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  Pref ace  

  In recent years, the fi eld of regional anesthesia, and in particular peripheral and neuraxial nerve 
blockade, has entered an unprecedented renaissance. This renaissance is due primarily to the 
widespread introduction of ultrasound-guided regional anesthesia. The ability to visualise the 
anatomy of interest, the needle-nerve relationship, and the spread of the local anesthetic has 
resulted in signifi cant growth of interest in the use of peripheral and neuraxial nerve blocks. 
Although ultrasound guidance eventually may become the most prevalent method of nerve 
blockade, most procedures world-wide are still performed using the methods of peripheral 
nerve stimulation and/or surface landmarks, particularly in the developing world. Because this 
book has been one of the important teaching sources internationally, we decided to retain the 
section on the traditional techniques of nerve blockade in addition to the new section on ultra-
sound-guided regional anesthesia. 

 The book contains precise anatomical drawings, illustrations and self-made native anatomi-
cal preparations in full-colour throughout, and also provides detailed instructions on how to 
apply regional anesthesia. The descriptions of anatomy and sonoanatomy are highly relevant 
to the regional blocks and the clear illustrations helps to better understanding of each block. 

 We made every effort that the overall style of presentation is methodical, thorough and 
precise. The description of each block is broken down into headings: defi nition; anatomy; 
indications; contraindications; technique (ultrasound-guided and traditional); drug choice and 
dosage; side effects; complications (and how to avoid them or treat them) and medicolegal 
documentation. The information given in a checklist record for each technique helps in proper 
documentation of the performed nerve blocks. The book focuses on each area of the body, 
describes its anatomy and sonoanatomy, and then explains the needed supplies for each nerve 
block and the details of how to do it. 

 This book is practically oriented; the book could almost be taken to the operating room and 
used as a guide. Topics are consistently organized, very detailed and simple to read. This book 
is intended for practicing anesthesiologists and all specialties engaged in the fi eld of pain 
therapy (such as pain specialists, general surgeons, orthopaedic surgeons, neurosurgeons, neu-
rologists, and general practitioners). 

 The book comprises 73 chapters, organized in 12 sections, covering US-guided and tradi-
tional nerve blocks in anesthesia and interventional pain management:

   Part I reviews the General Considerations (Use of Local Anesthetics in Regional Anesthesia 
and Pain Management, Basics of Ultrasound Imaging, Use of Nerve Stimulation and 
Stimulating Catheters in the Ultrasound Era, and Complications of Peripheral and Neuraxial 
Nerve Blocks).  

  Part II covers the Head and Neck Region (Regional Anesthesia in Ophthalmology, Facial 
Nerve Block, Anesthesia of the Airways, Phrenic Nerve Block, Trigeminal Nerve Block 
(classic and neurodestructive procedures), Occipital Nerves Block, Stellate Ganglion Block, 
Superior Cervical Ganglion Block, and Deep and Superfi cial Cervical Plexus Block).  

  Part III focuses on Blocks in Cervical Region (Cervical Interlaminar Epidural Block, Cervical 
Facet Nerve Blocks (Medial Branch and Third Occipital Nerve), (Pulsed) Radiofrequency 
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Treatment Adjacent to the Cervical Dorsal Root Ganglion, and Cervical Percutaneous Facet 
Denervation).  

  Part IV reviews the Shoulder Region (Suprascapular Nerve Block, Glenohumeral and 
Acromioclavicular Joints, Subacromial Subdeltoid Bursa, Long Head of Biceps Tendon, 
Treatment of Calcifi c Tendinitis, and Rotator Muscles and Subscapular Nerve Injections).  

  Part V covers the detailed Blocks of the Upper Extremity (Brachial Plexus and Intravenous 
Regional Anesthesia).  

  Part VI reviews region of the Elbow and Wrist.  
  Part VII focuses on the Thoracic Region (Thoracic Paravertebral Block, Intercostal Nerve 

Block).  
  Part VIII reviews Lumbosacral Spine (Neuraxial Blocks, Neuraxial Analgesia in Obstetrics, 

Caudal Epidural Injections, Lumbar Sympathetic Blocks, Lumbar Facet Joint and Nerve 
Injection, Lumbar Percutaneous Facet Denervation, Sacroiliac Joint Injection, Sacral Nerve 
Root Block, Lumbosacral Epiduroscopy, and Percutaneous Epidural Neuroplasty).  

  Part IX focuses on Abdominal and Pelvic Region (Celiac Plexus Block, Nerve Blocks of the 
Abdominal Wall, Ilioinguinal, Iliohypogastric and Genitofemoral Nerve Blocks, Injection 
for Piriformis Syndrome, Pudendal Nerve Block, Superior Hypogastric and Ganglion Impar 
Block, Paracervical Block).  

  Part X reviews detailed Lower Extremity Blocks.  
  Part XI covers Lower Extremity Musculoskeletal Injections (common Joint and Bursa 

Injections).  
  Part XII reviews detailed Regional Blocks for Children (Upper and Lower Limb and Trunk and 

Neuraxial Blocks).    

 This book owes a great deal to a number of well-recognized clinicians, academicians and 
regional anesthesia teams from around the globe. Many thanks to numerous international col-
laborators, who supported this project. 

 We would like to express our special thanks to colleagues and friends who have contributed 
to this edition: 

 Ban C.H. Tsui, Michael Barrington, James Heavner, Vincent Chan, Ki Jinn Chin, Andrew 
Gray, Andre’van Zundert, Olaf Rohof, Robert Jan Stolker, Stephen Halpern, Jens Kessler, Jan 
van Zundert, Admir Hadzic, Andreas Siegenthaler, Chin-Wern Chan, Daquan Xu, Peter Cheng, 
Chandra Kumar, Hariharan Shankar, Jeffrey Ghassemi, Antony Hade, Herman Sehmbi, Anahi 
Perlas, Gloria Seah, John Hanlon, Faraj Abdallah, Geoff Bellingham, Paul Gray, Sara Cheung, 
Heather Ting, Dario Bugada, Paul Tumber, Steven Renes, Santine van den Heuvel, Geert-Jan 
van Geffen, Derek Dillane, Anuj Bhatia, Hemmo Bosscher, Gabor Racz, Miles Day, Battista 
Borghi and Amit Pawa. 

 We express our sincere thanks to all Springer editorial staff for their expertise and help in 
editing this book and their constant support and expert assistance. 

Cologne-Hürth, Nordrhein-Westfalen, Germany Danilo Jankovic
Toronto, ON, Canada Philip Peng 
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4 Chapter 1 Use of Local Anesthetics in Regional Anesthesia and Pain Therapy

    Local anesthetics produce reversible blockage of sodium 
channels in the nerve cell membrane, thereby interrupting 
stimulus conduction. 

    Chemical Structure and Physicochemical 
Properties [ 1 ] 

 All local anesthetics in common clinical use have three char-
acteristic molecular sections in their chemical structure:

   An aromatic residue, which basically determines the lipo-
philic properties of the agent. Substitutions in the aro-
matic group allow the pKa and lipid solubility of the 
substance to be infl uenced.  

  An intermediate chain, which in local anesthetics of the ester 
type (Table  1.1 ) contains a relatively unstable ester bond 
(CO–O) that can be broken down hydrolytically by pseu-
docholinesterases. Local anesthetics of the amide type 
(Table  1.2 ) are much more stable, since the amide bond 
(NH–CO) in their intermediate chain cannot be broken 
down in plasma. The length of the chain between the aro-
matic residue and the substituted amino group has an 
infl uence on the intensity of effect of the local anesthetic. 
The agent’s protein-binding capacity and lipid solubility 
can be altered by substitution in the intermediate chain.

      A substituted amino group, the protonization of which deter-
mines the ratio of the cationic to the basic form. Only the 
free base is capable of penetrating lipoprotein mem-
branes. However, to be able to affect the nerve membrane, 
the local anesthetic must be available as a cation. The type 
of amino group substitution affects the distribution coef-
fi cient, the plasma protein binding, and the intensity and 
duration of the drug’s action.     

