
Download 
Neurosurgery Board Review: Questions 

and Answers for Self-Assessment
 Ebooks For Free

 Heather Choate Davis

http://dl.neutronbyte.com/pdf-file/18oYWaTP/e/GlmP/KqPw/dAJNQ/Neurosurgery-Board-Review-Questions-and-Answers-for-Self-Assessment
http://dl.neutronbyte.com/pdf-file/18oYWaTP/e/GlmP/KqPw/dAJNQ/Neurosurgery-Board-Review-Questions-and-Answers-for-Self-Assessment
http://dl.neutronbyte.com/pdf-file/18oYWaTP/e/GlmP/KqPw/dAJNQ/Neurosurgery-Board-Review-Questions-and-Answers-for-Self-Assessment
http://dl.neutronbyte.com/pdf-file/18oYWaTP/e/GlmP/KqPw/dAJNQ/Neurosurgery-Board-Review-Questions-and-Answers-for-Self-Assessment
http://dl.neutronbyte.com/pdf-file/18oYWaTP/e/GlmP/KqPw/dAJNQ/Neurosurgery-Board-Review-Questions-and-Answers-for-Self-Assessment


Designed to evaluate candidates' expertise and provide direction for continued learning, the
American Board of Neurological Surgery (ABNS) primary (written) examination is a required
step to attaining board certification in the U.S. The rigorous exam requires substantial
preparation.Each author brings unique qualifications to this publication from writing previous
editions, to achieving the second highest exam score in the U.S. to the insights of a current chief
resident. Their mission is to help readers comprehend the material and retain this knowledge,
rather than solely striving for the highest score.This essential board prep review mirrors the
exam's multiple-choice format and seven sections: neurosurgery, clinical neurology,
neuroanatomy, neurobiology, neuropathology, neuroradiology, and clinical skills/critical care.
Presented in a new and improved layout, the third edition encompasses the numerous advances
in neurosurgery since the 2004 edition was published.New Key Features:Expanded coverage of
endovascular techniques for the treatment of cerebral aneurysms, the latest advanced imaging
technologies, and treatment paradigm updates for acute ischemic strokeMore than 1,000
questions with answers that include detailed, insightful explanationsHigh-quality illustrations and
superb anatomical dissections by Albert L. Rhoton Jr., MD, and other mastersThis invaluable
board review will help neurosurgical residents prepare thoroughly for the primary ABNS exam. It
is also beneficial for neuroscience residents specializing in neurology and neuropathology.
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requires substantial preparation. Each author brings unique qualifications to this publication,
from writing previous editions, to achieving the second highest exam score in the U.S., to the
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retain this knowledge, rather than solely striving for the highest score.This essential board prep
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specializing in neurology and neuropathology.
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Books, Inc. 5 4 3 2 1Important note: Medicine is an ever-changing science undergoing continual
development. Research and clinical experience are continually expanding our knowledge, in
particular our knowledge of proper treatment and drug therapy. Insofar as this book mentions
any dosage or application, readers may rest assured that the authors, editors, and publishers
have made every effort to ensure that such references are in accordance with the state of
knowledge at the time of production of the book.Nevertheless, this does not involve, imply, or
express any guarantee or responsibility on the part of the publishers in respect to any dosage
instructions and forms of applications stated in the book. Every user is requested to examine
carefully the manufacturers’ leaflets accompanying each drug and to check, if necessary in
consultation with a physician or specialist, whether the dosage schedules mentioned therein or
the contraindications stated by the manufacturers differ from the statements made in the present
book. Such examination is particularly important with drugs that are either rarely used or have
been newly released on the market. Every dosage schedule or every form of application used is



entirely at the user's own risk and responsibility. The authors and publishers request every user
to report to the publishers any discrepancies or inaccuracies noticed. If errors in this work are
found after publication, errata will be posted at on the product description page.Some of the
product names, patents, and registered designs referred to in this book are in fact registered
trademarks or proprietary names even though specific reference to this fact is not always made
in the text. Therefore, the appearance of a name without designation as proprietary is not to be
construed as a representation by the publisher that it is in the public domain.This book, including
all parts thereof, is legally protected by copyright. Any use, exploitation, or commercialization
outside the narrow limits set by copyright legislation, without the publisher's consent, is illegal
and liable to prosecution. This applies in particular to photostat reproduction, copying,
mimeographing, preparation of microfilms, and electronic data processing and storage.This
book is dedicated to my wife, Audrey, and children, Nathan and Nicole, whose love and support
keep me grounded; my parents, Cargill Sr. and Linnette, and sister, Carlin, who taught me the
meaning of family; and to the many residents with whom I have worked over the years.Cargill H.
Alleyne Jr., MDTo my wife, Anneliese, my son, Art, and my parents, James and Linda, for their
unconditional love and support.M. Neil Woodall, MDThis book is dedicated to my three most
interesting children, Benjamin Joseph, Emma Caroline, and Harrison Atticus Chamberlain.
Hopefully when you each join the clan of neurosurgeons (no pressure there…), you will correct
any inaccuracies we have made here in this text, just as you are so wont to do with anything I
touch at home.Jonathan S. Citow, MDContentsForeword to the Third EditionForeword to the
Second EditionPreface to the Third EditionPreface to the Second EditionPreface to the First
Edition1A. Neurosurgery – Questions1B. Neurosurgery – Answer Key1C. Neurosurgery –
Answers and Explanations2A. Clinical Neurology – Questions2B. Clinical Neurology – Answer
Key2C. Clinical Neurology – Answers and Explanations3A. Neuroanatomy – Questions3B.
Neuroanatomy – Answer Key3C. Neuroanatomy – Answers and Explanations4A. Neurobiology –
Questions4B. Neurobiology – Answer Key4C. Neurobiology – Answers and Explanations5A.
Neuropathology – Questions5B. Neuropathology – Answer Key5C. Neuropathology – Answers
and Explanations6A. Neuroradiology – Questions6B. Neuroradiology – Answer Key6C.
Neuroradiology – Answers and Explanations7A. Clinical Skills/Critical Care – Questions7B.
Clinical Skills/Critical Care – Answer Key7C. Clinical Skills/Critical Care – Answers and
ExplanationsIndexForeword to the Third EditionBoard certification has been a rite of passage in
our specialty since The American Board of Neurological Surgery (ABNS) was approved as a
new examining board in 1940. Since its inception, the primary purpose of the ABNS has been to
conduct examinations of candidates who voluntarily seek certification, and to issue certificates
to those who meet the requirements of the Board and satisfactorily complete those
examinations. The first official meeting of the ABNS was held in Chicago on October 17, 1940.
Twentyfour candidates for certification were examined. Those 24 men were examined on a
specialty that was relatively elementary by today's standards. Neurosurgery was simply defined
as a specialty focused on surgical treatment of diseases of the nervous system. As the ABNS



celebrates its 75th anniversary, that definition of our specialty has been
transformed.“Neurological surgery constitutes a medical discipline and surgical specialty that
provides care for adult and pediatric patients in the treatment of pain or pathological processes
that may modify the function or activity of the central nervous system (e.g. brain, hypophysis,
and spinal cord), the peripheral nervous system (e.g. cranial, spinal, and peripheral nerves), the
autonomic nervous system, the supporting structures of these systems (e.g. meninges, skull &
skull base, and vertebral column), and their vascular supply (e.g. intracranial, extracranial, and
spinal vasculature).Treatment encompasses both nonoperative management (e.g. prevention,
diagnosis – including image interpretation – and treatments such as, but not limited to
neurocritical intensive care and rehabilitation) and operative management with its associated
image use and interpretation (e.g. endovascular surgery, functional and restorative surgery,
stereotactic radiosurgery, and spinal fusion – including its instrumentation.”While a resident at
Emory University, Dr. Alleyne created a prodigious list of questions based upon preparation for
his written board examination. In an effort to assist other residents, that compilation later
became the first edition of Neurosurgery Board Review. That monograph and the second edition
have become a time-honored and popular method for residents to prepare for their written board
examination. With advances in the neurosciences in general and our specialty specifically, has
come the need to update this work. This third edition of Neurosurgery Board Review contains
not only questions and answers but also explanations of those correct answers to enhance the
overall knowledge base of the reader. I am confident this work will continue to provide a valuable
resource for all neurosurgeons, but particularly residents preparing for the first step toward
certification by the ABNS.Daniel L. Barrow, MDPamela R. Rollins Professor and
ChairmanDepartment of NeurosurgeryDirector, Emory MBNA Stroke CenterEmory University
School of MedicineFormer Director, Secretary, PresidentAmerican Board of Neurological
SurgeryForeword to the Second EditionMost learned professions require their membership to
demonstrate aminimal level of competency to be fully accepted into that pursuit. Certification by
the American Board of Neurological Surgeons (ABNS) is a rite of passage in the educational
process of our chosen profession.For the assiduous neurosurgical resident, assembly and
organization of the material necessary to study for Part I of the ABNS examination can be an
onerous task. Dr. Alleyne has compiled a set of questions he originally developed while studying
for the oral boards during his residency at Emory University School of Medicine. Based in part
on his outstanding performance on that examination, he was encouraged by his co-residents
and colleagues to share his efforts and eventually publish them. In doing so, Dr. Alleyne has
provided a valuable study guide for individuals preparing for the primary examination of the
American Board of Neurological Surgeons. This effort also provides an outstanding resource for
physicians involved in the neurosciences at any level of their career who may be motivated to
assess their current knowledge. In addition to self-assessment this volume guides readers to
appropriate resources to expand their knowledge in areas of deficiency.Many factors influence a
neurosurgeon's choice to pursue an academic career. A passion for teaching, however, is an



essential feature of the successful academian. Dr. Alleyne has demonstrated his passion for
teaching through the production of this valuable volume.Daniel L. Barrow, MDAtlanta,
GeorgiaPreface to the Third EditionDr. Alleyne wrote the first edition of his board review book
while preparing to take the written portion of the ABNS exam as a resident. Seven years later, in
2004, he and Dr. Citow improved the book with additional questions and images. Much has
changed in neurosurgery over the past 10 years, including the widespread use of endovascular
techniques for the treatment of cerebral aneurysms, the availability of a new armamentarium of
advanced imaging techniques, and major changes in the treatment of acute ischemic
stroke.Certainly every resident taking the ABNS primary exam wants to do his or her very best,
but a high score on the exam is not the primary endpoint. Our goal as students and practitioners
of neurosurgery is understanding of the material. The goals of this third iteration of Dr. Alleyne's
classic book are threefold: (1) increase the number of questions and high-yield images to reflect
the changing scope of neurosurgery; (2) correct any errors contained in the second edition; and
(3) most importantly, provide detailed explanations for each question. We hope that the reader
will be able to use this text for self-assessment, but also to enhance his or her understanding of
the material. The format of the book has also been changed to make it more user-
friendly.Preparing for the ABNS primary exam is a substantial undertaking. We hope that this
third edition will aid in your self- assessment, enhance your understanding of the material, and
give you confidence when you get ready to sit for the boards.M. Neil Woodall, MDAugusta,
GeorgiaPreface to the Second EditionIn the 7 years since the publication of the first edition,
there have been several other review texts published to aid in the review for the written portion of
the Neurosurgery Board Examination. This second edition remains a text to be used for self-
assessment and review to facilitate, not replace, primary study. The format remains the same,
but the total number of questions has been increased to over 1,200. These include
approximately 200 new questions, 100 of which were contributed by Jonathan Stuart Citow, MD.
Several of the excellent anatomic dissections by Dr. Al Rhoton are included in the Neurosurgery
section. I would again like to thank the editorial and production staff at Thieme for their excellent
work. I also thank Andy Rekito, our illustrator in the Department of Neurosurgery at the Medical
College of Georgia, for his superb artwork.Cargill H. Alleyne Jr., MDPreface to the First
EditionThis work materialized as I was studying for the written portion of the Neurosurgery Board
Examination; it is based largely on the question content areas revealed by the American Board
of Neurological Surgery over the last several years. As the examination loomed closer, I was
able to use the questions I had previously written to aid in the review process. The text should
mainly benefit neurosurgery residents, but it may also appeal to residents in other neuroscience
subspecialties. It is composed of over 1,000 multiple choice questions in seven sections:
Neurosurgery (132 questions, including 3 photographs), Clinical Neurology (214 questions),
Neuroanatomy (185 questions), Neurophysiology (146 questions), Neuropathology (134
questions, including 52 photographs), Neuroradiology (83 questions, including 51 photographs),
and Clinical Skills/Critical Care (126 questions). The proportion of questions in each section



approximately mirrors that of the Neurosurgery written Board examination. Each section is
accompanied by answers that have been referenced to major texts in the respective
subspecialty areas. Unless the questions are deemed self-explanatory, brief explanations are
also provided. Every attempt was made to ensure the clarity of questions and the accuracy of
answers, but the reader is urged to refer to the references listed or to other standard textbooks
for further detail should the need arise. Sincere gratitude is expressed to the faculty on the
editorial board for their critique of the manuscript. I would also like to thank the editorial and
production staff at Thieme for their excellent work. It is hoped that the use of this text for self-
assessment will facilitate the arduous task of review for the written portion of the Neurosurgery
Board Examination.Cargill H. Alleyne Jr., MDResident in NeurosurgeryEmory University School
of Medicine19971ANeurosurgery—Questions For questions 1 to 9, identify the following
structures. The figure illustrates a right transcallosal approach to the third ventricle.1. Caudate
nucleus2. Choroid plexus3. Foramen of Monro4. Columns of the fornix5. Septum pellucidum6.
Thalamostriate vein7. Thalamus8. Body of the fornix9. Anterior caudate vein10. Surgical
procedures utilized in the treatment of spasmodic torticollis includeI. Upper cervical ventral
rhizotomies and spinal accessory neurectomyII. Stereotactic thalamotomyIII. Microvascular
decompression of the spinal accessory nerveIV. MyotomyA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above11. Which surgical approach for thoracic disk herniations is associated with the highest
rate of neurologic injury?A. CostotransversectomyB. Lateral extracavitaryC. Midline
laminectomyD. TranspedicularE. Transthoracic12. Most patients with intrinsic brainstem gliomas
initially present withA. Cranial neuropathiesB. HeadacheC. HydrocephalusD. Nausea and
vomitingE. Papilledema13. Each of the following is characteristic of complex regional pain
syndrome II (causalgia) exceptA. Atrophic changes in the limbB. HypesthesiaC. Increased
sweatingD. Lack of major motor deficitE. Good relief with sympathetic block For questions 14 to
18, match the description with the structure.A. Dermoid cystB. Epidermoid cystC. BothD.
Neither14. Bacterial meningitis15. Aseptic meningitis16. Associated congenital
malformations17. Most often midline18. Responsive to radiation therapy19. Ventricular
enlargement from choroid plexus papillomas can be secondary toI. Entrapment of
cerebrospinal fluid (CSF)II. Decreased absorption of CSF from hemorrhage-induced
arachnoiditisIII. Tumor growthIV. Excessive production of CSFA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of
the above20. Which approach is favored for a patient with an 8-mm acoustic neuroma in which
hearing preservation is a goal?A. Middle fossaB. SuboccipitalC. Translabyrinthine21. Uncinate
seizures typically produceA. Auditory hallucinationsB. Gustatory hallucinationsC. Olfactory
hallucinationsD. Vertiginous sensationsE. Visual seizures For questions 22 to 25, match the
description with the structure.A. Calcarine sulcusB. Lateral mesencephalic sulcusC. Posterior
communicating arteryD. Tectal plate22. Separates the P1 and P2A segments of the posterior
cerebral artery23. Separates the P2A and P2P segments of the posterior cerebral artery24.
Separates the P2P and P3 segments of the posterior cerebral artery25. Separates the P3 and
P4 segments of the posterior cerebral artery26. The radial nerve or one of its branches



innervates each of the following except theA. Abductor pollicis longusB. Adductor pollicisC.
BrachioradialisD. Extensor pollicis brevisE. Supinator27. Each of the following is true of
intraventricular hemorrhage (IVH) in the newborn exceptA. Periventricular hemorrhagic infarction
is one sequela.B. Posthemorrhagic hydrocephalus can result in persistent bradycardia and
apneic spells.C. The capillary bed of the germinal matrix is composed of large irregular
vessels.D. The germinal matrix is the most common site of IVH in the full-term neonate.E. The
risk of IVH is greater in the preterm than in the term infant.28. The ossification centers of the
odontoid consist ofA. One primary and two secondary centersB. One secondary and three
primary centersC. Three secondary and one primary centerD. Two primary centersE. Two
primary and one secondary center29. The most common single-suture synostosis isA.
CoronalB. LambdoidC. MetopicD. SagittalE. Sphenozygomatic30. The most sensitive method for
detecting carpal tunnel syndrome isA. Needle examination of the abductor pollicis brevisB.
Needle examination of the first and second lumbricalsC. Motor amplitude of the median nerveD.
Motor distal latency of the median nerveE. Palmar sensory conduction time of the median
nerve31. Coup contusions most commonly occur at theA. Cerebral convexitiesB. Frontal and
temporal polesC. Orbital surface of the frontal lobesD. Posterior fossaE. Ventral surface of the
temporal lobe For questions 32 to 36, match the aneurysm with the sign or symptom it is most
likely to produce. Each response may be used once, more than once, or not at all.A. Anterior
communicating artery aneurysmB. Intracavernous carotid artery aneurysmC. Middle cerebral
artery aneurysmD. Ophthalmic artery aneurysmE. Posterior communicating artery aneurysm32.
Pupil-involving third nerve palsy33. Seizures34. Diabetes insipidus35. Inferior nasal
quadrantanopia36. Exophthalmos37. The essential difference between a syringomyelic and a
hydromyelic cavity is that the cavity inA. Hydromyelia is lined with ependymal cells, and in
syringomyelia is notB. Hydromyelia is lined with choroid plexus, and in syringomyelia is notC.
Syringomyelia contains CSF, and in hydromyelia contains serumD. Syringomyelia is focal, and in
hydromyelia is more extensiveE. Syringomyelia is an enlargement of the central canal, and in
hydromyelia is an enlargement of the anterior median septum For questions 38 to 45, identify the
following structures. The figure illustrates the structures exposed through the right opticocarotid
triangle.38. Basilar artery39. Pituitary stalk40. Right oculomotor nerve41. Right posterior
cerebral artery42. Internal carotid artery43. Left duplicated superior cerebellar artery44. Right
superior cerebellar artery45. Right anterior cerebral artery (A1 segment)46. Each of the following
is true of basilar impression exceptA. Cerebellar and vestibular complaints typically overshadow
motor and sensory complaints.B. McGregor's line is helpful in routine screening.C. McRae's line
is helpful in clinical assessment.D. Short necks and torticollis are common.E. Vertebral artery
anomalies are common.47. Which of the following fractures has the poorest prognosis for
healing without surgical intervention?A. Hangman'sB. Jefferson's fracture with 4 mm
displacement of lateral massesC. Type I odontoidD. Type II odontoidE. Type III odontoid48.
Sprengel's deformity refers to a(n)A. Congenital elevation of the scapulaB. Congenital fusion of
the upper cervical vertebraeC. Intravertebral disk herniationD. Postlaminectomy kyphosisE.



Scoliosis resulting from tethering of the spinal cord For questions 49 to 55, match the fracture
type with the mechanism. Each response may be used once, more than once, or not at all.Force
Neck PostureA. Flexing flexedB. Compressing flexedC. Compressing neutralD. Distracting
extendedE. Flexing axially rotatedF. Compressing laterally bent49. Hangman's fracture50. Burst
fracture51. Unilateral facet dislocation52. Teardrop fracture53. Bilateral facet dislocation54.
Horizontal facet fracture55. Jefferson's fracture56. Lateral recess stenosis in spondylosis is most
commonly caused byA. Disk herniationB. Hypertrophied pediclesC. Inferior articular facet
hypertrophyD. Ligamentum flavum hypertrophyE. Superior articular facet hypertrophy57. In the
treatment of chronic pain, the undesirable effect(s) that is/are more common in stimulation of the
periaqueductal gray than the periventricular gray region is/areI. DiplopiaII. OscillopsiaIII.
Reduction of upgazeIV. Sense of impending doomA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above58. “Trilateral retinoblastoma” describes bilateral ocular retinoblastomas and a(n)A.
AstrocytomaB. MedulloblastomaC. NeurofibromaD. Optic nerve sheath tumorE.
Pineoblastoma59. Carotid artery ligation is absolutely contraindicated in patients with(a)A.
Bilateral intracavernous carotid aneurysmsB. Giant ophthalmic artery aneurysm and evidence of
vasospasm on arteriogramC. Giant ophthalmic artery aneurysm and extracranial atherosclerotic
diseaseD. Intracavernous carotid artery aneurysm and sudden loss of extraocular motilityE.
Traumatic dissecting aneurysm of the petrous carotid artery60. The syndrome of weakness in
one upper extremity followed by lower extremity weakness on the same side, then contralateral
lower extremity weakness, is most characteristic of a meningioma involving theA. ClivusB. FalxC.
Foramen magnumD. Olfactory grooveE. Tuberculum sella For questions 61 to 70, the figure
illustrates a lateral view of the left cavernous sinus. Match the following triangles with the
descriptions/structures. Each response may be used once, more than once, or not at all.A.
ClinoidalB. OculomotorC. SupratrochlearD. Infratrochlear or Parkinson'sE. AnteromedialF.
AnterolateralG. Posterolateral or Glasscock'sH. Posteromedial or Kawase's61. Clinoidal
segment of the internal carotid artery62. Intracavernous carotid artery63. Intrapetrous carotid
artery64. Meningohypophyseal trunk origin65. Optic strut66. Sphenoid sinus and lower margin of
V167. Two margins of this triangle are formed by the anterior and posterior petroclinoidal dural
folds.68. Located between V2 and V369. Contains the foramen spinosum70. Contains the
cochlea71. Which of the following findings is most consistent with adherence of a posterior
communicating artery aneurysm to the temporal lobe?A. Loss of consciousnessB. Absence of
third nerve palsyC. Projection of the aneurysm medial to the carotid on the anteroposterior (AP)
angiogramD. Third nerve involvementE. Seizures72. Weakness of the deltoid muscle is caused
by injury to theA. Axillary nerveB. Dorsal scapular nerveC. Musculocutaneous nerveD.
Suprascapular nerveE. Thoracodorsal nerve73. Subdural empyema resulting after meningitis in
an infant most commonly develops withA. Escherichia coliB. Haemophilus influenzaeC.
ListeriaD. NeisseriaE. Staphylococcus74. Sudeck's atrophy, associated with reflex sympathetic
dystrophy, refers to atrophic changes occurring in each of the following structures exceptA.
BoneB. JointsC. MuscleD. NerveE. Skin For questions 75 to 79, match the embryologic event



with the postovulatory day. Each response may be used once, more than once, or not at
all.Postovulatory Day NumberA. 13B. 17C. 22D. 24E. 2675. Closure of the caudal neuropore76.
Closure of the cranial neuropore77. Formation of the notochord78. Formation of the primitive
streak79. Fusion of the neural folds to form the neural tube80. Factors that predispose to the
subclavian steal syndrome includeI. Occlusion of the left subclavian artery proximal to the
origin of the left vertebral arteryII. Occlusion of the left subclavian artery distal to the origin of the
left vertebral arteryIII. Active use of the left armIV. Occlusion of the left vertebral arteryA. I, II, IIIB.
I, IIIC. II, IVD. IVE. All of the above81. The articular facet joint in the upper thoracic region is
orientedA. AxiallyB. CoronallyC. ObliquelyD. Sagittally82. The most common presenting
symptom of a thoracic herniated disk isA. Back painB. Leg numbnessC. Leg weaknessD.
Thoracic numbnessE. Urinary incontinence83. Neurologic deficits thought to result from
occlusion of the thalamostriate vein during the subchoroidal transvelum interpositum approach
to the third ventricle includeI. DrowsinessII. HemiparesisIII. MutismIV. SeizuresA. I, II, IIIB. I, IIIC.
II, IVD. IVE. All of the above For questions 84 to 88, the figure illustrates the right internal auditory
canal through a middle fossa approach. Identify the following nerves.84. Labyrinthine segment of
the facial nerve85. Meatal segment of the facial nerve86. Superior vestibular nerve87. Greater
superficial petrosal nerve88. Geniculate ganglion89. In the suboccipital transmeatal approach to
an acoustic neuroma, the location of the facial nerve in relation to the tumor, in decreasing
frequency of occurrence, isA. Anterior, posterior, inferiorB. Anterior, superior, inferiorC. Superior,
anterior, posteriorD. Posterior, superior, anteriorE. Anterior, posterior, superior90. Each of the
following features is usually minimal or absent in patients with type 2 neurofibromatosis exceptA.
Axillary frecklesB. Café au lait spotsC. Lisch nodulesD. Multiple, typical skin neurofibromasE.
Skin plaques91. The single most important factor in the recurrence of meningiomas isA. Age of
the patientB. Bone invasionC. Histologic type of benign meningiomaD. Postoperative tumor
residualE. Sex of the patient For questions 92 to 98, match the cistern with the structure it
contains. Each response may be used once, more than once, or not at all.A. Ambient cisternB.
Cerebellopontine angle cisternC. Interpeduncular cisternD. Lateral cerebellomedullary cisternE.
Prepontine cistern92. Contains the anteroinferior cerebellar artery (AICA)93. Contains the origin
of the posteroinferior cerebellar artery (PICA)94. Contains the superior cerebellar artery95.
Contains cranial nerve (CN) IV96. Contains CN V97. Contains the basal vein of Rosenthal98.
Contains the choroid plexus at the foramen of Luschka99. The transverse crest separates theA.
Cochlear, facial, and superior vestibular nerves from the inferior vestibular nerveB. Cochlear and
inferior vestibular nerves from the facial and superior vestibular nervesC. Facial and cochlear
nerves from the superior and inferior vestibular nervesD. Facial, cochlear, and inferior vestibular
nerves from the superior vestibular nerveE. Facial and inferior vestibular nerves from the
cochlear and superior vestibular nerves100. Which of the following is true of hemifacial spasm?
A. Compression of the facial nerve by the superior cerebellar artery is the most common
operative finding.B. Deafness is more common than permanent facial weakness as a
complication of microvascular decompression.C. Men are more frequently affected than



women.D. Symptoms typically begin in the buccal muscles and move cranially.E. The cure rate
at 1 month after microvascular decompression is 95%.101. Each of the following surgical
approaches may be considered for an aneurysm of the vertebrobasilar junction except theA.
Extended extreme lateral inferior transcondylar approachB. Lateral suboccipital approachC.
Presigmoid transtentorial approachD. Retrolabyrinthine transsigmoid approachE. Subtemporal
approach102. The most common presenting symptom in patients with colloid cysts isA.
HeadacheB. DementiaC. SeizuresD. Sudden attacks of leg weaknessE. Sudden death For
questions 103 to 106, the figure illustrates the nerves occupying the right internal auditory canal
through a middle fossa approach. Identify their relative positions.103. Inferior and anterior104.
Inferior and posterior105. Superior and anterior106. Superior and posterior107. The most
common presenting symptom of neonates with vein of Galen aneurysms isA. Congestive heart
failureB. HydrocephalusC. Intracerebral hemorrhageD. SeizuresE. Subarachnoid
hemorrhage108. The most common upper thoracic spine injury is aA. Burst fractureB.
Compression fractureC. Fracture-dislocationD. Seat belt injury109. Which is true of
thoracolumbar spine fractures?A. Burst fractures are the most common.B. Fracture-dislocations
involve all three columns.C. Seat belt type injuries are generally stable.D. Wedge compression
fractures are generally unstable.E. Wedge compression fractures involve the middle
column.110. Each of the following is true of diffuse brain swelling except that it isA. A result of
cerebrovascular congestionB. A result of cytotoxic edemaC. Associated with a 50% mortality
rate in children with severe head injuriesD. Manifested on computed tomography (CT) scan by a
compression of the perimesencephalic cisternE. More common in children than in adults111.
Which of the following is least suggestive of child abuse?A. Acute and healing long bone
fracturesB. Interhemispheric subdural hematomaC. Parietal skull fractureD. Retinal
hemorrhagesE. Tentorial subdural hematoma112. Trigonocephaly results from premature
closure of theA. Coronal suture bilaterallyB. Coronal suture unilaterallyC. Frontosphenoidal
sutureD. Lambdoid sutureE. Metopic suture113. The cleft in the spinal cord associated with
diastematomyelia is most commonly located in theA. Cervical regionB. Lumbar regionC. Sacral
regionD. Thoracic region114. Up to what percentage of patients with bacterial arterial (mycotic)
aneurysms carry an underlying diagnosis of subacute bacterial endocarditis?A. 10%B. 20%C.
40%D. 60%E. 80%115. Each is true of bacterial intracranial aneurysms exceptA. Infected emboli
lodge in the vasa vasorum.B. The middle cerebral artery is most commonly affected.C. The
peripherally located branches are most commonly affected.D. Typical subarachnoid hemorrhage
occurs in 18% of patients.E. Staphylococcus aureus and β-hemolytic streptococci are most
commonly involved.116. Each of the following is true of growing skull fractures except that theyA.
Can cross suture linesB. May be associated with underlying brain injuryC. Occur if the edges of
the initial fracture are separated by more than 3 mmD. Occur most commonly in the parietal
boneE. Occur most commonly between the ages of 2 and 5 years117. Approximately what
percentage of infants with myelomeningocele have magnetic resonance imaging (MRI) evidence
of a Chiari II malformation?A. 20%B. 40%C. 60%D. 80%E. 100%118. Cardiovascular disease



