



    [image: image]







Oral and Maxillofacial Surgery Review



[image: image] One book, one tree: In support of reforestation worldwide and to address the climate crisis, for every book sold Quintessence Publishing will plant a tree (https://onetreeplanted.org/).

Library of Congress Control Number: 2024936067

    A CIP record for this book is available from the British Library.
E-ISBN: 978-1-64724-214-5

    [image: image]

© 2024 Quintessence Publishing Co, Inc

    Quintessence Publishing Co, Inc
411 N Raddant Road
Batavia, IL 60510
www.quintessence-publishing.com

    5 4 3 2 1

All rights reserved. This book or any part thereof may not be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical, photocopying, or otherwise, without prior written permission of the publisher.

    Editor: Leah Huffman
Assistant editor: Savanna DiCostanzo
Production: Angelina Schmelter
Design: Sue Zubek



    [image: image]



About the Author

Rahaf Y. Alhabbab, BDS, MsD, DABOMS, is currently an oral and maxillofacial surgery consultant at King Fahad Hospital General in Jeddah, Saudi Arabia. She is the founder and head of the orthognathic surgery unit there as well as the residency program director of the Saudi boards. She received her advanced oral and maxillofacial training at McGill University in Montreal after finishing her education at King Abdulaziz University in Saudi Arabia, the University of Connecticut, and New York University. In the United States, she is a diplomate of the American boards of oral and maxillofacial surgery, including three subspecialties (cosmetics, orthognathics, and facial trauma reconstruction). In addition to her academic affiliations, Dr Alhabbab is currently the chairman of the Saudi Board Western Region, the head of the Western Region Examination Committee, and the head of the scientific program of the Saudi Board Western Region in the Saudi Commission for Health Specialties.



Preface

As a senior consultant, educator, and long-time residency program director, I constantly observe the struggle that residents, trainees, specialists, and even researchers have in accessing the necessary and relevant information regarding oral and maxillofacial surgery (OMFS). The most frequently asked questions I get are “what should I read?” and “where should I study from?” I wrote this book because there wasn’t a comprehensive resource I could point to.

The aim of this book is to cover basic and advanced knowledge related to the specialty of OMFS. It is structured as multiple-choice questions and some free-response questions organized by topic into chapters. The 14 chapters include anatomy, anesthesia, cleft lip and palate, cosmetics, craniofacial deformities, dental implants, dentoalveolar surgery, distraction osteogenesis, infection and oral pathology, medicine, orthognathics, soft tissue reconstructive surgery, temporomandibular joint, and trauma.

Each multiple-choice question is followed by the correct answer choice and a detailed explanation with up-to-date information from the latest literature or basic books recognized worldwide as the best in the specialty. Illustrations and tables are part of some answers as well, providing visual description and clarity.

As a comprehensive deep dive into OMFS, the book is based on knowledge taught at American, Canadian, and other international residency programs and includes common and important questions collected from board exam banks, ensuring that all knowledge needed to pass any board exam in the specialty is covered. The book can also be used as a reference for quick access to pertinent and relevant information.

The primary goal of this book is to answer the call for one source that covers all things OMFS. I hope it will be useful to you on your OMFS journey.
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	Anatomy






Multiple-Choice Questions

1. The modiolus of the face plays a major role in the formation of which of the following?


	Nasolabial fold

	Deep transverse forehead

	Infraorbital fold

	Upper eyelid fold



a: The modiolus is a fibromuscular structure located 10 to 12 mm lateral and slightly superior to both angles of the mouth, where both extrinsic and intrinsic muscles meet. Muscle fibers diverge and others converge from this point of decussation, making it easy to palpate.

It plays a significant part in facial expressions and lower face cosmetics due to its role in nasolabial fold formation. The modiolus has a direct relationship with the shape of the fold and is therefore central to the youthful appearance of the lower face.


Ref: Çalışkan S, Çelebioglu EC, Akkaşoğlu S, Beşer CG, Sargon MF. Anatomical and radiological evaluation of modiolus anguli oris in facial anatomy. J Surg Med 2019;3:694–697.



2. The modiolus results from the intersection of which of the following muscles?


	Levator labii superioris, zygomaticus major, zygomaticus minor, risorius, and platysma

	Levator anguli oris, zygomaticus minor, buccinator, platysma, and levator anguli oris

	Levator labii superioris, zygomaticus minor, buccinator, platysma, and depressor anguli oris

	Levator anguli oris, zygomaticus major, risorius, buccinator, and depressor anguli oris



d: Both extrinsic and intrinsic muscles of the face meet at the lateral corner of the mouth, forming the modiolus. These muscles include the orbicularis oris, buccinators, levator labii superioris, levator anguli oris, depressor labii inferioris, depressor anguli oris, zygomaticus major, and risorius.

Contraction of these muscles results in facial expressions of the lower face, emphasizing the importance of the modiolus, where these muscles intersect.


Ref: Yu SK, Lee MH, Kim HS, Park JT, Kim HJ, Kim HJ. Histomorphologic approach for the modiolus with reference to reconstructive and aesthetic surgery. J Craniofac Surg 2013;24:1414–1417.




3. Which of the following statements is correct regarding the modiolus?


	The facial dynamics must be active to evaluate the relationship between the modiolus and nasolabial fold.

	A short, concave nasolabial fold appears in cases with a weak trophic modiolus.

	Cheek mass descends medial to the nasolabial fold with aging.

	The modiolus is supplied by the buccal artery.



c: The modiolus is important to the formation of the nasolabial fold (NLF). Cheek mass lateral to the nasolabial fold can descend medially with age if laterally unopposed. The superficial musculo-aponeurotic system is believed to be responsible for this occurrence, whereas the superficial fascia of the face extends medial to the NLF, converging at the modiolus.

To evaluate the relationship of the modiolus to the nasolabial fold, the facial dynamics must be at rest. A weak trophic modiolus results in a long and concave NLF, whereas a strong modiolus results in a short and concave NLF. The modiolus is supplied by the facial artery, terminating laterally as the angular artery.


Ref: Yu SK, Lee MH, Kim HS, Park JT, Kim HJ, Kim HJ. Histomorphologic approach for the modiolus with reference to reconstructive and aesthetic surgery. J Craniofac Surg 2013;24:1414–1417.



4. Which of the following nerves innervates the posterior digastric muscle?


	Vestibulocochlear (VIII) nerve

	Facial (VII) nerve

	Abducent (VI) nerve

	Glossopharyngeal (IX) nerve



b: The posterior belly of the digastric muscle is derived from the second pharyngeal arch; therefore, it is innervated by the facial nerve (CN VII) through the digastric branch. The blood supply to the posterior digastric muscle flows through the occipital artery, arising from the external carotid artery.


Ref: Kohan EJ, Wirth GA. Anatomy of the neck. Clin Plastic Surg 2014;41:1–6.



5. Which of the following nerves innervates the anterior digastric muscle?


	Facial (VII) nerve

	Hypoglossal nerve

	Mylohyoid nerve

	Ansa cervicalis (C1–C3) nerve



c: The anterior belly of the digastric muscle is derived from a depression in the inner surface of the mandible, known as the digastric fossa. It is innervated by the mylohyoid nerve, a branch of the mandibular division (VIII) of the trigeminal nerve (V). The blood supply to the anterior digastric muscle flows through the submental branch of the facial artery.


Ref: Kohan EJ, Wirth GA. Anatomy of the neck. Clin Plastic Surg 2014;41:1–6.



6. The parasympathetic fibers to the globe follow the course of which of the following nerves?


	II

	III

	IX

	VII




b: Pre- and postganglionic fibers of the parasympathetic nervous system synapse next to the target organ, unlike the sympathetic nervous system that synapses next to the spinal cord.

The parasympathetic fibers to the globe arise from the Edinger-Westphal nucleus, the most superior part of the oculomotor nucleus. These fibers follow the oculomotor nerve course, synapsing in the ciliary ganglion behind the globe. The fibers extend through the superior orbital fissure, joining the inferior division of the oculomotor nerve.

Parasympathetic fibers passing through cranial nerve IX (CN IX) synapse in the otic ganglion, where postganglionic fibers follow all mandibular nerve branches, providing secretomotor fibers to the parotid gland through the auriculotemporal nerve.

Parasympathetic fibers arising from cranial nerve VII (CN VII) synapse in the pterygopalatine ganglion, providing innervation to the nose and the minor salivary glands of the palate.

Parasympathetic fibers do not pass through the optic nerve (CN II) because it has no sympathetic components.


Ref: McDougal DH, Gamlin PD. Autonomic control of the eye. Compr Physiol 2015;5:439–473.



7. Where is the McGregor’s patch located?


	At the preauricular area where the fascial nerve crosses the zygomatic arch

	At the retromolar area where the parotid tail intersects with the mandible

	At the zygomatic area where a plexus of vessels is found

	At the inferior border of the mandible where the facial artery crosses



c: The McGregor’s patch, also known as the “bloody gulch,” retains zygomatic ligaments that stabilize the skin of the cheek to the inferior border of the zygomatic bone. It arises from the periosteum, penetrating the superficial fascia and inserting into the skin dermis.

Cutting through this patch to obtain ample skin coverage can result in parotid fascia injury. Both facial nerve branches and the parotid duct pass underneath this layer. A plexus of vessels by the facial artery and perforating off the transverse facial artery are also superficially located in this region.


Ref: Seo YS, Song JK, Oh TS, Kwon SI, Tansatit T, Lee JH. Review of the nomenclature of the retaining ligaments of the cheek: Frequently confused terminology. Arch Plast Surg 2017;44:266–275.



8. The main sensory innervation to the auricle is via which of the following?


	Auriculotemporal nerve

	Cervical plexus branches

	Lesser occipital nerves and vagus branches

	Greater auricular nerve



d: The external ear consists of the following: the auricle (pinna), which comprises the helix, lobule, and antihelix; the external auditory canal; the antitragus; the tragus; and the concha.

Sensory innervation to the external ear is mainly from the following: the greater auricular nerve (branch of second and third cervical plexus C2 and C3); the lesser occipital nerve (branch of second and third cervical plexus C2 and C3); the auriculotemporal nerve (branch of mandibular division of the trigeminal nerve); and the auricular branch of the vagus nerve (Alderman’s or Arnold’s nerve).

The main sensory innervation to the auricle is from the greater auricular nerve, which originates from C2 and C3 and courses around the sternocleidomastoid muscle of the neck posteriorly, becoming superficial 6 to 7 cm below the external auditory meatus.


The helix, lobule, and concha are innervated by the greater auricular nerve. The antihelix, antitragus, tragus, and concha are also innervated by the greater auricular nerve and to a lesser extent by the auricular branch of the vagus nerve.

The crus and the spine (superomedial helix) are mainly innervated by the auriculotemporal nerve.

The auricle’s posterior surface is innervated by the greater auricular nerve, auricular branch of the vagus nerve, and the lesser occipital nerves.


Ref: Peuker ET, Filler TJ. The nerve supply of the human auricle. Clin Anat 2002;15:35–37.



9. Where is the greater auricular nerve located?


	Immediately superficial to the platysma

	Immediately deep to the platysma

	Deep to the sternocleidomastoid muscle

	1 cm below the origin of the sternocleidomastoid muscle



b: The greater auricular nerve originates from the cervical plexus branches C2 and C3; it runs immediately beneath the platysma muscle and courses over the sternocleidomastoid (SCM) muscle, dividing into anterior and posterior branches.

The site of the greater auricular nerve can be marked clinically at one-third the distance from the mastoid process or the external auditory canal to the SCM muscle site of origin at the clavicle.


Ref: Hoerter JE, Patel BC. Anatomy, Head and Neck, Platysma. https://www.ncbi.nlm.nih.gov/books/NBK545294/ Accessed 2 October 2023.



10. What is the relationship of the marginal mandibular nerve to the corner of the mouth?


	Deep to the platysma until about 0.5 cm lateral to the corner of the mouth

	Superficial to the platysma until about 0.5 cm lateral to the corner of the mouth

	Deep to the platysma until about 2 cm lateral to the corner of the mouth

	Superficial to the platysma until about 2 cm lateral to the corner of the mouth



c: The marginal mandibular nerve (MMN) can be identified in an area described as a “danger zone.” This area is best drawn by first marking a point 2 cm posterior to the corner of the mouth at the middle of the mandibular body; a circle with a radius of 2 cm is then drawn around the marked point. This area is identified as facial danger zone 3, where the MMN, facial artery, and facial vein can be easily injured.


Ref: Seckel BR. Facial danger zones: Avoiding nerve injury in facial plastic surgery. Can J Plast Surg 1994;2:59–66.



11. All of the following lines are drawn to identify the facial danger zone 2 EXCEPT:


	A point 0.5 cm below the tragus to a point 2 cm above the lateral eyebrow

	A line through the zygoma to the lateral orbital rim

	A line from the external auditory canal to the inferior orbital rim

	A point above the eyebrow to the zygoma



c: Danger zone 2 is a triangular area marked as follows: the first line is lateral and marked 0.5 cm inferior to the tragus to a point 2 cm superior to the eyebrow; the second line is inferior and marked along the zygoma, extending to the lateral orbital rim; and the third line connects the point lateral to the orbital rim to the point above the eyebrow.

Danger zone 2 helps identify the temporal branch of the facial nerve, which emerges beneath the parotid gland to the frontalis muscle, just underneath the temporoparietal fascia–superficial musculoaponeurotic system (SMAS) layer.


Ref: Seckel BR. Facial danger zones: Avoiding nerve injury in facial plastic surgery. Can J Plast Surg 1994;2:59–66.




12. Which of the following statements is true regarding Erb’s point?


	It is located 6 to 8 cm above the clavicle.

	It describes a point on the anterior border of the sternocleidomastoid muscle.

	The spinal accessory nerve can often be found 1 cm above Erb’s point.

	Three superficial branches of the cervical plexus emerge from behind the muscle.



c: Erb’s point is located 2 to 3 cm above the clavicle at the upper brachial plexus trunk, formed by C5 and C6 nerve roots. The spinal accessory nerve is often located around 1 cm above this point.

There are six nerves that can be identified at this point. Erb’s point is used in head and neck surgery, representing a point located between the upper and middle thirds of the posterior border of the sternocleidomastoid (SCM) muscle.

Four superficial branches of the cervical plexus emerge from the posterior surface of the SCM muscle, covering the skin of the head and neck: the greater auricular nerve, lesser occipital nerve, transverse cervical nerve, and supraclavicular nerve.

The accessory nerve arises from this point, passing through the posterior triangle of the neck to then enter the trapezius muscle at a point between the middle and lower thirds of the anterior border of this muscle.


Ref: Flint PW, Haughey BH, Lund VJ, et al (eds). Cummings Otolaryngology Head & Neck Surgery, ed 5. Mosby/Elsevier, 2010.



13. Which of the following statements is correct regarding the frontal sinus?


	It drains through the nasofrontal duct, located at the posterior-medial portion of the sinus floor, into the middle meatus.

	It drains through the nasofrontal duct, located at the anterior-medial portion of the sinus floor, into the middle meatus.

	It drains through the nasofrontal duct, located at the posterior-medial portion of the sinus floor, into the inferior meatus.

	It drains through the nasofrontal duct, located at the anterior-medial portion of the sinus floor, into the inferior meatus.



a: The frontal sinus is a paranasal sinus of the cranium, located bilaterally in the frontal bone posterior to the supraorbital ridge; it is lined by pseudostratified ciliated epithelium, with mucus-producing cells and seromucous glands.

Each sinus drains through the nasofrontal ostia into the middle meatus of the corresponding side through the nasofrontal duct. The ostia are located at the posterior-medial portion of the sinus floor. Only around 15% of people will have a true duct, as most people have only a draining recess.


Ref: MacLeod SR, Cunningham LL. Management of frontal sinus and naso-orbitoethmoid complex fractures. In: Miloro M, Ghali GE, Larsen PE, Waite PD. Peterson’s Principles of Oral and Maxillofacial Surgery, ed 3. Springer, 2011:519–537.



14. Which of the following statements is true regarding the annulus of Zinn?


	It is attached to the lacrimal, ethmoid, and sphenoid bones.

	It contains the ophthalmic artery and its branches.

	It is the origin of the rectus and oblique muscles.

	It contains the maxillary and ophthalmic divisions of the trigeminal nerve.



b: The annulus of Zinn (annular tendon or common tendinous ring) is a fibrous tissue ring that surrounds the optic nerve at the orbital apex.

It is the origin of six out of seven extraocular muscles: the medial, lateral, superior, and inferior rectus muscles, the levator palpebrae superioris, and the superior oblique muscle, excluding the inferior oblique muscle.


The annulus of Zinn contains the ophthalmic artery and its branches, the optic nerve, both oculomotor superior and inferior divisions, the nasociliary nerve, and the abducens nerve. The oblique muscles originate outside of that annulus. The annulus is distant from the lacrimal bone and does not contain the maxillary division of the trigeminal nerve.


Ref: Badakere A, Patil-Chhablani P. Orbital apex syndrome: A review. Eye Brain 2019;11:63–72.



15. A 22-year-old man presents with a tumor compressing his optic chiasm. Upon physical examination, which of the following visual field defects would you expect to find? Note: Shaded areas indicate visual field deficit.


[image: image]



a: The optic chiasm is located in the forebrain, where the right and left optic nerves cross. Nasal axons from the nasal half of both retinas cross to the contralateral side of origin, presenting the temporal half of the visual field.

The temporal axon from the temporal half of both retinas remains uncrossed. Destruction of crossing fibers at the optic chiasm will result in bitemporal hemianopia, with the visual field deficit illustrated in a. Answer b represents homonymous hemianopia and is associated with severe contralateral optic tract defects or hemispheric lesions. Answer c represents a binasal hemifield defect, which is associated with lesions lateral to the chiasm. Answer d represents altitudinal hemianopia and is associated with ischemia of the optical cortex and posterior occipital circulation defect.


Ref: Spector RH. Visual fields. In: Walker HK, Hall WD, Hurst JW (eds). Clinical Methods: The History, Physical, and Laboratory Examinations, ed 3. Butterworths, 1990.



16. In the case of an isolated lesion on the right oculomotor nerve, which of the following statements is true?


	The right globe rotates upward and outward.

	The left eye consensual light reflex is preserved.

	Motor nerves alone are affected, resulting in ptosis and miosis.

	Light stimulation of the left eye results in a consensual reflex in the right eye.



b: The oculomotor nerve is the third cranial nerve (CN III) and provides the motor function for adjusting eye position. It has both somatic (voluntary) and parasympathetic (involuntary) functions.

Somatic functions include upper eyelid elevation by innervating the levator palpebrae superioris muscle as well as gaze fixation and eye tracking via innervation of the eye muscles (superior rectus, medial rectus, inferior rectus, and inferior oblique muscles).

Autonomic parasympathetic functions include pupil constriction (miosis) and lens contractions to allow focus on near objects.

In this case, light stimulation in the left eye produces no consensual reflex in the right eye because the oculomotor nerve carries parasympathetic branches that allow consensual pupillary constriction.



Ref: Fite JD, Walker HK. Cranial nerves III, IV, and VI: The oculomotor, trochlear, and abducens nerves. In: Walker HK, Hall WD, Hurst JW (eds). Clinical Methods: The History, Physical, and Laboratory Examinations, ed 3. Butterworths, 1990.



17. At which parasympathetic ganglion do ocular preganglionic fibers synapse with postganglionic fibers?


	Superior cervical

	Pterygopalatine

	Otic ganglion

	Ciliary ganglion



d: The parasympathetic ganglia are close to the target organ, whereas sympathetic ganglia are close to the spinal cord. The parasympathetic ganglion to the globe arises from the oculomotor nerve (CN III), synapsing posterior to the globe at the ciliary ganglion. The parasympathetic ganglion to the parotid gland arises from the glossopharyngeal nerve (CN IX), synapsing at the otic ganglion.

Presynaptic parasympathetic nervous system (PSNS) fibers that arise from the facial nerve (CN VII) synapse at the pterygopalatine ganglion, supplying the secretory glands of the nasal cavity and palate. The superior cervical ganglion is sympathetic.


Ref: Moore KL, Agur AR. Essential Clinical Anatomy. Lippincott Williams & Wilkins, 2007.



18. The neurosensory innervation and vascular supply to the nose are derived from which of the following?


	Maxillary division of the trigeminal nerve, internal and external carotid system

	Ophthalmic division of the trigeminal nerve, external carotid only

	Maxillary and ophthalmic division of the trigeminal nerve, internal and external carotid system

	Maxillary and ophthalmic division of the trigeminal nerve, internal carotid only



c: Neurosensory innervation to the nose is provided by both ophthalmic (V1) and maxillary (V2) divisions of the trigeminal nerve. The ophthalmic nerve gives three branches: lacrimal, frontal, and nasociliary. The nasociliary nerve innervates the superior aspect of the external nose through the infratrochlear nerve. It also innervates the skin of the nasal tip, the medial aspect of the nasal alae, and the dorsum of the nose via the external nasal nerve. The lateral dorsum and alae of the nose are innervated bilaterally via the maxillary division (V2).

Intranasally, the anterosuperior aspect of the internal nose and the anterior nasal septal mucosa are innervated by the anterior ethmoidal nerve (branch of the nasociliary nerve), whereas the nasal septum is innervated by the nasopalatine nerve. The lateral nasal wall mucosa is innervated by both the greater palatine nerve and the anterior ethmoidal nerve. The facial nerve (CN VII) innervates the nasal musculature, and the olfactory nerve (CN I) is responsible for the sense of smell.

The nose is highly vascular, receiving its arterial supply from the internal and external carotid arteries. The ophthalmic artery supplies the external nose via the dorsal nasal artery, which supplies the superior aspect of the nose. The lateral nose, nasal ala, and columella are supplied by the facial artery via the angular and superior labial branches. The nasal floor is supplied by the superior labial artery.

The nasal septum is supplied superiorly through the internal carotid artery via the anterior and posterior ethmoidal branches of the ophthalmic and sphenopalatine arteries; it is supplied anteriorly through the superior labial artery and gets its blood supply via the superior labial, anterior ethmoidal, greater palatine, and sphenopalatine arteries (Kiesselbach’s plexus).



Refs: Oneal RM, Beil Jr RJ, Schlesinger J. Surgical anatomy of the nose. Otolaryngol Clin North Am 1999;32:145–181.

Rohrich RJ, Gunter JP, Friedman RM. Nasal tip blood supply: An anatomic study validating the safety of the transcolumellar incision in rhinoplasty. Plast Reconstr Surg 1995;95:795–799.

Stevens MR, Emam HA. Applied surgical anatomy of the nose. Oral Maxillofac Surg Clin North Am 2012;24:25–38.



19. Which of the following is the pathophysiology of Horner’s syndrome?


	Interruption of preganglionic parasympathetic fibers

	Interruption of postganglionic sympathetic fibers

	Aberrant conduction between motor branches of cranial nerve V and cranial nerve III

	Traumatic or pathologic changes in the ciliary ganglion



b: Horner’s syndrome results from sympathetic innervation disruption to the orbit. It is clinically characterized by miosis as a result of the unopposed parasympathetic innervation leading to papillary constriction; ptosis of the upper lid resulting from sympathetic innervation loss to Muller’s muscle; enophthalmos that can be evident by ptosis or as a result of long-standing atrophy of orbital contents; and anhidrosis (lack of sweating) of the affected side of the face (ipsilateral) as a result of sympathetic nerve supply loss.

Aberrant conduction between the motor branches of cranial nerve (CN) V to the terminal branches of CN III results in a rare congenital condition known as Marcus Gunn syndrome, clinically characterized by rapid eyelid movement on one side, or a “wink” with each jaw movement.

Parasympathetic innervation interruption of the ciliary ganglion will result in mydriasis (pupillary dilation).


Refs: Durham DG. Congenital hereditary Horner’s syndrome. AMA Arch Ophthalmol 1958;60:939–940.

Horner JF. A form of ptosis. JAMA 1969;208:1899–1900.

Mitchell SW, Morehouse GR, Keen WW. Gunshot wounds and other injuries of nerves. 1864. Clin Orthop Relat Res 2007;458:35–39.

Thompson HS. Johann Friedrich Horner (1831–1886). Am J Ophthalmol 1986;102:792–795.



20. Where are the inferior alveolar artery and vein located in relation to the inferior alveolar nerve at the level of the lingula?


	Anterior

	Medial

	Posterior

	Superior



c: The inferior alveolar artery and inferior alveolar vein are both located posterior to the inferior alveolar nerve at the level of the lingula.


Ref: Khoury JN, Mihailidis S, Ghabriel M, Townsend G. Applied anatomy of the pterygomandibular space: Improving the success of inferior alveolar nerve blocks. Aust Dent J 2011;56:112–121.



21. Compared to adults, where is the mandibular foramen located in children?


	Superior

	Inferior

	Anterior

	Posterior




b: The mandibular foramen is located more superiorly in the adult ramus than in children; the foramen is usually identified below the occlusal plane level in young children and at the occlusal plane in older ones.


Ref: Hwang TJ, Hsu SC, Huang QF, Guo MK. Age changes in location of mandibular foramen. Zhonghua Ya Yi Xue Hui Za Zhi 1990;9:98–103.



22. Where is the accessory mandibular foramen located in relation to the mandibular foramen?


	Anterior

	Posterior

	Superior

	Inferior



d: The accessory mandibular foramen is an extra foramen that is usually located inferior to the mandibular foramen. It is found in individuals with bifid inferior alveolar nerves.


Refs: Lam M, Koong C, Kruger E, Tennant M. Prevalence of accessory mental foramina: A study of 4,000 CBCT scans. Clin Anat 2019;32:1048–1052.

Predoiu M, Rusu MC, Chiriţă AL. A rare anatomic variation: Triple mental foramina. Morphologie 2019;103:110–115.

Thangavelu K, Kannan R, Kumar NS, Rethish E, Sabitha S, Sayeeganesh N. Significance of localization of mandibular foramen in an inferior alveolar nerve block. J Nat Sci Biol Med 2012;3:156–160.



23. The mandibular foramen can be found in all of the following locations in the mandible EXCEPT:


	Center of anterior-posterior width of the ramus

	Anterior to the midpoint of the width of the ramus

	Posterior to the midpoint of the width of the ramus

	Above the midpoint from the sigmoid notch to the inferior border of the mandible



b: The location of the mandibular foramen has been studied widely in the anterior-posterior and superior-inferior dimensions in relation to the ramus and age-related changes, as well as its relation to the occlusal plane.