    Clinical Signifi cance of the Physicochemical 
Properties 

 Local anesthetics differ with regard to their molecular 
weight, their lipid and water solubility, pKa, and protein- 
binding characteristics. These factors in turn have a substan-
tial infl uence on the potency of the drug’s local anesthetic 
effect on the onset of the effect and on its duration (Tables  1.3a  
and  1.3b ).

        Local Anesthetic Potency [ 2 ] 

 The combined effect of factors such as protein binding, ste-
reoisomeric structure, and lipophilia determines the potency 
of a local anesthetic agent. To achieve a blocking effect, the 
local anesthetic has to diffuse across the cell membrane into 
the interior of the cell (importance of lipophilia for mem-
brane diffusion) so that, from the cytosol (appropriate hydro-
philic properties), it can occupy the sodium channel in its 
then protonated form (Table  1.4 ).

   A high degree of lipophilia is associated with good mem-
brane permeation, and a high degree of hydrophilia is associ-
ated with good solubility in the cytosol. Local anesthetics 
therefore have to have both of these properties in a favorable 
ratio. 

 However, the clinical distinction that is made in local 
anesthetics between those of mild potency (procaine), 
medium potency (lidocaine, prilocaine, mepivacaine), and 
high potency (ropivacaine, bupivacaine, levobupivacaine, 
etidocaine) does not conform to these correlations in all 
respects. 

 The onset of effect in the isolated nerve, at physiological 
pH, depends on the pKa value of the local anesthetic. The 
lower this value is, the more local anesthetic base can diffuse 
toward the membrane receptors, and the shorter the time will 
be to the onset of the nerve block. Higher concentrations of 
local anesthetic accelerate onset. 

 The duration of effect depends on the dosage and concen-
tration of the local anesthetic, its binding to the membrane 
receptors (protein-binding capacity), and its reabsorption 
from the tissue into the blood.  
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      Table 1.1    Local anesthetics with an ester bond       
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    Table 1.2    Local anesthetics with an amide bond       
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          Table 1.3a    A physicochemical and pharmacological parameters   

 Agent  Molecular weight  pKa (25°)  Distribution coeffi cient (lipid/water)  Protein binding (%)  Potency in vitro (isolated nerve) 

 Procaine  236  8.9  0.02  5.8  1 
 Lidocaine  220  7.7  2.9  64–70  4 
 Mepivacaine  234  7.7  0.9  77–80  3–4 
 Prilocaine  246  7.6  0.8  55  3–4 
 Bupivacaine  288  8.1  27.5  95  16 
 Etidocaine  276  7.7  141  95  16 
 Ropivacaine  274  8.1  9  95  16 
 Levobupivacaine  288  8.09  27.5  97  16 
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Lidocaine

Low
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N

N

N

N

H

H

Mepivacaine

Prilocaine

Bupivacaine
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          Table 1.3b    Local anesthetic potency and duration of effect       

Lipohilia

HydrophiliaCell
interior

Specific binding
in the channel

LA−H+ LA+H+

LA−H+ LA+H+

LA−H+

   Table 1.4    Chemical requirements of a local anesthetic          local anesthet-
ics must combine lipophilic and hydrophilic properties in a favorable 
ratio with each other   hydrophilia, soluble in cytosol; lipophilia, over-
coming the cell membrane  
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    Equipotent Concentrations 

 Medium-duration local anesthetics have more or less the 
same clinical potency (except perhaps for lidocaine—due to 
stronger vasodilation, this local anesthetic is resorbed more 
readily from the site of action, and this can affect the dura-
tion and intensity of the block). 

 Equipotent concentrations of long-acting local anesthet-
ics cannot be demonstrated in the same way, since the three 
local anesthetics mentioned have completely different block 
profi les: etidocaine (highest lipophilic capacity) produces a 
mainly motor block, ropivacaine has a mainly sensory effect, 
and bupivacaine has both motor and sensory effects. 
Anesthetic concentrations of bupivacaine and ropivacaine 
are equipotent (one to one).  

    Block Profi le (Table  1.5 ) 

    The block profi le shows the relation between sensory and 
motor block. Physicochemical properties determine the 
block profi le. At high anesthetic concentrations—so far as 
these are toxicologically permissible—the excess quantity of 
the agent can also block fi bers not primarily affected (motor 
or sensory fi bers). On the other hand, the block profi le is not 
altered by low concentrations. A reduced motor block is 
obtained at the cost of reduced analgesic quality, and this is 
why opioid supplementation is usually necessary with dilute 
concentrations of local anesthetic.  

    Incompatibility 

 Local anesthetics can precipitate after dilution with alkaline 
solutions and should therefore not be diluted with or injected 
simultaneously with sodium bicarbonate.  

    Side Effects and Systemic Effects 
(Tables  1.6  and  1.7 ) 

     When assessing the safety and tolerability of a local anes-
thetic, not only its central nervous system and cardiovascular 
effects need to be taken into account, but also its allergenic 
potential and toxic degradation products that may form as it 
is metabolized. 

Ropivacaine Levobupivacaine
Bupivacaine

Motor

Sensory

Etidocaine

        Table 1.5    Relative block profi le of long-acting local anesthetics       

          Table 1.6    Toxicity of clinical dosages of local anesthetics   

 Local anesthetic  Central nervous system  Heart 

 Lidocaine  ++  + 
 Mepivacaine  ++  + 
 Prilocaine  +  +/− 
 Bupivacaine  +++  ++++++ a  
 Levobupivacaine  ++  ++++ 
 Ropivacaine  ++(+)  +++ 

   a Clinical dose can be equivalent to a lethal dose when incorrectly 
administered  

      Table 1.7    Symptoms of intoxication due to local anesthetics   

 Central nervous system  Cardiovascular system 

 Stimulation phase, mild intoxication 
 Tingling of lips, tongue paresthesias, 
perioral numbness, ringing in the ears, 
metallic taste, anxiety, restlessness, 
trembling, muscle twitching, vomiting 

 Cardiac palpitation, 
hypertonia, tachycardia, 
tachypnea, dry mouth 

 Stimulation phase, moderately severe intoxication 
 Excitation phase, moderate toxicity 
 Speech disturbance, dazed state, 
sleepiness, confusion, tremor, choreoid 
movements, tonic-clonic cramp, 
mydriasis, vomiting, polypnea 

 Tachycardia, 
arrhythmia, cyanosis 
and pallor, nausea and 
vomiting 

 Paralytic phase, severe toxicity 
 Stupor, coma, irregular breathing, 
respiratory arrest, fl accidity, vomiting 
with aspiration, sphincter paralysis, death 

 Severe cyanosis, 
bradycardia, drop in 
blood pressure, primary 
heart failure, ventricular 
fi brillation, 
hyposystole, asystole 
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    Systemic Effects 

 Adverse systemic effects of local anesthetics can occur when 
their plasma concentration is high enough to affect organs 
with membranes that can be irritated. 

 Toxic plasma levels can be reached as a result of:

•    Inadvertent intravascular or intrathecal/epidural injection  
•   Overdosing, particularly in areas with good perfusion and 

correspondingly high resorption  
•   Failure to adjust the dosages (mg/kg body weight), par-

ticularly in patients with hepatic or renal disease    

 The severity of intoxication depends on the absolute 
plasma level, as well as on the strength of the local anes-
thetic’s effect. While anesthetic dosages of short-acting local 
anesthetics (prilocaine, mepivacaine, lidocaine) can trigger 
clear CNS symptoms in a range extending to generalized 
cramp, cardiotoxic reactions are also possible with long- 
acting local anesthetics. In particular, cases of cardiac arrest 
have been reported with bupivacaine with comparatively 
small intravascular injections (50 mg; not treatable in half of 
the cases). 

 Cardiac symptoms and cardiac arrest can also occur 
with ropivacaine after inadvertent intravascular injections. 
However, these can be treated effectively and only occur 
at higher dosages. The following sequence of increasing 
systemic toxicity applies to the most frequently used local 
anesthetics: procaine < prilocaine < mepivacaine < lido-
caine < ropivacaine < levobupivacaine < bupivacaine. 

