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Chapter 1 
Introduction and Aim of the Study 

Samer Narouze, MD, MSc    

                 Narouze S. Ultrasound-guided Interventional Procedures in Pain Management: Evidence Based Medicine. Reg Anesth Pain Med 2010; 35(S2):S55-8. 
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Ultrasound guidance for peripheral nerve blocks is now well established in the field of Regional Anesthesia (USRA). 1 Recently, we started to see a growing in-terest in using ultrasound to guide different procedures in interventional pain management (USPM). 2-4 The difference between USRA and USPM is obvious. In USRA, we are com-paring ultrasound guidance to other “blind” nerve localization techniques e.g. nerve stimulation or surface landmarks. On the other hand, in USPM we are comparing ultrasound guidance to other “imaging” techniques e.g. fluoroscopy (or CT scan). So, to advocate the use of ultrasound (US) in interventional pain management, US had to offer more advantages than what the traditional fluo-roscopy can offer. 5,6 The advantages of ultrasonography over fluoroscopy/CT are; no radiation exposure to both the patient and health care providers, visualization of soft tissues (nerves, muscles, vessels, etc), and real-time visualization of needle tip advancement relevant to surrounding structures. As the major advantage of US is soft tissue visualization, ultrasonography is particularly relevant in the cervi-cal area with the multitude of vessels and other vital soft tissue structures com-pacted in a small area. 7 One of the best examples is stellate ganglion block. The anatomy of the stel-late ganglion being in close proximity to various critical structures, results in a number of complications potentially associated with its blockade, some of which are life-threatening. 8 Fluoroscopy is a reliable method for identifying bony structures; however the adjacent anatomical structures can’t be identified. Ul-trasound-guided SGB may improve the safety of t,he procedure by direct visuali-zation of the related anatomical structures and accordingly the risk of thyroid gland and vessels, vertebral artery, or esophagus injury may be minimized. 9-11 Will the application of ultrasonography in selective cervical nerve root injec-tions revive the diminishing art? The major reported adverse events after cervi-cal transforaminal injections, currently performed under fluoroscopic guidance, are related to the proximity to critical vessels. Reports of intravascular injection even after confirmation by contrast fluoroscopy have led some to question the safety of the procedure. 12,13 Currently the guidelines for cervical transforaminal injection technique in-volve introducing the needle under fluoroscopic guidance into the posterior aspect of the intervertebral foramen just anterior to the superior articular proc-ess in the oblique view to minimize the risk of injury to the vertebral artery or the nerve root. 14,15 Despite strict adherence to these guidelines adverse out-comes have been reported. 16,17 A potential shortcoming to these current guide-lines would be the presence of a critical feeder vessel to the anterior spinal ar-tery in the posterior aspect of the intervertebral foramen that could be injured in the pathway of the needle. 18 Here the ultrasonography may come to play; as it allows for visualization of soft tissues, nerves and vessels and also facilitates visualization of the injectate around the nerve thus it may be advantageous to 



I N T R O D U C T I O N  A N D  A I M  O F  T H E  S T U D Y  

 11 

fluoroscopy. With cervical selective nerve root block (cervical transforaminal epidural injection) there is really no safe zone, however there may be a safer 
tool, the ultrasound. 19 Another area of interest that ultrasound may play a difference is the atlan-toaxial joint (AAJ). Because of its close proximity to the vertebral artery and as fluoroscopy can’t directly identify the vertebral artery, some advocate to aban-don AAJ injections. 20 As ultrasound can easily identify the vertebral artery as it courses from C2 to C1 foramina, ultrasound guidance can increase the safety of this much needed procedure in selected patients with cervicogenic head-ache.21-23 The aim of this thesis is to review the feasibility and demonstrate the poten-tial advantages of US in visualizing various vessels and other soft tissue struc-tures in the neck relevant to the performance of various interventional pain management procedures. Specifically we will address the following questions: 1. What is the sonoanatomy of the cervical spine relevant to cervical spine injections for the treatment of various neck and upper extremity pain syn-dromes? (Chapter 2) 2. Is ultrasound feasible in visualizing various arteries and other vital soft tissues in the vicinity of the cervical sympathetic chain relevant to stellate ganglion block procedure? (Chapter 3 and 5) 3. Does ultrasound improve the safety of cervical selective nerve root block by visualizing critical radicular arteries in the vicinity of the cervical neuro-foramen? (Chapter 4) 4. Are we able to visualize the vertebral artery as it courses through the C2 and C1 foramina to insure a safer atlanto-axial joint (AAJ) injection? Is there a role for AAJ injection in the treatment of cevicogenic headache? (Chapter 6 and 7) 5. What are the required skills to learn and master ultrasound guided pain procedure? What are the educational and training recommendations? (Chapter 8)  In summary; ultrasound is a very useful tool to identify the complex vasculature and other critical soft tissue structures in the neck relevant to various cervical spine procedures in interventional pain management. This thesis should help pain physician learn the applications of ultrasound in various cervical spine injections and should open the door to design more controlled studies compar-ing ultrasound to other imaging modalities in performing cervical spine injec-tions. 



C H A P T E R  1  

 12 

References 

1. Hopkins PM. Ultrasound guidance as a gold standard in regional anesthesia. Br J Anaesth 2007; 98:299-301. 2. Narouze, SN. (Ed.) Atlas of ultrasound guided procedures in interventional pain management, 1st ed. New York, NY: Springer; 2011. 3. Narouze S, Peng PWH. Ultrasound-guided Interventional Procedures in Pain Medicine: A Review of Anatomy, Sonoanaotmy and Procedures. Part II: Axial structures. Reg Anesth Pain Med 2010; 35:386-396. 4. Peng PWH, Narouze S. Ultrasound-guided Interventional Procedures in Pain Medicine: A Review of Anatomy, Sonoanaotmy and Procedures. Part I: Non-axial structures. Reg Anesth Pain Med 2009; 34:458-474 5. Narouze S. Ultrasound-guided Interventional Procedures in Pain Management: Evidence Based Medicine. Reg Anesth Pain Med 2010; 35(S2):S55-58. 6. Neal JM, Brull R, Chan VW, Grant SA, Horn JL, Liu SS, McCartney CJ, Narouze SN, Perlas A, Salinas FV, Sites BD, Tsui BC. The ASRA evidence-based medicine assessment of ultrasound-guided re-gional anesthesia and pain medicine: Executive summary. Reg Anesth Pain Med 2010; 35(S2):S1-9. 7. Narouze S. Ultrasonography in pain medicine: a sneak peak at the future (editorial). Pain Pract 2008; 8:223-225 8. Higa K, Hirata K, Hirota K, Nitahara K, Shono S: Retropharyngeal hematoma after stellate gan-glion block. Anesthesiology 2006; 105:1238-1245. 9. Narouze S, Vydyanathan A, Patel N. Ultrasound-guided stellate ganglion block successfully prevented esophageal puncture. Pain Physician 2007; 10:747-752. 10. Kapral S, Krafft P, Gosch M, Fleischmann D, Weinstabl C. Ultrasound imaging for stellate ganglion block: Direct visualization of puncture site and local anesthetic spread. Reg Anesth 1995; 20:323-328. 11. Narouze S. Beware of the “serpentine” inferior thyroid artery while performing stellate ganglion block. Anesth Analg 2009; 109:289-290. 12. Provenzano DA, Fanciullo G. Cervical transforaminal epidural steroid injections: should we be performing them? Reg Anesth Pain Med 2007; 32:168. 13. Wallace MA, Fukui MB, Williams RL, Ku A, Baghai P. Complications of cervical selective nerve root blocks performed with fluoroscopic guidance. AJR 2007; 188:1218-1221. 14. Rathmal JP, Aprill C, Bogduk N. Cervical transforaminal injection of steroids. Anesthesiology 2004; 100:1595-1600. 15. Hoeft MA, Rathmell JP, Monsey RD, Fonda BJ. Cervical transforaminal injection and the radicular artery: Variation in anatomical location within the cervical intervertebral foramina. Reg Anesth Pain Med 2006; 31:270-274. 16. Tiso RL, Cutler T, Catania JA, Whalen K. Adverse central nervous system sequelae after selective transforaminal block: the role of corticosteroids. The Spine J 2004; 4:468-474. 17. Baker R, Dreyfuss P, Mercer S, Bogduk N. Cervical transforaminal injections of corticosteroids into a radicular artery: a possible mechanism for spinal cord injury. Pain 2002; 103:211-215. 18. Huntoon MA. Anatomy of the cervical intervertebral foramina: vulnerable arteries and ischemic neurologic injuries after transforaminal epidural injections. Pain 2005; 117:104-111. 19. Narouze S, Vydyanathan A, Kapural L, Sessler DI, Mekhail N. Ultrasound-guided Cervical Selec-tive Nerve Root Block: A Fluoroscopy-controlled Feasibility Study. Reg Anesth Pain Med 2009; 34:343-348. 20. Edlow BL, Wainger BJ, Frosch MP, Copen WA, Rathmell JP, Rost NS. Posterior circulation stroke after C1-C2 intraarticular facet steroid injection: evidence for diffuse microvascular injury. An-esthesiology 2010; 112:1532-1535. 21. Narouze S. Ultrasound-guided Lateral Atlanto-axial Joint Injection for the Treatment of Cervico-genic Headache. Pain Med 2009; 10: 222. 



I N T R O D U C T I O N  A N D  A I M  O F  T H E  S T U D Y  

 13 

22. Narouze S. Ultrasonography in pain medicine: Future directions. Tech Reg Anesth Pain Manage 2009; 13:198-202. 23. Narouze S, Casanova J, Mekhail N. The longitudinal effectiveness of lateral atlantoaxial intra-articular steroid injection in the management of cervicogenic headache. Pain Medicine 2007; 8:184-188.   





 15 

Chapter 2 
Sonoanatomy of the Cervical Spine 

Samer Narouze, MD, MSc 
Philip WH Peng, MBBS FRCPC    

               Narouze S, Peng P. Ultrasound-guided Interventional Procedures in Pain Medi-cine: A Review of Anatomy, Sonoanatomy, and Procedures. Part II: Axial struc-tures. Reg Anesth Pain Med 2010; 35:386-96. 
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Abstract There is a growing trend in using ultrasonography in pain medicine (USPM) as evident by the plethora of published reports. Ultrasound provides direct visuali-zation of various soft tissues, real-time needle advancement and avoids expos-ing both the healthcare provider and the patient to the risks of radiation. The ultrasound machine is more affordable and transferrable than a fluoroscopy, CT scan or MRI machine. In a previous review, we discussed the challenges and limitations of ultrasound, anatomy, sonoanatomy, and techniques of interven-tional procedures of peripheral structures. In the present review, we will dis-cuss the anatomy, sonoanatomy, and ultrasound guided techniques of interven-tional pain procedures for axial structures and will review the pertinent litera-ture.    
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Introduction Ultrasonography in pain medicine (USPM) is a rapidly growing medical field in interventional pain management. Traditionally, spine interventional procedures for pain management are performed with imaging guidance such as fluoroscopy and computed tomography (CT) scan. In the last few years, there has been tre-mendous growth in USPM interest as evidenced by the remarkable increase in the publication of literature on ultrasound-guided injections.1 A search of the Medline® database revealed only 3 publications published in ultrasound-guided or ultrasound-assisted injection techniques (excluding peri-operative, intra-articular, interlaminar and trigger point injections) between 1982 and 2002 but there have been nearly 50 publications since 2003. The first objective of this review is to describe the relevant anatomy and sonoanatomy of those specific interventional techniques. The second objective is to describe and summarize various reports and feasibility data published in the literature on axial USPM procedures. 
Methods We performed a literature search of the MEDLINE database from January 1982 to June 2009 using the search terms “ultrasound”, “ultrasound-guided”, “pain management” , “spine injections” and different selected nerves or structures relevant in this review such as “transforaminal injections”, “facet intraarticular injections”, “medial branch nerve block”, “caudal epidural”, and “sacroiliac joint”. We excluded those publications that described the use of the peripheral nerve blocks in peri-operative setting, and those describing intra-articular, in-terlaminar and trigger point injections. 
Ultrasound versus Conventional Imaging Techniques The advantages and shortcomings of ultrasound relative to other imaging mo-dalities were described in details in the previous review (non-axial procedures, part I). 1 Ultrasonography allows direct real time visualization of soft tissue struc-tures. Thus, it is an attractive alternative in non-axial applications when most of the conventional techniques are landmark-based or “blinded”. However USPM faces unique challenges in the spine or axial injections when most of the estab-lished techniques require the use of fluoroscopy. Although CT or MRI guidance have been described, these procedures are by far commonly performed with fluoroscopic guidance (which will be discussed below). 
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Ultrasonography provides good visualization of bony surfaces that may make it useful in various superficial axial or spine injections such as the medial branch block, facet intraarticular injections, nerve root blocks, and sacroiliac joint injec-tion. However ultrasound is not as useful in neuraxial (epidural or intrathecal) blocks in adults as the major shortcomings of USPM are the limited resolution at deep levels and bony artifacts which affect image quality. If one can not visualize the real time spread of the injectate in the epidural space under ultrasonogra-phy or rule out intravascular injection (contrary to the commonly used fluoros-copy in pain medicine practice), then it is a “partially blind technique”. Neverthe-less, ultrasound-assisted neuroaxial block may be more advantageous than the traditional “blind” surface-landmark approach that is used in regional and ob-stetric anesthesia.  The present article will focus on various ultrasound-guided axial (spine) inter-ventional procedures in pain management excluding neuroaxial applications for the aforementioned reasons. 
Cervical selective nerve root (transforaminal) injection 

Anatomy The cervical spinal nerve occupies the lower part of the foramen with the epi-radicular veins in the upper part. The radicular arteries arising from the verte-bral, ascending cervical and deep cervical arteries lie in close approximation to the spinal nerve.2 Huntoon showed that the ascending and deep cervical arteries may contrib-ute to the anterior spinal artery (not only the vertebral artery). In more than 20% of the foramina dissected (21/95), either the ascending or deep cervical artery or a large branch were found within 2 mm of the needle path for a cervi-cal transforaminal procedure. One third of these vessels entered the foramen posteriorly potentially forming a radicular or a segmental feeder vessel to the spinal cord, making it vulnerable to unintentional injury or injection even dur-ing correct needle placement. Variable anastomoses between the vertebral and cervical arteries were found; therefore it is possible to introduce steroid parti-cles into the vertebral circulation via the cervical arteries.3 Also, in a single cadaver dissection study, Hoeft et al. 4 showed that radicular artery branches from the vertebral artery lie over the most anteromedial aspect of the foramen, while those that arise from the ascending or deep cervical arter-ies are of greatest clinical significance as they must course medially transversing the entire extent of the foramen. Cervical transforaminal injections have been traditionally performed with the use of fluoroscopy or CT. However, there have been reports of fatal compli-cations as a result of vertebral artery injury5,6, and/or infarction of the spinal 
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cord and the brain stem7-11. The mechanism of injury was contended to be either vasospasm or accidental arterial injection of the particulate steroid injectate and embolus formation in critical arteries. 12, 13 Currently the guidelines for cervical transforaminal injection technique in-volve introducing the needle under fluoroscopic guidance into the posterior aspect of the intervertebral foramen just anterior to the superior articular proc-ess in the oblique view to minimize the risk of injury to the vertebral artery or the nerve root. 2 Despite strict adherence to these guidelines adverse outcomes have been reported. 7,8 A potential shortcoming of the described fluoroscopic-guided procedure is that the needle may puncture a critical feeder vessel to the anterior spinal artery in the posterior aspect of the intervertebral foramen. 3 Here ultrasonography may have potential utility, as it allows for visualization of soft tissues, nerves and vessels and the spread of the injectate around the nerve thus it may be potentially advantageous to fluoroscopy. The fact that the ultra-sound allows real-time recognition of an artery prior to needle puncture is one distinct advantage over fluoroscopic guidance, wherein this complication can only be recognized after aberrant arterial flow is noted when contrast agent is injected. 
Literature review of ultrasound guided cervical nerve root block Galiano et al.12 described the use of ultrasound-guided periradicular injections in the middle and lower cervical spine in cadavers and were later confirmed with computed tomography. The needles were positioned within 5 mm dorsal to the spinal nerve and 5 of the 40 positioning attempts could not depict the spinal nerve due to reduced imaging conditions. They were not able to comment on the relevant blood vessels in the vicinity of the vertebral foramen and this raised some concerns about the safety of performing the procedure with ultrasound at that time13. With the introduction of high-resolution ultrasound transducers and gaining more experience, we were able to visualize small critical arteries with ultrasonography. Narouze et al. 14 reported a pilot study of 10 patients who received cervical nerve root injections using ultrasound as the primary imaging tool with fluoros-copy as the control. The radiologic target point was the posterior aspect of the intervertebral foramen just anterior to the SAP in the oblique view, and at the midsagittal plane of the articular pillars in the anteroposterior (AP) view. The needle was exactly at the target point in 5 patients in the oblique view and in 3 patients in the AP views. The needle was within 3 mm in all patients in the lat-eral oblique view and in 8 patients in the AP view. In the other 2 patients the needle was within 5mm from the radiologic target. In 4 patients they were able to identify vessels at the anterior aspect of the foramen, while 2 patients had critical vessels at the posterior aspect of the foramen and in one patient this artery continued medially into the foramen most likely forming a segmental 
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feeder artery. In these 2 cases such vessels could have been easily injured in the pathway of a correctly placed needle under fluoroscopy. 
Sonoanatomy and ultrasound guided technique for cervical selective nerve root 
block With the patient lying in the lateral decubitus position, an ultrasound examina-tion of the cervical spine is performed using a high-resolution linear array transducer. The transducer is applied transversely to the lateral aspect of the neck to obtain a short axis view of the cervical spine. One can easily identify the cervical transverse process with the anterior and posterior tubercles as hypere-choic structures “two-humped camel” sign and the hypoechoic round to oval nerve root in-between (Fig. 1). 14 First the cervical level is determined by identi-fying the transverse process of the seventh and sixth cervical vertebrae (C7 and C6). The seventh cervical transverse process (C7) differs from the above levels as it usually has a rudimentary anterior tubercle and one prominent posterior tubercle15. Then by moving the transducer cranially the transverse process of the sixth cervical spine comes into the image with the characteristic sharp ante-rior tubercle (Fig. 2,3), and then after the consecutive cervical spinal level can be easily identified. Another way to determine the cervical spinal level is by follow-ing the vertebral artery, which runs anteriorly at the C7 level before it enters the foramen of C6 transverse process in about 90% of cases. However it enters at C5 or higher in the remaining cases (Fig. 2B). 16  

Figure 1: C5 level Short-axis transverse ultrasound images showing the anterior tubercle (at) and the posterior tubercle (pt) of the C5 transverse process as the “two-humped camel” sign. N, nerve root; CA, carotid artery. Solid arrows are pointing to the needle in place at the posterior aspect of the intervertebral fora-men. 
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Figure 2A: C6 level  Short-axis transverse ultrasound image showing the sharp anterior tubercle (at) of the C6 transverse process (C6tp). N, nerve root; CA, carotid artery; at, anterior tubercle; pt, posterior tubercle. Solid arrows are pointing to the needle in place at the posterior aspect of the interver-tebral foramen. 