involving the heart and great vessels gives rise to which of the following types of emboli in the
retina?I. CholesterolII. CalcificIII. Platelet-fibrinIV. FatA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above119. In the infratentorial supracerebellar approach to the pineal region, which of the
following veins are usually sacrificed?I. Superior vermian veinII. Posterior pericallosal veinIII.
Precentral cerebellar veinIV. Basal vein of RosenthalA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above120. Each of the following is characteristic of an acoustic neuroma exceptA. Békésy type
III or IV audiogramB. Loudness recruitmentC. Low short-increment sensitivity indexD. Poor
speech discriminationE. Pronounced tone decay For questions 121 to 128, the figure illustrates
the right retrosigmoid approach. Identify the following structures.121. Subarcuate artery122.
Anteroinferior cerebellar artery123. Cochlear nerve124. Facial nerve125. Glossopharyngeal
nerve126. Spinal accessory nerve127. Posteroinferior cerebellar artery128. Vagus nerve129.
Which of the following structures provides a marker for the most dorsal extent of the incision for
anterolateral cordotomy for pain control?A. Dentate ligamentB. Dorsal root entry zoneC.
Posterior intermediate sulcusD. Posterior median sulcusE. Zone of Lissauer130. Occlusion of
the anterior choroidal artery results inI. Contralateral hemiplegiaII. HemihypesthesiaIII.
Homonymous hemianopsiaIV. Impaired cognitionA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above131. Which of the following symptoms of Parkinson's disease is most likely to respond to a
stereotactic lesion in the posterior ventral oval (VOP)/ventral intermediate (VIM) (ventrolateral)
thalamus?A. BradykinesiaB. Gait disturbanceC. RigidityD. Speech disturbanceE. Tremor For
questions 132 to 136, match the description with the syndrome or disease.A. Apert's
syndromeB. Crouzon's diseaseC. BothD. Neither132. Autosomal recessive inheritance133.
Exorbitism134. Syndactyly135. The majority of patients have preoperative intelligence quotients
(IQs) greater than 90136. Anterior open bite is common For questions 137 and 138, match the
description with the symptom.A. Primary empty sella syndromeB. Secondary empty sella
syndromeC. BothD. Neither137. Occurs primarily in women.138. Visual disturbance may
occur.139. The most common etiology of os odontoideum isA. CongenitalB. IatrogenicC.
InfectiousD. NeoplasticE. Traumatic140. The most common mechanism of translational C1–C2
subluxation isA. Axial loadingB. DistractionC. ExtensionD. Flexion141. The factor or substance
with the least important role in the pathogenesis of cerebral vasospasm is probablyA. BilirubinB.
EndothelinC. Intimal proliferationD. Lipid peroxidesE. Oxyhemoglobin For questions 142 to 148,
the figure illustrates the right presigmoid, retrolabyrinthine approach. Identify the following
structures.142. Internal acoustic meatus143. Posterior inferior cerebellar artery144. Chorda
tympani nerve145. Facial nerve146. Superior cerebellar artery147. Trigeminal nerve148.
Trochlear nerve For questions 149 to 155, match the descriptions with the type of arteriovenous
malformation (AVM).A. Type I spinal AVMsB. Type II spinal AVMsC. Type III spinal AVMsD. Type
IV spinal AVMsE. Types II and III spinal AVMs149. Most common type of spinal AVM150.
Etiology believed to be acquired151. Also known as juvenile malformations152. Also known as
glomus AVMs153. Low flow and high pressure dynamics can be seen in type IV and this
type154. High flow and high pressure dynamics can be seen in type IV and this type155. Type IV



and this type typically present with progressively worsening symptoms without significant clinical
improvement156. Which of the following represents the correct sequence of removal of clamps
from the arteries following carotid endarterectomy?A. Common carotid, external carotid, internal
carotidB. Common carotid, internal carotid, external carotidC. External carotid, common carotid,
internal carotidD. External carotid, internal carotid, common carotidE. Internal carotid, common
carotid, external carotid For questions 157 to 163, the figure illustrates the subchoroidal
transvelum interpositum approach to the third ventricle. Identify the following structures.157.
Anterior caudate vein158. Column of the fornix159. Internal cerebral vein160. Septal vein161.
Tela choroidea162. Thalamostriate vein163. Thalamus For questions 164 to 168, the figure
illustrates the right retrocondylar, far lateral approach. Identify the following structures.164.
Dorsal ramus of C1165. Glossopharyngeal nerve166. Hypoglossal nerve167. Spinal accessory
nerve168. Vagus nerve For questions 169 to 174, the figure illustrates the pterional approach to
aneurysm clipping. Identify the following structures.169. Anterior cerebral artery170. Anterior
choroidal artery171. Middle cerebral artery172. Optic nerve173. Posterior communicating
artery174. Superior hypophyseal artery175. Which of the following is most important in
determining the propensity of a dural AVM to an aggressive clinical course?A. Duration of
symptomsB. Leptomeningeal venous drainageC. LocationD. PresentationE. Size For questions
176 and 177, refer to the image shown.176. The MRI shown is that of a 40-year-old patient with
bitemporal hemianopia and a prolactin level of 89. The best management of this lesion isA.
BromocriptineB. Bromocriptine, then surgeryC. Follow with serial MRIsD. Radiation therapyE.
Surgery177. If the prolactin level of the same patient in question 176 was found to be 650, the
best management isA. BromocriptineB. Follow with serial MRIs and prolactin levelsC. Radiation
therapyD. SurgeryE. Surgery, then radiation therapy178. Of the following, the least common
location of intracranial meningiomas is (the)A. IntraventricularB. Olfactory grooveC. Posterior
fossaD. Sphenoid ridgeE. Tuberculum sella179. Each of the following statements is true of AVMs
exceptA. Higher pressures have been measured in the feeding arteries of smaller as compared
with larger AVMs.B. Smaller AVMs are more likely to bleed than larger AVMs.C. The annual risk
of death from a ruptured AVM is 1%.D. The risk of bleeding from an unruptured AVM is 3 to 4% a
year.E. The risk of rebleed in the first year after hemorrhage is highest in the first 2 weeks.180.
The most common complication of percutaneous radiofrequency trigeminal gangliolysis isA.
Anesthesia dolorosaB. Decreased hearingC. KeratitisD. Masticatory weaknessE. Paresthesias
or dysesthesias181. In the technique of percutaneous radiofrequency trigeminal gangliolysis,
the needle is inserted into theI. Foramen rotundumII. Trigeminal cisternIII. Foramen
spinosumIV. Foramen ovaleA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the above For questions 182 to
189, the figure illustrates a lateral view of the contents of the right orbit. The eyeball attachment
of the lateral rectus muscle has been divided. Identify the following structures.182. Inferior rectus
muscle183. Inferior division of the oculomotor nerve184. Abducens nerve185. Frontal nerve186.
Nasociliary nerve187. Superior division of the oculomotor nerve188. Optic nerve189. Trochlear
nerve For questions 190 to 195, match the condition with the most appropriate treatment option.



Each treatment option may be used once, more than once, or not at all.A. CingulotomyB. Dorsal
root entry zone (DREZ) rhizotomyC. Morphine infusionD. PallidotomyE. SympathectomyF.
Ventral rhizotomy190. Brachial plexus avulsion191. Causalgia192. Obsessive-compulsive
disorder193. Nociceptive cancer pain above C5194. Parkinson's disease195. Spasmodic
torticollis196. Donor nerves that may be used for neurotization after brachial plexus avulsion
includeI. Intercostal nervesII. Spinal accessory nerveIII. Cervical plexusIV. Phrenic nerveA. I, II,
IIIB. I, IIIC. II, IVD. IVE. All of the above197. The pterion is formed by which of the following
bones?A. Frontal, greater wing of the sphenoid, parietal, and squamous part of the temporalB.
Frontal, lesser wing of the sphenoid, parietal, and squamous part of the temporalC. Frontal,
greater wing of the sphenoid, parietal, and zygomatic archD. Frontal, lesser wing of the
sphenoid, parietal, and zygomatic archE. Frontal, lesser wing of the sphenoid, squamous part of
the temporal, and zygomatic arch198. The most common external beam radiation therapy
regimen for brain metastases isA. 30 Gy in 2 weeksB. 30 Gy in 4 weeksC. 60 Gy in 2 weeksD. 60
Gy in 4 weeksE. 45 Gy in 4 weeks199. The most appropriate radiation treatment protocol for
glioblastoma isA. 8,000 cGY in 400 cGY daily fractionsB. 6,000 cGY in 200 cGy daily fractionsC.
6,000 cGy in 100 cGy daily fractionsD. 4,000 cGy in 400 cGy daily fractionsE. 4,000 cGy in 200
cGy daily fractions200. Cerebral salt wasting and syndrome of inappropriate antidiuretic
hormone (SIADH) may best be distinguished by measuringA. Plasma arginine vasopressin
(AVP)B. Serum osmolalityC. Serum sodiumD. Urine sodiumE. Volume status201. A patient
presents status post a high speed motor vehicle collision with a cervical 5/6 fracture dislocation.
Power in the deltoid, biceps, and wrist extensors is 5/5, and all other muscle groups are 2/5
including triceps, grips, and lower extremities. Rectal tone and perianal sensation are intact.
What is the appropriate grade of this acute spinal cord injury?A. ASIA AB. ASIA BC. ASIA CD.
ASIA DE. ASIA E202. What is the likelihood that the patient in the previous question (201) will be
ambulatory at long-term follow-up?A. < 3%B. 50%C. 75%D. 95%E. 100%203. A patient presents
with facial trichilemmomas, fibromas of the oral mucosa, hamartomas of the GI tract and breast,
and a thyroid mass. Further workup reveals Lhermitte-Duclos disease in this patient, as well.
What is the most likely genetic abnormality?A. CAG trinucleotide repeatB. mTOR amplificationC.
p53 deletionD. PTEN mutationE. Trisomy 21204. Which of the following best describes the
standing radiograph seen here?A. Major lumbar dextroscoliosis and minor thoracic
levoscoliosisB. Major lumbar levoscoliosis and major thoracic dextroscoliosisC. Major lumbar
levoscoliosis and minor thoracic dextroscoliosisD. Minor lumbar dextroscoliosis and major
thoracic levoscoliosisE. Minor lumbar levoscoliosis and major thoracic dextroscoliosis205.
Which nerve(s) is (are) at risk during harvesting of iliac crest bone graft via an anterior approach?
A. Iliohypogastric nerveB. Ilioinguinal nerveC. Lateral femoral cutaneous nerveD. All of the
aboveE. None of the above206. Which of the following features is suggestive of ulnar nerve
compression at the wrist (Guyon's canal)?A. Aching along the medial proximal forearmB. “Claw”
handC. Paresthesias in an ulnar distributionD. Sparing of dorsal hand sensationE. Weakness of
the third and fourth lumbricals207. All of the following are true of SCIWORA exceptA. Acronym



for “spinal cord injury without radiographic abnormality”B. More common in childrenC. MRI is
always unremarkableD. No evidence of spinal fracture is seenE. Thought to be due to
ligamentous laxity208. A patient presents status post fall with an acute type II odontoid fracture.
Good spinal alignment is maintained. The patient has good bone quality, is otherwise healthy,
and is neurologically intact. An MRI reveals disruption of the transverse ligament. Which of the
following is the most appropriate treatment?A. C-collar immobilizationB. No treatmentC. Occiput
to C2 posterior fusionD. Odontoid screw placementE. Posterior C1–C2 instrumented
fusion1BNeurosurgery—Answer Key1. D2. I3. F4. B5. A6. G7. H8. C9. E10. E11. C12. A13. B14.
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D207. C208. E1CNeurosurgery—Answers and Explanations1. D – Caudate nucleus2. I –
Choroid plexus3. F – Foramen of Monro4. B – Columns of the fornix5. A – Septum pellucidum6.
G – Thalamostriate vein7. H – Thalamus8. C – Body of the fornix9. E – Anterior caudate
veinFigure 1.1 is a transcallosal view of the right lateral ventricle. The left side of the image is
medial, the right side of the image is lateral, the top of the image is anterior, and the bottom of
the image is posterior. The septum pellucidum (A) separates the right lateral ventricle from the
left lateral ventricle in the midline. The columns of the fornix (B) make up the anterior aspect of
the foramen of Monro (F). Posteriorly, the columns of the fornix (B) turn into the body of the fornix
(C), which is separated from the laterally situated thalamus (H) by a tuft of choroid plexus (I) and
the superior choroidal vein (not labeled). The caudate nucleus (D) can be appreciated in the
anterolateral wall of the lateral ventricle. The anterior caudate vein (E) drains this area and
ultimately joins the thalamostriate vein (G). Understanding of these anatomical relationships is
important for transchoroidal approaches to the third ventricle. For questions 1–9, figure used
with permission of Dr. Al Rhoton.110. E – All of the aboveMyotomy was the earliest surgical
procedure used to treat spasmodic torticollis. About 70% of patients improve after microvascular
decompression of the spinal accessory nerve, and 81 to 97% of patients improve after upper
cervical ventral rhizotomies and spinal accessory denervation procedures. Roughly two-thirds of
patients undergoing stereotactic thalamotomy obtain a satisfactory result.211. C – Midline
laminectomyCostotransversectomy (A), lateral extracavitary (B), transpedicular (D), and



transthoracic (E) approaches all facilitate access to the thoracic disk space without the need for
retraction on the thecal sac. Approaching a thoracic disk herniation through a simple
laminectomy (C) would require thecal sac retraction and risk resultant neurologic injury. Posterior
decompression alone (laminectomy [C] without diskectomy) is unlikely to improve symptoms as
the pathologic process involves ventral compression across an already kyphotic spinal segment.
The risk of either neurologic deterioration or no benefit with laminectomies for thoracic disk
herniation is 45%.312. A – Cranial neuropathiesThe initial symptoms in most patients with
brainstem gliomas are cranial neuropathies (A) followed by weakness or ataxia. Headache (B),
nausea and vomiting (D), and papilledema (E) usually occur later in the course of the
illness.413. B – HypesthesiaComplex regional pain syndrome type II (CRPS II, formerly
causalgia) is characterized by atrophic changes in the affected limb (A), increased sweating (C),
absence of a major motor deficit (D), good response to sympathetic blockade (E), and
hyperesthesia (increased sensitivity to stimulus). CRPS II is diagnosed in the setting of a known
nerve injury. The diagnosis CRPS I (formerly reflex sympathetic dystrophy or Sudeck's atrophy)
is made only in the absence of known nerve injury. Neither condition is associated with
hypesthesia (B), decreased sense of touch or sensation.314. A – Bacterial meningitis → dermoid
cyst15. B – Aseptic meningitis → epidermoid cyst16. A – Associated congenital malformations →
dermoid cyst17. A – Most often midline → dermoid cyst18. D – Responsive to radiation therapy →
neitherIntracranial dermoid cysts (A) comprise 0.3% of brain tumors and usually present in the
pediatric population. They occur when cell rests with dermal and epidermal components are
included within neural ectoderm in the midline during neurulation. Communication of the
dermoid cyst with the exterior via a sinus tract predisposes the patient to bacterial meningitis
(question 14). Congenital malformations (question 16) may be associated with dermoid cysts
(A). Intracranial epidermoid cysts (B) comprise 0.5 to 1.8% of brain tumors and usually present
in the adult. Spillage of the epidermoid cyst contents can lead to aseptic meningitis (question
15). Epidermoid cysts (B) result from epidermal cell rests and are most often located
eccentrically (e.g., the cerebellopontine angle), whereas dermoid cysts (A) tend to be situated in
the midline (question 17). Radiation (question 18) is not first-line therapy for either of these
lesions.219. E – All of the aboveChoroid plexus papillomas can cause ventricular enlargement
by entrapment of cerebral spinal fluid (blocking CSF pathways at the foramen of Monro, cerebral
aqueduct, or foramina of Luschka and Magendie), blocking CSF absorption at the arachnoid
granulations due to hemorrhage-induced arachnoiditis, by tumor growth (causing ventricular
expansion by the tumor itself), and by production of excessive cerebrospinal fluid.220. A –
Middle fossaThis question is based on the assumption that an 8 mm acoustic neuroma would be
an intracanalicular lesion. Small (<1 cm) intracanalicular acoustic neuromas can easily be
approached via the middle fossa route. A translabyrinthine (C) approach would sacrifice hearing.
The middle fossa approach is preferred to a suboccipital (B), retrosigmoid approach for
intracanalicular lesions.21. C – Olfactory hallucinationsSeizure foci in the mesial temporal lobe
(uncinate seizures) tend to produce olfactory hallucinations (C). Auditory hallucinations (A)



intuitively would seem to be associated with a focus near Heschl's gyrus, but the data do not
support that assumption. Gustatory hallucinations (B) are rare and can be brought about by
stimulation of the posterior insula. Vertiginous sensations (D) are associated with foci in the
superoposterior temporal lobe near the junction with the parietal lobe. Visual seizures (E)
suggest a focus in the striate cortex of the occipital lobe.4,522. C – Posterior communicating
artery (PComA)23. B – Lateral mesencephalic sulcus24. D – Tectal plate25. A – Calcarine
sulcusThe posterior cerebral artery is divided into four segments. The P1 segment arises from
the basilar bifurcation and extends through the interpeduncular cistern to the junction with the
posterior communicating artery (C). The P2A (anterior) segment runs in the crural cistern,
extending from the PComA (C) to the lateral mesencephalic sulcus (B) where it becomes the
P2P (posterior) segment. The P2P segment runs in the ambient cistern, lateral to the midbrain.
The P2P and P3 segments are separated by the tectal plate (D); the P3 segment runs in the
quadrigeminal cistern. The P4 segment begins at the calcarine sulcus (A). (Questions 22–25
from the microsurgical anatomy course; with permission of Dr. Al Rhoton.1)26. B – Adductor
pollicisThe adductor pollicis (B) is innervated by the ulnar nerve. The abductor pollicis longus
(A), brachioradialis (C), extensor pollicis brevis (D), and supinator (E) are innervated by the
radial nerve or one of its branches.627. D – The germinal matrix is the most common site of IVH
in the full-term neonate (false).The germinal matrix is the most common site of IVH in the
preterm infant, not the full-term infant as presented in the question (D). The most common site of
IVH in the full-term neonate is the choroid plexus. The germinal matrix is characterized by a
capillary bed of large irregular vessels (C) and begins to involute at 43 weeks. The risk of IVH is
greater in the preterm than the term infant (E) and can lead to periventricular hemorrhagic
infarction (A) as well as posthemorrhagic hydrocephalus leading to persistent bradycardia and
apneic spells (B).728. E – Two primary and one secondary centerThe odontoid consists of two
primary and one secondary ossification center. The two primary centers lie inferiorly on either
side of midline. The secondary ossification center is apical.729. D – Sagittal synostosisIsolated
sagittal synostosis (D) causes scaphocephaly and is the most common single-suture
synostosis, accounting for up to 50% of craniosynostosis patients in some series. Metopic
synostosis (C) causes trigonocephaly; coronal synostosis (A) causes anterior plagiocephaly and
is less common than sagittal synostosis. Lambdoid and sphenozygomatic synostosis (B, E) are
both less common than sagittal synostosis.830. E – Palmar sensory conduction time of the
median nerveEighty-five to 90% of patients with carpal tunnel syndrome manifest abnormalities
of the nerve conduction velocities. The palmar sensory conduction time is the most sensitive
electrical test for carpal tunnel syndrome. The abductor pollicis brevis (A) and the first and
second lumbricals (B) are innervated by the median nerve, but needle examination alone is not
as sensitive as sensory conduction time for diagnosis. Decreased motor amplitude (C) is more
sensitive and specific for axonal loss. Motor latency (D) of the median nerve is less sensitive
than palmar sensory conduction time (E) of the median nerve for the diagnosis of carpal tunnel
syndrome.331. A – Cerebral convexitiesContrecoup contusions, produced by rotational force,



occur where the frontal and temporal lobes rub along bony prominences (B, C, E). Coup
contusions (the least common type) are located over the cerebral convexities (A).932. E –
Posterior communicating artery aneurysm33. C – Middle cerebral artery aneurysm34. A –
Anterior communicating artery aneurysm35. D – Ophthalmic artery aneurysm36. B –
Intracavernous carotid artery aneurysmThe close proximity of an anterior communicating artery
aneurysm (A) to the hypothalamus can lead to endocrine abnormalities, including diabetes
insipidus. A ruptured intracavernous aneurysm (B) produces a carotid-cavernous fistula, one of
the hallmarks of which is exophthalmos. Compression of the medial temporal lobe by a middle
cerebral artery aneurysm (C) may result in seizures. Ophthalmic artery aneurysms (D) may
initially present with an inferior nasal field cut because of pressure on the optic nerve from the
overlying falciform ligament (the dural fold between the anterior clinoid processes). A pupil-
involving third nerve palsy is extremely suggestive of a posterior communicating artery
aneurysm (E).237. A – Hydromyelia is lined with ependymal cells, and syringomyelia is
notHydromyelia represents a dilatation of the central canal of the spinal cord, which is lined by
ependymal cells. Syringomyelia dissects through the spinal cord tissue outside of the central
canal and is therefore not lined by ependyma (A, E). Neither lesion is lined with choroid plexus
(B). Both lesions contain CSF (C). Both syringomyelia and hydromyelia may be either focal or
extensive (D), depending on the individual patient.938. F – Basilar artery39. G – Pituitary stalk40.
H – Right oculomotor nerve41. C – Right posterior cerebral artery42. A – Internal carotid
artery43. D – Left duplicated superior cerebellar artery44. B – Right superior cerebellar artery45.
E – Right anterior cerebral artery (A1 segment)In this figure the right opticocarotid triangle is
exposed. On the left of the image, the optic chiasm (unlabeled) is being retracted with an
instrument. The pituitary stalk (G) is noted between the paired optic nerves (unlabeled). The
basilar artery (F) is noted in the center of the image, as is its bifurcation into the left and right
posterior cerebral arteries (C). A single right superior cerebellar artery (B) takes off proximal to
the basilar bifurcation, and a left duplicated superior cerebellar artery (D) takes off on the
contralateral side. The right oculomotor nerve (H) can be seen crossing underneath the right
SCA (B) on its way to the superior orbital fissure. The internal carotid artery (A) is being retracted
laterally at its bifurcation. The right A1 segment (E) is noted distal to the ICA bifurcation. (For
questions 38–45, figure used with permission of Dr. Al Rhoton.)46. A – Cerebellar and vestibular
complaints typically overshadow motor and sensory complaints (false).In cases of basilar
impression, motor and sensory complaints are seen more often than are cerebellar and
vestibular symptoms. The lines of McGregor (B) and McRae (C) may be helpful in the
radiographic assessment of patients with basilar invagination. Short necks, torticollis (D), and
vertebral artery anomalies (E) are common in patients with basilar invagination.1047. D – Type II
odontoid fractureType II odontoid (D) fractures have the worst prognosis for healing of the
choices presented. Type I (C) and type III (E) fractures generally heal well with immobilization.
The burst fracture of C1 (Jefferson's fracture) (B) usually heals by rigid immobilization unless the
transverse ligament is disrupted (lateral masses displaced more than 7 mm) or the patient is



elderly.1048. A – Congenital elevation of the scapulaSprengel's deformity refers to a congenital
asymmetry of the scapula, with failure of one scapula to completely descend during
development. Sprengel's deformity is often associated with the Klippel-Feil syndrome
(congenital fusion of the upper cervical vertebrae [B]). Intravertebral disk herniation (C) is known
as a Schmorl's node. Postlaminectomy kyphosis (D) and scoliosis resulting from tethering of the
spinal cord (E) are incorrect responses.1149. D – Distracting extended50. C – Compression
neutral51. E – Flexing axially rotated52. B – Compressing flexed53. A – Flexing flexed54. F –
Compressing laterally bent55. C – Compressing neutralConditions of extreme flexion (e.g.,
flexing in the flexed position [A]) may result in bilateral facet dislocation. Compression (axial
loading) in the flexed position (B) is the mechanism of the teardrop fracture. Compression in the
neutral position (C) may lead to burst fractures of the subaxial spine as well as burst fractures of
the C1 ring (Jefferson's fracture). Distraction while in extension (D) is the underlying mechanism
of the Hangman's fracture. Flexion with axial rotation (E) may lead to unilateral facet dislocation.
Compression with lateral bending (F) is the mechanism of horizontal facet fractures.1156. E –
Superior articular facet hypertrophyThis question tests the examinee's understanding of lumbar
anatomy as well as the pathogenesis of lumbar stenosis. The superior articular facet is situated
anterolaterally to the inferior articular facet of the level above, and makes up much of the
posterior limit of the lateral recess of the lumbar spinal canal. Therefore, superior articular facet
hypertrophy (E) is the most common cause of lateral recess stenosis in spondylosis. Disk
herniation (A) and ligamentum flavum hypertrophy (D) may contribute to lateral recess stenosis
but are less likely to cause lateral recess stenosis than superior articular facet hypertrophy (E).
Inferior articular facet hypertrophy (C) is incorrect because the superior articular facet is more
closely associated with the lateral recess. Hypertrophy of the pedicles (B) does not contribute to
lateral recess stenosis.1057. E – All of the aboveDiplopia, oscillopsia, reduction of upgaze, and
a sense of impending doom are all more common with stimulation of the periaqueductal gray
than with stimulation of the periventricular gray region.258. E – PineoblastomaThe presence of
bilateral ocular retinoblastomas along with the presence of a pineoblastoma (E) is known as
“trilateral retinoblastoma.” An understanding of this association is facilitated by the recognition
that the pineal gland is a photoreceptor organ. Astrocytoma (A), medulloblastoma (B),
neurofibroma (C), and optic nerve sheath tumor (D) are incorrect responses.259. B – Giant
ophthalmic artery aneurysm and evidence of vasospasm on arteriogramEvidence of vasospasm
on arteriogram (B) implies the potential for inadequate collateral flow, which would put the
patient at risk for ischemic neurologic deficits following vessel sacrifice. While the presence of
bilateral intracavernous carotid aneurysms (A) or extracranial atherosclerotic disease (C) may
be relative contraindications to carotid sacrifice in this clinical scenario, they do not represent
absolute contraindications. Carotid artery ligation is not contraindicated in the setting of sudden
loss of extraocular motility in the presence of an intracavernous carotid artery aneurysm (D) or in
the setting of traumatic dissecting aneurysm of the petrous carotid artery (E).260. C – Foramen
magnumThe “clockwise” progression of weakness described in the vignette is classically



associated with lesions at the foramen magnum (C) such as a meningioma. Meningiomas of the
clivus (A) may present with cranial nerve palsies. Olfactory groove (D) and tuberculum sella (E)
meningiomas may present with visual symptoms, behavioral disturbances, or symptoms from
increased intracranial pressure. Parafalcine (B) meningiomas are not associated with the
“clockwise” pattern of quadriparesis described.461. A – Clinoidal62. D – Infratrochlear
(Parkinson's)63. H – Posteromedial (Kawase's)64. D – Infratrochlear (Parkinson's)65. A –
Clinoidal66. E – Anteromedial67. B – Oculomotor68. F – Anterolateral69. G – Posterolateral
(Glasscock's)70. H – Posteromedial (Kawase's)The clinoidal, oculomotor, supratrochlear, and
infratrochlear triangles are the four triangles of the cavernous sinus. The clinoidal (A) triangle lies
between the optic nerve and oculomotor nerve and can be exposed by removal of the anterior
clinoid process to reveal the clinoidal segment of the internal carotid artery. The oculomotor (B)
triangle is bordered by the anterior and posterior petroclinoidal dural folds and the intraclinoidal
dural fold. The oculomotor nerve enters the cavernous sinus in the center of the oculomotor (B)
triangle. The supratrochlear (C) triangle lies between the inferior margin of the oculomotor nerve
and superior margin of the trochlear nerve—this triangle is very small. The infratrochlear (D)
triangle, or Parkinson's (D) triangle, lies between the inferior margin of the trochlear nerve and
superior margin of the ophthalmic nerve (V1) and contains the intracavernous carotid artery and
the meningohypophyseal trunk. Parkinson described a surgical approach through the
infratrochlear (D) triangle for the treatment of carotid-cavernous fistulas. The anterolateral,
anteromedial, posterolateral, and posteromedial triangles are the four triangles of the middle
fossa. The anteromedial (E) triangle lies between the lower margin of the ophthalmic nerve (V1)
and the upper margin of the maxillary nerve (V2). Drilling the bone in the anteromedial (E)
triangle opens into the sphenoid sinus. The anterolateral (F) triangle lies between the inferior
margin of the maxillary nerve (V2) and the upper margin of the mandibular nerve (V3). The
posterolateral (Glasscock's) (G) triangle opens laterally to the mandibular nerve (V3), anterior to
the point at which the greater superficial petrosal nerve crosses V3, and contains the middle
meningeal artery in foramen spinosum. The posteromedial triangle (Kawase's) (H) contains the
cochlea in its lateral apex, and also contains the petrous carotid artery. The medial portion of
Kawase's triangle can be drilled in an anterior petrosectomy for approaches to the anterolateral
brainstem and low-riding basilar bifurcations.1 (For questions 61–70, figure used with
permission of Dr. Al Rhoton.)71. B – Absence of third nerve palsyPatients with posterior
communication artery aneurysms who do not have a third nerve palsy (B) or whose angiogram
reveals the aneurysm projecting laterally to the carotid are more likely to have aneurysm domes
that are adherent to the temporal lobe. Choices C and D are incorrect because they contradict
this statement. Neither loss of consciousness (A) nor seizures (E) predict aneurysm adherence
to the temporal lobe.572. A – Axillary nerveWeakness of the deltoid muscle could be caused by
injury to the axillary nerve (A), which innervates the deltoid. The dorsal scapular nerve (B)
innervates the rhomboid muscles as well as the levator scapulae. The musculocutaneous nerve
(C) innervates the muscles of the anterior compartment of the arm including the biceps brachii



