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What excites you most about the 2022
section meeting? Is there any part of the
program you are most excited about? 

Dr. Meyer: Spine Summit 2022 is going to have a
fantastic program that encompasses the entire
spectrum of spine surgery. The section annual
meeting continues to grow and every year we are
able to grow on the past successes and modify the
meeting to meet the changing landscape of spine
surgery. This year we have extended our programs

for Advanced Practice Providers to make the
meeting an enhanced educational

opportunity for them and to
increase the value of the
meeting to our private
practice surgeons. The

theme of this year’s meeting is “Transformative
Technologies,” so there will be a focus on new
advances that are likely to propel spine surgery
forward in the immediate future.  

Please share with our members your
background and clinical interests.     

Dr. Meyer: I grew up in Rhode Island and graduated
from Brown University Medical School. I
subsequently did my neurosurgery residency at
Mount Sinai in New York City. Following residency, I
had the opportunity to complete a spine fellowship
at the University of California, San Francisco under
the mentorship of Dr. Praveen Mummaneni. After
fellowship, I joined Dr. Jack Knightly in New Jersey
where I have been for the last 11 years. My clinical
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interests include spinal deformity, minimally invasive spine surgery,
and motion preservation.  

Are there any mentors who were particularly influential
on your career? 

Dr. Meyer: I have been blessed with excellent mentors, but the two
that stand out are Dr. Mummaneni and Dr. Knightly. As a fellow with
Dr. Mummaneni, I not only learned operative technique but also the
art of helping people manage their spinal disorders. He embodies a
true physician in how much he cares about his patients and their
outcomes. Early in my career, I was also lucky enough to go from
fellowship to having an office next to Dr. Knightly. I would bounce
ideas off of him on a regular basis, which made early practice fun
and allowed me to develop confidence. We continue to consult one
another 11 years in which remains a very rewarding part of my
practice and makes going to work fun.

What does the section mean to you and what do you
enjoy most about being a leader within the section?   

Dr. Meyer: The section is my home. I look forward to the meeting
every year as an opportunity to catch up with friends while learning
new advances from thought leaders. There are a number of
meetings, but in my humble opinion it is by far the best spine
meeting out there. Over the years the topics have continued to be
relevant and the addition of orthopedic spine to the meetings has
enhanced the breadth of topics and diversity of viewpoints. Spine
Summit, despite being cutting edge, also maintains an intimate
feeling where attendees in the audience feel comfortable asking
questions and are actively involved in the meeting. 

As a leader in the section, what are your thoughts on ways to
increase and promote diversity and inclusion in the section?  

Dr. Meyer:My personal belief is that it has to be a deliberate
process, which means developing programs and subsections within
the section that focus on developing diversity. The section is very
inclusive, but more needs to be done in outreach to bring residents
to the meeting and get them involved to the point that they too feel
that the section is a group of friends that will support them
throughout their career. 

What advice would you give residents and fellows
interested in spine surgery?   

Dr. Meyer: There is no better time to have an interest in spine. 
I would recommend seeking out mentorship early on and then
continuing to look for ways to grow and hone your craft. Technology
and techniques change rapidly, so seeking out meetings and groups
of people that are on the forefront will help you stay on top of your
game. Most importantly, I would recommend finding something that
they love to do. When you love what you do, you will be good at it
and ultimately enjoy going to work.

What do you do in your free time to unwind?  

Dr. Meyer: I love to exercise and do HIIT 5 days a week in the
morning before office hours and surgery. I feel that it helps set my
day and puts me in a better mood for the day ahead. I love spending
time with my three children (Charlotte, Luke, and Amanda), which
always puts things in perspective for me. I also enjoy golf and hockey
when time permits. 

Interview with Dr. Meyer
� Continued from page 1
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Enabling Technology in the OR: 
How to make it work for you, not against you  
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Ali A. Baaj, MD
Robotics, navigation, augmented reality, virtual reality—seems
impossible to avoid hearing these words nowadays when talking
about spine surgery.  For some, these enabling technologies have
led to improved safety and outcomes in their practice, but for others,
they remain cumbersome to use, cost prohibitive and disruptive to
their workflow (1,2).  Having had extensive experience in both
traditional, “free hand” techniques as well as CT-guided navigation
technology, I’d like to share some tips for leveraging these modali-
ties and making them work for you, not against you.  

Tip #1: You have to commit to using technology
Practice makes perfect.  This is true for so many tasks, including for
adopting enabling technology safely and effectively in the OR.
Change can be difficult:  We’re accustomed to a certain workflow and
we don’t like change.  However, technology will not work in your
favor unless you commit to using it, for both the routine and more
challenging cases.  The learning curve may be steep, but it cannot be
flattened without vast hands-on experience.  The consistent utiliza-
tion of enabling technology in the OR affords both the surgeon and
the staff more opportunities to gain comfort and experience.  