 CNS toxicity: Central reactions predominate in terms of 
frequency and clinical signifi cance. The symptoms of these 
are listed in Table  1.7  in order of severity and toxicity. For 
speedy and appropriate treatment, it is important to observe 
and react immediately when even the preconvulsive signs of 
CNS intoxication are seen—particularly numbness of the 
tongue and perioral region. 

 Cardiovascular toxicity: Toxic effects on the cardiovascu-
lar system usually occur after the administration of very high 
doses. They are seen in the form of conduction disturbances 
in the autonomic cardiac and vascular nerve fi bers, depres-
sion of cardiac function, and peripheral vasodilation 
(Tables  1.6  and  1.7 ). 

    Local Anesthetic Systemic Toxicity (LAST) [ 3 – 7 ] 
   Diagnosing (Table  1.7  )  
 Classic descriptions of LAST depict a progression of subjec-
tive symptoms of  CNS excitement  (agitation, auditory 
changes, metallic taste, or abrupt onset of psychiatric symp-
toms) followed by seizures or  CNS depression  (drowsiness, 
coma, or respiratory arrest). Near the end of this continuum, 
initial signs of  cardiac toxicity  (hypertension, tachycardia, or 
ventricular arrhythmias) are supplanted by cardiac depres-
sion (bradycardia, conduction block, asystole, decreased 

contractility) [ 3 ]. However, there is substantial variation of 
this classic description, including the following:

•    Simultaneous presentation of CNS and cardiac toxicity  
•   Cardiac toxicity without prodromal signs and symptoms 

of CNS toxicity    

 Thus, the practitioner must be vigilant for atypical or 
unexpected presentation of LAST. The timing of LAST pre-
sentation is variable: Immediate (<60 s) presentation sug-
gests intravascular injection of LA with direct access to the 
brain, while presentation that is delayed 1–5 min suggests 
intermittent or partial intravascular injection, delayed circu-
lation time, or delayed tissue absorption. Because LAST can 
present >15 min after injection, patients who receive poten-
tially toxic doses of LA should be closely monitored for at 
least 30 min after injection. 

     Prevention [ 6 ] 
 Prevention is the most important measure in reducing the fre-
quency and severity of LAST. No single intervention has 
been identifi ed that can reliably eliminate risk. Central to 
prevention is limiting the opportunity for intravascular injec-
tion or tissue uptake to local anesthetic, which is best accom-
plished by early detection of intravascular needle or catheter 
placement. 

 Local anesthetic dose reduction may be particularly 
important for those patients thought to be at greater risk of 
LAST.  

   Risk Reduction   

 Caution 

 The onset of LAST is usually very rapid, following a 
single LA injection by 50 s or less in half of the cases 
and occurring before 5 min in ¾ of the cases [ 3 ]. The 
most important fi rst step in improving patient outcome 
is to have a low threshold for considering the diagnosis 
(atypical presentation was reported in approximately 
40 % of published cases of LAST) [ 6 ]. 

Local anesthetic blood levels are infl uenced by the site 
of injection, and those factors that can increase the 
likelihood of LAST include:
    1.    Those patients at extremes of age (<4 months or 

>70 years).   
   2.    Heart failure, history of ischemic heart disease, and 

cardiac conduction abnormalities.   
   3.    Metabolic (e.g., mitochondrial) disease.   
   4.    Liver disease.   
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      Intravascular Marker 
 When injecting potentially toxic doses of local anesthetic, 
use of an intravascular marker is recommended [ 5 ]. Although 
imperfect, intravascular test dosing remains the most reliable 
marker of intravascular injection. Of the various options 
described, only fentanyl and epinephrine meet suggested 
standards for reliability and applicability [ 4 ,  6 ]. 

 Intravascular injection of epinephrine 10–15 μg/mL in 
adults produces a ≥10-beat HR increase or a ≥15-mmHg 
SBP increase in the absence of ß-blockade, active labor, 
advanced age, or general/neuraxial anesthesia. Intravascular 
injection of epinephrine 0.5 μg/kg in children produces a 
≥15-mmHg increase in SBP [ 8 ]. Nevertheless, epinephrine 
test doses are unreliable in the elderly or in patients who are 
sedated, taking ß-blockers, or anesthetized with general or 
neuraxial anesthesia. Fentanyl 100 μg produces sedation if 
injected intravenously in laboring patients [ 5 ].  

   Ultrasound 
 Ultrasound guidance may reduce the frequency of intravas-
cular injection, but actual reduction of LAST remains 
unproven in humans.  

   Recommendations for Treatment of LAST (Table  1.8 ) 
[ 3 ,  6 ,  7 ] 

   Table 1.8    Recommendation for treatment of LAST   

 (a) 
 1. Be prepared. Establish a plan and checklist for managing 
 2.  If signs and symptoms of LAST occur, prompt and effective 

airway management (ventilate with 100 % oxygen) is crucial to 
preventing hypoxia and acidosis 

 ▼ 
 3.  Immediate treatment of convulsions within 15–30 s of their onset 

especially correcting hypoxia and acidosis is not associated with 
cardiac catastrophe [ 7 ] 

 4. Get help 
 (b) 
 If seizures occur 
 1. Benzodiazepines are preferred 
 2. If benzodiazepines are not readily available, 
 ▼ 
 Small doses of propofol (0.5–1.5 mg/kg) or thiopental (1–2 mg/kg) 
are acceptable 
 Although propofol can stop seizures, large doses further depress 
cardiac function 
 (c) 
 ▼ 
 If seizures persist despite 
 Benzodiazepines/small doses of succinylcholine (0.5–1 mg/kg) 
 (d) 
 ▼ 
 If cardiac arrest occurs 
   Standard and advanced cardiac life support 
 Small initial doses of epinephrine (10- to 100-μg boluses in adult) 
are preferred. There is laboratory evidence that epinephrine can 
impair resuscitation from LAST and reduce the effi cacy of lipid 
rescue. Therefore, it is recommended to avoid high doses of 
epinephrine and use smaller doses, for example, 1 μg/kg, for 
treating hypotension [ 6 ] 

   5.    Low plasma protein concentration.   
   6.    Metabolic or respiratory acidosis.   
   7.    Medications that inhibit sodium channels. 

 Neither body weight nor body mass index corre-
lates with local anesthetic plasma levels after a spe-
cifi c dose in adults; the correlation is more accurate 
in children.    

 Caution 

     1.    Use incremental injection of local anesthetics 
before and during the injection (after each 
4–5 mL—aspiration should be carried out repeat-
edly, pausing 15–30 s between each injection) 
observing for signs and querying frequently for 
symptoms of toxicity between each injection recog-
nizing that there is ~ 2 % false-negative rate for this 
diagnostic intervention [ 5 ].   

   2.    Maintain verbal contact with the patient.   
   3.    Monitor the patient during and after completing the 

injection, as clinical toxicity can be delayed up to 
30 min (or longer after tumescent procedures).     

 Caution 

     1.    Avoid vasopressin.   
   2.    Treatment with local anesthetics (lidocaine or pro-

cainamide) is not recommended.   
   3.    Avoid calcium channel blockers and beta- adrenergic 

receptor blockers. 
 If ventricular arrhythmias develop, amiodarone 

is preferred.   
   4.    Alert the nearest facility having cardiopulmonary 

bypass capability.     
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         Lipid Emulsion Therapy (Table  1.9 ) [ 7 ] 
 Timing of lipid infusion in LAST is controversial. The most 
reasonable approach is to implement lipid therapy on the 
basis of clinical severity and rate of progression of LAST.  