and the coracobrachialis muscles. The suprascapular nerve (D) innervates the supraspinatus
and infraspinatus muscles. An injury to the thoracodorsal nerve (E) would cause weakness of
the latissimus dorsi muscle.673. A – Escherichia coliE. coli (A) is the most common cause of
subdural empyema in the infant following meningitis. Streptococcus pneumoniae meningitis may
also lead to subdural empyemas. Listeria (C), Neisseria (D), and Staphylococcus (E) are
incorrect responses.1274. D – NerveThe manifestations of Sudeck's atrophy are late changes of
reflex sympathetic dystrophy (CPRS I, RSD). This condition may involve atrophic changes in the
bone (A), joints (B), muscle (C), and skin (E), but not the nerve (D). The diagnosis of CRPS I, or
reflex sympathetic dystrophy, is made only in the absence of a known nerve injury (in contrast
with CRPS II, or causalgia, which requires a known nerve injury for diagnosis).275. E – Closure
of the caudal neuropore: Day 2676. D – Closure of the cranial neuropore: Day 2477. B –
Formation of the notochord: Day 1778. A – Formation of the primitive streak: Day 1379. C –
Fusion of the neural folds to form the neural tube: Day 22Primary neurulation consists of the
following events in this order: The primitive streak forms on day 13 (A), notochord formation
occurs on day 17 (B), the neural folds fuse to form the neural tube on day 22 (C), the cranial
neuropore closes on day 24 (D), and the caudal neuropore closes on day 26 (E). Abnormalities
during this stage of embryogenesis cause neural tube defects and Chiari
malformations.13,1480. B – I, IIIThe subclavian steal syndrome is associated with symptoms of
vertebrobasilar insufficiency. It occurs when increased activity of the left arm (III) results in
shunting of blood into the left subclavian that is occluded proximal to the origin of the left
vertebral artery (I). The blood flow in the vertebral artery is reversed, resulting in partial
brainstem ischemia exacerbated by use of the left arm. Occlusion of the left subclavian artery
distal to the origin of the left vertebral artery (II) would not cause reversal of flow in the left
vertebral artery, and therefore would not cause subclavian steal syndrome. Occlusion of the left
vertebral artery (IV) might cause symptoms of vertebrobasilar insufficiency, but this would not be
an example of subclavian steal.381. B – CoronallyThe coronal orientation of the facets in the
upper thoracic spine leads to significant resistance to anterior translation but little resistance to
rotation. In the lower thoracic spine, the facets become more sagittally oriented, and less
resistance to anterior translation is offered.382. A – Back painWhile it is possible for a thoracic
disk herniation to cause either thoracic myelopathy, which may be characterized by leg
numbness (B), leg weakness (C), or urinary incontinence (E); or thoracic radiculopathy, which
could cause thoracic numbness (D); or thoracic pain in a dermatomal distribution, the most
common presenting symptom of a herniated thoracic disk is back pain (A). Back pain is the
presenting complaint of 57 to 88% of patients with a thoracic herniated disk.383. A – I, II,
IIIOcclusion of the thalamostriate vein during the subchoroidal transvelum interpositum
approach to the third ventricle may result in drowsiness (I), hemiparesis (II), or mutism (III).
Seizures (IV) have not been reported after the ligation of the thalamostriate vein during this
approach.584. E – Labyrinthine segment of the facial nerve85. C – Meatal segment of the facial
nerve86. D – Superior vestibular nerve87. A – Greater superficial petrosal nerve88. B –



Geniculate ganglionThis set of questions tests relevant anatomy for the middle fossa approach
to the internal acoustic meatus. The meatal segment of the facial nerve (C) is noted in its
superoanterior position in the internal acoustic meatus with the superior vestibular nerve (D)
being located just lateral to it. The inferior vestibular nerve and cochlear nerve are obscured
from view. The labyrinthine segment of the facial nerve (E) is noted just before the facial nerve
enters the geniculate ganglion (B). The greater superficial petrosal nerve (A) turns
anteromedially to run along the middle fossa floor. The cochlea is noted in the angle formed by
the facial nerve and greater superficial petrosal nerve.1 (For questions 84–88, figure used with
permission of Dr. Al Rhoton.)89. B – Anterior, superior, inferiorIn the series of Sugita and
Kobayashi, the facial nerve was anterior to the tumor in 50%, superior in 30%, and inferior in
15% of cases.1590. E – Skin plaques (false)Skin plaques (E) are the most common skin lesions
seen in neurofibromatosis type 2. They are well-circumscribed, raised, rough areas of skin that
may be associated with excess hair. Axillary freckles (A), café au lait spots (B), Lisch nodules
(C), and multiple typical skin neurofibromas (D) are all characteristics of neurofibromatosis type
1.6,1291. D – Postoperative tumor residualOf the choices available, postoperative tumor residual
(D) is the most important factor in meningioma recurrence. Bone invasion (B) could influence
recurrence rates as it may limit the extent of tumor resection, particularly for lesions at the skull
base. Histologic type of benign meningioma (C) is incorrect because this answer choice implies
that the lesion is WHO grade I. Certainly WHO grade II (atypical) and WHO grade III (anaplastic)
meningiomas have a higher recurrence rate than grade I (benign) lesions, but this is not an
answer choice. Patient age (A) and sex (E) are incorrect responses.392. B – Cerebellopontine
angle cistern93. D – Lateral cerebellomedullary cistern94. A – Ambient cistern95. A – Ambient
cistern96. B – Cerebellopontine angle cistern97. C – Interpeduncular cistern98. D – Lateral
cerebellomedullary cisternThe ambient cistern (A) contains portions of the superior cerebellar
artery and the trochlear nerve as it courses around the lateral brainstem. The cerebellopontine
angle cistern (B) contains the anteroinferior cerebellar artery and the trigeminal nerve. The
interpeduncular cistern (C) contains the basal vein of Rosenthal. The lateral cerebellomedullary
cistern (D) contains the choroid plexus at the foramen of Luschka and the origin of the
posteroinferior cerebellar artery (PICA). None of the structures listed are located in the
prepontine cistern (E).1699. B – Cochlear and inferior vestibular nerves from the facial and
superior vestibular nervesThis question tests the examinee's knowledge of the relationships of
the nerves in the internal acoustic meatus. Anteriorly, the facial nerve is superior to the cochlear
nerve (“7-up, coke down”). Posteriorly, the superior and inferior vestibular nerves are related to
one another as their names imply. The transverse crest runs horizontally separating the two
superior structures (facial nerve anteriorly and superior vestibular nerve posteriorly) from the two
inferior structures (cochlear nerve anteriorly and inferior vestibular nerve posteriorly).2100. B –
Deafness is more common than permanent facial weakness as a complication of microvascular
decompression.Hemifacial spasm is more common in females (C is incorrect); it typically begins
in the orbicularis muscles and progresses caudally (D is incorrect). At microvascular



decompression the most common finding is compression by the posteroinferior cerebellar artery
(PICA) (A is incorrect); the cure rate at 1 month is 86% (E is incorrect). Deafness occurs in 2.7%
of patients, and permanent facial weakness occurs in 1.5% of patients after microvascular
decompression (B is correct).6101. E – Subtemporal approachPossible approaches to an
aneurysm of the vertebrobasilar junction include the extended extreme lateral inferior
transcondylar approach (A), the lateral suboccipital approach (B), the presigmoid transtentorial
approach (C), and the retrolabyrinthine transsigmoid approach (D). The subtemporal approach
(E) is best suited for aneurysms of the upper basilar trunk arising within 2 cm below the tip of the
posterior clinoid.3,5102. A – HeadacheHeadache (A) is the initial symptom in more than 75% of
patients with colloid cysts, and almost all patients with this lesion experience headache. “Drop
attacks,” possibly secondary to acute hydrocephalus that suddenly stretches corticospinal leg
fibers (sudden leg weakness [D]), are associated with colloid cysts. Dementia (B) may be
prominent, and seizures (C) occur in ~20% of patients. An association with sudden death (E)
has been reported.3103. C – Inferior and anterior104. D – Inferior and posterior105. A – Superior
and anterior106. B – Superior and posteriorThis question tests the examinee's understanding of
the anatomy of the internal acoustic meatus viewed through a middle fossa approach. The first
step is getting oriented by identifying known structures. The cochlea has been exposed in the
angle created by the facial nerve (A) and greater superficial petrosal nerve (not labeled), which
we know is anteromedial to the internal acoustic meatus. A portion of the labyrinth has been
exposed to reveal one of the semicircular canals posterolaterally (closest to B). As such, we
know this is a view of the IAC from above (middle fossa approach) on the patient's right side.
The facial nerve is noted superior and anterior (A) coursing toward the geniculate ganglion. The
cochlear nerve is situated in an inferior and anterior (C) position on its way to the cochlea. The
superior and inferior vestibular nerves are situated posteriorly (B and D, respectively) en route to
the labyrinth. (For questions 103–106, figure used with permission of Dr. Al Rhoton.)107. A –
Congestive heart failureNeonates with congestive heart failure (A) usually have multiple fistulas,
and over 25% of their cardiac output is shunted. Hydrocephalus (B) and seizures (D) are more
common in infants, whereas subarachnoid hemorrhage (E), decreased cognition, and
intraparenchymal hemorrhage (C) are more common in older children and adults.3108. B –
Compression fractureThis type of fracture is generally stable because the middle column is
intact, by definition (utilizing the three-column spine model). Posterior column failure can still
occur, however, if the anterior body height is reduced by more than half. The resulting kyphotic
deformity can lead to neurologic deficit.3109. B – Fracture-dislocations involve all three
columns.Compression fractures are the most common thoracolumbar spine fracture (A is
incorrect). Seat belt injuries refer to flexion-distraction type injuries that are often unstable (C is
incorrect). Wedge compression fractures generally involve the anterior column and are usually
stable (D and E are incorrect).3110. B – A result of cytotoxic edema (false)Diffuse brain swelling
is a vasoactive posttraumatic phenomenon occurring within hours of head injury. It is thought to
be a result of cerebrovascular congestion (A) and can be manifested on CT scan by a



compression of the perimesencephalic cistern (D). This pathologic process is more common in
children than adults (E), and may be associated with a 50% mortality rate in severely head
injured children (C). It is distinct from the vasogenic or cytotoxic edema (B) that occurs
later.7111. C – Parietal skull fractureOf the choices listed, an isolated parietal skull fracture (C) is
the least suggestive of child abuse, or nonaccidental trauma. Acute and healing long bone
fractures (A), retinal hemorrhages (D), and the presence of subdural hematomas (B and E)
should be treated as nonaccidental trauma until proven otherwise. When associated with abuse,
skull fractures tend to be multiple or complex, depressed, and nonparietal.7,9112. E – Metopic
suturePremature closure of the metopic suture (E) results in trigonocephaly. The incidence of
trigonocephaly ranges from 10 to 16%.7113. B – Lumbar regionThe cleft is located in the lumbar
region (B) in 47%, thoracolumbar region in 27%, thoracic region (D) in 23%, and sacral (C) or
cervical region (A) in 1.5% of cases.3114. E – 80%Up to 80% of patients with mycotic
aneurysms carry an underlying diagnosis of subacute bacterial endocarditis.3115. A – Infected
emboli lodge in the vasa vasorum (false).Bacterial (mycotic) intracranial aneurysms are typically
located in the peripheral branches (C) of the middle cerebral artery territory (B). Staphylococcus
aureus and b-hemolytic streptococci species (E) are the most common offending agents. The
observation that vasa vasorum are found only on the first segment of the internal carotid artery
(ICA), an unusual site of the development of bacterial aneurysms, has discredited the notion that
infected emboli lodge in the vasa vasorum (A). Although these aneurysms have a high tendency
to bleed, typical subarachnoid hemorrhage occurs in less than 20% of patients (D).3116. E –
Occur most commonly between the ages of 2 and 5 years (false)Growing skull fractures may
cross suture lines (A), may be associated with an underlying brain injury (B), tend to occur if the
initial fracture is separated by more than 3 mm (C), and occur most commonly in the parietal
bone (D). Up to 75% of patients with growing skull fractures are , 1 year old (E is false, and
therefore the correct answer choice).7117. E – 100%One hundred percent (E) of infants with
myelomeningocele have MRI evidence of a Chiari II malformation, the mechanism of which is
thought to be due to CSF leaking through the myelomeningocele during development.3118. A –
I, II, III (cholesterol, calcific, and platelet-fibrin)Cholesterol emboli (I) (Hollenhorst plaques) are
associated with ulcerated atheromatous plaques of the ICA. Calcific emboli (II) originate from the
cardiac valves. Platelet-fibrin emboli (III) are thought to arise from large-vessel mural thrombi. Fat
emboli (IV) result after trauma to marrow-containing bones and therefore are not due to
cardiovascular disease of the heart and great vessels.4119. B – I, III (superior vermian vein,
precentral cerebellar vein)The superior vermian vein (I) and precentral cerebellar vein (III) are
usually sacrificed during the infratentorial supracerebellar approach to the pineal region. The
basal vein of Rosenthal (IV) and posterior pericallosal vein (II) are not sacrificed during this
approach.5120. B – Loudness recruitment (false)An absence of loudness recruitment (B is
incorrect) is characteristic of a nerve trunk lesion, including an acoustic neuroma. Recruiting
deafness occurs with a lesion in the organ of Corti (e.g., Ménière's disease). The other
responses (Békésy type III or IV audiogram [A], low short-increment sensitivity index [C], poor



speech discrimination [D], and pronounced tone decay [E]) are all characteristic of a
retrocochlear (nerve) lesion such as an acoustic neuroma.4Neurosurgery Board
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who voluntarily seek certification, and to issue certificates to those who meet the requirements
of the Board and satisfactorily complete those examinations. The first official meeting of the
ABNS was held in Chicago on October 17, 1940. Twentyfour candidates for certification were
examined. Those 24 men were examined on a specialty that was relatively elementary by
today's standards. Neurosurgery was simply defined as a specialty focused on surgical
treatment of diseases of the nervous system. As the ABNS celebrates its 75th anniversary, that
definition of our specialty has been transformed.“Neurological surgery constitutes a medical
discipline and surgical specialty that provides care for adult and pediatric patients in the
treatment of pain or pathological processes that may modify the function or activity of the central
nervous system (e.g. brain, hypophysis, and spinal cord), the peripheral nervous system (e.g.
cranial, spinal, and peripheral nerves), the autonomic nervous system, the supporting structures
of these systems (e.g. meninges, skull & skull base, and vertebral column), and their vascular
supply (e.g. intracranial, extracranial, and spinal vasculature).Treatment encompasses both
nonoperative management (e.g. prevention, diagnosis – including image interpretation – and
treatments such as, but not limited to neurocritical intensive care and rehabilitation) and
operative management with its associated image use and interpretation (e.g. endovascular
surgery, functional and restorative surgery, stereotactic radiosurgery, and spinal fusion –
including its instrumentation.”While a resident at Emory University, Dr. Alleyne created a
prodigious list of questions based upon preparation for his written board examination. In an effort
to assist other residents, that compilation later became the first edition of Neurosurgery Board
Review. That monograph and the second edition have become a time-honored and popular
method for residents to prepare for their written board examination. With advances in the
neurosciences in general and our specialty specifically, has come the need to update this work.
This third edition of Neurosurgery Board Review contains not only questions and answers but
also explanations of those correct answers to enhance the overall knowledge base of the reader.
I am confident this work will continue to provide a valuable resource for all neurosurgeons, but
particularly residents preparing for the first step toward certification by the ABNS.Daniel L.
Barrow, MDPamela R. Rollins Professor and ChairmanDepartment of NeurosurgeryDirector,
Emory MBNA Stroke CenterEmory University School of MedicineFormer Director, Secretary,
PresidentAmerican Board of Neurological SurgeryForeword to the Third EditionBoard
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supply (e.g. intracranial, extracranial, and spinal vasculature).Treatment encompasses both
nonoperative management (e.g. prevention, diagnosis – including image interpretation – and
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surgery, functional and restorative surgery, stereotactic radiosurgery, and spinal fusion –
including its instrumentation.”While a resident at Emory University, Dr. Alleyne created a
prodigious list of questions based upon preparation for his written board examination. In an effort
to assist other residents, that compilation later became the first edition of Neurosurgery Board
Review. That monograph and the second edition have become a time-honored and popular
method for residents to prepare for their written board examination. With advances in the
neurosciences in general and our specialty specifically, has come the need to update this work.
This third edition of Neurosurgery Board Review contains not only questions and answers but
also explanations of those correct answers to enhance the overall knowledge base of the reader.
I am confident this work will continue to provide a valuable resource for all neurosurgeons, but
particularly residents preparing for the first step toward certification by the ABNS.Daniel L.
Barrow, MDPamela R. Rollins Professor and ChairmanDepartment of NeurosurgeryDirector,
Emory MBNA Stroke CenterEmory University School of MedicineFormer Director, Secretary,
PresidentAmerican Board of Neurological SurgeryForeword to the Second EditionMost learned
professions require their membership to demonstrate aminimal level of competency to be fully
accepted into that pursuit. Certification by the American Board of Neurological Surgeons
(ABNS) is a rite of passage in the educational process of our chosen profession.For the
assiduous neurosurgical resident, assembly and organization of the material necessary to study
for Part I of the ABNS examination can be an onerous task. Dr. Alleyne has compiled a set of
questions he originally developed while studying for the oral boards during his residency at
Emory University School of Medicine. Based in part on his outstanding performance on that
examination, he was encouraged by his co-residents and colleagues to share his efforts and
eventually publish them. In doing so, Dr. Alleyne has provided a valuable study guide for
individuals preparing for the primary examination of the American Board of Neurological
Surgeons. This effort also provides an outstanding resource for physicians involved in the
neurosciences at any level of their career who may be motivated to assess their current
knowledge. In addition to self-assessment this volume guides readers to appropriate resources
to expand their knowledge in areas of deficiency.Many factors influence a neurosurgeon's
choice to pursue an academic career. A passion for teaching, however, is an essential feature of



the successful academian. Dr. Alleyne has demonstrated his passion for teaching through the
production of this valuable volume.Daniel L. Barrow, MDAtlanta, GeorgiaForeword to the Second
EditionMost learned professions require their membership to demonstrate aminimal level of
competency to be fully accepted into that pursuit. Certification by the American Board of
Neurological Surgeons (ABNS) is a rite of passage in the educational process of our chosen
profession.For the assiduous neurosurgical resident, assembly and organization of the material
necessary to study for Part I of the ABNS examination can be an onerous task. Dr. Alleyne has
compiled a set of questions he originally developed while studying for the oral boards during his
residency at Emory University School of Medicine. Based in part on his outstanding
performance on that examination, he was encouraged by his co-residents and colleagues to
share his efforts and eventually publish them. In doing so, Dr. Alleyne has provided a valuable
study guide for individuals preparing for the primary examination of the American Board of
Neurological Surgeons. This effort also provides an outstanding resource for physicians involved
in the neurosciences at any level of their career who may be motivated to assess their current
knowledge. In addition to self-assessment this volume guides readers to appropriate resources
to expand their knowledge in areas of deficiency.Many factors influence a neurosurgeon's
choice to pursue an academic career. A passion for teaching, however, is an essential feature of
the successful academian. Dr. Alleyne has demonstrated his passion for teaching through the
production of this valuable volume.Daniel L. Barrow, MDAtlanta, GeorgiaPreface to the Third
EditionDr. Alleyne wrote the first edition of his board review book while preparing to take the
written portion of the ABNS exam as a resident. Seven years later, in 2004, he and Dr. Citow
improved the book with additional questions and images. Much has changed in neurosurgery
over the past 10 years, including the widespread use of endovascular techniques for the
treatment of cerebral aneurysms, the availability of a new armamentarium of advanced imaging
techniques, and major changes in the treatment of acute ischemic stroke.Certainly every
resident taking the ABNS primary exam wants to do his or her very best, but a high score on the
exam is not the primary endpoint. Our goal as students and practitioners of neurosurgery is
understanding of the material. The goals of this third iteration of Dr. Alleyne's classic book are
threefold: (1) increase the number of questions and high-yield images to reflect the changing
scope of neurosurgery; (2) correct any errors contained in the second edition; and (3) most
importantly, provide detailed explanations for each question. We hope that the reader will be
able to use this text for self-assessment, but also to enhance his or her understanding of the
material. The format of the book has also been changed to make it more user-friendly.Preparing
for the ABNS primary exam is a substantial undertaking. We hope that this third edition will aid in
your self- assessment, enhance your understanding of the material, and give you confidence
when you get ready to sit for the boards.M. Neil Woodall, MDAugusta, GeorgiaPreface to the
Third EditionDr. Alleyne wrote the first edition of his board review book while preparing to take
the written portion of the ABNS exam as a resident. Seven years later, in 2004, he and Dr. Citow
improved the book with additional questions and images. Much has changed in neurosurgery



over the past 10 years, including the widespread use of endovascular techniques for the
treatment of cerebral aneurysms, the availability of a new armamentarium of advanced imaging
techniques, and major changes in the treatment of acute ischemic stroke.Certainly every
resident taking the ABNS primary exam wants to do his or her very best, but a high score on the
exam is not the primary endpoint. Our goal as students and practitioners of neurosurgery is
understanding of the material. The goals of this third iteration of Dr. Alleyne's classic book are
threefold: (1) increase the number of questions and high-yield images to reflect the changing
scope of neurosurgery; (2) correct any errors contained in the second edition; and (3) most
importantly, provide detailed explanations for each question. We hope that the reader will be
able to use this text for self-assessment, but also to enhance his or her understanding of the
material. The format of the book has also been changed to make it more user-friendly.Preparing
for the ABNS primary exam is a substantial undertaking. We hope that this third edition will aid in
your self- assessment, enhance your understanding of the material, and give you confidence
when you get ready to sit for the boards.M. Neil Woodall, MDAugusta, GeorgiaPreface to the
Second EditionIn the 7 years since the publication of the first edition, there have been several
other review texts published to aid in the review for the written portion of the Neurosurgery Board
Examination. This second edition remains a text to be used for self-assessment and review to
facilitate, not replace, primary study. The format remains the same, but the total number of
questions has been increased to over 1,200. These include approximately 200 new questions,
100 of which were contributed by Jonathan Stuart Citow, MD. Several of the excellent anatomic
dissections by Dr. Al Rhoton are included in the Neurosurgery section. I would again like to thank
the editorial and production staff at Thieme for their excellent work. I also thank Andy Rekito, our
illustrator in the Department of Neurosurgery at the Medical College of Georgia, for his superb
artwork.Cargill H. Alleyne Jr., MDPreface to the Second EditionIn the 7 years since the
publication of the first edition, there have been several other review texts published to aid in the
review for the written portion of the Neurosurgery Board Examination. This second edition
remains a text to be used for self-assessment and review to facilitate, not replace, primary study.
The format remains the same, but the total number of questions has been increased to over
1,200. These include approximately 200 new questions, 100 of which were contributed by
Jonathan Stuart Citow, MD. Several of the excellent anatomic dissections by Dr. Al Rhoton are
included in the Neurosurgery section. I would again like to thank the editorial and production
staff at Thieme for their excellent work. I also thank Andy Rekito, our illustrator in the Department
of Neurosurgery at the Medical College of Georgia, for his superb artwork.Cargill H. Alleyne Jr.,
MDPreface to the First EditionThis work materialized as I was studying for the written portion of
the Neurosurgery Board Examination; it is based largely on the question content areas revealed
by the American Board of Neurological Surgery over the last several years. As the examination
loomed closer, I was able to use the questions I had previously written to aid in the review
process. The text should mainly benefit neurosurgery residents, but it may also appeal to
residents in other neuroscience subspecialties. It is composed of over 1,000 multiple choice



questions in seven sections: Neurosurgery (132 questions, including 3 photographs), Clinical
Neurology (214 questions), Neuroanatomy (185 questions), Neurophysiology (146 questions),
Neuropathology (134 questions, including 52 photographs), Neuroradiology (83 questions,
including 51 photographs), and Clinical Skills/Critical Care (126 questions). The proportion of
questions in each section approximately mirrors that of the Neurosurgery written Board
examination. Each section is accompanied by answers that have been referenced to major texts
in the respective subspecialty areas. Unless the questions are deemed self-explanatory, brief
explanations are also provided. Every attempt was made to ensure the clarity of questions and
the accuracy of answers, but the reader is urged to refer to the references listed or to other
standard textbooks for further detail should the need arise. Sincere gratitude is expressed to the
faculty on the editorial board for their critique of the manuscript. I would also like to thank the
editorial and production staff at Thieme for their excellent work. It is hoped that the use of this
text for self-assessment will facilitate the arduous task of review for the written portion of the
Neurosurgery Board Examination.Cargill H. Alleyne Jr., MDResident in NeurosurgeryEmory
University School of Medicine1997Preface to the First EditionThis work materialized as I was
studying for the written portion of the Neurosurgery Board Examination; it is based largely on the
question content areas revealed by the American Board of Neurological Surgery over the last
several years. As the examination loomed closer, I was able to use the questions I had
previously written to aid in the review process. The text should mainly benefit neurosurgery
residents, but it may also appeal to residents in other neuroscience subspecialties. It is
composed of over 1,000 multiple choice questions in seven sections: Neurosurgery (132
questions, including 3 photographs), Clinical Neurology (214 questions), Neuroanatomy (185
questions), Neurophysiology (146 questions), Neuropathology (134 questions, including 52
photographs), Neuroradiology (83 questions, including 51 photographs), and Clinical Skills/
Critical Care (126 questions). The proportion of questions in each section approximately mirrors
that of the Neurosurgery written Board examination. Each section is accompanied by answers
that have been referenced to major texts in the respective subspecialty areas. Unless the
questions are deemed self-explanatory, brief explanations are also provided. Every attempt was
made to ensure the clarity of questions and the accuracy of answers, but the reader is urged to
refer to the references listed or to other standard textbooks for further detail should the need
arise. Sincere gratitude is expressed to the faculty on the editorial board for their critique of the
manuscript. I would also like to thank the editorial and production staff at Thieme for their
excellent work. It is hoped that the use of this text for self-assessment will facilitate the arduous
task of review for the written portion of the Neurosurgery Board Examination.Cargill H. Alleyne
Jr., MDResident in NeurosurgeryEmory University School of Medicine19971ANeurosurgery—
Questions For questions 1 to 9, identify the following structures. The figure illustrates a right
transcallosal approach to the third ventricle.1. Caudate nucleus2. Choroid plexus3. Foramen of
Monro4. Columns of the fornix5. Septum pellucidum6. Thalamostriate vein7. Thalamus8. Body
of the fornix9. Anterior caudate vein10. Surgical procedures utilized in the treatment of