Tip #2: You can’t use in complex cases only
A common miscalculation is the attempt to utilize enabling
technology on “complex” cases only.  This scenario occurs when
surgeons change their workflow and bring in navigation or robotics
for the “tough case.”  This is exactly when NOT to use enabling
technology for the first time.  Every new technology has its own
nuances, strengths and weaknesses, and the complex case shouldn’t
be where the surgeon first learns this.  It should be in the more
routine cases where the surgical team and operating room staff
becomes familiar and adept with new technology.  Surgeons who
have successfully integrated advanced navigation systems in their
workflow routinely utilize the technology in both the more straight-
forward and the complex cases.  

Tip #3: You have to have a dynamic relationship
with the technology
I’m a big user of CT-guided spinal navigation systems, and I always
tell colleagues and trainees that one must have a dynamic relation-
ship with the technology.  One has to test and confirm accuracy at
multiple steps during the procedure.  I utilize my direct visual and
anatomic knowledge to obtain feedback of the fidelity and accuracy
of the navigated instruments.  If there’s any concern, re-calibrate.  The
“trust but verify” adage is very applicable to safely and effectively
utilizing enabling technology in the OR.  Having a dynamic, rather
than a static, relationship with the technology will work in your favor.

Tip #4: Purchased technology should be used
Enabling technologies, like CT navigation and robotic systems, are
expensive.  Many surgeons request and negotiate these capital
purchases with the facility in an effort to enhance marketing and adopt
“newer and better” techniques.  Inevitably some surgeons lose interest
in, and patience with, these systems leaving them to collect dust in the
OR hallways.  In addition to not capitalizing on the potential advantages
of these enabling technologies in the OR, low utilization could
negatively impact negotiating power for future equipment.  It’s impera-
tive, therefore, to carefully consider the purchase of expensive technolo-
gies and, once purchased, make every effort to utilize the equipment.

In summary, enabling technologies will become increasingly prevalent
in spine surgery.  Embracing this technology and learning how to
effectively and safely utilize it, in my opinion, will help us continue to
be innovative and impactful in terms of training and patient care.

References
1.    Sielatycki JA, Mitchell K, Leung E, Lehman RA. “State of the art
review of new technologies in spine deformity surgery-robotics and
navigation.” Spine Deform. 2021 Sep 6.

2.   Moses ZB, Mayer RR, Strickland BA, Kretzer RM, Wolinsky JP,
Gokaslan ZL, Baaj AA. “Neuronavigation in minimally invasive 
spine surgery.” Neurosurg Focus. 2013 Aug:35(2):E12.
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Traumatic atlanto-occipital dissociation (AOD), also known as

occipito-cervical dislocation or dissociation, represents the most

unstable injury to the upper cervical spine or cranioverterbral

junction. It accounts for 6-8% of traffic fatalities and 30% of cervical

spine related fatalities. The injury results in, oftentimes, a purely

ligamentous disruption of the major stabilizers of upper cervical

spine. The resultant stretch injury to the cervicomedullary junction

explains the ensuing respiratory arrest, quadriplegia or cruciate

paralysis (Figure 1). Recently, reports of favorable outcomes have

been documented in individuals suffering from this injury, a reflec-

tion of the improvements in pre-hospital care, prompt diagnosis

and treatment. Traynelis1 classified these injuries into three types:

type 1, where the dislocation is anterior; type II, whereby the

dislocation is superior; and type III, the least common type, where

the dislocation is posterior. 

One cannot overemphasize that a prompt and timely diagnosis is

of utmost importance, as a misdiagnosis and inappropriate

treatment will lead to catastrophic outcomes. This is especially true

in patients who are lucky enough to present with minimal or no

deficits. While original radiographic parameters used to diagnose

this injury were based on plain radiography, the gold standard

modality now is a computed tomographic (CT) scan.2 It is now

established that the condyle-C1 interval (CCI) and the modified CCI

are the parameters of choice to diagnose this injury, carrying near

perfect sensitivity, specificity and negative predictive values. A brief

Nader S. Dahdaleh, MD

� Continued on next page

Atlanto-occipital dissociation:
Diagnosis&Management

Figure 1:Midsagittal and parasagittal MRI STIR sequences demonstrating extensive ligamentous injury of all major ligamentous stabilizers of the
craniovertebral junction in a case of traumatic atlantooccipital dissociation. Note the disruption and distraction of the atlantooccipital joint on
the parasagittal view.
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account of various parameters is to follow

for the sake of completion.  

The basion-dental interval (BDI) is the

distance between the basion and tip of the

dens (Figure 2). A BDI  > 12 mm is

diagnostic of AOD with a sensitivity of

about 50 to 75%, a specificity of 100% and

a false negative rate of 54%. The basion-

axial interval (BAI) is the horizontal distance

between the basion and the posterior

aspect of the axis (Figure 3). A value of

more than 12mm is specific and diagnostic

of AOD; however, it has a sensitivity of 25-

30%, and a high false negative rate of 72%.

