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 LESSON OBJECTIVESUpon completion of this lesson, the readershould be able to:1. Define ultrasound and the principles of
 ultrasonic wave generation.2. Discuss the basic types of ultrasound
 transducers.3. List the factors that may attenuate the
 ultrasound beam.4. Describe the features of needles that
 influence visibility under ultrasound.5. Compare and contrast in-plane versus
 out-of-plane needle approaches.
 6. Compare and contrast short axis versuslong axis ultrasound views.
 7. List at least two common errors made byultrasound novices.
 8. Discuss the possible advantages of ultra-sound guided regional anesthesia versusother techniques.
 9. List the upper and lower extremity nerveblocks commonly carried out with ultra-sound.
 10. Discuss the skills that must be developedto learn ultrasound guided regional anes-thesia.
 Ultrasound Guided Regional Anesthesia
 Terrence L. Trentman, M.D.Associate Professor of Anesthesiology
 Department of AnesthesiologyMayo Clinic in Arizona
 Phoenix, Arizona
 Current Reviews for Nurse Anesthetists designates this lesson ®
 for 1 CE contact hour in clinical pharmacology/therapeutics.
 IntroductionRegional anesthesia is common in anesthesia prac-tice. Techniques such as axillary blocks, interscaleneblocks, femoral nerve blocks, popliteal blocks andsciatic nerve blocks have been used for many yearsas primary anesthetics, or as an adjunct to generalanesthesia. These regional anesthetic approacheshave been shown to decrease postoperative pain,reduce opiate requirements and their associatedside effects, and contribute to the rapid recovery ofpatients.
 Historically, various techniques have been usedto carry out regional anesthesia. These includeparesthesia seeking and nerve stimulator tech-niques, and injection of local anesthetics based solelyon palpable anatomic landmarks. However, in recentyears the use of ultrasound has gained increasingpopularity because of the opportunity to directlyvisualize nerves, plexuses, and other relevant ana-
 tomic structures during performance of the regionalanesthetic.
 This lesson presents a basis for understandingthe physics of ultrasound imaging, the "pros andcons" of ultrasound imaging versus other techniques,and the limitations of this new technology for anes-thesia providers. Based upon a review of currentliterature, discussion points in this lesson include:• What are the principles of ultrasound?• What factors determine ultrasonic beam attenu-
 ation?• What types of ultrasound probes are commonly
 used?• How are the needle-probe interfaces classified?• What is the basic approach to common ultra-
 sound guided blocks?• Does ultrasound guided regional anesthesia
 improve the safety and speed of regional anes-thesia?
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 Principles of UltrasoundUltrasound is mechanical sound energy travelingthrough a medium. The average velocity of ultra-sonic waves in tissue is 1540 meters/second. Modernultrasound equipment can produce a frequency of2-15 MHz. In other words, this device can produce15,000 ultrasonic waves per second!
 Generation of UltrasoundTo generate ultrasonic waves, an electric field
 is applied to the surface of piezo electric crystals.These crystals vibrate, generating the ultrasonicwaves that penetrate the tissue. These sound beams"bounce" off various structures and return to theultrasound probe where they are captured by thetransducer and converted to an electric signal that isthen converted to a usable image. It is noteworthythat only about 1% of the transducer function isdedicated to producing the ultrasonic waves,whereas the remaining 99% is devoted to capturingthe returning sound waves and converting theminto an image.
 An important principle of ultrasoundphysics is that a higher frequency pro-duces shorter wavelengths which resultsin better resolution "or visualization" ofstructures, but also less penetration of thewaves.
 Ultrasound Beam AttenuationThe ultrasound beam is attenuated (weakened)
 due to a number of factors including reflection andscatter, absorption, and refraction (Table 1). Eachof these will be discussed briefly below but it isagain noteworthy that the higher the frequency, thegreater the tissue attenuation. Also, ultrasoundattenuation varies according to the tissue throughwhich the ultrasound beam passes. For instance,muscle attenuation is greater than liver, which isgreater than blood attenuation.