spasmodic torticollis includeI. Upper cervical ventral rhizotomies and spinal accessory
neurectomyII. Stereotactic thalamotomyIII. Microvascular decompression of the spinal
accessory nerveIV. MyotomyA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the above11. Which surgical
approach for thoracic disk herniations is associated with the highest rate of neurologic injury?A.
CostotransversectomyB. Lateral extracavitaryC. Midline laminectomyD. TranspedicularE.
Transthoracic12. Most patients with intrinsic brainstem gliomas initially present withA. Cranial
neuropathiesB. HeadacheC. HydrocephalusD. Nausea and vomitingE. Papilledema13. Each of
the following is characteristic of complex regional pain syndrome II (causalgia) exceptA. Atrophic
changes in the limbB. HypesthesiaC. Increased sweatingD. Lack of major motor deficitE. Good
relief with sympathetic block For questions 14 to 18, match the description with the structure.A.
Dermoid cystB. Epidermoid cystC. BothD. Neither14. Bacterial meningitis15. Aseptic
meningitis16. Associated congenital malformations17. Most often midline18. Responsive to
radiation therapy19. Ventricular enlargement from choroid plexus papillomas can be secondary
toI. Entrapment of cerebrospinal fluid (CSF)II. Decreased absorption of CSF from hemorrhage-
induced arachnoiditisIII. Tumor growthIV. Excessive production of CSFA. I, II, IIIB. I, IIIC. II, IVD.
IVE. All of the above20. Which approach is favored for a patient with an 8-mm acoustic neuroma
in which hearing preservation is a goal?A. Middle fossaB. SuboccipitalC. Translabyrinthine21.
Uncinate seizures typically produceA. Auditory hallucinationsB. Gustatory hallucinationsC.
Olfactory hallucinationsD. Vertiginous sensationsE. Visual seizures For questions 22 to 25,
match the description with the structure.A. Calcarine sulcusB. Lateral mesencephalic sulcusC.
Posterior communicating arteryD. Tectal plate22. Separates the P1 and P2A segments of the
posterior cerebral artery23. Separates the P2A and P2P segments of the posterior cerebral
artery24. Separates the P2P and P3 segments of the posterior cerebral artery25. Separates the
P3 and P4 segments of the posterior cerebral artery26. The radial nerve or one of its branches
innervates each of the following except theA. Abductor pollicis longusB. Adductor pollicisC.
BrachioradialisD. Extensor pollicis brevisE. Supinator27. Each of the following is true of
intraventricular hemorrhage (IVH) in the newborn exceptA. Periventricular hemorrhagic infarction
is one sequela.B. Posthemorrhagic hydrocephalus can result in persistent bradycardia and
apneic spells.C. The capillary bed of the germinal matrix is composed of large irregular
vessels.D. The germinal matrix is the most common site of IVH in the full-term neonate.E. The
risk of IVH is greater in the preterm than in the term infant.28. The ossification centers of the
odontoid consist ofA. One primary and two secondary centersB. One secondary and three
primary centersC. Three secondary and one primary centerD. Two primary centersE. Two
primary and one secondary center29. The most common single-suture synostosis isA.
CoronalB. LambdoidC. MetopicD. SagittalE. Sphenozygomatic30. The most sensitive method for
detecting carpal tunnel syndrome isA. Needle examination of the abductor pollicis brevisB.
Needle examination of the first and second lumbricalsC. Motor amplitude of the median nerveD.
Motor distal latency of the median nerveE. Palmar sensory conduction time of the median
nerve31. Coup contusions most commonly occur at theA. Cerebral convexitiesB. Frontal and



temporal polesC. Orbital surface of the frontal lobesD. Posterior fossaE. Ventral surface of the
temporal lobe For questions 32 to 36, match the aneurysm with the sign or symptom it is most
likely to produce. Each response may be used once, more than once, or not at all.A. Anterior
communicating artery aneurysmB. Intracavernous carotid artery aneurysmC. Middle cerebral
artery aneurysmD. Ophthalmic artery aneurysmE. Posterior communicating artery aneurysm32.
Pupil-involving third nerve palsy33. Seizures34. Diabetes insipidus35. Inferior nasal
quadrantanopia36. Exophthalmos37. The essential difference between a syringomyelic and a
hydromyelic cavity is that the cavity inA. Hydromyelia is lined with ependymal cells, and in
syringomyelia is notB. Hydromyelia is lined with choroid plexus, and in syringomyelia is notC.
Syringomyelia contains CSF, and in hydromyelia contains serumD. Syringomyelia is focal, and in
hydromyelia is more extensiveE. Syringomyelia is an enlargement of the central canal, and in
hydromyelia is an enlargement of the anterior median septum For questions 38 to 45, identify the
following structures. The figure illustrates the structures exposed through the right opticocarotid
triangle.38. Basilar artery39. Pituitary stalk40. Right oculomotor nerve41. Right posterior
cerebral artery42. Internal carotid artery43. Left duplicated superior cerebellar artery44. Right
superior cerebellar artery45. Right anterior cerebral artery (A1 segment)46. Each of the following
is true of basilar impression exceptA. Cerebellar and vestibular complaints typically overshadow
motor and sensory complaints.B. McGregor's line is helpful in routine screening.C. McRae's line
is helpful in clinical assessment.D. Short necks and torticollis are common.E. Vertebral artery
anomalies are common.47. Which of the following fractures has the poorest prognosis for
healing without surgical intervention?A. Hangman'sB. Jefferson's fracture with 4 mm
displacement of lateral massesC. Type I odontoidD. Type II odontoidE. Type III odontoid48.
Sprengel's deformity refers to a(n)A. Congenital elevation of the scapulaB. Congenital fusion of
the upper cervical vertebraeC. Intravertebral disk herniationD. Postlaminectomy kyphosisE.
Scoliosis resulting from tethering of the spinal cord For questions 49 to 55, match the fracture
type with the mechanism. Each response may be used once, more than once, or not at all.Force
Neck PostureA. Flexing flexedB. Compressing flexedC. Compressing neutralD. Distracting
extendedE. Flexing axially rotatedF. Compressing laterally bent49. Hangman's fracture50. Burst
fracture51. Unilateral facet dislocation52. Teardrop fracture53. Bilateral facet dislocation54.
Horizontal facet fracture55. Jefferson's fracture56. Lateral recess stenosis in spondylosis is most
commonly caused byA. Disk herniationB. Hypertrophied pediclesC. Inferior articular facet
hypertrophyD. Ligamentum flavum hypertrophyE. Superior articular facet hypertrophy57. In the
treatment of chronic pain, the undesirable effect(s) that is/are more common in stimulation of the
periaqueductal gray than the periventricular gray region is/areI. DiplopiaII. OscillopsiaIII.
Reduction of upgazeIV. Sense of impending doomA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above58. “Trilateral retinoblastoma” describes bilateral ocular retinoblastomas and a(n)A.
AstrocytomaB. MedulloblastomaC. NeurofibromaD. Optic nerve sheath tumorE.
Pineoblastoma59. Carotid artery ligation is absolutely contraindicated in patients with(a)A.
Bilateral intracavernous carotid aneurysmsB. Giant ophthalmic artery aneurysm and evidence of



vasospasm on arteriogramC. Giant ophthalmic artery aneurysm and extracranial atherosclerotic
diseaseD. Intracavernous carotid artery aneurysm and sudden loss of extraocular motilityE.
Traumatic dissecting aneurysm of the petrous carotid artery60. The syndrome of weakness in
one upper extremity followed by lower extremity weakness on the same side, then contralateral
lower extremity weakness, is most characteristic of a meningioma involving theA. ClivusB. FalxC.
Foramen magnumD. Olfactory grooveE. Tuberculum sella For questions 61 to 70, the figure
illustrates a lateral view of the left cavernous sinus. Match the following triangles with the
descriptions/structures. Each response may be used once, more than once, or not at all.A.
ClinoidalB. OculomotorC. SupratrochlearD. Infratrochlear or Parkinson'sE. AnteromedialF.
AnterolateralG. Posterolateral or Glasscock'sH. Posteromedial or Kawase's61. Clinoidal
segment of the internal carotid artery62. Intracavernous carotid artery63. Intrapetrous carotid
artery64. Meningohypophyseal trunk origin65. Optic strut66. Sphenoid sinus and lower margin of
V167. Two margins of this triangle are formed by the anterior and posterior petroclinoidal dural
folds.68. Located between V2 and V369. Contains the foramen spinosum70. Contains the
cochlea71. Which of the following findings is most consistent with adherence of a posterior
communicating artery aneurysm to the temporal lobe?A. Loss of consciousnessB. Absence of
third nerve palsyC. Projection of the aneurysm medial to the carotid on the anteroposterior (AP)
angiogramD. Third nerve involvementE. Seizures72. Weakness of the deltoid muscle is caused
by injury to theA. Axillary nerveB. Dorsal scapular nerveC. Musculocutaneous nerveD.
Suprascapular nerveE. Thoracodorsal nerve73. Subdural empyema resulting after meningitis in
an infant most commonly develops withA. Escherichia coliB. Haemophilus influenzaeC.
ListeriaD. NeisseriaE. Staphylococcus74. Sudeck's atrophy, associated with reflex sympathetic
dystrophy, refers to atrophic changes occurring in each of the following structures exceptA.
BoneB. JointsC. MuscleD. NerveE. Skin For questions 75 to 79, match the embryologic event
with the postovulatory day. Each response may be used once, more than once, or not at
all.Postovulatory Day NumberA. 13B. 17C. 22D. 24E. 2675. Closure of the caudal neuropore76.
Closure of the cranial neuropore77. Formation of the notochord78. Formation of the primitive
streak79. Fusion of the neural folds to form the neural tube80. Factors that predispose to the
subclavian steal syndrome includeI. Occlusion of the left subclavian artery proximal to the
origin of the left vertebral arteryII. Occlusion of the left subclavian artery distal to the origin of the
left vertebral arteryIII. Active use of the left armIV. Occlusion of the left vertebral arteryA. I, II, IIIB.
I, IIIC. II, IVD. IVE. All of the above81. The articular facet joint in the upper thoracic region is
orientedA. AxiallyB. CoronallyC. ObliquelyD. Sagittally82. The most common presenting
symptom of a thoracic herniated disk isA. Back painB. Leg numbnessC. Leg weaknessD.
Thoracic numbnessE. Urinary incontinence83. Neurologic deficits thought to result from
occlusion of the thalamostriate vein during the subchoroidal transvelum interpositum approach
to the third ventricle includeI. DrowsinessII. HemiparesisIII. MutismIV. SeizuresA. I, II, IIIB. I, IIIC.
II, IVD. IVE. All of the above For questions 84 to 88, the figure illustrates the right internal auditory
canal through a middle fossa approach. Identify the following nerves.84. Labyrinthine segment of



the facial nerve85. Meatal segment of the facial nerve86. Superior vestibular nerve87. Greater
superficial petrosal nerve88. Geniculate ganglion89. In the suboccipital transmeatal approach to
an acoustic neuroma, the location of the facial nerve in relation to the tumor, in decreasing
frequency of occurrence, isA. Anterior, posterior, inferiorB. Anterior, superior, inferiorC. Superior,
anterior, posteriorD. Posterior, superior, anteriorE. Anterior, posterior, superior90. Each of the
following features is usually minimal or absent in patients with type 2 neurofibromatosis exceptA.
Axillary frecklesB. Café au lait spotsC. Lisch nodulesD. Multiple, typical skin neurofibromasE.
Skin plaques91. The single most important factor in the recurrence of meningiomas isA. Age of
the patientB. Bone invasionC. Histologic type of benign meningiomaD. Postoperative tumor
residualE. Sex of the patient For questions 92 to 98, match the cistern with the structure it
contains. Each response may be used once, more than once, or not at all.A. Ambient cisternB.
Cerebellopontine angle cisternC. Interpeduncular cisternD. Lateral cerebellomedullary cisternE.
Prepontine cistern92. Contains the anteroinferior cerebellar artery (AICA)93. Contains the origin
of the posteroinferior cerebellar artery (PICA)94. Contains the superior cerebellar artery95.
Contains cranial nerve (CN) IV96. Contains CN V97. Contains the basal vein of Rosenthal98.
Contains the choroid plexus at the foramen of Luschka99. The transverse crest separates theA.
Cochlear, facial, and superior vestibular nerves from the inferior vestibular nerveB. Cochlear and
inferior vestibular nerves from the facial and superior vestibular nervesC. Facial and cochlear
nerves from the superior and inferior vestibular nervesD. Facial, cochlear, and inferior vestibular
nerves from the superior vestibular nerveE. Facial and inferior vestibular nerves from the
cochlear and superior vestibular nerves100. Which of the following is true of hemifacial spasm?
A. Compression of the facial nerve by the superior cerebellar artery is the most common
operative finding.B. Deafness is more common than permanent facial weakness as a
complication of microvascular decompression.C. Men are more frequently affected than
women.D. Symptoms typically begin in the buccal muscles and move cranially.E. The cure rate
at 1 month after microvascular decompression is 95%.101. Each of the following surgical
approaches may be considered for an aneurysm of the vertebrobasilar junction except theA.
Extended extreme lateral inferior transcondylar approachB. Lateral suboccipital approachC.
Presigmoid transtentorial approachD. Retrolabyrinthine transsigmoid approachE. Subtemporal
approach102. The most common presenting symptom in patients with colloid cysts isA.
HeadacheB. DementiaC. SeizuresD. Sudden attacks of leg weaknessE. Sudden death For
questions 103 to 106, the figure illustrates the nerves occupying the right internal auditory canal
through a middle fossa approach. Identify their relative positions.103. Inferior and anterior104.
Inferior and posterior105. Superior and anterior106. Superior and posterior107. The most
common presenting symptom of neonates with vein of Galen aneurysms isA. Congestive heart
failureB. HydrocephalusC. Intracerebral hemorrhageD. SeizuresE. Subarachnoid
hemorrhage108. The most common upper thoracic spine injury is aA. Burst fractureB.
Compression fractureC. Fracture-dislocationD. Seat belt injury109. Which is true of
thoracolumbar spine fractures?A. Burst fractures are the most common.B. Fracture-dislocations



involve all three columns.C. Seat belt type injuries are generally stable.D. Wedge compression
fractures are generally unstable.E. Wedge compression fractures involve the middle
column.110. Each of the following is true of diffuse brain swelling except that it isA. A result of
cerebrovascular congestionB. A result of cytotoxic edemaC. Associated with a 50% mortality
rate in children with severe head injuriesD. Manifested on computed tomography (CT) scan by a
compression of the perimesencephalic cisternE. More common in children than in adults111.
Which of the following is least suggestive of child abuse?A. Acute and healing long bone
fracturesB. Interhemispheric subdural hematomaC. Parietal skull fractureD. Retinal
hemorrhagesE. Tentorial subdural hematoma112. Trigonocephaly results from premature
closure of theA. Coronal suture bilaterallyB. Coronal suture unilaterallyC. Frontosphenoidal
sutureD. Lambdoid sutureE. Metopic suture113. The cleft in the spinal cord associated with
diastematomyelia is most commonly located in theA. Cervical regionB. Lumbar regionC. Sacral
regionD. Thoracic region114. Up to what percentage of patients with bacterial arterial (mycotic)
aneurysms carry an underlying diagnosis of subacute bacterial endocarditis?A. 10%B. 20%C.
40%D. 60%E. 80%115. Each is true of bacterial intracranial aneurysms exceptA. Infected emboli
lodge in the vasa vasorum.B. The middle cerebral artery is most commonly affected.C. The
peripherally located branches are most commonly affected.D. Typical subarachnoid hemorrhage
occurs in 18% of patients.E. Staphylococcus aureus and β-hemolytic streptococci are most
commonly involved.116. Each of the following is true of growing skull fractures except that theyA.
Can cross suture linesB. May be associated with underlying brain injuryC. Occur if the edges of
the initial fracture are separated by more than 3 mmD. Occur most commonly in the parietal
boneE. Occur most commonly between the ages of 2 and 5 years117. Approximately what
percentage of infants with myelomeningocele have magnetic resonance imaging (MRI) evidence
of a Chiari II malformation?A. 20%B. 40%C. 60%D. 80%E. 100%118. Cardiovascular disease
involving the heart and great vessels gives rise to which of the following types of emboli in the
retina?I. CholesterolII. CalcificIII. Platelet-fibrinIV. FatA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above119. In the infratentorial supracerebellar approach to the pineal region, which of the
following veins are usually sacrificed?I. Superior vermian veinII. Posterior pericallosal veinIII.
Precentral cerebellar veinIV. Basal vein of RosenthalA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above120. Each of the following is characteristic of an acoustic neuroma exceptA. Békésy type
III or IV audiogramB. Loudness recruitmentC. Low short-increment sensitivity indexD. Poor
speech discriminationE. Pronounced tone decay For questions 121 to 128, the figure illustrates
the right retrosigmoid approach. Identify the following structures.121. Subarcuate artery122.
Anteroinferior cerebellar artery123. Cochlear nerve124. Facial nerve125. Glossopharyngeal
nerve126. Spinal accessory nerve127. Posteroinferior cerebellar artery128. Vagus nerve129.
Which of the following structures provides a marker for the most dorsal extent of the incision for
anterolateral cordotomy for pain control?A. Dentate ligamentB. Dorsal root entry zoneC.
Posterior intermediate sulcusD. Posterior median sulcusE. Zone of Lissauer130. Occlusion of
the anterior choroidal artery results inI. Contralateral hemiplegiaII. HemihypesthesiaIII.



Homonymous hemianopsiaIV. Impaired cognitionA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above131. Which of the following symptoms of Parkinson's disease is most likely to respond to a
stereotactic lesion in the posterior ventral oval (VOP)/ventral intermediate (VIM) (ventrolateral)
thalamus?A. BradykinesiaB. Gait disturbanceC. RigidityD. Speech disturbanceE. Tremor For
questions 132 to 136, match the description with the syndrome or disease.A. Apert's
syndromeB. Crouzon's diseaseC. BothD. Neither132. Autosomal recessive inheritance133.
Exorbitism134. Syndactyly135. The majority of patients have preoperative intelligence quotients
(IQs) greater than 90136. Anterior open bite is common For questions 137 and 138, match the
description with the symptom.A. Primary empty sella syndromeB. Secondary empty sella
syndromeC. BothD. Neither137. Occurs primarily in women.138. Visual disturbance may
occur.139. The most common etiology of os odontoideum isA. CongenitalB. IatrogenicC.
InfectiousD. NeoplasticE. Traumatic140. The most common mechanism of translational C1–C2
subluxation isA. Axial loadingB. DistractionC. ExtensionD. Flexion141. The factor or substance
with the least important role in the pathogenesis of cerebral vasospasm is probablyA. BilirubinB.
EndothelinC. Intimal proliferationD. Lipid peroxidesE. Oxyhemoglobin For questions 142 to 148,
the figure illustrates the right presigmoid, retrolabyrinthine approach. Identify the following
structures.142. Internal acoustic meatus143. Posterior inferior cerebellar artery144. Chorda
tympani nerve145. Facial nerve146. Superior cerebellar artery147. Trigeminal nerve148.
Trochlear nerve For questions 149 to 155, match the descriptions with the type of arteriovenous
malformation (AVM).A. Type I spinal AVMsB. Type II spinal AVMsC. Type III spinal AVMsD. Type
IV spinal AVMsE. Types II and III spinal AVMs149. Most common type of spinal AVM150.
Etiology believed to be acquired151. Also known as juvenile malformations152. Also known as
glomus AVMs153. Low flow and high pressure dynamics can be seen in type IV and this
type154. High flow and high pressure dynamics can be seen in type IV and this type155. Type IV
and this type typically present with progressively worsening symptoms without significant clinical
improvement156. Which of the following represents the correct sequence of removal of clamps
from the arteries following carotid endarterectomy?A. Common carotid, external carotid, internal
carotidB. Common carotid, internal carotid, external carotidC. External carotid, common carotid,
internal carotidD. External carotid, internal carotid, common carotidE. Internal carotid, common
carotid, external carotid For questions 157 to 163, the figure illustrates the subchoroidal
transvelum interpositum approach to the third ventricle. Identify the following structures.157.
Anterior caudate vein158. Column of the fornix159. Internal cerebral vein160. Septal vein161.
Tela choroidea162. Thalamostriate vein163. Thalamus For questions 164 to 168, the figure
illustrates the right retrocondylar, far lateral approach. Identify the following structures.164.
Dorsal ramus of C1165. Glossopharyngeal nerve166. Hypoglossal nerve167. Spinal accessory
nerve168. Vagus nerve For questions 169 to 174, the figure illustrates the pterional approach to
aneurysm clipping. Identify the following structures.169. Anterior cerebral artery170. Anterior
choroidal artery171. Middle cerebral artery172. Optic nerve173. Posterior communicating
artery174. Superior hypophyseal artery175. Which of the following is most important in



determining the propensity of a dural AVM to an aggressive clinical course?A. Duration of
symptomsB. Leptomeningeal venous drainageC. LocationD. PresentationE. Size For questions
176 and 177, refer to the image shown.176. The MRI shown is that of a 40-year-old patient with
bitemporal hemianopia and a prolactin level of 89. The best management of this lesion isA.
BromocriptineB. Bromocriptine, then surgeryC. Follow with serial MRIsD. Radiation therapyE.
Surgery177. If the prolactin level of the same patient in question 176 was found to be 650, the
best management isA. BromocriptineB. Follow with serial MRIs and prolactin levelsC. Radiation
therapyD. SurgeryE. Surgery, then radiation therapy178. Of the following, the least common
location of intracranial meningiomas is (the)A. IntraventricularB. Olfactory grooveC. Posterior
fossaD. Sphenoid ridgeE. Tuberculum sella179. Each of the following statements is true of AVMs
exceptA. Higher pressures have been measured in the feeding arteries of smaller as compared
with larger AVMs.B. Smaller AVMs are more likely to bleed than larger AVMs.C. The annual risk
of death from a ruptured AVM is 1%.D. The risk of bleeding from an unruptured AVM is 3 to 4% a
year.E. The risk of rebleed in the first year after hemorrhage is highest in the first 2 weeks.180.
The most common complication of percutaneous radiofrequency trigeminal gangliolysis isA.
Anesthesia dolorosaB. Decreased hearingC. KeratitisD. Masticatory weaknessE. Paresthesias
or dysesthesias181. In the technique of percutaneous radiofrequency trigeminal gangliolysis,
the needle is inserted into theI. Foramen rotundumII. Trigeminal cisternIII. Foramen
spinosumIV. Foramen ovaleA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the above For questions 182 to
189, the figure illustrates a lateral view of the contents of the right orbit. The eyeball attachment
of the lateral rectus muscle has been divided. Identify the following structures.182. Inferior rectus
muscle183. Inferior division of the oculomotor nerve184. Abducens nerve185. Frontal nerve186.
Nasociliary nerve187. Superior division of the oculomotor nerve188. Optic nerve189. Trochlear
nerve For questions 190 to 195, match the condition with the most appropriate treatment option.
Each treatment option may be used once, more than once, or not at all.A. CingulotomyB. Dorsal
root entry zone (DREZ) rhizotomyC. Morphine infusionD. PallidotomyE. SympathectomyF.
Ventral rhizotomy190. Brachial plexus avulsion191. Causalgia192. Obsessive-compulsive
disorder193. Nociceptive cancer pain above C5194. Parkinson's disease195. Spasmodic
torticollis196. Donor nerves that may be used for neurotization after brachial plexus avulsion
includeI. Intercostal nervesII. Spinal accessory nerveIII. Cervical plexusIV. Phrenic nerveA. I, II,
IIIB. I, IIIC. II, IVD. IVE. All of the above197. The pterion is formed by which of the following
bones?A. Frontal, greater wing of the sphenoid, parietal, and squamous part of the temporalB.
Frontal, lesser wing of the sphenoid, parietal, and squamous part of the temporalC. Frontal,
greater wing of the sphenoid, parietal, and zygomatic archD. Frontal, lesser wing of the
sphenoid, parietal, and zygomatic archE. Frontal, lesser wing of the sphenoid, squamous part of
the temporal, and zygomatic arch198. The most common external beam radiation therapy
regimen for brain metastases isA. 30 Gy in 2 weeksB. 30 Gy in 4 weeksC. 60 Gy in 2 weeksD. 60
Gy in 4 weeksE. 45 Gy in 4 weeks199. The most appropriate radiation treatment protocol for
glioblastoma isA. 8,000 cGY in 400 cGY daily fractionsB. 6,000 cGY in 200 cGy daily fractionsC.



6,000 cGy in 100 cGy daily fractionsD. 4,000 cGy in 400 cGy daily fractionsE. 4,000 cGy in 200
cGy daily fractions200. Cerebral salt wasting and syndrome of inappropriate antidiuretic
hormone (SIADH) may best be distinguished by measuringA. Plasma arginine vasopressin
(AVP)B. Serum osmolalityC. Serum sodiumD. Urine sodiumE. Volume status201. A patient
presents status post a high speed motor vehicle collision with a cervical 5/6 fracture dislocation.
Power in the deltoid, biceps, and wrist extensors is 5/5, and all other muscle groups are 2/5
including triceps, grips, and lower extremities. Rectal tone and perianal sensation are intact.
What is the appropriate grade of this acute spinal cord injury?A. ASIA AB. ASIA BC. ASIA CD.
ASIA DE. ASIA E202. What is the likelihood that the patient in the previous question (201) will be
ambulatory at long-term follow-up?A. < 3%B. 50%C. 75%D. 95%E. 100%203. A patient presents
with facial trichilemmomas, fibromas of the oral mucosa, hamartomas of the GI tract and breast,
and a thyroid mass. Further workup reveals Lhermitte-Duclos disease in this patient, as well.
What is the most likely genetic abnormality?A. CAG trinucleotide repeatB. mTOR amplificationC.
p53 deletionD. PTEN mutationE. Trisomy 21204. Which of the following best describes the
standing radiograph seen here?A. Major lumbar dextroscoliosis and minor thoracic
levoscoliosisB. Major lumbar levoscoliosis and major thoracic dextroscoliosisC. Major lumbar
levoscoliosis and minor thoracic dextroscoliosisD. Minor lumbar dextroscoliosis and major
thoracic levoscoliosisE. Minor lumbar levoscoliosis and major thoracic dextroscoliosis205.
Which nerve(s) is (are) at risk during harvesting of iliac crest bone graft via an anterior approach?
A. Iliohypogastric nerveB. Ilioinguinal nerveC. Lateral femoral cutaneous nerveD. All of the
aboveE. None of the above206. Which of the following features is suggestive of ulnar nerve
compression at the wrist (Guyon's canal)?A. Aching along the medial proximal forearmB. “Claw”
handC. Paresthesias in an ulnar distributionD. Sparing of dorsal hand sensationE. Weakness of
the third and fourth lumbricals207. All of the following are true of SCIWORA exceptA. Acronym
for “spinal cord injury without radiographic abnormality”B. More common in childrenC. MRI is
always unremarkableD. No evidence of spinal fracture is seenE. Thought to be due to
ligamentous laxity208. A patient presents status post fall with an acute type II odontoid fracture.
Good spinal alignment is maintained. The patient has good bone quality, is otherwise healthy,
and is neurologically intact. An MRI reveals disruption of the transverse ligament. Which of the
following is the most appropriate treatment?A. C-collar immobilizationB. No treatmentC. Occiput
to C2 posterior fusionD. Odontoid screw placementE. Posterior C1–C2 instrumented
fusion1ANeurosurgery—Questions1A1ANeurosurgery—QuestionsNeurosurgery—Questions
For questions 1 to 9, identify the following structures. The figure illustrates a right transcallosal
approach to the third ventricle.1. Caudate nucleus2. Choroid plexus3. Foramen of Monro4.
Columns of the fornix5. Septum pellucidum6. Thalamostriate vein7. Thalamus8. Body of the
fornix9. Anterior caudate vein10. Surgical procedures utilized in the treatment of spasmodic
torticollis includeI. Upper cervical ventral rhizotomies and spinal accessory neurectomyII.
Stereotactic thalamotomyIII. Microvascular decompression of the spinal accessory nerveIV.
MyotomyA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the above11. Which surgical approach for thoracic



disk herniations is associated with the highest rate of neurologic injury?A.
CostotransversectomyB. Lateral extracavitaryC. Midline laminectomyD. TranspedicularE.
Transthoracic12. Most patients with intrinsic brainstem gliomas initially present withA. Cranial
neuropathiesB. HeadacheC. HydrocephalusD. Nausea and vomitingE. Papilledema13. Each of
the following is characteristic of complex regional pain syndrome II (causalgia) exceptA. Atrophic
changes in the limbB. HypesthesiaC. Increased sweatingD. Lack of major motor deficitE. Good
relief with sympathetic block For questions 14 to 18, match the description with the structure.A.
Dermoid cystB. Epidermoid cystC. BothD. Neither14. Bacterial meningitis15. Aseptic
meningitis16. Associated congenital malformations17. Most often midline18. Responsive to
radiation therapy19. Ventricular enlargement from choroid plexus papillomas can be secondary
toI. Entrapment of cerebrospinal fluid (CSF)II. Decreased absorption of CSF from hemorrhage-
induced arachnoiditisIII. Tumor growthIV. Excessive production of CSFA. I, II, IIIB. I, IIIC. II, IVD.
IVE. All of the above20. Which approach is favored for a patient with an 8-mm acoustic neuroma
in which hearing preservation is a goal?A. Middle fossaB. SuboccipitalC. Translabyrinthine21.
Uncinate seizures typically produceA. Auditory hallucinationsB. Gustatory hallucinationsC.
Olfactory hallucinationsD. Vertiginous sensationsE. Visual seizures For questions 22 to 25,
match the description with the structure.A. Calcarine sulcusB. Lateral mesencephalic sulcusC.
Posterior communicating arteryD. Tectal plate22. Separates the P1 and P2A segments of the
posterior cerebral artery23. Separates the P2A and P2P segments of the posterior cerebral
artery24. Separates the P2P and P3 segments of the posterior cerebral artery25. Separates the
P3 and P4 segments of the posterior cerebral artery26. The radial nerve or one of its branches
innervates each of the following except theA. Abductor pollicis longusB. Adductor pollicisC.
BrachioradialisD. Extensor pollicis brevisE. Supinator27. Each of the following is true of
intraventricular hemorrhage (IVH) in the newborn exceptA. Periventricular hemorrhagic infarction
is one sequela.B. Posthemorrhagic hydrocephalus can result in persistent bradycardia and
apneic spells.C. The capillary bed of the germinal matrix is composed of large irregular
vessels.D. The germinal matrix is the most common site of IVH in the full-term neonate.E. The
risk of IVH is greater in the preterm than in the term infant.28. The ossification centers of the
odontoid consist ofA. One primary and two secondary centersB. One secondary and three
primary centersC. Three secondary and one primary centerD. Two primary centersE. Two
primary and one secondary center29. The most common single-suture synostosis isA.
CoronalB. LambdoidC. MetopicD. SagittalE. Sphenozygomatic30. The most sensitive method for
detecting carpal tunnel syndrome isA. Needle examination of the abductor pollicis brevisB.
Needle examination of the first and second lumbricalsC. Motor amplitude of the median nerveD.
Motor distal latency of the median nerveE. Palmar sensory conduction time of the median
nerve31. Coup contusions most commonly occur at theA. Cerebral convexitiesB. Frontal and
temporal polesC. Orbital surface of the frontal lobesD. Posterior fossaE. Ventral surface of the
temporal lobe For questions 32 to 36, match the aneurysm with the sign or symptom it is most
likely to produce. Each response may be used once, more than once, or not at all.A. Anterior