   Dosing [ 7 ] (Table  1.9 ) 

            Substance-Specifi c Side Effects [ 1 ] 

 One specifi c side effect of prilocaine is the increased methe-
moglobin level caused by the metabolite o-toluidine. 
Clinically, cyanosis, headache, cardiac palpitation, and ver-
tigo can be expected at methemoglobin levels of 10–20 % 
and loss of consciousness, shock, and death when the level is 
60 % or more. This does not call into question the benefi cial 
toxicological properties of prilocaine, since clinically rele-
vant methemoglobinemia can only occur at dosages of more 
than 600 mg, which is much more than clinically used doses 
of mepivacaine or lidocaine. A clinically harmful methemo-
globin level can be treated within a few minutes by the intra-
venous administration of 2–4 mg/kg toluidine blue (or, 
alternatively, 1–2 mg/kg methylene blue). Because of this 
specifi c side effect, prilocaine is not indicated in patients 

with congenital or acquired methemoglobinemia, in patients 
who are anemic or have a history of heart disease, in obstet-
rics (e.g., for pudendal nerve or paracervical block), or in 
children under the age of 6 months.  

    Allergenic Potential 

 There are no reliable data regarding the frequency of allergic 
reactions after the administration of local anesthetics. There is 
no doubt that these are extremely rare, although the symp-
toms can range from allergic dermatitis to anaphylactic shock. 
Occasional cases of allergic reactions to ester local anesthet-
ics have been reported, and the preservative substances which 
the various preparations contain (e.g., parabens) and the anti-
oxidant sodium bisulfi de in epinephrine-containing solutions 
are also under discussion as potential causes. In patients with 
suspected intolerance of local anesthetics, intracutaneous 
testing with 20 pL of the agent can be conducted.  

 When the result is positive, subcutaneous provocation tests 
at increasing dosages (0.1 mL diluted to 1:10,000, 1:1,000, 
and 1:10; undiluted at 0.1, 0.5, and 1 mL) can be considered. 
When these tests are being carried out, it is vital to prepare all 
the necessary safety measures in case of a severe reaction.  

 Caution 

     1.    Propofol is not a substitute for lipid emulsion.   
   2.    Failure to respond to lipid emulsion and vasopres-

sor therapy should prompt institution of cardiopul-
monary bypass.   

   3.    Prolonged monitoring (≥12 h) is recommended 
after any signs of cardiac toxicity because cardio-
vascular depression due to LAST can persist or 
recur after treatment.     

Recommended maximum doses without epinephrine, 
according to specialist information:
 Lidocaine  Mepivacaine  Prilocaine 
 200 mg  300 mg  400 mg 

    Table 1.9    Lipid emulsion therapy   

 1. 5 mL/kg (lean body mass) 20 % lipid emulsion bolus 
intravenously over 1 min (ca. 100 mL) 
 ▼ 
 Continuous infusion of 0. 25 mL/kg/min (ca. 18 mL/min; adjust by 
roller clamp), continued for at least 10 min after circulatory stability 
is attained 
 ▼ 
 If circulatory stability is not attained, consider giving another bolus 
and increasing infusion to 0.5 mL/kg/min 
 Approximately 10 mL/kg lipid emulsion over 30 min is 
recommended as the upper limit for initial dosing 

   Table 1.10    Functional distinctions between nerve fi bers   

 Fiber type  Function 

  A a  Motor, touch, pressure, depth sensation 
  A |3  Motor, touch, pressure, depth sensation 
  Ay   Regulation of muscle tone 
  A s  Pain, temperature, touch 
 B  Preganglionic sympathetic function 
 C  Pain, temperature, touch, postganglionic sympathetic 

function 

       Table 1.11    Overview of drugs   

 Drug  Potency 
 Duration of 
effect (h)  Toxicity  Half-life  Vdiss 

 Lidocaine  1  2  1  96′  91 
 Mepivacaine  1  2–3  1.2  114′  84 
 Prilocaine  1  2–3  0.5  93′  261 
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    Selection of Suitable Substances 
for Regional Block 

 When surgical interventions are being carried out under 
regional anesthesia, priority must go to shutting off both sen-
sory and motor systems, and knowledge of the expected 
length of the operation is vital to the choice of anesthetic. 
The onset of effect and the toxicity of the drug used play 
important parts, but not decisive ones. In the context of pain 
therapy, in which the fast-conducting A delta fi bers and the 
slow-conducting C fi bers (Table  1.10 ) are the target of the 
block, toxicity is much more important than the duration of 
the effect.

   In diagnostic and therapeutic blocks, in which there is a 
risk of intravascular injection—e.g., in a stellate ganglion 
block or superior cervical ganglion block—prilocaine should 
be selected, as it is the medium-duration local anesthetic 
with the lowest toxicity (mepivacaine and lidocaine are alter-
natives) (Table  1.11 ).

   Bupivacaine has an important role in regional blocks, 
being a longer-duration local anesthetic that provides high- 
quality analgesia and an easily controlled motor block. Its 
anesthetic potency is about four times that of local anesthet-
ics with medium-duration effects (such as prilocaine). When 
the lower dosage required in pain therapy than in regional 
anesthesia is taken into account, bupivacaine can be used for 
practically all pain therapy procedures in spite of its rela-
tively high toxicity. 

 Ropivacaine is the most recently introduced long- duration 
local anesthetic in the amino-amide series. The differential 
block is even more marked than with bupivacaine, and the 
drug is associated with much lower CNS toxicity and car-
diac toxicity. These characteristics make it particularly suit-
able for regional anesthesia procedures in which higher 
dosages or concentrations are required. Ropivacaine pro-
vides good- quality analgesia while largely maintaining 
motor activity (up to 80 % of patients have no measurable 
motor block on the Bromage scale). At a dosage of 2 mg/
mL, the drug is therefore the local anesthetic of choice for 
epidural obstetric analgesia and for postoperative analgesia 
(Table  1.5 ). With its pharmacological profi le, ropivacaine is 
the fi rst local anesthetic with primarily analgesic effects, and 
it is therefore particularly suitable for pain therapy 
indications. 

 Every anesthetist and pain therapy physician who uses 
anesthetic methods for temporary interruption of stimulus 
conduction in a ganglion, nerve, or neural plexus should be 
familiar with the properties and potential applications of the 
following agents:  

    Short-Acting Local Anesthetics 

    Procaine (Novocain®) (Tables  1.1 ,  1.3a , and  1.3b  )  

 In 1905, Einhorn in Germany succeeded in synthesizing a 
new local anesthetic, which he called “procaine.” Heinrich 
Braun introduced procaine into clinical practice on the same 
year, as a 4.5 and 5 % solution.

   Class of drug: Local anesthetic of the ester type.  
  Single threshold dose: 500 mg without epinephrine in adults.  
  LD 50  (mouse): 52.2–60.0 mg/kg body weight i.v.  
  Plasma half-life: <0.14 h.  
  Latency: Medium.  
  Duration of effect: 0.5–1 h, depending on the area of applica-

tion and the concentration used.  
  Metabolism: Procaine is broken down in plasma by pseudo-

cholinesterase into p-aminobenzoic acid—a naturally 
occurring component of folic acid synthesis—and into 
diethylaminoethanol. The metabolites are excreted in the 
urine or broken down in the liver.  

  Tolerability and control: Procaine is one of the local anes-
thetics that have the lowest toxicity. Due to its short half- 
life, procaine is easily controlled. 

    

      Clinical uses: It is not so much its local anesthetic potency 
that predominates in procaine, but rather its muscle- 
relaxing properties and vasodilatory effect—which are of 
primary importance in infi ltration therapy and trigger 
point treatment. 

 In the therapeutic fi eld, very good results can be obtained 
with superior cervical ganglion block. However, pro-
caine’s high allergenic potency in comparison with amide 
local anesthetics argues against its use.  

  Dosage: Procaine is administered at concentrations of 
0.5–2 %. Precise dosages are described in the relevant 
sections of this book.     
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    2-Chloroprocaine (Table  1.1 ) 

 2-Chloroprocaine, an ester local anesthetic, is a chlorinated 
derivative of procaine and is the most rapidly metabolized 
local anesthetic currently used. Although the potency of 
chloroprocaine is relatively low, it can be used for epidural 
anesthesia in large volumes in a 3 % solution because of its 
low systemic toxicity. The duration of action is between 30 
and 60 min. This agent enjoyed its greatest popularity for 
epidural analgesia and anesthesia in obstetrics because of the 
rapid onset and low systemic toxicity in both mother and 
fetus. However, frequent injections are needed to provide 
adequate pain relief in labor, and it is more usual to establish 
analgesia with chloroprocaine and then change to a longer- 
acting agent such as ropivacaine or bupivacaine. 