A study by Thangavelu et al showed that the mandibular foramen is located about 2.75 mm posterior to the midpoint of the ramus width and not in the center of the ramus in the anterior-posterior dimensions. They also showed that the foramen is located 19 mm from the coronoid notch at the level of the occlusal plane or below. The mandibular foramen was also found to be located 3 mm above the midpoint of an imaginary line drawn between the coronoid notch and the inferior border of the mandible.

Other studies on the location of the mandibular foramen in the anterior-posterior dimensions have shown that the mandibular foramen is located at the center of the ramus, 2.08 to 2.56 mm posterior to the midpoint of the ramus, or on the posterior third quarter of the ramus.


Refs: Khalil H. A basic review on the inferior alveolar nerve block techniques. Anesth Essays Res 2014;8:3–8.

Thangavelu K, Kannan R, Kumar NS, Rethish E, Sabitha S, Sayeeganesh N. Significance of localization of mandibular foramen in an inferior alveolar nerve block. J Nat Sci Biol Med 2012;3:156–160.



24. The carotid body and sinus are innervated by which of the following cranial nerves?


	V

	VII

	IX

	X




c: The carotid body is a chemoreceptor located at the bifurcation of the common carotid artery, measuring 3 to 5 mm in diameter with an average weight of 12 mg. The carotid body monitors the blood PO2, PCO2, and pH, modulating cardiovascular and respiratory functions through sympathetic effect.

The carotid body is innervated by Hering’s nerve, a small branch of the glossopharyngeal nerve (CN IX) originating about 1.5 cm distal to the jugular foramen; it joins the vagus nerve (CN X) and sympathetic trunk, dividing at the level of the common carotid artery bifurcation to innervate both the carotid body and the carotid sinus.

The carotid sinus contains different baroreceptors, which help regulate blood pressure. Hering’s nerve transfers impulses from the carotid sinus (baroreceptors) and carotid body (chemoreceptors) to the brainstem (vasomotor center).


Refs: Gray H, Lewis WH. Gray’s Anatomy, ed 20. Lea & Febiger, 1918.

Pellerito J, Polak J. Introduction to Vascular Ultrasonography. Saunders/Elsevier, 2012.



25. All extrinsic muscles of the tongue have the same motor innervation EXCEPT:


	Genioglossus

	Hyoglossus

	Palatoglossus

	Styloglossus



c: The tongue consists of extrinsic and intrinsic muscles. For motor innervation, all intrinsic (superior longitudinal, inferior longitudinal, transverse, vertical) and extrinsic (genioglossus, styloglossus, hyoglossus) muscles are supplied by efferent motor nerve fibers from the hypoglossal nerve (CN XII), except for the palatoglossus muscle (extrinsic muscle), which is innervated by the pharyngeal plexus via the vagus nerve (CN X). The palatoglossus muscle is considered a muscle of the palate even though it is described as an extrinsic muscle of the tongue.


Ref: Drake RL, Vogl W, Mitchell AM. Gray’s Anatomy for Students. Elsevier, 2005.



26. Retraction of the tongue is produced primarily by which two muscles?


	Right and left genioglossus

	Styloglossus and hyoglossus

	Palatoglossus and genioglossus

	Palatoglossus and stylopharyngeus



b: The four paired intrinsic muscles (superior longitudinal muscle, inferior longitudinal muscle, vertical muscle, and transverse muscle) originate and insert inside the tongue and are responsible for changing the shape of the tongue.

The extrinsic muscles (genioglossus, hyoglossus, styloglossus, and palatoglossus) originate from outside the tongue but insert into the tongue and are responsible for tongue movements.

The following table presents the action of each extrinsic tongue muscle:





	Muscle

	Action






	Styloglossus

	Raises and retracts the tongue




	Palatoglossus

	Raises the back of the tongue, closes the oropharyngeal isthmus, and lowers the soft palate




	Genioglossus

	Lowers and protrudes the tongue forward, retracts the tip of the tongue, and advances the hyoid bone




	Hyoglossus

	Lowers, retracts, and depresses the tongue







Ref: Drake RL, Vogl W, Mitchell AM. Gray’s Anatomy for Students. Elsevier, 2005.



27. Which of the following is the only muscle of the soft palate that is NOT supplied by the pharyngeal branch of the vagus nerve?


	Levator veli palatini

	Tensor veli palatini

	Palatoglossus

	Palatopharyngeus



b: The tensor veli palatini is innervated by the mandibular nerve (V3), which is the third branch of the trigeminal nerve (CN V).

The mandibular nerve exits the skull through the foramen ovale into the infratemporal fossa, dividing into anterior and posterior parts. A small branch of the mandibular nerve is given just before the division occurs—this branch is called the undivided trunk of the mandibular nerve. This undivided trunk splits into four branches. One of these four branches is the nerve to the tensor veli palatini. The other three branches of this undivided trunk are the medial pterygoid nerve, tensor tympani nerve, and meningeal nerve (nervus spinosus).


Refs: Broomhead IW. The nerve supply of the muscles of the soft palate. Br J Plast Surg 1951;4:1–15.

Broomhead IW. The nerve supply of the soft palate. Br J Plast Surg 1957;10:81–88.

Doménech-Ratto G. Development and peripheral innervation of the palatal muscles. Acta Anat 1977;97:4–14.

Drake RL, Vogl W, Mitchell AM. Gray’s Anatomy for Students. Elsevier, 2005.

Shankland WE. The trigeminal nerve: Part IV. The mandibular division. Cranio 2001;19:153–161.

Neck and upper aerodigestive tract—Pharynx. In: Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice, ed 39. Elsevier/Churchill Livingstone, 2008.

Shimokawa T, Yi S, Izumi A, et al. An anatomical study of the levator veli palatini and superior constrictor with special reference to their nerve supply. Surg Radiol Anat 2004;26:100–105.

Shimokawa T, Yi S, Tanaka S. Nerve supply to the soft palate muscles with special reference to the distribution of the lesser palatine nerve. Cleft Palate Craniofac J 2005;42:495–500.



28. Which of the following external carotid artery branches passes posterosuperiorly along the inferior border of the posterior belly of the digastric muscle?


	Lingual

	Maxillary

	Occipital

	Posterior auricular



c: The occipital artery (OA) is a branch of the external carotid artery that branches out about 2 cm from its origin, at the level of the angle of the mandible, opposite to the facial nerve origin. The occipital nerve courses posteriorly and superiorly, passing deep into the posterior belly of the digastric muscle and lateral to the accessory nerve, vagus nerve, internal jugular vein, and internal carotid artery.


The OA is responsible for supplying the back of the head, scalp, and muscles close to the sternocleidomastoid muscle, as well as some muscles of the back and neck.

The OA crosses both the internal carotid artery and internal jugular veins through its course, giving up many branches, including auricular, mastoid, descending branches, two sternocleidomastoid branches, one branch running with the accessory nerve, and other branches near the OA’s origin.


Refs: Askin S, Carolina M, Albert LR. Meningeal anatomy. In: Pamir N, Black PM, Fahlbusch R (eds). Meningiomas: A Comprehensive Text Saunders/Elsevier, 2010.

Thomaidis VK. Neck. In: Cutaneous Flaps in Head and Neck Reconstruction: From Anatomy to Surgery. Springer, 2014.



29. The periosteum of the skull is known as which of the following?


	Arachnoid

	Leptomeninx

	Pericranium

	Epicranius



c: The pericranium is a dense connective tissue layer that adheres to the skull bone just beneath the loose areolar layer of the scalp. It is continuous with the endosteum at the skull suture lines.


Ref: Thomaidis VK. Neck. In: Cutaneous Flaps in Head and Neck Reconstruction: From Anatomy to Surgery. Springer, 2014.



30. Which of the following statements is true regarding the facial artery?


	It arises immediately below the greater horn of the hyoid bone and below the lingual artery.

	It lies beneath the platysma with the hypoglossal nerve running above it.

	Its diameter ranges from 0.5 to 1 mm (mean: 0.75 mm).

	The facial and lingual arteries arise with a common trunk from the external carotid artery in 80% of cases.



b: The facial artery is a branch of the external carotid artery, arising immediately superior to the lingual artery and just above the level of the greater horn of the hyoid bone. It lies beneath the platysma muscle with the hypoglossal nerve running above it. Following its origin, the facial artery runs upward and forward toward the posterior belly of the digastric and stylohyoid muscles. It then runs downward and forward at the stylohyoid level, between the medial pterygoid muscle and the posterior surface of the submandibular gland.

At the lower border of the mandible, the facial artery curves opposite to the anterior edge of the masseter muscle, piercing the fascia to lay immediately underneath the platysma muscle into the face, directed toward the alar base. Both the facial artery and facial vein run deep to the marginal mandibular branch of the facial nerve at the level of the mandible.


Refs: Li ZZ, Xu S, Li J, et al. Color doppler flow imaging of the facial artery and vein. Plast Reconstr Surg 2000;106:1249–1253.

Shima H, Luedinghausen MV, Ohno K, Michi K. Anatomia da anastomose microvascular no pescoço. Plast Reconstr Surg 1998;101:33–41.

Thomaidis VK. Neck. In: Cutaneous Flaps in Head and Neck Reconstruction: From Anatomy to Surgery. Springer, 2014.



31. Where does the thyroid gland isthmus lie?


	Directly anterior to the thyroid cartilage

	Directly anterior to the cricoid cartilage

	Directly anterior to the second, third, and fourth tracheal rings

	Directly anterior to the fourth and fifth tracheal rings




c: The thyroid gland has an H or U shape that is formed by two lateral lobes connected by the isthmus, located in the anterior neck deep to the strap muscles (sternohyoid, sternothyroid, and omohyoid), just inferior to the thyroid cartilage.

It extends from the level of the fifth cervical vertebra to the first thoracic vertebra. The gland isthmus lies anterior to the second, third, and fourth tracheal rings with an average height of 12 to 15 mm, whereas the lateral lobe of the gland extends downward from the lateral margin of the thyroid cartilage to the sixth tracheal ring.


Ref: Cummings CW. Thyroid anatomy. In: Head and Neck Surgery, ed 3. Mosby, 1998.



32. Which of the following arteries supplying the thyroid gland is sometimes found anterior to the trachea?


	Inferior thyroid artery

	Thyroidea ima artery

	Anterior ascending cervical artery

	Superficial ascending cervical artery



b: The thyroidea ima artery originates mainly from the brachiocephalic trunk; it may also arise from different arteries like the aortic arch, thyrocervical trunk, subclavian artery, right common carotid artery, cardiophrenic artery, or internal mammary artery. It varies in size, ranging from 3 to 5 mm in diameter.

The thyroidea ima ascends in front of the trachea after its origin to the level of the thyroid gland base. It supplies the thyroid gland in the absence of the thyroid arteries, as well as the trachea and the parathyroid gland. Care must be taken during surgical operation (thyroidectomy or tracheostomy, either percutaneously or with open surgery) because it can cause fatal hemorrhage if injured.


[image: image]




Refs: Arrangoiz R, Cordera F, Caba D, Muñoz M, Moreno E, De León E. Comprehensive review of thyroid embryology, anatomy, histology, and physiology for surgeons. Int J Otolaryngol Head Neck Surg 2018;7:160–188.

Barbetakis N, Asteriou C, Paliouras D, et al. Substernal goiter. Beware of the thyroidea ima artery. Interact Cardiovasc Thorac Surg 2014;19:143.

McKenzie GA, Rook W. Is it possible to predict the need for sternotomy in patients undergoing thyroidectomy with retrosternal extension? Interact Cardiovasc Thorac Surg 2014;19:139–143.

Singh V. Clinical and Surgical Anatomy, ed 2. Elsevier, 2012.

Williams PL, Bannister LH, Berry MM, et al. Gray’s Anatomy, ed 38. Churchill Livingstone, 1995.




33. The ramifying arteries, veins, and nerves of the scalp are located in which of the following layers?


	Epidermis

	Aponeurotic layer

	Loose areolar layer

	Fibrofatty connective tissue layer



d: The scalp is the hair-bearing soft tissue covering the skull. It consists of five layers, with the first three layers tightly bound to each other, forming one surgical unit. The five layers of the scalp are skin, subcutaneous connective tissue, occipitofrontalis muscle and the epicranial aponeurosis, loose areolar connective tissue, and the pericranium.

The known mnemonic device SCALP is a useful tool to remember these layers:

S: Skin

C: Connective (subcutaneous) tissue

A: Aponeurosis and muscles

L: Loose areolar tissue

P: Pericranium

The skin layer of the scalp is the thickest across the body and consists of hair follicles and sebaceous and sweat glands just beneath the dermis.

The connective subcutaneous tissue layer is a dense fibrofatty vascular layer divided into small compartments by multiple fibrous septa. This layer is highly vascular, receiving branches from the large vessels running over the underlying surface; this forms a rich subcutaneous vascular plexus that can result in profuse bleeding following incision or laceration of this layer. This layer also consists of nerves and lymphatic vessels.

The aponeurosis and muscles layer consists of the epicranial aponeurosis (galea or galea aponeurotica) and muscles (occipitalis muscle and upper region of the frontalis muscle).

The loose areolar tissue layer is a loose layer known as the subgaleal space; it allows movement of the superficial structures over the periosteum and ease during surgical dissection. This layer connects the musculoaponeurotic layer with the pericranium.

The pericranium is a dense connective tissue that tightly adheres to the skull bone.


Ref: Thomaidis VK. Neck. In: Cutaneous Flaps in Head and Neck Reconstruction: From Anatomy to Surgery. Springer, 2014.



34. Which of the following muscles is responsible for tongue protrusion and tip retraction?


	Hyoglossus

	Genioglossus

	Palatoglossus

	Styloglossus



b: Extrinsic muscles of the tongue (hyoglossus, genioglossus, palatoglossus, and styloglossus) are responsible for tongue movements such as protrusion, side-to-side movement, and retraction. They all originate from bone and insert into the tongue.

The genioglossus muscle originates from the genial tubercle and inserts into the tip and dorsum of the tongue, with the inferior part inserting into the hyoid bone. The genioglossus muscle allows tongue forward protrusion and tip backward retraction; it also advances the hyoid bone.

The hyoglossus muscle depresses the tongue, whereas the styloglossus muscle retracts the tongue upward and backward. The palatoglossus muscle is a soft palate muscle described as an extrinsic muscle of the tongue. It closes the oropharyngeal isthmus and lowers the soft palate.


Ref: Drake RL, Vogl W, Mitchell AM. Gray’s Anatomy for Students. Elsevier, 2005.




35. Which of the following statements is correct regarding the sublingual caruncle (papilla)?


	It drains the parotid duct.

	It drains the sublingual duct.

	It drains the submandibular duct.

	It is formed by the sublingual gland.



c: The caruncle is located sublingually close to the frenulum of the tongue and is responsible for draining the submandibular salivary gland’s mixed secretions (predominantly serous) via Wharton’s duct.


Ref: Tani EM, Skoog L. Salivary glands and rare head and neck lesions. In: Bibbo M, Wilbur DC (eds). Comprehensive Cytopathology, ed 3. Saunders/Elsevier, 2008.



36. Which of the following is the dural venous sinus located on the floor of the middle cranial fossa?


	Sigmoid

	Superior petrosal

	Straight

	Cavernous



d: The cavernous sinus (CS) is located on either side of the pituitary fossa and body of the sphenoid bone, on the floor of the middle cranial fossa between the endosteal and meningeal layers of the dura. It extends from the orbital apex to the petrous temporal bone apex.

The CS is not a venous plexus; it is a true dural venous sinus. It is divided into multiple small compartments or caves by numerous fibrous septa.


Refs: Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice, ed 39. Elsevier/Churchill Livingstone, 2008.

Yasuda A, Campero A, Martins C, Rhoton AL Jr, de Oliveira E, Ribas GC. Microsurgical anatomy and approaches to the cavernous sinus. Neurosurg 2008;62:1240–1263.



37. Which of the following statements is correct regarding the seventh cranial nerve (CN VII)?


	It leaves the posterior cranial fossa along with the abducent nerve through the internal acoustic meatus.

	It emerges from the skull through the foramen spinosum.

	It gives muscular branches before passing through the parotid gland.

	It is a pure motor nerve and possesses no ganglion.



c: The facial nerve is the seventh cranial nerve (CN VII) and is derived from the second branchial arch. Intracranially, it originates from the hindbrain between the pons and the medulla oblongata. It has a large motor root and a small sensory root, passing laterally in the posterior cranial fossa along with the vestibulocochlear nerve (VIII), entering the internal acoustic meatus. The two roots then pass through the facial canal.

The facial nerve gives multiple branches, including the greater petrosal nerve, nerve to stapedius, and chorda tympani. The facial nerve then exits the skull posterior to the styloid process through the stylomastoid foramen.

Extracranially, the facial nerve gives several branches before passing through the parotid gland, including the posterior auricular nerve and branches to the muscles of facial expression. The facial nerve then passes through the parotid gland (the facial nerve does not innervate the parotid gland, which is innervated by the glossopharyngeal nerve). The nerve then terminates and divides into five motor branches (temporal, zygomatic, buccal, marginal mandibular, and cervical), innervating the muscles of facial expression.


Ref: Lysek MC. Anatomy of the facial nerve. In: Tubbs RS, Rizk E, Shoja MM, et al (eds). Nerves and Nerve Injuries, Vol 1: History, Embryology, Anatomy, Imaging, and Diagnostics. Academic Press, 2015:357–364.




38. Which of the following statements is correct regarding the surgical anatomy of the facial nerve (CN VII)?


	The average distance between the lowest bony margin of the external auditory meatus to the nerve bifurcation is 2.8 cm.

	The length of the facial nerve visible to the surgeon is 0.5 cm.

	The farthest distance between the marginal mandibular branch and the inferior border of the mandible is 0.8 cm.

	The facial nerve is 2 cm deep to the skin posterior to the parotid gland.



d: The following are important surgical anatomy points regarding the facial nerve (CN VII) that must be considered:


	The average distance between the lowest bony margin of the external auditory meatus to the bifurcation of the facial nerve is 2.3 cm (range of 1.5 to 2.8 cm).

	The marginal mandibular branch of the facial nerve is above the inferior border of the mandible in 81% of cases and below the inferior border of the mandible in 19% of cases.

	The marginal mandibular nerve distance to the inferior margin of the mandible is rarely greater than 1.2 cm.

	In the submandibular approach, a 3- to 5-cm-long incision made 2 cm below the inferior border of the mandible is recommended (Risdon’s technique).

	The length of the facial nerve measured from the stylomastoid foramen to its furcation is reported to be 16.44 ± 3.20 mm (Salame et al, 2002) and 18.51 ± 3.80 mm (Nishanthi et al, 2006); see table below.

	The average depth of the stylomastoid foramen from the skin surface is reported to be 21.0 ± 3.1 mm.



The table below reports the length of the facial nerve trunk according to various authors.




	Author(s), year

	Length (mm)






	Dargent and Duroux, 1946

	13




	Holt, 1996

	21




	Salame et al, 2002

	16.44




	Cannon et al, 2004

	9.38




	Kwak et al, 2004

	13




	Pather et al, 2006

	14




	Nishanthi et al, 2006

	18.51




	Average

	15.05







Refs: Dingman RO, Grabb WC. Surgical anatomy of the mandibular ramus of the facial nerve based on the dissection of 100 facial halves. Plast Reconstr Surg Transplant Bull 1962;29:266–722.

Ellis E III, Zide MF. Surgical Approaches to the Facial Skeleton. Williams and Wilkins, 1995.

Kwak HH, Park HK, Youn KH, Hu S, Koh KS. Branching patterns of the facial nerve and its communication with the auriculotemporal nerve. Surg Radiol Anat 2004;26:494–500.

Nishanthi TH, Hewapathirana IS, Nanayakkara CD. Surgical anatomy of the facial nerve trunk. Asian J Oral Maxillofac Surg 2006;18:259–262.

Salame K, Ouaknine G, Arensburg B, Rochkind S. Microsurgical anatomy of the facial nerve trunk. Clin Anat 2002;15:93–99.

Wang TM, Lin CL, Kuo KJ, Shih C. Surgical anatomy of mandibular ramus of the facial nerve in Chinese adults. Acta Anat (Basel) 1991;142:126–131.

Ziarah HÁ, Atkinson ME. The surgical anatomy of the cervical distribution of the facial nerve. Br J Oral Surg 1981;19:171–179.




39. The space superior to the zygomatic arch, between the lateral and medial layers of the deep temporalis fascia and the arch, contains which of the following?


	Superficial temporal fat pad, zygomaticotemporal branch of the maxillary nerve, zygomatico-orbital artery and vein

	Temporal portion of the buccal fat pad, temporal branch of the facial nerve, zygomatico-orbital artery and vein

	Superficial temporal fat pad, temporal branch of the facial nerve, zygomatico-orbital artery, and vein

	Masseter muscle and the zygomaticotemporal branch of the maxillary nerve




[image: image]



a: The temporalis muscle is covered by a dense fibrous layer known as the temporalis fascia; this fascia is continuous superiorly with the epicranial fascia, attaching along the superior temporal line. Around 2 cm above the zygomatic arch, the temporalis fascia splits into superficial and deep laminae, attaching to the zygomatic arch both laterally and medially. The fascia continues distally as the parotideomasseteric fascia that is connected to the superficial layer of the deep fascia of the neck.

The space above the zygomatic arch between the superficial and deep laminae contains the following: superficial temporal fat pad, filament from the zygomatic nerve (branch of the maxillary nerve), and orbital branches of the superficial temporal artery and vein.

The temporal branch of the facial nerve is located on the undersurface of the temporoparietal fascia, and the masseter muscle is located below the zygomatic arch level.


Ref: Stecco C. Functional Atlas of the Human Fascial System. Churchill Livingstone, 2015.




40. Which of the following statements is correct regarding the temporoparietal fascia?


	This layer adjoins the superficial musculoaponeurotic system (SMAS) above the superior temporal line.

	The temporalis muscle lies immediately beneath and firmly attaches to the temporo-parietal fascia.

	The superficial temporal artery and vein run deep to this layer.

	Both motor and sensory nerves pass through this layer.




[image: image]



d: The temporoparietal fascia (superficial temporal fascia) is located immediately deep to the skin and subcutaneous tissue layers at the temporoparietal region. As this fascia layer passes over the zygomatic arch into the midfacial space, it joins the SMAS and the galea aponeurotica above the superior temporal line.

A loose areolar and avascular tissue layer is found beneath the temporoparietal fascia, separating it from the temporalis muscular fascia (deep temporal fascia). This layer allows the scalp to freely move superficially over the fixed layer beneath (temporalis muscular fascia, temporalis muscle, and pericranium).

The temporalis muscle fascia splits into superficial and deep layers 2 cm above the zygomatic bone. The temporalis muscular fascia is contiguous with the fascia of the masseter muscle below the arch level and contiguous with the pericranium above the superior temporal line. Beneath this layer is the temporalis muscle followed by the pericranium overlaying the bone.

The middle temporal artery is a branch of the superficial temporal artery. It divides around 3 cm above the zygomatic arch into the terminal parietal and frontal branches.

The superficial temporal artery and vein are found along the superficial aspect of the temporoparietal layer. Posterior to the superficial temporal artery, the auriculotemporal nerve (sensory branch of the mandibular nerve) is located along the temporoparietal fascia. The frontal branch of the facial nerve is found within the temporoparietal fascia and can be identified by drawing a line 0.5 cm inferior to the tragus to a point 1.5 cm lateral to the upper eyebrow. Caution must be taken when elevating a flap anterior to the frontal artery (branch of superficial temporal artery) to avoid nerve injury.



Refs: Abul-Hassan HS, von Drasek AG, Acland RD. Surgical anatomy and blood supply of the fascial layers of the temporal region. Plast Reconstr Surg 1986;77:17–28.

Tellioğlu AT, Tekdemir I, Erdemli EA, Tüccar E, Ulusoy G. Temporoparietal fascia: An anatomic and histologic reinvestigation with new potential clinical applications. Plast Reconstr Surg 2000;105:40–45.



41. Which of the following statements is NOT correct?


	Parasympathetic outflow in the vagus nerve causes a decrease in heart rate.

	The pterygopalatine ganglion contains both parasympathetic fibers of the seventh nerve, as well as sensory fibers whose cells of origin are in the trigeminal ganglion.

	The lacrimal gland receives secretomotor fibers from cranial nerve III.

	The zygomatic branch of the facial nerve innervates the orbicularis oculi muscle.



c: Parasympathetic innervation to the lacrimal gland is carried through the facial nerve, and it is responsible for the production of tears. Parasympathetic fibers synapse in the pterygopalatine ganglion, traveling within the zygomatic and zygomaticotemporal nerves as postsynaptic parasympathetic fibers. Posterior to the lacrimal gland, the zygomaticotemporal nerves communicate with the lacrimal nerve, providing secretomotor fibers to the gland.


Ref: Scott G, Balsiger H, Kluckman M, Fan J, Gest T. Patterns of innervation of the lacrimal gland with clinical application. Clin Anat 2014;27:1174–1177.



42. Which of the following statements is NOT correct?


	Both cranial nerves VII and VIII leave the posterior cranial fossa through the internal acoustic meatus.

	Three cranial nerves pass through the jugular foramen.

	The pterygomaxillary fissure serves as an aperture to permit the terminal part of the maxillary artery to leave the infratemporal fossa.

	The trigeminal nerve is exclusively sensory.



d: The trigeminal nerve is the fifth cranial nerve and the largest. It originates from three sensory nuclei and one motor nucleus at the level of the pons, extending from the midbrain to the medulla. It merges anteriorly as a thick sensory root and a small motor root over the petrous ridge, pushing the dura anteriorly; this forms the trigeminal dural cave (Meckel’s Cave).


[image: image]



The stem dilates, forming the trigeminal ganglion (also known as the gasserian or semilunar ganglion) within the trigeminal dural cave, later dividing into three branches:


	Ophthalmic nerve (V1 or Va)

	Maxillary nerve (V2 or Vb)

	Mandibular nerve (V3 or Vc)




The trigeminal nerve carries many afferent sensory neurons that carry signals toward the central nervous system, as well as efferent motor neurons that carry signals away from the central nervous system. The trigeminal nerve provides sensory innervation to the teeth, oral mucosa, nose, paranasal sinuses, and skin over the face. It also provides motor innervation to the muscles of mastication.


Ref: Eijden TMGJ, Langenbach GEJ. Anatomy of the trigeminal nerve. In: Local Anesthesia in Dentistry. Springer, 2017.