 To compensate for attenuation, the user canamplify the echoes before displaying them. Thedegree of receiver amplification is called "gain." Gainonly amplifies the returning signal; it does notincrease the number of ultrasonic waves directedtoward the target. Increasing the gain increasesthe brightness of the picture, but simultane-ously increases background noise. The goal is toselectively amplify weaker signals from more distalor deeper structures without creating so much noisethat the target is not visible.
 Echo Reflection. Acoustic impedance is theresistance of tissue to passage of ultrasound. Struc-tures such as bone have high impedance versus lungwhich has low impedance. Therefore, an ultrasoundimage of bone will look white because all of the soundwaves are bouncing back to the ultrasound machine
 (i.e., the sound waves are reflected back). In con-trast, ultrasound images of the lung or a fluid filledstructure such as the bladder will be seen as darkbecause all of the ultrasound waves are passingthrough. In addition, there is a tissue-air interfacethat produces an impedance mismatch between theprobe itself and the skin. Therefore, gel is applied tothe transducer and the skin to eliminate air andreduce reflection of the ultrasound beam.
 Scattering. The angle at which the ultrasoundbeam strikes the target contributes to tissue atten-uation due to scattering. Ideally, the ultrasoundwave hits the target at 90 degrees so that thesound wave bounces directly back to the trans-ducer. If the ultrasound wave hits the target atsomething other than 90 degrees, or if the surface ofthe target is uneven, some of the ultrasound waveswill be scattered (or reflected) in such a way thatthey will not be captured by the transducer. There-fore, the picture produced will be less clear. In addi-tion, scattering increases with increased frequency ofthe ultrasound waves.
 Refraction. Bending of the beam, or refraction,occurs when the speed of sounds are different on twosides of the interface. This occurs when the ultra-sound beam passes through various tissues such asmuscle versus skin. Fat contributes to refraction,causing image distortion, and is one of the reasonswhy the obese patient may make ultrasound guidedregional anesthesia challenging.
 Image DisplayStrong reflections from structures like bone or
 the diaphragm give rise to bright images. Thesetissues are said to be "hyperechoic." Weaker reflec-tions from solid organs like the liver or thyroid areseen as gray on ultrasound. Little or no reflection,called "hypoechoic" or "anechoic," results from fluidfilled structures such as the bladder or blood vessels,or air filled structures like the lung. An importantdistinguishing characteristic of blood vesselsis that arteries are seen to be pulsatile onultrasound, whereas veins are non-pulsatileand easy to collapse.
 To produce an optimal image, the user mustunderstand the basic controls of the ultrasound ma-chine, including depth, gain, focal point, and coloredDoppler. The colored Doppler allows the user toidentify structures with pulsatile blood flow versus
 Table 1Factors that Attenuatethe Ultrasound Beam
 # Echo reflection# Scattering# Refraction (bending of the beam)

Page 5
						

Curr Rev Nurs Anesth 38(24):305-316, 2016 309
 structures such as nerves that do not contain pulsa-tile fluids.
 Image OptimizationTo optimize an ultrasound image, the user must
 learn to locate the target in question (such as thenerves of the brachial plexus), handle the probe, andmaximize the quality of the ultrasound image. Thisprocess includes adjusting the depth of penetrationof the ultrasound. As noted above, for the ultrasoundto reach deeper targets, a lower frequency ultrasonicwave is required resulting in poorer resolution.
 Ultrasound ProbesIn general terms, there are two types of ultrasoundprobes (or transducers): curved (curvilinear) andstraight (linear). The curved probes produce a widerfield of view. This may have advantages whentargets are deep, because the needle approach for adeep target will be at a steep angle and the needlewill be visible sooner with a broader field of view.Both curved and linear probes come in various sizes.Smaller probes may be useful in areas where there islimited space to work, such as the supraclavicularregion. Conversely, a large curved ultrasound probemight be used for a deep target such as the sciaticnerve in the infragluteal region.
 To prepare the probe, ultrasonic gel is placed onthe surface. Regional anesthesia with ultrasoundshould be carried out with sterility in mind, so theprobe should be covered with a sterile sheath and airbubbles should be removed from the interfacebetween the sheath and the probe surface. Adequateamounts of gel should also be used on the skinsurface to eliminate the air-tissue interface describedabove.
