been applied to numerous vascular 
pathologies, including occlusive cerebrovascular disease, acute stroke, Moyamoya 
disease, vasospasm, aneurysms, and skull base tumors.

The North American EC-IC Bypass Study, begun in 1977, compared best 
medical therapy with STA-MCA bypass plus therapy in patients with symptomatic 
occluded or high-grade stenotic atherosclerotic lesions of the MCA or ICA not 
amenable to endarterectomy.7 In the study, 714 patients were randomized to best 
medical management and 663 patients to bypass plus best medical management. 
Thirty-day surgical mortality was 0.6% and combining both arms of the study, 
major stroke morbidity was 2.5%. In the surgical group, fatal and nonfatal stroke 
occurred earlier and more frequently, and researchers concluded that EC-IC (STA-
MCA) bypass was ineffective in patients with MCA or ICA stenosis not amenable 
to endarterectomy. Following this trial, the number of EC-IC bypass procedures 
performed for cerebrovascular occlusive disease decreased, but the surgery 
remained a treatment for Moyamoya and an adjuvant therapy for parent vessel 
occlusion for giant aneurysms and skull base tumors.

Resurgent Interest in EC-IC Bypass
Interest has resurged recently in EC-IC bypass for patients with cerebrovascular 

occlusive disease as a result of major advances in neuroimaging. Cerebral 
angiography, single photon emission computed tomography (SPECT), balloon test 
occlusion (BTO), and positron emission tomography (PET) now permit identification 
of patients with impaired collateral flow reserve. Patients with abnormal imaging 
and medical failure may be appropriate candidates for cerebral revascularization.

Two ongoing trials—the Carotid Occlusion Surgery Trial8 and the Japanese EC-
IC Bypass Trial9—are attempting to answer the question: Does EC-IC bypass play a 
therapeutic role in the setting of occlusive cerebrovascular disease?
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Figure 3: Intraoperative photographs showing steps 
performed in the completion of the microsurgical 
anastomosis. Following trapping of the distal middle 
cerebral artery branch and placement of a blue 
dam beneath it (A), the donor vessel is cleaned of 
adventitia and approximated to the recipient vessel. 
It is then sutured in an end-to-side fashion using 
10-0 monofilament suture (B, C and D) for both 
donor vessels.

Figure 2: External carotid injection showing 
the branches of the superficial temporal 
artery preserved for use in performing the 
bypass (arrows).

Figure 4: Postoperative 
angiography. Internal 
injections confirm 
absence of aneurismal 
filling (A). External 
carotid angiogram 
performed 6 months 
postoperatively 
demonstrates maturation 
of the bypass (B and 
C). The early arterial 
phase shows filling of 
both branches of the 
superficial temporal 
artery (B) (arrows). The 
late phase confirms 
flow in the distal 
middle cerebral artery 
distribution (C).
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(Extracranial-Intracranial Bypass Grafting continued)

The Cooperative Study of Intracranial Aneurysms 
and Subarachnoid Hemorrhage demonstrated a 33% 
incidence of ischemic neurological deficit in patients 
with ruptured aneurysms and 12% in patients with 
unruptured aneurysms treated by occlusion of the 
carotid artery in the neck. Ischemic rates were higher 
in patients with ICA occlusion vs. CCA occlusion 
(abrupt occlusion 59% vs. 32%, and gradual 
occlusion 41% vs. 24%), irrespective of the presence 
or absence of subarachnoid hemorrhage.10

The importance of STA-MCA bypass for preventing 
ischemic deficits during parent vessel occlusion is well 
established. It is used in the repair of distal traumatic 
aneurysms, mycotic aneurysms, and cavernous carotid 
fistula and in removal of skull base tumors or complex 
aneurysms. Additional reasons for revascularization 
include decreased rate of de novo aneurysm 
formation or undetected aneurysm enlargement 
contralateral to the sacrificed carotid artery (secondary 
to altered flow dynamics) and risks of BTO.

Complex aneurysms that may require bypass and 
parent vessel occlusion include giant aneurysms, 
broad-based/wide-neck aneurysms, fusiform 
aneurysms, calcified/atherosclerotic neck, luminal 
thrombus, symptomatic dissection, blister aneurysms, 
and critical branches originating from the dome or 
aneurysm neck. Many of these lesions can be treated 
with stent-assisted coiling, but coil compaction and 
recurrence may occur and require vessel ligation/
endovascular occlusion with bypass. Flow reversal 
by placement of the bypass alone may be enough 
to lead to aneurysm thrombosis, as in the case 
study reported. However, in general, trapping of the 
aneurysm through either proximal or distal permanent 
clip placement prevents future recanalization. An 
interdisciplinary approach involving neurosurgeons, 
neuroradiologists, and neurologists optimizes 
outcomes.

Technique
The choice of graft depends on the size of the 

recipient and donor vessels, graft availability and 
the extent of required blood flow augmentation. 
Superficial temporal and occipital arteries, which 
are low-flow, can be used if collateral flow exists. 
Saphenous vein grafts and radial artery grafts, 
considered high-flow and intermediate-flow, 
respectively, should be considered if the ICA, basilar 
artery or dominant vertebral artery is to be sacrificed. 
Arterial grafts require time to mature and are subject 
to vasospasm, which can be prevented with pressure 
distention. Venous grafts can kink and produce 
turbulent flow within the recipient artery. In cases 
where more than one major branch may require flow 
augmentation, as in the case study, a double-barrel 
bypass may be used.

Vessels may be reconstructed end-to-end, end-to-side or side-to-side. End-to-
end anastomosis requires temporary clip placement on the proximal vessels. The 
vessel ends are sharply sectioned in an oblique fish-mouth, and the diametric ends 
are aligned. (“Heel and toe” can be anchored first with interrupted suture.) The 
back wall is sutured in a running or interrupted fashion with 9.0 suture followed by 
the frontal wall. If the ends cannot be anastomosed without tension, an interposed 
graft is used. For the end-to-side and side-to-side anastomosis, the side wall of 
the vessel is opened in an ellipsis. The fish-mouth graft is anchored or side walls 
aligned, and the back wall is sewn, followed by the superficial wall. Before the last 
suture is placed, vessel lumens are flushed with heparinized saline.

Advances continue to be made in cerebral revascularization. Excimer laser-
assisted non-occlusive anastomosis (ELANA) bypass11 allows for uninterrupted flow 
in the recipient vessel during bypass. ELANA can only be used with vein grafts, is 
very expensive and may require temporary vessel occlusion.

Development of endovascular stents and balloons that preserve parent vessel 
patency has allowed many complex aneurysms to be treated less invasively and 
alleviated the need for large craniotomies and bypass procedures. However, the 
efficacy and durability of stent-assisted coiling remain in question for some giant 
aneurysms. We hope that these problems will diminish with the development 
of safe bioactive coils and new stent technology. In the meantime, parent vessel 
occlusion with bypass remains a useful option.

Conclusion
EC-IC bypass to augment or replace cerebral perfusion flow during surgery or 

following parent vessel ligation for an aneurysm remains an important therapeutic 
modality for complex aneurysms. At the same time, the technique is being re-
evaluated for the treatment of cerebral occlusive disease. Though the trend 
to bypass complex aneurysms and skull base tumors is declining because of 
advancements in endovascular technology and the advent of radiotherapy, the 
technique is still useful for the appropriately selected patient and pathology.

Giant aneurysm of the middle cerebral artery. Following revascularization with two branches 
of the superficial temporal artery, competing flow within the aneurysm led to progressive 
thrombosis and the patient’s complete recovery. (Illustrations by Deborah Ravin.)
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Giant aneurysm of the middle cerebral 
artery arising at the takeoff of the 
anterior temporal artery.

Following a double-barrel bypass from 
the superficial temporal artery to distal 
branches of the middle cerebral artery, 
a pattern of competing flow is set up 
within the aneurysm, which leads to 
thrombosis. 



By 
David J. Hart, MD 

The field of spine surgery is undergoing rapid technological 
advancement. In the past decade, many new treatment 
strategies, including artificial lumbar and cervical disc 
replacement, dynamic stabilization systems, percutaneous 
vertebral body augmentation and minimally invasive spinal 
surgery, have become available. This review focuses on the 
latter—minimally invasive surgical approaches.

Minimally Invasive Spine Surgery:   
Current Perspectives

Advances in Technology
After a long period of relative stagnation in the evolution of surgical techniques 

for the treatment of spinal disorders, the past decade has seen an explosion of new 
technology, surgical techniques, and research in spine surgery.

The first lumbar discectomy procedure was reported in 1934.1 The approach 
changed from transdural to extradural in 19392 but remained unchanged until the 
late 1970s when several different authors in the United States and Europe reported 
minimization of the hemilaminotomy technique with the use of the operating 
microscope, recently introduced into neurosurgical practice.3-6 The fact that this 
procedure, one of the most basic “benchmark” spine surgery procedures, underwent 
only two significant modifications in 43 years stands in stark contrast to the rapid 
changes in the past decade.

Attempts to minimize the soft tissue trauma of spine surgery met with limited 
success and did not readily extrapolate to other surgical indications. Other methods, 
such as percutaneous nucleotomy, laser discectomy, and intradiscal electrothermy, 
have suffered a mixed reception among spine surgeons, though they are often 
promoted by interventional radiologists, pain management physicians, and other 
nonsurgical physicians involved in the management of spine problems.

A Medline search indexed to the keywords “minimally invasive,” “spine” and 
“surgery” limited to before 1990 finds one article, 1990 to 1996 finds 47 articles, 
and 1997 to present finds 872 articles. In part, this phenomenon is due to the 
revolution of endoscopic and minimally invasive surgical techniques throughout and 
across surgical disciplines over the past few decades.