 The use of chloroprocaine declined because of reports of 
prolonged neurological defi cit following accidental sub-
arachnoid injection. This toxicity was ascribed to the sodium 
metabisulfi te used in the past as preservative. However, there 
are no reports of neurotoxicity with newer preparations of 
chloroprocaine which contain disodium ethylenediaminetet-
raacetic acid (EDTA) as the preservative. Nevertheless, these 
preparations are not recommended for intrathecal adminis-
tration. However, since then, a number of reports of back 
pain have appeared. The incidence of back pain appears to be 
related to the large volume (greater than 40 ml) of drug 
injected. Chloroprocaine has also proved of value for periph-
eral nerve blocks and epidural anesthesia when the duration 
of surgery is not expected to exceed 30–60 min.  

    Tetracaine (Table  1.1 ) 

 Tetracaine is a long-acting amino ester. It is signifi cantly 
more potent and has a longer duration of action than pro-
caine or 2-chloroprocaine. Tetracaine remains a very popu-
lar drug for spinal anesthesia in the United States. This 
drug possesses excellent topical anesthetic properties, and 
solutions of this agent were commonly used for endotra-
cheal surface anesthesia. Because of its slow onset and 
high toxicity, tetracaine is rarely used in peripheral nerve 
blocks.   

    Medium-Term Local Anesthetics 

    Lidocaine (Xylocaine®, Lignocaine) (Tables  1.2 , 
 1.3a ,  1.3b ,  1.6 , and  1.11 ) 

 Löfgren and Lundqvist in Sweden isolated a new substance 
in 1943 that was given the working name of “LL 30.” It was 
later renamed “lidocaine.” Following extensive pharmaco-

logical studies by Goldberg, the fi rst clinical tests in dentistry 
using lidocaine were carried out in 1947. Torsten Gordh, the 
father of Swedish anesthesia, carried out the fi rst investiga-
tions of lidocaine in humans.

   Class of drug: Lidocaine is a medium-duration local anes-
thetic of the amide type.  

  Single threshold dose: 200 mg without epinephrine in 
adults/70 kg body weight. After injection of a maximum 
dose, subsequent injections should not be given for 
90 min. The second dose must not exceed a maximum of 
half of the fi rst dose.  

  LD 50  (mouse): 31.2–62.2 mg/kg body weight i.v.  
  Plasma half-life: ca. 1.6 h.  
  Latency: Fast.  
  Duration of effect: 1–2 h, depending on the area of applica-

tion and the concentration used.  
  Metabolism: Lidocaine is metabolized in hepatic micro-

somes. Only about 3 % of the drug is excreted unchanged 
via the kidney.  

  Tolerability and control: Lidocaine is one of the local anes-
thetics with moderate relative toxicity. It is characterized 
by a medium-term duration of effect and good distribu-
tion characteristics.    

 Lidocaine causes vasodilation, which may be less than 
that of procaine. When the medium-duration local anesthet-
ics are compared, the strengths of the associated vasodilatory 
effects show the following sequence: lidocaine > mepiva-
caine > prilocaine. Lidocaine is therefore often used with 
epinephrine.

   Clinical uses: Lidocaine is widely used in clinical practice, 
particularly in neural and segmental therapy. It is also 
suitable for infi ltration anesthesia, for peripheral nerve 
block, for epidural anesthesia, and for mucosal surface 
anesthesia (2 % gel, Emla®).  

  Dosage: Lidocaine is mainly administered as a 0.5–1 % (1.5) 
% solution. Specifi c doses are given in the relevant chap-
ters of this book.     

    Emla® Cream 

 Emla® (a mixture of 2.5 % lidocaine and 2.5 % prilocaine) is a 
topical local anesthetic that penetrates intact skin and reaches 
an anesthetic depth of up to 5 mm. The onset of effect is approx-
imately 1 h. When the effect takes place, the vessels in the skin 
show vasoconstriction initially, followed by vasodilation when 
higher concentrations are reached. This form of administration 
of this local anesthetic mixture has proved particularly useful in 
pediatric anesthesia before intravenous access placement and 
for minor surgical procedures on the skin surface.  
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    Lidocaine Plaster 

 Lidocaine, administered in various forms (i.v., i.m., or trans-
dermally), relieves pain associated with postherpetic neural-
gia (PHN) [ 8 – 13 ]. The analgesia is based on the blockade of 
neuronal sodium channels. However, intravenous adminis-
tration of lidocaine can lead to plasma concentrations associ-
ated with antiarrhythmic effects. Topical application of 
lidocaine in the form of a gel or plaster avoids high plasma 
concentrations. This type of lidocaine plaster was developed 
in the United States, where it has been licensed since 1999 
for pain treatment in postherpetic neuralgia (Lidoderm®, 
Endo Pharmaceuticals Ltd., Chadds Ford, PA). The plaster 
consists of a soft, stretchable polyester base connected to an 
adhesive layer that contains 5 % lidocaine. The plaster is 
10 × 14 cm in size. 

 The systemic absorption of lidocaine has been shown in 
preclinical and clinical studies to be minimal (3 %) in both 
volunteers and patients with PHN. Treatment with lidocaine 
plaster has been investigated in comparison with a placebo in 
three randomized, double-blind clinical studies including a 
total of 217 patients with PHN [ 8 ,  12 – 14 ]. A signifi cant 
reduction in pain intensity and allodynia was observed. 
Lidocaine plaster therefore represents a treatment option 
with a relatively low risk of adverse systemic events or drug 
interactions [ 15 ]. 

 In Europe, clinical testing of the plaster for use in posther-
petic neuralgia is currently taking place, and its licensing for 
this indication can be expected within the next 2 or 3 years.  

    Mepivacaine (Scandicaine®, Mebeverine®) 
(Tables  1.3a ,  1.3b ,  1.6 , and  1.11 ) 

 In 1956, Bo af Ekenstam, a Swedish scientist, developed 
mepivacaine. It was introduced into clinical practice by 
K. G. Dhunér in Sweden in 1957.

   Class of drug: Mepivacaine is a medium-duration local anes-
thetic of the amide type.  

  Single threshold dose without epinephrine in adults (70 kg 
body weight): 200 mg in the ENT fi eld and 300 mg in 
other applications.  

  LD 50  (mouse): 40.3 ± 3.2 mg/kg body weight i.v.  
  Plasma half-life: ca. 1.9 h.  
  Latency: Fast.  
  Duration of effect: 1–3 h, depending on the area of applica-

tion and the concentration used.  
  Metabolism: Mepivacaine is metabolized in the hepatic 

microsomes.    

 After intravenous administration, up to 16 % of the agent 
is excreted unchanged via the kidney. Degradation in the 
liver mainly produces m-hydroxymepivacaine and 

p-hydroxymepivacaine. These metabolites are conjugated 
with glucuronic acid and excreted in the urine. Another 
metabolite, pipecoloxylidide, collects in bile and passes 
through the enterohepatic circulation with its degradation 
products. No 2,6-xylidine is produced when mepivacaine is 
metabolized, and there is no evidence that either the agent 
or its metabolites have mutagenic or carcinogenic 
properties.

   Tolerability and control: Mepivacaine is another of the local 
anesthetics with moderate relative toxicity. It is character-
ized by a medium-term duration of effect, with good dis-
tribution properties and some vasodilatory effect.  

  Clinical uses: Mepivacaine is the local anesthetic of choice 
when a medium-duration effect is required for diagnostic 
and therapeutic blocks in pain therapy—particularly in 
outpatients. It is suitable for infi ltration anesthesia, intra-
venous regional anesthesia, peripheral nerve block and 
ganglion block, and epidural anesthesia. Mepivacaine 
cannot be recommended in obstetrics due to its long elim-
ination half-life in the neonate.  