The highly specific Powers ratio is the

distance between the basion and posterior

arch of C1 divided by the distance between

the anterior arch of C1 and the opisthion

(Figure 4). A ratio of > 1 is diagnostic,

however with a low sensitivity of about

50% and a false negative rate of 45%. The

X-lines of Lee are drawn as depicted in

Figure 5. If the tip of the dens violates the

� Continued from page 4

� Continued on next page

Figure 2: 
Basion-dental 
interval (BDI) 

Figure 3:  
Basion-axial 
interval (BAI)

Figure 4:  
Powers ratio

Figure 5:  
X-lines of Lee



dotted line or the posterior arch of the atlas violates the solid line,

then AOD is diagnosed with a fairly low sensitivity of 41 to 66%.3,4

The gold standard of diagnosing AOD is the condyle-C1 interval. 

In the coronal plane, if the value is > 2mm in adults or 4mm in

children (Figure 6) then it is diagnostic with near perfect sensitivity

and negative predictive values. An even simpler technique is the

modified condyle-C1 interval, which is the parasagittal CT view of

the joint where the dislocation is easily identifiable (Figure 7). 

A distance of 1.5 mm in that plane is diagnostic with perfect

sensitivity and negative predictive values, and has a zero rate 

of false negativity.3,4 This is summarized in Table 1.

Once the diagnosis is made, total spinal precautions must be

followed. The patient is preferably stabilized with a crown halo 

vest.  Note that although this is a dislocation, cervical traction is

certainly a contraindication. Once the patient is deemed stable

 hemodynamically and from a traumatic brain injury perspective,

prompt treatment with occipitocervical fusion is pursued (Figure

8).1-4 Another advantage of crown halo vest application is that it

would make prone positioning safer in patients suffering from this

highly biomechanically unstable injury. 
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Measurement Sensitivity Specificity False negative rate

BDI 50-75% 100% 54%

BAI 25-30% — 72%

Powers ratio 50% — 45%

X-lines of Lee 41-66% — —

CCI ~100% — —

Modified CCI ~100% —     0%

Table 1
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Figure 8:  A younger man suffered a motor vehicle accident resulting in mild traumatic brain injury and quadriplegia. Imaging showed
 atlantooccipital dissociation. Note the subtle findings on the midsagittal CT view while clearly there is evidence of dislocation on the parasagittal
view by the modified condyle-C1 criteria. The patient underwent emergent occipitocervical fusion. Fortunately, the patient had an excellent
outcome with total recovery after three months from the injury.

� Continued from page 6

Figure 6:  
Condyle-C1 interval

Figure 7:  
Modified condyle-
C1 interval
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Nader S. Dahdaleh, MD

The American Board of Neurological Surgeons recently changed the
format of its examination part II: the oral boards. The new format was
implemented during the May 2017 examination in Houston. It currently
encompasses three 45-minute sessions: A general neurosurgery
session; a specialty session geared towards either spine, tumor,
vascular, functional, pediatric neurosurgery, or trauma and critical care;
and a session that focuses on selected cases from the examinee’s own
practice. The examinee should successfully go through a minimum of
five cases during each session. Moreover, the examinee has the option
of another general neurosurgery session instead of a specialty session. 

Serious preparation for the oral boards should start around two to three
months prior to the examination date. My advice is to dedicate a full
two to three weeks of study time leading to the examination that
excludes academic or clinical obligations. During that time, the incorpo-
ration of around 7 to 10 one-hour mock oral board sessions is key; this
is done by reaching out to your ABNS board-certified colleagues and
having them go over cases in an oral board style fashion. Lastly, I highly
recommend registering for the Goodman review course directed by Dr.
Allan Levi that is administered just prior to the examination, as well as
courses available via the Congress of Neurological Surgeons and the
American Association of Neurological Surgeons.

The goal is conquering the examination and becoming an
ambassador of the ABNS. It takes as much strategy as knowledge to
do that, and if I were to choose, I would rank strategy over
knowledge. The primary intention of the examiner is to progress
through the cases without stalling or tricking the examinee:
Remember, it’s only 45 minutes to go over a minimum of five cases.
The examinee is scored based on radiographic interpretation,
formulating a differential diagnosis leading to a diagnosis, surgical
management, and management of complications. Demonstration of
competency and safety are the cornerstones of success.

The “phases” to conquering a case, hence, are:

1. History, neurological examination and radiographic interpretation

2. Differential diagnosis leading to a diagnosis

3. Surgical management

4. Management of a complication 

The following are two scenarios:

For instance, a case may start with a man who was “found down”
unresponsive on the pavement with a GCS of 6 and the first
question is what is the differential diagnosis? The differential is wide
and encompasses traumatic (assault leading to traumatic brain
injury), metabolic (alcohol intoxication), seizure disorder, vascular
(subarachnoid hemorrhage), or even cardiac. A HCT is then
presented showing an epidural hematoma or a subdural hematoma
with midline shift, and questions would follow on how to manage it.
The examinee will describe a trauma craniectomy for hematoma
evacuation and duraplasty, and then will be asked to manage an
intraoperative complication (such as a dural sinus hemorrhage) or a
postoperative complication (such as status epilepticus or intractable
elevated intracranial pressure).