 With ultrasound, the most common way tocarry out nerve blocks is to view thenerves in short axis.
 In general terms, there are three probe move-ments used to identify the desired target and to alignthe ultrasound beam with it. These movementsare sliding the probe along the area in ques-tion, rotating the probe, and tilting the probe.Again, the goal of the ultrasound user is to visualizethe target in the clearest way possible which in-volves the ultrasound beam striking the target at a90 degree angle.
 NeedlesVarious needles can be used in ultrasound
 guided regional techniques. The larger the needle,the more readily it will be seen under ultrasound.Some available needles are described as "echogenic."These needles have small indentations along the
 distal shaft which are seen on ultrasound as whitedots, indicating to the user that they are visualizingthe tip of the needle rather than somewhere proximalalong the shaft. In general terms, there are twoapproaches of the needle in relation to the trans-ducer:
 In-plane Approach. In this approach, the goalof the user is to place the needle directly under theultrasound transducer (probe), longitudinally alongthe length of the transducer. This produces a clearimage of the shaft of the needle. Advantages of thein-plane approach include that the full shaft of theneedle is ideally visualized, it is arguably moreaccurate, the user is more likely to avoid structuressuch as blood vessels or lung since the entire needleis seen, and it provides real time tracking of theneedle and local anesthetic being injected aroundthe target nerves. However, the in-plane approachis technically more difficult than the out-of-planeapproach, and the path to the nerve may not be theshortest. It is important to note that the ultrasoundbeam is only generated from a very narrow section ofthe center of the transducer, which is approximately1 mm wide. Therefore, the ultrasound user mustdevelop good eye-to-hand coordination to be able toplace the ultrasound probe directly over the needleand visualize it in the in-plane approach.
 These studies have demonstrated a num-ber of common mistakes by beginnersincluding failure to visualize the needletip before advancing it, and unintentionalprobe movement.
 Out-of-plane Approach. In the out-of-planeapproach, the needle and the transducer are placedat a 90 degree angle to each other. Therefore, userswill only see a small part of the needle, since it isviewed in cross section. Users must be careful toensure that they are is visualizing the tip of theneedle rather than some part of the shaft. In theout-of-plane approach, it is possible for the needle tipto be in an important structure such as a bloodvessel but not visualized by users. In this approach,the needle tip position may be inferred by tissuemovement seen as the needle is "wiggled" and byobserving expansion of tissue with injection of fluid.
 In general, there are two options for viewing astructure with ultrasound: short axis or "cross sec-tion" versus long axis or "longitudinal." One couldimagine taking a handful of dry spaghetti noodles.The short axis view is like looking at the spaghettinoodles on end. In contrast, long axis is like view-ing spaghetti noodles along their length (Table 2).
 The needle approach used most often is in-plane,so that the needle is seen along its shaft as itapproaches the nerve, which is viewed in crosssection.
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 Challenges for BeginnersA number of studies have looked at novice
 behavior when learning ultrasound guided regionalanesthesia. Unlike other regional anesthesia tech-niques, ultrasound guided regional anesthesia isideally carried out so that the needle is visualizedthroughout performance of the block. If providerslose visualization of the needle, they shouldstop and re-visualize both the target and theneedle before advancing the needle further.Often, beginners will continue to advance the needlein hopes of eventually finding it. This error can leadto complications, including puncture of vascular orother structures. Practice will help the users developthe necessary eye-to-hand coordination necessary tokeep the needle under the ultrasound probe andvisible throughout the performance of the block(Table 3).
 Despite these potential benefits, it is im-portant to remember that ultrasoundguided regional anesthesia does not elim-inate the complications of regional anes-thesia.
 There are manikins and other devices commer-cially available that allow the beginner to practicebefore attempting blocks on patients. These modelsare typically made of gelatinous material, containsimulated nerves and blood vessels, and help thebeginner learn to direct the needle toward the targetwhile simultaneously avoiding surrounding struc-tures.
 Despite the potential technical challenges assoc-iated with ultrasound guided regional anesthesia,
 this technique has actually been shown to reduce thetime necessary to perform peripheral nerve blockade,and also to reduce the number of needle insertionsassociated with blocks when compared to nerve stim-ulator techniques. Further, fewer vascular punc-tures have been demonstrated with ultrasound com-pared to non-ultrasound techniques. More researchis needed to confirm these benefits (Table 4).