communicating artery aneurysmB. Intracavernous carotid artery aneurysmC. Middle cerebral
artery aneurysmD. Ophthalmic artery aneurysmE. Posterior communicating artery aneurysm32.
Pupil-involving third nerve palsy33. Seizures34. Diabetes insipidus35. Inferior nasal
quadrantanopia36. Exophthalmos37. The essential difference between a syringomyelic and a
hydromyelic cavity is that the cavity inA. Hydromyelia is lined with ependymal cells, and in
syringomyelia is notB. Hydromyelia is lined with choroid plexus, and in syringomyelia is notC.
Syringomyelia contains CSF, and in hydromyelia contains serumD. Syringomyelia is focal, and in
hydromyelia is more extensiveE. Syringomyelia is an enlargement of the central canal, and in
hydromyelia is an enlargement of the anterior median septum For questions 38 to 45, identify the
following structures. The figure illustrates the structures exposed through the right opticocarotid
triangle.38. Basilar artery39. Pituitary stalk40. Right oculomotor nerve41. Right posterior
cerebral artery42. Internal carotid artery43. Left duplicated superior cerebellar artery44. Right
superior cerebellar artery45. Right anterior cerebral artery (A1 segment)46. Each of the following
is true of basilar impression exceptA. Cerebellar and vestibular complaints typically overshadow
motor and sensory complaints.B. McGregor's line is helpful in routine screening.C. McRae's line
is helpful in clinical assessment.D. Short necks and torticollis are common.E. Vertebral artery
anomalies are common.47. Which of the following fractures has the poorest prognosis for
healing without surgical intervention?A. Hangman'sB. Jefferson's fracture with 4 mm
displacement of lateral massesC. Type I odontoidD. Type II odontoidE. Type III odontoid48.
Sprengel's deformity refers to a(n)A. Congenital elevation of the scapulaB. Congenital fusion of
the upper cervical vertebraeC. Intravertebral disk herniationD. Postlaminectomy kyphosisE.
Scoliosis resulting from tethering of the spinal cord For questions 49 to 55, match the fracture
type with the mechanism. Each response may be used once, more than once, or not at all.Force
Neck PostureA. Flexing flexedB. Compressing flexedC. Compressing neutralD. Distracting
extendedE. Flexing axially rotatedF. Compressing laterally bent49. Hangman's fracture50. Burst
fracture51. Unilateral facet dislocation52. Teardrop fracture53. Bilateral facet dislocation54.
Horizontal facet fracture55. Jefferson's fracture56. Lateral recess stenosis in spondylosis is most
commonly caused byA. Disk herniationB. Hypertrophied pediclesC. Inferior articular facet
hypertrophyD. Ligamentum flavum hypertrophyE. Superior articular facet hypertrophy57. In the
treatment of chronic pain, the undesirable effect(s) that is/are more common in stimulation of the
periaqueductal gray than the periventricular gray region is/areI. DiplopiaII. OscillopsiaIII.
Reduction of upgazeIV. Sense of impending doomA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above58. “Trilateral retinoblastoma” describes bilateral ocular retinoblastomas and a(n)A.
AstrocytomaB. MedulloblastomaC. NeurofibromaD. Optic nerve sheath tumorE.
Pineoblastoma59. Carotid artery ligation is absolutely contraindicated in patients with(a)A.
Bilateral intracavernous carotid aneurysmsB. Giant ophthalmic artery aneurysm and evidence of
vasospasm on arteriogramC. Giant ophthalmic artery aneurysm and extracranial atherosclerotic
diseaseD. Intracavernous carotid artery aneurysm and sudden loss of extraocular motilityE.
Traumatic dissecting aneurysm of the petrous carotid artery60. The syndrome of weakness in



one upper extremity followed by lower extremity weakness on the same side, then contralateral
lower extremity weakness, is most characteristic of a meningioma involving theA. ClivusB. FalxC.
Foramen magnumD. Olfactory grooveE. Tuberculum sella For questions 61 to 70, the figure
illustrates a lateral view of the left cavernous sinus. Match the following triangles with the
descriptions/structures. Each response may be used once, more than once, or not at all.A.
ClinoidalB. OculomotorC. SupratrochlearD. Infratrochlear or Parkinson'sE. AnteromedialF.
AnterolateralG. Posterolateral or Glasscock'sH. Posteromedial or Kawase's61. Clinoidal
segment of the internal carotid artery62. Intracavernous carotid artery63. Intrapetrous carotid
artery64. Meningohypophyseal trunk origin65. Optic strut66. Sphenoid sinus and lower margin of
V167. Two margins of this triangle are formed by the anterior and posterior petroclinoidal dural
folds.68. Located between V2 and V369. Contains the foramen spinosum70. Contains the
cochlea71. Which of the following findings is most consistent with adherence of a posterior
communicating artery aneurysm to the temporal lobe?A. Loss of consciousnessB. Absence of
third nerve palsyC. Projection of the aneurysm medial to the carotid on the anteroposterior (AP)
angiogramD. Third nerve involvementE. Seizures72. Weakness of the deltoid muscle is caused
by injury to theA. Axillary nerveB. Dorsal scapular nerveC. Musculocutaneous nerveD.
Suprascapular nerveE. Thoracodorsal nerve73. Subdural empyema resulting after meningitis in
an infant most commonly develops withA. Escherichia coliB. Haemophilus influenzaeC.
ListeriaD. NeisseriaE. Staphylococcus74. Sudeck's atrophy, associated with reflex sympathetic
dystrophy, refers to atrophic changes occurring in each of the following structures exceptA.
BoneB. JointsC. MuscleD. NerveE. Skin For questions 75 to 79, match the embryologic event
with the postovulatory day. Each response may be used once, more than once, or not at
all.Postovulatory Day NumberA. 13B. 17C. 22D. 24E. 2675. Closure of the caudal neuropore76.
Closure of the cranial neuropore77. Formation of the notochord78. Formation of the primitive
streak79. Fusion of the neural folds to form the neural tube80. Factors that predispose to the
subclavian steal syndrome includeI. Occlusion of the left subclavian artery proximal to the
origin of the left vertebral arteryII. Occlusion of the left subclavian artery distal to the origin of the
left vertebral arteryIII. Active use of the left armIV. Occlusion of the left vertebral arteryA. I, II, IIIB.
I, IIIC. II, IVD. IVE. All of the above81. The articular facet joint in the upper thoracic region is
orientedA. AxiallyB. CoronallyC. ObliquelyD. Sagittally82. The most common presenting
symptom of a thoracic herniated disk isA. Back painB. Leg numbnessC. Leg weaknessD.
Thoracic numbnessE. Urinary incontinence83. Neurologic deficits thought to result from
occlusion of the thalamostriate vein during the subchoroidal transvelum interpositum approach
to the third ventricle includeI. DrowsinessII. HemiparesisIII. MutismIV. SeizuresA. I, II, IIIB. I, IIIC.
II, IVD. IVE. All of the above For questions 84 to 88, the figure illustrates the right internal auditory
canal through a middle fossa approach. Identify the following nerves.84. Labyrinthine segment of
the facial nerve85. Meatal segment of the facial nerve86. Superior vestibular nerve87. Greater
superficial petrosal nerve88. Geniculate ganglion89. In the suboccipital transmeatal approach to
an acoustic neuroma, the location of the facial nerve in relation to the tumor, in decreasing



frequency of occurrence, isA. Anterior, posterior, inferiorB. Anterior, superior, inferiorC. Superior,
anterior, posteriorD. Posterior, superior, anteriorE. Anterior, posterior, superior90. Each of the
following features is usually minimal or absent in patients with type 2 neurofibromatosis exceptA.
Axillary frecklesB. Café au lait spotsC. Lisch nodulesD. Multiple, typical skin neurofibromasE.
Skin plaques91. The single most important factor in the recurrence of meningiomas isA. Age of
the patientB. Bone invasionC. Histologic type of benign meningiomaD. Postoperative tumor
residualE. Sex of the patient For questions 92 to 98, match the cistern with the structure it
contains. Each response may be used once, more than once, or not at all.A. Ambient cisternB.
Cerebellopontine angle cisternC. Interpeduncular cisternD. Lateral cerebellomedullary cisternE.
Prepontine cistern92. Contains the anteroinferior cerebellar artery (AICA)93. Contains the origin
of the posteroinferior cerebellar artery (PICA)94. Contains the superior cerebellar artery95.
Contains cranial nerve (CN) IV96. Contains CN V97. Contains the basal vein of Rosenthal98.
Contains the choroid plexus at the foramen of Luschka99. The transverse crest separates theA.
Cochlear, facial, and superior vestibular nerves from the inferior vestibular nerveB. Cochlear and
inferior vestibular nerves from the facial and superior vestibular nervesC. Facial and cochlear
nerves from the superior and inferior vestibular nervesD. Facial, cochlear, and inferior vestibular
nerves from the superior vestibular nerveE. Facial and inferior vestibular nerves from the
cochlear and superior vestibular nerves100. Which of the following is true of hemifacial spasm?
A. Compression of the facial nerve by the superior cerebellar artery is the most common
operative finding.B. Deafness is more common than permanent facial weakness as a
complication of microvascular decompression.C. Men are more frequently affected than
women.D. Symptoms typically begin in the buccal muscles and move cranially.E. The cure rate
at 1 month after microvascular decompression is 95%.101. Each of the following surgical
approaches may be considered for an aneurysm of the vertebrobasilar junction except theA.
Extended extreme lateral inferior transcondylar approachB. Lateral suboccipital approachC.
Presigmoid transtentorial approachD. Retrolabyrinthine transsigmoid approachE. Subtemporal
approach102. The most common presenting symptom in patients with colloid cysts isA.
HeadacheB. DementiaC. SeizuresD. Sudden attacks of leg weaknessE. Sudden death For
questions 103 to 106, the figure illustrates the nerves occupying the right internal auditory canal
through a middle fossa approach. Identify their relative positions.103. Inferior and anterior104.
Inferior and posterior105. Superior and anterior106. Superior and posterior107. The most
common presenting symptom of neonates with vein of Galen aneurysms isA. Congestive heart
failureB. HydrocephalusC. Intracerebral hemorrhageD. SeizuresE. Subarachnoid
hemorrhage108. The most common upper thoracic spine injury is aA. Burst fractureB.
Compression fractureC. Fracture-dislocationD. Seat belt injury109. Which is true of
thoracolumbar spine fractures?A. Burst fractures are the most common.B. Fracture-dislocations
involve all three columns.C. Seat belt type injuries are generally stable.D. Wedge compression
fractures are generally unstable.E. Wedge compression fractures involve the middle
column.110. Each of the following is true of diffuse brain swelling except that it isA. A result of



cerebrovascular congestionB. A result of cytotoxic edemaC. Associated with a 50% mortality
rate in children with severe head injuriesD. Manifested on computed tomography (CT) scan by a
compression of the perimesencephalic cisternE. More common in children than in adults111.
Which of the following is least suggestive of child abuse?A. Acute and healing long bone
fracturesB. Interhemispheric subdural hematomaC. Parietal skull fractureD. Retinal
hemorrhagesE. Tentorial subdural hematoma112. Trigonocephaly results from premature
closure of theA. Coronal suture bilaterallyB. Coronal suture unilaterallyC. Frontosphenoidal
sutureD. Lambdoid sutureE. Metopic suture113. The cleft in the spinal cord associated with
diastematomyelia is most commonly located in theA. Cervical regionB. Lumbar regionC. Sacral
regionD. Thoracic region114. Up to what percentage of patients with bacterial arterial (mycotic)
aneurysms carry an underlying diagnosis of subacute bacterial endocarditis?A. 10%B. 20%C.
40%D. 60%E. 80%115. Each is true of bacterial intracranial aneurysms exceptA. Infected emboli
lodge in the vasa vasorum.B. The middle cerebral artery is most commonly affected.C. The
peripherally located branches are most commonly affected.D. Typical subarachnoid hemorrhage
occurs in 18% of patients.E. Staphylococcus aureus and β-hemolytic streptococci are most
commonly involved.116. Each of the following is true of growing skull fractures except that theyA.
Can cross suture linesB. May be associated with underlying brain injuryC. Occur if the edges of
the initial fracture are separated by more than 3 mmD. Occur most commonly in the parietal
boneE. Occur most commonly between the ages of 2 and 5 years117. Approximately what
percentage of infants with myelomeningocele have magnetic resonance imaging (MRI) evidence
of a Chiari II malformation?A. 20%B. 40%C. 60%D. 80%E. 100%118. Cardiovascular disease
involving the heart and great vessels gives rise to which of the following types of emboli in the
retina?I. CholesterolII. CalcificIII. Platelet-fibrinIV. FatA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above119. In the infratentorial supracerebellar approach to the pineal region, which of the
following veins are usually sacrificed?I. Superior vermian veinII. Posterior pericallosal veinIII.
Precentral cerebellar veinIV. Basal vein of RosenthalA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above120. Each of the following is characteristic of an acoustic neuroma exceptA. Békésy type
III or IV audiogramB. Loudness recruitmentC. Low short-increment sensitivity indexD. Poor
speech discriminationE. Pronounced tone decay For questions 121 to 128, the figure illustrates
the right retrosigmoid approach. Identify the following structures.121. Subarcuate artery122.
Anteroinferior cerebellar artery123. Cochlear nerve124. Facial nerve125. Glossopharyngeal
nerve126. Spinal accessory nerve127. Posteroinferior cerebellar artery128. Vagus nerve129.
Which of the following structures provides a marker for the most dorsal extent of the incision for
anterolateral cordotomy for pain control?A. Dentate ligamentB. Dorsal root entry zoneC.
Posterior intermediate sulcusD. Posterior median sulcusE. Zone of Lissauer130. Occlusion of
the anterior choroidal artery results inI. Contralateral hemiplegiaII. HemihypesthesiaIII.
Homonymous hemianopsiaIV. Impaired cognitionA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the
above131. Which of the following symptoms of Parkinson's disease is most likely to respond to a
stereotactic lesion in the posterior ventral oval (VOP)/ventral intermediate (VIM) (ventrolateral)



thalamus?A. BradykinesiaB. Gait disturbanceC. RigidityD. Speech disturbanceE. Tremor For
questions 132 to 136, match the description with the syndrome or disease.A. Apert's
syndromeB. Crouzon's diseaseC. BothD. Neither132. Autosomal recessive inheritance133.
Exorbitism134. Syndactyly135. The majority of patients have preoperative intelligence quotients
(IQs) greater than 90136. Anterior open bite is common For questions 137 and 138, match the
description with the symptom.A. Primary empty sella syndromeB. Secondary empty sella
syndromeC. BothD. Neither137. Occurs primarily in women.138. Visual disturbance may
occur.139. The most common etiology of os odontoideum isA. CongenitalB. IatrogenicC.
InfectiousD. NeoplasticE. Traumatic140. The most common mechanism of translational C1–C2
subluxation isA. Axial loadingB. DistractionC. ExtensionD. Flexion141. The factor or substance
with the least important role in the pathogenesis of cerebral vasospasm is probablyA. BilirubinB.
EndothelinC. Intimal proliferationD. Lipid peroxidesE. Oxyhemoglobin For questions 142 to 148,
the figure illustrates the right presigmoid, retrolabyrinthine approach. Identify the following
structures.142. Internal acoustic meatus143. Posterior inferior cerebellar artery144. Chorda
tympani nerve145. Facial nerve146. Superior cerebellar artery147. Trigeminal nerve148.
Trochlear nerve For questions 149 to 155, match the descriptions with the type of arteriovenous
malformation (AVM).A. Type I spinal AVMsB. Type II spinal AVMsC. Type III spinal AVMsD. Type
IV spinal AVMsE. Types II and III spinal AVMs149. Most common type of spinal AVM150.
Etiology believed to be acquired151. Also known as juvenile malformations152. Also known as
glomus AVMs153. Low flow and high pressure dynamics can be seen in type IV and this
type154. High flow and high pressure dynamics can be seen in type IV and this type155. Type IV
and this type typically present with progressively worsening symptoms without significant clinical
improvement156. Which of the following represents the correct sequence of removal of clamps
from the arteries following carotid endarterectomy?A. Common carotid, external carotid, internal
carotidB. Common carotid, internal carotid, external carotidC. External carotid, common carotid,
internal carotidD. External carotid, internal carotid, common carotidE. Internal carotid, common
carotid, external carotid For questions 157 to 163, the figure illustrates the subchoroidal
transvelum interpositum approach to the third ventricle. Identify the following structures.157.
Anterior caudate vein158. Column of the fornix159. Internal cerebral vein160. Septal vein161.
Tela choroidea162. Thalamostriate vein163. Thalamus For questions 164 to 168, the figure
illustrates the right retrocondylar, far lateral approach. Identify the following structures.164.
Dorsal ramus of C1165. Glossopharyngeal nerve166. Hypoglossal nerve167. Spinal accessory
nerve168. Vagus nerve For questions 169 to 174, the figure illustrates the pterional approach to
aneurysm clipping. Identify the following structures.169. Anterior cerebral artery170. Anterior
choroidal artery171. Middle cerebral artery172. Optic nerve173. Posterior communicating
artery174. Superior hypophyseal artery175. Which of the following is most important in
determining the propensity of a dural AVM to an aggressive clinical course?A. Duration of
symptomsB. Leptomeningeal venous drainageC. LocationD. PresentationE. Size For questions
176 and 177, refer to the image shown.176. The MRI shown is that of a 40-year-old patient with



bitemporal hemianopia and a prolactin level of 89. The best management of this lesion isA.
BromocriptineB. Bromocriptine, then surgeryC. Follow with serial MRIsD. Radiation therapyE.
Surgery177. If the prolactin level of the same patient in question 176 was found to be 650, the
best management isA. BromocriptineB. Follow with serial MRIs and prolactin levelsC. Radiation
therapyD. SurgeryE. Surgery, then radiation therapy178. Of the following, the least common
location of intracranial meningiomas is (the)A. IntraventricularB. Olfactory grooveC. Posterior
fossaD. Sphenoid ridgeE. Tuberculum sella179. Each of the following statements is true of AVMs
exceptA. Higher pressures have been measured in the feeding arteries of smaller as compared
with larger AVMs.B. Smaller AVMs are more likely to bleed than larger AVMs.C. The annual risk
of death from a ruptured AVM is 1%.D. The risk of bleeding from an unruptured AVM is 3 to 4% a
year.E. The risk of rebleed in the first year after hemorrhage is highest in the first 2 weeks.180.
The most common complication of percutaneous radiofrequency trigeminal gangliolysis isA.
Anesthesia dolorosaB. Decreased hearingC. KeratitisD. Masticatory weaknessE. Paresthesias
or dysesthesias181. In the technique of percutaneous radiofrequency trigeminal gangliolysis,
the needle is inserted into theI. Foramen rotundumII. Trigeminal cisternIII. Foramen
spinosumIV. Foramen ovaleA. I, II, IIIB. I, IIIC. II, IVD. IVE. All of the above For questions 182 to
189, the figure illustrates a lateral view of the contents of the right orbit. The eyeball attachment
of the lateral rectus muscle has been divided. Identify the following structures.182. Inferior rectus
muscle183. Inferior division of the oculomotor nerve184. Abducens nerve185. Frontal nerve186.
Nasociliary nerve187. Superior division of the oculomotor nerve188. Optic nerve189. Trochlear
nerve For questions 190 to 195, match the condition with the most appropriate treatment option.
Each treatment option may be used once, more than once, or not at all.A. CingulotomyB. Dorsal
root entry zone (DREZ) rhizotomyC. Morphine infusionD. PallidotomyE. SympathectomyF.
Ventral rhizotomy190. Brachial plexus avulsion191. Causalgia192. Obsessive-compulsive
disorder193. Nociceptive cancer pain above C5194. Parkinson's disease195. Spasmodic
torticollis196. Donor nerves that may be used for neurotization after brachial plexus avulsion
includeI. Intercostal nervesII. Spinal accessory nerveIII. Cervical plexusIV. Phrenic nerveA. I, II,
IIIB. I, IIIC. II, IVD. IVE. All of the above197. The pterion is formed by which of the following
bones?A. Frontal, greater wing of the sphenoid, parietal, and squamous part of the temporalB.
Frontal, lesser wing of the sphenoid, parietal, and squamous part of the temporalC. Frontal,
greater wing of the sphenoid, parietal, and zygomatic archD. Frontal, lesser wing of the
sphenoid, parietal, and zygomatic archE. Frontal, lesser wing of the sphenoid, squamous part of
the temporal, and zygomatic arch198. The most common external beam radiation therapy
regimen for brain metastases isA. 30 Gy in 2 weeksB. 30 Gy in 4 weeksC. 60 Gy in 2 weeksD. 60
Gy in 4 weeksE. 45 Gy in 4 weeks199. The most appropriate radiation treatment protocol for
glioblastoma isA. 8,000 cGY in 400 cGY daily fractionsB. 6,000 cGY in 200 cGy daily fractionsC.
6,000 cGy in 100 cGy daily fractionsD. 4,000 cGy in 400 cGy daily fractionsE. 4,000 cGy in 200
cGy daily fractions200. Cerebral salt wasting and syndrome of inappropriate antidiuretic
hormone (SIADH) may best be distinguished by measuringA. Plasma arginine vasopressin



(AVP)B. Serum osmolalityC. Serum sodiumD. Urine sodiumE. Volume status201. A patient
presents status post a high speed motor vehicle collision with a cervical 5/6 fracture dislocation.
Power in the deltoid, biceps, and wrist extensors is 5/5, and all other muscle groups are 2/5
including triceps, grips, and lower extremities. Rectal tone and perianal sensation are intact.
What is the appropriate grade of this acute spinal cord injury?A. ASIA AB. ASIA BC. ASIA CD.
ASIA DE. ASIA E202. What is the likelihood that the patient in the previous question (201) will be
ambulatory at long-term follow-up?A. < 3%B. 50%C. 75%D. 95%E. 100%203. A patient presents
with facial trichilemmomas, fibromas of the oral mucosa, hamartomas of the GI tract and breast,
and a thyroid mass. Further workup reveals Lhermitte-Duclos disease in this patient, as well.
What is the most likely genetic abnormality?A. CAG trinucleotide repeatB. mTOR amplificationC.
p53 deletionD. PTEN mutationE. Trisomy 21204. Which of the following best describes the
standing radiograph seen here?A. Major lumbar dextroscoliosis and minor thoracic
levoscoliosisB. Major lumbar levoscoliosis and major thoracic dextroscoliosisC. Major lumbar
levoscoliosis and minor thoracic dextroscoliosisD. Minor lumbar dextroscoliosis and major
thoracic levoscoliosisE. Minor lumbar levoscoliosis and major thoracic dextroscoliosis205.
Which nerve(s) is (are) at risk during harvesting of iliac crest bone graft via an anterior approach?
A. Iliohypogastric nerveB. Ilioinguinal nerveC. Lateral femoral cutaneous nerveD. All of the
aboveE. None of the above206. Which of the following features is suggestive of ulnar nerve
compression at the wrist (Guyon's canal)?A. Aching along the medial proximal forearmB. “Claw”
handC. Paresthesias in an ulnar distributionD. Sparing of dorsal hand sensationE. Weakness of
the third and fourth lumbricals207. All of the following are true of SCIWORA exceptA. Acronym
for “spinal cord injury without radiographic abnormality”B. More common in childrenC. MRI is
always unremarkableD. No evidence of spinal fracture is seenE. Thought to be due to
ligamentous laxity208. A patient presents status post fall with an acute type II odontoid fracture.
Good spinal alignment is maintained. The patient has good bone quality, is otherwise healthy,
and is neurologically intact. An MRI reveals disruption of the transverse ligament. Which of the
following is the most appropriate treatment?A. C-collar immobilizationB. No treatmentC. Occiput
to C2 posterior fusionD. Odontoid screw placementE. Posterior C1–C2 instrumented
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—Answers and Explanations1. D – Caudate nucleus2. I – Choroid plexus3. F – Foramen of
Monro4. B – Columns of the fornix5. A – Septum pellucidum6. G – Thalamostriate vein7. H –
Thalamus8. C – Body of the fornix9. E – Anterior caudate veinFigure 1.1 is a transcallosal view of
the right lateral ventricle. The left side of the image is medial, the right side of the image is
lateral, the top of the image is anterior, and the bottom of the image is posterior. The septum
pellucidum (A) separates the right lateral ventricle from the left lateral ventricle in the midline.
The columns of the fornix (B) make up the anterior aspect of the foramen of Monro (F).
Posteriorly, the columns of the fornix (B) turn into the body of the fornix (C), which is separated
from the laterally situated thalamus (H) by a tuft of choroid plexus (I) and the superior choroidal
vein (not labeled). The caudate nucleus (D) can be appreciated in the anterolateral wall of the
lateral ventricle. The anterior caudate vein (E) drains this area and ultimately joins the
thalamostriate vein (G). Understanding of these anatomical relationships is important for
transchoroidal approaches to the third ventricle. For questions 1–9, figure used with permission
of Dr. Al Rhoton.110. E – All of the aboveMyotomy was the earliest surgical procedure used to
treat spasmodic torticollis. About 70% of patients improve after microvascular decompression of
the spinal accessory nerve, and 81 to 97% of patients improve after upper cervical ventral
rhizotomies and spinal accessory denervation procedures. Roughly two-thirds of patients
undergoing stereotactic thalamotomy obtain a satisfactory result.211. C – Midline
laminectomyCostotransversectomy (A), lateral extracavitary (B), transpedicular (D), and
transthoracic (E) approaches all facilitate access to the thoracic disk space without the need for
retraction on the thecal sac. Approaching a thoracic disk herniation through a simple
laminectomy (C) would require thecal sac retraction and risk resultant neurologic injury. Posterior
decompression alone (laminectomy [C] without diskectomy) is unlikely to improve symptoms as



the pathologic process involves ventral compression across an already kyphotic spinal segment.
The risk of either neurologic deterioration or no benefit with laminectomies for thoracic disk
herniation is 45%.312. A – Cranial neuropathiesThe initial symptoms in most patients with
brainstem gliomas are cranial neuropathies (A) followed by weakness or ataxia. Headache (B),
nausea and vomiting (D), and papilledema (E) usually occur later in the course of the
illness.413. B – HypesthesiaComplex regional pain syndrome type II (CRPS II, formerly
causalgia) is characterized by atrophic changes in the affected limb (A), increased sweating (C),
absence of a major motor deficit (D), good response to sympathetic blockade (E), and
hyperesthesia (increased sensitivity to stimulus). CRPS II is diagnosed in the setting of a known
nerve injury. The diagnosis CRPS I (formerly reflex sympathetic dystrophy or Sudeck's atrophy)
is made only in the absence of known nerve injury. Neither condition is associated with
hypesthesia (B), decreased sense of touch or sensation.314. A – Bacterial meningitis → dermoid
cyst15. B – Aseptic meningitis → epidermoid cyst16. A – Associated congenital malformations →
dermoid cyst17. A – Most often midline → dermoid cyst18. D – Responsive to radiation therapy →
neitherIntracranial dermoid cysts (A) comprise 0.3% of brain tumors and usually present in the
pediatric population. They occur when cell rests with dermal and epidermal components are
included within neural ectoderm in the midline during neurulation. Communication of the
dermoid cyst with the exterior via a sinus tract predisposes the patient to bacterial meningitis
(question 14). Congenital malformations (question 16) may be associated with dermoid cysts
(A). Intracranial epidermoid cysts (B) comprise 0.5 to 1.8% of brain tumors and usually present
in the adult. Spillage of the epidermoid cyst contents can lead to aseptic meningitis (question
15). Epidermoid cysts (B) result from epidermal cell rests and are most often located
eccentrically (e.g., the cerebellopontine angle), whereas dermoid cysts (A) tend to be situated in
the midline (question 17). Radiation (question 18) is not first-line therapy for either of these
lesions.219. E – All of the aboveChoroid plexus papillomas can cause ventricular enlargement
by entrapment of cerebral spinal fluid (blocking CSF pathways at the foramen of Monro, cerebral
aqueduct, or foramina of Luschka and Magendie), blocking CSF absorption at the arachnoid
granulations due to hemorrhage-induced arachnoiditis, by tumor growth (causing ventricular
expansion by the tumor itself), and by production of excessive cerebrospinal fluid.220. A –
Middle fossaThis question is based on the assumption that an 8 mm acoustic neuroma would be
an intracanalicular lesion. Small (<1 cm) intracanalicular acoustic neuromas can easily be
approached via the middle fossa route. A translabyrinthine (C) approach would sacrifice hearing.
The middle fossa approach is preferred to a suboccipital (B), retrosigmoid approach for
intracanalicular lesions.21. C – Olfactory hallucinationsSeizure foci in the mesial temporal lobe
(uncinate seizures) tend to produce olfactory hallucinations (C). Auditory hallucinations (A)
intuitively would seem to be associated with a focus near Heschl's gyrus, but the data do not
support that assumption. Gustatory hallucinations (B) are rare and can be brought about by
stimulation of the posterior insula. Vertiginous sensations (D) are associated with foci in the
superoposterior temporal lobe near the junction with the parietal lobe. Visual seizures (E)