43. Which of the following structures drains into the inferior meatus?


	Maxillary sinus

	Sphenoid sinus

	Middle ethmoidal sinuses

	Nasolacrimal duct



d: The nasolacrimal duct drains into the inferior meatus. The bony canal travels 15 to 20 mm inferiorly and slightly posteriorly through the medial antrum wall, emptying into the inferior meatus via an orifice known as the valve of Hasner.

The valve of Hasner varies in size and position, is located about 15 mm cephalad to the floor of the nose, and is protected by the inferior turbinate curve.

The sphenoid sinus drains onto the posterior nasal cavity roof, and it is the only paranasal sinus that does not drain onto the lateral nasal cavity wall.


Refs: Stranc MF. The pattern of lacrimal injuries in naso-ethmoid fractures. Br J Plast Surg 1970;23:339.

Osguthorpe JD, Calcaterra TC. Nasolacrimal obstruction after maxillary sinus and rhinoplastic surgery. Arch Otolaryngol 1979;105:264.



44. Which of the following does NOT drain into the middle meatus?


	Frontonasal duct

	Maxillary sinus

	Anterior ethmoidal cells

	Posterior ethmoidal cells



d: The middle meatus is an air passage located between the lateral nasal wall and the middle nasal concha. Structures that drain into the middle meatus include the maxillary sinus, frontal sinuses, and anterior ethmoidal cells.

Drainage occurs through the hiatus semilunaris (HS), a semilunar crescent–shaped opening on the lateral wall of the nasal cavity. The maxillary sinus drains into the middle meatus through the maxillary ostium into the infundibulum via the HS. The frontal sinus drains into the anterior end of the HS through the frontonasal duct and ethmoidal infundibulum, whereas the anterior ethmoidal cells drain into the frontonasal duct or ethmoidal infundibulum.

The posterior ethmoidal cells drain onto the lateral wall of the superior nasal meatus.


Ref: Dahlstrom K, Olinger A. Anatomic description of the middle meatus and classification of the hiatus semilunaris into five types based upon morphological characteristics. Clin Anat 2013;27:176–181.



45. Which of the following statements is correct regarding the Jones dye test?


	It is used for rough quantification of tear production.

	It is used in cases with acute dacryocystitis.

	It is used for the evaluation of lacrimal excretory system patency.

	It requires the use of radiopaque dye.




c: The Jones dye test (Jones I and Jones II dye test) is used for the evaluation of lacrimal excretory system patency, and it is contraindicated in the presence of acute dacryocystitis. An identical method known as dacryocystography uses radiopaque dye (such as ethiodized oil) rather than saline injection followed by anteroposterior and lateral skull radiographs. Nasolacrimal drainage obstruction can be identified by the presence of dacryocystitis or mucopurulent history.

Schirmer test strips are used to roughly estimate tear quantity, and they are useful in cases with epiphora, which can result from tear overproduction or outflow obstruction.


Refs: Montgomery WW. Dacryocystorhinostomy. In: Surgery of the Upper Respiratory System. Lea & Febiger, 1979.

Osguthorpe JD, Hoang G. Nasolacrimal injuries: Evaluation and management. Otolaryngol Clin North Am 1991;24:59–78.



46. Which of the following statements is correct regarding the Jones dye test?


	A negative Jones I dye test indicates the absence of anatomical or physiologic obstruction.

	A positive Jones I dye test indicates the absence of dye appearing on the cotton-tipped applicator placed under the anterior end of the inferior turbinate.

	A negative Jones II dye test indicates the absence of any abnormalities of the upper lacrimal system.

	A positive Jones II dye test indicates partial stenosis of the nasolacrimal sac or duct.



d: The Jones I dye test is used to evaluate the lacrimal excretory system patency. It is performed by topically anesthetizing and decongesting the nose, followed by dripping 2% fluorescein dye into the medial fornix; then, a cotton swab is held under the anterior end of the inferior turbinate for 5 minutes using an applicator. The cotton swab is then examined for the presence or absence of the yellow fluorescein stain.

The presence of the fluorescein stain indicates a positive result and the absence of obstruction; on the other hand, the absence of the stain indicates a negative result and the presence of obstruction. In the case of a negative Jones I dye test, the level of tear obstruction can be identified using a Jones II dye test.

The Jones II dye test is started by irrigating the medial fornix to completely remove the residual stain (fluorescein). Then, topical anesthesia is applied, an irrigation cannula (1.5 mm in diameter) is introduced for 6 to 8 mm through the dilated punctum into the canaliculus, and a few millimeters of saline are injected. The results will be one of the following:


	Fluorescein retrieved on the cotton swab held under the anterior end of the inferior turbinate means a partial obstruction of the nasolacrimal duct overcome by irrigation pressure.

	Saline retrieval indicates puncta or canalicular system obstruction.

	Reflux through the opposite canaliculus indicates lacrimal sac or duct obstruction.

	Reflux around the irrigating cannula indicates same-site obstruction or obstruction at the common canaliculus (to differentiate between the two, irrigation of the opposite canaliculus should be performed).



A positive Jones II dye test is indicated by the presence of dye-stained fluid from the nose during irrigation, leading to the diagnosis of partial stenosis of the lower system (nasolacrimal sac or duct) overcome by irrigation pressure.

A negative Jones II dye test is indicated by the presence of clear fluids coming through the nose following irrigation because of upper system dysfunction such as punctal or canalicular stenosis, punctal malpositioning, or lid abnormality.


Refs: Osguthorpe JD, Hoang G. Nasolacrimal injuries: Evaluation and management. Otolaryngol Clin North Am 1991;24:59–78.

Trimarchi M, Resti AG, Bellini C, Forti M, Bussi M. Anastomosis of nasal mucosal and lacrimal sac flaps in endoscopic dacryocystorhinostomy. Eur Arch Otorhinolaryngol 2009;266:1747–1752.




47. Dacryocystorhinostomy is the treatment of choice for which of the following?


	Obstruction of the nasolacrimal system distal to the common canaliculus

	Obstruction of the nasolacrimal system at the level of the common canaliculus

	Partial obstruction of the lacrimal sac

	Cases of acute dacryocystitis



a: Dacryocystorhinostomy is the treatment of choice for nasolacrimal system obstruction distal to the common canaliculus.


Ref: Osguthorpe JD, Hoang G. Nasolacrimal injuries: Evaluation and management. Otolaryngol Clin North Am 1991;24:59–78.



48. The parotid duct drains into which of the following?


	Floor of the mouth at the sublingual caruncle

	Vestibule of the mouth opposite the maxillary second molar

	Vestibule of the mouth opposite the mandibular second premolar

	Foramen cecum



b: The parotid gland is the largest salivary gland, and it drains into the oral cavity through the parotid duct, known as Stensen’s duct.

The parotid duct is about 7 cm long and 3 mm wide; it exits the gland anteriorly superficial to the masseter muscle, turns medially, and pierces the buccinator muscle traveling to the buccal mucosa. It then opens into the oral cavity through papillae at the level of the maxillary second molar. The parotid duct course can be identified by drawing a line from the tragus to the middle of the upper lip.


Ref: Barrera JE, Meyers AD. Parotid Duct Injuries. https://emedicine.medscape.com/article/868651-overview?form=fpf. Accessed 4 October 2023.



49. Cerebrospinal fluid is normally found in the ventricles of the brain as well as in which of the following spaces?


	Subarachnoid space

	Subdural space

	Epidural space

	Subpial space



a: A set of communicating cavities in the brain is known as the ventricular system. This system functions by producing, transporting, and removing the cerebrospinal fluid (CSF).

The CSF is produced by the choroid plexus (CP), which is formed by the ependymal cells that line the ventricles. The CP consists of loose connective tissue and capillaries; it is surrounded by epithelial cells (cuboidal) that filter the plasma from the blood, producing the CSF.

CSF drainage occurs in the subarachnoid space (cisterns). Arachnoid granulations (villi) are small arachnoid matter projections that extend into the dura mater; they function by allowing CSF drainage into the dural venous sinuses.



[image: image]




Refs: Crossman AR. Ventricular system and subarachnoid space. In: Gray’s Anatomy: The Anatomical Basis of Clinical Practice, ed 41. Elsevier, 2016.

Jones O. The ventricles of the brain. In: Neuroanatomy. TeachMeAnatomy, 2018.



50. The pterygopalatine ganglion is suspended from which of the following nerves?


	The nerve of the pterygoid canal

	The main trunk of V1

	The main trunk of V2

	The main trunk of V3



c: The pterygopalatine ganglion (PPG) is the largest parasympathetic ganglion. It is actually a paired set of ganglia located bilaterally within the pterygopalatine fossa (PPF). It is suspended from the maxillary nerve division (V2) of the trigeminal nerve (CN V) and consists of parasympathetic, sympathetic, and somatosensory nerve fibers.

The pterygopalatine ganglion is surrounded anteriorly by the maxillary sinus, posteriorly by the pterygoid process, medially by the perpendicular plate of the palatine bone, and laterally by the pterygomaxillary fissure.


Refs: Berliner R, Rosen NL, Duarte R, et al. The sphenopalatine ganglion: Anatomy, pathophysiology, and therapeutic targeting in headache. Headache 2016;56:240–258.

Khonsary SA, Ma Q, Villablanca P, Emerson J, Malkasian D. Clinical functional anatomy of the pterygopalatine ganglion, cephalgia and related dysautonomias: A review. Surg Neurol Int 2013;4(suppl 6):S422–S428.

Lundy JA, McNary T. Neuroanatomy, Pterygopalatine Ganglion. https://www.ncbi.nlm.nih.gov/books/NBK545308/. Accessed 4 October 2023.

Robbins MS, Robertson CE, Kaplan E, et al. The pterygopalatine ganglion in humans: A morphological study. Ann Anat 2009;191:196–202.



51. Which of the following is the BEST statement regarding the pterygopalatine ganglion?


	It carries only parasympathetic fibers.

	All fibers entering or leaving the ganglion have synapses within the ganglion.

	Some fibers of V2 pass through the ganglion without synapsing.

	The pterygopalatine ganglion lies immediately posterior to the pterygoid process of the sphenoid bone.




c: The pterygopalatine ganglion is one of four parasympathetic ganglia of the head, and it is the largest. It receives a sensory, a parasympathetic, and a sympathetic root. Despite it being categorized as a parasympathetic ganglion, it also carries sympathetic and sensory fibers to the oral cavity, nose, and pharyngeal regions of the head.

It is located in the superior pterygomaxillary fissure (pterygopalatine fossa) inferior to the sphenopalatine foramen, at the posterosuperior border of the maxilla and anterosuperior border of the pterygoid plates, medial to the zygomatic arch and mandibular coronoid process, lateral to the perpendicular plate of the palatine bone and part of the lateral nasal wall, and inferior to the base of the sphenoid bone. It is completed inferomedially by the pyramid-like process of the palatine bone.

The pterygopalatine ganglion’s parasympathetic root is derived from the nervus intermedius (facial nerve) via the greater petrosal nerve. Sensory fibers from its sensory roots (derived from the sphenopalatine branches of the maxillary nerve) pass directly into the palatine nerves, with few fibers passing through the ganglion.

The sympathetic postganglionic efferent fibers arise from the superior cervical ganglion, traveling through the carotid plexus to the deep petrosal nerve, joining the greater petrosal nerve (preganglionic parasympathetics), and forming the nerve of the pterygoid canal.


Refs: Berliner R, Rosen NL, Duarte R, et al. The sphenopalatine ganglion: Anatomy, pathophysiology, and therapeutic targeting in headache. Headache 2016;56:240–258.

Gray H, Lewis WH. Gray’s Anatomy, ed 20. Lea & Feiber, 1918.

Lundy JA, McNary T. Neuroanatomy, Pterygopalatine Ganglion. https://www.ncbi.nlm.nih.gov/books/NBK545308/. Accessed 4 October 2023.

Robbins MS, Robertson CE, Kaplan E, et al. The pterygopalatine ganglion and its role in various pain syndromes: From anatomy to clinical practice. Pain Pract 2012;12:399–412.



52. In which ganglion are the cell bodies of postganglionic parasympathetic axons that supply the lacrimal gland found?


	Pterygopalatine ganglion

	Otic ganglion

	Trigeminal ganglion

	Ciliary ganglion



a: The cell bodies of the postganglionic parasympathetic fibers to the lacrimal gland are found in the pterygopalatine ganglion. The pterygopalatine ganglion autonomic fibers cross with branches of the maxillary nerve, including the posterior superior alveolar, zygomatic, and infraorbital nerves.

The postganglionic sympathetic and parasympathetic fibers that travel with the zygomatic nerve (branches of the maxillary nerve) innervate the lacrimal gland.


Refs: Khonsary SA, Ma Q, Villablanca P, Emerson J, Malkasian D. Clinical functional anatomy of the pterygopalatine ganglion, cephalgia and related dysautonomias: A review. Surg Neurol Int 2013;4(suppl 6):S422–S428.

Piagkou M, Demesticha T, Troupis T, et al. The pterygopalatine ganglion and its role in various pain syndromes: From anatomy to clinical practice. Pain Pract 2012;12:399–412.



53. With which bone does the pterygoid process form the posterior wall of the pterygopalatine fossa?


	Palatine

	Sphenoid

	Inferior nasal concha

	Pterygoid



b: The pterygopalatine fossa (sphenopalatine fossa) is located posterior to the maxilla (superomedial part of the infratemporal surface) bilaterally and anterior to the pterygoid process and anterior surface of the greater wing of the sphenoid bone, close to the orbital apex.


Ref: Fehrenbach MJ, Herring SW. Illustrated Anatomy of the Head and Neck, ed 4. Elsevier, 2012.




54. Which of the following is the BEST statement concerning the inferior nasal concha?


	The inferior nasal concha is the most inferior extension of the ethmoid bone.

	The inferior nasal concha is a separate bone, and it is attached to the medial wall of the maxilla.

	The inferior nasal concha is part of the nasal septum.

	The inferior nasal concha is the smallest of the three nasal conchae.



b: The nasal cavity is bilaterally divided into four air channels. Each nasal cavity consists of three conchae (turbinate/bony shelves) extending from the lateral nasal wall medially and inferiorly. The space between the inferior concha and the nasal floor is called the inferior meatus; the space between the inferior concha and the middle concha is called the middle meatus; the space between the middle concha and the superior concha is called the superior meatus; and the space between the superior concha and the nasal roof is called the sphenoethmoidal recess. The inferior nasal concha is the largest compared to the other two turbinates (medial and superior) attached to the lateral nasal wall, with the superior border articulating with the maxilla, palatine bone, lacrimal bone, and ethmoid bone.


Ref: Drake RL, Vogl W, Mitchell AM. Head and neck. In: Gray’s Anatomy for Students, ed 2. Elsevier, 2010.



55. Which of the following structures help to form the nasal septum?


	Palatine and sphenoid bones

	Maxilla and sphenoid bone

	Lacrimal and nasal bones

	Vomer and ethmoid bone



d: The nasal septum divides the nasal cavity into two lateral portions (right and left) and is formed by five structures:


	Perpendicular plate of the ethmoid bone, forming the anterosuperior part of the bony septum

	Vomer bone, forming the posteroinferior part of the bony septum

	Septal nasal cartilage

	Crest of the maxillary bone

	Crest of the palatine bone




[image: image]




Refs: Liong K, Lee SJ, Lee HP. Preliminary deformational studies on a finite element model of the nasal septum reveals key areas for septal realignment and reconstruction. J Med Eng 2013;2013:250274.

Saladin KS. Anatomy and Physiology, ed 6. McGraw Hill, 2012.




56. Which of the following is the most commonly injured nerve during anterior iliac bone graft harvesting?


	Subcostal nerve

	Iliohypogastric nerve

	Ilioinguinal nerve

	Femoral nerve



d: Different complications can occur as a result of anterior iliac crest bone graft harvesting. These complications include seroma, hematoma, cosmetic deformity, infection, abdominal hernia, persistent pain, pelvic instability ileus, and nerve injury.

Minor complications, with an incidence of 4% to 49%, are more common than major complications and include temporary sensory loss, mild or transient pain, superficial infection, and minor wound issues.

Major complications are less common, with an incidence of 0.7% to 25%, and include persistent pain lasting more than 6 months, loss of sensation, hyperesthesia, meralgia paresthetica, massive hematoma, surgical site infection, prolonged wound drainage, scars, joint subluxation, sacroiliac joint destabilization, abdominal herniation, gait disturbances, and iliac or pelvis fracture.

Laurie et al reported that 8.3% of patients developed hyperesthesia or anesthesia in the thigh over the distribution of the lateral femoral cutaneous nerve. Others have reported up to 31% incidence.


Refs: Arrington ED, Smith WJ, Chambers HG, Bucknell A, Davino N. Complications of iliac crest bone graft harvesting. Clin Orthop Relat Res 1996;329:300–309.

Banwart JC, Asher MA, Hassanein RS. Iliac crest bone graft harvest donor site morbidity. A statistical evaluation. Spine (Phila Pa 1976) 1995;20:1055–1060.

Beirne JC, Barry FA, Brady VB, Morris V. Donor site morbidity of the anterior iliac crest following cancellous bone harvest. Int J Oral Maxillofac Surg 1996;25:268–271.

Cockin J. Autologous bone grafting: Complications at the donor site. J Bone Joint Surg 1971;53B:153.

Dösoğlu M, Orakdöğen M, Tevrüz M, Göğüsgeren MA, Mutlu F. Enterocutaneous fistula: A complication of posterior iliac bone graft harvesting not previously described. Acta Neurochir (Wien) 1998;140:1089–1092.

Goulet JA, Senunas LE, DeSilva GL, Greenfield ML. Autogenous iliac crest bone graft: Complications and functional assessment. Clin Orthop Relat Res 1997;339:76–81.

Kurz LT, Garfin SR, Booth RE Jr. Harvesting autogenous iliac bone grafts. A review of complications and techniques. Spine (Phila Pa 1976) 1989;14:1324–1331.

Laurie SW, Kaban LB, Mulliken JB, Murray JE. Donor-site morbidity after harvesting rib and iliac bone. Plast Reconstr Surg 1984;73:933–938.

Murata Y, Takahashi K, Yamagata M, Shimada Y, Moriya H. The anatomy of the lateral femoral cutaneous nerve, with special reference to harvesting of iliac bone graft. J Bone Joint Surg Am 2000;82:746–747.

Weikel AM, Habal MB. Meralgia paresthetica: A complication of iliac bone procurement. Plast Reconstr Surg 1977;60:572–574.

Younger EM, Chapman MW. Morbidity at bone graft donor sites. J Orthop Trauma 1989;3:192–195.

Zouhary KJ. Bone graft harvesting from distant sites: Concepts and techniques. Oral Maxillofac Surg Clin North Am 2010;2:301–316.



57. What is the most common complication at the donor site following iliac bone graft harvesting?


	Pain

	Infection

	Gait disturbance

	Hemorrhage



a: It has been reported that chronic pain is the most common complication following iliac bone graft harvesting. Fernyhough et al reported a 29% incidence of chronic pain, whereas Goulet et al reported a 38% incidence decreasing to 18% 2 years postoperatively.

Pain can result from injury to the lateral femoral cutaneous nerve or cluneal nerves. The following recommendations can decrease the risk of nerve injury: For anterior iliac bone graft harvest (lateral femoral cutaneous nerve), start the incision below the iliac crest, just lateral to the anterior superior iliac spine, not extending beyond the area between the anterior one-third and posterior two-thirds of the iliac crest, and avoid making incisions closer than 1 to 2 cm from the anterior superior iliac spine. For posterior iliac bone graft harvest (cluneal nerve), make a vertical incision just lateral to the posterior superior iliac border and avoid extending the incision more than 8 cm from the posterior iliac spine.



Refs: Ahlmann E, Patzakis M, Roidis N, Shepherd L, Holtom P. Comparison of anterior and posterior iliac crest bone grafts in terms of harvest-site morbidity and functional outcomes. J Bone Joint Surg Am 2002;84:716–720.

Arrington ED, Smith WJ, Chambers HG. Complications of iliac crest bone graft harvesting. Clin Orthop 1996;329:300–309.

Banwart JC, Asher MA, Hassanein RS. Iliac crest bone graft harvest donor site morbidity. A statistical evaluation. Spine 1995;20:1055–1060.

Fernyhough JC, Schimandle JJ, Weigel MC, et al. Chronic donor site pain complicating bone graft harvesting from the posterior iliac crest for spinal fusion. Spine 1992;17:1474–1479.

Fowler BL, Dall BE, Rowe DE. Complications associated with harvesting autogenous iliac bone graft. Am J Orthop 1995;24:895–903.

Goulet JA, Senunas LE, DeSilva GL, et al. Autogenous iliac crest bone graft. Complications and functional assessment. Clin Orthop 1997;339:76–81.

Kalk WWI, Raghoebar GM, Jansma J, et al. Morbidity from iliac crest bone harvesting. J Oral Maxillofac Surg 1996;54:1424–1429.

Kurz LT, Garfin SR, Booth RE. Harvesting autogenous iliac bone grafts. A review of complications and techniques. Spine 1989;14:1324–1331.



58. Which artery is most commonly at risk of injury during posterior iliac crest bone graft harvesting?


	Common iliac artery

	Superior gluteal artery

	Deep circumflex iliac artery

	Superficial circumflex iliac artery



b: The artery most commonly at risk of injury when harvesting a posterior iliac bone graft is the superior gluteal artery. It exits the pelvis via the superior aspect of the greater sciatic notch, increasing its risk of injury.

When injury occurs, the artery retracts into the pelvis, making it more difficult to control bleeding. This calls for more exposure and bone removal from the notch to allow proper and effective ligation. Careful retraction and use of sharp instruments can decrease the risk of injury.


[image: image]




Refs: Arrington ED, Smith WJ, Chambers HG, et al. Complications of iliac crest bone graft harvesting. Clin Orthop 1996;329:300–309.

Kahn B. Superior gluteal artery laceration: A complication of iliac bone graft surgery. Clin Orthop 1979;140:204–207.

Kurz LT, Garfin SR, Booth RE. Harvesting autogenous iliac bone grafts. A review of complications and techniques. Spine 1989;14:1324–1331.




59. Kiesselbach’s plexus is formed by the anastomosis of all the following blood vessels EXCEPT:


	Superior labial artery

	Sphenopalatine artery

	Anterior ethmoidal artery

	Descending palatine artery



d: Kiesselbach’s plexus, also known as Little’s area, is formed over the septal cartilage by the anastomosis of five different vessels from both internal and external carotid arteries, located anteriorly at the inferior aspect of the nasal septum. It is a frequent site for epistaxis in adults and children.

Kiesselbach’s plexus arteries are external carotid branches, including the greater palatine artery, sphenopalatine artery, and superior labial artery.

The internal carotid branches include the anterior ethmoidal artery and posterior ethmoidal artery; see the following table.




	Artery

	Origin

	Entry point

	Supplied area






	Greater palatine artery

	Maxillary artery

	Incisive canal

	
Inferior meatus

Hard palate

Palatal gingivae





	Sphenopalatine artery

	Maxillary artery

	Sphenopalatine foramen

	
Superior, middle, and inferior turbinates

Lateral nasal wall

Nasal septum





	Superior labial artery (septal branch)

	Facial artery

	Nares

	Nasal septum




	Anterior ethmoidal artery

	Ophthalmic artery

	Orbit

	
Anterior and middle ethmoidal sinuses

Frontal sinus

Lateral nasal wall and the nasal septum





	Posterior ethmoidal artery

	Ophthalmic artery

	Orbit

	
Posterior ethmoidal sinuses

Dura

Nasal cavity
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Refs: Gilbert GH, Mahadevan SV. Ear Pain, Nosebleed and Throat Pain (ENT). An Introduction to Clinical Emergency Medicine. Cambridge University Press, 2012.

Moore KL, Agur AMR, Dalley AF. Clinically Oriented Anatomy, ed 7. Lippincott Williams & Wilkins, 2014.




60. Which of the following statements is NOT correct?


	The zygomaticofacial nerve is a branch of the trigeminal nerve.

	The chorda tympani joins the lingual nerve within the infratemporal region.

	The maxillary artery is one of the two terminal branches of the external carotid artery.

	The otic ganglion is a sympathetic ganglion.



d: The otic ganglion is a parasympathetic ganglion of the head and the smallest among the four parasympathetic ganglia of the head and neck (the other three being the ciliary ganglion, submandibular ganglion, and pterygopalatine ganglion). It carries parasympathetic, sympathetic, motor, and sensory roots. It has a small, flat, oval shape and is found on the medial surface of the mandibular nerve (V3) in the infratemporal fossa, just below the foramen ovale.

It transmits postganglionic parasympathetic secretomotor innervations to all mandibular nerve branches. It also transmits sympathetic vasomotor fibers to the parotid gland and motor innervation to the tensor veli palatini, medial pterygoid muscle, and tensor tympani.

The otic ganglion is located immediately below the foramen ovale in the infratemporal fossa and on the medial surface of the mandibular nerve. It is functionally associated with the glossopharyngeal nerve and innervates the parotid gland for salivation.


Ref: Shimizu T. Distribution and pathway of the cerebrovascular nerve fibers from the otic ganglion in the rat: Anterograde tracing study. J Auton Nerv Syst 1994;49:47–54.



61. Which of the following nerves is NOT found in the posterior triangle of the neck?


	Lesser occipital nerve

	Recurrent laryngeal nerve

	Spinal accessory nerve

	Transverse cervical nerve



b: The posterior triangle of the neck is located on the lateral surface of the neck and is bordered by the posterior border of the sternocleidomastoid (SCM) muscle anteriorly, the anterior border of the trapezius muscle posteriorly, and the middle third of the clavicle inferiorly. The region is covered by skin, superficial fascia, platysma muscle, and the neck’s deep investing fascia.

The floor of the triangle is formed by the splenius capitus, levator scapulae, scalenus posterior, scalenus medius, scalenus anterior, and prevertebral fascia. Its contents are four cutaneous nerves and three motor nerves. The cutaneous nerves originate from the cervical plexus, deep to the SCM muscles, radiating midpoint from the posterior border of the SCM. Its other contents include the lessor occipital, greater auricular, transverse cervical, and supraclavicular nerves. Motor nerves include the accessory nerve (CN XI), motor nerves to upper limb muscles, and the phrenic nerve.


Ref: Jones O. The Posterior Triangle of the Neck. In: TeachMeAnatomy. Info, 2017.