 

 

Figure 2B: C6 level  Short-axis transverse ultrasound image showing the sharp anterior tubercle (at) of the C6 transverse process and the vertebral artery (VA) is anterior. N, nerve root; CA, carotid artery; at, anterior tubercle; pt, posterior tubercle. 

 

 

Figure 3: C7 level Short-axis transverse ultrasound image showing the charac-teristic transverse process (TP) of C7. Note no sharp ante-rior tubercle as the case in C6. C7, nerve root; VA, vertebral artery. 
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Once the appropriate spinal level is identified, a 22-gauge blunt-tip needle can be introduced under real-time ultrasound guidance from posterior to anterior with an in-plane technique to target the corresponding cervical nerve root (from C3-C8) at the external foraminal opening between the anterior and posterior tubercles of the transverse process. One can successfully monitor the spread of the injectate around the cervical nerve with real time ultrasonography and the absence of such spread around the nerve root may suggest unsuspected or unin-tentional intravascular injection. However it is difficult to monitor the spread of the injectate through the foramen into the epidural space because of the bony drop out artifact of the transverse process. We therefore refer to this approach as a “cervical selective nerve root block” rather than cervical transforaminal epidural injection. The authors believe that visualization of very small vessels (radicular arter-ies) may be very challenging especially in obese patients and requires special training and expertise. Real time fluoroscopy with contrast injection and digital subtraction –when available- should remain the standard of care. 
Cervical medial branch and facet joint injections 

Anatomy Cervical zygapophyseal (facet) joints are diarthrodial joints formed by the supe-rior articular process of one cervical vertebra articulating with the inferior ar-ticular process of the vertebra above at the level of the junction of the lamina and the pedicle. The angulation of the facet joint increases caudally, being about 45 degrees superior to the transverse plane at the upper cervical level to as-sume a more vertical position at the upper thoracic level. The superior articular process also faces more posteromedial at the upper cervical level and this changes to more posterolateral at the lower cervical level, with C6 being the most common transition level 17,18 The cervical zygapophyseal joints are innervated by articular branches de-rived from the medial branches of the cervical dorsal rami. The C4–C8 dorsal rami arise from their respective spinal nerves and pass dorsally over the root of their corresponding transverse process. The medial branches of the cervical dorsal rami curve medially, around the corresponding articular pillars, and have a constant relationship to the bone at the dorsolateral aspect of the articular pillar as they are bound to the periosteum by an investing fascia and held in place by the tendon of the semispinalis capitis muscle. 19 This area is easily identified fluoroscopically where the medial branches are safely located away from the spinal nerve and the vertebral artery. The articular branches arise as the nerve approaches the posterior aspect of the articular pillar, one innervating the zygapophyseal joint above, and the other innervating 



S O N O A N A T O M Y  O F  T H E  C E R V I C A L  S P I N E  

 23 

the joint below. Consequently, each typical cervical zygapophyseal joint has dual innervation, from the medial branch above and below its location .20 The medial branches of the C3 dorsal ramus differ in their anatomy. A deep medial branch passes around the waist of the C3 articular pillar similar to other typical medial branches and supplies the C3-C4 zygapophyseal joint. The super-ficial medial branch of C3 is large and known as the third occipital nerve. It curves around the lateral and then the posterior aspect of the C2–C3 zyga-pophyseal joint giving articular branches to the joint. Articular branches may also arise from a communicating loop that crosses the back of the joint between the third occipital nerve and the C2 dorsal ramus. Beyond the C2–C3 zyga-pophyseal joint, the third occipital nerve becomes cutaneous over the suboccipi-tal region. So pain derived from the C2–C3 zygapophyseal joint can be addressed by blocking the ipsilateral third occipital nerve as it crosses the lateral aspect of the joint, and pain derived from joints below C2–C3 can be addressed by block-ing the cervical medial branches as they pass around the waists of the articular pillars above and below the corresponding joint 21 
Literature review of ultrasound guided third occipital nerve (TON) and cervical 
medial branch block Eichenberger et al. 22 reported the use of ultrasound guidance in blockade of the third occipital nerve in volunteers. The needles were placed under ultrasound guidance and then confirmed by fluoroscopy. The third occipital nerve was visualized in all volunteers and showed a median diameter of 2.0 mm. The C2-C3 facet joint was identified correctly by ultrasound in 27 of 28 cases and 23 needles were placed correctly into the target zone. They defined the radiologic target point arbitrarily as the intersection of a vertical line passing through the middle of the C2–C3 zygapophyseal joint and an oblique line passing directly over the joint line. They reported accuracy of needle position as confirmed by fluoroscopy in 82% of insertions and a 90% success of nerve blockade. Although they reported the feasibility of identifying the medial branch of C3, there are no other feasibility studies regarding ultrasound guided lower cervical medial branch block. Nevertheless the technique has been described.23,24 
Literature review of ultrasound guided cervical facet intraarticular injections Galiano et al. 25 studied the feasibility of ultrasound as a guiding tool for simu-lated cervical facet joint intraarticular injections in cadavers using a lateral ap-proach. They were able to accurately identify the facet joints from C2-3 to C6-7 in 36 of 40 attempts. All needle tips were located inside the joint space as veri-fied by CT. Subsequently they have studied and advocated the use of an ultra-sound-guided CT-assisted navigation system as a teaching tool for performing facet injections. 20 
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Sonoanatomy and ultrasound guided technique for cervical facet 
intraarticular injection 

Lateral approach The patient is placed in the lateral position and the correct cervical level is iden-tified as mentioned above. A high frequency linear transducer is used and a short axis view is obtained and the superior articular and the inferior articular processes forming the facet joint appear as a hyperechoic signals and the joint space in between as anechoic gap. The needle is inserted just lateral to the transducer and advanced from posterior to anterior -in plane- under real time ultrasonography to the target (joint space). The target was defined as the mid-point of the joint space on the lateral surface at the middle of the facet joint cra-nio-caudal extension. 25 
Posterior approach The authors prefer the posterior approach for several reasons. It is easier to identify the correct cervical level while the patient in the prone position. We start counting from cranial to caudal (C1 spine has no or only a rudimentary spinous process and the first identified bifid spinous process belongs to C2). Another advantage of this approach is that the needle will be advanced in a cau-dal to cranial direction and this is matching the caudal angulation of the cervical facet joint, making it easier for the needle to get into the joint space atraumati-cally. Also, bilateral injections can be performed without the need for position change. 26 A linear or a curved transducer may be used depending on the size of the patient. A longitudinal scan is obtained initially at the midline (spinous process) and then by scanning laterally one can easily see the lamina and further laterally the facet column will appear in the image as the characteristic “saw sign” (Fig. 4). If in doubt, one can scan even more laterally until the facet joints are no longer in the image and then come back medially towards the facet joints. The inferior articular processes of the level above and the superior articular process of the level below appear as a hyperechoic signals and the joint space appears as anechoic gap in between. The needle is then inserted inferior to the caudal end of the transducer and advanced from caudad to cephalad -in plane- to enter the inferior part of the joint under real time ultrasonography (Fig. 4).  
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Figure 4: Sagittal (longitudinal) ultra-sonographic view showing the hypoechoic articular processes of the facet joints as the “saw sign” and the anechoic facet joint space in between. Needle is introduced caudal to the transducer and advanced in-plane into the caudal part of the C5-C6 facet joint (arrow heads). Inset: Illustration showing the paramedian position of the ultrasound transducer to obtain a longitudinal scan through the facet column. 
Sonoanatomy and ultrasound guided technique for third occipital nerve 
(TON) and cervical medial branch block 

Third occipital nerve Eichenberger et al. 21 described the technique in detail. The patient is placed in the lateral position and a high frequency linear transducer is applied, just caudal to the mastoid process exactly perpendicular to the lateral aspect of the neck in a transverse plane, to obtain a short axis view. Moving the transducer slowly caudally, the lateral mass of the axis and the transverse process of C1, are easily visible. Moving the transducer only 1–3 mm more caudally, the vertebral artery appears and by following this artery cau-dally, the vertebral artery disappears in the transverse foramen of C2, and the C2–C3 joint appears posteriorly. It presents as a convex density covered by the laminated densities of the overlying neck muscles. The apex of the convexity of the joint was identified and constituted the target point for the needle insertion. The needle is introduced from immediately below the ultrasound probe and advanced perpendicular to the beam (out-of-plane) under ultrasound guidance toward the apex of the convexity of the joint, until bony resistance was encoun-tered. The transducer is then rotated to the longitudinal plane because the nerve is best visualized in this view (Fig. 5). The third occipital nerve is identified with the typical sonomorphologic appearance of a small peripheral nerve just lateral to the C2-3 joint, and the needle was adjusted as needed to lie closer to the nerve.  
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Figure 5: Sagittal (longitudinal) view at C2/3 level showing the third occipital nerve (TON) crossing C2-3 joint and the C3 medial branch (MB C3) as a hypoechoic oval struc-ture at the deepest point (waist) of the articular pillar. * Joint space. 

Cervical medial branch block The patient is placed in the lateral position and a high frequency linear trans-ducer is applied longitudinally with its upper end just below the mastoid proc-ess to obtain a longitudinal view of the cervical spine. Once the C2-3 joint is identified as above, the transducer is slowly moved in a caudal direction to view the lower facet joints until the desired level of the cervical facet joint is reached. The highest points in the bony reflex of the articular pillars represent the facet articulations and the medial branches can be visualized at the deepest point over the articular pillars between the two articulations in contrast to the TON which runs over the highest point of the articulation (Fig. 6) . 23   

 

Figure 6:  Sagittal (longitudinal) view at C2/3 level showing the C4 and C5 medial branch (MB C4 and MB C5) as a hypoechoic oval structure at the deepest point (waist) of the articular pillar. * Joint space. 

 The needle can be introduced just caudal to the ultrasound transducer and ad-vanced under real time ultrasonography to the target nerve (in-plane). Alterna-tively, once the correct level is identified the transducer is rotated to obtain a short axis view and the needle is advanced perpendicular to the beam (out-of-
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plane) under ultrasound guidance toward the articular pillar until bony resis-tance was encountered. Then the transducer can be rotated to the longitudinal plane, as the nerve is better visualized in this view, and the needle is adjusted as needed to lie closer to the nerve in the same manner described above for TON block. 21 The authors believe that visualizing such small nerves (cervical medial branches and third occipital nerve) is usually very challenging specially in obese patients and requires special training and experience. Fluoroscopy may be su-perior in this application especially in radiofrequency ablation of the medial nerves as this requires precise needle placement along the targeted nerve. 
Conclusion Ultrasound is a welcomed addition to other imaging techniques in interven-tional pain management. It is a valuable tool for imaging soft tissue structures and bony surfaces, guiding needle advancement and confirming the spread of injectate around the target, all without exposing healthcare providers and pa-tients to the risks of radiation. There is a rapidly growing interest in USPM as evidenced by the surging number of publications in the last few years. The pub-lished reports suggest a useful role for ultrasound in soft tissue injections, joint injections, and cervical spine injections; and only limited role in lumbar spine injections. More studies on the efficacy and safety of ultrasound-guided tech-niques are required.   
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Abstract Application of ultrasound in pain medicine is a rapidly growing medical field in interventional pain management. Ultrasound provides direct visualization of various soft tissues and real-time needle advancement and avoids exposing both the health care provider and the patient to the risks of radiation. The machine itself is more affordable than a fluoroscope, computed tomography scan, or magnetic resonance imaging machine. In the present review, we discuss the challenges and limitations of ultrasound-guided procedures for pain manage-ment, anatomy, and sonoanatomy of selected pain management procedures and the literature on those selected procedures.   
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Introduction Application of ultrasound in pain medicine (USPM) is a rapidly growing compo-nent of interventional pain management. Traditionally, interventional proce-dures for pain management are performed either according to the description of surface landmarks or with imaging guidance such as fluoroscopy or computed tomography (CT) scan. In the last 5 years, there has been a tremendous growth in interest in USPM, as evidenced by the remarkable increase in the literature on ultrasound-guided injections. A search of the MEDLINE database revealed only 3 publications of ultrasound-guided or ultrasound-assisted injection techniques (excluding perioperative and various intraarticular, interlaminar, and trigger-point injections) between 1982 and 2002,1-3 but there have been 42 publications since 2003. The first objective of this review was to describe and summarize the anatomy and sonoanatomy that are relevant to those specific interventional techniques e.g. stellate ganglion block. The second objective was to describe the limited reports and feasibility data published in the literature. 
Methods We performed a literature search of the MEDLINE database from January 1982 to December 2008 using the search terms ultrasound, ultrasound-guided, pain management, and different selected nerves or structures relevant in this review such as intercostal nerve, lateral femoral cutaneous nerve, pudendal nerve, piri-formis muscle, and stellate ganglion. We excluded those publications that de-scribed the use of the nerve blocks in the perioperative setting and those of intra-articular, interlaminar, and trigger-point injections. 
Ultrasound versus Conventional Imaging Techniques One of the major problems with procedures relying on landmarks is the pres-ence of anatomic variation, which can lead to a high failure rate.4-5 Ultrasound provides direct visualization and imaging of various soft tissues: muscles, liga-ments, vessels, nerves, joints, and bony surfaces. With the use of a highresolu-tion probe, thin nerves (<2 mm) can be visualized. Unlike fluoroscopy and CT scan, ultrasound does not expose the health care provider or the patient to the risks of radiation.6 Fluoroscopy provides clear images of bone but not soft-tissue structures, limiting its use in those procedures involving peripheral structures or nerves. An ultrasound machine is generally more affordable than a fluoroscopy, CT scan, or magnetic resonance imaging machine. Unlike other imaging modalities, ultra-sound equipment is portable and has limited supportive resource needs. More-
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over, ultrasound imaging allows real-time needle advancement and apprecia-tion of the spread of injectate, which improves the accuracy of the technique and minimizes the risk of intravascular injection. An added benefit of ultrasound is that it aids in the potential diagnosis of associated conditions that may be re-lated to the patient’s pain syndrome. These would include shoulder disorders,7 various nerve entrapment syndromes,8 joint pathology,9 and pneumothorax (following intercostal nerve block).10 
Limitations and Challenges of Ultrasound Despite various advantages, ultrasound imaging also has several limitations. The technique and the image are quite operator dependent. The practitioner re-quires experience to obtain a good image and direct the needle safely to the target structure. Furthermore, the quality of the image in certain areas is poor. This is particularly true in the visualization of axial or spine structures where an acoustic shadow artifact is produced by bone, which has a high attenuation coef-ficient. Visualization of deep structures is also suboptimal because a low-frequency probe is commonly used in these situations, and the resolution is inferior to that provided by a high-frequency probe.  Another limitation is the visualization of a thin needle or a needle inserted at a steep angle.11 With the development of echogenic needles, this limitation may be overcome.12 Compared with ultrasound application in regional anesthesia, USPM is con-fronted with unique challenges. The targets are not limited to nerve structures (plexus or peripheral nerves) in the upper or lower limbs. Muscles, joints, liga-ments, tendons, and bony structures (eg, the spine) are other anatomic struc-tures that are targeted in USPM. For interventional techniques guided toward axial structures, the areas of interest are not limited to the interlaminar space for spinal or epidural injection. Structures of interest include the facet joints, facet (medial branch) nerves, spinal nerve roots, sacroiliac joint (SIJ), and caudal canal. Ultrasound in pain medicine demands extensive knowledge of the anat-omy of different systems of the body, not to mention an extensive understand-ing of echogenicity and echotextures of various tissues and organs. Similar to ultrasound-guided regional anesthesia, USPM is going through 2 phases. The first phase is a rapid increase in the reports of new USPM tech-niques and feasibility data in the literature. The second phase is an increase in publications of studies on efficacy and safety. Currently, USPM is in its infancy, and more studies on efficacy and safety are needed. In general, the USPM tech-niques can be categorized as those belonging to nonaxial and axial structures. The former injection techniques mainly involve imaging of soft tissues, and in this respect, it is easy to see the advantage that ultrasound confers over the conventional techniques. The latter are used in patients with pain from the 
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spine structures and are commonly performed by interventional practitioners under fluoroscopic guidance. At the present stage, the imaging capability pro-vided by ultrasound is limited because of the acoustic shadow cast by bone and the limited window allowed visualizing the target structures for injections. In addition, fluoroscopy is the established technique, having been subjected to rigorous investigation. The present article focuses on the sonoanatomy relevant to cervical sympa-thetic chain and review the evidence for ultrasound guided stellate ganglion block. 
Stellate Ganglion (Cervical Sympathetic) Block Stellate ganglion block (SGB) is performed for the management of patients for a variety of pain conditions.13,14 The most widely practiced approach to SGB is the paratracheal approach, in which the needle is inserted toward the anterior tu-bercle of cervical sixth vertebra (Chassaignac tubercle).15 However, this land-mark is actually in proximity to the middle cervical ganglion instead of the stel-late ganglion, which is located opposite to the neck of first rib (Fig. 1).16 
Anatomy The sympathetic fibers for the head, neck, and upper limbs arise from the first few thoracic segments, ascend through the sympathetic chains, and synapse in the superior, middle, and inferior cervical ganglia. The stellate ganglion, formed by fusion of the inferior cervical and first thoracic ganglion, is located adjacent to the neck of the first rib, lateral to the longus colli muscle, and posterior to the vertebral artery (Fig. 1). The postganglionic fibers are sent from the stellate ganglion to the cervical nerves (seventh and eighth) and first thoracic nerve to provide sympathetic innervation to the upper limbs.16-19 The preganglionic fibers of the head and neck region continue to travel cephalad to the superior and middle cervical ganglion through the cervical sym-pathetic trunk, which is located anterior to the prevertebral fascia.20,21  
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Figure 1:  Prevertebral region of the neck. The target site for needle insertion in classic approach is marked as asterisk. The breadth of the transverse process is marked as A. 

Limitations of the Existing Techniques The dominant approach is an anterior paratracheal approach at the sixth cervi-cal vertebral level with or without fluoroscopic guidance. A recent study showed the large anatomic variability between individuals in the size and location of Chassaignac tubercle.15 Most concerning is the breadth of the transverse process in the cephalad-caudad dimension. The average minimum breadth is only 6 mm (Fig. 1). The implication is that a small deviation of the needle from the anterior tubercle will significantly increase the risk of the needle entry into the vertebral artery.15 Furthermore; with the blind technique the needle may be directed to the posterior tubercle, resulting in local anesthetic spreading around the spinal nerve root. With fluoroscopy, the needle can be accurately directed to the bony land-mark, especially using the oblique approach.22 However, the anterior tubercle is only a surrogate marker because the location of the cervical sympathetic trunk is defined by the fascial plane of the prevertebral fascia, which cannot be visual-ized with fluoroscopy. Vascular structures (inferior thyroidal, vertebral, and carotid arteries) and soft tissues (thyroid and esophagus) are also not seen with fluoroscopy and are therefore at risk for puncture with the fluoroscopy-guided technique.23 
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Sonoanatomy The key structures in the ultrasound-guided injection are vessels within the carotid sheath, prevertebral fascia, longus colli muscle, anterior tubercle of the sixth cervical vertebra, and the thyroid (Fig. 2A, 2B). When performing the clas-sic approach, the needle is inserted in the vicinity of the cervical sympathetic trunk, which occupies a space anterior and lateral to the cervical vertebral bod-ies and which is covered by the posterior fascia of the carotid sheath anteriorly and by the prevertebral and alar fascia posteriorly.24 Contrary to the fluoros-copy-guided method, the end point of the needle is not the contact with bone but the prevertebral fascia.23,25 This fascia lies over the vertebral bodies, their anterior transverse processes, the longus colli, capitis, and anterior scalene muscles. Ultrasound allows direct visualization of vessels and soft tissues (thy-roid, esophagus, and muscle) and potentially minimizes the damage of these structures (Figs. 2A, 2B).23 Although the vertebral artery enters the foramen of the C6 transverse proc-ess in about 90% of cases, it implies that vertebral artery is “exposed” at the level of C6 in the remaining 10% of the population.26 This variation in anatomy can be detected by ultrasound. Injection under real-time guidance allows the visualization of spread of local anesthetic anterior or posterior to the preverte-bral fascia. The absence of the spread of local anesthetic during the real-time injection raises the suspicion of intravascular injection. 
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Figure 2A 

Figure 2B 

Figure 2A and 2B:  Short axis sonogram at C6. The transducer is moved slowly laterally and cephalad till the characteristic sharp anterior tubercle of C6 comes into the image (at). SCM; sternocleido-mastoid muscle, Th; thyroid, V; vagus nerve posteriorly in the carotid sheet in-between the carotid artery (CA) and the compressed internal jugular vein (hollow arrows). The sympathetic chain namely the middle cervical ganglion (as indicated by the 3 small ar-rows) is located at the groove between the longus coli muscle (LCol) and the longus capitis muscle (LCap). 