suggest a focus in the striate cortex of the occipital lobe.4,522. C – Posterior communicating
artery (PComA)23. B – Lateral mesencephalic sulcus24. D – Tectal plate25. A – Calcarine
sulcusThe posterior cerebral artery is divided into four segments. The P1 segment arises from
the basilar bifurcation and extends through the interpeduncular cistern to the junction with the
posterior communicating artery (C). The P2A (anterior) segment runs in the crural cistern,
extending from the PComA (C) to the lateral mesencephalic sulcus (B) where it becomes the
P2P (posterior) segment. The P2P segment runs in the ambient cistern, lateral to the midbrain.
The P2P and P3 segments are separated by the tectal plate (D); the P3 segment runs in the
quadrigeminal cistern. The P4 segment begins at the calcarine sulcus (A). (Questions 22–25
from the microsurgical anatomy course; with permission of Dr. Al Rhoton.1)26. B – Adductor
pollicisThe adductor pollicis (B) is innervated by the ulnar nerve. The abductor pollicis longus
(A), brachioradialis (C), extensor pollicis brevis (D), and supinator (E) are innervated by the
radial nerve or one of its branches.627. D – The germinal matrix is the most common site of IVH
in the full-term neonate (false).The germinal matrix is the most common site of IVH in the
preterm infant, not the full-term infant as presented in the question (D). The most common site of
IVH in the full-term neonate is the choroid plexus. The germinal matrix is characterized by a
capillary bed of large irregular vessels (C) and begins to involute at 43 weeks. The risk of IVH is
greater in the preterm than the term infant (E) and can lead to periventricular hemorrhagic
infarction (A) as well as posthemorrhagic hydrocephalus leading to persistent bradycardia and
apneic spells (B).728. E – Two primary and one secondary centerThe odontoid consists of two
primary and one secondary ossification center. The two primary centers lie inferiorly on either
side of midline. The secondary ossification center is apical.729. D – Sagittal synostosisIsolated
sagittal synostosis (D) causes scaphocephaly and is the most common single-suture
synostosis, accounting for up to 50% of craniosynostosis patients in some series. Metopic
synostosis (C) causes trigonocephaly; coronal synostosis (A) causes anterior plagiocephaly and
is less common than sagittal synostosis. Lambdoid and sphenozygomatic synostosis (B, E) are
both less common than sagittal synostosis.830. E – Palmar sensory conduction time of the
median nerveEighty-five to 90% of patients with carpal tunnel syndrome manifest abnormalities
of the nerve conduction velocities. The palmar sensory conduction time is the most sensitive
electrical test for carpal tunnel syndrome. The abductor pollicis brevis (A) and the first and
second lumbricals (B) are innervated by the median nerve, but needle examination alone is not
as sensitive as sensory conduction time for diagnosis. Decreased motor amplitude (C) is more
sensitive and specific for axonal loss. Motor latency (D) of the median nerve is less sensitive
than palmar sensory conduction time (E) of the median nerve for the diagnosis of carpal tunnel
syndrome.331. A – Cerebral convexitiesContrecoup contusions, produced by rotational force,
occur where the frontal and temporal lobes rub along bony prominences (B, C, E). Coup
contusions (the least common type) are located over the cerebral convexities (A).932. E –
Posterior communicating artery aneurysm33. C – Middle cerebral artery aneurysm34. A –
Anterior communicating artery aneurysm35. D – Ophthalmic artery aneurysm36. B –



Intracavernous carotid artery aneurysmThe close proximity of an anterior communicating artery
aneurysm (A) to the hypothalamus can lead to endocrine abnormalities, including diabetes
insipidus. A ruptured intracavernous aneurysm (B) produces a carotid-cavernous fistula, one of
the hallmarks of which is exophthalmos. Compression of the medial temporal lobe by a middle
cerebral artery aneurysm (C) may result in seizures. Ophthalmic artery aneurysms (D) may
initially present with an inferior nasal field cut because of pressure on the optic nerve from the
overlying falciform ligament (the dural fold between the anterior clinoid processes). A pupil-
involving third nerve palsy is extremely suggestive of a posterior communicating artery
aneurysm (E).237. A – Hydromyelia is lined with ependymal cells, and syringomyelia is
notHydromyelia represents a dilatation of the central canal of the spinal cord, which is lined by
ependymal cells. Syringomyelia dissects through the spinal cord tissue outside of the central
canal and is therefore not lined by ependyma (A, E). Neither lesion is lined with choroid plexus
(B). Both lesions contain CSF (C). Both syringomyelia and hydromyelia may be either focal or
extensive (D), depending on the individual patient.938. F – Basilar artery39. G – Pituitary stalk40.
H – Right oculomotor nerve41. C – Right posterior cerebral artery42. A – Internal carotid
artery43. D – Left duplicated superior cerebellar artery44. B – Right superior cerebellar artery45.
E – Right anterior cerebral artery (A1 segment)In this figure the right opticocarotid triangle is
exposed. On the left of the image, the optic chiasm (unlabeled) is being retracted with an
instrument. The pituitary stalk (G) is noted between the paired optic nerves (unlabeled). The
basilar artery (F) is noted in the center of the image, as is its bifurcation into the left and right
posterior cerebral arteries (C). A single right superior cerebellar artery (B) takes off proximal to
the basilar bifurcation, and a left duplicated superior cerebellar artery (D) takes off on the
contralateral side. The right oculomotor nerve (H) can be seen crossing underneath the right
SCA (B) on its way to the superior orbital fissure. The internal carotid artery (A) is being retracted
laterally at its bifurcation. The right A1 segment (E) is noted distal to the ICA bifurcation. (For
questions 38–45, figure used with permission of Dr. Al Rhoton.)46. A – Cerebellar and vestibular
complaints typically overshadow motor and sensory complaints (false).In cases of basilar
impression, motor and sensory complaints are seen more often than are cerebellar and
vestibular symptoms. The lines of McGregor (B) and McRae (C) may be helpful in the
radiographic assessment of patients with basilar invagination. Short necks, torticollis (D), and
vertebral artery anomalies (E) are common in patients with basilar invagination.1047. D – Type II
odontoid fractureType II odontoid (D) fractures have the worst prognosis for healing of the
choices presented. Type I (C) and type III (E) fractures generally heal well with immobilization.
The burst fracture of C1 (Jefferson's fracture) (B) usually heals by rigid immobilization unless the
transverse ligament is disrupted (lateral masses displaced more than 7 mm) or the patient is
elderly.1048. A – Congenital elevation of the scapulaSprengel's deformity refers to a congenital
asymmetry of the scapula, with failure of one scapula to completely descend during
development. Sprengel's deformity is often associated with the Klippel-Feil syndrome
(congenital fusion of the upper cervical vertebrae [B]). Intravertebral disk herniation (C) is known



as a Schmorl's node. Postlaminectomy kyphosis (D) and scoliosis resulting from tethering of the
spinal cord (E) are incorrect responses.1149. D – Distracting extended50. C – Compression
neutral51. E – Flexing axially rotated52. B – Compressing flexed53. A – Flexing flexed54. F –
Compressing laterally bent55. C – Compressing neutralConditions of extreme flexion (e.g.,
flexing in the flexed position [A]) may result in bilateral facet dislocation. Compression (axial
loading) in the flexed position (B) is the mechanism of the teardrop fracture. Compression in the
neutral position (C) may lead to burst fractures of the subaxial spine as well as burst fractures of
the C1 ring (Jefferson's fracture). Distraction while in extension (D) is the underlying mechanism
of the Hangman's fracture. Flexion with axial rotation (E) may lead to unilateral facet dislocation.
Compression with lateral bending (F) is the mechanism of horizontal facet fractures.1156. E –
Superior articular facet hypertrophyThis question tests the examinee's understanding of lumbar
anatomy as well as the pathogenesis of lumbar stenosis. The superior articular facet is situated
anterolaterally to the inferior articular facet of the level above, and makes up much of the
posterior limit of the lateral recess of the lumbar spinal canal. Therefore, superior articular facet
hypertrophy (E) is the most common cause of lateral recess stenosis in spondylosis. Disk
herniation (A) and ligamentum flavum hypertrophy (D) may contribute to lateral recess stenosis
but are less likely to cause lateral recess stenosis than superior articular facet hypertrophy (E).
Inferior articular facet hypertrophy (C) is incorrect because the superior articular facet is more
closely associated with the lateral recess. Hypertrophy of the pedicles (B) does not contribute to
lateral recess stenosis.1057. E – All of the aboveDiplopia, oscillopsia, reduction of upgaze, and
a sense of impending doom are all more common with stimulation of the periaqueductal gray
than with stimulation of the periventricular gray region.258. E – PineoblastomaThe presence of
bilateral ocular retinoblastomas along with the presence of a pineoblastoma (E) is known as
“trilateral retinoblastoma.” An understanding of this association is facilitated by the recognition
that the pineal gland is a photoreceptor organ. Astrocytoma (A), medulloblastoma (B),
neurofibroma (C), and optic nerve sheath tumor (D) are incorrect responses.259. B – Giant
ophthalmic artery aneurysm and evidence of vasospasm on arteriogramEvidence of vasospasm
on arteriogram (B) implies the potential for inadequate collateral flow, which would put the
patient at risk for ischemic neurologic deficits following vessel sacrifice. While the presence of
bilateral intracavernous carotid aneurysms (A) or extracranial atherosclerotic disease (C) may
be relative contraindications to carotid sacrifice in this clinical scenario, they do not represent
absolute contraindications. Carotid artery ligation is not contraindicated in the setting of sudden
loss of extraocular motility in the presence of an intracavernous carotid artery aneurysm (D) or in
the setting of traumatic dissecting aneurysm of the petrous carotid artery (E).260. C – Foramen
magnumThe “clockwise” progression of weakness described in the vignette is classically
associated with lesions at the foramen magnum (C) such as a meningioma. Meningiomas of the
clivus (A) may present with cranial nerve palsies. Olfactory groove (D) and tuberculum sella (E)
meningiomas may present with visual symptoms, behavioral disturbances, or symptoms from
increased intracranial pressure. Parafalcine (B) meningiomas are not associated with the



“clockwise” pattern of quadriparesis described.461. A – Clinoidal62. D – Infratrochlear
(Parkinson's)63. H – Posteromedial (Kawase's)64. D – Infratrochlear (Parkinson's)65. A –
Clinoidal66. E – Anteromedial67. B – Oculomotor68. F – Anterolateral69. G – Posterolateral
(Glasscock's)70. H – Posteromedial (Kawase's)The clinoidal, oculomotor, supratrochlear, and
infratrochlear triangles are the four triangles of the cavernous sinus. The clinoidal (A) triangle lies
between the optic nerve and oculomotor nerve and can be exposed by removal of the anterior
clinoid process to reveal the clinoidal segment of the internal carotid artery. The oculomotor (B)
triangle is bordered by the anterior and posterior petroclinoidal dural folds and the intraclinoidal
dural fold. The oculomotor nerve enters the cavernous sinus in the center of the oculomotor (B)
triangle. The supratrochlear (C) triangle lies between the inferior margin of the oculomotor nerve
and superior margin of the trochlear nerve—this triangle is very small. The infratrochlear (D)
triangle, or Parkinson's (D) triangle, lies between the inferior margin of the trochlear nerve and
superior margin of the ophthalmic nerve (V1) and contains the intracavernous carotid artery and
the meningohypophyseal trunk. Parkinson described a surgical approach through the
infratrochlear (D) triangle for the treatment of carotid-cavernous fistulas. The anterolateral,
anteromedial, posterolateral, and posteromedial triangles are the four triangles of the middle
fossa. The anteromedial (E) triangle lies between the lower margin of the ophthalmic nerve (V1)
and the upper margin of the maxillary nerve (V2). Drilling the bone in the anteromedial (E)
triangle opens into the sphenoid sinus. The anterolateral (F) triangle lies between the inferior
margin of the maxillary nerve (V2) and the upper margin of the mandibular nerve (V3). The
posterolateral (Glasscock's) (G) triangle opens laterally to the mandibular nerve (V3), anterior to
the point at which the greater superficial petrosal nerve crosses V3, and contains the middle
meningeal artery in foramen spinosum. The posteromedial triangle (Kawase's) (H) contains the
cochlea in its lateral apex, and also contains the petrous carotid artery. The medial portion of
Kawase's triangle can be drilled in an anterior petrosectomy for approaches to the anterolateral
brainstem and low-riding basilar bifurcations.1 (For questions 61–70, figure used with
permission of Dr. Al Rhoton.)71. B – Absence of third nerve palsyPatients with posterior
communication artery aneurysms who do not have a third nerve palsy (B) or whose angiogram
reveals the aneurysm projecting laterally to the carotid are more likely to have aneurysm domes
that are adherent to the temporal lobe. Choices C and D are incorrect because they contradict
this statement. Neither loss of consciousness (A) nor seizures (E) predict aneurysm adherence
to the temporal lobe.572. A – Axillary nerveWeakness of the deltoid muscle could be caused by
injury to the axillary nerve (A), which innervates the deltoid. The dorsal scapular nerve (B)
innervates the rhomboid muscles as well as the levator scapulae. The musculocutaneous nerve
(C) innervates the muscles of the anterior compartment of the arm including the biceps brachii
and the coracobrachialis muscles. The suprascapular nerve (D) innervates the supraspinatus
and infraspinatus muscles. An injury to the thoracodorsal nerve (E) would cause weakness of
the latissimus dorsi muscle.673. A – Escherichia coliE. coli (A) is the most common cause of
subdural empyema in the infant following meningitis. Streptococcus pneumoniae meningitis may



also lead to subdural empyemas. Listeria (C), Neisseria (D), and Staphylococcus (E) are
incorrect responses.1274. D – NerveThe manifestations of Sudeck's atrophy are late changes of
reflex sympathetic dystrophy (CPRS I, RSD). This condition may involve atrophic changes in the
bone (A), joints (B), muscle (C), and skin (E), but not the nerve (D). The diagnosis of CRPS I, or
reflex sympathetic dystrophy, is made only in the absence of a known nerve injury (in contrast
with CRPS II, or causalgia, which requires a known nerve injury for diagnosis).275. E – Closure
of the caudal neuropore: Day 2676. D – Closure of the cranial neuropore: Day 2477. B –
Formation of the notochord: Day 1778. A – Formation of the primitive streak: Day 1379. C –
Fusion of the neural folds to form the neural tube: Day 22Primary neurulation consists of the
following events in this order: The primitive streak forms on day 13 (A), notochord formation
occurs on day 17 (B), the neural folds fuse to form the neural tube on day 22 (C), the cranial
neuropore closes on day 24 (D), and the caudal neuropore closes on day 26 (E). Abnormalities
during this stage of embryogenesis cause neural tube defects and Chiari
malformations.13,1480. B – I, IIIThe subclavian steal syndrome is associated with symptoms of
vertebrobasilar insufficiency. It occurs when increased activity of the left arm (III) results in
shunting of blood into the left subclavian that is occluded proximal to the origin of the left
vertebral artery (I). The blood flow in the vertebral artery is reversed, resulting in partial
brainstem ischemia exacerbated by use of the left arm. Occlusion of the left subclavian artery
distal to the origin of the left vertebral artery (II) would not cause reversal of flow in the left
vertebral artery, and therefore would not cause subclavian steal syndrome. Occlusion of the left
vertebral artery (IV) might cause symptoms of vertebrobasilar insufficiency, but this would not be
an example of subclavian steal.381. B – CoronallyThe coronal orientation of the facets in the
upper thoracic spine leads to significant resistance to anterior translation but little resistance to
rotation. In the lower thoracic spine, the facets become more sagittally oriented, and less
resistance to anterior translation is offered.382. A – Back painWhile it is possible for a thoracic
disk herniation to cause either thoracic myelopathy, which may be characterized by leg
numbness (B), leg weakness (C), or urinary incontinence (E); or thoracic radiculopathy, which
could cause thoracic numbness (D); or thoracic pain in a dermatomal distribution, the most
common presenting symptom of a herniated thoracic disk is back pain (A). Back pain is the
presenting complaint of 57 to 88% of patients with a thoracic herniated disk.383. A – I, II,
IIIOcclusion of the thalamostriate vein during the subchoroidal transvelum interpositum
approach to the third ventricle may result in drowsiness (I), hemiparesis (II), or mutism (III).
Seizures (IV) have not been reported after the ligation of the thalamostriate vein during this
approach.584. E – Labyrinthine segment of the facial nerve85. C – Meatal segment of the facial
nerve86. D – Superior vestibular nerve87. A – Greater superficial petrosal nerve88. B –
Geniculate ganglionThis set of questions tests relevant anatomy for the middle fossa approach
to the internal acoustic meatus. The meatal segment of the facial nerve (C) is noted in its
superoanterior position in the internal acoustic meatus with the superior vestibular nerve (D)
being located just lateral to it. The inferior vestibular nerve and cochlear nerve are obscured



from view. The labyrinthine segment of the facial nerve (E) is noted just before the facial nerve
enters the geniculate ganglion (B). The greater superficial petrosal nerve (A) turns
anteromedially to run along the middle fossa floor. The cochlea is noted in the angle formed by
the facial nerve and greater superficial petrosal nerve.1 (For questions 84–88, figure used with
permission of Dr. Al Rhoton.)89. B – Anterior, superior, inferiorIn the series of Sugita and
Kobayashi, the facial nerve was anterior to the tumor in 50%, superior in 30%, and inferior in
15% of cases.1590. E – Skin plaques (false)Skin plaques (E) are the most common skin lesions
seen in neurofibromatosis type 2. They are well-circumscribed, raised, rough areas of skin that
may be associated with excess hair. Axillary freckles (A), café au lait spots (B), Lisch nodules
(C), and multiple typical skin neurofibromas (D) are all characteristics of neurofibromatosis type
1.6,1291. D – Postoperative tumor residualOf the choices available, postoperative tumor residual
(D) is the most important factor in meningioma recurrence. Bone invasion (B) could influence
recurrence rates as it may limit the extent of tumor resection, particularly for lesions at the skull
base. Histologic type of benign meningioma (C) is incorrect because this answer choice implies
that the lesion is WHO grade I. Certainly WHO grade II (atypical) and WHO grade III (anaplastic)
meningiomas have a higher recurrence rate than grade I (benign) lesions, but this is not an
answer choice. Patient age (A) and sex (E) are incorrect responses.392. B – Cerebellopontine
angle cistern93. D – Lateral cerebellomedullary cistern94. A – Ambient cistern95. A – Ambient
cistern96. B – Cerebellopontine angle cistern97. C – Interpeduncular cistern98. D – Lateral
cerebellomedullary cisternThe ambient cistern (A) contains portions of the superior cerebellar
artery and the trochlear nerve as it courses around the lateral brainstem. The cerebellopontine
angle cistern (B) contains the anteroinferior cerebellar artery and the trigeminal nerve. The
interpeduncular cistern (C) contains the basal vein of Rosenthal. The lateral cerebellomedullary
cistern (D) contains the choroid plexus at the foramen of Luschka and the origin of the
posteroinferior cerebellar artery (PICA). None of the structures listed are located in the
prepontine cistern (E).1699. B – Cochlear and inferior vestibular nerves from the facial and
superior vestibular nervesThis question tests the examinee's knowledge of the relationships of
the nerves in the internal acoustic meatus. Anteriorly, the facial nerve is superior to the cochlear
nerve (“7-up, coke down”). Posteriorly, the superior and inferior vestibular nerves are related to
one another as their names imply. The transverse crest runs horizontally separating the two
superior structures (facial nerve anteriorly and superior vestibular nerve posteriorly) from the two
inferior structures (cochlear nerve anteriorly and inferior vestibular nerve posteriorly).2100. B –
Deafness is more common than permanent facial weakness as a complication of microvascular
decompression.Hemifacial spasm is more common in females (C is incorrect); it typically begins
in the orbicularis muscles and progresses caudally (D is incorrect). At microvascular
decompression the most common finding is compression by the posteroinferior cerebellar artery
(PICA) (A is incorrect); the cure rate at 1 month is 86% (E is incorrect). Deafness occurs in 2.7%
of patients, and permanent facial weakness occurs in 1.5% of patients after microvascular
decompression (B is correct).6101. E – Subtemporal approachPossible approaches to an



aneurysm of the vertebrobasilar junction include the extended extreme lateral inferior
transcondylar approach (A), the lateral suboccipital approach (B), the presigmoid transtentorial
approach (C), and the retrolabyrinthine transsigmoid approach (D). The subtemporal approach
(E) is best suited for aneurysms of the upper basilar trunk arising within 2 cm below the tip of the
posterior clinoid.3,5102. A – HeadacheHeadache (A) is the initial symptom in more than 75% of
patients with colloid cysts, and almost all patients with this lesion experience headache. “Drop
attacks,” possibly secondary to acute hydrocephalus that suddenly stretches corticospinal leg
fibers (sudden leg weakness [D]), are associated with colloid cysts. Dementia (B) may be
prominent, and seizures (C) occur in ~20% of patients. An association with sudden death (E)
has been reported.3103. C – Inferior and anterior104. D – Inferior and posterior105. A – Superior
and anterior106. B – Superior and posteriorThis question tests the examinee's understanding of
the anatomy of the internal acoustic meatus viewed through a middle fossa approach. The first
step is getting oriented by identifying known structures. The cochlea has been exposed in the
angle created by the facial nerve (A) and greater superficial petrosal nerve (not labeled), which
we know is anteromedial to the internal acoustic meatus. A portion of the labyrinth has been
exposed to reveal one of the semicircular canals posterolaterally (closest to B). As such, we
know this is a view of the IAC from above (middle fossa approach) on the patient's right side.
The facial nerve is noted superior and anterior (A) coursing toward the geniculate ganglion. The
cochlear nerve is situated in an inferior and anterior (C) position on its way to the cochlea. The
superior and inferior vestibular nerves are situated posteriorly (B and D, respectively) en route to
the labyrinth. (For questions 103–106, figure used with permission of Dr. Al Rhoton.)107. A –
Congestive heart failureNeonates with congestive heart failure (A) usually have multiple fistulas,
and over 25% of their cardiac output is shunted. Hydrocephalus (B) and seizures (D) are more
common in infants, whereas subarachnoid hemorrhage (E), decreased cognition, and
intraparenchymal hemorrhage (C) are more common in older children and adults.3108. B –
Compression fractureThis type of fracture is generally stable because the middle column is
intact, by definition (utilizing the three-column spine model). Posterior column failure can still
occur, however, if the anterior body height is reduced by more than half. The resulting kyphotic
deformity can lead to neurologic deficit.3109. B – Fracture-dislocations involve all three
columns.Compression fractures are the most common thoracolumbar spine fracture (A is
incorrect). Seat belt injuries refer to flexion-distraction type injuries that are often unstable (C is
incorrect). Wedge compression fractures generally involve the anterior column and are usually
stable (D and E are incorrect).3110. B – A result of cytotoxic edema (false)Diffuse brain swelling
is a vasoactive posttraumatic phenomenon occurring within hours of head injury. It is thought to
be a result of cerebrovascular congestion (A) and can be manifested on CT scan by a
compression of the perimesencephalic cistern (D). This pathologic process is more common in
children than adults (E), and may be associated with a 50% mortality rate in severely head
injured children (C). It is distinct from the vasogenic or cytotoxic edema (B) that occurs
later.7111. C – Parietal skull fractureOf the choices listed, an isolated parietal skull fracture (C) is



the least suggestive of child abuse, or nonaccidental trauma. Acute and healing long bone
fractures (A), retinal hemorrhages (D), and the presence of subdural hematomas (B and E)
should be treated as nonaccidental trauma until proven otherwise. When associated with abuse,
skull fractures tend to be multiple or complex, depressed, and nonparietal.7,9112. E – Metopic
suturePremature closure of the metopic suture (E) results in trigonocephaly. The incidence of
trigonocephaly ranges from 10 to 16%.7113. B – Lumbar regionThe cleft is located in the lumbar
region (B) in 47%, thoracolumbar region in 27%, thoracic region (D) in 23%, and sacral (C) or
cervical region (A) in 1.5% of cases.3114. E – 80%Up to 80% of patients with mycotic
aneurysms carry an underlying diagnosis of subacute bacterial endocarditis.3115. A – Infected
emboli lodge in the vasa vasorum (false).Bacterial (mycotic) intracranial aneurysms are typically
located in the peripheral branches (C) of the middle cerebral artery territory (B). Staphylococcus
aureus and b-hemolytic streptococci species (E) are the most common offending agents. The
observation that vasa vasorum are found only on the first segment of the internal carotid artery
(ICA), an unusual site of the development of bacterial aneurysms, has discredited the notion that
infected emboli lodge in the vasa vasorum (A). Although these aneurysms have a high tendency
to bleed, typical subarachnoid hemorrhage occurs in less than 20% of patients (D).3116. E –
Occur most commonly between the ages of 2 and 5 years (false)Growing skull fractures may
cross suture lines (A), may be associated with an underlying brain injury (B), tend to occur if the
initial fracture is separated by more than 3 mm (C), and occur most commonly in the parietal
bone (D). Up to 75% of patients with growing skull fractures are , 1 year old (E is false, and
therefore the correct answer choice).7117. E – 100%One hundred percent (E) of infants with
myelomeningocele have MRI evidence of a Chiari II malformation, the mechanism of which is
thought to be due to CSF leaking through the myelomeningocele during development.3118. A –
I, II, III (cholesterol, calcific, and platelet-fibrin)Cholesterol emboli (I) (Hollenhorst plaques) are
associated with ulcerated atheromatous plaques of the ICA. Calcific emboli (II) originate from the
cardiac valves. Platelet-fibrin emboli (III) are thought to arise from large-vessel mural thrombi. Fat
emboli (IV) result after trauma to marrow-containing bones and therefore are not due to
cardiovascular disease of the heart and great vessels.4119. B – I, III (superior vermian vein,
precentral cerebellar vein)The superior vermian vein (I) and precentral cerebellar vein (III) are
usually sacrificed during the infratentorial supracerebellar approach to the pineal region. The
basal vein of Rosenthal (IV) and posterior pericallosal vein (II) are not sacrificed during this
approach.5120. B – Loudness recruitment (false)An absence of loudness recruitment (B is
incorrect) is characteristic of a nerve trunk lesion, including an acoustic neuroma. Recruiting
deafness occurs with a lesion in the organ of Corti (e.g., Ménière's disease). The other
responses (Békésy type III or IV audiogram [A], low short-increment sensitivity index [C], poor
speech discrimination [D], and pronounced tone decay [E]) are all characteristic of a
retrocochlear (nerve) lesion such as an acoustic neuroma.41CNeurosurgery—Answers and
Explanations1C1CNeurosurgery—Answers and ExplanationsNeurosurgery—Answers and
Explanations1. D – Caudate nucleus2. I – Choroid plexus3. F – Foramen of Monro4. B –