62. The auriculotemporal nerve of the scalp is a branch of which of the following nerves?


	Glossopharyngeal nerve

	Ophthalmic division of V

	Maxillary division of V

	Mandibular division of V



d: The auriculotemporal nerve is one of the sensory branches that arise from the posterior region of the mandibular division (V3) of the trigeminal nerve (CN V). It gives off five branches that innervate the temporomandibular joint, external ear, auricle, temporal region, parotid gland, and external acoustic meatus.


Branches include the anterior auricular, articular, parotid, superficial temporal, and branches to the external auditory meatus. The auriculotemporal nerve also supplies excretory fibers (labial and buccal glands).


Ref: Komarnitki I, Andrzejczak-Sobocińska A, Tomczyk J, Deszczyńska K, Ciszek B. Clinical anatomy of the auriculotemporal nerve in the area of the infratemporal fossa. Folia Morphol (Warsz) 2012;71:187–193.



63. Besides the hyoglossus, which of the following muscles forms the floor of the submandibular (digastric) triangle?


	Sternohyoid

	Thyrohyoid

	Mylohyoid

	Stylohyoid



c: The submandibular triangle (digastric, submaxillary) of the neck is bordered superiorly by the inferior border of the mandible, anteriorly by the anterior belly of the digastric muscle, posteriorly by the posterior belly of the digastric muscle, and inferiorly by the common digastric tendon and the hyoid bone. The floor of this triangle is formed by two muscles: the mylohyoid muscle anteriorly and the hyoglossus muscle posteriorly.

It contains several important structures, including the submandibular salivary gland, lingual artery and vein, facial artery and vein, hypoglossal nerve (CN XII), submandibular ganglion, lymph nodes, and fat.


Ref: Janfaza P, Nadol J, Galla R, Fabian R, Montgomery W. Anatomy of the neck: General consideration. In: Surgical Anatomy of the Head and Neck. Lippincott Williams & Wilkins, 2001.



64. The common carotid artery usually divides into the external carotid and internal carotid arteries within which of the following cervical triangles?


	Digastric

	Occipital

	Carotid

	Supraclavicular



c: The carotid triangle is bounded anteriorly by the superior belly of the omohyoid muscle, posteriorly by the anterior border of the sternocleidomastoid muscle (SCM), and superiorly by the posterior belly of the digastric muscle. The floor of this triangle is formed by three muscles: the thyrohyoid, sternothyroid, and medial constrictor, as well as inferior constrictor muscles.

The common carotid artery divides into internal and external branches in this triangle. It also contains branches of the external carotid artery, including the superior thyroid, lingual, facial, occipital, and ascending pharyngeal arteries, with their accompanying veins.

Other structures include the internal jugular vein, hypoglossal nerve (CN XII), vagus nerve (CN X), superior laryngeal nerve, sympathetic trunk, fat, and lymph nodes.


Ref: Janfaza P, Nadol J, Galla R, Fabian R, Montgomery W. Anatomy of the neck: General consideration. In: Surgical Anatomy of the Head and Neck. Lippincott Williams & Wilkins, 2001.




65. Which of the following is a branch of the external carotid artery that originates at the level of the hyoid bone, forming a loop before passing deep to the hyoglossus muscle to enter the submandibular region?


	Ascending pharyngeal artery

	Facial artery

	Occipital artery

	Lingual artery



d: The lingual artery originates from the external carotid artery anteriorly and travels upward and medially toward the hyoid bone (greater cornu). The artery then forms a loop by turning downward and forward, ascending against the lateral pharyngeal wall toward the digastric and stylohyoid muscles, continuing anteriorly toward the hyoglossus muscle.


Ref: Janfaza P, Nadol J, Galla R, Fabian R, Montgomery W. Anatomy of the neck: General consideration. In: Surgical Anatomy of the Head and Neck. Lippincott Williams & Wilkins, 2001.



66. Which of the following is a branch of the external carotid artery in the neck?


	Descending palatine artery

	Vertebral artery

	Subclavian artery

	Occipital artery



d: The common carotid artery bifurcates into two terminal branches: the external carotid artery and internal carotid artery. This furcation takes place at the level of the thyroid cartilage (fourth cervical vertebra).

The external carotid artery is medial to the internal carotid artery in the carotid triangle, ascending in the neck backward and laterally, where it gets crossed by the stylohyoid muscle and the posterior belly of the digastric muscle.

It gives eight branches (the following sequence is from deep to superficial):


	Superior thyroid artery

	Ascending pharyngeal artery

	Lingual artery

	Facial artery

	Occipital artery

	Posterior auricular artery

	Maxillary artery

	Superficial temporal artery




Refs: Schünke M, Schulte E, Schumacher U, Ross LM, Lamperti ED, Voll M. Atlas of Anatomy, Head and Neuroanatomy. Thieme, 2007.

Standring S (ed). Gray’s Anatomy: The Anatomical Basis for Clinical Practice, ed 39. Elsevier/Churchill Livingstone, 2008.

Thwin SS, Soe MM, Myint M, et al. Variations of the origin and branches of the external carotid artery in a human cadaver. Singapore Med J 2010;51:e40–e42.

Whitaker RH, Borley NR. Instant Anatomy. Wiley-Blackwell, 2000.



67. Which of the following structures does NOT pass through the jugular foramen?


	Vagus nerve

	Hypoglossal nerve

	Accessory nerve

	Glossopharyngeal nerve




b: The jugular foramen is located posterior to the carotid foramen at the base of the skull. It is formed anteriorly by the temporal bone (petrous portion) and posteriorly by the occipital bone. Two fibrous septa subdivide it into anterior, middle, and posterior parts. The following table shows the structures that pass through the jugular foramen.




	Compartment

	Structures






	Anterior compartment

	Posterior (inferior) petrosal sinus




	Middle compartment

	
Glossopharyngeal nerve (CN IX)

Vagus nerve (CN X)

Accessory nerve (CN XI)

Ascending pharyngeal artery (meningeal branches)





	Posterior compartment

	
Internal jugular vein and sigmoid sinus junction

Emissary vein (sigmoid sinus to occipital vein)

Meningeal branches (occipital artery)








Ref: Midyett FA, Mukerji SK. Skull base and facial foramina. In: Skull Base Imaging: The Essentials. Springer, 2020.



68. Which of the following is the largest structure passing through the cavernous sinus?


	Internal carotid artery

	Internal jugular vein

	Abducent nerve

	Greater petrosal nerve



a: The cavernous sinus (CS) is a brain dural venous sinus located in the sphenoid bone on both sides of sella turcica. The CS is 1 cm wide and 2 cm long, bounded anteriorly by the superior orbital fissure and posteriorly by the petrous part of the temporal bone.

The internal carotid artery is the largest structure passing through the CS. The abducent nerve (CN VI) is another structure that passes through the sinus.

Other structures do not pass through the sinus but are rather components of the sinus lateral wall, including CN III, CN IV, V1, and V2.


Ref: Chapman PR, Vattoth S. Middle skull base. In: Watanabe K, Shoja MM, Loukas M, Tubbs RS. Anatomy for Plastic Surgery of the Face, Head and Neck. Thieme, 2016.



69. Which of the following structures exits the skull through the supraorbital foramen?


	Oculomotor nerve

	Branch of V2

	Supratrochlear nerve

	Branch of the frontal nerve



d: The frontal nerve branch of the ophthalmic division (V1) of the trigeminal nerve (CN V) gives off the supraorbital nerve branch that leaves the orbit via the supraorbital notch, or the supraorbital foramen along with the supraorbital artery and vein. The supraorbital nerve then divides into superficial and deep branches, providing sensory innervation to the same side of the forehead.


Ref: Knize DM. A study of the supraorbital nerve. Plast Reconstr Surg 1995;96:564–569.




70. Branches of the maxillary artery reach the nasopharynx (nose) through which of the following?


	Pterygopalatine fossa

	Pterygoid canal

	Nasopalatine canal

	Sphenopalatine foramen



d: The maxillary artery is a terminal branch of the external carotid artery, dividing at the level of the condylar neck. It travels anteriorly and is divided into three parts. The sphenopalatine artery is a terminal branch of the maxillary artery that passes through the sphenopalatine fossa, entering the nasal cavity through the sphenopalatine foramen to supply the lateral nasal wall, nasal septum, and superior, middle, and inferior turbinates.


[image: image]




Ref: Tanoue S, Kiyosue H, Mori H, Hori Y, Okahara M, Sagara Y. Maxillary artery: Functional and imaging anatomy for safe and effective transcatheter treatment. RadioGraphics 2013;33:E209–E224.



71. Taste sensation of the tongue posterior to the row of the vallate papillae is transmitted via which of the following?


	Chorda tympani (from VII)

	Branches of vagus (X)

	Glossopharyngeal nerve (IX)

	Buccal branch of V3



c: The trigeminal nerve (CN V) is responsible for providing general sensation to the anterior two-thirds of the tongue via the lingual nerve (branch of the mandibular division V3), whereas the taste sensation of the anterior two-thirds is provided by the facial nerve (CN VII) through the chorda tympani.

Both sensation and taste of the posterior one-third of the tongue are innervated by the glossopharyngeal nerve (CN IX).


Ref: Dudek RW. Board Review Series: Embryology, ed 6. Wolters Kluwer, 2014.




72. The ansa cervicalis is usually found in which of the following structures?


	Muscular triangle

	Supraclavicular triangle

	Carotid triangle

	Occipital triangle



c: The ansa cervicalis, also known as the ansa hypoglossi, is formed by three nerves of the cervical plexus (C1 to C3). It is found in the carotid triangle superficial to the internal jugular vein and is responsible for the innervation of the infrahyoid muscles.

It has a superior and an inferior root. The superior root is formed by the first cervical nerve (C1), while the inferior root is formed by the joining of the second and third cervical nerves (C2 and C3).


Refs: Drake RL, Vogl W, Mitchell AM. Gray’s Anatomy for Students. Elsevier, 2005.

Rea P. Essential Clinically Applied Anatomy of the Peripheral Nervous System in the Head and Neck. Elsevier, 2016.



73. Which of the following structures is located within the carotid sheath?


	Common carotid artery

	External carotid artery

	Ansa cervicalis

	Sympathetic chain



a: The carotid sheath (CS) is a continuation of the deep cervical fascia of the neck, extending from the aortic arch to the base of the skull. It is a dense fibrous connective tissue layer that surrounds vital structures and protects them. The CS surrounds the common carotid artery to the level of bifurcation at the thyroid cartilage border; it then continues with the internal carotid artery beyond this point. The carotid sheath covers the entire extent of both the internal jugular vein and the vagus nerve.

Branches of the vagus nerve (pharyngeal and superior laryngeal) as well as the superior and inferior cervical cardiac nerve branches all originate within the carotid sheath.

The ansa cervicalis is found implanted in the anterior wall of the CS, while the sympathetic chain is found behind the CS, anterior to the paravertebral fascia.


[image: image]




Ref: Garner DH, Kortz MW, Baker S. Anatomy, Head and Neck, Carotid Sheath. https://www.ncbi.nlm.nih.gov/books/NBK519577/. Accessed 5 October 2023.




74. Which of the following bones forms the inferior part of the nasal septum?


	Sphenoid

	Vomer

	Palatine

	Maxillary



b: The vomer is a trapezoidal unpaired bone that forms the inferior part of the nasal septum. It articulates with ethmoid, palatal, and sphenoid bone, as well as the maxilla and cartilaginous septum of the nose (see figure in question 55).


Refs: Koepke JW, Dolen WK. Rhinolaryngoscopy for the allergist. In: Textbook of Allergy for the Clinician, ed 2. CRC Press, 2021.

Selner JC, Dolen WK, Spofford B, Koepke JW. Normal anatomy of the upper airway. In: Selner’s Rhinolaryngoscopy Online. https://www.augusta.edu/mcg/pediatrics/allergy/rhino/selnerch3.php. Accessed 5 October 2023.



75. Which of the following is the first group of lymph nodes to receive drainage from the tip of the tongue?


	Retroauricular

	Submental

	Submandibular

	Anterior cervical



b: The anterior two-thirds of the tongue drain into the ipsilateral submandibular lymph nodes, except for the tip area, which drains into the submental lymph nodes. Submental lymph nodes also drain the mid-lower lip region, mental skin region, and the floor of the mouth. Lymphatics will then drain into the deep cervical nodes.

The posterior one-third of the tongue drains directly into the deep cervical nodes bilaterally.


Ref: Koroulakis A, Jamal Z, Agarwal M. Anatomy, Head and Neck, Lymph Nodes. https://www.ncbi.nlm.nih.gov/books/NBK513317/. Accessed 5 October 2023.



76. Which of the following statements is true about the inferior orbital fissure?


	It separates the greater wing of the sphenoid from the roof of the orbit.

	It transmits branches of the ciliary ganglion.

	It transmits branches of the maxillary nerve (V2).

	It transmits branches of the ophthalmic nerve.



d: The inferior orbital fissure separates the orbital floor from the greater wing of the sphenoid, located just inferior to the superior orbital fissure. It is surrounded by the greater wing of the sphenoid superiorly, the maxilla and orbital process of the palatine bone inferiorly, and the zygomatic bone laterally, separating the orbital floor from the greater wing of the sphenoid.

It transmits the following structures: the infraorbital nerve (branch of the maxillary division [V2] of the trigeminal nerve [CN V]), zygomatic nerve (branch of the maxillary division [V2] of the trigeminal nerve [CN V]), inferior ophthalmic vein, infraorbital artery (branch of the maxillary artery), and infraorbital vein. It also transmits orbital ganglionic branches and several emissary veins.


Refs: Dutton JJ. Atlas of Clinical and Surgical Orbital Anatomy, ed 2. Elsevier, 2011.

McGoldrick KE, Feitl ME. Neural Blockade of the Eye. https://aneskey.com/neural-blockade-of-the-eye/. Accessed 5 October 2023.




77. Which of the following muscles retracts the mandible?


	Posterior portion of temporalis

	Upper head of the lateral pterygoid

	Anterior portion of temporalis

	Posterior portion of buccinator



a: The temporalis muscle is one of the muscles of mastication, located bilaterally on both sides of the head. It has a fan shape with a broad origin and narrow insertion. It originates from the temporalis fossa, lower temporal line, infratemporal crest of the greater wing of the sphenoid, and the temporalis fascia (deep surface), inserting into the anterior border of the ramus and the coronoid process.

It is responsible for the retrusion and elevation of the mandible as well as ipsilateral excursion.


Ref: Fehrenbach MJ, Herring SW. Illustrated Anatomy of the Head and Neck. Elsevier, 2012.



78. The lateral lower lip drains into which of the following lymph nodes?


	Jugulo-omohyoid

	Submental

	Submandibular

	Parotid



c: The submandibular lymph nodes receive drainage from the upper lip and lateral lower lip. The central lower lip region is the only part drained by the sublingual lymph nodes.


[image: image]




Ref: Moore KL, Dalley AF, Agur AMR. Clinically Oriented Anatomy, ed 6. Wolters Kluwer Health/Lippincott Williams & Wilkins, 2010.




79. Injury to the facial nerve just proximal to the origin of the chorda tympani nerve will result in which of the following?


	Loss of taste sensation to the anterior two-thirds of the tongue

	Decreased salivary flow from the parotid gland

	Loss of lacrimation (tearing) from the lacrimal gland

	Paresthesia of the posterior maxilla



a: The chorda tympani is a branch of the facial nerve (CN VII) that is responsible for transmitting taste sensation (afferent) from the anterior two-thirds of the tongue via the lingual nerve. It also transmits parasympathetic secretomotor innervations (efferent) through the submandibular ganglion to both submandibular and sublingual salivary glands.


Refs: Ghatak RN, Helwany M, Ginglen JG. Anatomy, Head and Neck, Mandibular Nerve. StatPearls, 2023.

Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice. Elsevier/Churchill Livingstone, 2008



80. The mandibular division of the trigeminal nerve (V3) provides which of the following?


	General cutaneous fibers to the forehead above the orbit

	Motor fibers to the masseter and temporalis muscle

	General sensation to the posterior one-third of the mouth

	General cutaneous sensory fibers to the portion of the neck that develops from the second pharyngeal arch



b: The mandibular nerve (V3) is the third and largest branch of the trigeminal nerve (CN V). It carries a large motor root and small sensory root that unite outside the skull just after passing through the sphenoid bone via the foramen ovale. The mandibular nerve then divides into an anterior (small) and posterior (large) trunk.

Before the division occurs, the main trunk gives off a muscular branch and a meningeal branch. The nerve then divides into anterior and posterior divisions, as follows:


	Branches from the anterior division

	
- Masseteric nerve (motor)

	
- Deep temporal nerves, anterior and posterior (motor)

	
- Buccal nerve (sensory)

	
- Lateral pterygoid nerve (motor)





	Branches from the posterior division

	
- Auriculotemporal nerve (sensory)

	
- Lingual nerve (sensory)

	
- Inferior alveolar nerve (motor and sensory; gives off a motor innervation through the nerve to the mylohyoid, a motor nerve that also supplies the anterior belly of the digastric muscle)









[image: image]



The mandibular nerve provides sensory innervation to the lower part of the face, including the temporomandibular joint, oral mucous membrane, teeth, and the anterior two-thirds of the tongue. The posterior one-third of the tongue receives sensory innervation from the glossopharyngeal nerve (CN IX). It also innervates the muscles of mastication and other smaller muscles.


Refs: Fehrenbach M, Herring S. Illustrated Anatomy of the Head and Neck, ed 5. Elsevier, 2012.

Ghatak RN, Helwany M, Ginglen JG. Anatomy, Head and Neck, Mandibular Nerve. StatPearls, 2023.

Gray H. Gray’s Anatomy of the Human Body. Lea & Feiber, 1918.



81. Which of the following structures is embedded in the parotid gland?


	The common carotid artery

	The external jugular vein

	The retromandibular vein

	The buccal nerve of V



c: The parotid gland is the largest salivary gland located on both sides of the face within the parotid region. This region is surrounded by the zygomatic arch superiorly, the inferior border of the mandible inferiorly, the masseter muscle anteriorly, and the external ear and sternocleidomastoid muscle posteriorly.

Different important structures pass through the parotid gland, including the facial nerve (CN VII) and its branches, the external carotid artery and its terminal branches, and the retromandibular vein. Structures related to the parotid gland from lateral to medial are the facial nerve, retromandibular vein, external carotid artery, superficial temporal artery, maxillary artery, and branches of the greater auricular nerve.


Refs: Jacobs S. Head and neck. In: Human Anatomy. Elsevier, 2008.

Lowe LH, Stokes LS, Johnson JE, et al. Swelling at the angle of the mandible: Imaging of the pediatric parotid gland and periparotid region. Radiographics 2001;21:1211–1227.




82. The retromandibular vein is formed by the junction of the maxillary vein and which of the following?


	Facial vein

	Transverse facial vein

	Posterior auricular vein

	Superficial temporal vein



d: The retromandibular vein is formed by the joining of the maxillary vein and the superficial temporal vein. It passes through the parotid gland lateral to the external carotid artery and medial to the facial nerve. It divides into anterior and posterior branches. The anterior branch forms the common facial vein by joining the anterior facial vein, while the posterior branch forms the external jugular vein by joining the posterior auricular vein.


Ref: Janfaza P, Nadol Jr J, Galla R, Fabian R, Montgomery W. Superficial structures of the face, head, and parotid region. In: Surgical Anatomy of the Head and Neck. Lippincott Williams & Wilkins, 2001.



83. Where does the external jugular vein usually begin? 


	Posterior to the neck of the mandible

	Posterior to the angle of the mandible

	Posterior to the middle third of the sternocleidomastoid muscle

	Posterior to the mastoid process of the temporal bone



b: The external jugular vein is formed in the parotid gland at the angle of the mandible level by joining the posterior auricular vein and the posterior division of the retromandibular vein. Its course can be identified by a line drawn between the angle of the mandible and a point at the middle of the clavicle.


Ref: Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice, ed 41. Elsevier, 2016.



84. The pterygomandibular raphe is essentially a vertical line of connective tissue that indicates the interconnection plane of the buccinator and which of the following?


	Palatoglossal muscle

	Palatopharyngeal muscle

	Superior pharyngeal constrictor muscle

	Inferior pharyngeal constrictor muscle



c: The pterygomandibular raphe (pterygomandibular ligament) is an extension of the fibrous buccopharyngeal fascia. It is identified at the retromolar region and indicates the interconnection of the buccinator muscle and the superior pharyngeal constrictor muscle. It extends from the hamulus of the medial pterygoid plate to the mylohyoid ridge. Overlying the raphe, the pterygomandibular fold is identified and used as a landmark in the inferior alveolar nerve block.


Refs: Brian M, Trotta, Clinton S, et al. Oral cavity and oropharyngeal squamous cell cancer: Key imaging findings for staging and treatment planning. Radiographics 2011;31:339–354.

Shimada K, Gasser RF. Morphology of the pterygomandibular raphe in human fetuses and adults. Anat Rec 1989;224:117–122.

Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice. Churchill Livingstone/Elsevier, 2008.




85. Which of the following does NOT communicate directly with the cavernous sinus?


	Superior petrosal sinus

	Superior sagittal sinus

	Pterygoid plexus veins

	Inferior petrosal sinus



b: The cavernous sinus receives drainage from different structures, including the superior and inferior ophthalmic veins as well as the superficial middle cerebral vein. It also drains both the intercavernous and sphenoparietal sinuses. Occasionally, it receives drainage from the central retinal vein and frontal tributary of the middle meningeal vein.

The cavernous sinus drains into the superior petrosal sinus and then into the transverse sinus. It also drains directly into the jugular bulb via the inferior petrosal sinus. Drainage also occurs through the venous plexus on the internal carotid artery to the basilar venous plexus. Emissary veins communicate between the cavernous sinus and pterygoid plexus as well as the foramen lacerum. The box below outlines the drainage into and from the cavernous sinus.




	
Drainage into the cavernous sinus

Superior and inferior ophthalmic veins

Intercavernous sinus

Sphenoparietal sinus

Superficial middle cerebral vein

Occasionally: Central retinal vein and middle meningeal vein

Drainage from the cavernous sinus

Superior petrosal sinus → Transverse sinus

Inferior petrosal sinus → Jugular bulb

Venous plexus on internal carotid artery → Clival venous plexuses

Emissary veins passing through the foramen vesalii, foramen ovale (communicate between the cavernous sinus and pterygoid plexuses and foramen lacerum)








Refs: Safdieh JE. Netter’s Concise Neuroanatomy. Saunders, 2007.

Standring S (ed). Gray’s Anatomy: The Anatomical Basis of Clinical Practice. Elsevier/Churchill Livingstone, 2008.



86. A fusion failure of which of the following structures will result in a cleft involving the lip and dental arch (alveolar ridge)?


	Medial nasal and maxillary processes

	Lateral nasal and maxillary processes

	Right and left maxillary processes

	Right and left lateral palatine processes



a: During intrauterine fetal development, the primary palate (intermaxillary process) is formed by the fusion of the medial nasal process and the maxillary process. The maxillary process extends toward the lateral nasal process directed medially toward the medial nasal process, allowing their fusion and subsequently the formation of the upper lip philtrum; fusion failure will result in orofacial cleft development.


Ref: Som PM, Naidich TP. Illustrated review of the embryology and development of the facial region, part 1: Early face and lateral nasal cavities. AJNR Am J Neuroradiol 2013;34:2233–2240.




87. Failure of the lateral palatine processes to fuse across the midline will result in which of the following?


	Oblique facial cleft

	Simple midline cleft

	Simple unilateral cleft lip

	Simple cleft of the secondary palate



d: During intrauterine development, the outgrowth of the palatal processes (maxillary prominences or palatal shelves) and bilateral fusion will result in secondary palate formation. Fusion failure will result in a secondary palate cleft.


Ref: Levi B, Brugman S, Wong VW, Grova M, Longaker MT, Wan DC. Palatogenesis: Engineering, pathways and pathologies. Organogenesis 2011;7:242–254.



88. Which of the following statements is correct regarding the foramen cecum of the tongue?


	It indicates the origin of the thyroid gland.

	It indicates the origin of the superior parathyroids.

	It is located posterior to the lingual tonsil.

	It forms the sublingual duct opening.



a: The foramen cecum is a small depression at the apex of a V-shaped sulcus, located at the posterior one-third of the tongue, that separates the oral and pharyngeal surfaces of the tongue. This depression (foramen cecum) indicates the site of epithelium invagination during thyroid gland formation.

Occasionally, a connection will remain between the foramen cecum and thyroid gland, known as the thyroglossal duct.


Ref: Drake RL, Vogl W, Mitchell AM. Head and neck. In: Gray’s Anatomy for Students, ed 2. Elsevier, 2010.



89. The inability to tightly close the eyelids postoperatively is an indication of damage to which nerve?


	Sympathetic fibers on the ophthalmic artery

	Superior division of the oculomotor

	Inferior division of the oculomotor

	Temporal and zygomatic branches of the facial nerve



d: The orbicularis oculi (OO) muscle is one of the muscles of facial expression. It is a bilateral sphincter muscle that surrounds the orbits and is responsible for both forceful and gentle eye closure. Each muscle is divided into two parts: the orbital (the outer part) and palpebral (the middle part). The palpebral part of the muscle is divided into the preseptal and pretarsal.

Like other muscles of facial expression, the OO muscle is innervated via branches of the facial nerve (CN VII). The upper part of the muscle is innervated by the temporal branch, and the lower part is innervated by the zygomatic branch.



[image: image]




Ref: Tong J, Lopez MJ, Patel BC. Anatomy, Head and Neck, Eye Orbicularis Oculi Muscle. https://www.ncbi.nlm.nih.gov/books/NBK441907/. Accessed 5 October 2023.



90. Which of the following nerves innervates all the intrinsic muscles of the larynx except the cricothyroid muscle?


	Superior laryngeal

	Recurrent laryngeal

	External laryngeal

	Internal laryngeal



b: Both motor and sensory innervation to the intrinsic muscles of the larynx are provided via branches of the vagus nerve (CN X). The recurrent laryngeal nerve is the branch responsible for innervating all muscles except the cricothyroid muscle, which is innervated solely by the external branch of the superior laryngeal nerve.


Ref: Junco K, Chandran SK. Anatomy, Head and Neck, Larynx Muscles. https://www.ncbi.nlm.nih.gov/books/NBK545231/. Accessed 5 October 2023.



91. Which of the following is the most important muscle responsible for narrowing the anterior part of the rima glottidis?