The other possible scenario may involve a patient who you would
encounter in clinic with the chief complaint of loss of dexterity and gait
disequilibrium. The examinee will localize it to the cervical spine and
order an MRI of the cervical spine that shows C5/6 and C6/7 severe
cervical stenosis due to ventral disk herniation or disk/osteophyte
complexes. The examinee will then order a CT to rule out ossification
of the posterior longitudinal ligament and then perform an anterior
cervical discectomy and fusion. Of course, the examinee will be asked
to manage a complication related to the procedure (for instance,
ventral cerebrospinal fluid leakage or esophageal perforation).

Now, let us dissect the four “phases” of a case:

The initial phase that starts with the history and physical examina-
tion is about localizing the lesion to a specific area of the central
nervous system. For instance, a history of lower extremity weakness
with brisk patellar reflexes, and positive Babinski and clonus on
examination will localize to the thoracic spine. On the other hand, a
history of right sided weakness and dysphagia with an associated
sign of an absent gag reflex on examination will localize to the
caudal brainstem or medulla. Lethargy or altered mental states will
localize to an intracranial process causing increased intracranial
pressure (mass lesion or hydrocephalus) or at times may be the
result of a metabolic process (for example, hyponatremia).

A brief primer for the neurological spine
surgeon preparing for the American
Board of Neurological Surgery
Part II: The oral boards
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Localizing the lesion will lead to ordering the appropriate imaging
study. Critical analysis of the imaging study will lead to the second
phase: formulating a differential diagnosis. For instance, a patient
with progressive quadriparesis and objective findings of upper
motor neuron involvement will lead to ordering a MRI of the cervical
spine. Let’s say the MRI shows an ill-defined intramedullary
enhancing lesion spanning C4-6 with surrounding edema. The
 differential diagnosis will include several possibilities: a neoplastic
process (astrocytoma, ependymoma), an inflammatory process
(neurosarcoidosis or multiple sclerosis) or even an infectious process.
It’s important to keep your differential diagnosis wide and inclusive.
In order to achieve a diagnosis, further studies or tests may be
required. In this case, for instance, the examinee will order lumbar
puncture and cerebrospinal fluid sampling that includes: protein,
glucose, cells, cytology, oligoclonal bands, and ACE levels. A picture
of an inflammatory process (elevated WBC and protein) associated
with elevated ACE levels will lead to the diagnosis of neurosar-
coidosis. Neurosarcoidosis is treated medically. Here, having a
narrow differential diagnosis by only including the possibility of
neoplasm will potentially lead to the dreaded spinal cord lesion
biopsy or resection!

Successful diagnosis will lead to the third phase: management. The
ABNS part II oral examination is a surgical examination. The rule is
that most, if not all, of the cases are surgically treated except for one
or two. There are key core surgical procedures that the examinee
should be well versed . When deciding on the timing of surgery, the
type of surgery and the resources that you may need, you must
imagine that you are working in the best hospital, with the best staff
and resources available at all times, ready to go even at 2:00 am in
the morning. In other words, if you are torn between performing an
urgent case emergently, choose to do it emergently. The examiner
must perceive your sense of urgency and concern about a patient.
Moreover, err on being liberal with the use of invasive monitoring
(central line, arterial line placement) and neurophysiological
monitoring (cranial nerve, motor and sensory evoked potentials).
After appropriate positioning and the initiation of antibiotics and
anti-epileptic drugs (when necessary), you will describe the surgical
technique to performing a certain operation. There are five to seven
key steps to each operation. Here is an example describing a
lumbar microdiscectomy of a paramedian disk herniation through
both open and minimally invasive spine (MIS) techniques: 

1. Prone on a Wilson frame

2. Fluoroscopy to identify the appropriate level

3. Midline incision for open versus 1.5 cm small paramedian 
incision for MIS

4. Subperiosteal dissection with monopolar cautery along the
spinous process, lamina and facet (avoiding violating the facet

joint). For MIS, sequential tubular dilation under fluoroscopy then
docking at the lamina-spinous process junction with the table
mounted tubular retractor (example, Metrx tube 18-22 mm in
diameter) then subperiosteal dissection as above

5. Microscope

6. For L4/5 level: L4 laminotomy then L4 medial inferior facetectomy
using a combination of Kerrison rongeurs and a high speed 3mm
electric drill bit. Identification and removal of ligamentum flavum,
then identification and retraction of the thecal sac and traversing
nerve root. Identification of the disk herniation and resecting it
with micro nerve hooks and the pituitary rongeur. If it is not a
subligamentous disk, then an annulotomy is performed with a 
15 blade prior to the retrieval and resection of the disk herniation.