Technique for Ultrasound-Guided Injection Ultrasound-guided approach to SGB was first reported by Kapral et al 2 in 1995. In their case series, 12 patients received the classic blind SGB followed by ultra-sound-guided block the next day. Three patients who had received the blind technique developed a hematoma, which did not occur with the ultrasound guided technique. The spread of the local anesthetic was observed under real-time scanning. The proximity of the local anesthetic to the recurrent laryngeal nerve and nerve root correlated well with complications such as hoarseness and 
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paresthesia. In this study, 5 mL of local anesthetic was administered, and all patients in the ultrasound-guided group developed sympathetic block compared with 10 of 12 in the blind group. The authors did not mention specifically whether the needle was directed suprafascial or subfascial. In another study, the investigators deliberately placed the needle in the subfascial plane (26 patients) except in 7 patients because the needles were too short 25. The change in the temperature of the ipsilateral upper arm was significant compared with that of the contralateral arm with the subfascial injection, whereas the difference in temperature changes between arms was minimal in the suprafascial group. Hoarseness was absent in the subfascial group but occurred in 4 of the 7 pa-tients in the suprafascial group. There are minor variations in the scanning techniques described in the lit-erature. In general, we prefer to perform the block, with the patient in supine position (Fig. 3). A linear probe of high frequency (6-13 MHz) is placed at the level of the cricoid cartilage to obtain a transverse scan. The scan should reveal the important landmarks: the transverse process and anterior tubercle of the sixth cervical vertebra, longus colli muscle and the prevertebral fascia, carotid artery, and thyroid (Fig. 4A). A color Doppler scan will reveal if any vessel is close to the path of needle insertion (Fig. 4B). The needle insertion path should be planned to avoid puncturing important structures such as the esophagus.23 The needle is targeted to the plane between the longus colli muscle in the sub-fascial plane and the prevertebral fascia. In the situation when the potential needle path could cause injury to those structures, the needle can be inserted on the lateral side of the ultrasound probe (Fig. 4B).27   

 

Figure 3:  Patient’s position and place-ment of the transducer to obtain a short axis sonogram at the root of the neck. 
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Figure 4:  Short axis sonogram at C6 (left) and with color Doppler (right). The medial (left) and lateral (right)needle paths are marked by the dotted long arrow. (C, carotid artery; J, internal jugular vein; SCM, sternocleidomastoid muscle; SAM, scalenus anterior muscle; Th, thyroid; LC, longus colli muscle; prevertebral fascia is marked by solid arrowheads). 
Discussion Ultrasound-guided SGB can improve the safety of the procedure by direct visu-alization of the related anatomical structures and, accordingly, the risk of vascu-lar and soft tissue injury may be minimized. With the fluoroscopy-guided approach, the needle is advanced until bone is reached and then withdrawn a few millimeters. Injection can occur, however, within the substance of the longus colli muscle resulting in a “myogram” and a possible block failure. This can easily be prevented using an US-guided approach as the tip of the needle is placed deep to the prevertebral fascia and superficial to the longus colli muscle (where the sympathetic chain runs) and does not con-tact bone (as with the fluoroscopy-guided approach).23,25 On the other hand, if injection is made anterior to the prevertebral fascia, the solution tends to spread around the carotid sheath. 24 In this case, the risk of hoarseness is greater probably due to the proximity of the vagus nerve within the carotid sheath and the recurrent laryngeal nerve that lies medial to the ca-rotid sheath and lateral to the trachea.24,25 Once again; this possible complica-tion can be easily avoided using the US-guided approach. We identified three major areas that show the ultrasound technique is more advantageous than the traditional landmark or fluoroscopy technique; namely the vertebral artery, the inferior thyroid artery and the esophagus. 1. The vertebral artery runs anteriorly at the C7 level before it enters the fo-ramen of the C6 transverse process in about 90% of cases. It enters at C5 or higher in the remaining cases.26 It is vulnerable to injury during lower cervi-cal sympathetic block, not only at the C7 level but also at C6 as well - a pos-sibility that can be avoided by ultrasound imaging(Fig. 5) .23  
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2. The inferior thyroid vessels may be a major source of a retropharyngeal hematoma because of their vulnerable and variable anatomy.28 The inferior thyroid artery originates from the thyrocervical trunk of the subclavian ar-tery and ascends anteriorly to the vertebral artery and the longus colli mus-cle and then curves medially behind the carotid sheath to enter the inferior part of the thyroid lobe. It is vulnerable to injury as it lies anterior to the vertebral artery at the C7 level or, more commonly, when it crosses (at the C6-7 level) behind the carotid artery from lateral to medial where it termi-nates in the thyroid gland. This segment of the vessel is most at risk for in-jury during passage of the needle when using a blind technique or even when using fluoroscopic guidance due to both its variable and unpredictable anatomy and its very tortuous course. Injury can be prevented by using an ultrasound-guided technique (Fig. 5).28  3. Ultrasound imaging can also identify the esophagus, especially on the left side (Fig. 5).16 The esophagus usually appears as a outpouching behind the trachea and can be better identified by the change in shape and shadowing during swallowing and the presence of a peripheral arc-shaped echogenic line or a boundary hypoechoic zone that is suggestive of the striated struc-ture of the digestive tract (Fig. 6) .29    

 

Figure 5:  Short axis sonogram at C7 as indicated by the “exposed” vertebral artery (VA) as it runs anterior to the transverse process of C7. The inferior thyroid artery (ITA) can be easily injured in the path of the needle. SCM, sternocleidomastoid muscle; Th, thyroid; symp Ch, sympathetic chain; LC, longus coli muscle; ITA, inferior thyroid artery; CA, carotid artery; IJV, internal jugular vein (compressed); VV, vertebral vein; VA, vertebral artery. 
  



C H A P T E R  3  

 42 

 

Figure 6:  Short axis sonogram at C7. Note the esophageal pouch (ES) lateral to the trachea. Tr, Trachea; Es, esophagus; Th, thyroid; CA, carotid artery; LC, longus coli muscle. 

 The most serious complications of stellate ganglion block include intravascular injections and retropharyngeal hematoma. The proximity of the stellate gan-glion to the inferior thyroid, vertebral, or carotid arteries provides potential for either intravascular injection or vascular trauma with resulting bleeding and hematoma. 28,30 Intravascular injection of even small volumes of local anesthetic may result in loss of consciousness, apnea, and seizure. 31 Retropharyngeal hematoma var-ies in severity from mild and asymptomatic to severe and causing tracheal com-pression requiring emergency tracheotomy.32,33 The frequency of catastrophic retropharyngeal hematoma after stellate ganglion block has been reported to be 1 in 100,000 cases with resulting airway compromise and obstruction32. How-ever, Kapral et al. reported a much higher incidence of asymptomatic hematoma with the blind technique.2  
In summary; Ultrasound is very helpful in identifying arteries in the vicinity of the cervical sympathetic chain (i.e., thyroidal, vertebral and carotid) as well as detecting variations in vascular anatomy. Ultrasound-guided SGB can improve the safety of the procedure by direct visualization of the related anatomical structures and, accordingly, the risk of vascular and soft tissue injury may be minimized.  
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Abstract 

Background and Objectives: Reports of intravascular injection during cervical transforaminal injections, even after confirmation by contrast fluoroscopy, have led some to question the procedure’s safety. As ultrasound allows for visualiza-tion of soft tissues, nerves and vessels, thus potentially improving precision and safety, we evaluated its feasibility in cervical nerve root injections.  
Methods: This is a prospective series of 10 patients who received cervical nerve root injections using ultrasound as the primary imaging tool, with fluoroscopic confirmation. Our radiologic target point was the posterior aspect of the in-tervertebral foramen just anterior to the superior articular process (SAP) in the oblique view, and at the midsagittal plane of the articular pillars in the antero-posterior (AP) view.  
Results: The needle was exactly at the target point in 5 patients in the oblique view and in 3 patients in the AP views. The needle was within 3 mm in all pa-tients in the lateral oblique view and in 8 patients in the AP view. In the remain-ing 2 patients the needle was within 5 mm from the radiologic target. In 4 pa-tients we were able to identify vessels at the anterior aspect of the foramen, while 2 patients had critical vessels at the posterior aspect of the foramen and in one patient this artery continued medially into the foramen most likely forming or joining a segmental feeder artery. In both cases, the vessels might well have been in the pathway of a needle correctly positioned under fluoroscopic control.   
Conclusion: Our case series shows the feasibility of using ultrasound imaging to guide selective cervical nerve root injections. It may facilitate identifying critical vessels at unexpected locations relative to the intervertebral foramen and avoiding injury to such vessels which is the leading cause of the reported com-plications from cervical nerve root injections. A randomized controlled trial to compare the effectiveness and safety of ultrasound imaging against other imag-ing techniques seems warranted.  
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Inroduction Cervical radicular pain manifests as pain shooting down the upper extremity caused by irritation of the cervical spinal nerves as they exit the neural foram-ina. The prevalence is about 1 per 1000 members of the adult population and can be disabling to affected individuals..1 While conservative therapy, using exercises and analgesics, improves symptomatology, its success is variable. 2,3 Failure of conservative therapy warrants alternatives, either surgery or cervical epidural injections. Surgery remains the mainstay of treatment. But although studies show its efficacy in relieving symptoms over the short term, its long-term efficacy is un-clear. 4 Moreover, cervical spine surgery has an approximately 4% incidence of serious acute complications and requires hospitalization. 5 The alternative is cervical epidural steroid injections which provide good short term symptom relief. 6 The low incidence of major complications (<1% as reported by the Bone and Joint Decade 2000-2010 Task Force on Neck Pain and its Associated Disor-ders) 5 combined with ease of administration make them an attractive option. The spinal nerve occupies the lower part of the foramen with the epiradicu-lar veins occupying the upper part. The radicular arteries arising from the ver-tebral, ascending cervical and deep cervical arteries lie in close approximation to the spinal nerve. Traditionally, cervical transforaminal injections have been performed under fluoroscopic guidance. 7 Real-time fluoroscopy with contrast injection is necessary to minimize intra-arterial injections. But even with strict guidelines, multiple instances of inadvertent intra-arterial injections with resul-tant spinal cord injury have been reported. 8,9 For example, Wallace et al. 10 re-ported 2 cases of vertebral artery dissection and advocated using a computer-ized tomography guided technique to improve the safety of the procedure. This has led some practitioners to question the use of this procedure and whether the benefits outweigh the risks. 11,12 The use of ultrasound imaging to facilitate nerve blocks has increased re-cently. Ultrasound allows visualization of soft tissues, as well as nerves and ves-sels, and also permits visualization of the injectate around the nerve. 13,14 Unlike fluoroscopy and computed tomography, US does not expose the patients or per-sonnel to radiation and the image can be performed continuously while the injectate can be visualized in real time increasing thereby the precision of injec-tion. But most importantly, ultrasound allows visualization of spinal nerves and vessels which has the potential to improve safety by decreasing the incidence of injury or injection into nearby vasculature. We therefore designed this study to examine the feasibility of performing cervical nerve root injections under real time ultrasound guidance. 
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Materials and Methods This pilot study was approved by our institutional review board and written informed consent was obtained from all patients. We enrolled ten consecutive patients with cervical radiculopathy supported by either MRI or EMG findings, each of whom failed at least six months of conservative therapy. Those patients were referred to our institute for diagnostic and/or therapeutic cervical selec-tive nerve root block. The procedure was performed with ultrasonography as the primary imaging tool, and with fluoroscopic confirmation. Patients with severe cervical spinal stenosis or neuralgic deficits were excluded from the study. With patients lying in the lateral decubitus position, ultrasound examina-tions were performed using a standard ultrasound device (Philips HD11-XL) and a high-frequency linear array transducer (3-12 MHz). Skin was prepared with povidone-iodine and strict sterile precautions were observed throughout. The transducer was applied transversely to the lateral aspect of the neck to obtain a transverse axial view. First the cervical spinal level was determined by identifying the transverse process of the seventh and sixth cervical vertebrae (C7 and C6). The seventh cervical transverse process (C7) differs from the levels above by having a rudimentary anterior tubercle and a prominent posterior tubercle 15. By moving the transducer cranially, the transverse process of the sixth cervical spine can be visualized, with its characteristic sharp anterior tu-bercle (Fig.1A and 1B); thereafter, the consecutive cervical segments can be easily identified.  

 

Figure 1A:  Axial transverse ultrasoundimage showing the sharpanterior tubercle (at) of the C6transverse process (C6tp). N,nerve root; CA, carotid artery;pt, posterior tubercle. Solidarrows are pointing to theneedle in place at the poste-rior aspect of the interverte-bral foramen. 
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Figure 1B:  Illustration showing the rele-vant anatomy at C6 level and the orientation of the ultra-sound transducer. 

 Another way to determine the cervical spinal level is by following the cervical artery which runs anteriorly at the C7 level before it enters the foramen of C6 transverse process in about 90% of cases. However it enters at C5 or higher in the remaining cases 16, and this was the case in one of our patients. If doubt re-mains about the spinal level and as the patient is in the lateral decubitus posi-tion, one may obtain a longitudinal midline scan by applying the transducer vertically in the midline over the cervical spinous processes and start counting from cranial to caudal (C1 arch lacks a spinous process). Once the appropriate spinal level is identified the transverse axial view is obtained and a 22-gauge blunt-tip needle can be introduced just lateral to the lateral end of the trans-ducer and advanced, from posterior to anterior, in-plane with the ultrasound beam under real-time ultrasound guidance to target the corresponding cervical nerve root (from C3-C8) at the foraminal opening between the anterior and posterior tubercles of the transverse process which can be easily identified as the “two-humped camel” sign (Fig. 2A and 2B). After placement of the needle, but before injection, needle position was verified by AP and oblique lateral fluoroscopic images. Plain radiographs were read by another physician experi-enced in fluoroscopy-guided nerve root blocks and the needle adjusted if neces-sary. Our radiologic target point was the posterior aspect of the corresponding in-tervertebral foramen just anterior to the superior articular process in the oblique view, and halfway between the medial and lateral borders of the articu-lar pillars in the AP view. The position of the needle as placed by ultrasound was considered accurate when distance to the radiologic target point was within 5 mm. We based this 
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distance on the results of a study concerning the spread of contrast agent during cervical medial branch block 17; furthermore, Eichenberger et al.18 considered this distance adequate in ultrasound-guided third occipital nerve block. Dis-placement of the needle from the target point was quantified after correction for the magnification effects. After proper needle placement was confirmed, 0.5 ml of contrast was in-jected under real-time fluoroscopy with digital subtraction to exclude intravas-cular injection. Then we injected 2 ml 1% lidocaine for diagnostic blocks, or 2 ml of a mixture of dexamethasone (8 mg) and 1 % lidocaine for therapeutic blocks. All injections were performed under real-time ultrasonography. Neurological examination and sensory assessment was performed 30 minutes after the block by testing pinprick and cold sensations.  

Figure 2A  

Figure 2B  

Figure 2A and 2B:  Axial transverse ultrasound images showing the anterior tubercle (at) and the posterior tubercle (pt) of the C5 trans-verse process as the “two-humped camel” sign. N, nerve root; CA, carotid artery. Solid arrows are pointing to the needle in place at the posterior aspect of the intervertebral foramen. 
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Results 10 patients (8 women and 2 men) were enrolled in the study with a median age of 49 yr. (range 31-54 yr.). The median body mass index (BMI) was 25 kg/m2 (range 21-34 kg/m2). In all 10 cases, we were able to identify the cervical trans-verse process in the transverse axial view with the anterior and posterior tuber-cles as hyperechoic structures, the classic “two-humped camel” sign, and the hypoechoic round or oval nerve root in-between. The cervical spinal level was correctly identified in all cases as confirmed by fluoroscopy. In one patient the vertebral artery was anterior at C6 and it entered the foramen at C5 level (Fig. 3).  

Figure 3A  

Figure 3B  

Figure 3A and 3B:  Axial transverse ultrasound images showing the sharp anterior tubercle (at) of the C6 transverse process and the vertebral artery (VA) is ante-rior. N, nerve root; CA, carotid artery; pt, posterior tubercle. Solid arrow heads are pointing to the needle in place at the posterior aspect of the interver-tebral foramen. 
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The needle was exactly at the target point in 5/10 patients in the lateral oblique view and in 3/10 patients in the AP view (as we tend not to advance the needle too medially into the foramen and the needle tip was lateral to the midsagittal plan of the articular pillar in the AP view). The needle was within 3 mm of the radiologic target in all patients in the lateral oblique view and in 8 patients in the AP view. In the other 2 patients the needle was within 5 mm from the ra-diologic target (at the external foraminal opening). In 4 patients, we were able to identify radicular arteries at the anterior aspect of the foramen (Fig. 4), while 2 patients had arterial vessels in close proximity to the posterior aspect of the foramen (at C6 and C7) and in one patient (C6) this artery (1-1.5 mm in diame-ter) continued medially into the foramen, most likely forming or joining a seg-mental feeder artery (Fig. 5A and 5B). In both cases, these vessels were in the pathway of a needle placed correctly under fluoroscopy alone and could easily have been injured. The transducer was moved slightly cephalad until those ves-sels disappeared as they were placed posteriorly and inferiorly relative to the intervertebral foramen, and the needle was placed safely under real-time ultra-sonographic guidance to stop just at the external opening of the foramen to avoid injury to such vessels. All patients developed decreased cold and pinprick sensations along the corresponding dermatome in 30 minutes.  

 

Figure 4:  Axial transverse ultrasoundimage with Pulsed-waveDoppler assessment showingarterial perfusion in a smallvessel that is located at theanterior aspect of the in-tervertebral foramen. N, nerveroot; VA, vertebral artery; at,anterior tubercle; pt, posteriortubercle. 
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Figure 5A  

Figure 5B  

Figure 5A and 5B:  A: Axial transverse ultrasound image with Color Doppler showing a small vessel at the posterior aspect of the intra-vertebral foramen which continued medially into the foramen (B). at, anterior tubercle; pt, posterior tuber-cle. 