However, the use of a tubular access system—a landmark advance in spinal 
surgery published in 1997—played a major role in launching the minimally invasive 
spine surgery explosion.7 While the authors initially described using an endoscope, 
conversion to a microscope-guided procedure quickly ensued because of its familiarity 
among surgeons and the less steep learning curve required. The true elegance of 
the approach lies in the sequential dilation of a working channel by splitting the 
longitudinal fibers of the paraspinous muscles, which then revert nearly undamaged 
to their native position once the tubular access system is removed. By not detaching 
the insertions of the muscles from the spine, the structural attachments, vascular 
supply, and innervation of the muscles are preserved. Most significantly, many 
surgeons quickly realized that adjustments in the diameter, location and trajectory 
of these tubular working portals could lend this technique to posterior cervical 
foraminotomy and microdiscectomy (Figure 1), thoracic and lumbar discectomies,  
and laminectomy for lumbar stenosis but even more significantly for fusions and  

Figure 2: Typical wound following a minimally invasive 
lumbar fusion procedure with instrumentation (A).              
By contrast, view of typical open, traditional-technique 
lumbar fusion with instrumentation (B).
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Figure 1: Minimally invasive posterior cervical foraminotomy 
and microdiscectomy.  A K-wire is advanced through the   
cervical paraspinous muscles under fluoroscopic guidance (A).  
Progressively larger diameter and shorter dilators are passed 
over the wire, creating a path through the muscles (B). The 
operation is performed through a working portal advanced 
over the last dilator (C).
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and placement of percutaneous or “mini-open” instrumentation (Figure 2). The latter 
techniques allow treatment of thoracolumbar instability caused by degenerative 
disease, tumor, infection and trauma.

A Rapid Paradigm Shift
A virtual onslaught of clinical studies, symposia, instructional courses and industry 

innovation led to the rapid spread of these techniques in academia and medical 
practice. The “stampede” to adopt these new techniques also led to skepticism 
among some neurosurgeons, orthopaedists and spine surgeons.

Yet scientific evidence supports the benefits of minimally invasive spine surgery. A 
variety of studies in the 1990s defined and demonstrated the morbidity associated 
with standard spine surgery. A 1994 study examining histologic changes in the 
lumbar paraspinous muscles showed the deleterious effects of standard surgical 
techniques on these muscles. Researchers found a linear correlation between muscle 
damage markers and the duration of spinal muscle retraction, and a correlation with 
the intramuscular pressure.8,9 A later study by the same researchers showed elevated 
postoperative creatine phosphokinase (CPK) levels and a linear correlation with 
intraoperative spinal muscle retractor pressures.10

In 2002, another group found upregulation of heat shock protein 70 and 
malondialdehyde, both markers of muscle damage, in the back muscles of 
patients after open spinal surgery.11 The group found similar evidence for markers 
cyclooxygenase-2 and nuclear factor kappa-B.12 Intraoperative muscle retraction 
pressure correlated with postoperative pain scores and disability scale scores as well.13

The conclusion of these and other similar studies is clear: the muscle retraction 
associated with standard spinal surgical techniques causes significant muscle injury 
that manifests itself as postoperative pain and disability for the patient. With that 
said, there is still a significant lack of class I data supporting these minimally invasive 
techniques. As minimally invasive procedures spread in the spine surgery arena and 
as patients increasingly demand them, it is our responsibility to assess outcomes, 
complications and true benefits. Several small, prospective, randomized trials are now 
being reported, with larger series expected.

Current Studies
One study compares a small number of patients randomized to undergo either 

a standard microdiscectomy or a minimally invasive endoscopic lumbar discectomy 
conducted through a 16mm tubular access system.14 Serum CPK-MM (CPK-3) levels, 
lactate dehydrogenase (LDH) levels, and Visual Analogue Scale (VAS) pain scores 
were compared at 1, 3 and 5 days postoperatively. There were statistically significant 
improvements in both CPK-MM levels and VAS in the minimally invasive group.

In another study, 60 patients were randomized prospectively to standard open 
microdiscectomy or to a minimally invasive trocar discectomy.15 Postoperative 
neurological status, VAS, Oswestry Disability Index, and Short Form 36 scores were 
assessed, with a mean 16-month follow-up. Almost all primary outcome measures 
were similarly positive in both groups, supporting the effectiveness of both the 
traditional and the minimally invasive techniques. In the secondary outcomes of 
operative time, intraoperative blood loss and complication rate, the minimally invasive 
procedure proved superior.

State of the Art
Prospective randomized studies of the most advanced minimally invasive fusion 

techniques are expected to follow. These include minimally invasive transforaminal 
lumbar interbody fusion (Figure 2), thoracoscopic transthoracic discectomy, extreme 
lateral interbody fusion (XLIF) (Figure 3), and presacral approach to L5/S1 (AxiaLIF) 
(Figure 4).

XLIF (Figure 3) is a unique, true lateral approach to the spine that uses a 
dilator system to traverse the retroperitoneal space, combined with a free-run 

Figure 4A: Oblique ventral schematic of the AxiaLIF interbody 
fusion for L5/S1. (Image courtesy of Trans1, Inc.)

Figure 4B: Oblique posterior schematic of the AxiaLIF 
interbody fusion for L5/S1 with bilateral percutaneous facet 
screw instrumentation for 360° stabilization. (Image courtesy 
of Trans1, Inc.)
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Figure 3: Schematic 
of XLIF procedure, 
a true lateral, trans-
psoas approach to 
interbody fusion 
that spares the 
peritoneal contents, 
the spinal canal, 
the posterior 
spinal muscles, 
and the anterior 
abdominal muscles 
from disruption. 
(Image courtesy of 
Nuvasive, Inc.)

Figure 4C: This radiograph shows the condition of the spine 
6 weeks after an AxiaLIF procedure.
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electromyographic system to safely navigate the psoas muscle and the lumbar plexus 
within it. Once the surgeon reaches the disc space, a discectomy and interbody fusion 
can be performed in about an hour. The abdominal muscles, viscera, major blood 
vessels, anterior longitudinal ligament, anterior and posterior annulus, posterior 
longitudinal ligament, spinal canal, posterior elements, and paraspinous muscles 
remain undisturbed. The surgery is typically done through a 2-3 cm incision, followed 
by an overnight hospital stay.

The AxiaLIF (Figure 4) is a similarly effective procedure currently applicable only 
to the L5-S1 disc space. It also allows direct access for discectomy and fusion from 
a paracoccygeal, presacral approach, allowing the surgeon access to the disc space 
through the superior endplate of the sacrum. Again, none of the surrounding 
structures, ligaments or neural tissues is disturbed. The procedure usually takes about 
45 minutes via a 2 cm incision near the coccyx. It can be combined with an additional 
1 cm incision over the lumbar spine for placement of percutaneous facet screws, thus 
providing 360° spinal stability, while adding only 10 minutes to the surgery.

Clinical case series of these newer fusion techniques have predominantly shown 
decreased operative time and blood loss, decreased immediate postsurgical pain, 
similar or decreased complication rates, faster recovery time, equivalent fusion rates, 
and similar long-term recovery and outcome scores where available.

While many of the newer implants are expensive, costs savings from a decreased 
length of stay and use of pain medication, along with a faster return to work, should 
offset upfront expenses. This remains to be studied.

Indications and Contraindications
While offering clear advantages in many cases, minimally invasive techniques for 

spine surgery are still somewhat revolutionary and require sound clinical judgment 
to apply them appropriately. Only in very rare cases do they expand indications 
for surgical intervention. Careful patient selection remains the most important 
factor in determining successful surgical outcome. The techniques are generally 
more technically demanding and have a steep learning curve. They usually require 
extensive use of fluoroscopy (often biplanar fluoroscopy), thus exposing the patient 
and surgical team to radiation. Occasionally, anatomic variations make percutaneous 
instrumentation and/or fusion techniques impossible, requiring conversion to an open 
procedure. Multilevel pathology is much more difficult to treat than single-level or 
two-level problems. However, when these difficulties are overcome, minimally invasive 
spine techniques yield benefits that can be dramatic for patients.

Conclusion
Minimally invasive spine surgery offers tangible benefits to patients and is rapidly 

advancing and gaining acceptance. Good quality scientific data is becoming available 
and, so far, appears to support these techniques. It is expected that technology will 
continue to improve and the techniques will be refined, leading to better outcomes 
in the future. When applied appropriately, these techniques will have a longstanding 
place in the spine surgeon’s armamentarium.
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Diaphragm Pacing in Amyotrophic Lateral Sclerosis: 
Hope for a Devastating Disease
By 
Bashar Katirji, MD
Raymond Onders, MD
MaryJo Elmo, MSN, RN, CNP 
Catherine Kernich, MSN, RN, CNP

Amyotrophic lateral sclerosis (ALS) is a relentlessly progressive and fatal disease, characterized by 
motor neuron degeneration of the cerebral cortex, brainstem and spinal cord. The targeted neurons 
include the upper motor neurons (UMN) in the brain (specifically the giant Betz cells of the motor 
cortex) and lower motor neurons (LMN) in the brainstem and spinal cord (specifically the anterior 
horn cells and cranial nerve nuclei).

Table 2. Revised El Escorial Criteria for the Diagnosis of Amyotrophic Lateral 
Sclerosis (ALS), including the recent Awaji-sima Consensus Recommendations 

PRINCIPLES OF DIAGNOSIS

Features Present

 Evidence of lower motor neuron (LMN) degeneration by clinical, electrophysiological 
 or pathologic examination 

 Evidence of upper motor neuron (UMN) degeneration by clinical examination 

 Progressive spread of signs within a region or to other regions as determined by history or examination 

Features Absent

 Electrophysiologic or pathologic evidence of other disease processes that might explain the signs of LMN and/or  
 UMN degeneration

 Neuroimaging evidence of other disease processes that might explain the 
 observed clinical and electrophysiological signs 

DIAGNOSTIC CATEGORIES

Definite ALS
 Clinical or electrophysiological evidence of: 

 UMN as well as LMN signs in the bulbar region and at least two spinal regions, or 
 UMN and LMN signs in three spinal regions 

Probable ALS
 Clinical or electrophysiological evidence of:

 UMN and LMN signs in at least two regions with some UMN signs necessarily rostral to the LMN signs 

Possible ALS
 Clinical or electrophysiological evidence of:

 UMN and LMN dysfunction together in only one region, or  
 UMN signs in two or more regions, or  
 LMN signs rostral to UMN signs 

Anatomic Regions

 Brainstem (bulbar)

 Cervical spinal cord

 Thoracic spinal cord

 Lumbosacral spinal cord

Table 1. Nomenclature of Amyotrophic Lateral Sclerosis (ALS) and Motor Neuron 
Disease and their Variants

Amyotrophic Lateral Sclerosis Motor Neuron Disease Location of Degenerating Motor Neurons
  
Classical or typical ALS ALS Upper and lower
  
Primary lateral sclerosis† Primary lateral sclerosis† Upper only 
 
Progressive muscular atrophy‡ Progressive muscular atrophy‡ Lower only 
 
Progressive bulbar palsy Progressive bulbar palsy Cranial nuclei ± upper
  
Familial ALS Familial ALS Upper and lower  

†including Mill’s syndrome
‡including flail arm syndrome and flail leg syndrome

The Terminology of ALS
Confusion about the terminology of ALS has 

existed for decades. In Europe, the disorder is better 
known as Charcot’s disease or motor neuron disease, 
whereas in the United States, the terms amyotrophic 
lateral sclerosis, ALS, motor neuron disease and Lou 
Gehrig’s disease are used interchangeably. 