The fourth and last phase will be addressing a complication. When
you think of complications, think algorithms.  An example would be
a patient who presented to the emergency room suffering from
orthostatic or positional headaches and clear fluid draining one week
following a L4/5 laminectomy. This patient is suffering from a
cerebrospinal fluid (CSF) leak. The management of a spine fluid leak
that is draining actively through the incision is surgical.  The following
is the algorithm: 

1. Wound exploration

2. Use of a microscope to identify the CSF leak

3. Identify all dural edges, which may entail further decompression 

4. Attempt at primary dural closure using 6.0 Prolene or 
4.0 Neurolon sutures

5. If that is not possible, use a dural substitute and perform as a patch

6. CSF tight multilevel closure 

7. Placement of a lumbar drain with 10cc/hour drainage for 
5 to 7 days

It is advised to work through the algorithm efficiently and quickly for a
number of reasons. First, to display to the examiner that you have
indeed prepared for this examination and you have competency with
handling complications. Second, to gain time and get to the next case.
For instance, when managing a postoperative status epilepticus, work
through the algorithm from the first step of administering lorazepam
0.5 mg intravenous push up to 4 mg all the way to intubation, EEG and
pentobarbital induced coma titrated to a burst suppression. Do not
only administer lorazepam and wait for a reaction from the examiner.
The chances are the patient will still be seizing so work through the
whole algorithm quickly as you should show the examiner that it is
second nature to you to treat these common complications.

Strategic preparation for the oral boards can certainly make the
process enjoyable and the outcome fruitful!

� Continued from page 8
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Despite the known shortcomings of the US healthcare system,
thousands of patients from abroad seek medical and surgical care
at healthcare facilities in the US annually.  Published reports
suggest that number is close to 70,000 patients per year, but the
true figures are likely much higher (1).  The reasons are many and
largely revolve around the same themes.  First, innovation and
research in the US remain among the best in the world which
translates into cutting-edge treatments and clinical trials that may
not be available elsewhere.  Second, regulatory oversight and
accreditation practices in the US foster a sense of trust in our
health system by many abroad.  Lastly, patients and families often
use the time in the US for the dual-purpose of medical care and

tourism.  These and other reasons make the US the number one
medical destination country globally (1).  In this article, I will share
some of the challenges and rewards that come with international
patient care.    

Which centers do patients select?

Patients referred, and thus sponsored, by a government or interna-
tional medical entity typically are directed to leading US hospitals
based on overall or specialty-specific national rankings.  Many of
these “top” hospitals not only have positioned themselves as
leaders in healthcare delivery, and thus attract both domestic and
international patients, but some have also created programs

Building an 
international patient practice 
Ali A. Baaj, MD

� Continued on next page
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designed specifically to meet the needs of patients travelling from
abroad.  However, patients who are self-sponsored typically have
more options.  They still seek care at nationally-ranked hospitals
but are more likely to seek a specific provider based on recommen-
dations of their local physician or acquaintances.  Not infrequently,
referrals can come directly from colleagues abroad.  It’s no surprise,
therefore, that surgeons who engage in education and training
partnerships abroad are more likely to be the recipients of a direct
referral.  The referral process thus starts either with a known
colleague abroad (physician-to-physician) or with the sponsoring
entity (entity-to-hospital).  

The operational challenges

The operational challenges of delivering care to a local patient are
many, and to a patient travelling from abroad are even greater.
Starting with the record review process, the ability to receive and
review medical information from a potential patient could take
weeks.  Language barriers, imaging availability, and incomplete
records are only a few reasons why there could be a delay in
confirming appointments.  After a physician accepts the case, the
logistics of travel and accommodations create another layer of
difficulty for expedited care.  Treating patients, as we all know,
goes beyond the technical and clinical care.  The team needs to be
sensitive to linguistic, cultural, religious and other personal needs
of the patient and their family.  The successful programs have
coordinators to ensure that patient care and patient experience are
optimized.  Yet another challenging component of international
patient care is coordinating the payment model.  Payment
contracts, especially from government and sponsoring entities,
require additional administrative and legal scrutiny that may
preclude some health centers from participating.  Having a
dedicated finance/billing division to handle these nuanced
payment contracts and services is costly but ideal. 

Achieving patient satisfaction

Patients travelling from abroad have unique, and often different,
expectations for care.  Recognizing and addressing these, in my
opinion, is what separates the top medical centers from the others
in the international patient care space.  All patients, regardless of
origin, expect and deserve safe and effective medical and surgical
care.  But patients who travel long distances may have additional
needs.  These include: More post-operative visits before they
travel back home, expediated physical therapy or rehab services,
referrals to other specialists while they’re in the US, and a
mechanism to return at a future date for follow-up.  Patients from

abroad, whether self-pay or sponsored, can have a certain level of
entitlement or expectation to have these and other needs
addressed.  This has to be recognized, addressed and handled
courteously and professionally by the medical team.  Achieving
good clinical outcomes, therefore, is mandatory but not sufficient
for building a thriving international patient program.  Patient and
family satisfaction is, as it should be, of utmost importance.  

Is it worth it?

There are many reasons surgeons and medical centers seek to
enter the international patient recruitment space.  For one, it offers
brand visibility beyond the local market and this, in turn, promotes
expansion of educational, research and clinical offerings abroad (2).
Second, it affords the practice to potentially diversify its revenue
stream, allowing it to offer services to a broader patient population
in different markets (3).  Lastly, these engagements foster a certain
type of appeal value to the organization, allowing it to strengthen
its marketing strategies locally.  