  Dosage: Mepivacaine is mainly used as a 1 % (1.5 %) or 
0.5 % solution. Specifi c doses are given in the relevant 
chapters of this book.     

    Prilocaine (Xylonest®) (Tables  1.3a ,  1.3b ,  1.6 , 
and  1.11 ) 

    Class of drug: Prilocaine is a medium-duration local anes-
thetic of the amide type.  

  Single threshold dose: 400 mg (with or without vasopressor) 
in adults/70 kg body weight.  

  LD 50  (mouse): 62 mg/kg b.w. i.v.  
  Plasma half-life: ca. 1.5 h.  
  Latency: Fast.  
  Duration of effect: 2–3 h, depending on the area of applica-

tion and the concentration used.  
  Metabolism: Prilocaine is mainly metabolized in hepatic 

microsomes, but also in the kidney and lungs. During 
degradation, the metabolite ortho-toluidine is produced. 
At doses higher than 600 mg, the body’s reduction sys-
tems may become exhausted. At doses higher than 
800 mg, noticeable methemoglobinemia can be expected 
(see the section on substance-specifi c side effects). Fast 
elimination from the blood leads to low systemic 
toxicity.  

  Tolerability and control: Among the amide local anesthetics, 
prilocaine shows the best ratio between anesthetic potency 
and toxicity. Due to its high distribution volume and 
marked absorption in the lungs, plasma levels are signifi -
cantly lower than those of mepivacaine and lidocaine (by 
a factor of 2–3). It has a medium-term duration of effect.  
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  Clinical uses: Due to its comparatively low toxicity, prilo-
caine is particularly suitable for regional anesthesia tech-
niques that require a single injection of a large volume or 
a high anesthetic dosage. The increasing use of prilocaine 
(2 % isobaric solution) for spinal anesthesia is relatively 
new. Comparative studies in recent years have shown 
good tolerability, while transient neurological symptoms 
(TNS; see Chap.   41    ) were observed more often with lido-
caine and mepivacaine. Prilocaine—like other medium-
duration agents—is not suitable for continuous blocks. 
Due to the possibility of raised methemoglobin levels, 
prilocaine should not be used in anemic patients, in chil-
dren under the age of 6 months, or in obstetrics.  

  Dosage: Depending on the area of application, a 0.5–2 % 
solution is used. Specifi c doses are given in the relevant 
chapters of this book.      

    Long-Acting Local Anesthetics 

    Ropivacaine (Naropin®) (Tables  1.3a ,  1.3b ,  1.5 , 
and  1.11 ) 

    Class of drug: Local anesthetic of the amide type, pure 
S-enantiomer.  

  Single threshold dose:  
  Anesthesia:  
  Epidural: 0.5–1 %, 200 mg.  
  Plexus blocks: 0.75 %, 300 mg.  
  Conduction and infi ltration anesthesia: 0.5–0.75 %, 225 mg.  
  Injection at myofascial trigger points: 0.2 % (1–2 mL per 

trigger point).  
  Continuous procedures: 0.2 %, up to 14 mL/h. Increased doses 

may be required during the early postoperative period—up 
to 0.375 %, 10 mL/h (maximum 37.5 mg/h). When it is 
administered over several days, the resulting concentra-
tions are well below potentially toxic plasma levels.  

  A dosage of 300 mg should be regarded as a guideline value, 
as this dosage has been confi rmed as tolerable by various 
pharmacological studies.  

  LD 50  (mouse): ca. 11.0–12.0 mg/kg b.w. i.v.  
  Plasma half-life: ca. 1.8 h.  
  Duration of effect: Epidural anesthesia ca. 7 h (analgesia); 

ca. 4 h (motor block), 10 mg/mL.  
  Plexus anesthesia (brachial plexus, lumbosacral plexus): 

9–17 h, 7.5 mg/mL.  
  Infi ltration anesthesia: Postoperative analgesia after inguinal 

herniorrhaphy >7 h (5–23 h), 7.5 mg/mL. Peripheral 
nerve blocks in pain therapy: 2–6 h (0.2–0.375 mg/mL).  

  Latency: Medium (decreasing latency at increasing 
concentrations).  

  Metabolism: Ropivacaine is metabolized in the liver, mainly 
through aromatic hydroxylation. Only about 1 % of the 

drug is excreted unchanged in the urine. The main metab-
olite is 3-hydroxyropivacaine.  

  Tolerability: Ropivacaine provides relatively low toxicity for 
a long-term local anesthetic. Compared with bupivacaine, 
it has a lower arrhythmogenic potential, and the margin 
between convulsive and lethal doses is wider. Ropivacaine 
has more favorable receptor kinetics (“fast in, medium 
out”) in cardiac sodium channels and in comparison with 
bupivacaine has only slight depressant effects on the 
energy metabolism of the mitochondria in cardiac muscle 
cells.  

  Clinical uses: The fi rst clinical tests were carried out in 1988. 
Ropivacaine (Naropin®) has been in use since 1996. It is 
the fi rst local anesthetic with a primary analgesic effect 
and is therefore of particular interest in pain therapy 
(postoperative and obstetric, as well as therapeutic 
blocks).    

 Ropivacaine is the most comprehensively documented 
and the most widely approved local anesthetic today. It is the 
most frequently used long-acting local anesthetic throughout 
the world. It should be noted that it has been approved, with 
clinical relevance, for use in continuous therapy for acute 
pain (epidural and peripheral continuous nerve blocks). 
Approval for administration in children, including continu-
ous epidural administration, was extended to neonates in 
2007. It is the fi rst local anesthetic with primarily analgesic 
effects and is therefore of particular interest for pain therapy 
(postoperative and obstetric and therapeutic blocks). In com-
parison with bupivacaine, it has fewer toxic side effects 
(CNS and, in particular, cardiac toxicity). High doses are 
needed before toxic effects develop. CNS symptoms appear 
well before cardiac symptoms, which in the clinical situation 
provides time for the local anesthetic injection to be stopped 
and for early treatment steps to be taken. In an animal model, 
the chances of successful resuscitation were also found to be 
better than with bupivacaine (90 % vs. 50 %) [ 16 ]. In addi-
tion, ropivacaine shows marked differential blocking in epi-
dural analgesia and peripheral blocks. With a good quality of 
analgesia, up to 80 % of patients have no measurable motor 
block on the Bromage scale. Epidural combinations (e.g., 
with sufentanil, dosage range 0.5–1 pg/mL) are possible. In 
view of the increased use of peripheral blocks and infi ltra-
tions at painful trigger points, evidence of higher muscular 
tissue tolerance in comparison with bupivacaine is also of 
interest [ 17 ]. The relatively low toxicity of ropivacaine 
means that high concentrations can be given (e.g., 10 mg/mL 
solution for epidural anesthesia)—providing more intense 
motor block, a higher success rate, and better-quality analge-
sia than 0.5 % bupivacaine, for example (Table  1.5  and  1.6 ).

   Dosage: Ropivacaine is administered at concentrations of 
2 mg/mL (0.2 %), 7.5 mg/mL (0.75 %), and 10 mg/mL 
(1 %). Use for continuous epidural infusion has been 

http://dx.doi.org/10.1007/978-3-319-05131-4_41
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approved (Naropin® 2 mg/mL polybag, 100 and 200 mL 
infusion solution). Cumulative daily doses of up to 
675 mg (see specialist information) are well tolerated in 
adults. Precise information on doses is given in the fol-
lowing chapters.     

    Levobupivacaine (Chirocaine®) (Tables  1.3a , 
 1.3b ,  1.5 , and  1.6 ) 

    Class of drug: Local anesthetic of the amide type. A pure 
S-enantiomer of bupivacaine.  

  Single threshold dose without epinephrine in adults: 150 mg.  
  LD 50  (mouse): 10.6 mg/kg b.w.  
  Plasma half-life: 80 ± 22 min. Plasma protein binding of 

levobupivacaine in humans has been assessed in vitro and 
was more than 97 % at concentrations of 0.1–1.0 pg/mL.  