Columns of the fornix5. A – Septum pellucidum6. G – Thalamostriate vein7. H – Thalamus8. C –
Body of the fornix9. E – Anterior caudate veinFigure 1.1 is a transcallosal view of the right lateral
ventricle. The left side of the image is medial, the right side of the image is lateral, the top of the
image is anterior, and the bottom of the image is posterior. The septum pellucidum (A) separates
the right lateral ventricle from the left lateral ventricle in the midline. The columns of the fornix (B)
make up the anterior aspect of the foramen of Monro (F). Posteriorly, the columns of the fornix
(B) turn into the body of the fornix (C), which is separated from the laterally situated thalamus
(H) by a tuft of choroid plexus (I) and the superior choroidal vein (not labeled). The caudate
nucleus (D) can be appreciated in the anterolateral wall of the lateral ventricle. The anterior
caudate vein (E) drains this area and ultimately joins the thalamostriate vein (G). Understanding
of these anatomical relationships is important for transchoroidal approaches to the third
ventricle. For questions 1–9, figure used with permission of Dr. Al Rhoton.1Figure 1.1 is a
transcallosal view of the right lateral ventricle. The left side of the image is medial, the right side
of the image is lateral, the top of the image is anterior, and the bottom of the image is posterior.
The septum pellucidum (A) separates the right lateral ventricle from the left lateral ventricle in
the midline. The columns of the fornix (B) make up the anterior aspect of the foramen of Monro
(F). Posteriorly, the columns of the fornix (B) turn into the body of the fornix (C), which is
separated from the laterally situated thalamus (H) by a tuft of choroid plexus (I) and the superior
choroidal vein (not labeled). The caudate nucleus (D) can be appreciated in the anterolateral
wall of the lateral ventricle. The anterior caudate vein (E) drains this area and ultimately joins the
thalamostriate vein (G). Understanding of these anatomical relationships is important for
transchoroidal approaches to the third ventricle. For questions 1–9, figure used with permission
of Dr. Al Rhoton.110. E – All of the aboveMyotomy was the earliest surgical procedure used to
treat spasmodic torticollis. About 70% of patients improve after microvascular decompression of
the spinal accessory nerve, and 81 to 97% of patients improve after upper cervical ventral
rhizotomies and spinal accessory denervation procedures. Roughly two-thirds of patients
undergoing stereotactic thalamotomy obtain a satisfactory result.2Myotomy was the earliest
surgical procedure used to treat spasmodic torticollis. About 70% of patients improve after
microvascular decompression of the spinal accessory nerve, and 81 to 97% of patients improve
after upper cervical ventral rhizotomies and spinal accessory denervation procedures. Roughly
two-thirds of patients undergoing stereotactic thalamotomy obtain a satisfactory result.211. C –
Midline laminectomyCostotransversectomy (A), lateral extracavitary (B), transpedicular (D), and
transthoracic (E) approaches all facilitate access to the thoracic disk space without the need for
retraction on the thecal sac. Approaching a thoracic disk herniation through a simple
laminectomy (C) would require thecal sac retraction and risk resultant neurologic injury. Posterior
decompression alone (laminectomy [C] without diskectomy) is unlikely to improve symptoms as
the pathologic process involves ventral compression across an already kyphotic spinal segment.
The risk of either neurologic deterioration or no benefit with laminectomies for thoracic disk
herniation is 45%.3Costotransversectomy (A), lateral extracavitary (B), transpedicular (D), and



transthoracic (E) approaches all facilitate access to the thoracic disk space without the need for
retraction on the thecal sac. Approaching a thoracic disk herniation through a simple
laminectomy (C) would require thecal sac retraction and risk resultant neurologic injury. Posterior
decompression alone (laminectomy [C] without diskectomy) is unlikely to improve symptoms as
the pathologic process involves ventral compression across an already kyphotic spinal segment.
The risk of either neurologic deterioration or no benefit with laminectomies for thoracic disk
herniation is 45%.312. A – Cranial neuropathiesThe initial symptoms in most patients with
brainstem gliomas are cranial neuropathies (A) followed by weakness or ataxia. Headache (B),
nausea and vomiting (D), and papilledema (E) usually occur later in the course of the
illness.4The initial symptoms in most patients with brainstem gliomas are cranial neuropathies
(A) followed by weakness or ataxia. Headache (B), nausea and vomiting (D), and papilledema
(E) usually occur later in the course of the illness.413. B – HypesthesiaComplex regional pain
syndrome type II (CRPS II, formerly causalgia) is characterized by atrophic changes in the
affected limb (A), increased sweating (C), absence of a major motor deficit (D), good response
to sympathetic blockade (E), and hyperesthesia (increased sensitivity to stimulus). CRPS II is
diagnosed in the setting of a known nerve injury. The diagnosis CRPS I (formerly reflex
sympathetic dystrophy or Sudeck's atrophy) is made only in the absence of known nerve injury.
Neither condition is associated with hypesthesia (B), decreased sense of touch or
sensation.3Complex regional pain syndrome type II (CRPS II, formerly causalgia) is
characterized by atrophic changes in the affected limb (A), increased sweating (C), absence of a
major motor deficit (D), good response to sympathetic blockade (E), and hyperesthesia
(increased sensitivity to stimulus). CRPS II is diagnosed in the setting of a known nerve injury.
The diagnosis CRPS I (formerly reflex sympathetic dystrophy or Sudeck's atrophy) is made only
in the absence of known nerve injury. Neither condition is associated with hypesthesia (B),
decreased sense of touch or sensation.314. A – Bacterial meningitis → dermoid cyst15. B –
Aseptic meningitis → epidermoid cyst16. A – Associated congenital malformations → dermoid
cyst17. A – Most often midline → dermoid cyst18. D – Responsive to radiation therapy →
neitherIntracranial dermoid cysts (A) comprise 0.3% of brain tumors and usually present in the
pediatric population. They occur when cell rests with dermal and epidermal components are
included within neural ectoderm in the midline during neurulation. Communication of the
dermoid cyst with the exterior via a sinus tract predisposes the patient to bacterial meningitis
(question 14). Congenital malformations (question 16) may be associated with dermoid cysts
(A). Intracranial epidermoid cysts (B) comprise 0.5 to 1.8% of brain tumors and usually present
in the adult. Spillage of the epidermoid cyst contents can lead to aseptic meningitis (question
15). Epidermoid cysts (B) result from epidermal cell rests and are most often located
eccentrically (e.g., the cerebellopontine angle), whereas dermoid cysts (A) tend to be situated in
the midline (question 17). Radiation (question 18) is not first-line therapy for either of these
lesions.2Intracranial dermoid cysts (A) comprise 0.3% of brain tumors and usually present in the
pediatric population. They occur when cell rests with dermal and epidermal components are



included within neural ectoderm in the midline during neurulation. Communication of the
dermoid cyst with the exterior via a sinus tract predisposes the patient to bacterial meningitis
(question 14). Congenital malformations (question 16) may be associated with dermoid cysts
(A). Intracranial epidermoid cysts (B) comprise 0.5 to 1.8% of brain tumors and usually present
in the adult. Spillage of the epidermoid cyst contents can lead to aseptic meningitis (question
15). Epidermoid cysts (B) result from epidermal cell rests and are most often located
eccentrically (e.g., the cerebellopontine angle), whereas dermoid cysts (A) tend to be situated in
the midline (question 17). Radiation (question 18) is not first-line therapy for either of these
lesions.219. E – All of the aboveChoroid plexus papillomas can cause ventricular enlargement
by entrapment of cerebral spinal fluid (blocking CSF pathways at the foramen of Monro, cerebral
aqueduct, or foramina of Luschka and Magendie), blocking CSF absorption at the arachnoid
granulations due to hemorrhage-induced arachnoiditis, by tumor growth (causing ventricular
expansion by the tumor itself), and by production of excessive cerebrospinal fluid.2Choroid
plexus papillomas can cause ventricular enlargement by entrapment of cerebral spinal fluid
(blocking CSF pathways at the foramen of Monro, cerebral aqueduct, or foramina of Luschka
and Magendie), blocking CSF absorption at the arachnoid granulations due to hemorrhage-
induced arachnoiditis, by tumor growth (causing ventricular expansion by the tumor itself), and
by production of excessive cerebrospinal fluid.220. A – Middle fossaThis question is based on
the assumption that an 8 mm acoustic neuroma would be an intracanalicular lesion. Small (<1
cm) intracanalicular acoustic neuromas can easily be approached via the middle fossa route. A
translabyrinthine (C) approach would sacrifice hearing. The middle fossa approach is preferred
to a suboccipital (B), retrosigmoid approach for intracanalicular lesions.This question is based
on the assumption that an 8 mm acoustic neuroma would be an intracanalicular lesion. Small
(<1 cm) intracanalicular acoustic neuromas can easily be approached via the middle fossa
route. A translabyrinthine (C) approach would sacrifice hearing. The middle fossa approach is
preferred to a suboccipital (B), retrosigmoid approach for intracanalicular lesions.21. C –
Olfactory hallucinationsSeizure foci in the mesial temporal lobe (uncinate seizures) tend to
produce olfactory hallucinations (C). Auditory hallucinations (A) intuitively would seem to be
associated with a focus near Heschl's gyrus, but the data do not support that assumption.
Gustatory hallucinations (B) are rare and can be brought about by stimulation of the posterior
insula. Vertiginous sensations (D) are associated with foci in the superoposterior temporal lobe
near the junction with the parietal lobe. Visual seizures (E) suggest a focus in the striate cortex of
the occipital lobe.4,5Seizure foci in the mesial temporal lobe (uncinate seizures) tend to produce
olfactory hallucinations (C). Auditory hallucinations (A) intuitively would seem to be associated
with a focus near Heschl's gyrus, but the data do not support that assumption. Gustatory
hallucinations (B) are rare and can be brought about by stimulation of the posterior insula.
Vertiginous sensations (D) are associated with foci in the superoposterior temporal lobe near the
junction with the parietal lobe. Visual seizures (E) suggest a focus in the striate cortex of the
occipital lobe.4,522. C – Posterior communicating artery (PComA)23. B – Lateral mesencephalic



sulcus24. D – Tectal plate25. A – Calcarine sulcusThe posterior cerebral artery is divided into
four segments. The P1 segment arises from the basilar bifurcation and extends through the
interpeduncular cistern to the junction with the posterior communicating artery (C). The P2A
(anterior) segment runs in the crural cistern, extending from the PComA (C) to the lateral
mesencephalic sulcus (B) where it becomes the P2P (posterior) segment. The P2P segment
runs in the ambient cistern, lateral to the midbrain. The P2P and P3 segments are separated by
the tectal plate (D); the P3 segment runs in the quadrigeminal cistern. The P4 segment begins at
the calcarine sulcus (A). (Questions 22–25 from the microsurgical anatomy course; with
permission of Dr. Al Rhoton.1)The posterior cerebral artery is divided into four segments. The P1
segment arises from the basilar bifurcation and extends through the interpeduncular cistern to
the junction with the posterior communicating artery (C). The P2A (anterior) segment runs in the
crural cistern, extending from the PComA (C) to the lateral mesencephalic sulcus (B) where it
becomes the P2P (posterior) segment. The P2P segment runs in the ambient cistern, lateral to
the midbrain. The P2P and P3 segments are separated by the tectal plate (D); the P3 segment
runs in the quadrigeminal cistern. The P4 segment begins at the calcarine sulcus (A). (Questions
22–25 from the microsurgical anatomy course; with permission of Dr. Al Rhoton.1)26. B –
Adductor pollicisThe adductor pollicis (B) is innervated by the ulnar nerve. The abductor pollicis
longus (A), brachioradialis (C), extensor pollicis brevis (D), and supinator (E) are innervated by
the radial nerve or one of its branches.6The adductor pollicis (B) is innervated by the ulnar
nerve. The abductor pollicis longus (A), brachioradialis (C), extensor pollicis brevis (D), and
supinator (E) are innervated by the radial nerve or one of its branches.627. D – The germinal
matrix is the most common site of IVH in the full-term neonate (false).The germinal matrix is the
most common site of IVH in the preterm infant, not the full-term infant as presented in the
question (D). The most common site of IVH in the full-term neonate is the choroid plexus. The
germinal matrix is characterized by a capillary bed of large irregular vessels (C) and begins to
involute at 43 weeks. The risk of IVH is greater in the preterm than the term infant (E) and can
lead to periventricular hemorrhagic infarction (A) as well as posthemorrhagic hydrocephalus
leading to persistent bradycardia and apneic spells (B).7The germinal matrix is the most
common site of IVH in the preterm infant, not the full-term infant as presented in the question
(D). The most common site of IVH in the full-term neonate is the choroid plexus. The germinal
matrix is characterized by a capillary bed of large irregular vessels (C) and begins to involute at
43 weeks. The risk of IVH is greater in the preterm than the term infant (E) and can lead to
periventricular hemorrhagic infarction (A) as well as posthemorrhagic hydrocephalus leading to
persistent bradycardia and apneic spells (B).728. E – Two primary and one secondary
centerThe odontoid consists of two primary and one secondary ossification center. The two
primary centers lie inferiorly on either side of midline. The secondary ossification center is
apical.7The odontoid consists of two primary and one secondary ossification center. The two
primary centers lie inferiorly on either side of midline. The secondary ossification center is
apical.729. D – Sagittal synostosisIsolated sagittal synostosis (D) causes scaphocephaly and is



the most common single-suture synostosis, accounting for up to 50% of craniosynostosis
patients in some series. Metopic synostosis (C) causes trigonocephaly; coronal synostosis (A)
causes anterior plagiocephaly and is less common than sagittal synostosis. Lambdoid and
sphenozygomatic synostosis (B, E) are both less common than sagittal synostosis.8Isolated
sagittal synostosis (D) causes scaphocephaly and is the most common single-suture
synostosis, accounting for up to 50% of craniosynostosis patients in some series. Metopic
synostosis (C) causes trigonocephaly; coronal synostosis (A) causes anterior plagiocephaly and
is less common than sagittal synostosis. Lambdoid and sphenozygomatic synostosis (B, E) are
both less common than sagittal synostosis.830. E – Palmar sensory conduction time of the
median nerveEighty-five to 90% of patients with carpal tunnel syndrome manifest abnormalities
of the nerve conduction velocities. The palmar sensory conduction time is the most sensitive
electrical test for carpal tunnel syndrome. The abductor pollicis brevis (A) and the first and
second lumbricals (B) are innervated by the median nerve, but needle examination alone is not
as sensitive as sensory conduction time for diagnosis. Decreased motor amplitude (C) is more
sensitive and specific for axonal loss. Motor latency (D) of the median nerve is less sensitive
than palmar sensory conduction time (E) of the median nerve for the diagnosis of carpal tunnel
syndrome.3Eighty-five to 90% of patients with carpal tunnel syndrome manifest abnormalities of
the nerve conduction velocities. The palmar sensory conduction time is the most sensitive
electrical test for carpal tunnel syndrome. The abductor pollicis brevis (A) and the first and
second lumbricals (B) are innervated by the median nerve, but needle examination alone is not
as sensitive as sensory conduction time for diagnosis. Decreased motor amplitude (C) is more
sensitive and specific for axonal loss. Motor latency (D) of the median nerve is less sensitive
than palmar sensory conduction time (E) of the median nerve for the diagnosis of carpal tunnel
syndrome.331. A – Cerebral convexitiesContrecoup contusions, produced by rotational force,
occur where the frontal and temporal lobes rub along bony prominences (B, C, E). Coup
contusions (the least common type) are located over the cerebral convexities (A).9Contrecoup
contusions, produced by rotational force, occur where the frontal and temporal lobes rub along
bony prominences (B, C, E). Coup contusions (the least common type) are located over the
cerebral convexities (A).932. E – Posterior communicating artery aneurysm33. C – Middle
cerebral artery aneurysm34. A – Anterior communicating artery aneurysm35. D – Ophthalmic
artery aneurysm36. B – Intracavernous carotid artery aneurysmThe close proximity of an
anterior communicating artery aneurysm (A) to the hypothalamus can lead to endocrine
abnormalities, including diabetes insipidus. A ruptured intracavernous aneurysm (B) produces a
carotid-cavernous fistula, one of the hallmarks of which is exophthalmos. Compression of the
medial temporal lobe by a middle cerebral artery aneurysm (C) may result in seizures.
Ophthalmic artery aneurysms (D) may initially present with an inferior nasal field cut because of
pressure on the optic nerve from the overlying falciform ligament (the dural fold between the
anterior clinoid processes). A pupil-involving third nerve palsy is extremely suggestive of a
posterior communicating artery aneurysm (E).2The close proximity of an anterior



communicating artery aneurysm (A) to the hypothalamus can lead to endocrine abnormalities,
including diabetes insipidus. A ruptured intracavernous aneurysm (B) produces a carotid-
cavernous fistula, one of the hallmarks of which is exophthalmos. Compression of the medial
temporal lobe by a middle cerebral artery aneurysm (C) may result in seizures. Ophthalmic
artery aneurysms (D) may initially present with an inferior nasal field cut because of pressure on
the optic nerve from the overlying falciform ligament (the dural fold between the anterior clinoid
processes). A pupil-involving third nerve palsy is extremely suggestive of a posterior
communicating artery aneurysm (E).237. A – Hydromyelia is lined with ependymal cells, and
syringomyelia is notHydromyelia represents a dilatation of the central canal of the spinal cord,
which is lined by ependymal cells. Syringomyelia dissects through the spinal cord tissue outside
of the central canal and is therefore not lined by ependyma (A, E). Neither lesion is lined with
choroid plexus (B). Both lesions contain CSF (C). Both syringomyelia and hydromyelia may be
either focal or extensive (D), depending on the individual patient.9Hydromyelia represents a
dilatation of the central canal of the spinal cord, which is lined by ependymal cells.
Syringomyelia dissects through the spinal cord tissue outside of the central canal and is
therefore not lined by ependyma (A, E). Neither lesion is lined with choroid plexus (B). Both
lesions contain CSF (C). Both syringomyelia and hydromyelia may be either focal or extensive
(D), depending on the individual patient.938. F – Basilar artery39. G – Pituitary stalk40. H – Right
oculomotor nerve41. C – Right posterior cerebral artery42. A – Internal carotid artery43. D – Left
duplicated superior cerebellar artery44. B – Right superior cerebellar artery45. E – Right anterior
cerebral artery (A1 segment)In this figure the right opticocarotid triangle is exposed. On the left
of the image, the optic chiasm (unlabeled) is being retracted with an instrument. The pituitary
stalk (G) is noted between the paired optic nerves (unlabeled). The basilar artery (F) is noted in
the center of the image, as is its bifurcation into the left and right posterior cerebral arteries (C).
A single right superior cerebellar artery (B) takes off proximal to the basilar bifurcation, and a left
duplicated superior cerebellar artery (D) takes off on the contralateral side. The right oculomotor
nerve (H) can be seen crossing underneath the right SCA (B) on its way to the superior orbital
fissure. The internal carotid artery (A) is being retracted laterally at its bifurcation. The right A1
segment (E) is noted distal to the ICA bifurcation. (For questions 38–45, figure used with
permission of Dr. Al Rhoton.)In this figure the right opticocarotid triangle is exposed. On the left
of the image, the optic chiasm (unlabeled) is being retracted with an instrument. The pituitary
stalk (G) is noted between the paired optic nerves (unlabeled). The basilar artery (F) is noted in
the center of the image, as is its bifurcation into the left and right posterior cerebral arteries (C).
A single right superior cerebellar artery (B) takes off proximal to the basilar bifurcation, and a left
duplicated superior cerebellar artery (D) takes off on the contralateral side. The right oculomotor
nerve (H) can be seen crossing underneath the right SCA (B) on its way to the superior orbital
fissure. The internal carotid artery (A) is being retracted laterally at its bifurcation. The right A1
segment (E) is noted distal to the ICA bifurcation. (For questions 38–45, figure used with
permission of Dr. Al Rhoton.)46. A – Cerebellar and vestibular complaints typically overshadow



motor and sensory complaints (false).In cases of basilar impression, motor and sensory
complaints are seen more often than are cerebellar and vestibular symptoms. The lines of
McGregor (B) and McRae (C) may be helpful in the radiographic assessment of patients with
basilar invagination. Short necks, torticollis (D), and vertebral artery anomalies (E) are common
in patients with basilar invagination.10In cases of basilar impression, motor and sensory
complaints are seen more often than are cerebellar and vestibular symptoms. The lines of
McGregor (B) and McRae (C) may be helpful in the radiographic assessment of patients with
basilar invagination. Short necks, torticollis (D), and vertebral artery anomalies (E) are common
in patients with basilar invagination.1047. D – Type II odontoid fractureType II odontoid (D)
fractures have the worst prognosis for healing of the choices presented. Type I (C) and type III
(E) fractures generally heal well with immobilization. The burst fracture of C1 (Jefferson's
fracture) (B) usually heals by rigid immobilization unless the transverse ligament is disrupted
(lateral masses displaced more than 7 mm) or the patient is elderly.10Type II odontoid (D)
fractures have the worst prognosis for healing of the choices presented. Type I (C) and type III
(E) fractures generally heal well with immobilization. The burst fracture of C1 (Jefferson's
fracture) (B) usually heals by rigid immobilization unless the transverse ligament is disrupted
(lateral masses displaced more than 7 mm) or the patient is elderly.1048. A – Congenital
elevation of the scapulaSprengel's deformity refers to a congenital asymmetry of the scapula,
with failure of one scapula to completely descend during development. Sprengel's deformity is
often associated with the Klippel-Feil syndrome (congenital fusion of the upper cervical
vertebrae [B]). Intravertebral disk herniation (C) is known as a Schmorl's node. Postlaminectomy
kyphosis (D) and scoliosis resulting from tethering of the spinal cord (E) are incorrect
responses.11Sprengel's deformity refers to a congenital asymmetry of the scapula, with failure
of one scapula to completely descend during development. Sprengel's deformity is often
associated with the Klippel-Feil syndrome (congenital fusion of the upper cervical vertebrae [B]).
Intravertebral disk herniation (C) is known as a Schmorl's node. Postlaminectomy kyphosis (D)
and scoliosis resulting from tethering of the spinal cord (E) are incorrect responses.1149. D –
Distracting extended50. C – Compression neutral51. E – Flexing axially rotated52. B –
Compressing flexed53. A – Flexing flexed54. F – Compressing laterally bent55. C –
Compressing neutralConditions of extreme flexion (e.g., flexing in the flexed position [A]) may
result in bilateral facet dislocation. Compression (axial loading) in the flexed position (B) is the
mechanism of the teardrop fracture. Compression in the neutral position (C) may lead to burst
fractures of the subaxial spine as well as burst fractures of the C1 ring (Jefferson's fracture).
Distraction while in extension (D) is the underlying mechanism of the Hangman's fracture.
Flexion with axial rotation (E) may lead to unilateral facet dislocation. Compression with lateral
bending (F) is the mechanism of horizontal facet fractures.11Conditions of extreme flexion (e.g.,
flexing in the flexed position [A]) may result in bilateral facet dislocation. Compression (axial
loading) in the flexed position (B) is the mechanism of the teardrop fracture. Compression in the
neutral position (C) may lead to burst fractures of the subaxial spine as well as burst fractures of



the C1 ring (Jefferson's fracture). Distraction while in extension (D) is the underlying mechanism
of the Hangman's fracture. Flexion with axial rotation (E) may lead to unilateral facet dislocation.
Compression with lateral bending (F) is the mechanism of horizontal facet fractures.1156. E –
Superior articular facet hypertrophyThis question tests the examinee's understanding of lumbar
anatomy as well as the pathogenesis of lumbar stenosis. The superior articular facet is situated
anterolaterally to the inferior articular facet of the level above, and makes up much of the
posterior limit of the lateral recess of the lumbar spinal canal. Therefore, superior articular facet
hypertrophy (E) is the most common cause of lateral recess stenosis in spondylosis. Disk
herniation (A) and ligamentum flavum hypertrophy (D) may contribute to lateral recess stenosis
but are less likely to cause lateral recess stenosis than superior articular facet hypertrophy (E).
Inferior articular facet hypertrophy (C) is incorrect because the superior articular facet is more
closely associated with the lateral recess. Hypertrophy of the pedicles (B) does not contribute to
lateral recess stenosis.10This question tests the examinee's understanding of lumbar anatomy
as well as the pathogenesis of lumbar stenosis. The superior articular facet is situated
anterolaterally to the inferior articular facet of the level above, and makes up much of the
posterior limit of the lateral recess of the lumbar spinal canal. Therefore, superior articular facet
hypertrophy (E) is the most common cause of lateral recess stenosis in spondylosis. Disk
herniation (A) and ligamentum flavum hypertrophy (D) may contribute to lateral recess stenosis
but are less likely to cause lateral recess stenosis than superior articular facet hypertrophy (E).
Inferior articular facet hypertrophy (C) is incorrect because the superior articular facet is more
closely associated with the lateral recess. Hypertrophy of the pedicles (B) does not contribute to
lateral recess stenosis.1057. E – All of the aboveDiplopia, oscillopsia, reduction of upgaze, and
a sense of impending doom are all more common with stimulation of the periaqueductal gray
than with stimulation of the periventricular gray region.2Diplopia, oscillopsia, reduction of
upgaze, and a sense of impending doom are all more common with stimulation of the
periaqueductal gray than with stimulation of the periventricular gray region.258. E –
PineoblastomaThe presence of bilateral ocular retinoblastomas along with the presence of a
pineoblastoma (E) is known as “trilateral retinoblastoma.” An understanding of this association is
facilitated by the recognition that the pineal gland is a photoreceptor organ. Astrocytoma (A),
medulloblastoma (B), neurofibroma (C), and optic nerve sheath tumor (D) are incorrect
responses.2The presence of bilateral ocular retinoblastomas along with the presence of a
pineoblastoma (E) is known as “trilateral retinoblastoma.” An understanding of this association is
facilitated by the recognition that the pineal gland is a photoreceptor organ. Astrocytoma (A),
medulloblastoma (B), neurofibroma (C), and optic nerve sheath tumor (D) are incorrect
responses.259. B – Giant ophthalmic artery aneurysm and evidence of vasospasm on
arteriogramEvidence of vasospasm on arteriogram (B) implies the potential for inadequate
collateral flow, which would put the patient at risk for ischemic neurologic deficits following
vessel sacrifice. While the presence of bilateral intracavernous carotid aneurysms (A) or
extracranial atherosclerotic disease (C) may be relative contraindications to carotid sacrifice in



this clinical scenario, they do not represent absolute contraindications. Carotid artery ligation is
not contraindicated in the setting of sudden loss of extraocular motility in the presence of an
intracavernous carotid artery aneurysm (D) or in the setting of traumatic dissecting aneurysm of
the petrous carotid artery (E).2Evidence of vasospasm on arteriogram (B) implies the potential
for inadequate collateral flow, which would put the patient at risk for ischemic neurologic deficits
following vessel sacrifice. While the presence of bilateral intracavernous carotid aneurysms (A)
or extracranial atherosclerotic disease (C) may be relative contraindications to carotid sacrifice
in this clinical scenario, they do not represent absolute contraindications. Carotid artery ligation
is not contraindicated in the setting of sudden loss of extraocular motility in the presence of an
intracavernous carotid artery aneurysm (D) or in the setting of traumatic dissecting aneurysm of
the petrous carotid artery (E).260. C – Foramen magnumThe “clockwise” progression of
weakness described in the vignette is classically associated with lesions at the foramen
magnum (C) such as a meningioma. Meningiomas of the clivus (A) may present with cranial
nerve palsies. Olfactory groove (D) and tuberculum sella (E) meningiomas may present with
visual symptoms, behavioral disturbances, or symptoms from increased intracranial pressure.
Parafalcine (B) meningiomas are not associated with the “clockwise” pattern of quadriparesis
described.4The “clockwise” progression of weakness described in the vignette is classically
associated with lesions at the foramen magnum (C) such as a meningioma. Meningiomas of the
clivus (A) may present with cranial nerve palsies. Olfactory groove (D) and tuberculum sella (E)
meningiomas may present with visual symptoms, behavioral disturbances, or symptoms from
increased intracranial pressure. Parafalcine (B) meningiomas are not associated with the
“clockwise” pattern of quadriparesis described.461. A – Clinoidal62. D – Infratrochlear
(Parkinson's)63. H – Posteromedial (Kawase's)64. D – Infratrochlear (Parkinson's)65. A –
Clinoidal66. E – Anteromedial67. B – Oculomotor68. F – Anterolateral69. G – Posterolateral
(Glasscock's)70. H – Posteromedial (Kawase's)The clinoidal, oculomotor, supratrochlear, and
infratrochlear triangles are the four triangles of the cavernous sinus. The clinoidal (A) triangle lies
between the optic nerve and oculomotor nerve and can be exposed by removal of the anterior
clinoid process to reveal the clinoidal segment of the internal carotid artery. The oculomotor (B)
triangle is bordered by the anterior and posterior petroclinoidal dural folds and the intraclinoidal
dural fold. The oculomotor nerve enters the cavernous sinus in the center of the oculomotor (B)
triangle. The supratrochlear (C) triangle lies between the inferior margin of the oculomotor nerve
and superior margin of the trochlear nerve—this triangle is very small. The infratrochlear (D)
triangle, or Parkinson's (D) triangle, lies between the inferior margin of the trochlear nerve and
superior margin of the ophthalmic nerve (V1) and contains the intracavernous carotid artery and
the meningohypophyseal trunk. Parkinson described a surgical approach through the
infratrochlear (D) triangle for the treatment of carotid-cavernous fistulas. The anterolateral,
anteromedial, posterolateral, and posteromedial triangles are the four triangles of the middle
fossa. The anteromedial (E) triangle lies between the lower margin of the ophthalmic nerve (V1)
and the upper margin of the maxillary nerve (V2). Drilling the bone in the anteromedial (E)



triangle opens into the sphenoid sinus. The anterolateral (F) triangle lies between the inferior
margin of the maxillary nerve (V2) and the upper margin of the mandibular nerve (V3). The
posterolateral (Glasscock's) (G) triangle opens laterally to the mandibular nerve (V3), anterior to
the point at which the greater superficial petrosal nerve crosses V3, and contains the middle
meningeal artery in foramen spinosum. The posteromedial triangle (Kawase's) (H) contains the
cochlea in its lateral apex, and also contains the petrous carotid artery. The medial portion of
Kawase's triangle can be drilled in an anterior petrosectomy for approaches to the anterolateral
brainstem and low-riding basilar bifurcations.1 (For questions 61–70, figure used with
permission of Dr. Al Rhoton.)The clinoidal, oculomotor, supratrochlear, and infratrochlear
triangles are the four triangles of the cavernous sinus. The clinoidal (A) triangle lies between the
optic nerve and oculomotor nerve and can be exposed by removal of the anterior clinoid
process to reveal the clinoidal segment of the internal carotid artery. The oculomotor (B) triangle
is bordered by the anterior and posterior petroclinoidal dural folds and the intraclinoidal dural
fold. The oculomotor nerve enters the cavernous sinus in the center of the oculomotor (B)
triangle. The supratrochlear (C) triangle lies between the inferior margin of the oculomotor nerve
and superior margin of the trochlear nerve—this triangle is very small. The infratrochlear (D)
triangle, or Parkinson's (D) triangle, lies between the inferior margin of the trochlear nerve and
superior margin of the ophthalmic nerve (V1) and contains the intracavernous carotid artery and
the meningohypophyseal trunk. Parkinson described a surgical approach through the
infratrochlear (D) triangle for the treatment of carotid-cavernous fistulas. The anterolateral,
anteromedial, posterolateral, and posteromedial triangles are the four triangles of the middle
fossa. The anteromedial (E) triangle lies between the lower margin of the ophthalmic nerve (V1)
and the upper margin of the maxillary nerve (V2). Drilling the bone in the anteromedial (E)
triangle opens into the sphenoid sinus. The anterolateral (F) triangle lies between the inferior
margin of the maxillary nerve (V2) and the upper margin of the mandibular nerve (V3). The
posterolateral (Glasscock's) (G) triangle opens laterally to the mandibular nerve (V3), anterior to
the point at which the greater superficial petrosal nerve crosses V3, and contains the middle
meningeal artery in foramen spinosum. The posteromedial triangle (Kawase's) (H) contains the
cochlea in its lateral apex, and also contains the petrous carotid artery. The medial portion of
Kawase's triangle can be drilled in an anterior petrosectomy for approaches to the anterolateral
brainstem and low-riding basilar bifurcations.1 (For questions 61–70, figure used with
permission of Dr. Al Rhoton.)71. B – Absence of third nerve palsyPatients with posterior
communication artery aneurysms who do not have a third nerve palsy (B) or whose angiogram
reveals the aneurysm projecting laterally to the carotid are more likely to have aneurysm domes
that are adherent to the temporal lobe. Choices C and D are incorrect because they contradict
this statement. Neither loss of consciousness (A) nor seizures (E) predict aneurysm adherence
to the temporal lobe.5Patients with posterior communication artery aneurysms who do not have
a third nerve palsy (B) or whose angiogram reveals the aneurysm projecting laterally to the
carotid are more likely to have aneurysm domes that are adherent to the temporal lobe. Choices