 There are reports of pneumothorax, intravasc-ular injection, and unintentional intraneural injec-tion with ultrasound guided techniques. Althoughpotentially beneficial, the outcome of ultra-sound guided regional anesthesia remains de-pendant on the operator and not on technol-ogy itself.
 Ultrasound Guided RegionalAnesthesia: Upper Extremity
 These next sections will discuss examples of ultra-sound guided regional techniques for various sites.The relevant anatomy and needle approaches will bedescribed for each block.
 Brachial PlexusThe brachial plexus is ideally suited to regional
 anesthesia techniques with ultrasound because itis superficial along most of its course. Blocks arecarried out at the root/trunk level (interscaleneblock), division level (supraclavicular block), cords(infraclavicular), and terminal branches (axillaryblock). Each of thses blocks will be described briefly.
 Interscalene Block. This block is carried outwith the patient supine and head turned away fromthe side to be blocked. The brachial plexus at thetrunk level is typically seen as three or more dark"hypoechoic" structures that are stacked on top ofeach other like a snowman, located between theanterior and middle scalene muscles (Figure 1).
 Supraclavicular Block. At the division level,the brachial plexus is at its most compact and islocated lateral and superior to the subclavian artery,
 Table 2Needle Approaches and Views in
 Ultrasound Guided Regional Anesthesia
 Needle Approach# In-plane: the needle shaft is seen
 longitudinally underneath theultrasound probe
 # Out-of-plane: the needle shaft is at a90 degree angle to the ultrasound probe
 View of Structure# Short Axis: structure (e.g., nerve) is
 seen in cross-section# Long Axis: structure is seen in long
 access (longitudinal)
 The most common approachis needle in-plane, with a
 short axis view of the target.
 Table 3Challenges for Beginners in
 Ultrasound Guided Regional Anesthesia
 # Identifying key relevant anatomiclandmarks (e.g., blood vessels, lung,muscles)
 # Identifying nerves to be blocked# Visualizing the entire needle
 throughout the performance of theblock
 # Unintentional movement of theultrasound probe during the block
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 just behind the clavicle. The ultrasound probe isplaced in the supraclavicular fossa, and the brachialplexus appears like a "bunch of grapes." The needleapproach is typically lateral to medial. Some authorsrecommend placing the needle in the "corner pocket,"which is the space adjacent to the subclavian arteryand first rib. Although the brachial plexus is quitesuperficial in most patients at the supraclavicularlevel, this is not a block for beginners because of theproximity of the lung. The needle must be carefullyplaced and visualized at all times to avoid a pneu-mothorax.
 Infraclavicular Block. This block is carriedout at the cord level of the brachial plexus. Thetransducer probe is in a parasagittal plane justbelow the clavicle and medial to the humeral head.The target for the needle tip is the six o'clock positionof the axillary artery (i.e., just below the artery).When injecting local anesthetic, it should be seen tospread in a "U" shaped fashion or in a collection justposterior to the artery.
 Axillary Block. The terminal branches of thebrachial plexus are approached in an axillary block.This is an excellent block for beginners as there areno high risk adjacent structures. The transducer isplaced in a parasagittal plane in the axilla and theneedle is seen to approach the artery and nerves ofthe brachial plexus which are visualized in crosssection. Local anesthetic is seen to spread aroundthe artery and the nerves (Figure 2).
 Ultrasound Guided RegionalAnesthesia: Lower Extremity
 Lower extremity regional anesthesia techniques alsolend themselves to ultrasound guidance. A few ofthese will be described. Similar to brachial plexusblocks, branches of the lumbar plexus and sciaticnerve can be approached with ultrasound guidanceas can femoral nerve blocks and popliteal sciaticblocks.
 Femoral Nerve Block. The femoral nerve isseen in the inguinal region as a triangular or rec-tangular structure that sits on the iliopsoas muscle.
 Figure 1. Illustration of an interscalene block. Note that the needle approach is in-plane, under alinear transducer, medial to lateral, with a short axis view of the trunks of the brachial plexus. SCM =sternocleidomastoid muscle.