Discussion Ultrasound imaging has revolutionized the field of regional anesthesia and is rapidly becoming the technique of choice in many centers. 19 The available out-come data suggest that ultrasound guidance shortens onset time, improves block success rates, and increases patient satisfaction-all without increasing block-related complications. 20-23 In contrast, ultrasound guidance remains a technique in evolution for chronic pain management. Initial reports demon-strate its feasibility in performing stellate ganglion block24,25, third occipital nerve block 18, cervical and lumbar facet joint injections 26,27, lumbar medial branch block,28,29 and periradicular injections. 30 The advantages of ultrasonography over fluoroscopy include lack of radia-tion exposure to both the patient (especially with repeated procedures) and the operator, and real-time visualization of soft tissues (nerves, muscles, vessels, etc.), visualization of needle tip advancement relevant to surrounding struc-tures, and visualization of local anesthetic spread. The major shortcomings of ultrasonography with respect to spine injections are the bony artifacts and the limited resolution at deep levels which may prevent good visualization of small-
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gauge needles. Ultrasonography may be particularly helpful in the cervical area because a multitude of vessels and other vital structures are compacted in a limited area. 31 Ma et al.32 in a survey of 1036 consecutive extraforaminal cervical blocks showed a complication rate of 1.64%. But they also reported 6 patients with transient neurologic deficits and 1 patient with global amnesia. There have been reports of fatal complications in the literature as a result of vertebral artery injury. 10,33 But the more commonly reported serious complication related to intravascular injections causing infarction of the spinal cord and the brain stem. 8,9,34-36 The mechanism of injury was contended to be vasospasm or the particu-late nature of the steroid injectate with embolus formation after inadvertent intraarterial injection. 8,9 Furman et al.37 showed a 19.4% incidence of inadvertent intraarterial injec-tions during transforaminal cervical epidural steroid injections. The use of aspi-ration of blood was only 46% sensitive for detection and real time contrast fluo-roscopy was deemed necessary to detect inadvertent intravascular injections. But Baker et al.9 showed that even real time contrast fluoroscopy may be insuf-ficient and recommended digital subtraction angiography for detection of inad-vertent intravascular injection. In our small case series we had no inadvertent intravascular injections as confirmed by digital subtraction angiography. Current guidelines for cervical transforaminal injection technique involve introducing the needle under fluoroscopic guidance into the posterior aspect of the intervertebral foramen just anterior to the superior articular process in the oblique view to minimize the risk of injury to the vertebral artery or the nerve root.7 Despite strict adherence to these guidelines, adverse outcomes have been reported.8,9 Complications may result from the presence of a critical feeder ves-sel to the anterior spinal artery in the posterior aspect of the intervertebral foramen that is in the pathway of the needle.38 Ultrasonography may be useful in such circumstances as it permits visualization of vessels. Galiano et al.39 de-scribed the use of ultrasound in performing cervical periradicular injections in cadavers. They were unable to comment on the relevant blood vessels in the vicinity of the vertebral foramen and this raised some concerns about the safety of performing the procedure with ultrasound at that time.40 In fact, in 2 of our 10 patients, there were vessels at the posterior aspect of the foramen that could be potentially injured in the path of a correctly placed needle, if the procedure were done under fluoroscopy. These findings reconfirmed the work by Huntoon on cadavers.38 He was able to show that the ascending and deep cervical arteries may contribute to the anterior spinal artery. More than 20% of the foramina dissected (21/95) had either the ascending or deep cervical artery or a large branch within 2 mm of the needle path for a cervical transforaminal procedure. One third of these vessels were spinal branches that entered the foramen poste-riorly potentially forming a radicular or a segmental feeder vessel to the spinal cord. 
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In a single cadaver dissection study, Hoeft et al. 41 showed that radicular artery branches from the vertebral artery lie over the most anteromedial aspect of the foramen, while those that arise from the ascending or deep cervical arteries are of greatest clinical importance as they course medially transversing the entire extent of the foramen. It is for this reason that we avoid advancing needles deep through the foramen, instead stopping at the external foraminal opening. While ultrasonography provides more information about vascular structures than fluoroscopy, it can nonetheless be difficult to trace the vessels deep in the fora-men as they course towards the spinal vessels. Thus while we were successful in monitoring the spread of the injectate around the cervical nerve, we were not able to monitor the spread of the injectate through the foramen- if any- into the epidural space (because of the bony drop out artifact of the transverse process). We therefore refer to our approach as a “cervical selective nerve root block” rather than cervical transforaminal epidural injection (Fig. 6).  

 

Figure 6:  AP X-ray view showing thecontrast agent delineating thedorsal root ganglion and thenerve root. No spread can beseen into the epidural space. 

 While our case series shows the feasibility of using ultrasound imaging to guide selective cervical nerve root injections and to visualize critical vessels in the vicinity of the external cervical intervertebral foramen, use of ultrasound imag-ing may be difficult in certain patients and requires some experience to ade-quately use it for these injections. Our study is also limited in that the assess-ment of visualization of landmarks was made by only one of the authors of this study (SN) and may be subject to bias. We need to emphasize that, the inability to visualize critical vessels at the posterior aspect of the neuroforamen in the remaining patients doesn't necessarily mean they do not exist, may be they are 
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just too small to be detected by the current ultrasound technology. While we were able to monitor the spread of the injectate in real time, ultrasonography may not reliably detect tiny intravascular injections which still can lead to neu-rological injury.  In summary, ultrasound imaging can be used to obtain well-defined images of the cervical neural foramina with real-time visualization of the spinal nerves and vessels and may improve the safety of the technique. It may facilitate identi-fying anomalous critical vessels at unexpected locations relative to the interver-tebral foramen and avoiding injury to such vessels which is the leading cause of the reported complications from cervical nerve root injections. So with cervical selective nerve root block (cervical transforaminal epidural injection) there is really no safe zone, however there may be a safer tool. A randomized controlled trial to compare the effectiveness and safety of ultrasound imaging against other imaging techniques seems warranted in order to elaborate on its actual clinical utility in performing cervical nerve root injections. 
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Abstract A patient with complex regional pain syndrome type I of the left upper extrem-ity was scheduled for left stellate ganglion block with the anterior paratracheal approach under fluoroscopy. Real-time ultrasound imaging prevented inadver-tent injury to the esophagus as well as the thyroid gland and vessels. Ultrasound-guided block may improve patient safety by avoiding the soft tissue structures in the needle path that can’t be readily seen by fluoroscopy. This may be particularly useful in the patient with asymptomatic pharyngoesophageal diverticulum (Zenker diverticulum).     
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Introduction Stellate ganglion block is utilized in the diagnosis and management of various vascular disorders and sympathetically mediated pain in the upper extremity, , head, and neck. Many techniques have been used to block the lower cervical sympathetic chain. The two most common techniques are at the C6 transverse process1-3 and the anterior paratracheal approach at C7 4 with or without fluoroscopy. This case report illustrates the clinical use of ultrasound in performing stel-late ganglion blockade as it may detect and prevent many of the complications reported to be associated with its blockade. 
Case Report We report on a 25-year-old female with a history of left upper extremity com-plex regional pain syndrome type I (CRPS I) for the last 6 months. She was scheduled for a left stellate ganglion block. We planned to do the procedure under fluoroscopy (our routine practice) using the classic anterior paratracheal approach and to verify needle placement with ultrasound for teaching purposes. After obtaining an informed consent and applying standard ASA monitors, the patient was positioned in the supine position with the neck extended by placing a pillow under her shoulder in order to stretch the esophagus and makes it move medially under the trachea. With fluoroscopic guidance the bony target was identified at the junction of the anterolateral vertebral body with the trans-verse process at C6 level in the anteroposterior view and the skin was marked. With complete aseptic technique, a 22 G blunt needle was used aiming towards the identified bony target under fluoroscopy guidance (Fig. 1).  
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Figure 1:  AP view showing the needle in target view with the anterior paratracheal approach at C6 aiming towards the junction between the transverse process and the vertebral body at C6. 

 After passing through the skin and subcutaneous tissue and stabilizing the nee-dle, a 3-12 MHz linear array probe (HD11-XL, Philips, Bothell, WA) was used to verify the position of the needle. The needle was shown to be aiming towards the thyroid tissue anteriorly and then the esophagus posteriorly. At this point the needle was withdrawn and it was reinserted obliquely and it was advanced with real-time ultrasound sonography so that the needle tip will lie anterior to the longus coli muscle (anterior to C6 transverse process) (Fig. 2,3). After nega-tive aspiration, 1 ml of contrast agent was injected which showed good spread without vascular escape (Fig. 4). Then 5 ml of Bupivacaine 0.25% were injected in divided doses with real-time ultrasound imaging which showed nice spread of the local anesthetic agent at the area of the lower cervical sympathetic chain with both cephalad and caudad spread (approximately 2 segments each). 5 minutes later the patient developed left sided Horner’s syndrome as well as vasodilation of the left upper extremity. The temperature at the left middle fin-ger- measured by contact thermography- rose from 28 °C to 35 °C (7 degrees), while it rose only 0.5 degree on the right. The patient was monitored in the re-covery room for another 30 minutes. She didn’t develop recurrent laryngeal nerve palsy, her pain score was dropped from 8 to 2 on a visual analog scale of 0-10, and subsequently she was discharged home in a stable condition.  
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Figure 2:  Illustration showing the posi-tion of the ultrasound probeand the needle in the obliquepath. 

 

 

Figure 3:  Ultrasound imaging of the leftstellate ganglion. A: the needlepath with the anterior para-tracheal approach. B: theneedle path with ultrasoundguidance. Tr, Trachea; Es, esophagus;Th, thyroid; CA, carotid artery;IJV, internal jugular vein. 
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Figure 4:  AP view showing the spread ofthe contrast agent. 

Discussion The cervical sympathetic chain is composed of superior, middle, intermediate, and inferior cervical ganglia. In 80% of the population the inferior cervical gan-glion is fused with the first thoracic ganglion, forming the stellate ganglion (cer-vicothoracic ganglion), which measures approximately 2.5 cm long, 1 cm wide, and 0.5 cm thick (anteroposterior diameter). It is usually located posteriorly in the chest in front of the neck of the first rib and may extend to the seventh cervi-cal (C7) vertebral body. 5-7 If the inferior cervical ganglion and first thoracic ganglion are not fused, the inferior cervical ganglion lies in front of the C7 tuber-cle, and the first thoracic ganglion rests over the neck of the first rib. 5-7 Accord-ingly, by using the blind technique at C6 the ganglion primarily blocked is the middle cervical ganglion, and the cervicothoracic ganglion is blocked if the injec-tate spreads down to T1 level. The stellate ganglion lies medial to the scalene muscles, lateral to the longus colli muscle, esophagus and trachea along with the recurrent laryngeal nerve, anterior to the transverse processes and prevertebral fascia, superior to the subclavian artery and the posterior aspect of the pleura, and posterior to the vertebral vessels at C7 level.7 This explains why there may be increased risk of pneumothorax and vertebral artery injury with blockade at C7 level. 5,8 The anatomy of the stellate ganglion being in close proximity to various critical structures, results in a number of complications potentially associated with its blockade, some of which are life threatening  9 Accordingly, techniques of blockade have evolved and varied from the use of the standard blind tech-
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nique to the use of computerized tomography (CT) 10 , magnetic resonance imag-ing (MRI) 7,11 and radionuclide tracers. 12 However these techniques may not be practical in clinical practice as they are time consuming, cost ineffective, and involve radiation exposure. Fluoroscopy has been suggested as a safer and more effective way to per-form SGB than the traditional blind approach. 13,14 Abdi et al. 14 described an oblique fluoroscopic approach targeting the junction between the uncinate process and the vertebral body at the C7 level. Inadvertent placement of the needle into the vertebral artery, thyroid, neu-ral tissues, or esophagus can occur with the fluoroscopic approach. Fluoroscopy is a reliable method for identifying bony structures; however the adjacent ana-tomical structures can’t be identified. On the contrary ultrasound can identify the vertebral vessels, thyroid gland and vessels, longus colli muscle, nerve roots, and the esophagus and accordingly can prevent inadvertent placement of the needle into these structures as might happen with either the classical blind technique or the more widely used fluoroscopic technique.15 Kapral et al. 16 first described ultrasound imaging (US) for stellate ganglion block. They showed that the blind technique resulted in hematoma formation in 3 out of 12 patients (asymptomatic), with no hematoma occurring during US technique. They attributed this to injury to the thyroid gland or the vertebral artery. The frequency of retropharyngeal hematoma after SGB was reported to be 1 in 100,000 cases with resulting airway compromise and obstruction. 9 However Kapral et al. 16 reported a much higher incidence of asymptomatic hematoma with the blind technique. The vertebral artery runs anteriorly to the stellate ganglion at the C7 level before it enters the foramen of C6 transverse process in about 90% of cases. However it enters at C5 or higher in the remaining cases.17 This makes it vulner-able to injury during lower cervical sympathetic block, not only at the C7 level but at C6 as well, a possibility that can be easily avoided by ultrasound imaging. Also the inferior thyroid vessels runs ventrally at the C6 and C7 level, these to-gether with the thyroid gland itself were reported to be a source of retro-pharyngeal hematoma with SGB.9 With the blind technique and even with fluoroscopic guidance the thyroid gland and vessels can be easily injured in the path of the needle, and again this can be prevented with ultrasound (Fig. 5).  
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Figure 5:  Ultrasound imaging showingthat with the anterior paratra-cheal approach the needlemay inadvertently injure thethyroid vessels with the po-tential for hematoma forma-tion. Tr, Trachea; Es, esopha-gus; Th, thyroid; Vs, thyroidvessels. 

 Ultrasound imaging can easily identify the esophagus especially on the left, and our case showed that this is a very important tool as it avoided esophageal penetration and prevented the potential development of mediastinal infection and/or mediastinal emphysema. The procedure was repeated safely as the esophagus was visualized and avoided (which is unique to ultrasound compared to fluoroscopy, unless it is performed after a barium swallow study). It showed that the esophagus has an outpouching that clearly occupies the area that would have been traversed by the needle using the classical anterior paratracheal ap-proach. The esophagus can be identified by the change in shape and shadowing dur-ing swallowing and the presence of a peripheral arc-shaped echogenic line or a boundary hypoechoic zone, which is suggestive of the striatal structure of the digestive tract. 18,19 This may be even more impotent in patients with pharyngoesophageal di-verticulum (Zenker diverticulum) as they are usually asymptomatic and de-tected incidentally by neck sonography. 18,19 Hardy and Wells 20 showed that cervicothoracic sympathetic block was only achieved by using 20 ml local anes-thetic. However placing the needle by ultrasound closer to the target will mini-mize the amount of local anesthetic and hence improving the patient’s safety as Wulf et al.21 reported toxic plasma levels in 30% of patients undergoing SGB using 10 ml Bupivacaine 0.5%. Another common side effect of SGB is recurrent laryngeal nerve (RLN) block, which is the main reason behind the common practice of avoiding bilat-eral SGB. Hardy and Wells20 reported an incidence of 10% with 10 ml local anes-thetic LA solution and up to 80% with 20 ml solution. Kapral et al. 16 reported RLN palsy in only one patient (N=12) where the US showed the spread of the LA 
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between the carotid sheath, thyroid gland, and the esophagus (the anatomic site of the RLN). Ultrasound may predict and/or avoid such complication by reposi-tioning the needle and monitoring the spread of the LA, and if the spread of the LA is away from the site of the RLN, then bilateral SGB may be performed safely. Ultrasound-guided SGB may improve the safety of the procedure by direct visualization of the related anatomical structures and accordingly the risk of thyroid gland and vessels, vertebral artery, or esophagus injury may be mini-mized. Also ultrasound guidance will allow direct monitoring of the spread of the LA and hence complications like RLN palsy, intrathecal, epidural, or in-travascular spread may be minimized as well.  
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Abstract 

Objective: The most accepted mechanism of Cervicogenic headache is referred pain from cervical structures innervated by the upper three cervical spinal nerves. The lateral atlantoaxial joint is not an uncommon cause of cervicogenic headache. In this retrospective study, we examined the effect of lateral atlantoaxial intra-articular steroid injection in managing 32 patients with cervicogenic headache who have a clinical picture suggestive of atlantoaxial joint pain.  
Design and Setting: The data were collected retrospectively by reviewing the patients’ medical records and pain questionnaires.  
Patients and Interventions: 115 patients with cervicogenic headache who were referred to our institute were identified. Of those patients, 32 had a clinical picture suggestive of atlantoaxial joint pain and subsequently underwent a di-agnostic/therapeutic intra-articular block.  
Results: 15/32 patients (46.8%) had a post-procedure pain score of 0 (95% CI= 17.5 - 72.1%). 26/32 patients (81.2%) had a decrease in their post-procedure pain score of 50% or more (95% CI = 62.4 - 97.6%). The mean pre-procedure pain score was 6.8 and post-procedure was 2.2 (Bonferroni adjusted p<0.001). At 1 month and 3 months, the mean pain scores were 1.9 and 3.6 respectively (p<0.001 and p<0.01 respectively). However at 6 months, the mean pain score was 3.7 and this was not statistically significant (p=0.2).  
Conclusions: Lateral atlantoaxial intra-articular corticosteroid injections may provide short-term analgesia for patients with pain originating form the lateral atlantoaxial joint.  