In summary, international practice building comes with significant
challenges but great rewards.  The ability to attract patients from
both nearby and from abroad, and to offer them safe and effective
care, provides a deep sense of gratification to the entire team.  For
surgeons interested in international healthcare collaborations in
education, research and clinical care, providing care to patients
from abroad can facilitate and augment these partnerships.  The
physicians and health systems that succeed in this space are the
ones who focus on both good clinical care and patient experience,
and who successfully navigate the significant operational and
administrative challenges of international patient care.
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Benign vertebral column nerve sheath tumors with extra-spinal
extension pose a unique and challenging problem for neurosurgeons.
The majority of spinal nerve sheath tumors are within the intradural
extramedullary compartment. However, a subset of these tumors will
develop extra-canalicular components that will insidiously grow into
potential spaces that have the capacity to accommodate significant
growth before symptoms are clinically pronounced. In this article, we
will discuss regional-specific anatomic considerations and resection
strategies relative to the management of these tumors.

Cervical
Cervical spine nerve sheath tumors with extra-spinal extension pose

unique surgical challenges for the surgeon. Many of these tumors

harbor an intradural component in addition to a foraminal extension.

While the goal of surgery for symptomatic lesions is gross total

resection, functional nerve preservation, vertebral artery protection,

and biomechanics must all be kept in mind during the preparation

phase of surgery. Benign nerve sheath tumors have a tendency to

displace, rather than invade, critical neural-vascular structures.

However, adherence to these structures may be encountered. Figure 1

depicts the case of a 23-year-old female with progressive cervical

myelopathy and isolated left triceps and hand weakness. Not only has

this tumor developed both intradural and extradural components, but

it has also caused erosion of the C7 vertebral body. Biomechanics of

the cervicothoracic junction must be considered during this operation.

Because the facet joint at C6/7 and C7/T1 need to be removed in order

to gain access to the foraminal component of the tumor, instrumenta-

tion is necessary to avoid post-operative deformity. It is critical to

expose the tumor circumferentially. Both the C7 and C8 nerve roots

should be exposed. Because the tumor is exiting the foramen above

the T1 pedicle, the surgeon should expect significant involvement of

the C8 nerve root with the tumor. Variability exists within the literature

in reference to the absolute necessity of index nerve root preservation

and functionality. Although in this particular case the involved C8

nerve root did not appear to be electrophysiologically normal, we

aimed to preserve it during the operation. There is often an intradural

component to these tumors, which should be removed prior to

mobilization and resection of the epidural and foraminal components.

Surgical Management 
of Vertebral Column Nerve-Sheath
Tumors with Extra-Spinal Extension
Michael Galgano, MD

� Continued on next page

Figure 1:

Pre-op sagittal T1+ MRI: Intra-
/ Extra-dural schwannoma 

Pre-op axial T1+ MRI:
Foraminal extension of
schwannoma dorsal to L
vertebral artery

Pre-op axial T2 MRI: Left –
Post-op / Right – Pre-op
showing gross total resection

Intra-op photo revealing both
intra- and extra-dural
components of tumor

Intra-op photo revealing the
final construct after gross total
resection

Post-op upright x-ray showing
good cervical sagittal balance
and horizontal gaze
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� Continued from page 12

� Continued on next page

Thoracic
Thoracic spine nerve sheath tumors can grow to exceptionally large

sizes due to the accommodation of the posterior mediastinum and

retropleural space. Figure 2 depicts the case a 57-year-old female with

thoracic myelopathy and left-sided chest pain. There are multiple

surgical strategies that can be utilized in this case. An all-posterior

retropleural approach was undertaken. Although benign nerve sheath

tumors do not necessarily invade osseous structures, they do have a

tendency to erode normal bone. In this particular case, the involved

pedicle and adjacent facet joints were completely obliterated by

tumor. After instrumentation is placed, the epidural component of the

tumor is mobilized and dissected away from the dura. If an intradural

component is present, this will first be excised. Aside from T1, the

involved thoracic nerve root can be ligated and sectioned without

significant clinical consequence. Removal of the index rib is required to

obtain access to the retropleural compartment. A plane is then created

between the tumor capsule and parietal pleura. Care is taken to not

violate the pleura during this phase of the operation. Circumferential

dissection can then be undertaken until the entirety of tumor is

mobilized and subsequently delivered.

Lumbar
Although lumbar nerve sheath tumors can present in a similar

radiographic fashion to both their cervical and thoracic counter-

parts, a subset are located completely within the extra-foraminal

location. Neurofibromas have a tendency to involve the nerve root

itself rather than displace it. Figure 3 depicts the case of 30-year-old

male with a history of NF1. He presented with left thigh pain and

proximal leg weakness. Although accessing this tumor from a direct

posterior approach is feasible, this would necessitate removal of the

adjacent facet joint to access the tumor. This particular case

highlights the utilization of a minimally invasive direct paraspinal

muscle-splitting approach. Fluoroscopy or navigation can be used

to localize the transverse process above and below the tumor. After

progressive dilators are inserted, a tubular retractor is inserted to

create an access corridor. The inter-transverse ligament is first

identified and opened sharply. The neurofibroma can then be

identified and dissected circumferentially. The L1 nerve root was

found to be electrophysiologically inactive. The components of the

L1 nerve root directly proximal and distal to the tumor are cauter-

ized and ligated, allowing complete delivery of the tumor en bloc.