ALS is the prototypical disease among motor 
neuron disorders caused by degeneration of both 
UMN and LMN. Patients with purely UMN findings, 
such as hyperreflexia, Babinski signs and spasticity, are 
categorized as having primary lateral sclerosis (PLS). 
In contrast, patients with only LMN findings, such as 
atrophy, fasciculations and depressed or absent deep 
tendon reflexes are typically characterized as having 
progressive muscular atrophy (PMA). PLS and PMA 
have more favorable prognoses than ALS, which 
involves both upper and lower motor neurons. The 
terms “classical” or “typical” ALS are used to refer 
to a specific disorder associated with degeneration 
of both the upper and lower motor neurons. This 
helps to distinguish it from ALS, which denotes the 
entire group of disorders characterized by progressive 
degeneration of motor neurons. Hence, PLS, PMA 
and progressive bulbar palsy (PBP) are considered ALS 
variants (Table 1). 1  

Diagnostic Criteria
Because there is no biological marker for ALS, its 

diagnosis is primarily clinical and rests on evidence 
of UMN and LMN degeneration. The most widely 
used diagnostic standard is the El Escorial criteria, 
which have undergone two revisions (Table 2).2, 3  The 
criteria separate ALS cases into definite, probable or 
possible ALS based on whether UMN or LMN signs 
or both are present in one or more regions of the 
neuraxis. Definite ALS must include involvement 



Most ALS cases are sporadic. Approximately 5% to 10% of cases are inherited, 
and the risk to siblings of a patient with ALS is approximately 2.5% to 5%. 
Approximately 20% of the dominantly inherited cases have a mutation in the 
superoxide dismutase (SOD) gene, an important mediator in free-radical pathways. 
It is hypothesized that mutations in the SOD gene lead to excessive free-radical 
damage to anterior horn cells.5

Clinical Manifestations
Disorders that affect motor neurons manifest as muscle weakness, atrophy, 

cramping, fasciculations and spasticity. These symptoms, in the absence of 
pain, sensory loss or bowel or bladder impairment, should alert the clinician to 
the possibility of a motor neuron disorder. Neurological examination and EMG 
studies help the clinician distinguish between various motor neuron disorders. 

Patients with ALS typically report progressive, painless weakness, atrophy 
and fasciculations. Bulbar manifestations include slurred speech, dysphagia and 
emotional lability. With disease progression, patients lose weight and develop 
respiratory insufficiency. It is increasingly recognized that some patients with 
ALS have cognitive impairment, specifically frontotemporal dementia. Limb 
weakness, fasciculations, atrophy, brisk deep-tendon reflexes, and Babinski 
signs may be present on neurological examination. Signs of bulbar impairment, 
such as dysarthria, tongue atrophy and fasciculations, and a brisk jaw jerk may 
be evident. 

Patients are generally asymptomatic until approximately 80% of motor 
neurons are lost. After onset of weakness, the course is relentlessly progressive 
and ultimately fatal. Limb-onset ALS, typically asymmetric and distal, is the 
most common presentation, occurring in about 75% of cases. The weakness 
involves one arm, one leg or both legs, often asymmetrically, in almost 50% of 
patients, while generalized weakness, bilateral upper extremity weakness and 
unilateral hemiparesis are less common. Bulbar-onset ALS occurs in about 25% 
of patients. Bulbar involvement is closely tied to respiratory muscle strength, so 
the greater the level of bulbar involvement, the poorer the prognosis.
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Table 3. Electrodiagnostic Criteria 
in the Diagnosis of Amyotrophic Lateral Sclerosis (ALS) 

Nerve Conduction Studies 

1. Normal sensory nerve action potential amplitudes and sensory conduction velocities and latencies in the   
 absence of concomitant nerve entrapment or other neuropathies.

2. Normal motor conduction studies or low compound muscle action potential (CMAP) amplitudes with motor   
 conduction velocities that are at >75% of the lower limit of normal, minimum F-wave latency at <130% of the  
 upper limit of normal, and distal CMAP latency that are <150% of normal.

3. The absence of conduction block, as defined by CMAP area reduction on proximal vs. distal stimulation of >50%,  
 or pathologic temporal dispersion, as defined by proximal CMAP duration that is >30% of the distal value. Both  
 are best evaluated when the distal CMAP amplitude is large enough to allow such assessment (usually >1mV). 

Needle EMG 

1. Motor unit action potentials (MUAPs) of increased amplitude and increased duration, usually with an increased  
 number of phases, as assessed by qualitative or quantitative studies.  These are chronic neurogenic signs.

2. Decreased motor unit recruitment, defined by rapid firing of a reduced number of motor units. In limbs with  
 significant upper motor neuron abnormalities, rapid firing may not be achieved.

3. Unstable and complex MUAPs.

4. Fibrillations and positive sharp waves (usually recorded in strong, non-wasted muscles).

5. In the presence of chronic neurogenic changes on needle EMG in ALS, fasciculation potentials are equivalent to  
 both fibrillation potentials and positive sharp waves in their clinical significance.

of at least three of four regions–bulbar (brainstem, 
orofacial muscles), cervical (cervical cord, upper 
extremities muscles), thoracic (thoracic cord, trunk/
thoracic muscles), or lumbosacral (lumbosacral cord, 
lower extremities muscles) regions. El Escorial criteria 
are often criticized for being too restrictive. While 
about 40% of early ALS patients fall into the possible 
group, making them ineligible for trials, about 20% of 
patients die before reaching a diagnosis more certain 
than probable ALS. 

Electrodiagnostic and Other Studies
Electrodiagnostic (EDX) studies play a major role 

in supporting the clinical diagnosis of ALS and in 
excluding diagnoses that can mimic ALS, such as 
multifocal motor neuropathy, bulbospinal atrophy 
(Kennedy disease) and inclusion body myositis. EDX 
testing, including nerve conduction studies and 
needle electromyographic (EMG) examination, is not 
intended to stand alone. Needle EMG is essential 
to confirm the presence of denervation as well as 
to extend the clinical findings by unveiling LMN 
involvement in muscles in body regions otherwise 
regarded as clinically unaffected (Table 3). Recently, 
the Awaji-shima consensus recommended that clinical 
and electrodiagnostic abnormalities be given equal 
diagnostic significance in the evaluation of LMN 
disease in ALS in any given body region (Table 2).3 

Ancillary tests are primarily used to rule out other 
disease processes. Diagnostic evaluation in a patient 
with suspected ALS should include a complete 
blood count, liver function tests and measurement 
of creatinine, calcium, vitamin B12 and parathyroid 
hormone levels. Brain and spinal cord MRI scans 
should be performed to exclude structural lesions, 
such as cervical spondylotic myelopathy or brainstem 
glioma. Pulmonary function tests and overnight pulse 
oximetry can establish the presence of respiratory 
insufficiency. A swallowing evaluation should be 
performed in a patient with dysphagia, dysarthria or 
weight loss. 

Epidemiology
The worldwide incidence of ALS is 0.6 to 2.6 per 

100,000 and the average lifetime risk is about one 
in 1,000. It occurs in a fairly uniform distribution 
throughout the world, except for small clusters in 
Guam, the Kii peninsula of Japan and West New 
Guinea. The mean age of onset is 55 years, with a 
wide range of 17 to 77 years. The disorder affects 
both sexes, with a slight preponderance in men. The 
average time from symptom onset to death in ALS is 
approximately 3 years, and the disorder is fatal within 
5 years in 80% of patients.4
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NeuRx DIAPHRAGM PACING 
APPROVED FOR 
SPINAL CORD-INJURED PATIENTS 

In June 2008, the FDA approved the 

NeuRx Diaphragm Pacing System (DPS) 

for spinal cord-injured, ventilator-

dependent patients. The light-weight, 

battery-powered electronic DPS allows 

patients to breathe and speak more 

naturally, while eliminating the need for 

a power source and concern over power 

outages. 

The system was developed over the 

course of 20 years through a joint 

research effort between physicians 

and engineers primarily at University 

Hospitals Case Medical Center, Case 

Western Reserve University and 

Louis Stokes Cleveland Veterans 

Affairs Medical Center, all located in 

Cleveland. NeuRx DPS is manufactured 

commercially by Synapse Biomedical 

Inc., based in Oberlin, Ohio. 

DPS gained national attention in 2003 

when Raymond Onders, MD, Director 

of Minimally Invasive Surgery and 

of the Diaphragm Pacing Center at 

UHCMC, implanted the system in actor 

Christopher Reeve.

Management
Riluzole, a glutamate antagonist, is the only U.S. Food and Drug Administration-

approved medication for ALS, shown in clinical trials to slow the decline of muscle 
weakness and prolong survival by a median of about 3 months.6, 7, 8 Referral to a 
multidisciplinary ALS clinic for ongoing management and care can be beneficial.4 
Physical and occupational therapy can help patients maintain independence for as 
long as possible. Assistive devices, such as walkers and wheelchairs, and bracing to 
prevent contractures are helpful.  

Symptomatic and supportive care is essential. Excessive salivation can be 
treated symptomatically with anticholinergic medications. When oral medications 
fail, botulinum toxin injection into parotid or submandibular glands should be 
considered.

Excessive emotional lability can be treated with tricyclic antidepressants or 
selective serotonin reuptake inhibitors. Percutaneous endoscopic gastrostomy 
tube placement should be considered when weight loss reaches 10%, length 
of mealtime reaches 30 minutes or longer, or when episodes of coughing and 
choking occur when eating. Augmentive and alternative communication devices 
can help preserve communication when speech becomes unintelligible. 

Respiration   
Though ALS has no direct affect on lung function, it has devastating effects 

on the mechanical function of the respiratory system. ALS affects all major 
respiratory muscle groups: upper airway muscles, expiratory muscles and 
inspiratory muscles. Therefore, all patients with ALS are at significant risk for 
respiratory complications. Progressive inspiratory muscle weakness in ALS 
inevitably leads to inability to clear secretions, carbon dioxide retention and 
hypercarbic respiratory failure. Pulmonary complications and respiratory failure 
are responsible for at least 80% of deaths in ALS.