A T L A N T O - A X I A L  J O I N T  I N J E C T I O N  F O R  C E R V I C O G E N I C  H E A D A C H E  

 71 

Introduction The most accepted mechanism of cervicogenic headache is referred pain from cervical structures innervated by the upper three cervical spinal nerves.1 The lateral atlanto-axial joint, which is innervated by the C2 ventral ramus, is not an uncommon cause of cervicogenic headache. It may account for 16% of patients with occipital headache.1 In human volunteers, distending the lateral atlanto-axial joint with contrast agent produces occipital pain and injection of local anesthetic into the joint relieves the headache.1, 2 Clinical presentations suggestive of pain originating from the lateral atlanto-axial joint include: occipital or suboccipital pain, focal tenderness over the suboccipital area or over the transverse process of C1, restricted painful rota-tion of C1 on C2, and pain provocation by passive rotation of C1. Clinical signs indicate that the lateral atlantoaxial joint may be a potential pain generator, but are not specific enough to conclusively establish the diagno-sis.3 At best; these clinical signs have a positive predictive value of only 60%.1 A diagnostic block with intra-articular injection of local anesthetic helps to con-firm the presumptive diagnosis. The lateral atlantoaxial joint has been previously suggested as a potential source of occipital headache.1, 2 However, to our knowledge, no published stud-ies have examined the efficacy of lateral atlantoaxial intra-articular steroids for cervicogenic headaches. 
Methods After obtaining our institution research review board’s approval, the data were collected retrospectively by reviewing the patients’ medical records and pain questionnaires. In the period from January 2003 to June 2004, 115 patients with occipital headache were referred to our institute. These patients were evaluated by a neurologist and headache specialist (JC). Of those patients, 32 had a clinical picture suggestive of atlanto-axial joint pain and subsequently underwent a diagnostic/therapeutic intra-articular block by one investigator (SN). Those patients had intractable headaches, failed multiple pharmacological management (nonsteroidal antiinflammatory drugs, muscle relaxants, antisei-zures, tricyclic antidepressants, opioids, etc.) The blocks were performed using the classic intra-articular posterior ap-proach under fluoroscopic guidance. The periarticular approach to the atlan-toaxial joint may lack specificity, as local anesthetic may be deposited in the vicinity of the C2 spinal nerve root as it crosses the posterior middle aspect of 
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the joint. Intra-articular block is more target -specific as it can selectively anes-thetize the joint space. Patients are placed in the prone position with standard monitors in place and a pillow under their chest to allow for slight neck flexion. The fluoroscopy C arm is brought to the head of the table in an anteroposterior direction. Under fluoroscopic guidance the C arm is rotated in the sagittal plane till the lateral atlantoaxial joint is better visualized with its biconcave appearance. Using a marking pen, the needle insertion site is marked on the skin overlying the lat-eral part of the atlantoaxial joint. The skin is prepped and draped in the usual sterile fashion and a skin wheel is raised with local anesthetic at the insertion site. Then a 24G 3-½ inches blunt needle (to minimize vascular entry) is ad-vanced in anterior and medial direction towards the posterolateral aspect of the inferior margin of the inferior articular process of the atlas. This will avoid con-tact with the C2 nerve root and dorsal ganglion, which crosses the posterior aspect of the middle of the joint. After touching the bone to safely establish the correct depth, the needle is withdrawn slightly, directed towards the poster-olateral aspect of the lateral atlantoaxial joint, and advanced for only few milli-meters and usually a distinctive pop is felt signaling entering the joint cavity. At this point, a lateral view is obtained, which shows the tip of the needle in the middle of the joint anterior to the posterior margin of the joint. Careful attention should be paid to avoid the vertebral artery that lies lateral to the lateral atlan-toaxial joint as it courses through the C1 and C2 foramina. After careful negative aspiration for blood or cerebrospinal fluid 0.2 ml of water-soluble non-ionic contrast agent (Omnipaque 240) is injected to verify intra-articular placement of the tip of the needle. Injection of the contrast agent is done under direct real-time fluoroscopy to check for inadvertent intraarterial injection which is manifest by rapid clear-ance of the contrast agent (the use of digital subtraction fluoroscopy adds to the accuracy of detecting intravascular access as negative aspiration is not reliable). Anteroposterior and a lateral view are obtained to insure that the contrast agent remained confined to the joint cavity without escape to the surrounding struc-tures specially the epidural space or posteriorly to the C2 ganglion which will adversely affects the specificity of the block. The anteroposterior view usually demonstrates the bilateral concavity of the joint with the contrast material in-side the joint space, and sometimes it shows that the lateral atlantoaxial joint space may communicate with that of the median atlantoaxial joint space. After careful negative aspiration, 1.0 ml of a mixture of bupivacaine 0.5% and 10 mg of triamcinolone is injected. This may trigger the patient’s usual occipital head-ache. 4,5 A positive response to the block was reported if there was complete relief of the patient’s headache after the block at least for the duration of the local anesthetic. The data collected included: demographic variables; onset and duration of the headache; clinical picture of the headache; pain score on a visual analogue 
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scale pre-block and post-block; pain score on subsequent visits at 1,3,6 months; changes in the headache pattern, and any changes in the medications used. 
Results 32 patients with clinical picture suggestive of atlantoaxial pain underwent lat-eral atlantoaxial intraarticular local anesthetic and steroid injection. There was no significant difference in the demographics between responders and non-responders. There were no significant adverse events encountered in these patients other than transient mild ataxia in 4 patients. 81.2% (26/32) had a decrease in their post-procedure pain score of 50% or more (95% CI = 62.4 - 97.6%). 46.8% (15/32) of the patients had complete re-lief of their headache with a post-procedure pain score of 0 (95% CI= 17.5 - 72.1%) and this is considered a positive response to the diagnostic block. 40.6% (13/32) experienced exacerbation of their occipital headache during the injection. Of those 13 patients, 10 patients (77%) had a positive response to the block. The pre-procedure pain score was 6.8 ± 0.5 (mean ± SE). The pain score immediately following the procedure was 2.2 ± 0.5 (p < 0.001). The pain score at 1, 3, and 6 months post-procedure were 1.9 ± 0.5 (p < 0.001), 3.6 ± 0.7 (p < 0.008) and 3.7 ± 1.1 (p = 0.208) respectively. The p-values are Bonferroni ad-justed p-values from multiple paired t-tests compared with pre-procedure pain score. The percentage of patients who had >50% relief at 2 weeks, 1month, and 3 months were 56.3%, 37.5% and 25% respectively. At the 9 month follow up visit, 16.6% (5/32) completely stopped their narcotic medications with marked improvement of their functional activity level (there were few other patients who continued to be on narcotics for other chronic pain conditions). Three pa-tients had sustained complete headache resolution for the 9 month study pe-riod. The estimated prevalence of lateral atlantoaxial joint pain in our patient population is about 13% (15/115 patients). However this may be an underesti-mation as not all the patients with cervicogenic headaches underwent the diag-nostic block. 
Discussion The most accepted mechanism of cervicogenic headache is referred pain from cervical structures innervated by the upper three cervical spinal nerves. Thus the differential diagnosis of cervicogenic headache is: atlanto-occipital joint, 
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median and lateral atlanto-axial joints, C2-3 intervertebral disc, C2-3 zyga-pophyseal joint, third occipital nerve, upper posterior neck and paravertebral muscles, the trapezius and the sternocleidomastoid muscles, spinal and poste-rior cranial fossa dura mater, cervical spinal nerves and roots and the vertebral artery.3 The spinal nucleus of the trigeminal nerve extends caudally to the outer lamina of the dorsal horn of the upper three to four cervical spinal segments. This is known as the trigeminocervical nucleus, which receives afferents from the trigeminal nerve as well as the upper three cervical spinal nerves. Convergence between these afferents accounts for the cervical-trigeminal pain referral. Therefore, pain originating from cervical structures supplied by the upper cervical spinal nerves could be perceived in areas innervated by the trigeminal nerves such as the orbit and the fronto-temporo-parietal region. Cervicogenic headache is defined as unilateral headache that is provoked by neck movement or pressure over tender points in the neck with associated re-duced range of movement of the cervical spine. The headache occurs in nonclus-tering episodes and is usually nonthrobbing in nature, originating from the neck and spreading over the oculofrontotemporal regions.6-8 These clinical criteria are not enough to make a definite diagnosis of cervi-cogenic headache, as it is sometimes difficult to differentiate clinically between cervicogenic headache, migraine, and specially tension-type headache. 9-11 Re-sponse to diagnostic blockade of the nerve supply of these cervical structures or intraarticular injection of local anesthetic into the culprit joint is now consid-ered the major criterion in the diagnosis of cervicogenic headache.12 The C2-3 zygapophyseal joint and the greater occipital nerve were exten-sively studied as a source of cervicogenic and occipital headache.13-17 However there are sparse reports about the lateral atlantoaxial joint.1,2 The criteria for diagnosis of atlanto-axial joint pain are: occipital or suboc-cipital pain, focal tenderness over the suboccipital area or over the transverse process of C1, restricted painful rotation of C1 on C2, and pain provocation by passive rotation of C1. The major criterion in the diagnosis is the positive response to the intraar-ticular injection of local anesthetic. The pathology of lateral atlantoaxial joint pain is usually osteoarthritis or post-traumatic in nature.18, 19 However the pres-ence of osteoarthritic changes in imaging studies doesn’t mean that the joint is necessarily painful, also the absence of abnormal findings doesn’t preclude the joint from being painful.1 That is why we don’t routinely order pre-block imag-ing study of the joints. There is no conservative treatment for lateral atlanto-axial joint pain. How-ever our data showed that intra-articular steroids might be effective in short-term relief of pain originating from the lateral atlanto-axial joint. Long-lasting pain relief may require arthrodesis of the lateral atlanto-axial joint.20, 21 
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Currently there are insufficient data regarding long-term outcome after percu-taneous radiofrequency lesioning of the lateral atlantoaxial joint. Further re-search of this technique may be warranted.     
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Introduction The atlanto-axial joint accounts for up to 16% of patients with occipital head-ache. In human volunteers, distending the lateral atlanto-axial joint with con-trast agent produces occipital pain and injection of local anesthetic into the joint relieves the headache.1,2 The clinical presentation of atlanto-axial joint pain is not specific and there-fore cannot be used alone to establish the diagnosis. The only means of estab-lishing a definite diagnosis is a diagnostic block with intra-articular injection of local anesthetic.1 As we demonstrated in the previous chapter intra-articular steroids are ef-fective in short-term relief of pain originating from the lateral atlanto-axial joint.3 The major complication and limitation of the fluoroscopy guided ap-proach is the inability to identify and hence avoid vertebral artery injury. Here we are describing a new ultrasound guided approach that will add more safety to the procedure. 
Anatomy of the Atlanto-axial joint (AAJ) Atlanto-axial and atlanto-occipital joint intra-articular injections have the poten-tial for serious complications; so it is imperative to be familiar with the anatomy of those joints in relation to the surrounding vascular and neural structures. The vertebral artery lies lateral to the atlanto-axial joint as it courses through the C2 and C1 foramina. Then it curves medially to go through the foramen magnum crossing the medial posterior aspect of the atlanto-occipital joint. The C2 dorsal root ganglion and nerve root with its surrounding dural sleeve cross the posterior aspect of the middle of the joint. Therefore, during atlanto-axial joint injection, the needle should be directed toward the poster-olateral aspect of the joint. This will avoid injury to the C2 nerve root medially or the vertebral artery laterally. On the other hand, the atlanto-occipital joint should be accessed from the most superior posterior lateral aspect to avoid the vertebral artery medially. Meticulous attention should be paid to avoid intravas-cular injection as the anatomy may be variable. Inadvertent puncture of the C2 dural sleeve with CSF leak or high spinal spread of the local anesthetic may oc-cur with atlanto-axial joint injection if the needle is directed only few millime-ters medially.4 Ultrasound allows visualization of soft tissues, nerves, and vessels (abnor-mal anatomy), which has the potential to improve the safety of atlanto-axial and atlanto-occipital joint injections by decreasing the incidence or by avoiding in-jury of nearby structures.5 
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Ultrasound-guided atlanto-axial joint (AAJ) injection technique The procedure is performed with the patient in the prone position, using a high-frequency ultrasound transducer (low-frequency transducer may be used de-pending on body habitus). A transverse short-axis view is obtained by applying the transducer in the midline over the occiput and then scanning caudally to identify C1-2 level. C1 lacks a spinous process and the first bifid spinous process encountered is C2. Then the transducer is moved laterally till the C2 nerve root and dorsal root ganglion (DRG) is seen, more laterally the C1-2 joint (AA joint) appears in the image between the C2 DRG medially and the vertebral artery laterally (Fig. 1-3). The transducer is adjusted so that the AA joint is in the middle of the picture and a 22-gauge blunt-tip needle is advanced usually out-of-plane under real-time ultrasound guidance to target the AA joint just medial to the vertebral artery (Fig. 4). The transducer is then shifted to obtain a longitudinal scan at the C1-2 joint and the needle tip may need to be adjusted slightly to enter the joint cavity under vision.6  

 

Figure 1:  Illustration showing the ultra-sound transducer in the trans-verse plane over the atlanto-axial joint to obtain a shortaxisview. 
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Figure 2:  Short-axis sonogram at thelevel of AA joint. VA, vertebralartery; C2, C2 nerve root anddorsal root ganglion; AA joint,atlanto-axial joint; SC, spinalcord. 

 

 

Figure 3:  Short-axis sonogram withDoppler to show the vertebralartery (VA) just lateral to theatlanto-axial joint (AA joint).C2, C2 nerve root and dorsalroot ganglion; SC. spinal cord. 
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Figure 4:  Short-axis sonogram showingthe needle (out of plane)inside the atlanto-axial joint(arrowheads). VA, vertebralartery; C2, C2 nerve root; DRG,C2 dorsal root ganglion; AAjoint, atlanto-axial joint. 

 Alternatively, a longitudinal midline scan can be obtained by applying the trans-ducer vertically in the midline over the occiput and cervical spinous processes and C1-2 level is identified as above. Then the transducer is moved laterally till the C1-2 joint (AA joint) appears in the image, slightly laterally one can identify the vertebral artery. The needle is introduced just caudal to the transducer and advanced in-plane under real-time ultrasound guidance to target the AA joint just medial to the vertebral artery The author prefers the short-axis view (although, it is out of plan approach) as in the same image one can see the needle advancement – with real time ultra-sonography – into the joint between the C2 DRG medially and the vertebral ar-tery laterally. 
Conclusion Ultrasound allows direct visualization of soft tissue structures and may play an important role in performing such high risk procedures as atlanto-axial joint injections. It may improve the safety of atlanto-axial joint injections by avoiding injury of nearby structures (vertebral artery and C2 dorsal root ganglion). Fur-ther prospective studies are needed to confirm the safety and reproducibility of the described technique.  
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Introduction Ultrasonography in pain medicine (USPM) is a rapidly growing medical field in interventional pain management. In the last few years, there has been substan-tial growth in the interest in USPM as evidenced by the remarkable increase in the publication of literature on ultrasound guided injections and by the growing number of workshops offered at large national and international meetings.1-5 Traditionally, axial, non-axial, and musculoskeletal interventional pain proce-dures have been performed with either landmark or fluoroscopy and computed tomography (CT) image guided techniques. Both of these methods have limita-tions. Landmark based techniques do not allow for confirmation of the appropri-ate placement of the needle and subsequent injectate around a targeted struc-ture. Also, critical structures (e.g. blood vessels and pleura) cannot be visualized as one advances the needle. Many of the landmark based techniques are associ-ated with high failure rates which may stem from the variable anatomical courses of the targeted structures from the chosen landmarks.4,6,7 Traditional visualization techniques for interventional pain procedures have included fluo-roscopy and computed tomography (CT), both of which are associated with ionizing radiation. Radiation exposure to both patients and healthcare providers from diagnostic and interventional procedures is receiving greater attention from the medical community. Since the 1980s the per capita dose of radiation for medical imaging has increased by factor of 6.8 The FDA has received reports of interventional pain physicians developing radiation skin injuries from per-forming pain procedures.9 Furthermore, the long-term adverse effects and bio-logical consequences of cumulative exposure to low dose radiation remain un-clear. Soft tissues cannot be directly visualized with fluoroscopy. With fluoro-scopic guided procedures, the initial extrapolation of the position of soft tissues (i.e. muscles, blood vessels, and nerves) is based on their anatomic relationship to the viewed bony structures. Increased utilization of ultrasound for interventional pain procedures has originated from specific advantages including the ability to: 1) visualize soft tissues including muscle layers, nerves, and blood vessels; 2) visualize real-time needle advancement; and 3) reduce radiation exposure to both the patient and healthcare provider.1,2 Ultrasound allows the practitioner to choose a needle trajectory which may limit the risk of intravascular injection and to use smaller volumes of injectate which may limit spread to non-targeted nearby structures. Other advantages with ultrasound include reduced equipment costs and im-proved portability in comparison to fluoroscopy, CT scan, and magnetic reso-nance imaging machines. 1,2 In order to select clinical scenarios where USPM is warranted and safe, pain physicians performing USPM need to understand the current limitations of ul-trasound for specific procedures. Limitations to current ultrasound technology 