  Latency: Medium (between ropivacaine and bupivacaine).  
  Duration of effect: 8–24 h, depending on the area of applica-

tion and the concentration used.  
  Metabolism: Levobupivacaine is extensively metabolized, 

and unaltered levobupivacaine is not found in the urine or 
feces. 3-Hydroxylevobupivacaine, one of the principal 
metabolites of levobupivacaine, is excreted via the urine 
as a glucuronic acid and sulfate ester conjugate. In vitro 
studies have shown that levobupivacaine is metabolized 
via CYP3A4 isoforms and CYP1A2 isoforms into desbu-
tyl levobupivacaine or 3-hydroxylevobupivacaine. The 
studies showed that the degradation of levobupivacaine 
and bupivacaine is similar. After intravenous administra-
tion of levobupivacaine, the recovery rate within 48 h 
averaged ca. 95 %, quantitatively measurable in urine 
(71 %) and feces (24 %). There is evidence of in vivo 
racemate formation with levobupivacaine.  

  Tolerability and control: Experimental animal studies have 
demonstrated a lower risk of CNS and cardiovascular tox-
icity with levobupivacaine than with bupivacaine. In vol-
unteers, fewer negative inotropic effects were observed 
after intravenous administration of more than 75 mg 
levobupivacaine in comparison with bupivacaine. QT 
interval changes only occurred in a very few cases.  

  Clinical uses: There is little experience as yet with levobupi-
vacaine in clinical practice. The numbers of published 
controlled clinical studies are also comparatively small. 
Available in vitro, in vivo, and controlled patient studies 
comparing levobupivacaine and bupivacaine have shown 
similar potency for neural blocks. After epidural adminis-
tration of levobupivacaine, the same quality of sensory 
and motor block as with bupivacaine was seen. However, 
a signifi cant differential block, as provided by ropiva-
caine, cannot be expected, as the drug has the same degree 
of lipophilia as bupivacaine. Levobupivacaine has not 
been approved for use in Germany.  

  Dosage: 0.125–0.75 %. Precise information on doses is given 
in the following chapters.     

    Bupivacaine (Carbostesin®, Marcaine®) 
(Tables  1.3a ,  1.3b ,  1.5 , and  1.6 ) 

 The fi rst clinical studies of a long-acting local anesthetic, 
bupivacaine, were carried out in 1965/1966.

   Class of drug: Local anesthetic of the amide type.  
  Single threshold dose: 150 mg without epinephrine in adults.  
  LD 50  (mouse): 7.8 ± 0.4 mg/kg b.w. i.v.  
  Plasma half-life: ca. 2.7 h.  
  Latency: Medium.  
  Duration of effect: 2.5–20 h, depending on the area of appli-

cation and the concentration used. A mean duration of 
effect of 3–6 h can be assumed.  

  Metabolism: Bupivacaine is broken down in hepatic micro-
somes at a high rate. The predominant metabolization 
involves dealkylation to pipecoloxylidide (desbutyl bupi-
vacaine). There is no evidence that either the agent or its 
metabolites have mutagenic or carcinogenic properties.  

  Tolerability and control: Bupivacaine is one of the local 
anesthetics that has a high relative toxicity. Its anesthetic 
potency is about four times greater than that of mepiva-
caine. It is characterized by a slower onset of effect and by 
a long duration of effect.  

  Clinical uses: Bupivacaine is indicated as a long-duration 
local anesthetic, particularly for regional anesthesia in the 
surgical fi eld, in postoperative analgesia, and in therapy 
for various pain conditions. 

 It is suitable for infi ltration anesthesia, peripheral nerve 
block, ganglion block and plexus block, as well as all 
forms of neuraxial anesthesia. 

 The marked cardiac toxicity of bupivacaine has been known 
since publications dating from the late 1970s, and severe 
and fatal adverse effects are still reported. Strict observa-
tion of safety standards is therefore of fundamental 
importance for the safe use of this drug at high doses.  

  Dosage: Depending on the indication, bupivacaine is admin-
istered as a 0.125–0.5 % solution. A 0.75 % solution is 
still being marketed. Higher concentrations are not 
required in pain therapy. Specifi c doses are given in the 
following chapters.      

    Examination and Patient Preparation 

 Before regional anesthesia, the same type of examination of 
the patient should be carried out as for general anes-
thesia. Contraindications must be excluded, as well as neuro-
logical abnormalities, and when there are relative 
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contraindications—e.g., hemorrhagic diathesis, stable sys-
temic neurological disease, or local nerve damage—a careful 
assessment of the risk–benefi t ratio needs to be made. 

 Particular attention needs to be given to anatomical rela-
tionships, palpation of the landmarks, and precise localiza-
tion and marking of the needle insertion point. 

 To ensure cooperation, the patient should be given detailed 
information about the aim of the block, its technical perfor-
mance, and possible or probable paresthesias and their sig-
nifi cance. The patient should also be informed about potential 
adverse effects and complications of the block, and outpa-
tients in particular should be familiarized with guidelines on 
behavior after anesthesia. The patient information session 
should be documented using a consent form signed by the 
patient. 

 In general, premedication and the administration of seda-
tives or analgesics should be avoided, particularly in outpa-
tient pain therapy. Constant verbal contact should be 
maintained with the patient during the block, so that poten-
tial side effects or complications can be recognized immedi-
ately. In addition, any sedation that is not adjusted individually 
can lead to respiratory and circulatory complications, which 
may be mistaken for the early symptoms of local anesthetic 
toxicity.  

    Documentation of Treatment 

 The patient history, including investigations at other centers, 
and diagnostic results should be documented just as care-
fully as the preparation, implementation, and success of the 
block. The checklists and record forms used in our own pain 
center have been adapted for each individual block technique 
and are included in the following chapters.     
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       Introduction 

 Regional anesthesia means the interruption of impulse 
 conduction in the nerves using specifi c, reversibly acting 
drugs (local anesthetics). This interruption of impulse 
 conduction can be carried out in every region of the body in 
which the nerves are accessible for external injection. 

 The indications for regional anesthesia include:

    1.    Clinical anesthesia 
 Particularly in the fi elds of traumatology, orthopedics, 

urology, and gynecology, as well as in large-scale 
 abdominal surgery with continuous procedures for 
 epidural or spinal anesthesia   

   2.    Obstetrics   
   3.    Postoperative analgesia 

 There is no postoperative analgesia procedure that is 
more appropriate than regional anesthesia. This fi eld also 
includes the classic indications for a combination of local 
anesthetics with opioids or other substances. 

 Optimal patient care can only be achieved using a mul-
timodal approach (effective pain therapy, early mobiliza-
tion, early enteral nutrition, and emotional and 
psychological care). Effective pain therapy (e.g., with 
catheter analgesia procedures) plays a central role here, as 
it can substantially reduce the perioperative stress 
response (Table  2.1 ).

       4.    Pain therapy     

 In 1979, a commission set up by the International 
Association for the Study of Pain (IASP) defi ned pain as “… 

an unpleasant sensory and emotional experience, linked to 
actual or potential tissue damage” [ 1 ]. 

 Acute pain is caused by stimulation of pain receptors. 
This stimulation is transient and sets in motion biologically 
useful protective mechanisms. Ideally, pain can be relieved 
by treating the cause. Chronic pain is regarded as a patho-
logical response on the part of the body. The relief of acute 
pain should be viewed as a “human right.” In this context, 
there are a signifi cant number of patients who will not obtain 
effective pain relief without access to potent neural blockade 
techniques. 

 It arises due to constant stimulation of nociceptive affer-
ents or can develop as neuropathic pain after injury or dam-
age to the peripheral nociceptive system [ 2 ,  3 ,  5 ,  6 ]. 

 Chronic pain can often lead to alterations in patients’ liv-
ing habits, physical abilities, and personality and requires a 
coordinated interdisciplinary approach. This in turn presup-
poses a clear diagnosis, based on a full general history and 
pain history, physical examination, and functional assess-
ment of the patient’s musculature, locomotor apparatus, 
autonomic nervous system, and neurological and angiologi-
cal situation. 