	Cricothyroid

	Oblique arytenoid

	Transverse arytenoid

	Lateral cricoarytenoid



d: The rima glottidis is the opening between the arytenoid cartilages of the larynx and the vocal cords. The lateral cricoarytenoid muscle is the most important laryngeal muscle responsible for closing or narrowing (adducting) the vocal cords completely. The arytenoid muscle is another muscle that closes the rima glottidis but only partially. On the other hand, the posterior cricoarytenoid muscle is responsible for opening (abducting) the vocal cords; see the following table.





	Muscle

	Action






	Cricothyroid

	Stretching of vocal cords




	Vocalis

	Shortening of vocal cords




	Transverse arytenoid

	Adduction of arytenoids




	Posterior cricoarytenoid

	Abduction of vocal cords




	Lateral cricoarytenoid

	Adduction of vocal cords




	Aryepiglotticus

	Approximation of epiglottis and arytenoids to allow airway closure during swallowing




	Thyroarytenoid

	Vestibule closure




	Thyroepiglotticus

	Vestibule closure







Ref: Liebgott B. The head by regions. In: The Anatomical Basis in Dentistry, ed 4. Elsevier, 2017.



92. Which of the following muscles of the orbit that attaches to the eyeball does NOT arise from the annulus of Zinn?


	Inferior rectus

	Superior rectus

	Inferior oblique

	Lateral rectus



c: The annulus of Zinn is the origin of all extrinsic muscles of the orbit except the inferior oblique muscle, which originates from the orbital floor near the posterior lacrimal crest. Then, they all insert onto the eye globe, except for the levator palpebrae superioris, which inserts into the upper eyelid and is responsible for its elevation.


Refs: Chastain JB, Sindwani R. Anatomy of the orbit, lacrimal apparatus, and lateral nasal wall. Otolaryngol Clin North Am 2006;39:855–864.

Shumway CL, Motlagh M, Wade M. Anatomy, Head and Neck, Orbit Bones. https://www.ncbi.nlm.nih.gov/books/NBK531490/. Accessed 5 October 2023.



93. Which of the following muscles functions primarily to move the eyeball upward?


	Superior rectus

	Superior oblique

	Inferior oblique

	Levator palpebrae superioris



a: The extrinsic muscles of the eye are responsible for stabilizing and moving the eyeball. There are six extrinsic muscles: four rectus and two oblique. The rectus muscles move the eye in the direction correlating with their name—eg, the superior rectus moves the eye upward, the lateral rectus moves the eye laterally, and the same goes for the inferior and medial rectus muscles. The oblique muscles move the eye in the direction opposite to their name—eg, the superior oblique moves the eye in an inferior direction, and the inferior oblique moves the eye in a superior direction. Each extraocular muscle of the orbit has a specific action, as outlined in the following table.





	Extraocular muscle

	Action






	Levator palpebrae superioris

	Elevates upper lid (voluntarily and involuntarily)




	Superior rectus

	
Turns eye upward

Adducts eye (inward)





	Medial rectus

	Adducts eye (inward)




	Inferior rectus

	
Lowers eye

Adducts eye (inward)





	Lateral rectus

	Abducts eye (outward)




	Superior oblique

	Lowers the eye and turns it laterally




	Inferior oblique

	Turns the eye upward and laterally







Ref: Purves D, Augustine GJ, Fitzpatrick D, et al (eds). The actions and innervation of extraocular muscles. In: Neuroscience, ed 2. Sinauer Associates, 2001.



94. Which of the following orbital muscles is NOT innervated by the oculomotor nerve (CN III)?


	Medial rectus

	Lateral rectus

	Superior rectus

	Inferior oblique



b: All seven extraocular muscles of the orbit are innervated by the oculomotor nerve (CN III) except for the lateral rectus muscle, which is innervated via the abducent nerve (CN VI), and the superior oblique muscle, which is innervated via the trochlear nerve (CN IV).

The oculomotor nerve (CN III) also innerves the levator muscles of the eyelid and carries nerve fibers from the Edinger-Westphal nucleus responsible for pupillary constriction. Accordingly, injury to the oculomotor nerve (CN III) will result in ptosis (drooping of the eyelid), mydriasis (pupillary dilation), and impairment of eye movements.


Ref: Purves D, Augustine GJ, Fitzpatrick D, et al (eds). The actions and innervation of extraocular muscles. In: Neuroscience, ed 2. Sinauer Associates, 2001.



95. A patient developed paralysis of all extraocular muscles of the orbit except the inferior oblique muscle. On examination, the cornea should be in which position?


	Adducted and elevated

	Abducted and elevated

	Adducted and depressed

	Abducted and depressed



b: The inferior oblique muscle will be the only active muscle of the orbit in this case, resulting in upward and lateral eye rotation.


Ref: Purves D, Augustine GJ, Fitzpatrick D, et al (eds). The actions and innervation of extraocular muscles. In: Neuroscience, ed 2. Sinauer Associates, 2001.




96. The skin on the medial part of the external nose is innervated mainly by the external nasal nerve, which is a branch of which of the following nerves?


	Infratrochlear nerve

	Infraorbital nerve

	Supratrochlear nerve

	Anterior ethmoidal nerve



d: The ophthalmic division (V1) of the trigeminal nerve (CN V) provides sensory innervation to the nasal cavity via the anterior ethmoidal nerve, a branch of the nasociliary nerve that arises from the ophthalmic nerve.

The anterior ethmoidal nerve then gives off the internal (septal) branch and external nasal branches, the latter of which ultimately innervates the skin of the ala and the tip of the nose.


Ref: Panneton WM. Brainstem projections from recipient zones of the anterior ethmoidal nerve in the medullary dorsal horn. Neuroscience 2006;141:889–906.



97. Which of the following arteries is ligated in the management of epistaxis resulting from the posterior nasal cavity?


	Septal branch of superior labial artery

	Nasal branch of infraorbital artery

	Sphenopalatine artery

	Superior nasal branch of ophthalmic artery



c: Epistaxis, also known as a nosebleed, is defined as bleeding that originates from the nostril, nasal cavity, or nasopharynx. It occurs with spontaneous (idiopathic) rupture of nose blood vessels or with rupture secondary to trauma, tumors, medications, or surgery (nasal and sinus). It affects around 60% of the population but rarely requires medical intervention.

Depending on the original bleeding site, epistaxis is categorized as an anterior bleed or a posterior bleed, with over 90% occurring in the anteroinferior nasal septum—the area known as Kiesselbach’s plexus (formed by the anastomosis of five different arteries). About 5% to 10% arise from the posterior nasal cavity in the area known as Woodruff’s plexus.

Woodruff’s plexus is formed by the anastomosis of branches of the internal maxillary artery, including the ascending pharyngeal, sphenopalatine, and posterior nasal arteries. Unlike an anterior bleed, which is usually venous, a posterior bleed is more severe and usually arterial.


Refs: Guarisco JL, Graham HD. Epistaxis in children: Causes, diagnosis, and treatment. Ear Nose Throat J 1989;68:522,528–530,532.

Moreau S, De Rugy MG, Babin E, Courtheoux P, Valdazo A. Supraselective embolization in intractable epistaxis: Review of 45 cases. Laryngoscope 1998;108:887–888.

Padgham N. Epistaxis: Anatomical and clinical correlates. J Laryngol Otol 1990;104:308–311.

Suh JD, Garg R. Epistaxis (Nosebleed). American Rhinologic Society. 2015.

Traboulsi H, Alam E, Hadi U. Changing trends in the management of epistaxis. Int J Otolaryngol 2015;2015:263987.



98. Injury to the pterygopalatine fossa during a Le Fort I osteotomy can result in which of the following postoperative complications?


	Dry eye

	Constricted pupils

	Dilated pupils

	Loss of taste in the anterior two-thirds of the tongue




a: In a Le Fort I osteotomy, the maxilla is downfractured following the disjunction of the pterygoid plates bilaterally. High-level pterygoid plate fractures can affect the pterygopalatine fossa and its contents (pterygopalatine ganglion, postganglionic parasympathetic fibers [lacrimal branches of VI], and the zygomaticotemporal branch of the maxillary nerve [V2]). That can also affect the innervation of the lacrimal system, especially the postganglionic parasympathetic fibers because they are unmyelinated and more prone to damage than myelinated fibers.

Fracture can also extend to the base of the skull and affect many different structures such as the foramen lacerum, sphenoid sinus, and pterygoid canal, as well as the orbit, involving the inferior orbital fissure and optic canal.

Dry eye may also result from postoperative inflammation involving the region of the pterygopalatine ganglion, resulting in ischemic damage secondary to the descending palatine artery or damage to the maxillary arteries.


Refs: Jang SY, Kim MK, Choi SM, Jang JW. Nasolacrimal duct obstruction after maxillary orthognathic surgery. J Oral Maxillofac Surg 2013;71:1085–1098.

Kang S, Jang SY, Lee A, Jang JW. Loss of reflex tearing after maxillary orthognathic surgery: A report of two cases. BMC Ophthalmol 2014;14:37.

Lanigan DT, Romanchuk K, Olson CK. Ophthalmic complications associated with orthognathic surgery. J Oral Maxillofac Surg 1993;51:480–494.

Tomasetti BJ, Broutsas M, Gormley M, Jarrett W. Lack of tearing after Le Fort I osteotomy. J Oral Surg 1979;34:1095–1097.



99. A patient presents to your clinic with a drooping right eyelid and an intact superior division of the oculomotor nerve. The patient could have a lesion in which of the following?


	Superior cervical sympathetic ganglion

	Optic nerve

	Abducent nerve

	Long and short ciliary nerves



a: Ptosis is the abnormal drooping of the upper eyelid, resulting in reduced palpebral opening. It can be congenital or can develop secondary to aponeurotic, neurogenic, myogenic, mechanical, or traumatic causes. Normally, the superior corneal limbus is 0.5 to 2 mm covered by the upper eyelid margin.

The two muscles responsible for upper eyelid elevation are the levator palpebrae superioris (LPS) and Muller’s muscle. The LPS is about 40 mm in length and is innervated via the superior division of the oculomotor nerve (CN III). Directly underneath this muscle and tightly attached to it is a 20-mm-long smooth muscle known as Muller’s muscle. This muscle is innervated via the sympathetic nervous system. Damage to either muscle will result in neurologic ptosis.


Refs: Cohen AJ. Ptosis (Blepharoptosis) in Adults. Medscape, eMedicine, 2001.

Finsterer J. Ptosis: Causes, presentation, and management. Aesthet Plast Surg 2003;27:193–204.



100. A patient presents to your clinic 6 months after parotidectomy surgery complaining of localized swelling and excessive sweating on the cheek shortly after eating. What is the most likely clinical diagnosis for this patient?


	Damage to the auriculotemporal nerve

	Damage to the greater auricular nerve

	Damage to the auricular branch of CN X

	Damage to the temporal branch of CN VII



a: The auriculotemporal nerve (ATN) is a branch of the mandibular division (V3) of the trigeminal nerve. It arises posteriorly by two roots encircling the middle meningeal artery. It is mainly a sensory nerve but carries motor fibers. The ATN gives sympathetic innervation to the sweat glands of the scalp and parasympathetic innervation to the parotid gland.


ATN damage following parotid gland surgery is the most common cause of injury and can result in aberrant regeneration of the parasympathetic fibers, switching innervation courses. This results in gustatory sweating and flushing (ie, sweating instead of having a normal salivary response to a food stimulus).

What is the diagnosis of this condition?


	Hyperhidrosis

	Hyperthyroidism

	Frey’s syndrome

	Facial nerve palsy



c: The most likely diagnosis of this condition is Frey’s syndrome secondary to parotid gland surgery. The key feature of this syndrome is the undesirable gustatory sweating and flushing on the cheek and temporal region after food intake.

What is the proper clinical test that should be conducted?


	Sialography

	Sialoendoscopy

	Minor iodine-starch test

	Fine needle aspiration biopsy



c: Diagnosis of Frey’s syndrome relies primarily on clinical manifestations. The Minor iodine-starch test is a specialized test used to diagnose patients by applying iodine solution over the affected area of the face, followed by the application of corn starch over the solution. The patient is then given an oral stimulus to activate sweating of the region. Affected individuals will develop discoloration on the site.


Refs: Dulguerov P. Frey syndrome. In: Myers EM, Ferris RL (eds). Salivary Gland Disorders. Springer, 2007.

Gorlin RJ, Cohen MM Jr, Hennekam RCM (eds). Syndromes of the Head and Neck, ed 4. Oxford University Press, 2001.

O’Neill JP, Condron C, Curran A, Walsh A. Lucja Frey—Historical relevance and syndrome review. Surgeon 2008;6:178–181.

Rustemeyer J, Eufinger H, Bremerich A. The incidence of Frey’s syndrome. J Craniomaxillofac Surg 2008;36:34–37.

Von Lindern JJ. Frey Syndrome. NORD Guide to Rare Disorders. Lippincott Williams & Wilkins, 2003.



Free-Response Questions

101. Identify the structures passing through the following foramen:

• Foramen ovale

• Foramen spinosum

• Foramen lacerum

• Carotid canal

• Jugular foramen

• Stylomastoid foramen

Foramen ovale: mandibular nerve, accessory meningeal artery, small emissary vein, lymphatics from meninges, lesser superior petrosal nerve

Foramen spinosum: middle meningeal vessels

Foramen lacerum: emissary veins, meningeal branch of ascending pharyngeal artery, internal carotid artery (transverse but not transmitted by it)


Carotid canal: internal carotid artery, deep petrosal nerve

Jugular foramen: internal jugular vein; cranial nerves IX, X, and XI

Stylomastoid foramen: facial nerve, stylomastoid branch of postauricular vessels

102. Identify the blood supply for the following:

• Pectoralis major

• Deltopectoral

• Temporalis

• Platysma

• Trapezius

• Latissimus dorsi

• Sternocleidomastoid

• Random pattern flap

• Axial pattern flap

Pectoralis major: thoracoacromial artery, superior and lateral thoracic artery

Deltopectoral: perforator from internal mammary artery

Temporalis: anterior and posterior deep temporal artery

Platysma: submental branch of facial artery

Trapezius: transverse cervical artery

Latissimus dorsi: thoracodorsal artery

Sternocleidomastoid: occipital and superior thyroid artery

Random pattern flap: skin and subcutaneous muscle (blood supply from dermal and subdermal plexus)

Axial pattern flap: dominant vessel


103. Identify the structures illustrated on the diagram below.


[image: image]




	Crista galli

	Superior concha

	Cribriform plate

	Sphenoid bone

	Perpendicular plate of the palatine bone

	Medial pterygoid plate of sphenoid bone

	Palatine bone

	Maxilla

	Inferior concha

	Middle concha




104. Identify the marked blood supply to the nose on the diagram below.


[image: image]




	Anterior ethmoidal artery

	Posterior ethmoidal artery

	Sphenopalatine artery

	Greater palatine artery

	Superior labial artery (septal branch)

	Little’s area (Kiesselbach’s plexus)



105. Identify the structures illustrated on the diagram below.


[image: image]





	Internal carotid artery

	Oculomotor nerve (CN III)

	Trochlear nerve (CN IV)

	Ophthalmic branch of the trigeminal nerve (V1)

	Abducens nerve (CN VI)

	Maxillary branch of the trigeminal nerve (V2)



106. What are the elevators and depressors of the mandible?

The muscles of mastication are the muscles in the head that are responsible for jaw movements. There are four muscles of mastication: masseter, temporalis, lateral pterygoid, and medial pterygoid. All muscles of mastication are elevators, but the lateral pterygoid muscle is also considered a depressor.


[image: image]




107. Identify the structures illustrated on the diagram below according to the numbers given.


[image: image]




	Trachea

	Esophagus

	Strap muscles

	Thyroid

	Retropharyngeal space

	Sternocleidomastoid muscle

	Common carotid

	Internal jugular vein

	Vagus nerve





	Spinal nerve

	Alar space (danger space)

	Posterior vertebral muscles

	Trapezius muscle

	Cervical vertebra (C7)

	Prevertebral fascia

	Sympathetic trunk

	Carotid sheath (unit)

	Buccopharyngeal fascia

	Recurrent pharyngeal nerve

	Pretracheal fascia

	Platysma muscle

	Deep investing fascia




108. Identify the marked nerves to the scalp on the diagram below.


[image: image]




	Supratrochlear nerve (V1)

	Supraorbital nerve (V1)

	Zygomaticotemporal nerve (V2)

	Auriculotemporal nerve (V3)

	Lesser occipital nerve (V3)

	Greater occipital nerve (C2, C3)

	Occipital nerve (C3)




109. Identify the marked blood supply to the scalp on the diagram below.


[image: image]




	Supratrochlear artery

	Supraorbital artery

	Superficial temporal artery

	Posterior auricular artery

	Occipital artery
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Multiple-Choice Questions

1. Which of the following is the primary concern regarding pulmonary function in the management of an obese patient undergoing general anesthesia for surgical third molar extraction?


	Decreased forced expiratory volume

	Decreased functional residual capacity

	Decreased minute ventilation

	Decreased residual volume



b: The accumulation of fat in and around the chest, diaphragm, and abdomen in morbidly obese individuals decreases chest wall compliance and increases respiratory resistance. As a result, there is a reduction in functional residual capacity (FRC), expiratory reserve volume (ERV), and total lung capacity (TLC).

These changes compound under general anesthesia, resulting in the inability of an obese patient to tolerate apnea.


	FRC: Volume remaining in the lungs after a normal passive expiration

	ERV: Volume of air that is forcefully expired after a normal resting expiration

	TLC: Volume of air in the lungs with maximum inspiration effort




Refs: Parameswaran K, Todd DC, Soth M. Altered respiratory physiology in obesity. Can Respir J 2006;13:203–210.

Yap JC, Watson RA, Gilbey S, Pride NB. Effects of posture on respiratory mechanics in obesity. J Appl Physiol (1985) 1995;79:1199–1205.



2. Which of the following statements is correct regarding respiratory functions in obese patients?


	Maximal voluntary ventilation is generally increased.

	Inspiratory and expiratory pressures are increased.

	Both functional residual capacity and residual volume are reduced.

	Dynamic lung volumes are often normal.



d: Dynamic lung volumes like vital capacity (VC) and total lung capacity (TLC) are often normal in obese individuals. It has been documented that VC is reduced while TLC remains normal in morbidly obese individuals; if this is present, it is most likely secondary to intrinsic lung disease and not due to obesity.

Maximal voluntary ventilation (MVV) is generally reduced in obese patients, with greater reduction values in individuals with obesity hypoventilation syndrome secondary to diaphragmatic dysfunction resulting from fat deposition in the abdomen and viscera.


Maximum inspiratory and expiratory pressures generated by obese patients are lower than nonobese patients at all lung volumes. Reduction in the expiratory reserve volume (ERV) in obese individuals is the most common pulmonary function abnormality; because the functional residual capacity is reduced and the residual volume is not, the ERV value decreases


	VC: Amount of air that can be exhaled following the deepest inhalation

	TLC: Volume of air in the lungs with maximum inspiration effort

	MVV: Respiratory muscle endurance measurement

	ERV: Volume of air that is forcefully expired after a normal resting expiration




Refs: Biring MS, Lewis MI, Liu JT, Mohsenifar Z. Pulmonary physiologic changes of morbid obesity. Am J Med Sci 1999;318:293–297.

Emirgil C, Sobol BJ. The effects of weight reduction on pulmonary function and the sensitivity of the respiratory center in obesity. Am Rev Respir Dis 1973;108:831–842.

Kelly TM, Jensen RL, Elliott CG, Crapo RO. Maximum respiratory pressures in morbidly obese subjects. Respiration 1988;54:73–77.

Koenig SM. Pulmonary complications of obesity. Am J Med Sci 2001;321:249–279.

Parameswaran K, Todd DC, Soth M. Altered respiratory physiology in obesity. Can Respir J 2006;13:203–210.

Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects of obesity on respiratory function. Am Rev Respir Dis 1983;128:501–506.



3. Which of the following drugs does NOT reduce the upper esophageal sphincter tone?


	Midazolam

	Ketamine

	Thiopental

	Atracurium



b: The upper esophageal sphincter (UES) functions by preventing aspiration of materials from the esophagus to the hypopharynx. Most anesthetic drugs and techniques increase the chance of aspiration by reducing the UES function, except for ketamine, where the UES tone was not found to be altered.

Thiopental, midazolam, halothane, succinylcholine, and nondepolarizing muscle relaxants were all found to variably affect the esophageal sphincter tone.


Refs: Kahrilas PJ, Dodds WJ, Dent J, Haeberle B, Hogan WJ, Arndorfer RC. Effect of sleep, spontaneous gastroesophageal reflux, and a meal on upper esophageal sphincter pressure in normal human volunteers. Gastroenterology 1987;92:466–471.

Ng A, Smith G. Gastroesophageal reflux and aspiration of gastric contents in anesthetic practice. Anesth Analg 2001;93:494–513.

Vanner RG, Pryle BJ, O’Dwyer JP, Reynolds F. Upper oesophageal sphincter pressure and the intravenous induction of anaesthesia. Anaesthesia 1992;47:371–375.

Vanner RG, Pryle BJ, O’Dwyer JP, Reynolds F. Upper oesophageal sphincter pressure during inhalational anaesthesia. Anaesthesia 1992;47:950–954.



4. Which of the following is true of metoclopramide?


	It delays gastric emptying.

	It intensifies activity of the vomiting center.

	It increases the gastroesophageal sphincter tone.

	It attenuates extrapyramidal effects.



c: Metoclopramide is a strong antiemetic medication that acts on the chemoreceptor trigger zone and intestinal motility. It is a dopamine D2 receptor antagonist and mixed 5-HT3 receptor antagonist. It functions by lowering the esophageal sphincter tone and rate of gastric emptying and therefore must be administered 20 minutes before induction.

It prevents nausea and vomiting by acting on D2 receptors in the chemoreceptor trigger zone of the brain. Mediated by muscarinic activity as well as D2 and 5-HT4 receptor antagonist activity, metoclopramide induces its gastroprokinetic effects. This increases stomach, duodenum, and jejunum propulsive motility; gastric contraction tone; and lower esophageal sphincter tone, as well as relaxes both the pyloric sphincter and duodenal bulb.


Care must be taken if administered with opioids, as they decrease the effect of metoclopramide. Patients may also require the administration of benztropine or diphenhydramine to treat extrapyramidal effects that can develop by acting on the dopamine receptor in the chemoreceptor trigger zone.


Refs: DiPalma JR. Metoclopramide: A dopamine receptor antagonist. Am Fam Physician 1990;41:919–924.

Jacoby HI. Gastric emptying. In: Reference Module in Biomedical Sciences. Elsevier, 2017.



5. Which of the following interventions is used to perform fiber-optic nasoendotracheal intubation in a patient with temporomandibular joint ankylosis?


	Anesthetizing the pharyngeal branch of the glossopharyngeal nerve

	A recurrent laryngeal nerve block

	Transtracheal administration of lidocaine

	An inferior laryngeal nerve block



c: Intubation of patients with temporomandibular joint ankylosis is challenging because of the limitation in mouth opening and invisibility of the laryngeal inlet. Different methods are used in such conditions, including fiber-optic intubation, retrograde intubation, blind nasal intubation, and tracheostomy.

Patients are usually intubated awake, which causes significant irritation and stimulation. Fortunately, discomfort can be managed with the application of local anesthesia (LA) to the upper airway mucosa. However, blunting reflexes can increase the patient’s risk of aspiration.

Anesthesia can be administered using different methods, including lozenges, local spray, nebulizer, gargles, transtracheal injection, and LA through the fiber-optic bronchoscope.

Blocking the lingual branch of the glossopharyngeal and superior laryngeal nerves can further control gag reflex.


Refs: Colmenero C, Esteban R, Albarino AR, Colmenero B. Sleep apnoea syndrome associated with maxillofacial abnormalities. J Laryngol Otol 1991;105:94–100.

Dhasmana S, Singh V, Mohammad S, Pal US. Temporomandibular joint interpositional gap arthroplasty under intravenous (I.V) conscious sedation. J Maxillofac Oral Surg 2009;8:372–374.

Dhasmana S, Singh V, Pal US. Awake blind nasotracheal intubation in temporomandibular joint ankylosis patients under conscious sedation using fentanyl and midazolam. J Maxillofac Oral Surg 2010;9:377–381.

Vithal K, Dhulkhed. Retrograde intubation in temporomandibular joint ankylosis—A double guide wire technique. Indian J Anaesth 2008;52:90–92.



6. Which of the following drugs has the strongest effect against bronchospastic activity?


	Propofol

	Etomidate

	Methohexital

	Thiopental



a: Bronchospasm may develop during intubation as a result of airway irritation, especially in asthmatic patients. Therefore, the administration of premedications or use of inhalation anesthetics may be necessary to decrease the risk of developing bronchospasm. Propofol produces the lowest number of wheezing incidents when compared to methohexital, thiopental, and etomidate.


Refs: Brown RH, Greenberg RS, Wagner EM. Efficacy of propofol to prevent bronchoconstriction: Effects of preservative. Anesthesiology 2001;94:851–855.

Eames WO, Rooke GA, Wu RS, Bishop MJ. Comparison of the effects of etomidate, propofol, and thiopental on respiratory resistance after tracheal intubation. Anesthesiology 1996;84:1307–1311.




7. Which of the following medications can result in postoperative agitation and delirium?


	Glycopyrrolate

	Propofol

	Meperidine

	Midazolam



c: Meperidine (pethidine) is a synthetic opioid belonging to the phenylpiperidine class. It blocks the muscarinic/acetylcholine receptors, resulting in strong anticholinergic effects. Meperidine use can result in different complications—both peripheral and central.




	Peripheral effects

	Tachycardia, xerostomia, blurry vision, constipation, diaphoresis reduction, and narrow-angle glaucoma




	Central effects

	Agitation, delirium, visual hallucinations, belligerence, confusion, disorientation, and memory deficits






Propofol has rapid recovery and can be associated with euphoria. Long-acting benzodiazepine use can result in disorientation during emergence. On the other hand, the use of midazolam in healthy patients is generally not associated with disorientation.


Refs: Barkin RL, Stein ZL. Drugs with anticholinergic side effects. South Med J 1989;82:1547–1548.

Latta KS, Ginsberg B, Barkin RL. Meperidine: A critical review. Am J Ther 2002;9:53–68.



8. Which of the following medications can cause the greatest imbalance in myocardial oxygen supply and oxygen demand in a patient with a history of coronary heart disease?