 Table 4Potential Benefits of
 Ultrasound Guided Regional Anesthesia
 # Reduction in time needed toperform the block
 # Fewer needle passes = less tissuetrauma
 # Reduced risk of vascular or lungpuncture
 # Reduced risk of nerve trauma /puncture
 # Reduced risk of local anesthetictoxicity
 # Higher success rate of nerve blocks
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 It is covered by the fascia iliaca, and more super-ficially another tough connective tissue, the fascialata is seen. Medial to the nerve, the femoral arteryand vein are seen. The femoral nerve block can becarried out with either an in-plane or out-of-planeapproach. Local anesthetic should be seen sur-rounding the nerve, sometimes pushing it down ontothe iliopsoas muscle. If desired, a peripheral nerveblock catheter can be inserted during this block orany of those described. The catheter can be seenwith ultrasound as well.
 Popliteal Sciatic Block. This block can beused for many lower leg procedures including footand ankle surgery. The site of the block is theapex of the popliteal triangle, which is usuallyabout 7 cm above the popliteal crease. In shortaxis under ultrasound, the sciatic nerve is seenwhere it divides into the tibial and peroneal com-ponents. The block is carried out just above the splitof these branches. A short axis view is obtained andan in-plane or out-of-plane approach can be used(Figure 3).
 Figure 3. Illustration of a popliteal sciatic block with the transducer above the popliteal creaseand the needle in an out-of-plane approach. From Hebl JR, Lennon RL: Mayo Clinic Atlas of RegionalAnesthesia and Ultrasound-Guided Nerve Blockade. Rochester (MN): Mayo Clinic Scientific Press and NewYork: Oxford University Press, 2007. Used with permission of Mayo Foundation for Medical Education andResearch, all rights reserved.
 Figure 2. Illustration of an axillary block, with probe in a parasagittal plane and the needleinserted in-plane. From Hebl JR, Lennon RL: Mayo Clinic Atlas of Regional Anesthesia and Ultrasound-Guided Nerve Blockade. Rochester (MN): Mayo Clinic Scientific Press and New York: Oxford UniversityPress, 2007. Used with permission of Mayo Foundation for Medical Education and Research, all rightsreserved.
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 MiscellaneousUltrasound Guided Blocks
 The above noted nerve blocks are but a few examplesof ultrasound guided regional techniques. Manyother examples have been described including ankleblocks, sciatic nerve blocks, paravertebral blocks,and even epidural blocks. Additionally, the trans-versus abdominus plane or "TAP" block can be usedfor abdominal surgeries such as hernia repair, hys-terectomy or nephrectomies. This regional anes-thesia technique provides blockade of the thoraco-lumbar nerves from T7-L1 by injection of localanesthetic between the internal oblique and trans-versus abdominus muscles (Table 5).
 Gaining practical experience can be firstaccomplished through the use of manikinsor trainers and then with the assistance ofan experienced user.
 Learning Ultrasound GuidedRegional Anesthesia Techniques
 Learning ultrasound guided regional anesthesia canbe intimidating. The facility must be willing to pro-vide a machine with adequate resolution for ultra-sound guided techniques. Attending an ultrasoundguided regional anesthesia course will serve as anintroduction to the user.
 Skills that must be developed include the abilityto visualize key structures, identify nerves, identifythe most appropriate needle pathway, visualize theneedle and local anesthetic injection in real-time,make necessary needle adjustments as needed, and
 be prepared for any adverse affects that can occurwith any regional anesthesia technique (Table 6).
 SummaryIn recent years ultrasound guided regional anes-thesia has become common, and will likely be thepredominant regional anesthesia technique in thefuture. Although ultrasound guided nerve blockshold the promise of faster and safer regional anes-thesia, it is ultimately the skill of the user that de-termines the outcome. Understanding ultrasoundphysics, including its limitations, and proper train-ing should result in optimal outcome for our patients.