Noninvasive positive pressure ventilation (NPPV) using bi-level positive airway 
pressure (BiPAP) has been shown to decrease dyspnea, delay the need for invasive 
mechanical ventilation, improve quality of life and prolong survival.9 NPPV is 
usually applied at night because of convenience and the high frequency of sleep-
disordered breathing. Some patients eventually use NPPV 24 hours a day. The fact 
that NPPV does not require a surgical procedure helps with acceptance, though 
compliance can be an issue, and NPPV remains a stopgap measure. 

Many studies conclude that forced vital capacity (FVC) and the revised 
ALS functional rating scale are meaningful predictors of survival and disease 
progression in ALS.10,11 Studies indicate that patients with significant respiratory 
muscle involvement–when FVC falls below 50% of predicted value–may have 
a 9-month mortality rate ranging from 60% to 100%.4 The practice parameter 
of the American Academy of Neurology suggests that all patients with ALS and 
respiratory symptoms or an FVC <50% should be offered NPPV.12

Diaphragm Pacing 
Diaphragm pacing is a possible alternative to and improvement upon NPPV. 

Clinicians and researchers at University Hospitals Case Medical Center (UHCMC) 
and Case Western Reserve University have developed a diaphragm pacing system 
(DPS), the NeuRx DPS, originally used for patients with upper cervical spinal cord 
injury who were ventilator-dependent. The system, which uses four-channel 
percutaneous neuromuscular stimulation technology, has been implanted in about 
40 UHCMC patients with upper cervical spinal cord injury resulting in quadriplegia 
and ventilator-dependency. The success rate of the device for ventilatory assistance 
is 94%, most with full-time diaphragm pacing. The first spinal-cord injury patient 
in whom the device was implanted has used it continuously for 8 years. With 
nearly 200 hundred electrodes implanted in these 40 patients, there have been no 
lead failures. 
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Surgical Procedure
Surgery involves laparoscopic implantation of 

intramuscular electrodes into the diaphragm muscle 
at the motor point of the phrenic nerve. Prior to 
electrode implantation, noninvasive suction cup 
electrodes are used to identify the optimal site for 
electrode implantation. Electrical leads are tunneled 
subcutaneously to an exit site in the chest.13 An 
external stimulator, connected to the leads at the 
percutaneous exit site, delivers the stimulus pulses and 
provides respiratory timing (Figure 1). 

Stimulus parameters (pulse amplitude, width 
and frequency) are adjusted using a clinical station 
until a comfortable level of stimulation is found.  
These parameters are used in initial “diaphragm 
conditioning” sessions. 

The DPS is then set at the highest level the patient 
can tolerate, always below 25 mA for amplitude,  
20 Hz for frequency and 200 ms for pulse width.  
The patient and caregiver are instructed in the care 
and use of the stimulator and on data collection. 

DPS in ALS: Clinical Trial Under Way at 
University Hospitals Case Medical Center 

UH physicians involved in the Diaphragm Pacing 
Center and the Neuromuscular Center of the 
Neurological Institute proposed using the DPS system 
in an attempt to maintain respiratory muscle function 
in ALS patients. A pilot study conducted between 
March 2005 and March 2006 demonstrated the DPS 
system can be safely implanted in ALS patients, with 
a documented decrease in the decline of respiratory 
function leading to increased survival.14

In the pilot study, 16 patients (13 men and 3 
women with an average age of 50 years; age range 
32-70) received implants and no adverse events were 
observed or reported. The mean time between the 
onset of symptoms and enrollment in the trial was 
45 months. All patients had a 2-month lead-in period 
prior to implantation. The median forced vital capacity 
(FVC) at implantation was 57%.  In all pilot-study 
patients, more fluoroscopically observed diaphragm 
excursion occurred with diaphragm stimulation than 
under maximal voluntary effort. DPS significantly 
increased diaphragm muscle thickness when assessed 
with ultrasound (P=0.02). After conditioning the 
diaphragm with the DPS, preliminary results showed 
an average rate of decline in FVC of 1.3% per month 
from the pre-implantation decline of 3.1% per 
month. This extrapolates to an additional 24 months 
of ventilator-free survival (Figure 2).14

Figure 1: The NeuRx diaphragm pacing system
(DPS). Electrodes are of 316 stainless steel and
other biocompatible materials with a long history of
implantation. Electrode design includes anchoring
technology specifically designed for laparoscopic 
delivery and long-term implantation. The NeuRx 
DPS consists of four electrodes implanted into the 
diaphragm to stimulate the muscle, a single anode 
under the skin to complete the electrical circuit, a 
connector holder, a cable and an external battery-
powered pulse generator (A).The pulse generator 
provides the timing and control of stimulus to 
regulate movement of the diaphragm muscle and 
affect respiration. The NeuRx clinical station (B) 
supports diaphragm pacing by providing intra-
operative stimulation and sensing of stimulation 
response; recording diaphragm motor points 
response to stimulation; optimizing amplitude, 
pulse width, pulse frequency, respiration rate 
and inspiration interval postoperatively; and 
communicating desired settings to the NeuRx  
DPS pulse generator.

Figure 1A: Pulse generator

Figure 1B: NeuRx clinical station



Table 4. Diaphragm Pacing System in Amyotrophic Lateral Sclerosis (ALS)  
Clinical Trial:  Inclusion and Exclusion Criteria 

Inclusion Criteria:

• Age 18 or older   

• Familial ALS

• Sporadic ALS diagnosed as probable or definite, according to the World Federation of Neurology revised 
 El Escorial criteria (Table 2)  

• Clinically functioning bilateral phrenic nerve functions as demonstrated by bilateral diaphragm movement with  
 fluoroscopic sniff test or with phrenic nerve conduction studies  

• Forced vital capacity (FVC) between 50% and 85% of predicted values to begin screening procedures

• FVC greater than 45% of predicted value at time of surgery  

• No underlying cardiac or pulmonary diseases that would increase the risk of general anesthesia greater than the  
 expected risk in a patient with ALS  

• Negative pregnancy test in women of child-bearing age  

• Informed consent from patient or designated representative  

Exclusion Criteria:

• Pre-existing implanted electrical device such as pacemaker or cardiac defibrillator  

• Underlying pulmonary diseases that were present prior to ALS that would affect pulmonary tests, 
 independent of ALS  

• Active cardiovascular disease that would increase the risk of undergoing general anesthesia  

• Current pregnancy or breastfeeding  

• Hospitalization for a treated active infection within the past 2 months  

• Significant decision-making incapacity preventing informed consent by the subject due to a mental disorder such  
 as major depression, schizophrenia, Alzheimer’s disease or other dementia  

• Marked obesity   

• Significant scoliosis, chest deformity or pre-existing diaphragm abnormalities  

• Involvement in certain other clinical trials   

• Inability or unwillingness to travel for required follow-up  

A pivotal, multicenter, FDA-approved phase II 
clinical trial of the DPS system in ALS patients is 
under way. The trial is designed to answer the 
questions: 1) Can life-threatening respiratory 
muscle dysfunction be delayed in ALS patients 
through the use of DPS?, and 2) Is DPS an effective 
ventilatory support technique for patients with 
ALS as determined by decreasing or obviating the 
need for negative or positive pressure mechanical 
ventilation?

The trial, under way since 2006, has completed 
the enrollment of 100 patients with ALS who met 
the criteria for trial entry (Table 4).  The study 
period is 1 year, including a 3-month lead-in 
period followed by a 9-month post-implantation 
period.

Among enrolled patients, 70 have already 
received the DPS implant with cumulative 
use totaling 524 months. The average FVC at 
implantation was 59% in these patients. Among 
them, 23 had a pCO2 (partial pressure of carbon 
dioxide) >40mmHg and two were at 60mmHg. 
In all patients, more fluoroscopically observed 
diaphragm excursion occurred with diaphragm 
stimulation than under maximal voluntary 
effort. After conditioning the diaphragm with 
the DPS, preliminary results show an average 
rate of decline in FVC of 0.9% per month from 
the pre-implantation decline of 2.4% a month. 
Investigators at UH Case Medical Center have 
applied to the FDA to expand the trial.  

Conclusion
The DPS system can be safely implanted and 

utilized in ALS patients with progressive respiratory 
failure, resulting in extended ventilator-free 
survival. The ability to specifically target and 
improve diaphragm function with the DPS system 
will increase therapeutic options for carefully 
selected ALS patients.
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Figure 2:  Preliminary results of a study conducted at University Hospitals Case Medical Center 
show a significant decrease in the rate of decline of forced vital capacity after conditioning of 
the diaphragm with DPS. The decrease was associated with a 24-month delay in the need for 
a ventilator.14
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Figure 1A: Pulse generator

Figure 1B: NeuRx clinical station
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Uncommon Causes of Stroke in Women:  
The Reversible Central Nervous System 
Vasculopathies
By Cathy A. Sila, MD

It Started with Cerebral Vasculitis 

Few neurological disorders are more often discussed and less often diagnosed than 
vasculitis involving the central nervous system. Although frequently found in the 
differential diagnosis of an otherwise unexplained neurological disorder, true vasculitis 
isolated to the CNS is extremely rare. 

Reported case series are small, rarely including more than a few dozen patients, 
and the diagnosis is more presumed than proven. In several contemporary series, 
just one-third of cases with an appropriate clinical and radiographic profile were 
confirmed by brain biopsy. Occasionally, brain biopsy suggested an alternative 
diagnosis, but most often the findings were either consistent with infarction or 
were nondiagnostic.1,2

When first described in the 1950s, the diagnosis of CNS vasculitis was 
established by pathological findings of inflammation of small- and medium-sized 
cortical and leptomeningeal arteries with granulomatous features that included 
a spectrum of lymphocytic infiltrates, giant cells, and granuloma formation. The 
inflammatory vessel necrosis resulted in stenosis and thrombosis of vessels with 
ischemia and infarction.

Patients with CNS vasculitis are predominantly male. They generally present with 
progressive headache, cognitive decline, and behavioral abnormalities. The clinical 
course evolves over months, punctuated by transient ischemic attacks, ischemic 
strokes, and seizures. It is invariably fatal without definitive treatment.