C H A P T E R  8  

 88 

include narrow image windows, limited resolution with increasing depth, and acoustic shadow artifact.10,11 Acoustic shadow artifact results in the inability to view structures deep to the bony elements. This artifact results from the large attenuation coefficient associated with bone which causes the tissue below to appear less echogenic. Additionally patient factors such as degenerative changes and body habitus may negatively affect image quality.12 In order to visualize deep structures, a low frequency curved array probe is used which provides the ability for deeper penetration but sacrifices image resolution. Because the ultra-sound beam width is narrow, visualizing the needle tip requires a significant degree of technical skill that is operator dependent. The visual limitations associated with ultrasound are most obvious in the in-terlaminar epidural and intrathecal blocks.1,13 For these neuraxial procedures ultrasound does not offer the same quality of visual information for detection of intravascular injections that can be obtained with the use of real-time fluoros-copy and digital subtraction technology.1,2 When performing neuraxial blocks ultrasonography does not allow for visualization of the spread of injectate or the recognition of vascular uptake.1 Therefore, at this point in time, the use of ultra-sound cannot be recommended as the sole visualization technique for these procedures in chronic pain medicine.1,2 In some cases it may be viewed as an adjunct (e.g. pre-intervention scan) to assist fluoroscopically guided proce-dures.14 In 1999, recognizing the rapid growth in the clinical use of ultrasound, the AMA drafted resolution 802 stating that "the AMA affirms that ultrasound imag-ing is within the scope of practice of appropriately trained physicians.”15 In an effort to safely advance the progression of ultrasound in clinical medicine, the resolution recommended that medical fields utilizing ultrasound develop spe-cialty specific guidelines. Furthermore, the AMA recommends that hospitals grant ultrasound privileges based on the scope of practice defined in each spe-cialties’ guidelines. Multiple examples exist for ultrasound specialty specific guidelines. For example, in 2001The American College of Emergency Physicians approved comprehensive guidelines for the use of ultrasound in emergency medicine.16 These guidelines were later updated in 2008.17 Recently, the rec-ommendations for scope of practice for the use of ultrasound in regional anes-thesia have been developed.18 MSK guidelines and course training recommenda-tions have been published.19,20 To date no specialty specific guidelines exist for USPM. Due to the rapid growth in the utilization, research and advancement of USPM, it is important to define the current scope of practice for USPM. The fol-lowing document represents an international collaborative effort. Assigned pain physicians from the Special Interest Group on Ultrasonography in Pain Medicine from both the American Society of Regional Anesthesia and Pain Medicine, the European Society of Regional Anesthesia and Pain Therapy, and the Australasian Federation of Pain Societies developed the following recommendations to define 
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the scope of best practice for USPM, the teaching curriculum, and the algorithms for the implementation of USPM into clinical practice. Committee members were selected based on clinical and research expertise in both the technical and edu-cational components of USPM. Members included practitioners from both aca-demic and private practice. An open forum was held at the 2011 ASRA Pain Medicine Meeting to acquire input on the draft recommendations. For the rec-ommended technique for each specific procedure in USPM, all relevant current research was evaluated and reviewed. The document should be viewed as an extension to the previously published recommendations for the education and training in ultrasound guided regional anesthesia.18 Specifically, the objectives of the guidelines are listed below. 1. Describe the core tasks, competencies and skills required when performing an US-guided pain procedure. 2. Define and develop a process for the proper education and training in USPM for established practitioners, residents, and fellows. 3. Highlight and outline the current recommended ultrasound technique for key interventional procedures in USPM. 4. Develop a quality improvement process that encourages and advances the integration of USPM into clinical practice.  The target audience for these guidelines is all clinicians performing USPM. The recommendations will provide a framework for educators, practicing pain phy-sicians, and trainees interested in learning and implementing USPM. Although the below recommendations received unanimous agreement from ASRA/ESRA/Asian Australasian federation of Pain Societies and committee members, it is important to recognize that evidence based medicine is currently lacking for certain areas in USPM.2 Therefore, some of the suggestions and rec-ommendations in this document represent the opinions and clinical experience of the committee members. As the field of USPM matures and expands these recommendations will need to be periodically reviewed and updated when ap-propriate based on new clinical experience and research knowledge. As our knowledge level increases, some of the material presented here may be discov-ered to be inaccurate. 
Indications and Scope of Practice Ultrasonography in pain medicine is used to facilitate the performance of vari-ous pain procedures as it allows for visualization of real-time needle advance-ment, and soft tissue structures as well as bony surfaces without radiation expo-sure. Noninvasively, ultrasonography can identify individual typical and atypical anatomy and structural pathologies.21,22 Furthermore, ultrasonography provides 
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the unique opportunity to perform dynamic examination of the target in contra-distinction to fluoroscopy, CT, or MRI. Ultrasound-guided pain procedures are performed by pain physicians and the committee members identified the following tasks to be helpful in perform-ing an ultrasound-guided pain block. These tasks are not necessarily sequential and may not be appropriate for all block scenarios.  1. Maintain an aseptic technique, including probe sterility, throughout the procedure (Appendix 1). 2. Perform a systematic scan that allows for the confirmation of normal anat-omy and recognition of structural pathologies and anatomic variations. 3. Visualize key landmark structures including nerves, blood vessels, pleura, muscles, tendons, fascia, and bone. Use the Doppler functions to identify vascular structures. 4. Identify the target on short-axis imaging (preferred) or long-axis imaging (if applicable). 5. Plan for a safe needle approach that avoids unnecessary tissue trauma or injury to other surrounding structures. 6. Follow the tip of the needle under real-time visualization as it advances toward the target. 7. Consider injecting an initial small volume of a test solution. If the solution is not visualized during injection, presume that the needle tip is either in-travascular or out of the imaging plane. 8. Monitor the spread of the injectate under real-time visualization and make necessary needle adjustments if an undesired pattern of injectate spread is visualized. The visualization of the injectate should be monitored through-out the injection to avoid intravascular injection and to limit its spread to non-targeted adjacent structures. 9. When performing musculoskeletal procedures avoid intratendinous corti-costeroid injections and needle damage to articular cartilage. 10. Maintain traditional safety guidelines including the presence of standard monitoring and resuscitation equipment. 11. When applicable, consider a secondary confirmation technique, such as fluoroscopy. 12. Maintain appropriate ultrasound ergonomics. 13. Maintain appropriate documentation and image storage with an archival system (Appendix 2). 
Contraindications There are no known absolute contraindications to the use of ultrasound. With respect to safety, the Food and Drug Administration (FDA) has stated, “Even 
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though there are no known risks, ultrasound energy heats the tissues and may have other biologic effects. It can also produce small pockets of gas in body flu-ids or tissues (cavitation). The long-term effects of tissue heating and cavitation are not known.”23 Doppler modes may result in higher exposure levels. The pain physician should limit and minimize the use of ultrasound to only the time nec-essary to perform each procedure.24 
Procedures Ultrasound had a wide variety of applications in interventional pain medicine (peripheral, spinal or axial, and musculoskeletal (MSK) applications, (Table 1).  
Table 1: Common USPM Applications and Anatomical Targets Peripheral structure Axial structure MSK applications Greater occipital nerve Cervical-Nerve root Large joints injection Stellate ganglion block Cervical-Third occipital nerve (TON) Intermediate joint Intercostal nerves Cervical -facet periarticular Small joints  Suprascapular nerve Cervical-medial branch Joint aspiration Iliohypogastric/ilioinguinal nerve/TAP block Thoracic paravertebral block Ligaments Lateral femoral cutaneous nerve Lumbar-medial branch Peri-tendonous injections Celiac plexus block Lumbar-facet periarticular Intramuscular/TPI/Botox Inguinal Canal block SIJ-periarticular Bursa injection Pudendal nerve Interlaminar epidural**  Fenestration/lavage Other UE/LE peripheral nerves Caudal and sacral foramina  SIJ: sacroiliac joint; TPI: trigger point injection; TAP: transversus abdominis plane  ** refer to the limitations section  The Joint Committee recognizes that there are different levels of difficulty for the various pain procedures (Table 2A, 2B). Characteristics that tend to increase the level of difficulty include: (1) Deep blocks resulting in the degradation of both the ultrasound and needle image, (2) Blocks that have the potential for serious complications (e.g. unintentional intravascular injection, pneumothorax), (3) Blocks that involve small nerves that are difficult to image, (4) Patient-related factors such as obesity, degenerative, and arthritic changes.  
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Table 2A: Scoring Criteria for the Level of Block Difficulty For each block, the total score based on the following 4 criteria: Ease of visualization of target structures 1-easy; 2-intermediate; 3-difficult Ease of visualization of identifying structures 1-easy; 2-intermediate; 3-difficult Technical performance of block 1-easy; 2-intermediate; 3-difficult Risk of complication from associated structures 1-low; 2-intermediate; 3-high  
Table 2B: Assigned Level of Difficulty for Specific Ultrasound-Guided Pain Interventions Peripheral structures  Level I* GON (nuchal level), SSN, II/IH, peripheral nerves/neuroma Level II* GON (C2 level), SGB, ICN, LFCN, Inguinal canal block, pudendal  Level III* CPB Axial Structures  Level I SIJ-periarticular, Caudal, Sacral foramen Level II C-nerve root, C-facet periarticular, Thoracic paravertebral, L-medial branch, L-facet periarticular, Interlaminar epidural Level III C-TON, C- medial branch MSK  Level I Joints injection and aspiration, Bursa, ligaments, Intramuscular, and periten-denous injections Level II Fenestration and lavage Level III N/A *The level of difficulty was appraised based on 4 criteria (List in Table 2A above). The summation of the scores from these 4 criteria result in the summary score: Level I (Basic) is 4 to 6; Level II (Inter-mediate) is 7 to 9; and Level III (Advanced) is 10-12. 
Proficiency Various skills are required to ensure an appropriately conducted ultrasound-guided pain procedure. These skills can be divided into five major categories: (1) understanding ultrasound system operations, (2) image optimization, (3) image interpretation based on profound knowledge of sonoanatomy, (4) visuali-zation of needle approaching the target, (5) monitoring the spread of the injec-tate. For each one of these categories, the Joint Committee recognizes a defined skill set. These skill sets are explained in Table 3.  
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Table 3: Required Skills for Ultrasound Guided Pain Medicine Procedure Proficiency Adapted with modifications from the reference 18. Ultrasound System Operations Image Optimization Identification and  Interpretation of Image Procedural Technique 
Frequency Probe selection Define relevant anatomical structures Standardization of image orientations Depth & focus settings Transducer  pressure Recognition of anatomical variations and structural pathologies  Probe sterility 
Gain & time gain  compensation settings “PART” probe  placement* Recognition of vascular  structures Appropriate ergonomics 
B-mode Dynamic imaging Recognition of anatomic artifacts In plane needle insertion 
Tissue harmonic  imaging Needle selection Recognition of acoustic  artifact Out of plane needle  insertion Color Doppler  Selection of safe needle  trajectory Needle tip identification 
Power Doppler   Hydrolocalization Image acquisition & storage   Monitoring injectate spread *PART = pressure, alignment, rotation and tilting 
Training Two pathways have been developed for USPM training. The first pathway, the practice-based pathway, has been designed to assist current practicing pain specialists with formal pain training that require additional education to be-come proficient and adequately educated in USPM. The second pathway, the fellowship-based pathway, has been developed to structure ultrasound educa-tion for graduate medical training and to develop criteria for fulfilling pain medicine training requirements. Both pathways will include didactics, practical hands-on training, competency assessment, and performance improvement. After completion of the appropriate pathways, steps must be taken to maintain clinical competency (cognitive and technical skills) through continuing medical education and sustained performance of US examinations and procedures. The committee has not provided specific recommendations for a minimum number of procedures for each technique that are required to achieve the appropriate level of competency. The minimum number of required procedures will depend on the complexity of the procedure and the individual’s level of education and expertise. 
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Practice Pathway Recommendations The Joint Committee recognizes the existence of different practice patterns (i.e., private vs academic), varying institutional processes for adopting new technol-ogy and techniques, and individual styles of learning. As such, several options are available for the established practitioner to begin to acquire the skill sets associated with USPM. 1. Participation in an accredited Continuous Medical Education (CME) event in which the skill sets listed under the proficiency section are covered. It is recommended that these educational events include both didactic and hands-on experience, with duration of at least 16 hours. Additional educa-tional resources are available including Web-based training, video, lectures, textbooks, and simulator-based programs. These materials can help sup-plement the information learned during the CME activity. 2. Practice ultrasound scanning techniques and learn sonoanatomy by imaging oneself and colleagues. 3. Practice needle insertion techniques using simulators, phantoms, and ca-davers. 4. Whenever possible, spend time with experienced individuals observing and learning techniques of USPM. 5. The Joint Committee recommends that the novice’s initial clinical experi-ence be mentored and supported by an individual experienced in USPM.  During the initial exposure to USPM, the Committee recommends that a proce-dure log be maintained with documentation of procedure success and complica-tions including intravascular injection, nerve injury, infection, and pneumotho-rax. The Joint Committee recommends that individuals who engage in USPM have significant exposure to continuing education. Many formats for continuing education exist such as departmental conferences, review courses, self-study, preceptorships, hands-on training courses, and other CME established formats. The CME attendance should be in accordance with specialty and local guidelines. In addition, following initial exposure to USPM, continual use of ultrasound skills is recommended to maintain proficiency and personal comfort level with performing USPM. 
Fellowship-Based Pathway Recommendation A fellowship-based pathway should be the primary mode for pain medicine fellows to attain competency in USPM during Accreditation Council for Graduate Medical Education (ACGME) accredited or equivalent programs. The training 
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program should incorporate the 6 core competencies as defined by the ACGME (Appendix 3). The didactic component should consist of the fellow completing a defined USPM curriculum that addresses the following 4 major categories: (1) under-standing system operations, (2) image optimization, (3) image interpretation based on profound knowledge of sonoanatomy, and (4) visualization of needle insertion and injection as described under the Proficiency section. Pain medi-cine fellowship program directors should have flexibility to present the curricu-lum over the duration of the fellowship period. Additionally, ultrasound training may further occur through coordination with the ultrasound-guided regional anesthesia service. The recommended curriculum is provided in Appendix 4. The Joint Committee recommends that each fellow perform enough ultra-sound-guided blocks to satisfy the attainment of the aforementioned core com-petencies and skill sets. The Joint Committee also recommends that each fellow have exposure to varying types of pain procedures including axial, peripheral, and MSK applications. Each fellow should keep a database log of his or her pro-cedures. Fellows are encouraged to record and store static images and video clips of the critical aspects of each procedure. The fellow should periodically review static images and video with appropriate supervision to confirm proper scanning and needle insertion techniques. Performance steps for the most common ultrasound-guided pain procedures are provided in Appendix 5. 
Quality Improvement Continuous quality improvement (CQI) is integral to the safe and appropriate use of USPM. CQI evaluates multiple parameters including knowledge of rele-vant anatomy, ultrasound equipment, and procedural technique. In addition the process implemented should be able to identify procedural technical compe-tency and appropriate image interpretation. The evaluation should also include a competency assessment which monitors the performance of procedures in a safe and efficient manner. The process should provide constructive and timely feedback to both practicing physicians and trainees. Complication rates should also be tracked and monitored. Processes for the quality assurance in the USPM program may include reviews of still images and videos from a procedural data-base and/or direct supervision of procedures. Specific individuals at each insti-tution may be appointed to oversee the quality assurance/improvement pro-gram. A method to ensure continuous professional development should also be in place. Ultrasound equipment should be periodically inspected per the manufac-turer’s recommendations by each institution’s biomedical engineering depart-ment to ensure the machines are in appropriate working condition. Institutional 
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and national standards need to be followed for the cleaning and disinfection of the US equipment (Appendix 1). 
Credentialing and Privileging Specific recommendations have not been provided for the credentialing or privi-leging of individual practitioners to perform USPM. The process of credentialing and authorizing clinical privileges will depend on individual institution and department policies. The training requirements provided in this document serve as a foundation for the appropriate education of clinicians performing USPM. In order to promote the safe and effective practice of USPM, the Joint Committee does recommend that the preceding training guidelines for the practice-based and the fellowship-based pathways be met prior to granting hospital-based privileges. 
Ultrasound Research for Interventional Pain Procedures Currently, a majority of the research on ultrasound for interventional pain medicine consists of a small case series, observational, feasibility, and technical studies.2,3 Randomized control trials do exist for lumbar facet intraarticular injections and some musculoskeletal applications.2,25 Future larger scale studies are needed on the safety and efficacy of ultrasound-guided techniques in chronic pain management with direct correct comparison to landmark based and fluo-roscopy guided techniques. Attention should also be directed in study design to humanistic (e.g. associated procedural pain) and economic outcomes. 
Limitations and Challenges of Ultrasound for USPM Despite various advantages, ultrasound imaging has several limitations. The technique and the image are quite operator dependent. Patient characteristics such as obesity and degenerative changes may also negatively limit the quality of the ultrasound image. The practitioner requires experience to obtain a good image and direct the needle safely to the target structure. Furthermore, the quality of the image in certain areas is poor. This is particularly true in the visu-alization of axial or spine structures where an acoustic shadow artifact is pro-duced by bone, which has a high attenuation coefficient. Also visualization of deep structures is also suboptimal because a low-frequency probe is commonly used in these situations, and the resolution is inferior to that provided by a high-
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frequency probe. Another limitation is the visualization of a thin needle or a needle inserted at a steep angle. The inability to detect intravascular injection and the spread of the injectate significantly limits the utilization of ultrasound for neuraxial procedures (inter-laminar epidural and intrathecal blocks). Although US-assisted neuraxial block may be more advantageous than the traditional blind surface-landmark ap-proach that is used in regional and obstetric anesthesia, at this time the sole use of ultrasound for these blocks for interventional chronic pain management can-not be recommended.1 Significant and devastating complications have occurred with transforaminal epidural steroid injections including death, brain, and spi-nal cord injuries. In certain areas such as the cervical spine, ultrasound guidance may have the ability to increase the safety of periradicular injections due to its ability to detect vascular structures, although future efficacy and safety studies are needed. In addition critical vessels that are small in the region of the cervical spine may still not be identified by current ultrasound technology. 14 These pro-cedures should only be performed by highly trained individuals with a detailed understanding and appreciation of the risk/benefit profile of the procedure for each respective patient. Real-time fluoroscopy with radiographic contrast and digital subtraction and contrast fluoroscopy still remain the current standard of practice to detect intravascular injection with neuraxial blocks. 
Conclusions Ultrasound guidance for chronic pain procedures is rapidly evolving. The goal of Joint Committee’s recommendations is to promote the safe and the efficacious utilization of ultrasound for pain medicine procedures. The Joint Committee’s recommendations and training guidelines provide a structure for attaining and maintaining proper levels of competency, proficiency, and quality improvement for USPM. The use of ultrasound for the performance of peripheral nerve blocks, axial blocks, and MSK is within the scope of practice of an appropriately trained pain physician.     
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APPENDIX 1: 
Techniques for Probe Handling and Sterility When performing ultrasound-guided interventional pain procedures aseptic technique should be followed. Both ultrasound coupling gel and transducers can be sources of nosocomial infection.26,27 Below are the listed steps for maintain-ing ultrasound probe sterility.  1. Prior to performing ultrasound scanning confirm that the ultrasound equipment was cleaned and disinfected according to the specific institu-tional policy. The level of disinfection required depends on the procedure being performed and the tissue that will be contacted by the probe. 2. The Food and Drug Administration (FDA) and CDC (Centers for Disease Control and Prevention) provides further guidance on probe sterility and chemical sterilants/high level disinfectants.28,29 3. A sterile ultrasound sheath or sterile adhesive transparent dressing should be utilized.30 The anatomical location and the need to cover the transducer cord will dictate which type of dressing is appropriate. For example, for sin-gle shot blocks involving peripheral structures an adhesive sterile transpar-ent dressing may be used in place of the sterile sheath. Make sure that all portions of the cord that will come into contact with the procedural field are contained within a sterile sheath. 4. An ultrasound coupling agent should be placed between the transducer and the inside of the sterile sheath ensuring that there is good contact and no air bubbles. For the adhesive dressing it is not necessary to place gel between the transducer surface and the dressing. 5. Sterile ultrasound coupling agent is applied between the skin and the cov-ered transducer. 6. At the end of the procedure the sterile cover is properly disposed. 7. The probe is then cleaned and disinfected according to the hospital policy. 
APPENDIX 2: 
Documentation The following steps are recommended for appropriate documentation. 1. Create a separate procedure note that is stored in the medical record. The written report should identify the individual who performed the procedure, reason for the procedure, description of relevant procedural anatomy and pathology, and explanation of the procedure. 2. Image documentation and storage should occur through a hard copy or electronic archival system. Minimum image documentation recommenda-
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tions include visualization and labeling of appropriate anatomical structures including the target structure, needle localization, and injectate spread (when applicable). Recorded videos should be encouraged when feasible. For further information on documentation requirements for appropriate reim-bursement refer to specific policies dictated by regulatory and payer entities. 
APPENDIX 3: 
Core competencies for fellowship training in USPM The following list overlaps with the skills defined in the proficiency section of the Practice Pathway: 
Patient care 
• Perform gentle ultrasound examinations, providing appropriate sedation if indicated. 
• Demonstrate proper patient selection. 
• Use appropriate monitoring during USPM. 
• Demonstrate proper target localization techniques. 
• Perform effective and safe procedures. 
Ultrasound knowledge 
• Understand the general principles of ultrasound physics. 
• Understand benefits and limitations of USPM techniques. 
• Understand differences between in-plane vs out-of-plane techniques and their respective advantages and disadvantages. 
• Understand key artifacts and pitfall errors associated with USPM. 
• Develop a profound knowledge of sonoanatomy of the spine, paraspinal structures, peripheral nerves, muscles, tendons, and joints. 
• Appreciate common non-neural pathological states that are diagnosed by ultrasound. 
• Establish familiarity with the major scientific literature related to USPM. 
• Learn techniques for USPM (refer to list of applications in Table 1). 
• Understand the applications and interpretation of color and power Doppler. 
• Understand equipment specifications. 
• Infection control and equipment cleaning. 
Interpersonal/communication skills 
• Communicate sensitively and effectively with patients and their families regarding ultrasound findings. 
• Explain any complexities of USPM in terms that the patient can understand. 
• Demonstrate team leadership/management skills for the management of an effective pain medicine services. 
Professionalism 
• Be open to constructive criticism regarding ultrasound skills. 
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System-based practice 
• Recognize costs associated with various imaging modalities; e.g. fluoros-copy, ultrasound, CT scan, and MRI. 
• Collaborate with other members of the health care team to ensure quality patient care. 
• Use evidence-based, cost-effective strategies in caring for all patients. 
Practice-based learning and improvement 
• Identify and acknowledge gaps in personal knowledge and skills in the care of patients presenting for USPM. 
• Use textbook and online and computer-based resources to broaden knowl-edge base regarding USPM techniques. 
• Perform electronic searches of the medical literature to identify articles that address the medical issues surrounding USPM. 
• Understand and critically evaluate USPM outcome studies. 
• Attend the department’s required teaching conferences. 
• Develop time management skills to perform the required tasks in a reason-able amount of time with satisfactory quality. 
APPENDIX 4: 