	Fentanyl

	Ketamine

	Midazolam

	Propofol



b: Ketamine is a dissociative anesthetic used in the induction and maintenance of anesthesia. It demonstrates strong analgesic, amnesic, and hypnotic effects. Ketamine has a sympathomimetic property that can have significant effects on heart rate, systemic vascular resistance, and cardiac index if administered in patients with impaired ventricular function. Increasing myocardial oxygen requirement as a result of these effects can be harmful to patients with coronary artery disease.


Refs: Koehntop DE, Liao JC, Van Bergen FH. Effects of pharmacologic alterations of adrenergic mechanisms by cocaine, tropolone, aminophylline, and ketamine on epinephrine-induced arrhythmias during halothane-nitrous oxide anesthesia. Anesthesiology 1977;46:83–93.

Mazzeffi M, Johnson K, Paciullo C. Ketamine in adult cardiac surgery and the cardiac surgery intensive care unit: An evidence-based clinical review. Ann Card Anaesth 2015;18:202–209.

Patschke D, Brückner JB, Gethmann JW, Tarnow J, Weymar A. The effect of ketamine on haemodynamics and myocardial oxygen consumption in anaesthetized dogs (author’s transl) [in German]. Prakt Anaesth 1975;10:325–334.



9. A patient with a history of asthma and hypertension presents to your clinic for the extraction of third molars. His medications include hydrochlorothiazide 25 mg, Singulair (montelukast) 10 mg, and Elavil (amitriptyline) 75 mg. His vital signs are BP 140/90, HR 90 regular, and oxygen saturation 98%. The patient’s lungs are clear to auscultation, and he has not required intervention with his albuterol inhaler for a year. Which of the following anesthetic agents should be avoided?


	Fentanyl

	Ketamine

	Methohexital

	Midazolam




b: Ketamine has a sympathomimetic effect, increasing heart rate and blood pressure. These effects can be intensified in cardiac patients using Elavil (amitriptyline), a tricyclic antidepressant drug. Amitriptyline has a broad pharmacological profile; it acts on serotonin and norepinephrine reuptake blockage. It also stops excessive nociceptor release by blocking sodium channels; it acts indirectly on N-methyl-D-aspartate (NMDA) receptors.

It has an anticholinergic effect as well as antihistaminic and α2-adrenergic actions. It is not tolerated well in patients with cardiac disease, and it can result in heart rate variability, arrhythmias, and ECG changes (QTc [corrected QT] prolongation).


Refs: Güloglu C, Orak M, Ustündag M, Altunci YA. Analysis of amitriptyline overdose in emergency medicine. Emerg Med J 2011;28:296–299.

Kopsky DJ, Hesselink JM. High doses of topical amitriptyline in neuropathic pain: Two cases and literature review. Pain Pract 2012;12:148–153.

Mercadante S. Topical amitriptyline and ketamine for the treatment of neuropathic pain. Expert Rev Neurother 2015;15:1249–1253.



10. Which of the following medications has the least effect on functional residual capacity?


	Etomidate

	Ketamine

	Midazolam

	Propofol



b: Many anesthetic drugs cause hypercapnic and hypoxic respiratory drive depression, reducing upper airway tone, airway reflexes, and functional residual capacity (FRC). However, the effect of ketamine on the central respiratory drive, FRC, and pulmonary function is low.

Ketamine is a potent bronchodilator via its sympathetic effects, improving pulmonary compliance in patients with bronchospasm and reactive airways. In pediatric patients, ketamine preserves airway reflexes but causes an increase in salivation and airway secretions that can lead to laryngospasm and airway obstruction.


Refs: Saraswat V. Effects of anaesthesia techniques and drugs on pulmonary function. Indian J Anaesth 2015;59:557–564.

Tobias JD, Leder M. Procedural sedation: A review of sedative agents, monitoring, and management of complications. Saudi J Anaesth 2011;5:395–410.

von Ungern-Sternberg BS, Regli A, Frei FJ, et al. A deeper level of ketamine anesthesia does not affect functional residual capacity and ventilation distribution in healthy preschool children. Paediatr Anaesth 2007;17:1150–1155.



11. Which of the following statements is correct regarding the administration of intramuscular glycopyrrolate with ketamine?


	It is recommended to decrease emergence delirium resulting from ketamine.

	It affects emesis by crossing the blood-brain barrier.

	The incidence of tachycardia with the combination of glycopyrrolate and ketamine is less than with atropine and ketamine.

	It has a weak antisialagogue effect when used with ketamine.



c: Ketamine administration results in hypersalivation along with laryngeal reflex and airway hyperactivity. Accordingly, it should not be used in procedures involving the pharynx or hypopharynx without the coadministration of an antisialagogue.

Glycopyrrolate in combination with ketamine was found to be the anticholinergic agent of choice because it does not cross the blood-brain barrier (unlike atropine or scopolamine), and it has a greater antisialagogue effect than atropine. Atropine has a greater potentiating effect on the sympathomimetic activities of ketamine on the heart.


Benzodiazepine coadministration was found to suppress ketamine emergence delirium, as well as ketamine-induced cardiac and muscular hyperactivity. The use of midazolam is preferred over diazepam because of its water solubility and shorter half-life. Intramuscular midazolam is less painful on injections with higher bioavailability when compared to diazepam.


Refs: Bovill JG, Coppel DL, Dundee JW, Moore J. Current status of ketamine anaesthesia. Lancet 1971;1:1285–1288.

Mogensen F, Müller D, Valentin N. Glycopyrrolate during ketamine/diazepam anaesthesia. A double-blind comparison with atropine. Acta Anaesthesiol Scand 1986;30:332–336.

Pruitt JW, Goldwasser MS, Sabol SR, Prstojevich SJ. Intramuscular ketamine, midazolam, and glycopyrrolate for pediatric sedation in the emergency department. J Oral Maxillofac Surg 1995;53:13–17.

Stoelting RK, Miller RD. Basics of Anesthesia, ed 2. Churchill Livingstone, 1989.



12. Which of the following local anesthetics has the slowest onset of action?


	Articaine

	Mepivacaine

	Bupivacaine

	Lidocaine



c: The onset of action of a local anesthetic is determined by the degree of ionization, while the duration of local anesthetic effect is determined by its protein binding tendency.

Bupivacaine has a greater degree of ionization at the physiologic pH when compared to other local anesthetics. It also has a high protein binding affinity, increasing the duration of nerve blocks. For example, mepivacaine exhibits a 55% protein binding affinity compared to 95% for bupivacaine.

Circulating local anesthetics bind to α1-acid glycoprotein in the bloodstream, while acidic drugs bind to albumin. This binding property corresponds to their affinity to sodium channel proteins, determining the duration of local anesthetics.


Ref: Becker DE, Reed KL. Essentials of local anesthetic pharmacology. Anesth Prog 2006;53:98–108.



13. Which of the following agents has the shortest half-life?


	Articaine

	Bupivacaine

	Lidocaine

	Mepivacaine



a: Articaine is an ester-type local anesthetic with a short half-life (20 to 40 minutes) as compared to other local anesthetics such as lidocaine (> 90 minutes). This is a result of the presence of an ester group and its rapid hydrolysis by plasma esterase that breaks it down to inactive metabolites.

Articaine’s half-life is 27 minutes, lidocaine’s is 96 minutes, mepivacaine’s is 114 minutes, and bupivacaine’s is 162 minutes.


Ref: Becker DE, Reed KL. Essentials of local anesthetic pharmacology. Anesth Prog 2006;53:98–108.



14. A local anesthetic with epinephrine may have what potential effect when administered to a patient taking propranolol?


	Decrease heart rate and decrease blood pressure

	Decrease heart rate and increase blood pressure

	Increase heart rate and decrease blood pressure

	Increase heart rate and increase blood pressure




b: Propranolol is a class II antiarrhythmic and nonselective β-adrenoreceptor antagonist that blocks epinephrine- and norepinephrine-induced stimulation on β-1 and β-2 in the heart. This inhibition results in more prominent effects of epinephrine binding to α-receptors, causing excessive hypertension and reflex bradycardia.


Refs: Metra M, Nodari S, Dei Cas L. Beta-blockade in heart failure: Selective versus nonselective agents. Am J Cardiovasc Drugs 2001;1:3–14.

Rehsia NS, Dhalla NS. Mechanisms of the beneficial effects of beta-adrenoceptor antagonists in congestive heart failure. Exp Clin Cardiol 2010;15:e86–e95.

Wang DW, Mistry AM, Kahlig KM, Kearney JA, Xiang J, George AL Jr. Propranolol blocks cardiac and neuronal voltage-gated sodium channels. Front Pharmacol 2010;1:144.



15. The plasma clearance of which of the following drugs is least affected by a 4-hour continuous infusion?


	Fentanyl

	Alfentanil

	Methohexital

	Propofol



d: The context-sensitive half-time concept relies on the infused drug’s lipid solubility and its clearance mechanism efficiency. It represents the time required for a specific percentage of the drug to be eliminated in a specific duration.

Propofol is a γ-aminobutyric acid (GABA) receptor agonist. It is an excellent drug of choice because of its rapid unremarkable induction, short context-sensitive half-time, rapid clearance that is unaffected by the duration of continuous intravenous (IV) infusion, and low prevalence of postoperative nausea and vomiting.

Barbiturates such as thiopental and methohexital have a long-lasting plasma concentration, as they get sequestered in skeletal muscles and body fat, reentering the circulation and maintaining their plasma level. The administration of numerous doses of fentanyl or alfentanil can develop high levels of saturation, prolonging the duration of action and drug clearance time.


Refs: Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics and pharmacodynamics of propofol. Clin Pharmacokinet 2018;57:1539–1558.

Simons PJ, Cockshott ID, Douglas EJ, Gordon EA, Hopkins K, Rowland M. Disposition in male volunteers of a subanaesthetic intravenous dose of an oil in water emulsion of 14C-propofol. Xenobiotica 1988;18:429–440.



16. Which of the following agents is most appropriate for a patient with a history of nausea and vomiting?


	Etomidate

	Ketamine

	Methohexital

	Propofol



d: Propofol demonstrates a strong antiemetic effect with a significantly lower risk of postoperative nausea and vomiting (PONV) than other hypnotic drugs. Propofol inhibits the 5-HT3 receptors located in the central nervous system by interacting with dopaminergic (D2) receptors in the chemoreceptor trigger zone, reducing both the severity and incidence of PONV.

Barbiturates do not have antiemetic properties, and postoperative nausea and vomiting are more common with etomidate and ketamine.


Ref: Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics and pharmacodynamics of propofol. Clin Pharmacokinet 2018;57:1539–1558.




17. An extremely apprehensive 64-year-old patient with a history of congestive heart failure that is managed with digoxin is referred to your clinic for the extraction of multiple teeth. His metabolic equivalents are < 4. Which of the following drugs would be most appropriate for induction of general anesthesia for this patient?


	Etomidate

	Propofol

	Thiopental

	Sevoflurane



a: Etomidate (R-1-[1-ethylphenyl] imidazole-5-ethyl ester) is used in general anesthesia and sedation. Etomidate does not affect the myocardial function or sympathetic tone; therefore, it has minimal effect on heart rate and blood pressure. It is considered a very useful drug in the induction of general anesthesia in cardiac patients or patients undergoing cardiac surgery. When compared to barbiturates or propofol, etomidate reduces apnea and has no histamine release or allergic reactions.


Ref: Forman SA. Clinical and molecular pharmacology of etomidate. Anesthesiology 2011;114:695–707.



18. A 28-year-old woman presents to your clinic for the extraction of her third molars under general anesthesia. She has a history of grand mal seizures controlled with Tegretol (carbamazepine). Which of the following drugs is contraindicated for this patient?


	Methohexital

	Phenobarbital

	Thiamylal

	Thiopental



a: Barbiturates are grouped as sedatives and hypnotics and are used as an induction agent. They are used for the management of seizure disorder, insomnia, anxiety, and for coma induction in patients with high intracranial pressure.

Methohexital acts on GABAA receptors, and unlike other barbiturates, it holds epileptic properties along with an anticonvulsant dose-dependent effect. It is best used in electroconvulsive therapy and surgeries requiring intraoperative seizure induction.


Ref: Willeford A, Trumm N, Bisanz B, Parathasarathy V, Clark RF. Methohexital-induced seizure in a patient undergoing conscious sedation. J Emerg Med 2020;59:224–226.



19. Which of the following statements is correct regarding propofol?


	Propofol exerts its hypnotic effect by binding to GABAA receptors, activating sodium channels.

	Propofol is an excellent preoperative anxiolytic drug.

	The amnestic effect is only induced with high doses of propofol.

	Propofol does not affect intracranial pressure.



b: Propofol is an excellent anxiolytic drug when used in subhypnotic doses. It is considered an ample replacement for benzodiazepines to reduce postoperative recovery and discharge time. Propofol acts on the β-subunit of the postsynaptic GABAA receptor, causing inward chloride flow and hyperpolarization of the postsynaptic membrane, inhibiting neural depolarization. Propofol has a dose-dependent effect; in low doses it acts on chloride flow via GABA activation, and in high concentrations it directly activates channel opening.


The amnestic effect of propofol can be achieved at a low dose with no behavior impairment. It has favorable effects on cerebral physiology—it decreases intracranial pressure, cerebral blood flow, and cerebral metabolic rate.

It maintains static and dynamic autoregulation as well as the response to carbon dioxide and is therefore the drug of choice in neurosurgery anesthesia.


Ref: Sahinovic MM, Struys MMRF, Absalom AR. Clinical pharmacokinetics and pharmacodynamics of propofol. Clin Pharmacokinet 2018;57:1539–1558.



20. What is the predominant cardiovascular effect of IV methohexital?


	Decreased heart rate

	Depressed myocardial contractility

	Increased cardiac output

	Peripheral vasodilatation



d: Methohexital causes peripheral vasodilation, which causes blood pooling. This decreases venous return, blood pressure, and cardiac output, resulting in compensatory tachycardia.


Ref: Eilers H. Intravenous anesthetics. In: Pardo M, Miller RD. Basics of Anesthesia. Elsevier Health Sciences, 2011.



21. What is the short duration of a single dose of methohexital due to?


	Low pH

	Low fat solubility

	Rate of metabolism

	Rate of redistribution



d: Methohexital reaches its maximal brain uptake 30 seconds following administration, resulting in fast induction. It demonstrates a duration of action of 4 to 7 minutes followed by a steady decline that is secondary to redistribution of the drug into the skeletal muscles and fat. Also, due to liver metabolism, these two effects result in methohexital’s short duration of action and fast recovery.

Prolonged effects of methohexital can develop following repeated doses as a result of inactive tissue site saturation. Accordingly, the drug clearance depends on the elimination rate, resulting in a slower recovery.


Ref: Martone CH, Nagelhout J, Wolf SM. Methohexital: A practical review for outpatient dental anesthesia. Anesth Prog 1991;38:195–199.



22. Which drug may induce serotonin syndrome when combined with a selective serotonin reuptake inhibitor?


	Alfentanil

	Fentanyl

	Meperidine

	Morphine



c: Serotonin syndrome (SS) is a disorder that results from high levels of serotonin (5-HT) at the postsynaptic 5-HT2A receptors in the central nervous system (CNS). These receptors are predominantly located in the frontal cortex, resulting in excitation. The SS diagnosis requires the presence of three types of symptoms: behavioral/cognitive, neuromuscular, and autonomic.

Clinically, the patient may present with confusion, tachycardia, hyperreflexia, fever, dilated pupils, diarrhea, sweating, myoclonus, and agitation. Management depends on the severity and clinical manifestations of the condition, starting primarily by stopping the causative drug. Meperidine inhibits the presynaptic uptake of serotonin, which can result in its hyperstimulation and SS induction.



Ref: Latta KS, Ginsberg B, Barkin RL. Meperidine: A critical review. Am J Ther 2002;9:53–68.



23. A patient who is a heavy smoker had his last cigarette 2 hours before anesthesia was induced. A SpO2 of 90% may be a PaO2 of which value using standard pulse oximetry?


	55 to 60 mmHg

	60 to 75 mmHg

	75 to 90 mmHg

	90 to 100 mmHg



a: Pulse oximeters utilize two light wavelengths: red and infrared. Deoxygenated hemoglobin absorbs more red light, while oxygenated hemoglobin absorbs less infrared light.

In healthy individuals, the PaO2 must be higher than 60 mmHg to maintain an SpO2 above 90%. The presence of dyshemoglobins like carboxyhemoglobin (COHb) and methemoglobin can alter the pulse oximetry reading.

The presence of COHb in smokers can result in O2 level overestimation because COHb absorbs higher levels of red light and very little on the infrared spectrum. COHb levels in heavy smokers (10% to 15%) can last for up to 8 hours following the last cigarette.


Refs: Wagner PD, Powell FL, West JB. Ventilation, blood flow and gas exchange. In: Mason RJ, Broaddus VC, Martin T, et al (eds). Murray and Nadel’s Textbook of Respiratory Medicine, ed 5. Saunders Elsevier, 2010.

West JB. Gas transport by the blood. In: Respiratory Physiology: The Essentials, ed 9. Lippincott Williams & Wilkins, 2012.



24. The recommended preoperative fasting status for infant formula in infants and children is how many hours?


	2 hours

	4 hours

	6 hours

	8 hours



c: Preoperative fasting is required to protect patients from aspiration during sedation and general anesthesia.




	American Society of Anesthesiologists (ASA) recommendations for preoperative fasting




	Time

	Allowed foods






	8 hours

	Fatty food or meats




	6 hours

	Nonhuman milk or light meal




	4 hours

	Breast milk




	2 hours

	Water, pulp-free juice, and tea or coffee without milk






The Canadian Pediatric Anesthesia Society fasting guidelines recommend that children take clear fluids up to 1 hour prior to surgery; for adults, the recommendations are similar to the ASA guidelines. However, the European Society of Anaesthesiology and Intensive Care guidelines forbid solid foods for 6 hours prior to elective surgery and encourage clear fluids up to 2 hours for adults and 1 hour for children.

It has been reported that gastric emptying in infants 1 to 6 months of age is around 48 minutes for breast milk and 78 minutes for formula milk.



Refs: Cavell B. Gastric emptying in infants fed human milk or infant formula. Acta Paediatr Scand 1981;70:639–641.

Dobson G, Chong M, Chow L, et al. Guidelines to the practice of anesthesia—Revised edition 2018. Can J Anaesth 2018;65:76–104.

Goertzen C, Ji J. NPO Guidelines and Current Evidence-Based Considerations. Oral Health Group, 2020. https://www.oralhealthgroup.com/features/npo-guidelines-and-current-evidence-based-considerations/. Accessed 4 October 2023.

Practice guidelines for preoperative fasting and the use of pharmacologic agents to reduce the risk of pulmonary aspiration: Application to healthy patients undergoing elective procedures: An updated report by the American Society of Anesthesiologists Task Force on preoperative fasting and the use of pharmacologic agents to reduce the risk of pulmonary aspiration. Anesthesiology 2017;126:376–393.

Rosen D, Gamble J, Matava C; Canadian Pediatric Anesthesia Society Fasting Guidelines Working Group. Canadian Pediatric Anesthesia Society statement on clear fluid fasting for elective pediatric anesthesia. Can J Anaesth 2019;66:991–992.

Smith I, Kranke P, Murat I. Perioperative fasting in adults and children: Guidelines from the European Society of Anaesthesiology. Eur J Anaesthesiol 2011;28:556–569.



25. While performing a deep sedation procedure in the office, you administered a bolus of an opioid agent. Two minutes later, you note a marked cutaneous splotchy erythema, an increase in basal heart rate from 80 to 110 per minute, a drop in diastolic blood pressure from 70 to 50, and profound bradypnea. Which of the following opioids was most likely used?


	Butorphanol

	Fentanyl

	Meperidine

	Remifentanil



c: Meperidine is a phenylpiperidine opioid that acts as a μ-opioid receptor agonist. It may affect the stimulation of κ-opioid receptors involved in the antishivering effect. It also interacts with sodium ion channels, providing local anesthetic effects and inhibiting both the dopamine transporter and norepinephrine transporter.

Unlike other opioids, meperidine affects the heart by increasing its rate secondary to its antimuscarinic action (atropine-like characteristic), resulting in tachycardia. Hypotension can also occur due to the peripheral arterial and venous dilation that can result from vasomotor stabilizing mechanisms, depression, and histamine release. This can result in a cutaneous erythema as well. Respiratory depression can also occur due to the μ-receptor agonist effect.

Remifentanil use can result in peripheral vasodilation and decreased blood pressure, but it has no effect on histamine release. It is a pure μ-receptor agonist, and like other opioids, it can cause respiratory depression. Butorphanol is a μ-receptor antagonist with limited respiratory depression effects and significant analgesic properties. It does not cause any histamine release.


Refs: Baldo BA. Opioid analgesic drugs and serotonin toxicity (syndrome): Mechanisms, animal models, and links to clinical effects. Arch Toxicol 2018;92:2457–2473.

Schumacher MA, Basbaum AI, Naidu RK: Opioid agonists & antagonists. In: Katzung BG, Masters SB, Trevor AJ. Basic and Clinical Pharmacology, ed 12. McGraw Hill Professional, 2012.



26. An 18-year-old woman was referred to your clinic for the extraction of her third molars. Her medical history is significant for anemia. Conscious sedation with midazolam was started, and prilocaine (local anesthetic) was given to the patient. During the procedure, you note dark blood coming from the surgical site, the patient slowly become ashen looking, and the pulse oximetry reading has fallen to 8%. Which of the following treatments is most appropriate?


	Methylene blue administration (1 mg/kg IV)

	Intubation and hyperventilation with 100% oxygen

	Titrated administration of 0.4 mg flumazenil IV

	Assisted ventilation by face mask with room air



a: Methemoglobinemia is most likely the diagnosis in this case. It occurs as a result of the formation of methemoglobin via hemoglobin oxidization to contain iron in the ferric [Fe3+] instead of the normal ferrous [Fe2+] state. Allosteric changes occur as a result, impairing the oxygen-carrying capacity, which leads to hypoxia and shifting of the oxygen dissociation curve to the left.


It is clinically presented according to the severity of the condition, duration of exposure to oxidizing agents, and percentage of methemoglobin. It can be associated with the presence of chocolate-colored blood, headache, fatigue, pallor, cyanosis, weakness, dysrhythmias, seizures, metabolic acidosis, CNS depression, coma, and death. Diagnosis can be confirmed with arterial or venous blood gas along with oximetry.

Diagnosis of this condition is made on a clinical basis, taking history and presenting symptoms into account. It is primarily managed by the removal of the causative agent, high-flow oxygen, and the administration of the antidote: methylene blue (tetramethylthionine chloride).


Refs: Bradberry SM. Occupational methaemoglobinaemia. Mechanisms of production, features, diagnosis and management including the use of methylene blue. Toxicol Rev 2003;22:13–27.

Nappe TM, Pacelli AM, Katz K. An atypical case of methemoglobinemia due to self-administered benzocaine. Case Rep Emerg Med 2015;2015:670979.

Wright RO, Lewander WJ, Woolf AD. Methemoglobinemia: Etiology, pharmacology, and clinical management. Ann Emerg Med 1999;34:646–656.



27. The pharmacokinetics of which of the following opioids most closely resembles a one-compartment model?


	Fentanyl

	Meperidine

	Morphine

	Remifentanil



d: Remifentanil is an ultrashort-acting opioid. It is categorized as a one-compartment drug model because it is metabolized and eliminated rapidly with no deposition into or redistribution from nonvascular tissues (eg, muscle or fat). The occurrence of deposition and redistribution of a drug is known as the two-compartment drug model, resulting in slower elimination and recovery.

Remifentanil is metabolized by esterase present in the blood (ester hydrolysis), resulting in rapid emergence following discontinuation of drug administration. A half-life of 3 to 4 minutes is usually demonstrated and is not affected by prolonged or repeated exposure.

Meperidine, morphine, and fentanyl undergo slower hepatic degradation, following the two-compartment model.


Refs: Glass PS, Hardman D, Kamiyama Y, et al. Preliminary pharmacokinetics and pharmacodynamics of an ultra-short-acting opioid: Remifentanil (GI87084B). Anesth Analg 1993;77:1031–1040.

Michelsen LG, Hug CC Jr. The pharmacokinetics of remifentanil. J Clin Anesth 1996;8:679–682.



28. Which agent is most likely to precipitate withdrawal symptoms in a heroin-addicted patient?


	Levallorphan

	Meperidine

	Propoxyphene

	Tramadol



a: Levallorphan is an opioid antagonist that acts on the μ-opioid receptor, resulting in competitive binding throughout the CNS. It is also a κ-opioid receptor agonist that can produce exaggerated mental responses such as hallucinations, confusion, anxiety, dissociation, dysphoria, disorientation, dizziness, and disturbing dreams. Therefore, a heroin-addicted individual can be exposed to acute withdrawal symptoms if administered levallorphan or any other opioid-antagonist drugs (naloxone and naltrexone).

Tramadol is a synthetic opioid and weak μ-receptor agonist used in the management of mild to moderate pain. Meperidine is a phenylpiperidine opioid agonist. Propoxyphene is a methadone analog with less μ-agonist activity than codeine. Tramadol, meperidine, and propoxyphene do not precipitate opioid withdrawal.



Refs: Authority of the Board of Directors of the American Society of Hospital Pharmacists. American Hospital Formulary Service Drug Information, 1984.

Hall RCW. Psychiatric Presentations of Medical Illness: Somatopsychic Disorders. Springer Dordrecht, 2012.

Williams JB. Narcotics and Hallucinogenics: A Handbook. Glencoe Press, 1967.



29. What does the binding of carbon monoxide to the hemoglobin molecule in smokers result in?


	A direct hyperventilation response

	Falsely elevated oxygen saturation

	A rightward shift in the oxyhemoglobin desaturation curve

	More oxygen released to peripheral tissues to compensate for a lower carrying capacity



b: When compared to oxygen, carbon monoxide produced from tobacco use has a high affinity to hemoglobin (200 times more); this forms carboxyhemoglobin (COHb). The pulse oximeter wavelengths cannot differentiate between oxyhemoglobin and carboxyhemoglobin. Therefore, COHb present in blood can be displayed as 100% saturation when it really is not.

Carbon monoxide levels are measured using arterial or venous blood samples—1% in healthy nonsmokers and up to 15% in heavy smokers. Symptoms are evident when the COHb concentration is above 10%. The presence of carboxyhemoglobin results in a left shift of the oxygen dissociation curve and in reduced tissue oxygenation.