Laboratory results are typically normal, as is the cerebrospinal fluid (CSF) 
profile. On occasion, the results reflect modest inflammatory changes (e.g. CSF 
white blood cell count >10/mL or CSF protein >70mg/dL), but prominent CSF 
abnormalities suggest an infectious etiology.

Neuroimaging findings are nonspecific as well, but mirror the clinical course 
with multifocal cortical and subcortical infarcts with leptomeningeal enhancement. 
Perhaps most helpful is demonstrating evolution on subsequent neuroimaging; a 
spread of affected regions of enhancement. An increase in affected brain tissue 
volume would suggest a diagnosis of an infiltrative tumor as opposed to the 
volume loss and resolution of enhancement seen with typical infarcts.

The Advent of Cerebral Angiography
Cerebral angiography has given rise to case reports describing regional and 

multifocal arterial stenosis and dilatations characteristic of the vascular changes 
seen in secondary forms of vasculitis. Angiography has been embraced as an 
important tool for diagnosing vasculitis and is employed by many clinicians as a 
way of avoiding the risks of brain biopsy.

However, one carefully documented series comparing angiographic findings 
with brain biopsies reported that when primary angiitis of the CNS (PACNS) 
was suspected on the basis of the typical angiographic findings of vasculitis, 
the diagnosis of PACNS was never confirmed by brain biopsy. Indeed, these 
angiographic cases were more predictive of an alternative diagnosis.3

Transcranial Doppler monitoring in patients with vasculopathy 
is useful in documenting the early response to treatment 
and helps identify non-responders warranting additional 
evaluation and therapeutic approaches. 



Admission MR perfusion 
shows poor perfusion 
to entire right posterior 
cerebral artery (PCA). 
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This is not surprising given that the typical involvement of small cortical and 
penetrating vessels in PACNS is often beyond the resolution of angiography. In 
some cases, it may produce nonspecific findings of pruned distal vessels or poor 
distal flow in regions consistent with clinical involvement.

Adding to the confusion in reviewing the literature on this subject is the 
nomenclature itself, which includes PACNS, isolated angiitis of the CNS, 
CNS vasculitis, intracranial vasculitis, cerebral vasculitis, and the more precise 
pathological term, granulomatous angiitis of the CNS (GACNS).

If Not Vasculitis, Then What?
In the late 1980s and early 1990s, a clinical syndrome similar to PACNS was 

described by Calabrese and colleagues, who proposed the term benign angiitis 
of the CNS (BACNS).4 The clinical profile of BACNS differed substantially from 
pathologically documented cases of GACNS. Angiography may reveal a high 
probability for vasculitis, and CSF findings may be normal or minimally abnormal 
as in GACNS. However, BACNS presents with a hyperacute onset, affects primarily 
young women, takes a monophasic course, and resolves without prolonged 
courses of cytotoxic drugs, hence the “benign” designation. It should be noted 
that some clinicians question how truly benign the condition is. Delays in diagnosis 
and treatment are associated with completed ischemic and hemorrhagic strokes 
and resulting disability.5

BACNS occurs four to five times more frequently in women than in men, 
with a mean age of onset of 40 years. The hallmark of the clinical syndrome is a 
severe, persistent, and escalating headache that may be sudden or “thunderclap,” 
immediately suggesting a diagnosis of subarachnoid hemorrhage.

Seizures occur in 20% of patients and may occur at any time during the course 
of the syndrome. As the headache progresses, the course is complicated by 
both ischemic and hemorrhagic stroke in more than half of cases. Vessels in the 
posterior cortex are affected most often, with the disease usually manifesting as 
visual deficits or cortical blindness, aphasia, dysarthria, and hemineglect.

As in GACNS, the CSF is typically normal or demonstrates minimal protein 
elevations but is rarely inflammatory. However, in contrast to GACNS, cerebral 
angiography invariably reveals abnormal findings that should be considered a 
hallmark of the disease. These results typically are interpreted as indicating that 
a patient is at high probability for vasculitis with multifocal alternating regions of 
stenosis and dilatation, pruning of branches and abrupt terminations of branches 
involving first- and second-order cerebral vessels, and involvement of more than 
one vascular territory.

The diagnosis of BACNS should be strongly considered when a physician 
recognizes the unusual constellation of ischemic and hemorrhagic strokes 
occurring simultaneously. Half of all strokes are ischemic and are detected with 
greater sensitivity by MRI than CT scanning. Intracerebral hemorrhage and 
subarachnoid hemorrhage each account for about 25% of stroke events.

Now That You Recognize It, You Can Find It in Many Places
Taking a broader view, it is clear that this neurological syndrome has significant 

overlap with many other disorders. It likely represents a spectrum of vasculopathies 
with similar pathophysiologic mechanisms. There are similar conditions that 
affect women during pregnancy and in the postpartum state which vary in their 
severity and the presence of multiorgan involvement. These include the reversible 
vasoconstriction syndrome, or Call-Fleming syndrome, postpartum cerebral 
angiopathy and eclampsia.6

CASE A:

After 5 days of a 

severe progressive 

occipital headache 

with nausea and 

vomiting, a 68-year-

old woman is brought 

to the hospital for 

evaluation of visual 

loss and confusion. 

She has been taking 

a selective serotonin 

reuptake inhibitor 

for depression and 

has been using 

increasing doses of 

nasal decongestants, 

thinking she has 

allergies. 

After treatment 

with verapamil and 

oral prednisone, her 

symptoms resolve 

and her transcranial 

Doppler velocities 

improve. 

Admission CT showing   
right temporaparietal 
subarachnoid hemorrhage.

Admission MRI also shows 
diffusion-weighted image 
positive infarct in the right 
occipital lobe.

Admission MRI confirms focal 
subarachnoid hemorrhage.

Intracranial magnetic 
resonance angiogram 
suggests stenosis of the 
right PCA.

Although the patient has 
recovered, the follow-up 
MRI confirms the residual 
occipital lobe infarct.



MRI confirms the cause of 
her cortical blindness.

MRI DWI images confirm 
borderzone infarcts 
bilaterally.
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In one contemporary epidemiologic study, a postpartum vasculopathy without 
eclampsia was recognized in three of 2,470 (0.12%) cases of pregnancy-related 
strokes. Though uncommon, the diagnosis requires a high index of suspicion. A 
more recent 20-year retrospective study of 1,610 pregnancies discovered eight 
cases (0.5%) that included a hyperacute syndrome consistent with BACNS.

The aggregate description gleaned from the 64 cases in the literature tells 
a familiar story: a woman aged 18–39 with a sudden onset of headache, focal 
neurological deficit, ischemic or hemorrhagic stroke, and seizures presenting on 
average 5 days postpartum and up to as many as 35 days later. Angiographic 
findings consistent with vasculitis and vasoconstriction were present in all cases in 
which angiography was performed. Treatment with steroids and calcium channel 
blockers produced rapid improvement. In cases where serial assessments of 
cerebral blood flow velocities were made using transcranial Doppler (TCD), the 
improvement could be demonstrated to occur within 1 to 2 weeks of treatment.7

Coming Full Circle: Vasculopathy, Vasculitis or Both?
BACNS has been reported with pregnancy-related syndromes and with 

the use of a variety of vasoactive drugs such as cocaine, amphetamines, 
pseudoephedrine, phenylpropanolamine, ephedrine, over-the-counter nasal sprays, 
ergots, bromocriptine, lisuride, cyclosporine, tacrolimus, triptans, serotonergic 
antidepressants, methylenedioxymethamphetamine (MDMA, also called Ecstasy), 
and marijuana.8 Many patients respond to withdrawal of the offending agent 
without additional treatment.

The posterior predominance of cerebral involvement and concomitant ischemic 
and hemorrhagic stroke are typical of another group of disorders. These include 
hypertensive encephalopathy, posterior reversible encephalopathy syndrome, 
reversible segmental vasoconstriction syndrome and other dysautoregulation 
hyperperfusion syndromes.

These are most likely to occur following carotid endarterectomy for severe 
stenosis, ablative treatment of arteriovenous malformations, and cardiac 
transplantation for dilated cardiomyopathy.9 A much briefer but similar syndrome 
may be seen after contrast procedures, such as cerebral or coronary angiography, 
occurring particularly in migraneurs.10

CASE B:

A 35-year-old 

woman undergoes 

a cardiac transplant 

for a dilated 

cardiomyopathy. 

Several days after 

surgery, she complains 

of a progressively 

severe headache 

followed suddenly  

by a profound,  

abrupt and worsening  

confusion. 

Verapamil is 

initiated, her steroids 

are increased and 

cyclosporine held. 

Over the following 

days, her headache 

and confusion 

worsen, and she 

is found to have 

cortical blindness. 

Angiography 

demonstrates 

multifocal stenoses 

and dilatations 

consistent with 

vasculitis. As a 

brain biopsy is 

being discussed, she 

begins to improve 

and cyclosporine is 

reinitiated without a 

clinical relapse.

Admission CT shows right 
temporal hemorrhage.

On the following day, the 
hemorrhage has expanded.

Gradient echo images 
confirm hemorrhagic 
elements.

MRA shows irregularities 
in PCA and MCA branches 
bilaterally. 

Non-Invasive Transcranial Doppler Monitoring of Vasculopathy

LICA – left internal carotid artery; RICA – right internal carotid artery; BA – basilar artery; 
LVA – left vertebral artery; RVA – right vertebral artery.
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Women Stroke continued)

The documented outcomes of patients who present with an acute clinical 
syndrome that includes prominent angiographic abnormalities should lead 
the clinician to suspect an underlying vasculopathy rather than true vasculitis. 
Vasoconstriction with angiographic evidence of vasospasm leads to ischemia 
and cytotoxic edema with a particular predilection for border zone regions. In a 
hypertensive patient, endothelial injury can result in disruption of the blood-brain 
barrier and vasogenic edema. The loss of autoregulatory control results in arteriolar 
dilatation, hyperperfusion and cerebral and subarachnoid hemorrhage.

The proposed mechanisms for these chains of events include an increased 
susceptibility to arterial vasospasm in the puerperium, an immune reaction to 
placental tissues, and increased vascular permeability due to vasoconstrictive 
autoregulatory failure. Increased levels of endothelin have been reported in cases 
associated with hypertensive emergencies, calcineurin inhibitors and eclampsia. 
Thus, vasoactive substances are likely mediators in the pathogenesis.