The patient was discharged home three hours after surgery.

Figure 2:

-- 3D reconstruc-
tion: Posterior
mediastinal
 schwannoma

Pre-op MRI T2: 
Severe spinal cord
compression with
large retro-pleural
extension of tumor

Pre-op sagittal CT:
Erosion of involved
pedicle and adjacent
facet joints from
schwannoma

Pre-op axial (left) /
coronal (right) CT:
Erosion of involved
vertebral body with
large peri-aortic component of tumor

Post-op (left) / Pre-op (right) T1+ MRI: Gross total resection of tumor          Intra-op photo revealing the final construct after gross total resection
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Pre-sacral / Retroperitoneal
Nerve sheath tumors within the retroperitoneal space can grow to

extraordinarily large sizes before clinically relevant symptoms are

appreciated by the patient. Figure 4 depicts the case of a 57-year-

old female presenting with a right-sided painful L5 radiculopathy

and partial foot drop. Radiographic imaging revealed an 8 cm

retroperitoneal mass originating from the right L5 neural foramen.

Due to the significant functionality of the L5 nerve root, we felt that

neural preservation was paramount with this operation. We utilized a

two-stage approach in this case. Stage 1 entailed a partial unilateral

facetectomy and separation of the L5 nerve root from the tumor

within the proximal neural foramen. A small piece of AlloDerm was

then placed between the anterior component of the L5 nerve root

and the dorsal surface of the tumor. Stage 2 of the operation

entailed a laparotomy by a surgical oncologist. We mobilized the

iliac vessels and created a plane between the psoas and medial

tumor. Once the tumor was circumferentially mobilized, the last step

of the operation entailed identifying the proximal aspect of the L5

nerve root and retrieving the AlloDerm. The undersurface of the

tumor was meticulously dissected from the course of the L5 nerve

root, and it was subsequently delivered en bloc. 

Figure 3:

Pre-op sagittal T1+ (left), axial
T1+ (middle) & axial T2 (right):
L1 foraminal / extra-foraminal
neurofibroma

Intra-op x-ray: docking of
tubular retractor to create a left
paramedian muscle-splitting
corridor

Artistic rendition of dilators
(left) & tubular retractor
placement (right)

Intra-op photo of L1/2 inter-
transverse ligament

Intra-op photo of circumferen-
tially-dissected neurofibroma

A

B

C

E

D

Figure 4:

Pre-op sagittal (left), axial
(middle), & coronal CT (right):
large right-sided retroperitoneal
schwannoma

Pre-op T1+ MRI: Extension of
schwannoma from right L5
neural-foramen

Post- and Pre-op CT: Gross total
resection of tumor

Intra-op photo of iliac vessel
retraction revealing the
 schwannoma

Intra-op photo of tumor
specimen
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L4 Radiculopathy versus
Saphenous Neuropathy
Brandon W. Smith, MD and Thomas J. Wilson, MD, MPH

Differentiating radiculopathies from periph-

eral mononeuropathies is a common task

for spine and peripheral nerve surgeons

alike.  Generally, a lesion in the nervous

system causes more specific symptoms the

more distal you go.  Pain and sensory loss

related to a brain or spinal cord insult is

typically very amorphous, and patients will

provide an imprecise description of the

distribution of the symptoms.

Radiculopathies, however, tend to be a little

more precise.  Patients will often give a

general description of the location of the

symptoms and may wave their hand over

the location.  Further downstream, a periph-

eral mononeuropathy will produce very

specific symptoms.  The patient will usually

be able to take one finger and outline the

location of the symptoms. Remembering

this principle can give us a general sense of

whether we should be leaning towards a

central etiology versus radiculopathy versus

peripheral mononeuropathy.  We can then

home in on the diagnosis through a focused

history, physical examination, and

potentially imaging and/or electrodiagnos-

tics.  It is common to need to differentiate

an L4 radiculopathy from a saphenous

neuropathy, since the pattern of pain and

sensory symptoms overlap.

Both L4 radiculopathy and saphenous

neuropathy involve pain and/or paresthe-

sias along the medial leg and around the

medial malleolus.  It is important to

remember saphenous neuropathy in the

differential diagnosis when a patient

presents with this complaint.  The

saphenous nerve is a pure sensory nerve

that arises as the distal continuation of the

posterior division of the femoral nerve.

Thus, this is one of the first differentiators.  

If there is any motor involvement, then it is

not a saphenous neuropathy.  This is

somewhat oversimplified due to the fact

that a femoral neuropathy can present with

saphenous distribution symptoms plus

motor symptoms, but any motor symptoms

exclude a pure saphenous neuropathy.  The

saphenous nerve runs immediately lateral to

the femoral artery as it courses through the

adductor canal.  It is in the adductor canal

that the nerve can be compressed by the

vastoadductor membrane.  Above the knee,

the saphenous nerve gives off the infra-

patellar branch, which, as the name implies,

provides sensation to the infrapatellar

region.  The infrapatellar branch, and to a

lesser degree the saphenous nerve, are

prone to injury related to port sites placed

along the medial knee for knee arthroscopy.