Recommended ultrasound curriculum: 
Equipment Specifications: 
• Minimal ultrasound machine specifications include a machine with a linear transducer with high frequency, curved transducer with low frequency, color Doppler technology, and image storage/transfer capabilities. 
Curriculum Content: Scanning Techniques 
• The role of ultrasound physics pertinent to USPM; understand terminology (e.g., piezoelectric effect, frequency, resolution, attenuation, echogenicity, color Doppler, power Doppler). 
• The role of instrumentation in image acquisition (e.g., image mode, gain, time gain compensation, transducer types). 
• Equipment requirements: types of transducers (linear, curved and phased array for different indications and scanning at different depths), footprint length, and frequency (range, 2-18 MHz). 
• Ultrasound acoustic artifacts and imaging artifacts (pitfalls). These include reverberation artifacts, acoustic enhancement, acoustic shadowing, gain-related artifacts, resolution-related artifacts, mistaking tendon or muscle for nerve, anisotropic behavior of tissues (especially nerves and tendons). 
• Techniques to perform effective ultrasound examinations; appreciate the Joint Committee recommended PART maneuvers for generating optimal im-aging: Pressure, Alignment, Rotation, and Tilt (APPENDIX 5). 
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• The role of maintaining appropriate ultrasound ergonomics in order to im-prove technical proficiency and reduce work-related musculoskeletal strain disorders. 
Curriculum Content: USPM Procedures 
• Define patient selection, indications and contraindications. 
• Practice procedural technique on available organic and inorganic simulators. 
• Define relevant anatomy in each region including the ability to identify mus-cle, tendon, bone, nerve, vessels, and pleura. 
• Define needle insertion technique (in-plane vs out-of-plane). 
• Understand potential difficulties and pitfalls. 
• Describe ultrasound appearance of common anatomical variations seen during musculoskeletal, axial, and non-axial pain procedures. 
• Recognize correct and incorrect injectate spread. 
APPENDIX 5: 

Recommended techniques for common US-guided pain procedures: 
General Recommendations 1. Maintain aseptic technique throughout. 2. Find landmark structures e.g. bone, muscle, vessels. 3. Find nerve or target on short-axis imaging (transverse scan) or long axis imaging (if applicable). 4. Place machine focus on target structures. 5. Adjust depth, gain, time gain compensation, and frequency as necessary. 6. Initiate the PART maneuvers to optimize image quality. a. Pressure: varying degrees of transducer pressure on skin. b. Alignment: sliding movement of the transducer to define the lengthwise course of the nerve. c. Rotation: the transducer is turned in either a clockwise or counter clockwise direction to optimize the image. d. Tilting: the transducer is tilted in both directions to maximize the angle of incidence of the ultrasound beam with the target nerve to optimize the image. 7. Scan anticipated needle trajectory with the Doppler function on to identify any unsuspected vascularity in the path of the needle.  
Recommended technique for ultrasound-guided cervical spine injections 
Identifying the correct cervical spine level: 
Lower cervical spine procedures: The sixth cervical (C6) transverse process is easily identified in the short axis view with its characteristic sharp anterior tubercle. This is well differentiated 
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from C7 transverse process which has only one prominent posterior tubercle. Subsequently, the consecutive cervical spinal level is identified by moving the transducer cranially. This approach is applicable for patients in either the supine or lateral decubitus position. 
Upper cervical spine procedures: 
Long axis view: The transducer is applied over the midline to obtain a long axis view of the spine. The occiput, C1 (no or rudimentary spinous process), and C2 (first bifid spinous process) can be easily identified. 
Short axis view: The transducer is applied over the occipital area to obtain a short axis view. First the occipital bone is identified and by moving the trans-ducer slowly caudally the arch of C1 (atlas) can be easily spotted and subse-quently the first bifid spinous process belongs to C2. This approach is applicable for patients in either the prone or lateral decubitus position.  
Recommended technique for ultrasound-guided cervical medial branch 
blocks 1. Place the patient in a lateral position with the painful side upwards and a pillow under the head to have the cervical spine as straight as possible. 2. Utilize a high-frequency linear array probe (to better visualize the nerves). 3. Follow a systematic approach and identify key anatomical structures to identify each zygapophyseal joint from C2-3 to C6-7. 4. Identify the correct spinal level as above. Alternatively, the lateral aspect of the neck is scanned in a transverse axis view in the region of the mastoid process and, by moving the transducer caudally, the most superficial situ-ated bony landmark of the upper cervical spine, i.e., the transverse process of C1, is visualized. 5. A few millimeter more caudally, the vertebral artery can be located and followed until it enters the transverse foramen of C2, where the C2–C3 zy-gapophyseal joint can be located posterior. 6. Here the transducer is turned approximately 90° until the typical longitudi-nal axis view of the cervical zygapophyseal joint region appears, and each level can be determined by simply counting the “hills” (joints) and “grooves” (articular pillars). 7. Reaching the level C7, the transducer is rotated back to a transverse posi-tion (approximately 90°) to visualize the transverse process of C7 missing an anterior tubercle. This serves as a control of correct level determination. 8. Return to the longitudinal axis view identifying the appropriate procedural level. 9. Place probe that targeted articulation is in the middle of the probe. Identify the medial branch in the groove above the targeted articulation and the me-dial branch in the groove caudal of the targeted articulation. (Exception: TON - single nerve innervating C2-C3 - crosses over the articulation). 
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10. Utilize an out-of-plane needle advancement technique from anterior to pos-terior to the target zone under real-time visualization. 11. Place the needle tip just beside the nerve and contact bone. 12. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided cervical intra-articular 
facet injections 1. Place the patient in a prone position (for unilateral or bilateral injections) or a lateral position (for unilateral injection). 2. Utilize a low frequency curvelinear array probe (for better orientation, counting the cervical level and to facilitate multiple injections in the same view). 3. Identify the correct cervical spinal level as above. 4. The transducer is applied over the midline to obtain a long axis view (sagit-tal scan) of the spine. The occiput, C1 (no or rudimentary spinous process), C2 (first bifid spinous process), and subsequent levels can be easily identi-fied. Then the scanning continues laterally (parasagittal scan) to identify the lamina and then more laterally, the facet column appears in the image as the characteristic “saw sign”. 5. The inferior articular process of the level above and the superior articular process of the level below appear as a hyperechoic signals and the joint space appears as anechoic gap in-between. 6. Introduce the needle just caudal to the inferior end of the transducer and advance it in-plane in the long axis view into the joint space under real-time sonography. 7. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided greater occipital nerve 
(GON) block 1. Place the patient in the prone or sitting position with head flexed in a neu-tral position. 2. Utilize a high frequency linear probe (better nerve visualization). Low fre-quency curvilinear probe may be more suitable for better orientation, thus advisable for training; nerve visibility decreased). 3. Start with transverse transducer position (short axis view) over the occipi-tal bone (with external protuberance in center of image); slowly move cau-dad till curved and smooth surface of posterior arch of atlas is seen (with acoustic shadow); move further downwards to identify bifid spinous proc-ess of C2 (left and right tubercles); move transducer laterally to appropriate side, orientate slightly oblique with lateral end of the trasducer more cepha-lad to identify the key landmark (the thick and hypoechoic obliquus capitis inferior muscle). Deep to medial half of this muscle, the lamina of C2 has to be seen (acoustic shadow). 
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4. The GON appears as an oval hypoechoic structure approx. 2 – 3 cm lateral to C2 spinous process, between the obliquus capitis inferior muscle (deep layer) and the semispinalis capitis muscle (superficial layer). 5. If the probe is moved more laterally, the transverse process of atlas and the vertebral artery can be identified The latter is seen medial to the bone shadow of transverse process of the atlas and deep to (in front of) the lat-eral end of obliquus capitis inferior muscle. 6. As vessels may mimic GON (especially parts of suboccipital venous plexus), use power Doppler and reduce probe pressure prior to needle advance-ment. 7. The needle can be advanced either in-plane (preferably from lateral to me-dial) or out-of-plane (may use hydro dissection). 8. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided cervical sympathetic 
(stellate ganglion) block 1. Place the patient in the supine position with neck extended and slightly tilted to the other side. 2. Utilize a high frequency linear array probe. 3. Start scanning by obtaining a short axis view at the root of the neck with the medial end of the transducer at the midline. Identify the relevant anatomical landmarks (trachea, esophagus, thyroid gland, carotid sheath, longus colli muscle, and prevertebral fascia). 4. Continue scanning laterally to keep the carotid sheath in the middle of the screen. 5. Continue scanning cephalic till the characteristic C6 transverse process (anterior tubercle) is identified, differentiating C6 from C7 level. 6. The vertebral artery should be identified. 7. The target (sympathetic chain) should be just anterior to the longus colli muscle. 8. Scan anticipated needle trajectory with color Doppler to identify any vessels in the path of the needle (e.g. inferior thyroid artery or ascending cervical artery branches). 9. The needle should be advanced under real-time sonography (either out of plane or in-plane) at either C6 or C7 level depending on the findings in step 8. 10. The spread of the test dose and injectate should be monitored under real-time sonography to rule out intravascular injection. 11. Optimal injectate spread should be deep to the deep layer of the preverte-bral fascia and superficial to the fascia investing the longus colli muscle. 12. The spread of the injectate along the anterior surface of the longus colli muscle can be visualized in the long-axis view as well.  
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Recommended technique for ultrasound-guided suprascapular nerve 
block in the suprascapular fossa 1. Place the patient in either the prone or sitting position. 2. Palpate the scapular spine, coracoid process, and acromion landmarks. 3. Utilize a high frequency linear array probe. Low frequency curved array probe may be needed depending on body habitus. 4. Place the ultrasound probe in a coronal plane over the suprascapular fossa. 5. The ultrasound view should isolate the area of the floor of the scapular spine between the suprascapular notch and spinoglenoid notch. 6. Identify the supraspinatus muscle, trapezius muscle, and floor of the scapu-lar spine. 7. Adjust the ultrasound probe in a cephalo-caudad direction to visualize the suprascapular nerve and artery. 8. Insert the needle from the medial aspect of the probe in a medial to lateral direction under real-time sonography (either out of plane or in-plane) tar-geting the area of suprascapular nerve, while avoiding the suprascapular ar-tery, on the scapular spine between the suprascapular notch and spinogle-noid notch. 9. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided intercostal nerve block 1. Place the patient in the prone or lateral position. 2. Utilize a high-frequency linear array probe. 3. Orient the transducer for a short axis (parasagittal) view identifying two consecutive ribs. 4. Identify the 12th rib and move the transducer cephalad to identify the ap-propriate space for the targeted intercostal nerve. The intercostal nerve is usually difficult to visualize. 5. Place the probe at the angle of the rib which is approximately 6 to 7 cm lat-eral to the spinous processes. 6. At the appropriate level identify the pleura, ribs, and intercostal muscles (external, internal, and innermost muscles). The innermost intercostal mus-cle is often poorly defined. 7. Prior to needle insertion employ the Doppler function to identify any vascu-lar structures. 8. Utilize an in- or out-of-plane technique and advance a 22 or 25-gauge needle from the superior margin of the caudad rib to the level of the internal inter-costal muscle and approximately 2-3 mm proximal to the pleura midway be-tween the ribs. The location of the neurovascular bundle is typically be-tween the internal intercostal and innermost intercostal muscles. The inter-costal nerve is usually difficult to visualize. 9. Once needle tip placement is confirmed by hydrolocalization, then inject desired therapeutic agent. 
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10. Following the procedure check for the absence of a pneumothorax by identi-fying normal lung sliding and comet tail artifacts.  
Recommended technique for ultrasound-guided lumbar spine injections: 
Identifying the correct lumbar spine level: 
Long axis view (sagittal scan): The transducer is applied longitudinally over the midline to obtain a long axis view of the spine. The dorsal surface of the sacrum appears as a solid continu-ous hyperechoic line and more cranially the spinous process of L5 appears in the image. Subsequently by scanning more cranially, the higher lumbar spine levels can be identified. 
Short axis view: The transducer is applied transversely to obtain a short axis view of the spine. The S1 level has only a median crest and more cranially the first sharp spinous process belongs to L5 level.  
Ultrasound-guided lumbar medial branch blocks 1. Place the patient in the prone position with a pillow under their abdomen to reduce lumbar lordosis. 2. Utilize a low-frequency curvilinear array probe. 3. Follow a systematic approach and identify key anatomical structures in the five basic lumbar spine ultrasonography views: 1) parasagittal transverse process, 2) parasagittal articular process, 3) parasagittal oblique, 4) trans-verse spinous process, and 5) transverse interlaminar. 4. Obtain a longitudinal axis paravertebral view (parasagittal oblique view). 5. Identify the sacrum, and then label each respective lumbar level. 6. Move the probe laterally from the midline in order to view the following structures: spinous processes, articular processes, and transverse proc-esses. 7. Scan cephalad in the short axis view (transverse) starting at the level of the S1 median crest to verify the labeled structures in the long axis view. 8. Correlate the spinous process markings from both the short axis and long axis views. 9. Return to the longitudinal axis view and identify the appropriate procedural level. 10. Rotate the probe 90° to obtain the short axis view of the treatment level and visualize the spinous process, or intraspinous ligament, superior articular process and the transverse process. 11. The target zone is the cranial junction of the transverse process and the base of the superior articular process. Often this is at the level of the inter-laminar space. 12. Utilize an in-plane needle advancement technique to the target zone under real-time sonography. 
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13. Once bony contact occurs, rotate the transducer to the long axis view to confirm needle placement at the cranial edge of the transverse process. 14. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided lumbar intra-articular 
facet injections 1. Perform steps 1 through 10 described above for the lumbar medial branch block. 2. Adjust the ultrasound probe in order to visualize the junction (posterior entrance of the joint) between the superior and inferior articular processes. 3. Advance the needle in the short axis view into the joint space under real-time sonography. 4. Inject the desired injectate under real-time sonography.  
Recommended technique for ultrasound-guided sacroiliac joint injection 1. Place the patient in the prone position with a pillow under the abdomen. 2. Utilize a low-frequency curvelinear array probe. 3. Scan with probe in a transverse position to obtain a short axis image. 4. Identify key landmarks for primary orientation including the posterior su-perior iliac spine, median sacral crest, posterior sacral foramen one, and posterior sacral foramen two, and sacral hiatus. 5. For identification of the inferior target zone of the joint, scan cephalad from the sacral hiatus and identify the inferior intersection between the lateral edge of the sacrum and the medial border of the ilium. 6. For confirmation of the appropriate inferior target zone, scan caudad from the level of the posterior superior iliac spine identifying the dorsal surfaces of the sacrum and ilium. Identify the first and second posterior sacral foram-ina. The inferior target zone is the hypoechoic cleft between the sacrum and ilium located laterally to the second posterior sacral foramen. 7. Direct a needle with an in-plane technique from the medial end of the trans-ducer to the hypoechoic cleft representing the inferior portion of the sacro-iliac joint. 8. Limitations exist with the ultrasound-guided technique including the inabil-ity to obtain a radiographic contrast arthrogram and to detect an intravas-cular injection.  
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Subsequent to the paradigm shift established by ultrasound in the field of re-gional anesthesia, we now started to see a new wave of reports advocating the use of ultrasonography to guide pain blocks. This new wave started in 2004-2005 with the description of ultrasound guided techniques for lumbar and cer-vical facet nerve blocks and intra-articular injections. This was succeeded by a renewed interest in ultrasound-guided stellate ganglion block with the goal to decrease potential complications. Since then, there has been a rapidly growing interest in the application of ultrasonography in pain medicine as evident by the plethora of published reports. Since the main avail of ultrasonography, besides no radiation exposure, is direct visualization of soft tissue structures, it lends it particularly beneficial in cervical spine injections with the multitude of vessels and other vital soft tissue structures compacted in a small area that make it vulnerable to injury with fluo-roscopy guided injections. In this thesis we demonstrated that this is especially true with cervical nerve root injections, stellate ganglion block, and atlanto-axial joint injections. Ultrasound is an excellent tool in “visualizing” and hence “avoid-ing” vascular injury during cervical spine procedures, while contrast fluoros-copy can only “detect” that the tip of the needle is intravascular (after the fact). One should be mindful that fluoroscopy may not detect that the needle has al-ready traversed a vessel on its way to the target, while ultrasound can avoid this. The purpose of this thesis is to review the sonoanatomy of the neck and cer-vical spine and to demonstrate the feasibility and reliability of using the ultra-sound to guide different cervical spine injections for the treatment of various cervical pain syndromes. Chapter I is an overview of the advantages and limita-tions of ultrasound in spine injections. The chapter sheds the light on the poten-tial applications of ultrasound in the field of interventional pain management with special attention to the neck and cervical spine. The rational for consider-ing ultrasound for stellate ganglion block, cervical transforaminal and atlan-toaxial joint injections is offered with the references to support such rational. Five questions were offered to be addressed in the following chapters. The sonoanatomy of the cervical spine is reviewed in details in chapter II as well as the literature review in regards to ultrasound-guided cervical proce-dures. The techniques for performing cervical nerve root injection, cervical facet medial branch block as well as cervical facet intra-articular injections were dis-cussed. The techniques were supported by various illustrations and sonograms to explain the sonoanatomy relevant to each procedure. Apart from cervical spine sonoanatomy, the thesis offers a detailed description of the anatomy and sonoanatomy of the soft tissue structures in the anterior neck in relation to cer-vical sympathetic chain block in chapter III. We showed that the esophagus, vertebral artery, inferior thyroid artery and other arteries can be located along the needle path of fluoroscopy-guided stellate ganglion block. These findings are really alarming and will raise few eye brows. 
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Currently the guidelines for cervical transforaminal injection technique involve introducing the needle under fluoroscopic guidance into the posterior aspect of the intervertebral foramen just anterior to the superior articular process in the oblique view to minimize the risk of injury to the vertebral artery or the nerve root. Despite strict adherence to these guidelines adverse outcomes have been reported. A potential shortcoming to these current guidelines would be the presence of a critical feeder vessel to the anterior spinal artery in the posterior aspect of the intervertebral foramen that could be injured in the pathway of the needle. Here the ultrasonography may come to play; as it allows for visualization of soft tissues, nerves and vessels and also facilitates visualization of the injec-tate around the nerve thus it may be advantageous to fluoroscopy. Chapter IV covers ultrasound-guided cervical nerve root injections. This is a prospective observational study evaluating the feasibility of ultrasound in identifying the correct cervical level and accurate placement of the needle compared to fluoros-copy. The radiologic target point was the posterior aspect of the intervertebral fo-ramen just anterior to the superior articular process in the oblique view, and at the midsagittal plane of the articular pillars in the anteroposterior view. The needles placed with ultrasound were within 5 mm from the radiologic target in all patients as confirmed by fluoroscopy. Vessels at the anterior aspect of the foramen were identified in 4 patients by color Doppler, while 2 patients had critical vessels at the posterior aspect of the foramen. In these 2 cases such ves-sels could have been injured in the pathway of a correctly placed needle under fluoroscopy alone. So with cervical selective nerve root block (cervical trans-foraminal epidural injection) there is really no safe zone, however there may be a safer tool, the ultrasound. In another case scenario, we demonstrated in chap-
ter V that ultrasound-guided needle placement for stellate ganglion block pre-vented esophageal penetration in clinical practice especially with left sided in-jections. The lateral atlanto-axial joint (AAJ) is a common cause of cervicogenic head-ache and it may account for up to 16% of patients with occipital headache. 
Chapter VI discusses a retrospective review of 115 patients with cervicogenic headache, of which 32 had a clinical picture suggestive of atlanto-axial joint pain and underwent AAJ injection with local anesthetic and steroids. The data showed a statistically significant pain relief at 1 and 3 month follow up but not at the 6 month follow up visit. AAJ injections can be associated with serious complications mainly because of its close proximity to the vertebral artery and the C2 dorsal root ganglion. This led some pain physician to abandon AAJ injec-tions as fluoroscopy can’t directly identify the vertebral artery. On the other hand ultrasound can easily identify both the C2 dorsal root ganglion and the vertebral artery as it courses lateral to the AAJ from C2 to C1 foramina and this is demonstrated in chapter VII. Ultrasound guidance can increase the safety of this much needed procedure in selected patients with cervicogenic headache. 
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All the previous examples increased the enthusiasm of pain physicians to learn more about ultrasound-guided injections in pain management. As we witness an expansion in the number of pain physicians who perform pain procedures with ultrasound guidance, it is high time for pain medicine societies to consider es-tablishing recommendations for education and training and to encourage clini-cal outcome studies. Due to the lack of specialty specific guidelines for ultra-sonography in interventional pain management, an international collaborative effort consisting of members of the Special Interest Group on Ultrasonography in Pain Medicine from the American Society of Regional Anesthesia and Pain Medicine, the European Society of Regional Anesthesia and Pain Therapy, and the Asian Australasian Federation of Pain Societies developed recommendations for education and training in ultrasound-guided interventional pain procedures that is presented in chapter VIII. The purpose of the recommendations is to define the required skills for performing ultrasound-guided pain procedures, the process for appropriate education and training, and the quality improve-ment process.  
In conclusion; ultrasound provides direct visualization of various soft tissues, real-time needle advancement and avoids exposing the healthcare provider and the patient to the risks of radiation. The machine itself is more affordable and transferrable than a fluoroscopy or CT scan. These factors make ultrasonogra-phy an attractive adjunct to other imaging modalities in interventional pain management especially in the cervical spine area.                     
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Ultrasound echografie in de regionale anesthesie heeft het laatste decennium een explosieve groei gekend. Ultrasonografie wordt nu ook toegepast bij chroni-sche pijnbestrijding. Sinds 2004-2005 worden ultrasound-geleide technieken gebruikt voor lumbale en cervicale facet denervatie en intra-articulaire injecties, gevolgd door een vernieuwde interesse in ultrasound-geleide blokkade van het ganglion stellatum, met als doel de incidentie van potentiële complicaties te verminderen. Sindsdien groeit de interesse in de toepassing van ultrasonografie in pijnbestrijding, wat tot uiting komt in een plethora aan publicaties. Ultrasonografie heeft duidelijk zijn nut bewezen - gezien blootstelling aan bestraling vermeden wordt en zachte weefsels direct gevisualiseerd kunnen worden – bij injecties ter hoogte van de cervicale wervelkolom, waar in een compacte omgeving vele bloedvaten en andere vitale structuren gemakkelijker beschadigd worden bij gebruik van fluoroscopie-geleide injecties. In dit proef-schrift hebben wij aangetoond dat dit specifiek het geval is voor cervicale wor-telbehandelingen, ganglion stellatum blokkades en injecties in de atlanto-axiale gewrichten. Ultrasound is een uitstekend instrument bij het “visualiseren” en bijgevolg het “vermijden” van vasculaire schade gedurende ingrepen aan de cervicale wervelkolom, terwijl fluoroscopie enkel de tip van de naald kan “de-tecteren” eenmaal deze in het bloedvat is terecht gekomen (postfactum). Men moet begrijpen dat tijdens fluoroscopie niet gedetecteerd wordt dat een naald al in een bloedvat is terechtgekomen, terwijl ultrasound dit kan vermijden.  Het doel van dit proefschrift is om de sonoanatomie van de nek en de cervicale wervelkolom te beschrijven in een reviewartikel en om de haalbaar-heid en betrouwbaarheid van het gebruik van ultrasound aan te tonen, als gelei-de bij verschillende injectietechnieken ter hoogte van de cervicale wervelkolom bij de behandeling van meerdere cervicale pijnsyndromen.  
Hoofdstuk I geeft in een overzichtsartikel de voordelen en de beper-kingen van ultrasound-geleide injecties ter hoogte van de wervelkolom. Het hoofdstuk belicht de potentiële toepassingen van ultrasound in het gebied van interventie pijnbehandelingen met een speciale aandacht voor de nek en cervi-cale wervelkolom. De ratio achter het gebruik van ultrasound voor het ganglion stellatumblok, cervicale transforaminale en atlantoaxiale gewrichtsinjecties wordt belicht, gesteund door de literatuur. Een vijftal vragen wordt beantwoord in de volgende hoofdstukken. De sonoanatomie van de cervicale wervelkolom is beschreven in een overzichtsartikel in hoofdstuk II, met tevens verwijzingen naar de literatuur gerelateerd aan ultrasound-geleide cervicale procedures. De technieken om injecties te verrichten ter hoogte van de cervicale zenuwwortels, facetten en gewrichten worden bediscussieerd. De technieken worden ondersteund door verschillende illustraties en sonografieën om de relevante sonoanatomie toe te lichten. Behalve de cervicale sonoanatomie, geeft dit proefschrift eveneens een gedetailleerde beschrijving van de anatomie en de sonoanatomie van de zachte weefsels in de voorste halsregio in relatie met een blokkade van de cervicale 
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sympathicusketen in hoofdstuk III. We konden aantonen dat de slokdarm, arte-ria vertebralis, arteria thyroidea inferior en andere slagaders zich op het pad bevinden van een fluoroscopisch-geleid ganglion stellatum blok. Dit zijn alarme-rende bevindingen waarbij menigeen zijn wenkbrauwen zal fronsen. Op dit ogenblik bevelen de richtlijnen voor de toepassing van transfo-raminale injectietechnieken het gebruik van naalden onder fluoroscopische geleiding aan in het posterieure gebied van het foramen intervertebrale, anteri-or van de processus articularis superior in de schuine opname om beschadiging van de arteria vertebralis of de zenuwwortel te minimalizeren. Ondanks het strikt toepassen van deze richtlijnen, werden negatieve resultaten gerappor-teerd. Een potentiële tekortkoming van deze richtlijnen is de aanwezigheid van een kritisch bloedvat van de arteria spinalis anterior in het posterieure deel van het foramen intervertebrale, dat beschadigd kan worden tijdens de introductie van de naald. Hier kan ook de sonoanatomie een rol spelen daar het toelaat zachte weefsels, zenuwen en bloedvaten te visualiseren, evenals de visualisatie van de injectievloeistof rond de zenuw, waardoor deze techniek waardevoller is dan de fluoroscopie. Hoofdstuk IV behandelt ultrasound-geleide injecties ter hoogte van de cervicale zenuwwortels. Een prospectief observationele studie evalueert de toepassing van ultrasound met fluoroscopie in het identificeren van de juiste cervicale wervel en accurate plaatsing van de naald. Het radiologi-sche einddoel is het posterior deel van het foramen intervertebrale anterior van de processus articularis superior in de schuine opname, en in het midsagitaal vlak van de gewrichtspijlers in de anterioposterior opname. De naalden ge-plaatst met ultrasound bevonden zich binnen 5 mm van het radiologische doel in alle patiënten, zoals aangetoond door fluoroscopie. Met behulp van de kleu-ren Doppler technieken werden bij vier patiënten bloedvaten aangetoond ter hoogte van het voorste deel van het foramen, terwijl twee patiënten kritische vaten vertoonden ter hoogte van het posterieure deel van het foramen. In deze twee patiënten zouden de vaten beschadigd kunnen worden tijdens het traject van een correct geplaatste naald indien enkel fluoroscopie wordt toegepast.  Er is werkelijk geen enkele veilige zone bij het zetten van een selectief cervicale zenuwblokkade (cervicale transforaminale epidurale injectie). Er bestaat echter wel een veiliger techniek, namelijk de ultrasound. In een ander scenario, zoals beschreven in hoofdstuk V, wordt aangetoond dat het plaatsen van een ultra-sound-geleide naald voor een ganglion stellatum blok, in de klinische praktijk voorkomt dat de slokdarm wordt aangeprikt, in het bijzonder bij linkszijdige injecties.  Het laterale atlanto-axiale gewricht (AAJ) is een gebruikelijke oorzaak van cervicogene hoofdpijn en is verantwoordelijk voor 16% van de patiënten met occipitale hoofdpijn. Hoofdstuk VI bediscussieert een retrospectief onder-zoek bij 115 patiënten met cervicogene hoofdpijn, waarvan 32 een klinisch beeld vertonen, suggestief voor atlanto-axiale gewrichtspijn, die behandeld wordt met lokaal anesthetica en steroiden. De data tonen een statistische signi-
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ficante verbetering van de pijn aan op 1 en 3 maanden follow-up, maar niet op 6 maanden. AAJ injecties kunnen geassocieerd worden met ernstige complicaties, die voornamelijk berusten op hun nabijheid van de arteria vertebralis en het C2 dorsaal wortel ganglion. Dit heeft er toe geleid dat sommige pijnbestrijders AAJ injecties hebben verlaten, daar fluoroscopie geen directe identificatie toelaat van de arteria vertebralis. Anderzijds laat ultrasound gemakkelijk toe om zowel het C2 dorsaal wortel ganglion als de arteria vertebralis te identificeren daar hun beloop lateraal is van het AAJ van de foramina C2 tot C2 (hoofdstuk VII). Ultrasound-geleide technieken verhogen de veiligheid van deze vaak voorko-mende behandeling in geselecteerde patiënten met cervicogene hoofdpijn. Alle aangehaalde voorbeelden verhogen het enthousiasme van pijnbe-strijders om meer kennis op te doen van ultrasound-geleide injectie technieken in chronische pijnbestrijding. Daar we getuige zijn van een grote groei in het aantal pijnbestrijders die ultrasound toepassen, is het de hoogste tijd voor de wetenschappelijke secties pijnbestrijding om aanbevelingen te doen in verband met opleiding en training en om het verrichten van klinische studies aan te mo-edigen. Ten gevolge van het gebrek aan specifieke richtlijnen voor ultrasonogra-fie in interventionele pijnbestrijding, is er een internationale samenwerking opgericht, bestaande uit leden van een “Special Interest Group” voor ultrasono-grafie in pijnbestrijding, door de American Society of Regional Anesthesia and Pain Medicine, de European Society of Regional Anaesthesia and Pain Therapy, en de Asian Australasian Federation of Pain Societies, die aanbevelingen hebben opgesteld voor opleiding en training in procedures voor ultrasound-geleide interventie pijnbestrijding (hoofdstuk VIII). Het doel van deze aanbevelingen is om de vereiste vaardigheden te definiëren van ultrasound-geleide pijnbestrij-dingsingrepen, het juiste opleidings- en trainingsproces en het kwaliteitsverbe-teringsproces.  Samenvattend kan gesteld worden dat ultrasound een directe visualisa-tie van diverse zachte weefsels toelaat, met real-time visualisatie van het in-brengen van een naald, waarbij de patiënt en de pijnbestrijder zelf geen bestra-ling ondervinden tijdens de ingreep. Het toestel zelf is meer betaalbaar en ver-plaatsbaar dan een fluoroscopie of CT scan toestel. Deze factoren maken ultra-sonografie een aanlokkelijk instrument boven andere toestellen in interventio-nele pijnbestrijding, speciaal in het gebied van de cervicale wervelkolom.   
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Robert Levy, Nagy Mekhail. Occipital Nerve Stimulation for the Management of Chronic Migraine Headaches. International Headache Congress, Berlin 2011. 3. B. Bouche, S. Narouze, E. Eisenberg, M.K. Karmakar, M. Meignier, V. Dixneuf, J. Lemarie Ultrasound-Assisted lumbar épidural percutaneous Spinal Cord Stimulation (SCS): case report. 30th Annual ESRA Congress, Dresden 2011. 4. B. Bouche, E. Eisenberg, S. Narouze, M.K. Karmakar, M. Meignier, J. Lemarie. Facilitation of diagnostic and percutaneous trial lead placement with ultra-sound guidance for peripheral nerve stimulation suprascapular neuralgia. 30th Annual ESRA Congress, Dresden 2011. 5. B. Bouche, E. Eisenberg, S. Narouze, M.K. Karmakar, M. Meignier, J. Lemarie. Facilitation of diagnostic and percutaneous trial lead placement with ultra-sound guidance for peripheral nerve stimulation on lateral cutaneous femo-ral nerve. 30th Annual ESRA Congress, Dresden 2011. 6. Narouze S. Ultrasound guided percutaneous cervical and upper thoracic sympathetic chain neuroelectrode implant for the treatment of Complex Regional Pain Syndrome. Pain Med 2010; 11:298. 7. Ansarinia M, Rezai A, Tepper S, Mohajer P, Steiner C, Stanton-Hicks M, Narouze S. Sphenopalatine Ganglion (SPG) Stimulation during Acute Mi-graine and Cluster Headaches. International Headache Congress (IHC). Philadelphia 2009. 8. Narouze S, Rezai A, Tepper S, et al. Sphenopalatine Ganglion Stimulation for the Acute Treatment of Intractable Migraine. Pain Med 2009; 10: 226. 9. Narouze S, El-Sharkawy H. Ultrasound- guided T2 Sympathetic Block with the Anterior Approach. Pain Med 2009; 10: 225. 10. Narouze S, Saad R, Nagem H, Kapural L. Occipital Nerve Stimulation with Self-anchoring Leads for the Management of Refractory Chronic migraine Headache. Pain Med 2009; 10: 221. 11. Narouze S. Ultrasound-guided Lateral Atlanto-axial Joint Injection for the Treatment of Cervicogenic Headache. Pain Med 2009; 10: 222. 12. Vydyanathan A, Narouze S: Dorsal nerve of the penis electric stimulation for penile pain. Pain Med 2009; 10: 226-227. 13. Kapural L, Zovkic P, Narouze S. Cooled radiofrequency of dorsal ramus of L5 for denervation of the sacroiliac joint: Technical report. Pain Med 2009; 10: 220-221. 