Refs: Blumenthal I. Carbon monoxide poisoning. J R Soc Med 2001;94:270–272.

Ganong WF. Review of Medical Physiology. Appleton & Lange, 1995.



30. Following bolus administration of 5 mcg/kg fentanyl as part of a general anesthetic induction, the patient cannot be ventilated with positive pressure via facemask. After insertion of a laryngeal mask airway, positive pressure ventilation is still quite difficult and a cuff leak is noted, with ventilatory sounds over the lung upon auscultation. What would be the most appropriate next step?


	Administer epinephrine 0.5 mg IV

	Administer sevoflurane

	Administer succinylcholine 1 mg/kg

	Remove the laryngeal mask airway and place a cuffed endotracheal tube



c: Fentanyl administration as a bolus dose can cause contractions in the centrally mediated skeletal muscles, including respiratory muscle paralysis. Inability to ventilate patients requires opioid-antagonist administration. This may not be recommended in patients with inserted laryngeal masks because it can trigger a gag reflex. Therefore, administration of rapid-acting muscle relaxants can manage the muscle paralysis and permit ventilation.

Volatile anesthetics can result in some degree of muscle relaxation but cannot overcome the tonic contraction fast enough. Epinephrine is a potent bronchodilator that does not resolve the muscle contraction issue in this case. Cuffed endotracheal tube insertion does not manage the cause despite allowing higher inspiratory pressure.


Refs: Eames WO, Rooke GA, Wu RS, Bishop MJ. Comparison of the effects of etomidate, propofol, and thiopental on respiratory resistance after tracheal intubation. Anesthesiology 1996;84:1307–1311.

Eilers H. Intravenous anesthetics. In: Pardo M, Miller RD. Basics of Anesthesia. Elsevier Health Sciences, 2011.




31. Which of the following drugs would be BEST suited for IV intermittent bolus administration in a balanced sedation protocol?


	Alfentanil

	Meperidine

	Sufentanil

	Remifentanil



a: Alfentanil is a synthetic opioid used as an anesthetic agent or as an analgesic in general anesthesia. Alfentanil is the least potent and fastest in action with the least duration when compared to other opioids (fentanyl and sufentanil). Therefore, alfentanil is commonly used in short procedures and cases where sudden changes in consciousness level are needed.

Alfentanil is considered a safe drug for intermittent bolus administration in a balanced sedation technique and ideal for outpatient general anesthesia because of its low potency (one-tenth that of fentanyl) and rapid metabolism via hepatic degradation.

Sufentanil is a highly potent drug (10 times that of fentanyl) that can lead to strong pharmacologic effects and side effects despite it having a shorter half-life than fentanyl. Therefore, sufentanil is only recommended for continuous IV infusion. Remifentanil is as potent as fentanyl with a rapid onset. However, it can be associated with bradycardia, bradypnea, and muscle rigidity. It is generally recommended for continuous infusion. Repeated administration of meperidine can result in prolonged recovery due to its slow metabolism.


Refs: Clotz MA, Nahata MC. Clinical uses of fentanyl, sufentanil, and alfentanil. Clin Pharm 1991;10:581–593.

Hull CJ, Jacobson L. A clinical trial of alfentanil as an adjuvant for short anaesthetic procedures. Br J Anaesth 1983;55(suppl 2):173S–178S.

Moman RN, Mowery ML, Kelley B. Alfentanil. StatPearls, 2021.

Scholz J, Steinfath M, Schulz M. Clinical pharmacokinetics of alfentanil, fentanyl and sufentanil. An update. Clin Pharmacokinet 1996;31:275–292.



32. Which of the following is a sign of causalgia (reflex sympathetic dystrophy)?


	Hypoesthesia

	Pain of short duration

	Exacerbation of symptoms with a regional sympathetic block

	Skin flushing or pallor



d: Causalgia is also known as complex regional pain syndrome. It occurs as a result of peripheral nerve damage with many sympathetic fibers. It commonly develops after a minor nerve injury that results in sympathetic flow heightening.

Clinical manifestations may include severe, constant, burning pain that is aggravated by touch, warm flushed skin that is secondary to vasodilation, and cold pale skin that is secondary to vasoconstriction. These symptoms can usually be managed by pharmacologic or surgical sympathetic blockage.


Ref: Lindsay KW, Bone I, Fuller G. Clinical presentation, anatomical concepts and diagnostic approach. In: Neurology and Neurosurgery Illustrated, ed 5. Churchill Livingstone, 2010.



33. Which of the following agents most commonly results in arrhythmias with the administration of epinephrine?


	Desflurane

	Halothane

	Isoflurane

	Sevoflurane




b: The use of epinephrine in patients receiving halothane must be done carefully following the maximum safe dose recommendation. Epinephrine administration in patients receiving halothane anesthesia can result in ventricular tachycardia, cardiac fibrillation, dysrhythmias, or cardiac arrest. The maximum recommended dose of epinephrine use in association with halothane anesthesia is 1.0 mcg/kg.

Katz et al’s guidelines indicate that epinephrine concentrations of 1:100,000 or 1:200,000 should be used; adult doses should not exceed 10 mL (100 mg) of 1:100,000 solutions in any given 10-minute period or 30 mL per hour; and child doses must be reduced according to body weight.


Refs: Brindle GF, Gilbert RG, Millar RA. The use of fluothane in anaesthesia for neurosurgery: A preliminary report. Can Anaesth Soc J 1957;4:265–281.

Johnston RR, Eger El II, Wilson C. A comparative interaction of epinephrine with enflurane, isoflurane, and halothane in man. Anesth Analg 1976;55:709–712.

Katz RL, Matteo RS, Papper EM. The injection of epinephrine during general anesthesia with halogenated hydrocarbons and cyclopropane in man. 2. Halothane. Anesthesiology 1962;23:597–600.

Millar RA, Gilbert RG, Brindle GF. Ventricular tachycardia during halothane anaesthesia. Anaesthesia 1958;13:164–172.

Rosen M, Roe RB. Adrenaline infiltration during halothane anaesthesia. Br J Anaesth 1963;35:51–53.

Varejes L. The use of solutions containing adrenaline during halothane anaesthesia. Anaesthesia 1963;18:507–510.



34. Which of the following medications may trigger asthmatic symptoms?


	Valdecoxib

	Atropine

	Ipratropium

	Isoetharine



a: All prostaglandin inhibitors, including nonsteroidal anti-inflammatory drugs (NSAIDs), cause bronchoconstriction secondary to leukotriene release. Valdecoxib (Bextra) is an NSAID and COX-2 selective inhibitor (cyclooxygenase-2 inhibitor).

Any inhibitor of prostaglandin synthesis (eg, NSAIDs) can increase the amount of leukotrienes that cause bronchoconstriction.

Atropine is an anticholinergic drug that was once used to manage bronchoconstriction in asthmatic patients. It is not used anymore because of its undesired systemic side effects. Ipratropium bromide (Atrovent) is an anticholinergic drug used as an inhaler in chronic refractory asthma and chronic obstructive pulmonary disease. Isoetharine (Bronkosol) is an inhaled β-2 agonist used as a nebulized solution for bronchodilation.


Ref: Gray PA, Warner TD, Vojnovic I, et al. Effects of non-steroidal anti-inflammatory drugs on cyclo-oxygenase and lipoxygenase activity in whole blood from aspirin-sensitive asthmatics vs healthy donors. Br J Pharmacol 2002;137:1031–1038.



35. While under sedation anesthesia, your patient suffered from prolonged laryngospasm that was managed with positive pressure ventilation and succinylcholine. After recovery, the patient developed tachypnea with a respiratory rate of 25/min associated with crackles throughout the lung fields, especially near the bases. He had an oxygen saturation of 92% with pink frothy sputum. What does the patient likely require at this point?


	Bronchial alkalinization

	Positive end expiratory ventilation

	Pleurocentesis

	Antibiotics



b: Laryngospasm is a complete or partial closure of a patient’s upper airway secondary to vocal cord closure. It is a reflex that protects the airway against aspiration, occurring in light plane general anesthesia. If laryngospasm recognition and management are delayed, there is a chance for high morbidity complications such as hypoxia, negative pressure pulmonary edema (NPPE), and mortality.


NPPE results secondary to negative alveolar pressure formed by expanding the diaphragm against a closed glottis or due to barotrauma (positive pressure ventilation). Signs of NPPE can occur immediately after the obstruction relief and up to hours later.

The hallmark sign of NPPE is the presence of pink, frothy sputum. Other signs include respiratory distress (cough, tachypnea, and low oxygen saturation [< 95%]). Rales, occasional wheezes, and coarse rhonchi can be detected with auscultation and diaphoresis. Chest radiographs may reveal “whited out” areas that appear as diffused alveolar and interstitial bilateral infiltrates. Immediate management is required and may include endotracheal intubation using positive end expiratory pressure with or without diuretics.


Refs: Ghofaily LA, Simmons C, Chen L, Liu R. Negative pressure pulmonary edema after laryngospasm: A revisit with a case report. J Anesth Clin Res 2013;3:252.

Hines RL, Marschall KE. Stoelting’s Anesthesia and Co-existing Disease, ed 7. Elsevier, 2018.

Patton WC, Baker CL Jr. Prevalence of negative-pressure pulmonary edema at an orthopaedic hospital. J South Orthop Assoc 2000;9:248–253.



36. Which of the following is used in the Fujita airway classification system?


	Polysomnography

	Epworth Sleepiness Scale

	Nasopharyngoscopy

	Partner questionnaire



c: The Fujita airway classification system is used to describe upper airway obstruction and is widely used with obstructive sleep apnea (OSA) patients. Obstruction is divided into three patterns: (1) oropharyngeal or retropalatal; (2) combined oropharyngeal and hypopharyngeal; (2a) pre-dominantly retropalatal; (2b) predominantly retroglossal; and (3) isolated retroglossal.

The Epworth Sleepiness Scale is a subjective scale for evaluation of daytime hypersomnolence. The partner questionnaire is useful in detecting OSA, which can be further investigated using polysomnography.


Refs: Fujita S. Pharyngeal surgery for management of snoring and obstructive sleep apnea. In: Fairbanks DN, Fujita S, Ikematsu T, et al (eds). Snoring and Obstructive Sleep Apnea. Raven Press, 1987.

Moore KE, Phillips C. A practical method for describing patterns of tongue-base narrowing (modification of Fujita) in awake adult patients with obstructive sleep apnea. J Oral Maxillofac Surg 2002;60:252–260.



37. Which of the following drugs is used in epileptic patients with asthma?


	Piroxicam

	Methohexital

	Morphine

	Ketamine



d: Asthma is a chronic airway inflammatory disorder characterized by airway hyperresponse, recurrent wheezing, chest tightness, and breathlessness. Symptoms usually present at nighttime or early morning.

The pathophysiology of this condition involves airway hyperreactivity, smooth muscle contraction, vascular permeability, and inflammatory mediator release. Ketamine does not have epileptogenic properties and was found to induce airway relaxation by the following mechanisms:


	Blocking NMDA receptor–induced bronchospasm

	Reducing nitric oxide levels that mediate bronchospasm

	Interfering with macrophages and cytokine production

	Reducing the concentration of interleukin-4

	Accelerating epinephrine-induced bronchodilation

	Reversing histamine-induced bronchoconstriction




Piroxicam is an NSAID that blocks prostaglandin synthesis. This results in rhinorrhea and bronchial constriction in about 10% of patients diagnosed with asthma. Methohexital has epileptogenic properties; histamine release by methohexital or morphine may potentiate an asthma attack.


Ref: Goyal S, Agrawal A. Ketamine in status asthmaticus: A review. Indian J Crit Care Med 2013;17:154–161.



38. What results from taking the blood pressure of an obese patient using a standard size cuff?


	Accurate blood pressure reading

	Inaccurate elevated blood pressure reading

	Inaccurate low blood pressure reading

	Unstable blood pressure reading



b: Accurate blood pressure measurement requires a properly sized cuff—more than 80% of errors result from using the wrong cuff size. According to all guidelines, the blood pressure cuff bladder width must cover at least 40% of the arm circumference, and the length must wrap around at least 80% of the arm.

Measuring the blood pressure of an obese patient using too small a cuff gives an inaccurate elevated blood pressure reading. A cuff that is too large on a thin-armed patient gives an inaccurate low blood pressure reading.


Ref: Grim CE, Grim CM. Office blood pressure measurement. In: Bakris GL, Sorrentino MJ. Hypertension: A Companion to Braunwald’s Heart Disease, ed 3. Elsevier, 2017.



39. Which of the following is expected to occur after general anesthesia induction of a patient diagnosed with myasthenia gravis?


	Same reaction as with all types of muscle relaxants

	Increased sensitivity to nondepolarizing relaxants

	Decreased sensitivity to nondepolarizing relaxants

	Increased sensitivity to depolarizing relaxants



b: Myasthenia gravis (MG) is an autoimmune disease that targets nicotinic acetylcholine receptors, causing their reduction at the postsynaptic neuromuscular junction. Accordingly, the neuromuscular junctions do not transmit sufficient signals between the nerve endings and muscle fibers, resulting in muscle paralysis—ie, the transmission to open the sodium channels that are needed to allow depolarization of the muscle fibers and contraction is not sufficient.

Patients with MG are sensitive to nondepolarizing neuromuscular blocking agents (NMBAs), requiring dose reduction by at least half during general anesthesia; this sensitivity is increased due to the reduced number of receptors. On the other hand, MG patients are resistant to succinylcholine, a depolarizing NMBA.


Ref: Collins S, Roberts H, Hewer I. Anesthesia and perioperative considerations for patients with myasthenia gravis. AANA J 2020;88:485–491.



40. In a healthy individual, what is the major arterial factor in the regulation of alveolar ventilation?


	PaO2


	PaCO2


	pH

	HCO3





b: The chemosensitive centers in the medulla are primarily stimulated by hydrogen ions. However, many factors make PaCO2 the major element in alveolar ventilation regulation, including its difficulty in crossing the blood-brain barrier from the blood to the cerebrospinal fluid, the ease of crossing for CO2, and reaction with water in the cerebrospinal fluid; this forms carbonic acid and dissociates to create the hydrogen ions needed for stimulation.

Peripheral chemoreceptors, on the other hand, respond to the decrease in oxygen pressure, transmitting signals through cranial nerves X (to the aortic bodies) and IX (to the carotid bodies) to the inspiratory area of the medulla and pons, controlling breathing frequency and lung inflation. The PaO2 determines the level of peripheral receptor stimulation rather than the arterial oxygen saturation.


Ref: Messina Z, Patrick H. Partial pressure of carbon dioxide. StatPearls, 2021.



41. A 28-year-old woman underwent general anesthesia for mandibular lesion excision for 2 hours total. She was induced using 100 mg propofol and was given vecuronium as the paralytic agent. General anesthesia was maintained using isoflurane. During recovery, the patient continued to have significant neuromuscular blockade. She was awake, opening her eyes, and following commands with difficulty. Her respiratory rate was 16/min, tidal volume 100 cc, and end tidal CO2 55 mmHg. What first-line diagnostic test would be appropriate?


	Edrophonium (Tensilon) test

	Head CT

	Electromyography

	Pyridostigmine test



a: Myasthenia gravis (MG) is an autoimmune condition that affects neuromuscular junction transmission secondary to nicotinic acetylcholine receptor deficiency at the postsynaptic membrane. Patients with MG are resistant to depolarizing muscle relaxants and hypersensitive to nondepolarizing muscle relaxants, prolonging neuromuscular blockade. MG is accompanied by skeletal muscle fatigue and weakness after physical activity, subsiding after rest or the uptake of anticholinesterase medication.

The Tensilon test is the first to be performed when MG is suspected, as it has a 71.5% to 95% sensitivity for MG diagnosis. It is performed by using edrophonium 2 mg IV for 30 seconds followed by assessment for improvement lasting 5 minutes in muscle strength. Positive test results require the patient to be kept for supportive care until the neuromuscular blockade improves. Plasmapheresis can be used in an MG crisis for temporary relief but not as a first-line measure.

A head CT would not be the first-line diagnostic test. Electromyography and a muscle biopsy are used as definitive tests for MG. Pyridostigmine has a slow onset and long duration of action; therefore, it is used to treat MG, not to diagnose it.


Refs: Cardone A, Congedo E, Aceto P, et al. Perioperative evaluation of myasthenia gravis. Ann Ital Chir 2007;78:359–365.

Conti-Fine BM, Milani M, Kaminski HJ. Myasthenia gravis: Past, present, and future. J Clin Invest 2006;116:2843–2854.

Dillon FX. Anesthesia issues in the perioperative management of myasthenia gravis. Semin Neurol 2004;24:83–94.



42. Which of the following IV anesthetics causes minimal cardiovascular effects?


	Propofol

	Thiopental

	Etomidate

	Midazolam




c: Etomidate is a useful induction agent for general anesthesia in patients with poor cardiac function and those undergoing cardiac surgery because of its hemodynamic stability. Etomidate does not block sympathetic tone or cardiac function. It produces minimal blood pressure changes, reduces apnea when compared to propofol and barbiturates, and does not induce histamine release.


Ref: Forman SA. Clinical and molecular pharmacology of etomidate. Anesthesiology 2011;114:695–707.



43. Which of the following changes is correct regarding the total lung capacity (TLC) and residual volume (RV) in obstructive pulmonary disease?


	TLC is normal or decreased; RV is decreased

	TLC is normal or decreased; RV is increased

	TLC is normal or increased; RV is decreased

	TLC is normal or increased; RV is increased



d: Residual volume (RV) is defined as the volume of air remaining in the lungs after maximum forceful expiration. This unexpelled air functions by keeping the alveoli expanded at all times. The RV is an important part of the TLC and the functional residual capacity (FRC).

Obstructive lung diseases such as asthma, bronchiectasis, and chronic obstructive pulmonary disease cause airway inflammation and decrease elastic recoil ability, increasing airway resistance and early collapsibility during expiration. This results in air trapping (increased retained air in the lung) and, consequently, pulmonary hyperinflation. Therefore, patients with obstructive lung disease have elevated TLC, FRC, and RV.


Refs: Clair C, Mueller Y, Livingstone-Banks J, et al. Biomedical risk assessment as an aid for smoking cessation. Cochrane Database Syst Rev 2019;3:CD004705.

Gallucci M, Carbonara P, Pacilli AMG, di Palmo E, Ricci G, Nava S. Use of symptoms scores, spirometry, and other pulmonary function testing for asthma monitoring. Front Pediatr 2019;7:54.

Kim J, Kim MJ, Sol IS, et al. Quantitative CT and pulmonary function in children with post-infectious bronchiolitis obliterans. PLoS One 2019;14:e0214647.

Lofrese JJ, Tupper C, Denault D, Lappin SL. Physiology, residual volume. StatPearls, 2021.



44. A 28-year-old woman with a history of epilepsy is to be operated on for a space infection. What agent can be used safely?


	Enflurane

	Methohexital

	Atracurium

	Thiopentone



d: Thiopentone is a strong anticonvulsant drug that can be used safely on patients with history of epilepsy. On the other hand, enflurane, methohexital, and the metabolic product of atracurium can activate symptoms of epilepsy.


Refs: Brown AS, Horton JM. Status epilepticus treated by intravenous infusions of thiopentone sodium. Br Med J 1967;1:27–28.

Lowenstein DH, Aminoff MJ, Simon RP. Barbiturate anesthesia in the treatment of status epilepticus: Clinical experience with 14 patients. Neurology 1988;38:395–400.



45. Which of the following is NOT indicated in the management of acute asthma?


	Metaproterenol

	Cromolyn sodium

	Dexamethasone

	Theophylline




b: Asthma is a chronic inflammatory obstructive lung disease resulting in acute bronchospasm. Management of asthma includes inflammation control and acute attack relief. Metaproterenol is a short-acting β-agonist bronchodilator. It stimulates β-2 adrenergic receptors through its sympathomimetic effect, causing bronchial smooth muscle relaxation. Side effects may occur as a result of its effect on β-1 receptors and α adrenergic receptors such as tachycardia and vasoconstriction. Metaproterenol is useful in the management of acute asthma attacks.

Cromolyn sodium is a mast cell stabilizer used in asthma patients to control inflammation and prevent exercise-induced bronchospasm. It blocks the release of inflammatory mediators (histamine) by inhibiting mast cell degranulation. It exhibits a slow mode of action and is therefore useless in the management of acute asthma.

Dexamethasone is intravenously given to treat mucosal inflammation associated with acute asthma. Theophylline is used for the management and prevention of asthma symptoms. It induces bronchodilation, increases diaphragm contractility, and decreases vascular permeability. It is not used often due to its high risk of side effects and narrow therapeutic index.


Ref: Kalister H. Treating children with asthma. A review of drug therapies. West J Med 2001;174:415–420.



46. Which of the following is the most appropriate medication to be used during intubation for general anesthesia in patients with chronic bronchitis and emphysema?


	Desflurane

	Methohexital

	Vecuronium

	Nitrous oxide



c: Vecuronium is a nondepolarizing muscle relaxant and steroid medication. Therefore, it does not release histamine, inducing no mucosal edema or bronchoconstriction that may occur with benzylisoquinoline nondepolarizers. It is the agent of choice in the management of patients with history of inflammatory lung disease.

Desflurane is a volatile anesthetic that causes airway irritation and is therefore undesirable for patients with chronic bronchitis. Methohexital can result in laryngospasm or bronchospasm when used as an induction agent in patients with chronic lung disease. Nitrous oxide has low blood solubility, escaping to areas of hypoventilation in the lung. This results in pneumothorax, especially in patients with emphysematous changes.


Refs: Conner CS. Atracurium and vecuronium: Two unique neuromuscular blocking agents. Drug Intell Clin Pharm 1984;18:714–716.

Duggappa DR, Rao GV, Kannan S. Anaesthesia for patient with chronic obstructive pulmonary disease. Indian J Anaesth 2015;59:574–583.



47. Which of the following inhalation general anesthetics is most likely to cause laryngospasm as a result of airway irritation?


	Isoflurane

	Sevoflurane

	Halothane

	Desflurane



d: Laryngospasm is associated with the use of volatile anesthetics, especially in pediatric patients (2.3%). Desflurane has the highest laryngospasm incidence, accounting for about 50% of cases. It has a pungent odor that causes airway irritation, resulting in laryngospasm.

Isoflurane is more associated with laryngospasm than enflurane, halothane, and sevoflurane. There is no difference in the incidence of laryngospasm between sevoflurane and halothane.


Ref: Alalami A, Ayoub CM, Baraka AS. Laryngospasm: Review of different prevention and treatment modalities. Paediatr Anaesth 2008;18:281–288.




48. Which of the following statements is correct regarding acute respiratory failure?


	It involves the inability of the lungs to provide an adequate exchange of O2 and CO2.

	Diagnosis is primarily based on clinical signs and chest radiography.

	A PaO2 of < 80 mmHg or PaCO2 > 60 mmHg is consistent with a diagnosis of acute respiratory failure.

	The most frequently encountered cause of hypoxemia in respiratory failure is pulmonary embolism.



a: Respiratory failure is the inability of the lungs to adequately oxygenate the arterial blood and failure to prevent the retention of CO2. The following table shows the diagnostic values for respiratory failure.




	Measure

	Normal values

	Respiratory failure values






	SaO2

	98% to 100%

	< 92%




	PaCO2

	40 mmHg

	> 50 mmHg




	PaO2

	75 to 100 mmHg

	< 60 mmHg






Functional residual capacity and lung compliance are also reduced in respiratory failure.

The most encountered cause of hypoxemic respiratory failure is ventilation-perfusion mismatch. Other causes are hypoventilation, shunt, and diffusion impairment. Oxygenation can improve these abnormalities, except for a shunt, where part of the lung is perfused in the complete absence of ventilation. It is mostly caused by postoperative consolidation pneumonia, atelectasis, and end-stage acute respiratory distress syndrome.

Postoperative hypoxic respiratory failure can occur as a result of pneumothorax, chronic obstructive pulmonary disease, pulmonary hypertension, and pulmonary embolism. It is diagnosed by obtaining blood gases and pH and can be differentiated from chronic respiratory failure by the absence of partial compensation of hypercarbia (ie, relationship of the PaCO2 to pH).


Ref: Summers C, Todd RS, Vercruysse GA, Moore FA. Acute respiratory failure. Perioper Med 2021:576–586.



49. Which of the following is a form of restrictive lung disease?


	Asthma

	Sarcoidosis

	Bronchiectasis

	Cystic fibrosis



b: Restrictive lung diseases are characterized by the reduction in total lung capacity as a result of reduced lung expansion capacity and consequently lung volume.

In obstructive lung diseases, there is partial or complete airway obstruction, increasing airflow resistance.

Sarcoidosis primarily affects the structure of the lungs, reducing lung compliance secondary to severe fibrosis caused by sarcoid granulomas or pneumonia associated with pulmonary sarcoidosis.


Refs: Mangera Z, Panesar G, Makker H. Practical approach to management of respiratory complications in neurological disorders. Int J Gen Med 2012;5:255–263.

Martinez-Pitre PJ, Sabbula BR, Cascella M. Restrictive lung disease. StatPearls, 2021.

Robinson HC. Respiratory conditions update: Restrictive lung disease. FP Essent 2016;448:29–34.




50. Which statement is true when considering a general anesthetic for an 18-year-old with Duchenne muscular dystrophy?


	It is an X-linked dominant disorder that results in obstructive lung disease.

	Depolarizing muscle relaxants are not contraindicated.

	Volatile anesthetics are general anesthetic agents of choice.

	Nitrous oxide use is safe for these patients.



d: Duchenne muscular dystrophy is an X-linked recessive disorder and is characterized by difficult airway features, including macroglossia and limited mobility of both the mandible and cervical spine. Affected individuals develop restrictive ventilatory defects secondary to vertebrae and rib contractions and subsequent kyphoscoliosis.

Depolarizing muscle relaxants can subject the affected patient to hyperthermia, rhabdomyolysis, and cardiac arrest caused by hyperkalemia. The same reactions can develop with the use of halogenated inhalation anesthetics. Nitrous oxide is generally considered safe in these patients.


Ref: Bhutia MP, Pandia MP, Rai A. Anaesthetic management of a case of Duchenne muscle dystrophy with Moyamoya disease. Indian J Anaesth 2014;58:219–221.