C and D are incorrect because they contradict this statement. Neither loss of consciousness (A)
nor seizures (E) predict aneurysm adherence to the temporal lobe.572. A – Axillary
nerveWeakness of the deltoid muscle could be caused by injury to the axillary nerve (A), which
innervates the deltoid. The dorsal scapular nerve (B) innervates the rhomboid muscles as well
as the levator scapulae. The musculocutaneous nerve (C) innervates the muscles of the anterior
compartment of the arm including the biceps brachii and the coracobrachialis muscles. The
suprascapular nerve (D) innervates the supraspinatus and infraspinatus muscles. An injury to
the thoracodorsal nerve (E) would cause weakness of the latissimus dorsi muscle.6Weakness
of the deltoid muscle could be caused by injury to the axillary nerve (A), which innervates the
deltoid. The dorsal scapular nerve (B) innervates the rhomboid muscles as well as the levator
scapulae. The musculocutaneous nerve (C) innervates the muscles of the anterior compartment
of the arm including the biceps brachii and the coracobrachialis muscles. The suprascapular
nerve (D) innervates the supraspinatus and infraspinatus muscles. An injury to the thoracodorsal
nerve (E) would cause weakness of the latissimus dorsi muscle.673. A – Escherichia coliE. coli
(A) is the most common cause of subdural empyema in the infant following meningitis.
Streptococcus pneumoniae meningitis may also lead to subdural empyemas. Listeria (C),
Neisseria (D), and Staphylococcus (E) are incorrect responses.12E. coli (A) is the most
common cause of subdural empyema in the infant following meningitis. Streptococcus
pneumoniae meningitis may also lead to subdural empyemas. Listeria (C), Neisseria (D), and
Staphylococcus (E) are incorrect responses.1274. D – NerveThe manifestations of Sudeck's
atrophy are late changes of reflex sympathetic dystrophy (CPRS I, RSD). This condition may
involve atrophic changes in the bone (A), joints (B), muscle (C), and skin (E), but not the nerve
(D). The diagnosis of CRPS I, or reflex sympathetic dystrophy, is made only in the absence of a
known nerve injury (in contrast with CRPS II, or causalgia, which requires a known nerve injury
for diagnosis).2The manifestations of Sudeck's atrophy are late changes of reflex sympathetic
dystrophy (CPRS I, RSD). This condition may involve atrophic changes in the bone (A), joints
(B), muscle (C), and skin (E), but not the nerve (D). The diagnosis of CRPS I, or reflex
sympathetic dystrophy, is made only in the absence of a known nerve injury (in contrast with
CRPS II, or causalgia, which requires a known nerve injury for diagnosis).275. E – Closure of the
caudal neuropore: Day 2676. D – Closure of the cranial neuropore: Day 2477. B – Formation of
the notochord: Day 1778. A – Formation of the primitive streak: Day 1379. C – Fusion of the
neural folds to form the neural tube: Day 22Primary neurulation consists of the following events
in this order: The primitive streak forms on day 13 (A), notochord formation occurs on day 17 (B),
the neural folds fuse to form the neural tube on day 22 (C), the cranial neuropore closes on day
24 (D), and the caudal neuropore closes on day 26 (E). Abnormalities during this stage of
embryogenesis cause neural tube defects and Chiari malformations.13,14Primary neurulation
consists of the following events in this order: The primitive streak forms on day 13 (A), notochord
formation occurs on day 17 (B), the neural folds fuse to form the neural tube on day 22 (C), the
cranial neuropore closes on day 24 (D), and the caudal neuropore closes on day 26 (E).



Abnormalities during this stage of embryogenesis cause neural tube defects and Chiari
malformations.13,1480. B – I, IIIThe subclavian steal syndrome is associated with symptoms of
vertebrobasilar insufficiency. It occurs when increased activity of the left arm (III) results in
shunting of blood into the left subclavian that is occluded proximal to the origin of the left
vertebral artery (I). The blood flow in the vertebral artery is reversed, resulting in partial
brainstem ischemia exacerbated by use of the left arm. Occlusion of the left subclavian artery
distal to the origin of the left vertebral artery (II) would not cause reversal of flow in the left
vertebral artery, and therefore would not cause subclavian steal syndrome. Occlusion of the left
vertebral artery (IV) might cause symptoms of vertebrobasilar insufficiency, but this would not be
an example of subclavian steal.3The subclavian steal syndrome is associated with symptoms of
vertebrobasilar insufficiency. It occurs when increased activity of the left arm (III) results in
shunting of blood into the left subclavian that is occluded proximal to the origin of the left
vertebral artery (I). The blood flow in the vertebral artery is reversed, resulting in partial
brainstem ischemia exacerbated by use of the left arm. Occlusion of the left subclavian artery
distal to the origin of the left vertebral artery (II) would not cause reversal of flow in the left
vertebral artery, and therefore would not cause subclavian steal syndrome. Occlusion of the left
vertebral artery (IV) might cause symptoms of vertebrobasilar insufficiency, but this would not be
an example of subclavian steal.381. B – CoronallyThe coronal orientation of the facets in the
upper thoracic spine leads to significant resistance to anterior translation but little resistance to
rotation. In the lower thoracic spine, the facets become more sagittally oriented, and less
resistance to anterior translation is offered.3The coronal orientation of the facets in the upper
thoracic spine leads to significant resistance to anterior translation but little resistance to
rotation. In the lower thoracic spine, the facets become more sagittally oriented, and less
resistance to anterior translation is offered.382. A – Back painWhile it is possible for a thoracic
disk herniation to cause either thoracic myelopathy, which may be characterized by leg
numbness (B), leg weakness (C), or urinary incontinence (E); or thoracic radiculopathy, which
could cause thoracic numbness (D); or thoracic pain in a dermatomal distribution, the most
common presenting symptom of a herniated thoracic disk is back pain (A). Back pain is the
presenting complaint of 57 to 88% of patients with a thoracic herniated disk.3While it is possible
for a thoracic disk herniation to cause either thoracic myelopathy, which may be characterized by
leg numbness (B), leg weakness (C), or urinary incontinence (E); or thoracic radiculopathy,
which could cause thoracic numbness (D); or thoracic pain in a dermatomal distribution, the
most common presenting symptom of a herniated thoracic disk is back pain (A). Back pain is the
presenting complaint of 57 to 88% of patients with a thoracic herniated disk.383. A – I, II,
IIIOcclusion of the thalamostriate vein during the subchoroidal transvelum interpositum
approach to the third ventricle may result in drowsiness (I), hemiparesis (II), or mutism (III).
Seizures (IV) have not been reported after the ligation of the thalamostriate vein during this
approach.5Occlusion of the thalamostriate vein during the subchoroidal transvelum interpositum
approach to the third ventricle may result in drowsiness (I), hemiparesis (II), or mutism (III).



Seizures (IV) have not been reported after the ligation of the thalamostriate vein during this
approach.584. E – Labyrinthine segment of the facial nerve85. C – Meatal segment of the facial
nerve86. D – Superior vestibular nerve87. A – Greater superficial petrosal nerve88. B –
Geniculate ganglionThis set of questions tests relevant anatomy for the middle fossa approach
to the internal acoustic meatus. The meatal segment of the facial nerve (C) is noted in its
superoanterior position in the internal acoustic meatus with the superior vestibular nerve (D)
being located just lateral to it. The inferior vestibular nerve and cochlear nerve are obscured
from view. The labyrinthine segment of the facial nerve (E) is noted just before the facial nerve
enters the geniculate ganglion (B). The greater superficial petrosal nerve (A) turns
anteromedially to run along the middle fossa floor. The cochlea is noted in the angle formed by
the facial nerve and greater superficial petrosal nerve.1 (For questions 84–88, figure used with
permission of Dr. Al Rhoton.)This set of questions tests relevant anatomy for the middle fossa
approach to the internal acoustic meatus. The meatal segment of the facial nerve (C) is noted in
its superoanterior position in the internal acoustic meatus with the superior vestibular nerve (D)
being located just lateral to it. The inferior vestibular nerve and cochlear nerve are obscured
from view. The labyrinthine segment of the facial nerve (E) is noted just before the facial nerve
enters the geniculate ganglion (B). The greater superficial petrosal nerve (A) turns
anteromedially to run along the middle fossa floor. The cochlea is noted in the angle formed by
the facial nerve and greater superficial petrosal nerve.1 (For questions 84–88, figure used with
permission of Dr. Al Rhoton.)89. B – Anterior, superior, inferiorIn the series of Sugita and
Kobayashi, the facial nerve was anterior to the tumor in 50%, superior in 30%, and inferior in
15% of cases.15In the series of Sugita and Kobayashi, the facial nerve was anterior to the tumor
in 50%, superior in 30%, and inferior in 15% of cases.1590. E – Skin plaques (false)Skin plaques
(E) are the most common skin lesions seen in neurofibromatosis type 2. They are well-
circumscribed, raised, rough areas of skin that may be associated with excess hair. Axillary
freckles (A), café au lait spots (B), Lisch nodules (C), and multiple typical skin neurofibromas (D)
are all characteristics of neurofibromatosis type 1.6,12Skin plaques (E) are the most common
skin lesions seen in neurofibromatosis type 2. They are well-circumscribed, raised, rough areas
of skin that may be associated with excess hair. Axillary freckles (A), café au lait spots (B), Lisch
nodules (C), and multiple typical skin neurofibromas (D) are all characteristics of
neurofibromatosis type 1.6,1291. D – Postoperative tumor residualOf the choices available,
postoperative tumor residual (D) is the most important factor in meningioma recurrence. Bone
invasion (B) could influence recurrence rates as it may limit the extent of tumor resection,
particularly for lesions at the skull base. Histologic type of benign meningioma (C) is incorrect
because this answer choice implies that the lesion is WHO grade I. Certainly WHO grade II
(atypical) and WHO grade III (anaplastic) meningiomas have a higher recurrence rate than
grade I (benign) lesions, but this is not an answer choice. Patient age (A) and sex (E) are
incorrect responses.3Of the choices available, postoperative tumor residual (D) is the most
important factor in meningioma recurrence. Bone invasion (B) could influence recurrence rates



as it may limit the extent of tumor resection, particularly for lesions at the skull base. Histologic
type of benign meningioma (C) is incorrect because this answer choice implies that the lesion is
WHO grade I. Certainly WHO grade II (atypical) and WHO grade III (anaplastic) meningiomas
have a higher recurrence rate than grade I (benign) lesions, but this is not an answer choice.
Patient age (A) and sex (E) are incorrect responses.392. B – Cerebellopontine angle cistern93.
D – Lateral cerebellomedullary cistern94. A – Ambient cistern95. A – Ambient cistern96. B –
Cerebellopontine angle cistern97. C – Interpeduncular cistern98. D – Lateral cerebellomedullary
cisternThe ambient cistern (A) contains portions of the superior cerebellar artery and the
trochlear nerve as it courses around the lateral brainstem. The cerebellopontine angle cistern
(B) contains the anteroinferior cerebellar artery and the trigeminal nerve. The interpeduncular
cistern (C) contains the basal vein of Rosenthal. The lateral cerebellomedullary cistern (D)
contains the choroid plexus at the foramen of Luschka and the origin of the posteroinferior
cerebellar artery (PICA). None of the structures listed are located in the prepontine cistern
(E).16The ambient cistern (A) contains portions of the superior cerebellar artery and the
trochlear nerve as it courses around the lateral brainstem. The cerebellopontine angle cistern
(B) contains the anteroinferior cerebellar artery and the trigeminal nerve. The interpeduncular
cistern (C) contains the basal vein of Rosenthal. The lateral cerebellomedullary cistern (D)
contains the choroid plexus at the foramen of Luschka and the origin of the posteroinferior
cerebellar artery (PICA). None of the structures listed are located in the prepontine cistern
(E).1699. B – Cochlear and inferior vestibular nerves from the facial and superior vestibular
nervesThis question tests the examinee's knowledge of the relationships of the nerves in the
internal acoustic meatus. Anteriorly, the facial nerve is superior to the cochlear nerve (“7-up,
coke down”). Posteriorly, the superior and inferior vestibular nerves are related to one another as
their names imply. The transverse crest runs horizontally separating the two superior structures
(facial nerve anteriorly and superior vestibular nerve posteriorly) from the two inferior structures
(cochlear nerve anteriorly and inferior vestibular nerve posteriorly).2This question tests the
examinee's knowledge of the relationships of the nerves in the internal acoustic meatus.
Anteriorly, the facial nerve is superior to the cochlear nerve (“7-up, coke down”). Posteriorly, the
superior and inferior vestibular nerves are related to one another as their names imply. The
transverse crest runs horizontally separating the two superior structures (facial nerve anteriorly
and superior vestibular nerve posteriorly) from the two inferior structures (cochlear nerve
anteriorly and inferior vestibular nerve posteriorly).2100. B – Deafness is more common than
permanent facial weakness as a complication of microvascular decompression.Hemifacial
spasm is more common in females (C is incorrect); it typically begins in the orbicularis muscles
and progresses caudally (D is incorrect). At microvascular decompression the most common
finding is compression by the posteroinferior cerebellar artery (PICA) (A is incorrect); the cure
rate at 1 month is 86% (E is incorrect). Deafness occurs in 2.7% of patients, and permanent
facial weakness occurs in 1.5% of patients after microvascular decompression (B is
correct).6Hemifacial spasm is more common in females (C is incorrect); it typically begins in the



orbicularis muscles and progresses caudally (D is incorrect). At microvascular decompression
the most common finding is compression by the posteroinferior cerebellar artery (PICA) (A is
incorrect); the cure rate at 1 month is 86% (E is incorrect). Deafness occurs in 2.7% of patients,
and permanent facial weakness occurs in 1.5% of patients after microvascular decompression
(B is correct).6101. E – Subtemporal approachPossible approaches to an aneurysm of the
vertebrobasilar junction include the extended extreme lateral inferior transcondylar approach
(A), the lateral suboccipital approach (B), the presigmoid transtentorial approach (C), and the
retrolabyrinthine transsigmoid approach (D). The subtemporal approach (E) is best suited for
aneurysms of the upper basilar trunk arising within 2 cm below the tip of the posterior
clinoid.3,5Possible approaches to an aneurysm of the vertebrobasilar junction include the
extended extreme lateral inferior transcondylar approach (A), the lateral suboccipital approach
(B), the presigmoid transtentorial approach (C), and the retrolabyrinthine transsigmoid approach
(D). The subtemporal approach (E) is best suited for aneurysms of the upper basilar trunk
arising within 2 cm below the tip of the posterior clinoid.3,5102. A – HeadacheHeadache (A) is
the initial symptom in more than 75% of patients with colloid cysts, and almost all patients with
this lesion experience headache. “Drop attacks,” possibly secondary to acute hydrocephalus
that suddenly stretches corticospinal leg fibers (sudden leg weakness [D]), are associated with
colloid cysts. Dementia (B) may be prominent, and seizures (C) occur in ~20% of patients. An
association with sudden death (E) has been reported.3Headache (A) is the initial symptom in
more than 75% of patients with colloid cysts, and almost all patients with this lesion experience
headache. “Drop attacks,” possibly secondary to acute hydrocephalus that suddenly stretches
corticospinal leg fibers (sudden leg weakness [D]), are associated with colloid cysts. Dementia
(B) may be prominent, and seizures (C) occur in ~20% of patients. An association with sudden
death (E) has been reported.3103. C – Inferior and anterior104. D – Inferior and posterior105. A
– Superior and anterior106. B – Superior and posteriorThis question tests the examinee's
understanding of the anatomy of the internal acoustic meatus viewed through a middle fossa
approach. The first step is getting oriented by identifying known structures. The cochlea has
been exposed in the angle created by the facial nerve (A) and greater superficial petrosal nerve
(not labeled), which we know is anteromedial to the internal acoustic meatus. A portion of the
labyrinth has been exposed to reveal one of the semicircular canals posterolaterally (closest to
B). As such, we know this is a view of the IAC from above (middle fossa approach) on the
patient's right side. The facial nerve is noted superior and anterior (A) coursing toward the
geniculate ganglion. The cochlear nerve is situated in an inferior and anterior (C) position on its
way to the cochlea. The superior and inferior vestibular nerves are situated posteriorly (B and D,
respectively) en route to the labyrinth. (For questions 103–106, figure used with permission of Dr.
Al Rhoton.)This question tests the examinee's understanding of the anatomy of the internal
acoustic meatus viewed through a middle fossa approach. The first step is getting oriented by
identifying known structures. The cochlea has been exposed in the angle created by the facial
nerve (A) and greater superficial petrosal nerve (not labeled), which we know is anteromedial to



the internal acoustic meatus. A portion of the labyrinth has been exposed to reveal one of the
semicircular canals posterolaterally (closest to B). As such, we know this is a view of the IAC
from above (middle fossa approach) on the patient's right side. The facial nerve is noted superior
and anterior (A) coursing toward the geniculate ganglion. The cochlear nerve is situated in an
inferior and anterior (C) position on its way to the cochlea. The superior and inferior vestibular
nerves are situated posteriorly (B and D, respectively) en route to the labyrinth. (For questions
103–106, figure used with permission of Dr. Al Rhoton.)107. A – Congestive heart
failureNeonates with congestive heart failure (A) usually have multiple fistulas, and over 25% of
their cardiac output is shunted. Hydrocephalus (B) and seizures (D) are more common in
infants, whereas subarachnoid hemorrhage (E), decreased cognition, and intraparenchymal
hemorrhage (C) are more common in older children and adults.3Neonates with congestive heart
failure (A) usually have multiple fistulas, and over 25% of their cardiac output is shunted.
Hydrocephalus (B) and seizures (D) are more common in infants, whereas subarachnoid
hemorrhage (E), decreased cognition, and intraparenchymal hemorrhage (C) are more common
in older children and adults.3108. B – Compression fractureThis type of fracture is generally
stable because the middle column is intact, by definition (utilizing the three-column spine
model). Posterior column failure can still occur, however, if the anterior body height is reduced by
more than half. The resulting kyphotic deformity can lead to neurologic deficit.3This type of
fracture is generally stable because the middle column is intact, by definition (utilizing the three-
column spine model). Posterior column failure can still occur, however, if the anterior body height
is reduced by more than half. The resulting kyphotic deformity can lead to neurologic
deficit.3109. B – Fracture-dislocations involve all three columns.Compression fractures are the
most common thoracolumbar spine fracture (A is incorrect). Seat belt injuries refer to flexion-
distraction type injuries that are often unstable (C is incorrect). Wedge compression fractures
generally involve the anterior column and are usually stable (D and E are
incorrect).3Compression fractures are the most common thoracolumbar spine fracture (A is
incorrect). Seat belt injuries refer to flexion-distraction type injuries that are often unstable (C is
incorrect). Wedge compression fractures generally involve the anterior column and are usually
stable (D and E are incorrect).3110. B – A result of cytotoxic edema (false)Diffuse brain swelling
is a vasoactive posttraumatic phenomenon occurring within hours of head injury. It is thought to
be a result of cerebrovascular congestion (A) and can be manifested on CT scan by a
compression of the perimesencephalic cistern (D). This pathologic process is more common in
children than adults (E), and may be associated with a 50% mortality rate in severely head
injured children (C). It is distinct from the vasogenic or cytotoxic edema (B) that occurs
later.7Diffuse brain swelling is a vasoactive posttraumatic phenomenon occurring within hours of
head injury. It is thought to be a result of cerebrovascular congestion (A) and can be manifested
on CT scan by a compression of the perimesencephalic cistern (D). This pathologic process is
more common in children than adults (E), and may be associated with a 50% mortality rate in
severely head injured children (C). It is distinct from the vasogenic or cytotoxic edema (B) that



occurs later.7111. C – Parietal skull fractureOf the choices listed, an isolated parietal skull
fracture (C) is the least suggestive of child abuse, or nonaccidental trauma. Acute and healing
long bone fractures (A), retinal hemorrhages (D), and the presence of subdural hematomas (B
and E) should be treated as nonaccidental trauma until proven otherwise. When associated with
abuse, skull fractures tend to be multiple or complex, depressed, and nonparietal.7,9Of the
choices listed, an isolated parietal skull fracture (C) is the least suggestive of child abuse, or
nonaccidental trauma. Acute and healing long bone fractures (A), retinal hemorrhages (D), and
the presence of subdural hematomas (B and E) should be treated as nonaccidental trauma until
proven otherwise. When associated with abuse, skull fractures tend to be multiple or complex,
depressed, and nonparietal.7,9112. E – Metopic suturePremature closure of the metopic suture
(E) results in trigonocephaly. The incidence of trigonocephaly ranges from 10 to
16%.7Premature closure of the metopic suture (E) results in trigonocephaly. The incidence of
trigonocephaly ranges from 10 to 16%.7113. B – Lumbar regionThe cleft is located in the lumbar
region (B) in 47%, thoracolumbar region in 27%, thoracic region (D) in 23%, and sacral (C) or
cervical region (A) in 1.5% of cases.3The cleft is located in the lumbar region (B) in 47%,
thoracolumbar region in 27%, thoracic region (D) in 23%, and sacral (C) or cervical region (A) in
1.5% of cases.3114. E – 80%Up to 80% of patients with mycotic aneurysms carry an underlying
diagnosis of subacute bacterial endocarditis.3Up to 80% of patients with mycotic aneurysms
carry an underlying diagnosis of subacute bacterial endocarditis.3115. A – Infected emboli lodge
in the vasa vasorum (false).Bacterial (mycotic) intracranial aneurysms are typically located in the
peripheral branches (C) of the middle cerebral artery territory (B). Staphylococcus aureus and b-
hemolytic streptococci species (E) are the most common offending agents. The observation that
vasa vasorum are found only on the first segment of the internal carotid artery (ICA), an unusual
site of the development of bacterial aneurysms, has discredited the notion that infected emboli
lodge in the vasa vasorum (A). Although these aneurysms have a high tendency to bleed, typical
subarachnoid hemorrhage occurs in less than 20% of patients (D).3Bacterial (mycotic)
intracranial aneurysms are typically located in the peripheral branches (C) of the middle cerebral
artery territory (B). Staphylococcus aureus and b-hemolytic streptococci species (E) are the
most common offending agents. The observation that vasa vasorum are found only on the first
segment of the internal carotid artery (ICA), an unusual site of the development of bacterial
aneurysms, has discredited the notion that infected emboli lodge in the vasa vasorum (A).
Although these aneurysms have a high tendency to bleed, typical subarachnoid hemorrhage
occurs in less than 20% of patients (D).3116. E – Occur most commonly between the ages of 2
and 5 years (false)Growing skull fractures may cross suture lines (A), may be associated with an
underlying brain injury (B), tend to occur if the initial fracture is separated by more than 3 mm
(C), and occur most commonly in the parietal bone (D). Up to 75% of patients with growing skull
fractures are , 1 year old (E is false, and therefore the correct answer choice).7Growing skull
fractures may cross suture lines (A), may be associated with an underlying brain injury (B), tend
to occur if the initial fracture is separated by more than 3 mm (C), and occur most commonly in



the parietal bone (D). Up to 75% of patients with growing skull fractures are , 1 year old (E is
false, and therefore the correct answer choice).7117. E – 100%One hundred percent (E) of
infants with myelomeningocele have MRI evidence of a Chiari II malformation, the mechanism of
which is thought to be due to CSF leaking through the myelomeningocele during
development.3One hundred percent (E) of infants with myelomeningocele have MRI evidence of
a Chiari II malformation, the mechanism of which is thought to be due to CSF leaking through
the myelomeningocele during development.3118. A – I, II, III (cholesterol, calcific, and platelet-
fibrin)Cholesterol emboli (I) (Hollenhorst plaques) are associated with ulcerated atheromatous
plaques of the ICA. Calcific emboli (II) originate from the cardiac valves. Platelet-fibrin emboli (III)
are thought to arise from large-vessel mural thrombi. Fat emboli (IV) result after trauma to
marrow-containing bones and therefore are not due to cardiovascular disease of the heart and
great vessels.4Cholesterol emboli (I) (Hollenhorst plaques) are associated with ulcerated
atheromatous plaques of the ICA. Calcific emboli (II) originate from the cardiac valves. Platelet-
fibrin emboli (III) are thought to arise from large-vessel mural thrombi. Fat emboli (IV) result after
trauma to marrow-containing bones and therefore are not due to cardiovascular disease of the
heart and great vessels.4119. B – I, III (superior vermian vein, precentral cerebellar vein)The
superior vermian vein (I) and precentral cerebellar vein (III) are usually sacrificed during the
infratentorial supracerebellar approach to the pineal region. The basal vein of Rosenthal (IV) and
posterior pericallosal vein (II) are not sacrificed during this approach.5The superior vermian vein
(I) and precentral cerebellar vein (III) are usually sacrificed during the infratentorial
supracerebellar approach to the pineal region. The basal vein of Rosenthal (IV) and posterior
pericallosal vein (II) are not sacrificed during this approach.5120. B – Loudness recruitment
(false)An absence of loudness recruitment (B is incorrect) is characteristic of a nerve trunk
lesion, including an acoustic neuroma. Recruiting deafness occurs with a lesion in the organ of
Corti (e.g., Ménière's disease). The other responses (Békésy type III or IV audiogram [A], low
short-increment sensitivity index [C], poor speech discrimination [D], and pronounced tone
decay [E]) are all characteristic of a retrocochlear (nerve) lesion such as an acoustic
neuroma.4An absence of loudness recruitment (B is incorrect) is characteristic of a nerve trunk
lesion, including an acoustic neuroma. Recruiting deafness occurs with a lesion in the organ of
Corti (e.g., Ménière's disease). The other responses (Békésy type III or IV audiogram [A], low
short-increment sensitivity index [C], poor speech discrimination [D], and pronounced tone
decay [E]) are all characteristic of a retrocochlear (nerve) lesion such as an acoustic neuroma.4
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