C U R R I C U L U M  V I T A E  A N D  L I S T  O F  P U B L I C A T I O N S  

 129 

14. Ansarinia M, Rezai A, Stanton-Hicks M, Machado A, Tepper S, Steiner C, Stump J, Deogonokar M, Francisoco A, Narouze S. Stimulation of Sphe-nopalatine Ganglion (SPG) for Treatment of Acute Cluster Headaches. North American Neuromodulation Society meeting, Las Vegas 2008. 15. Narouze S, Casanova J, Kapural L. Sphenopalatine ganglion radiofrequency ablation for the management of chronic cluster headache. Headache 2008; 48: S1-S15. 16. Girgis G, Narouze S: Intramedullary cystic granuloma complicating chronic intrathecal opioid infusion: A Case Report. (MARC) Midwest Anesthesia Resident Conference, Indianapolis 2008. 17. Ryan D, Narouze S: Recurrent tunnelled epidural catheter infection in CRPS patient. Midwest Anesthesia Resident Conference (MARC), Indianapolis 2008. 18. Vydyanathan A, Narouze S: Dorsal nerve of the penis electric stimulation for penile pain. A Case Report. Midwest Anesthesia Resident Conference (MARC), Indianapolis 2008. 19. Hogan, PW, Andrews, G, Yonan, S, Narouze S: Asymptomatic Epidural Ab-scess Following Epidural Steroid injection for the treatment of acute herpes zoster neuralgia. Midwest Anesthesia Residents Conference (MARC), Indi-anapolis 2008. 20. Shaparin N, Narouze S: Inadvertant Discogram during Lumbar Trans-foraminal Injection: A Case Report. Midwest Anesthesia Resident Confer-ence (MARC),  Indianapolis 2008. 21. Narouze SN, Zakari A. Ultrasound-guided placement of permanent percuta-neous femoral nerve electric stimulation leads for the treatment of intrac-table femoral neuropathy. International Neuromodulation Society (INS), Mexico 2007. 22. Narouze SN, Vydyanathan A Ultrasound guided stellate ganglion block suc-cessfully prevented esophageal puncture. Reg Anesth Pain Med 2007; 32:A-37. 23. Narouze SN, Gutenberg L. Radiofrequency denervation of the lateral atlan-toaxial joint for the treatment of cervicogenic headache. Reg Anesth Pain Med 2007; 32: A-8. 24. Narouze SN, Govil H, Mekhail N. Continuous Cervical Epidural Catheter for Rehabilitation after Shoulder Surgery. Reg Anesth Pain Med 2007; 32:A-77. 



C H A P T E R  1 2  

 130 

25. Narouze SN. Supraorbital nerve stimulation for the treatment of intractable chronic cluster headache (F31). Headache 2007; 47(5):763. 26. Narouze SN, Abdou A. Selective sacral nerves stimulation for pudendal nerve entrapment syndromes. Pain Med 2007; 8(1):A117. 27. Narouze SN, Kapural L, Mekhail N. The efficacy of sphenopalatine ganglion block in the management of chronic cluster headache. Pain Med 2006; 7(2):A127. 28. Narouze SN. Supraorbital nerve stimulation for the treatment of intractable postherpetic trigeminal neuralgia. Reg Anesth Pain Med 2005; 30(3):A6. 29. Narouze SN, Katyal S, Casanova J. The efficacy of propofol in the treatment of intractable chronic daily headache. Anesth Analg 2005; 100, S-316. 30. Narouze SN, Casanova J. The efficacy of lateral atlanto-axial intra-articular steroid injection in the management of cervicogenic headache. Anesthesiol-ogy 2004; 101: A1005. 31. Narouze SN, Tabet JC, Casanova J. Lumbar intrathecal granuloma complicat-ing a low-dose intrathecal morphine infusion. Eur J Anaesth. 2004; 21(32): 199, A-799. 32. Narouze S, Farag E, Tetzlaff J. Anesthetic management of Charcot-Marie-Tooth (CMT) disease. Eur J Anesth 2003; 20:A384. 33. Kapural L, Narouze S, Rajagopalan S, Mekhail N. Efficacy and Complication Profile of Surgically Implanted Versus Percutaneously Implanted Spinal Cord Stimulation Systems. Anesthesiology 2002; 96:A928. 34. Narouze S, Zakhari E, and Basali A. Genitofemoral and Ilioinguinal neuropa-thy after open versus laparoscopic inguinal herniorraphy. ASRA Annual Fall Meeting, Phoenix 2002. 35. Narouze S, Basali A, and Tetzlaff J. Horner’s syndrome and Trigeminal nerve palsy after epidural analgesia for labor and delivery. ASRA Annual Spring meeting, Phoenix 2002. 36. Narouze S, Ayad S, Demian Y, and Tetzlaff J. Subarachnoid catheter place-ment after wet- taps for analgesia in labor. Influence on the risk of headache in obstetric patients. Anesthesiology 2001; 95:A1040. 
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