Any event that causes significant swelling of

the knee or thigh can lead to compression

of the saphenous nerve in the adductor

canal.  This can include trauma about the

knee and knee surgery, especially when

there is a history of multiple knee surgeries.

A history of knee or thigh trauma preceding

the onset of symptoms, history of knee

surgery, or history of multiple lower

extremity operations should prompt one to

consider a diagnosis of saphenous

neuropathy, whereas a history of the typical

inciting events for lumbar disc herniation

may favor an L4 radiculopathy.  A

saphenous neuropathy will have symptoms

starting around the medial knee, radiating

down the medial leg, towards the medial

malleolus/instep of the foot.  An L4 radicu-

lopathy will have a similar distal distribution,

but will have an origin radiating from the

back to the lateral proximal thigh around

the anterior thigh to the anteromedial knee.

A description of pain starting in the back

versus pain starting at the knee can be

helpful in establishing a diagnosis.  An L4

radiculopathy will typically involve weakness

of knee extension (overlap with L3) and/or

weakness of dorsiflexion (overlap with L5).

The presence of any weakness argues

against a saphenous neuropathy.  The

presence of dorsiflexion weakness,

innervated by the common peroneal nerve,

also argues against a femoral neuropathy.

To round out the physical examination,

deep tendon reflexes (DTR) should be

tested. The predominant nerve root

involved in the patellar reflex arc is L4, and

both the afferent and efferent signal travel

through the femoral nerve. An L4 radicu-

lopathy or femoral neuropathy will cause a

decreased DTR, whereas a saphenous

neuropathy should not impact the DTR.  

This history and physical examination can

then be used to order the appropriate

diagnostic testing, which may include some

combination of a lumbar spine MRI, MR

neurogram of the thigh, ultrasound of the

saphenous nerve, electrodiagnostic study

(EMG/NCS), and diagnostic nerve block of

the saphenous nerve.  While saphenous

neuropathy is uncommon relative to other

entrapment neuropathies, it is important 

to remember in the differential diagnosis 

of L4 radiculopathy and may be 

under-recognized.
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5. Winner of the 2020 Kline Research Award is Dr. Daniel
Umansky (Dr. Rajiv Midha, University of Calgary). 

“Use of focused ultrasound for reversible opening of 

the blood-nerve barrier.”

6. Kline NREF “Honor Your Mentor” Fund is on the 
NREF website.  If you would like to contribute to the 

fund, please visit Kline NREF Fund website:

http://www.nref.org/donate

Note that the Peripheral Nerve Division leadership controls

the use of the NREF PN funds (including the Kline fund) for

research or education, within the guidelines of the NREF.

7.  Upcoming meetings 

1.  ASPN annual meeting, January 14-16, 2022, 

Omni la Costa Hotel, Carlsbad, California.

http://www.peripheralnerve.org/meeting

2.  Narakas 2022 22nd international symposium 

on brachial plexus surgery May 19-21, 2022, 

Berlin, Germany.

3.  25th Meeting of the Sunderland Society, 

Fairmont Banff Springs Hotel, TBD.

4.  The 7th annual Peripheral Nerve Dissection Course:

“The Kline Legacy,” in New Orleans, Louisiana, TBD.

Peripheral Nerve  
Updates for DSPN Members

SpineSection
AANS/CNS Joint Section on Disorders 
of the Spine and Peripheral Nerves

N E W S L E T T E R Congress of Neurological Surgeons
email: info@1cns.org
phone: 847-240-2500
web: http://www.spinesection.org

Email your suggestions, meeting information, or other newsletter
topics to:  Khoi D. Than, MD khoi.than@duke.edu

Line Jacques, MD 

1.  The Peripheral Nerve Business Dinner during the 
AANS-Orlando, FL has been canceled due to Covid-19 

and will be replaced at the Philadelphia, PA, AANS 

meeting on Sunday, May 1, 2022. Details to come.

2.  The 2022 Kline lecture will be presented by Dr. Mario G.
Siqueira (University of Rio de Janeiro, Brazil) during the 

AANS meeting in Philadelphia, PA. The lecture title is “Evolution

of the treatment of the neonatal brachial plexus injuries.”

3. The Kline Research Award will be offered again this year to
support either basic or clinical research related to peripheral

nerves with funding in the amount of $10,000. The research

award provides means of peer review for clinical projects,

and therefore to enhance competitiveness for potential

National Institutes of Health (NIH) funding.

Dr. Ilyas Eli  (Dr. Mark Mahan, University of Utah)will

present a talk entitled “Comparison of rapid-stretch injuries to

conventional crush, transection and repair” at the Philadelphia,

PA, AANS meeting.

4. Winner of the 2019 Kline Research Award is Christopher
F. Dibble from St. Louis. He will present a talk entitled “MO

on Optimizing Nerve Regeneration” at the Philadelphia, PA,

AANS meeting.

http://www.nref.org/donate
http://www.peripheralnerve.org/meeting
mailto:info@1cns.org
http://www.spinesection.org
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