Treatment and Follow-up
The outcome of BACNS is largely monophasic, often resolving after the 

administration of short courses (1 to 6 months) of a single or combination of 
therapeutic agents. Current treatment recommendations for BACNS in its various 
forms include initiating calcium channel antagonists alone for mild and early 
manifestations. Oral or intravenous steroids are indicated for moderate and severe 
symptoms, respectively. The use of magnesium, as it is employed in the treatment 
of eclampsia, should also be considered for its neuroprotective properties. 
Importantly, cytotoxic therapy is not necessary for clinical resolution, though it is 
uncertain whether its use provides any additional benefit.

Case B Angiography shows typical vasculitic 
changes.

STROKE AND 
CEREBROVASCULAR CENTER
Cathy A. Sila, MD, Director
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Case A Angiography demonstrates focal 
stenosis and dilatations in PCA territory 
branches.
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Follow-up angiography may demonstrate improvement or resolution of the 
vasculitic abnormalities over weeks or months. Empiric management and clinical 
and angiographic confirmation of a therapeutic response over 6 to 8 weeks has 
been proposed as sufficient to support the diagnosis of BACNS and obviate the 
need for a brain biopsy.

The response to therapy can be monitored clinically by symptom resolution 
and supported by serial assessments of cerebral blood flow. TCD monitoring 
is particularly useful in this regard, though the time course of improvement in 
TCD velocities may lag behind clinical improvements. Once clinical remission is 
achieved, repeat angiography at 6 to 12 weeks is recommended to document 
clinical diagnosis and improvement.

If clinical worsening or angiographic progression occurs during this period, 
the diagnosis of BACNS should be reconsidered, and further investigations such 
as brain biopsy can then be considered to evaluate for true PACNS or secondary 
forms of vasculitis.

Cathy A. Sila, MD
Director, Stroke and Cerebrovascular Center
Neurological Institute
University Hospitals Case Medical Center
George M. Humphrey II Professor of Neurology
Department of Neurology
Case Western Reserve University School of Medicine
(216) 844-5505
Cathy.Sila@UHhospitals.org
 

Dr. Sila reports no financial relationships with commercial interests relevant to the content  
of this article.

References

1. Chu CT, Gray L, Goldstein LB, Hulette CM. Diagnosis of intracranial vasculitis: a multi-disciplinary approach.  
J Neuropathol Exp Neurol. 1998;57:30-38.

2. Alrawi A, Trobe JD, Blaivas M, Musch DC. Brain biopsy in primary angiitis of the central nervous system. Neurology. 
1999;53:858-860.

3. Kadkhodayan Y, Alreshaid A, Moran CJ, et al. Primary angiitis of the central nervous system at conventional 
angiography. Radiology. 2004;233:878-882.

4. Calabrese LH, Gragg LA, Furlan AJ. Benign angiopathy: a distinct subset of angiographically defined primary angiitis of 
the central nervous system. J Rheumatol. 1993;20:2046-2050.

5. Goldstein LB, Chu CT, Gray L, Hulette CM. Angiographically defined primary angiitis of the CNS: Is it really benign? 
Neurology. 1999;52:1302.

6. Call GK, Fleming MC, Sealfon S, et al. Reversible cerebral segmental vasoconstriction. Stroke. 1988;19:1159-1170.

7. Bogousslavsky J, Despland PA, Regli F, Dubuis PY.. Postpartum cerebral angiopathy: reversible vasoconstriction assessed 
by transcranial Doppler ultrasound. Eur Neurol. 1989;29:102-105.

8. Calabrese LH, Dodick DW, Schwedt TJ, Singhal AB. Narrative review: reversible cerebral vasoconstriction syndromes. 
Ann Intern Med. 2007;146:34-44.

9. Sila CA. Spectrum of neurological events following cardiac transplantation. Stroke. 1989;20:1586-1589.

10. Zwicker JC, Sila CA. MRI findings in transient cortical blindness after cardiac catheterization. Catheter Cardiovasc 
Interv. 2002;57:47-49.



20 University Hospitals  Neurological Institute Journal  • Fall 2008

Monitoring Massive Strokes:
New Tools Improve Outcomes 
By 
Michael De Georgia, MD
Chris Horn, MD

Massive strokes are uncommon, accounting for just 10% of all supratentorial strokes, but they 
are deadly. The prognosis following a massive stroke—or malignant middle cerebral artery 
territory stroke—is generally poor, with case fatality rates at nearly 80%.1 Patients develop space-
occupying edema that usually manifests between the second and fifth day following stroke onset. 
Approximately 30% of patients experience significant deterioration within the first 24 hours.

Over the past two decades, an evolution has taken place in the understanding of this disease 
and its relationship to intracranial pressure (ICP), pressure gradients, and brain tissue shift. New 
models have emerged reflecting this better understanding, and new monitoring tools enable us 
to intervene earlier and achieve better outcomes for patients.

Figure 1: The traditional model of massive stroke proposed a globally increased intracranial 
pressure (ICP) resulting in downward herniation and clinical deterioration.

Models of Massive Stroke
 The traditional model of massive stroke proposed 

a globally increased ICP resulting in downward 
herniation and clinical deterioration (Figure 1). The 
current model proposes that both cytotoxic and 
vasogenic edema develop in the area around the 
core infarct. Tissue acidosis follows and facilitates 
the spread of fluid along white matter tracts to 
adjacent peri-infarct tissue. Autoregulation becomes 
further impaired and results in still more edema 
so that a vicious cycle develops. With increasing 
edema, ICP increases on one side, creating a force 
vector that displaces the diencephalon horizontally. 
This shift results in a re-equilibration of ICP; that 
is, the pressure decreases ipsilaterally and increases 
contralaterally. Further swelling causes further shift.
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Ultimately, this cycle results in abnormal brain metabolism contralateral 
to the infarct, and distortion of the reticular activating system as the fibers 
ascend through the medial and intralaminar nuclei of the thalamus to  
project widely to the cortex. It is the combination of this abnormal 
metabolism plus the shift of the diencephalon that results in impaired 
consciousness (Figure 2).

A Shift in Perspective
In monitoring and managing patients with massive hemispheric strokes, 

the emphasis today is on pressure gradients and horizontal brain tissue shift 
rather than on globally increased ICP and downward vertical herniation. The 
current consensus is that ipsilateral ICP monitoring is not particularly helpful 
in patients with malignant MCA territory strokes. There may be some role in 
following patients after they have deteriorated, but as a tool to predict which 
patients will deteriorate, ICP monitoring has shown limited success.

New monitoring techniques are now available that can provide clinicians 
with crucial information about brain physiology and metabolism. These include 
near infrared spectroscopy, brain tissue oxygen tension, and intracerebral 
microdialysis.

New Approaches to Monitoring 
In the past decade, several new invasive and 

noninvasive monitoring tools have been introduced 
that are improving our ability to monitor patients 
who have suffered massive strokes, thereby allowing 
treatment that is more effective. Investigations of the 
efficacy of these tools are ongoing.

Transcranial Doppler sonography
One simple approach to monitoring massive stroke 

is to measure the pulsatility index (PI) bilaterally using 
transcranial Doppler (TCD) sonography.2 The PI is 
calculated using the following formula:                                                                            

           PI = (PSV – DV) ÷ MV   

In this formula, PSV = peak systolic velocity,             
DV = diastolic velocity, and MV = mean velocity.

This calculation reflects the pulsatility of the 
waveform. With increased ICP, the waveform 
becomes more pulsatile. In acute stroke, the PI 
increases over the second through fifth days, 
correlating with the peak time of edema. The PI has 
also been shown to correlate with the degree of shift 
on computed tomography (CT) and to occur in the 
setting of intracerebral hemorrhage.3

Another novel approach is to use TCD directly to 
determine the degree of shift.4 These methods allow 
us to follow patients in real time with continuous 
bilaterally TCD monitoring.

Near infrared spectroscopy
Regional blood oxygen saturation can now 

be measured using near infrared spectroscopy 
(NIRS). Absorption of near-infrared light by blood 
is proportional to the concentration of iron in 
hemoglobin and copper in the cytochromes. Because 
oxygenated and deoxygenated hemoglobin have 
different absorption spectra, the oxygenation status 
can, in theory, be determined.

Regional oxygen saturation has been shown 
to correlate with worsening edema,5 and NIRS 
technology has revealed new insights into brain 
metabolism, particularly contralateral to the infarct. 
Regional oxygen saturation has been demonstrated 
to be higher on the side of the infarct, presumably 
because of reduced oxygen extraction. It is lower 
on the contralateral side likely because the oxygen 
extraction is normal. However, with increasing 
edema and horizontal shift, the difference between 
the two hemispheres decreases as the normal, 
contralateral side becomes abnormal. This change 
in the contralateral hemisphere has also been 
shown using intracerebral microdialysis. In one 
study, early increases in lactate and glutamate were 
more predictive of the clinical course than was ICP.6 
NIRS may provide an early indication of brain tissue 
shift and worsening brain metabolism contralateral 
to the infarct.

Figure 2: Current model of massive stroke: A combination of abnormal metabolism plus shift 
of diencephalon produces impaired consciousness.
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Brain tissue oxygen tension monitoring
Finally, brain tissue oxygen tension (brain PtiO2) monitoring has emerged as a 

new tool to measure cerebral oxygen delivery and consumption. Some authors 
have advocated using brain PtiO2 thresholds to determine whether to perform 
decompressive surgery, and if so, when.7 Several studies have shown dramatic 
improvement of brain PtiO2 after decompressive craniectomy.8

More importantly, however, brain PtiO2 can provide insight into the status of 
cerebral autoregulation. Under normal circumstances, when the CPP increases, 
cerebral blood vessels constrict and the brain PtiO2 remains relatively constant. 
When autoregulation is impaired, brain PtiO2 fluctuates in parallel with 
cerebral perfusion pressure (CPP).9 In patients with subarachnoid hemorrhage, 
for example, having impaired autoregulation is predictive of infarction and 
associated with worse outcome.10

The same pattern is thought to occur in patients with massive strokes. 
Impaired autoregulation recently has been demonstrated to be predictive of 
a malignant course of edema in patients with massive strokes as early as 24 
hours after onset.11 Impaired autoregulation correlates with abnormal brain 
metabolism, including higher levels of lactate, when measured by intracerebral 
microdialysis. In fact, tissue acidosis may be one of the drivers of impaired 
autroregulation.11 Improved understanding of autoregulation will allow us to 
better predict which patients are at risk for developing significant swelling and 
brain tissue shift.