 ——————
 Terrence L. Trentman, M.D., Associate Professor Anes-thesiology, Department of Anesthesiology, Mayo Clinic inArizona, Phoenix, Arizona. [email protected]
 ReferencesKoff MD et al. Severe brachial plexopathy after anultrasound-guided single-injection nerve block for totalshoulder arthroplasty in a patient with multiple scler-osis. Anesthesiology 108:325-8, 2008. (Case reportsdemonstrates that adverse events can occur with ultra-sound guided blocks)
 Orebaugh SL, Williams BA, Kentor ML. Ultrasoundguidance with nerve stimulation reduces the timenecessary for resident peripheral nerve blockade. RegAnesth Pain Med 32(5):448-54, 2007.
 Orebaugh SL et al. Adverse outcomes associated withstimulator-based peripheral nerve blocks with versuswithout ultrasound visualization. Reg Anesth PainMed 34:251-5, 2009. (Ultrasound use decreased ad-verse events)
 Sites BD et al. Artifacts and pitfall errors associatedwith ultrasound-guided regional anesthesia. Part I:understanding the basic principles of ultrasoundphysics and machine operations. Reg Anesth Pain Med
 Table 5Regional Anesthetics Commonly
 Performed with Ultrasound Guidance
 Upper Extremity# Interscalene block# Supraclavicular block# Infraclavicular block# Axillary block
 Lower Extremity# Femoral nerve block# Sciatic nerve block# Popliteal nerve block
 Miscellaneous Blocks# Epidural block# Paravertebral block# Transversus abdominus plane
 (TAP) block
 Table 6Skills Needed to Safely Perform
 Ultrasound Guided Regional Anesthesia
 # Visualize the nerves to be blockedand other key anatomic landmarks
 # Identify the most appropriateneedle pathway
 # See the needle and local anestheticinjection in real time
 # Adjust the needle position as needed# React promptly and appropriately
 to any adverse events
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 32(5):412-8, 2007. (Excellent introduction to ultra-sound and regional)
 Sites BD et al. Artifacts and pitfall errors associatedwith ultrasound-guided regional anesthesia. Part II: apictorial approach to understanding and avoidance.Reg Anesth Pain Med 32:419-33, 2007.
 Sites BD et al. Characterizing novice behavior assoc-iated with learning ultrasound-guided peripheral re-gional anesthesia. Reg Anesth Pain Med 32:107-15,2007. (Most beginners advance the needle even whenthey don't see it, and they move the probe uninten-tionally)
 Sites BD et al. Incidence of local anesthetic systemictoxicity and postoperative neurologic symptoms assoc-iated with 12,668 ultrasound-guided nerve blocks:an analysis from a prospective clinical registry. RegAnesth Pain Med 37:478-82, 2012. (Complications canstill occur with ultrasound guidance)
 Sites BD et al. The American Society of RegionalAnesthesia and Pain Medicine and the EuropeanSociety of Regional Anaesthesia and Pain TherapyJoint Committee recommendations for education andtraining in ultrasound-guided regional anesthesia.Reg Anesth Pain Med 34:40-6, 2009. (Excellent re-source for those wishing to learn ultrasound guidedregional anesthesia)
 Terrence L. Trentman, M.D.
 Dr. Trentman graduated from Tulane University School of Medicine and completed an internship, anesthesiologyresidency and pain fellowship at Mayo Clinic, Rochester, Minnesota. He now practices at Mayo Clinic in Arizonaand is a member of the liver transplant team. He divides his time between the general operating room includingultrasound guided regional anesthesia, and the chronic pain clinic.
 Tips for your Clinical Practice: Key Points
 # Ultrasound use in regional anesthesia (and other applications) requires a basic understanding ofits generation (piezo-electric crystal), attenuation (weakening), echo reflection (tissue and tissue-airinterface impedance), beam scattering (incident angle of ultrasound to target), refraction (bending ofthe ultrasound beam), image display (hyperechoic, hypoechoic, anechoic) and image optimization(target location).
 # Ultrasound techniques when properly applied should reduce complications such as pneumothorax,vascular perforation, and nerve damage.
 # The ultrasound probe should be covered with a sterile sheath, air bubbles should be removed, andadequate gel should be applied to the air-tissue interface.
 # An in-plane needle approach allows ultrasound visualization of the entire needle but is technically
 more difficult than an out-of-plane approach that only identifies the needle tip.