51. A mask induction by a volatile agent can be prolonged by which of the following?


	High alveolar ventilation

	Small functional residual capacity

	Right-to-left intracardiac shunt

	Low blood-gas solubility volatile agent



c: The rate of inhaled anesthetic induction can be prolonged by the presence of intracardiac shunts. The level of anesthetic concentration increase in the arterial blood affects its partial pressure in the brain, which is directly related to the anesthetic induction rate. The irregularity in the flow ratio of the pulmonary cardiac output (Qp) to the systemic cardiac output (Qs), such as that seen with a right-to-left intracardiac shunt, can slow the rate of arterial anesthetic concentration elevation and consequently the anesthetic uptake. It has been reported that the difference between the mean alveolar and arterial blood anesthetic concentrations is related directly to the degree of right-to-left intracardiac shunting. The solubility of the drug was found to also affect the rate of induction, which is minimally affected with very soluble drugs and higher with insoluble drugs.

Other factors that affect inhalation anesthesia induction rates are cardiac output, cerebral blood flow, minute ventilation, functional residual capacity (FRC), and the blood-gas solubility of the anesthetic.

FRC is the volume of air remaining in the lung after passive expiration. The smaller the FRC, the faster a higher concentration is reached, speeding up induction. FRC is decreased in pediatric patients; combined with FRC, high alveolar ventilation produces rapid inhalation induction compared to adults. The increased alveolar ventilation replaces more anesthetics, maintaining a high alveolar concentration and faster induction.


Refs: Eger EI. Effect of ventilation/perfusion abnormalities. In: Eger EI (ed). Anesthetic Uptake and Action. Williams & Wilkins, 1974.

Eger EI, Severinghaus JW. Effect of uneven pulmonary distribution of blood and gas on induction with inhalation anesthetics. Anesthesiology 1964;25:620–626.

Huntington JH, Malviya S, Voepel-Lewis TR, Lloyd TR, Massey KD. The effect of a right-to-left intracardiac shunt on the rate of rise of arterial and end-tidal halothane in children. Anesth Analg 1999;88:759–762.




52. Which of the following drugs is used as first-line management in paroxysmal supraventricular tachycardia?


	Adenosine

	Diltiazem

	Esmolol

	Verapamil



a: Paroxysmal supraventricular tachycardia is a common tachyarrhythmia best diagnosed using an electrocardiogram. It is usually managed using Valsalva maneuvers and/or carotid sinus massages. Absence of positive results requires the administration of adenosine or calcium channel blockers, with adenosine being the drug of choice. Diltiazem and verapamil are the calcium channel blockers most commonly used.


Ref: Ahmad F, Abu Sneineh M, Patel RS, et al. In the line of treatment: A systematic review of paroxysmal supraventricular tachycardia. Cureus 2021;13:e15502.



53. Which of the following is correct regarding the effect of patient positioning on functional residual capacity (FRC)?


	Supine position increases FRC

	Lateral position decreases FRC

	Trendelenburg position decreases FRC

	Prone position with the presence of augmentation decreases FRC



c: Different patient positions can affect both lung volumes and mechanics. Patients in the sitting position have a 25% increase in FRC when compared to patients in the supine position. In both awake and anesthetized pediatric patients, the lateral position results in an increased FRC compared to the supine position.

Positioning the patient with a downward head tilt of 20 to 30 degrees (Trendelenburg position) reduces FRC by around 12%. As a result of the cephalad displacement of the diaphragm and thoracic blood volume increase, the respiratory compliance decreases.


Ref: Trachsel D, Svendsen J, Erb TO, von Ungern-Sternberg BS. Effects of anaesthesia on paediatric lung function. Br J Anaesth 2016;117:151–163.



54. Hypoxia during general anesthesia can rapidly develop in children when compared to adults due to which of the following reasons?


	Smaller and narrower airway pathways

	Smaller blood volume per kilogram

	Smaller functional residual capacity (FRC)

	Smaller lung capacities and resistance



c: Reduction in FRC by 15% to 20% occurs immediately after induction in adults using volatile anesthetics like propofol, lasting a few hours after anesthesia. This reduction can result in hypoxemia, secondary to small terminal airways closure, ventilation-perfusion mismatch, and atelectasis. Airway closure in infants occurs more frequently at a low FRC due to reduced airway elasticity to support the airway recoil.

Induction using neuromuscular block decreases the FRC even further (35%); this reduction is more pronounced in children, with a mean FRC reduction of 40% in infants.

Well-controlled ventilation must be maintained in children during anesthesia to prevent hypoxia. FRC can be partially restored using higher oxygen concentration and the careful application of positive end expiratory pressure.



Ref: Trachsel D, Svendsen J, Erb TO, von Ungern-Sternberg BS. Effects of anaesthesia on paediatric lung function. Br J Anaesth 2016;117:151–163.



55. Which of the following anesthetic agents is an inhibitor of NMDA glutamate receptors?


	Thiopental

	Halothane

	Ketamine

	Sevoflurane



c: Ketamine is a nonselective N-methyl-D-aspartate (NMDA) receptor antagonist. It acts on the noncompetitive antagonism of the receptor. NMDA receptors comprise four subunits interacting with pain/opioid receptors and prevent neuronal reuptake at postganglionic neurons, increasing catecholamine. Thiopental, halothane, and sevoflurane act on GABA receptors.


Ref: Mazzeffi M, Johnson K, Paciullo C. Ketamine in adult cardiac surgery and the cardiac surgery intensive care unit: An evidence-based clinical review. Ann Card Anaesth 2015;18:202–209.



56. Why do neonates and infants experience a greater heat loss than adults during general anesthesia?


	They have a higher vasoconstriction threshold.

	They do not have the ability to shiver.

	They have less brown fat.

	When they are cold and stressed, oxygen consumption decreases.



b: Arteriovenous vasoconstriction and shivering are the primary defense mechanisms against hypothermia in adults. In infants, vasoconstriction is maintained but shivering is not. Therefore, infants rely on nonshivering thermogenesis to increase metabolic heat production. Their exposure to cold increases oxygen consumption; it also increases norepinephrine concentration by three times the normal amount. During general anesthesia, the vasoconstriction threshold is reduced in both adults and pediatric patients.

The nonshivering thermogenesis process induces the release of norepinephrine, which reacts with the lipases present in the brown fat, breaking it into triglycerides. This further metabolizes to glycerol and nonesterified fatty acids, which can further be degraded to form carbon dioxide and water to generate more heat.


Ref: Plattner O, Semsroth M, Sessler DI, Papousek A, Klasen C, Wagner O. Lack of nonshivering thermogenesis in infants anesthetized with fentanyl and propofol. Anesthesiology 1997;86:772–777.



57. What is the first-line pharmacologic therapy used to manage Torsades de Pointes?


	Calcium

	Magnesium

	Epinephrine

	Lidocaine



b: Torsades de Pointes is a form of polymorphic ventricular tachycardia associated with QT prolongation on electrocardiogram. It may stop spontaneously or degenerate into ventricular fibrillation.


The first-line management of Torsades de Pointes is the administration of IV magnesium to stabilize the cardiac membrane. It is recommended to administer a slow 2 g IV push initially, followed by infusion of 1 to 4 g/h, keeping the level of magnesium > 2 mmol/L. Infusion is terminated when the magnesium level reaches 3 mmol/L. In addition, serum potassium must be monitored when treating Torsades de Pointes.


Ref: Cohagan B, Brandis D. Torsade de Pointes. StatPearls, 2021.



58. Which of the following statements is correct regarding lung function in morbidly obese patients?


	The functional residual capacity is maintained.

	Obesity results in obstructive lung conditions.

	PaO2 is decreased, reflecting ventilation-perfusion mismatch.

	PaCO2 increases secondary to a slight decrease in the ventilatory response to CO2.



c: In morbidly obese patients, the arterial pressure of oxygen (PaO2) is decreased and the alveolar-to-arterial oxygen partial pressure difference (ventilation-perfusion mismatch) is increased. Carbon dioxide arterial pressure is usually normal in obese patients.

Fat accumulation around the mediastinum and the abdominal region in obese patients decreases respiratory system compliance and alters breathing patterns. As a result, both expiratory reserve volume and resting volume of the lung, known as the functional residual capacity (FRC), are decreased. FRC reduction is proportional to the level of obesity.


Refs: Dixon AE, Peters U. The effect of obesity on lung function. Expert Rev Respir Med 2018;12:755–767.

Porhomayon J, Papadakos P, Singh A, Nader ND. Alteration in respiratory physiology in obesity for anesthesia-critical care physician. HSR Proc Intensive Care Cardiovasc Anesth 2011;3:109–118.



59. Which of the following side effects of halothane is reversed by atropine?


	Bradycardia

	Hypotension

	Hyperthermia

	Constipation



a: Halothane affects the myocardium directly, producing a dose-dependent depression that presents as sinus or nodal bradycardia. This effect is more profound in younger patients. The coadministration of IV atropine reverses this effect by increasing cardiac output.


Refs: Barash PG, Glanz S, Katz JD, Taunt K, Talner NS. Ventricular function in children during halothane anesthesia: An echocardiographic evaluation. Anesthesiology 1978;49:79–85.

Murray DJ, Forbes RB, Dillman JB, Mahoney LT, Dull DL. Haemodynamic effects of atropine during halothane or isoflurane anaesthesia in infants and small children. Can J Anaesth 1989;36(3 Pt 1):295–300.



60. Which of the following drugs should be avoided in patients with acute intermittent porphyria?


	Methohexital

	Succinylcholine

	Ketamine

	Propofol



a: Acute intermittent porphyria (AIP) is a rare inherited disease that results from hydroxymethylbilane synthase deficiency in heme biosynthesis. AIP manifestations of occasional neuropsychiatric crises may appear after puberty, associated with porphyrin precursor accumulation (δ-aminolevulinic acid [ALA] and porphobilinogen).


Barbiturates induce ALA synthetase in the liver, accumulating porphyrins and their precursors in the tissues and circulation. Therefore, they are considered unsafe in patients with AIP. Ketamine, propofol, and succinylcholine are considered safe to use in porphyria patients.


Ref: James MF, Hift RJ. Porphyrias. Br J Anaesth 2000;85:143–153.



61. During intravenous sedation using midazolam, fentanyl, and propofol for the extraction of impacted third molars, the patient starts coughing and producing stridorous breath sounds, which leads to absent breath sounds and oxygen desaturation. What is the most likely diagnosis?


	Anaphylactic shock

	Bronchospasm

	Laryngospasm

	Cardiac arrest



c: Laryngospasm is the complete or partial loss of airway secondary to vocal cord closure through intrinsic laryngeal muscle constriction. It is a protective reflex against aspiration during light plane anesthesia, triggered by periglottic stimulus and carried via the vagus nerve. Laryngospasm is clinically characterized by paradoxical respiratory effort, oxygen desaturation, and tracheal tug with or without bradycardia.

Midazolam, fentanyl, and propofol all cause muscle relaxation of the upper airway, a depression of the hypoxic/hypercapnic respiratory drive, and a depression of the pharyngeal and laryngeal reflexes.


Ref: Gavel G, Walker RWM. Laryngospasm in anaesthesia. CEACCP 2014;14:47–51.



62. Which of the following statements is correct regarding the pediatric anatomical airway?


	The epiglottis is small and relatively easy to manipulate, sitting at a 20-degree angle to the anterior pharyngeal wall.

	The posterior attachment of the vocal cords is more caudal in children as compared to adults.

	The larynx in pediatric patients is at a more inferior position at the level of C5 to C6.

	The tongue is large, with the base positioned close to the laryngeal inlet.



d: Pediatric patients differ from adults in their airway anatomy. An infant’s head is larger than their body size, automatically placing them in a sniffing position. The following are anatomical features of pediatric patients: small nares and airway passage; a large tongue with a caudally positioned base close to the laryngeal inlet (glossoptosis); large tonsils (4 to 7 years of age); and a large, stiff, omega-shaped epiglottis at the level of C1 in infants, touching the soft palate, compared to a short, broad, flat epiglottis at the level of C3 in adults.

In pediatric patients, the epiglottis is positioned at a 45-degree angle to the anterior pharyngeal wall (adults: 20 degrees). The vocal cord anterior attachment is more caudal and not perpendicular to the airway as in adults. The larynx is positioned in a more cephalic position: C3 to C4 at birth, C4 to C5 at 2 years of age, and then C5 to C6 by adulthood. The larynx is funnel-shaped (cylindrical in adults) until 6 to 8 years of age. The cricoid cartilage (glottis in adults) is the narrowest part of the airway. Bow-shaped vocal cords are perpendicular to the long axis of the trachea (linear in adults). The trachea is short, narrow, and posteriorly angled. The ribs are horizontally aligned, with reduced anterior, posterior, and cephalic movements.


Ref: Kundra P, Krishnan H. Airway management in children. Indian J Anaesth 2005;49:300–307.




63. Compared to adults, which of the following respiratory apparatuses is present in children?


	High lung compliance

	Greater diaphragmatic breathing

	Rigid ribs and sternum

	Low metabolic rate



b: Children have a high metabolic rate, increasing oxygen demand and the ability to develop hypoxia in a short time. Their airway is smaller in size with large soft tissues and a cephalic-positioned larynx. Children have short necks and tracheas with short and narrow epiglottises. All of these changes result in increased airway resistance, difficult intubation, and easy tube extubation. Children rely more on diaphragmatic breathing, resulting in diminished ventilation in cases of intrathoracic pressure increase of the distended abdomen. A child’s ribs and sternum have a decreased lung compliance.


Ref: Kundra P, Krishnan H. Airway management in children. Indian J Anaesth 2005;49:300–307.



64. How long does it take for sputum volume to reach normal levels after smoking cessation prior to general anesthesia?


	8 hours

	5 to 10 days

	2 to 6 weeks

	3 months



c: Lung function in smokers improves gradually to nonsmoker levels following smoking cessation. The following changes occur:


	4 hours: Nicotine level improves (half-life: 30 to 60 minutes).

	48 hours: Carboxyhemoglobin levels reach normal.

	4 to 6 days: Ciliary activity begins recovering.

	5 to 10 days: Laryngeal and bronchial reactivity improve.

	2 to 6 weeks: Sputum volume reaches normal.

	4 weeks: Small airway narrowing begins improving.

	6 weeks: Small airway narrowing has measurable improvement.

	6 weeks: Pulmonary function improves.

	3 months: Tracheobronchial clearance begins improving.

	6 months: Alveolar macrophage and antimicrobial function improve to nonsmoker levels.




Refs: Pearce AC, Jones RM. Smoking and anesthesia: Preoperative abstinence and perioperative morbidity. Anesthesiology 1984;61:576–584.

Rodrigo C. The effects of cigarette smoking on anesthesia. Anesth Prog 2000;47:143–150.



65. What percentage of patients who stop smoking 6 to 8 weeks prior to surgery will develop pulmonary complications?


	15%

	25%

	58%

	79%




c: Postoperative pulmonary complications were found to reach 14.5% in patients who stopped smoking at least 8 weeks prior to surgery. However, patients who stopped smoking less than 8 weeks prior had a 57.9% chance of encountering complications—an incidence four times as high as those who stopped smoking more than 8 weeks prior to surgery.

The incidence of postoperative purulent sputum production was found to be 25% higher in patients who stopped smoking 8 weeks prior to surgery and 50% higher in patients who stopped smoking less than 8 weeks prior, compared to nonsmokers. Levels returned to normal 6 months after smoking cessation.


Refs: Mitchell C, Garrahy P, Peake P. Postoperative respiratory morbidity: Identification and risk factors. Aust N Z J Surg 1982;52:203–209.

Warner MA, Offord KP, Warner ME, Lennon RL, Conover MA, Jansson-Schumacher U. Role of preoperative cessation of smoking and other factors in postoperative pulmonary complications: A blinded prospective study of coronary artery bypass patients. Mayo Clin Proc 1989;64:609–616.



66. Which of the following induction agents can result in adrenal cortex suppression?


	Propofol

	Etomidate

	Ketamine

	Thiopentone



b: Despite etomidate’s advantages of minimally affecting the cardiovascular and respiratory systems and short duration of action, it causes adrenal cortex and steroid secretion suppression. This restricts its use as a continuous intravenous drug, especially in cases that require hemodynamic stability, such as elderly outpatients and patients with cerebrovascular or coronary artery diseases. Etomidate use can also result in prominent motor restlessness and rigidity.


Ref: Tripathi KD. Essentials of Medical Pharmacology, ed 5. Jaypee Brothers Medical, 2004.



67. Which of the following anesthetics lacks sufficient potency to produce surgical anesthesia by itself and is commonly used with another anesthetic?


	Halothane

	Sevoflurane

	Nitrous oxide

	Desflurane



c: Nitrous oxide is a weak volatile anesthetic used as a gas carrier with oxygen. If used in general anesthesia, it must be combined with another potent volatile anesthetic. Nitrous oxide is used in a 70% concentration to 30% oxygen when used for general anesthesia. It is characterized by having a minimum alveolar concentration (MAC) of 104% and blood-gas partition coefficient of 0.46.


Ref: Browne DR, Rochford J, O’Connell U, Jones JG. The incidence of postoperative atelectasis in the dependent lung following thoracotomy: The value of added nitrogen. Br J Anaesth 1970;42:340–346.



68. Which of the following inhalation anesthetics reduces both arterial pressure and heart rate?


	Isoflurane

	Halothane

	Desflurane

	Nitrous oxide




b: Halothane is a potent volatile anesthetic with a low blood-gas solubility, resulting in rapid induction, recovery, and depth of anesthesia change. It has a direct suppression effect on the heart (cardiac output and heart rate) and vascular smooth muscle relaxation (decreases blood pressure). The decrease in arterial blood pressure correlates to the depth of anesthesia. Other systemic effects include myocardium sensitization to endogenous or exogenous catecholamines (producing severe ventricular arrhythmias) and respiratory depression (dose dependent). Halothane increases cerebral blood flow due to direct vasodilation of vascular smooth muscle and decreases total peripheral resistance.

Halothane has contraindications in patients with intracranial hemorrhage or increased intracranial pressure. However, it is the inhalation agent of choice in patients with asthma due to its very potent bronchodilator effect, secondary to its inhibition of reflex pathways of bronchoconstriction.


Ref: Brunson DB. Pharmacology of inhalation anesthetics. In: Fish RE, Brown MJ, Danneman PJ, Karas AZ. Anesthesia and Analgesia in Laboratory Animals, ed 2. Academic Press, 2008.



69. All of the following properties apply to halothane EXCEPT:


	Profound analgesic

	Cardiac depressant

	Respiratory depressant

	Decreases blood pressure due to vasodilation



a: Halothane is a potent anesthetic and has a MAC of 0.74. It has a moderate induction and recovery time (blood-gas coefficient of 2.4). It is considered a poor analgesic with a moderate muscle relaxation effect.


Ref: Hines RL, Marschall KE. Halothane. In: Stoelting’s Anesthesia and Co-Existing Disease, ed 7. Elsevier, 2017.



70. Which of the following can cause centrally mediated sympathetic activation, leading to a rise in blood pressure and heart rate?


	Desflurane

	Sevoflurane

	Nitrous oxide

	Isoflurane



a: Desflurane is a volatile anesthetic agent with a low blood solubility and a blood-gas partition coefficient of 0.42. Its rapid onset, recovery, and anesthetic depth adjustment are secondary to its low solubility. Desflurane is an airway irritant that can cause laryngospasm during mask induction and is therefore not suitable as an induction agent.

Desflurane increases sympathetic activity, epinephrine level, vasopressin release, heart rate, and arterial blood pressure if administered rapidly to a concentration > 1 MAC. It is not recommended for patients with coronary artery disease and should be used with other anesthetic drugs such as opioids and hypnotics.


Refs: Ebert TJ, Muzi M. Sympathetic hyperactivity during desflurane anesthesia in healthy volunteers: A comparison with isoflurane. Anesthesiology 1993;79:444–453.

Ganzberg SI, Haas DA. General anesthesia. In: Dowd FJ, Johnson BS, Mariotti AJ. Pharmacology and Therapeutics for Dentistry, ed 7. Mosby, 2017.

Weiskopf RB, Moore MA, Eger EI 2nd, et al. Rapid increase in desflurane concentration is associated with greater transient cardiovascular stimulation than with rapid increase in isoflurane concentration in humans. Anesthesiology 1994;80:1035–1045.




71. Which of the following inhaled anesthetics is the most suitable induction agent in patients with bronchial asthma?


	Desflurane

	Nitrous oxide

	Halothane

	Isoflurane



c: Halothane is a volatile anesthetic with a sweet, nonirritating odor. It is the optimal drug for induction of anesthesia in patients with asthma because of its strong bronchodilator effect. Halothane’s two possible mechanisms of action in the management of bronchial asthma are its direct stimulation of β receptors and its sedative and anxiolytic effect.


Refs: Baigel G. Volatile agents to avoid ventilating asthmatics. Anaesth Intensive Care 2003;31:208–210.

Klide AM, Aviado DM. Mechanism for the reduction in pulmonary resistance induced by halothane. J Pharmacol Exp Ther 1967;158:28–35.

Schwartz SH. Treatment of status asthmaticus with halothane. JAMA 1984;251:2688–2689.



72. Which of the following anesthetic agents causes an increase in intracranial pressure?


	Sevoflurane

	Thiopental sodium

	Lignocaine

	Propofol



a: All volatile anesthetics increase intracranial pressure (ICP). The agent that causes the greatest increase is enflurane, whereas isoflurane causes the smallest increase. Halothane constantly increases cerebral blood flow (CBF) and is therefore not recommended for patients with increased ICP. On the other hand, isoflurane does not affect CBF if used in a concentration < 1 to 1.5 MAC. Desflurane and sevoflurane have a similar effect.

Barbiturates, propofol, and etomidate are all considered cerebroprotective agents and decrease CBF. They act by decreasing cerebral metabolism and subsequently ICP. The use of local anesthetics can decrease the brain’s metabolic rate through membrane stabilization.


Ref: Bazin JE. Effects of anesthetic agents on intracranial pressure [in French]. Ann Fr Anesth Reanim 1997;16:445–452.



73. Which of the following inhalation anesthetics increases ICP the most?


	Halothane

	Nitrous oxide

	Isoflurane

	Desflurane



a: Among the listed agents, halothane increases ICP—as well as intracranial flow and tension—the most. Compared to other volatile anesthetics, enflurane causes the greatest ICP increase, whereas nitrous oxide and isoflurane cause the smallest increase. Among all inhalation agents, sevoflurane has the least effect at equipotent concentrations.

The use of halothane in children increases cerebral blood flow, continuing even after lowering the concentration used; this is known as the cerebrovascular hysteresis phenomenon, and it is not present with isoflurane anesthetic use.


Refs: Sakabe T, Nakakimura K. Effects of anesthetic agents and other drugs on cerebral blood flow, metabolism and intracranial pressure. In: Cottrell JE, Smith DS (eds). Anesthesia and Neurosurgery, ed 4. Mosby, 2001.

Szabó EZ, Luginbuehl I, Bissonnette B. Impact of anesthetic agents on cerebrovascular physiology in children. Paediatr Anaesth 2009;19:108–118.




74. Which of the following anesthetic agents can induce epilepsy?


	Sevoflurane

	Isoflurane

	Desflurane

	Methoxyflurane



a: Sevoflurane is a sweet-smelling volatile anesthetic used in the induction and maintenance of general anesthesia. It is considered the optimal induction agent, especially in children, due to its smooth induction process associated with no significant complications. However, sevoflurane has epileptogenic potential, inducing seizures in patients without predisposing factors.

Other possible systemic effects may include malignant hyperthermia, dose-dependent decreases in blood pressure as well as respiratory depression, minimal cardiac output depression, increases in cerebral blood flow, and higher risk of hepatic injury as a result of repeated use.

Both enflurane and sevoflurane can induce epilepsy, but the effect is much more pronounced with enflurane. Isoflurane can cause coronary steal syndrome, and methoxyflurane is considered nephrotoxic and may result in high output renal failure.


Refs: Dyer JR, Warner MA. Complications in Anesthesiology, ed 3. Anesthesiology 2008;109:358.

Otto K, von Thaden AK. Anaesthesia, analgesia and euthanasia. In: The Laboratory Mouse, ed 2. Academic Press, 2012.

LiverTox: Clinical and research information on drug-induced liver injury [Internet]. Bethesda (MD): National Institute of Diabetes and Digestive and Kidney Diseases; 2012.



75. Which of the following volatile anesthetics is the most potent?


	Methoxyflurane

	Halothane

	Desflurane

	Nitrous oxide



a: The potency of a volatile anesthetic refers to the amount needed to achieve the desired effect. MAC is the alveolar concentration of an anesthetic required to prevent muscle movement in response to pain. The partition coefficient (PC) is defined as the ratio of the quantity of substance (eg, inhalation agent) present in one phase (oil, blood, etc) compared with its presence in another phase (gas); the two phases must be of equal volume and at equilibrium.

A highly potent anesthetic has a low MAC value and a high oil-gas PC, whereas a less potent agent has a high MAC and a low oil-gas PC. Methoxyflurane is a highly potent inhalation anesthetic with an extremely low MAC (0.16%) and a very high oil-gas PC. Its blood-gas PC is high, which indicates slow induction, recovery, and rate of change of anesthetic depth.


Ref: Maher TJ. Volatile anesthetics. In: Williams DA, Foye WO, Lemke TL. Foye’s Principles of Medicinal Chemistry, ed 5. Lea & Febiger, 2002.



76. What is the least potent inhalation anesthetic?


	Sevoflurane

	Isoflurane

	Ether

	Nitrous oxide



d: Nitrous oxide is the least potent volatile anesthetic and has the highest MAC value (104%) and a low oil-gas PC.


Ref: Maher TJ. Volatile anesthetics. In: Williams DA, Foye WO, Lemke TL. Foye’s Principles of Medicinal Chemistry, ed 5. Lea & Febiger, 2002.




77. Which of the following anesthetic properties applies to nitrous oxide (N2O)?


	Poor analgesic

	Complete anesthetic

	Ample muscle relaxant

	Fast induction



d: N2O is a weakly potent, colorless, odorless volatile anesthetic. It is characterized by a very high MAC value (104%) and a very low partition coefficient (0.47). This results in rapid uptake and distribution to brain tissue (rapid onset). N2O does not bind to hemoglobin, is transported in blood as free gas, and does not undergo biotransformation. Elimination occurs rapidly via expiration due to its low solubility.

N2O is an incomplete anesthetic; it is used as a carrier for other agents. Care must be taken when it is used with other anesthetics, such as opioids or sedatives, because they lower its MAC value, working together to depress respiratory and cardiovascular function. N2O is an ample analgesic and not a muscle relaxant.
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