Conclusion
Our understanding of the pathophysiology and course of massive stroke 

has improved over the last 20 years, and so have treatment modalities. The 
development of new monitoring techniques discussed here are helping to 
optimize the timing of intervention and improving outcomes for patients of this 
devastating disease.
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At least one out of every 250 children experience recurrent seizures. Fortunately, antiseizure 
medications effectively control such seizures in approximately two-thirds of children with epilepsy.

Still, any seizure can be dangerous, and prolonged seizures (status epilepticus) may have serious 
consequences, including death. Intractable, persistent seizures may significantly and adversely affect 
quality of life and are associated with slowing or even stagnation of developmental progression, such 
as acquisition of cognitive and social skills.

Epilepsy surgery should be considered for any child who fails to achieve seizure 
control after adequate trials of two or three standard antiseizure medications. 
The aim of epilepsy surgery in children is not only to control seizures but to curtail 
neurological decline and improve quality of life.1 In addition, surgical resection 
may be used as palliation for children with refractory epilepsy who are initially not 
thought to be optimal surgical candidates, yielding significant benefits for the 
patient and family.

Presurgical Assessment
Accurate presurgical evaluation is crucial to the success of epilepsy surgery in 

children. Initial evaluation to determine candidacy for surgery typically includes 
video-electroencephalography (EEG), multiple imaging studies such as MRI, 
positron emission tomography (PET) scanning and a neuropsychological evaluation 
(see sidebar, Presurgical Evaluation, page 25).

In general, children found to have a well-defined brain abnormality, with 
concordant information on localization from the presurgical evaluation, are offered 
surgery. Typically, surgery for discrete lesions produces the best surgical outcomes.2 
Resection often cures a child with persistent seizures arising from a small vascular 
lesion, malformation or low-grade tumor.

In addition to etiology, the location of the lesion influences outcome.  
Resections of seizure foci in the temporal lobe generally produce better results  
than extratemporal surgeries. In contrast to the temporal foci found more 
commonly in adults, extratemporal foci predominate in children, making  
pediatric epilepsy more challenging to cure.

Surgery as Palliation
If the presurgical evaluation yields discordant information on the location of 

epileptogenic focus or implies multifocal disease, complete seizure freedom may 
be an elusive goal. However, some children with multifocal disease that is poorly 
localized on neurosurgical evaluation benefit from the marked reduction in seizure 
burden that epilepsy surgery can provide. Their families benefit as well.

The success of surgery is usually measured in 
terms of a seizure-free period of specified duration. 
This is the primary determinant of outcome quality. 
However, other factors, including seizure duration, 
intensity, and need for resuscitative measures, should 
also be factored into determining quality of outcome. 
For example, a significant reduction in seizure 
frequency and duration may mean that a child who 
once required monthly intubation in an intensive care 
unit for status epilepticus has brief seizures that are 
easily managed at home after surgery.

While seizure freedom is important, preventing 
cognitive and developmental decline or stagnation 
may be an equally important measure of surgical 
success. This consideration is paramount because 
children with refractory epilepsy are at considerable 
risk for cognitive impairment, including poor school 
performance and behavior problems.3-8

Many children who are not considered optimal 
candidates for curative neurosurgery may benefit 
from a palliative procedure. From this perspective, 
surgery can be seen as offering both improved 
developmental outcomes and a reduction or even 
elimination of seizures.

Case Examples
In the following case examples, we describe three 

of our young patients with intractable epilepsy, who 
traditionally were not considered optimal candidates 
for intracranial surgical therapy, but who did, in fact, 
benefit from it.9
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Patient 1:
At 11 months of age, this otherwise healthy boy 

experienced his first seizure in association with herpes 
encephalitis. He remained seizure-free until he was 
3 years old but then began having daily seizures. 
Despite several anticonvulsant medication trials, 
he experienced multiple seizure types, including 
asymmetric tonic and versive seizures. He displayed 
marked outbursts with agitation and aggressive 
behaviors, especially before and after seizures. His 
school performance was poor despite a special 
curriculum and a one-on-one aide. His exam was 
remarkable for cognitive delay and right hemiparesis.

Scalp EEG showed poor ictal localization with 
generalized attenuation or generalized spike and wave 
discharges. MRI showed left cerebral hemiatrophy 
with volume loss and encephalomalacia, maximal in 
the left temporal lobe (Figure 1). PET scan revealed 
decreased uptake of contrast medium FDG-18 
(18F fluorodeoxyglucose) in the left temporal and 
parietal regions, suggesting decreased metabolism. 
At 10 years of age, the patient underwent a left 
frontotemporal resection after localization of seizure 
foci with invasive EEG monitoring.

Since undergoing surgery, the patient, now 16 
years old, has experienced no seizures, and he remains 
on one antiseizure medication. The frequency of 
his aggressive outbursts has decreased markedly. 
Despite diffuse cognitive dysfunction, several of his 
fundamental cognitive abilities, including verbal 
fluency, visual-motor skills and visual and nonverbal 
memory, have improved since the surgery. He is 
currently enrolled in vocational training.

Patient 2:
A 14-year-old boy who had suffered an in utero stroke at 7 months gestation 

manifested cognitive, motor and social delays by the age of 2. Seizures began at 6 
years and were characterized by a cry and sudden fall. Multiple seizures occurred 
daily, which were refractory to several antiseizure medications.

Video-EEG evaluation with scalp electrodes showed multiple poorly localized 
seizures with widespread spike and wave discharges. There was encephalomalacia 
in the left middle cerebral artery distribution on MRI, including the frontal, 
temporal, and parietal lobes (Figure 2). The PET scan revealed not only decreased 
metabolism in the expected hemisphere but decreased FDG-18 uptake in the 
contralateral parietal and mesial temporal regions.

Because data from the presurgical evaluation were contradictory, subdural 
electrode strips were placed over both hemispheres via burr holes in a starburst 
pattern to help lateralize seizure onset. This evaluation revealed that >90% of 
seizures were recorded from the left parietal region, with bilateral involvement 
within 400 milliseconds, and a small subset (about 5%) of seizures remained 
localized to the right parietal area. Additional invasive monitoring with a left 
hemispheric grid of subdural electrodes was performed. These additional 
electrodes permitted precise localization of the seizure focus and extra-operative 
mapping of his motor area. The epileptogenic zone in the left parietal region was 
resected when the patient was 9 years old. 

Seizures occurred during the 3 months following surgery but gradually 
decreased in frequency. The patient has experienced no seizures in the past 5 years 
and takes no antiseizure medication. Before surgery, the patient functioned at a 3 
to 6 year equivalent age level (5 to 6 years behind expected age), but after surgery 
functional level is 4 to 5 years behind expected age in a special education setting.

Figure 1: Multilobar involvement from meningoencephalitis in 
Patient 1. Sagittal and coronal MRI demonstrates left temporal 
encephalomalacia resulting from herpes encephalitis (A). 
FDG-PET coronal images progressing from posterior to 
anterior show a more extensive area of hypometabolism 
involving the parietal, temporal and frontal lobes (B).

Figure 2: Multifocal epilepsy after prenatal 
middle cerebral artery stroke in Patient 2.
An axial T1-weighted MRI shows the volume 
loss due to the stroke in the left middle cerebral 
artery distribution (A). Serial axial PET images 
from superior to inferior demonstrate bilateral 
hypometabolism in the parietal regions. 
Hypometabolism on the left is consistent with 
the tissue loss from the stroke. Hypometabolism 
in the right hemisphere (arrows) corresponds to 
the secondary epileptogenic focus (B).

1A
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Patient 3: 
At 3 months of age, this girl began having typical hypomotor seizures 

characterized by slumping forward, a blank stare and occasional secondary 
generalization. The seizures occurred multiple times daily. Along with seizures, 
she developed an epileptic encephalopathy characterized by autistic behavior 
with minimal vocalization (typically screeching) and no words. Evaluation showed 
very frequent multifocal interictal discharges and seizures despite administration 
of multiple antiseizure medications. Behavioral outbursts with violent agitation 
became a daily occurrence. Video EEGs were poorly tolerated. After much 
consideration, a vagus nerve stimulator (VNS) was implanted when the child was   
5 years old (see sidebar, Vagus Nerve Stimulation, page 27).

This procedure was associated with a mild decrease in seizure frequency and 
behavioral outbursts. However, 1 year later, the patient twisted and broke the 
electrode, requiring surgical replacement. Four years later, the generator and 
depleted battery were replaced. Within weeks, the surgical site became infected 
due to manipulation by the patient. The device was removed and the infection 
treated. Seizure activity increased and her behavior deteriorated to a level such that 
her parents felt she could no longer live at home.

Subsequent video EEG showed seizures arising from both hemispheres, though 
80% were of left frontotemporal onset. Neuroimaging showed no localized 
lesions.

Though surgery was unlikely to produce seizure freedom, invasive monitoring 
was performed with parental consent and with additional measures to protect 
the patient from harming herself. The invasive monitoring showed that seizures 
emanated from multiple foci in the left frontal, parietal and temporal lobes. 
Mapping showed that she did not have significant overlap of her speech or motor 
areas with the seizure focus.

The patient underwent a left frontotemporal resection at 10 years of age. At 
this writing, more than 3 years later, the frequency of seizures is markedly reduced, 
occurring in brief flurries every 3 weeks. She has shown significant improvement in 
her behavior along with some acceleration of her language skill development. She 
is now signing more than 30 words, and attends a special school.

Figure 3: Images of 
invasive electrodes.
High-resolution coronal MRI 
reveals an area of abnormal 
gray matter deep in the 
left temporal lobe (arrow), 
suggestive  of cortical 
dysplasia (A). To better 
localize the seizure focus 
and to map language areas, 
invasive monitoring with a 
combination of subdural 
and depth electrodes 
was performed. A lateral 
skull radiograph showing 
electrodes coregistered with 
the MRI (B). Hippocampal 
depth electrode placement 
shown in the axial (C)                  
and coronal planes (D).
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Epilepsy Surgery Evaluation

Presurgical Evaluation 
•	 A	thorough	general	and	neurological	
evaluation by a pediatric epileptologist.

•	 Video-EEG	to	characterize	seizures.	

•	 Cognitive	and	behavioral	evaluation	by	a	
pediatric neuropsychologist. 

•	 Imaging	studies	to	identify	structural	
lesions and areas of abnormal metabolism, 
potentially	related	to	a	seizure	focus.