 # Interscalene blocks are carried out at the root/trunk level, supraclavicular blocks at the division,
 infraclavicular blocks at the cords, and axillary blocks at the branches.
 # Femoral nerve blocks utilize in-plane or out-of-plane approaches, and local anesthetic can beviewed surrounding the nerve.
 # A popliteal sciatic block is directed just above the branching of the sciatic nerve into its tibial andperoneal components.
 Robert R. Kirby, M.D.Professor Emeritus of AnesthesiologyUniversity of Florida, College of Medicine
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 DESIGNATON OF SPECIFIC CONTENT AREAS:
 Current Reviews for Nurse Anesthetists (CRNA) is designed to m eet the standards and criteria of the Am erican Association of Nurse Anesthetists
 (AANA) for the prior-approved continuing m edical education activity, Provider-Directed Independent Study, also known as hom e study. CRNA is an
 approved program provider.
 CRNA has designated the lessons which meet specific content areas such as pharm acology, HIV/AIDS, etc. However, only the Board of Nursing
 of an individual State is the final authority in the determ ination of whether or not these lessons meet the State’s licensure requirem ents.
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24MARK ONLY THE ONE BEST ANSWER PER QUESTION ON YOUR
 ANSWER CARD. MARK THIS PAGE AND KEEP FOR YOUR RECORDS.
 In accordance with AANA directives, you must get 80% of the answers correctto receive one credit for each lesson, and “if there is a failure, there is no retaking”.
 POST-STUDY QUESTIONS
 1. Higher ultrasound frequency results in:G A. Less pain for the patient during the exam.G B. Higher risk to the patient due to tissue damage.G C. Improved resolution of structures but poor
 penetration.G D. More "blurry" images.
 2. Ultrasonic waves are generated by:G A. Electric current flowing through a coil.G B. X-ray beams focused via a transducer.G C. Rapidly vibrating protons in an electric field.G D. Applying an electric field to the surface of piezo
 electric crystals.
 3. Each of the following factors cause ultrasoundbeam attenuation EXCEPT:G A. Reflection.G B. Gain.G C. Scatter.G D. Absorption.
 4. Strong ultrasonic reflections come from structureslike bone and diaphragm. These tissues are said tobe:G A. Hypoechoic.G B. Anechoic.G C. Hyperechoic.G D. Pulsatile.
 5. The ideal probe to visualize a deep structure likethe sciatic nerve is:G A. A large curvilinear probe.G B. A small curvilinear probe.G C. A small linear probe.G D. A large linear probe.
 6. When an in-plane approach is selected, the needleis seen on ultrasound:
 G A. In short axis as a cross section.G B. Along the length of the shaft of the needle, longi-
 tudinally.G C. As hypoechoic.G D. To twist like a corkscrew.
 7. The most common view selected for structures in
 ultrasound guided regional anesthesia is:G A. Oblique to line up with the needle approach.G B. Long axis = longitudinal.G C. Transverse.G D. Short axis = cross section.
 8. Ultrasound guided interscalene block anatomy in-
 cludes:G A. The brachial plexus, which is seen as three or
 more stacked hypoechoic structures.G B. The subclavian artery.G C. The cords of the brachial plexus.G D. The median and ulnar nerves.
 9. Femoral nerve blocks with ultrasound typically
 demonstrate:G A. The lateral femoral cutaneous nerve.G B. The nerve medial to the femoral vein.G C. The fascia lata and fascia iliaca.G D. The femoral nerve underneath the iliopsoas
 muscle.
 10. Skills needed to learn ultrasound guided regional
 anesthesia include all of the following EXCEPT:G A. Identifying an appropriate needle approach.G B. Visualizing anatomic landmarks.G C. Seeing the local anesthetic surround the struc-
 ture.G D. Avoiding needle pathways through muscle.
 Moving?Please notify us at least 4 weeks before you move to your new address, so you won’t missany issues of your subscription. The post office will not forward your subscription toCurrent Reviews for Nurse Anesthetists .®
 Phone: (954) 763-8003Fax: (954) 762-9111 or (800) 425-1995
 Email: [email protected]
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