- High-resolution magnetic resonance  
 imaging (MRI)

- Positron emission tomography scan (PET)

- SISCOM: subtraction of ictal SPECT  
 from a baseline study to identify region of       
	 seizure	onset.	This	test	is	performed		 	
 during a video-EEG

•	 Imaging	studies	to	identify	eloquent	areas	
of the brain (motor, language, memory). 

- Functional MRI:  noninvasive test which  
 requires significant cooperation and may  
 not be appropriate for all children

- Wada test:  selective sedation of either  
 cerebral hemisphere during an angiogram  
	 to	determine	lateralization	of	language	 
 and memory 

•	 MEG:	shows	magnetic	fields	generated	
by	brain	activity,	and	helps	localize	seizure	
foci and functional areas (available in spring 
2009).

•	 When	needed	for	a	procedure,	sedation	
is performed by specialists in a pediatric 
sedation unit. Child life specialists are also 
available	to	help	minimize	a	child’s	anxiety.		

•	 After	completion	of	the	presurgical	
evaluation, data is reviewed by the 
Epilepsy Team at the Patient Management 
Conference. The recommendations are then 
presented to the family.

Invasive Evaluation 
During initial surgery, direct recordings 
from the brain (via subdural and depth 
electrodes) are obtained (Figure 3). Each 
child is monitored in the Rainbow Epilepsy 
Monitoring Unit for 1-2 weeks, where 
precise information about the location of 
seizure	onset	is	gathered.	

Brain mapping:  implanted electrodes are 
stimulated by the epileptologist to identify 
functional areas and any overlap with 
seizure	foci.

Resection 
During	the	second	surgery,	the	seizure	focus	
is resected. Most children return home 
within a few days and to school after a  
few weeks.
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Discussion
Treatment of multifocal epilepsy remains a challenge. In pediatric patients, this 

type of epilepsy is often associated with developmental and behavioral delays. 
However, evidence supporting the efficacy of surgical intervention is aggregating 
in the medical literature. We have described the cases of three children who 
benefited significantly from surgical intervention:

• The favorable results of a multilobar resection in Patient 1, a child who had 
encephalitis and multifocal lesions, suggest that surgery can arrest intractable 
seizures even in this difficult-to-treat subpopulation.

• Patients with perinatal insults can achieve good results with an aggressive 
approach, as suggested in the case of Patient 2.

• In the case of Patient 3, severe behavioral issues with multifocal interictal 
abnormalities led to implantation of VNS, which was mildly beneficial for a 
limited period. However, after surgical resection, the patient’s course included 
significant improvement in her behavior and learning, as well as her family’s 
quality of life.

Children with severe cognitive and developmental delay, including autism 
and aggression associated with intractable seizures, are increasingly seen as 
good candidates for palliative surgery. Though two of the three children we 
describe are seizure free, surgical resection was not performed with the sole aim 
of rendering patients seizure free, but rather with the goal of reducing seizure 
burden and improving the patient’s and the family’s quality of life.

In the patients described above, invasive monitoring was performed via 
surgical implantation, underscoring the need for individual patient data 
examination and consideration for epilepsy surgery. The clinical course of these 
patients suggest that children who have previously been denied surgery may also 
benefit from a re-evaluation.

Conclusion
The cohort of pediatric epilepsy patients with refractory seizures differs 

markedly from that of adults. Poorly controlled seizures emerge in childhood 
often with multifocal lesions and comorbidities. Because of their multifocal 
nature, these seizures and their associated negative developmental consequences 
traditionally have not been targets for epilepsy surgery.

The three patients presented in this article are not routinely considered optimal 
candidates for curative surgery but were well served by surgery as a palliative 
therapy. The postsurgical outcomes in these patients suggest that neurologists 
and neurosurgeons should consider surgery in patients with multifocal epilepsy 
and reconsider the criteria for an ideal surgical candidate.

The optimal utilization of epilepsy surgery in pediatric patients can be part of 
a multimodal therapeutic plan. Surgery, plus antiseizure medication, physical and 
behavioral therapy, and other available therapies in combination or succession 
will likely provide maximal seizure control as well as improvement in cognitive 
development and socialization. For any child whose epilepsy is refractory to two 
or more standard seizure medications, surgery should be considered a viable 
therapeutic option.

(Pediatric Epilepsy Surgery continued)RAINBOW NEUROLOGICAL 
CENTER 
Mark S. Scher, MD, Director
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University Hospitals Epilepsy Center 
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with an interdisciplinary team, provide 

comprehensive evaluations and a wide 

range of therapeutic options, taking 

into consideration each patient’s unique 

situation.  Available treatments range from 

advanced therapeutics to epilepsy surgery.  

Clinical trials under way here ensure 

that our patients have access to the most 

advanced medications and therapies. 



Fall 2008  •  Neurological Institute Journal  (216) 844-2724        www.UHhospitals.org/neuro    27

Vagus Nerve Stimulation

Vagus nerve stimulation (VNS) is one of several palliative surgical options 
for children who are not candidates for intracranial resective surgery. In 
most	children,	VNS	stimulation	is	well-tolerated	and	may	improve	seizure	
control in children who have few other options. Surgery involves inserting 
an electrode around the vagus nerve in the left mid-cervical area. The 
electrode is connected to a generator placed in the left chest wall. The 
parameters for the intensity and frequency of stimulation are adjusted in 
an outpatient setting using an external programming device. Depending 
on the parameters, the battery is replaced every 3 to 5 years.

Monisha Goyal, MD
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Neurocritical Care Today:   
Our Experience at University Hospitals
By Michael De Georgia, MD

Across the nation, hospitals report that the ever-increasing demand for critical care is exceeding the 
availability of intensive care unit (ICU) beds. With a growing demand fueled by an aging population, 
pressure to improve quality, a reduction in the workforce, and economic pressure to reduce health 
care costs, critical care seems to be caught in a perfect storm.
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In many ways, neurocritical care is at the very eye of the storm, 
with an unprecedented growth in patient volume in the past 5 years. 
To address this growth, University Hospitals Case Medical Center 
(UHCMC) has created the Neurocritical Care Center. The center 
provides an efficient framework for care, improves coordination 
of research, promotes education, and advances administrative 
efficiency.

At UHCMC, the Reinberger Neuroscience Intensive Care Unit 
(NSU) is the epicenter for critical care management of all patients 
with acute neurological disease.

Emergence of a New Specialty
Neurocritical care is a relatively young specialty. In fact, critical 

care medicine did not truly exist as a specialty until the 1960s. In 
pulmonary units, established in the 1950s to cope with the polio 
epidemic, neurologists often managed mechanical ventilation 
using negative pressure tanks. Though positive pressure ventilation 
dramatically improved outcomes for patients with respiratory failure, 

mechanical ventilation was slow to be adopted for neurological 
patients in coma because it was deemed futile. Neurologists 
eventually receded from critical care.

During the 1960s and 1970s, neurosurgical intensive care 
units proliferated. While focusing mainly on postoperative care, 
these units were used to stabilize patients with head trauma and 
subarachnoid hemorrhage. Neurosurgeons directed most aspects of 
intensive care in these units.

During the 1980s, combined neurology/neurosurgery ICUs 
(neuroscience ICUs) were established to care for patients with 
a broad range of illnesses: ischemic and hemorrhagic stroke, 
status epilepticus, encephalitis, neuromuscular respiratory failure, 
and trauma. Neurointensivists (usually neurologists with critical 
care training) emerged as specialists to provide comprehensive 
multisystem care for patients in these units. Neurocritical care grew 
exponentially during the 1990s, parallel with advances in acute 
stroke management. In 2003, the Neurocritical Care Society was 
established.
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The Neurocritical Care Center: Bringing it All Together
There are few areas in which a cohesive, integrated, team approach is more 

important for patient care than in the intensive care unit, where the disease—the 
single unifying factor driving outcome—is critical illness. The intensive care unit’s 
multidisciplinary team members include internists, surgeons, anesthesiologists, 
critical care nurses, pharmacologists, respiratory therapists, physical therapists, 
nutritionists, case managers, social workers and bioethicists.

In the past, loose affiliations between these groups resulted in fragmented care, 
especially in the rapidly growing and complex critical care environment. However, 
over the past decade, there has been a growing recognition that more organized 
and centralized critical care can control costs, better manage patient flow, and most 
importantly, improve patient outcomes.

One way to develop and deliver more organized and centralized critical care 
for patients with neurological illness is by creating a dedicated neurocritical care 
center. The main impetus is to bring all components of neurocritical care under one 
umbrella to create a more efficient and effective team and to improve the quality of 
patient care. Such centers strengthen and formalize our already existing affiliations.

At UHCMC, our Neurocritical Care Center allows for better coordination 
of research into an overall strategy, overriding the typical interdivisional and 
interdepartmental nature of research programs. Centers promote clinical and basic 
science research by coordinating efforts and improving efficiency and productivity. 
Coordinating all of our educational programs through a center produces the highest 
level of teaching and experience for our trainees.

With concentrated administrative supervision of the Neurocritical Care Center, 
we can efficiently analyze ways to reduce costs, implement clear strategies to 
shorten the length of stay, improve admission and discharge efficiency, and optimize 
reimbursement.

Finally, in the setting of the intensive care unit, few factors are as important as 
quality nursing care. Our nurses go on rounds daily with the intensive care team 
and contribute to all aspects of the center, including patient care, education, and 
research. Our center allows us all to feel part of the same team and to integrate 
physicians and nurses into one entity.

The Neurocritical Care Center’s Mission
•  To improve patient care by implementing best  
 medical practices for acute neurological disorders.

• To foster clinical, experimental, and outcomes 
 research focused on developing innovative 
 interventions.

• To improve education of residents and fellows by 
 developing standards for training in neurocritical 
 care.

• To advance administrative efficiency and quality 
 improvement.

• To deliver nursing care in a manner that 
 promotes interdisciplinary collaboration, caring, 
 and compassion.

• To strive to be the world leader in neurocritical 
 care.

Michael De Georgia, MD
Director, Neurocritical Care Center 
Co-Director, Stroke and Cerebrovascular Center 
Neurological Institute 
University Hospitals Case Medical Center 
Maxeen Stone & John A. Flower Professor       
of Neurology 
Case Western Reserve University 
School of Medicine 
(216) 844-1552 
Michael.DeGeorgia@UHhospitals.org
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