 In addition to medical treatment for pain, nerve blocks 
have a fi rmly established place in pain therapy—alongside 
physical and manual procedures, neurological and neurosur-
gical methods, physiotherapy, and the psychosocial manage-
ment of patients. In quantitative terms, regional anesthesia 
procedures play only a minor part in the management of 
chronic pain, but qualitatively they can produce very good 
results when used with the correct indications.  

Chapter 2 Regional Nerve Blocks and Infi ltration Therapy in Clinical Practice
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Effective
pain therapy

Economic benefit

Optimization of pain therapy:
(e.g., with regional anesthetic procedures)

Blocking of the stress reaction
Earlier rehabilitation:

enteral nutrition, early mobilization

Optimization of convalescence:
Reduced intensive care treatment times

(e.g., abdominal and thoracic procedures by 1.5 days)
Earlier discharge from hospital (e.g. serial rib fractures by 33 days)

Shorter rehabilitation times (e.g. knee total replacement by 12 days)

Avoiding risk of chronic conditions developing:
Untreated persistent pain

almost always leads to
the pain becoming chronic

Hospital costs:
DRG, optimized use of case discounts

due to reduced hospital stays

General economic costs:
Preventing chronic pain

from developing,
with the resulting costs

   Table 2.1    Importance of effective pain therapy as part of a multimodal approach to treatment       

Introduction
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    Nerve Blocks in Surgery 
and Pain Therapy (Table  2.2 ) 

    The application of the anesthesiological methods described 
in the subsequent chapters of this book for temporary inter-
ruption of stimulus conduction in a nerve or nerve plexus 
requires the use of strictly established indications and the 
implementation of a coordinated therapeutic approach. In 
principle, these blocks can be administered for surgery, diag-
nosis, prognosis, and therapy [ 1 ]. 

  Surgical blocks  are administered with high-dose local 
anesthetics for targeted isolation of a specifi c body region in 
order to carry out an operation. 

  Diagnostic blocks  using low-dose local anesthetics are 
appropriate for the differential diagnosis of pain syndromes. 
They allow the affected conduction pathways to be recog-
nized and provide evidence regarding the causes of the pain. 
Diagnostic blocks can also be used to clarify the question of 
whether the source of the pain is peripheral or central. 

  Prognostic blocks  allow predictions to be made regarding 
the potential effi cacy of a longer-term nerve block,  neurolysis, 
or surgical sympathectomy. They should also be used to 
 prepare the patient for the effects of a permanent block. 

  Therapeutic blocks  are used in the treatment of a wide vari-
ety of pain conditions. Typical examples of these are post-trau-
matic and postoperative pain, complex regional pain syndrome 
(CRPS) types I and II (refl ex sympathetic dystrophy and causal-
gia), joint mobilization, postherpetic neuralgia, and tumor pain.  

    Nerve Blocks and Chronic Pain [ 4 ] 

 A multimodal treatment approach to chronic pain is essential 
for successful treatment. The use of nerve blocks as part of this 
approach presupposes that the following steps have been taken: 

  Important preconditions for the application of nerve 
blocks in chronic pain include: 

  The most important tasks facing us include conducting 
more double-blind, randomized, and well-controlled studies 
on the use of nerve blocks in chronic pain conditions and 
developing a consistent standard for carrying out nerve 
blocks. The answers to the two questions need to be found: 

      Technical Requirements 

 Carrying out temporary nerve blocks and regional anesthetic 
procedures in surgery and pain therapy requires the appropri-
ate basic technical equipment and experience in the use of all 
of the instruments concerned. 

 The conditions for patient positioning, the aseptic condi-
tions required, and the syringes, needle types, and other sup-
plies needed are discussed alongside the individual block 
techniques described in this book. Complete and properly 
functioning equipment must be available both for primary 
care and in case of adverse events and complications, as well 
as treatment monitoring.  

    1.    Careful analysis of the pain   
   2.    Correct diagnosis and establishment of the indication   
   3.    Assessment of the pain chronicity stage   
   4.    Well-selected patient groups    

    1.    A good knowledge of anatomy   
   2.    Attention to and control of potential side effects and 

complications   
   3.    Choice of the correct block techniques   
   4.    Manual skill and good training on the part of the 

therapist    

    1.    Selection criteria to identify which patients are suit-
able for nerve blocks   

   2.    The number of nerve blocks to be used in the treat-
ment of chronic pain    

   Table 2.2    Important rules to observe when administering regional 
anesthesia or therapeutic nerve blocks   

  Before the block  
  Patient  
 1.  Preoperative information  
   Explain the procedure 
   Discuss potential side effects and complications 
   Advise the patient about what to do after the procedure 
   Document the discussion 
 2.  Determine the patient ’ s neurological status  
   Exclude neurological abnormalities 
 3. Exclude  contraindications  
 4.  Avoid  premedication  in outpatients (particularly in blocks in 

which there is an increased risk of intravascular injection—e.g., 
stellate ganglion or superior cervical ganglion) 

  Anatomy, complications, and side effects  
 1.  With rarely used regional blocks, the  anatomic  and  technical  

aspects should always be studied again beforehand 
 2.  Detailed knowledge of potential  complications  and  side effects  of 

a regional block and how to avoid them 
 3.  Ability to control  potential complications and side effects 
 4. Select the  correct block techniques  
 5.  Manual skill  and  good training  on the part of the anesthetist 
  Preparation  
 1. Ensure  optimal positioning  of the patient 
 2. Always secure  intravenous access  
 3.  Check that  emergency equipment  is complete and fully 

functioning 
 4.  Added vasopressors  are  contraindicated  in pain therapy 
 5. Observe  sterile precautions  
  Safety standards when injecting larger doses of local anesthetics  
 1. Carry out  aspiration tests  before and during the injection 
 2. Administer a  test dose  
 3. Inject local anesthetics in  incremental doses  (several test doses) 
 4. Maintain  verbal contact  with the patient 
 5.  Cardiovascular monitoring  
 6. Keep careful  notes  of the block 
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    Accessories for Primary Care 

    Emergency Equipment (Figs.  2.1  and  2.2 )      

  Fig. 2.1    Emergency equipment       

  Fig. 2.2    Emergency drugs       

 

 

Accessories for Primary Care



22

  When blocks are being administered, a sedative 
(Diazepam), a vasopressor, and a vagolytic (atropine) should 
be available for immediate injection. All other emergency 
medications should also be on hand: 

  Fig. 2.3    Defi brillator       

•    Infusion solutions  
•   1 bottle each of Ringer’s solution, plasma expander, 

and 8.4 % sodium bicarbonate (100 mL)  
•   Defi brillator (Fig.  2.3 )  
•   Drugs for emergency treatment    

•    5 ampoules of atropine  
•   3 ampoules of 0.1 % epinephrine (1:1,000)  
•   2 prepared syringes of epinephrine (1:10 000, 

10 mL)  
•   1 ampoule of 10 % calcium gluconate  
•   1 ampoule of dimethindene maleate (Fenistil®)  
•   Methylprednisolone (Solu-Decortin®) (50, 250, 

1,000 mg)  
•   5 ampoules of 0.9 % sodium chloride  
•   5 ampoules of diazepam (10 mg)  
•   2 ampoules of midazolam (Dormicum®) (5 mg)  
•   1 ampoule of clonazepam (Rivotril®) (1 mg)  
•   1 injection bottle of thiopental sodium  
•   2 ampoules of propofol  
•   2 ampoules of succinylcholine (suxamethonium 

chloride)  
•   20 % lipid emulsion   

•    Intubation and ventilation facilities  
•   Oxygen source (breathing apparatus)  
•   Ventilation bag with two masks (large, medium)  
•   Guedel tubes nos. 3, 4, and 5  
•   Wendel tubes nos. 26–32  
•   Endotracheal tubes nos. 28–36  
•   Tube clamp and blocker syringe (10 mL)  
•   Laryngoscope with batteries (replacement batteries 

and replacement bulbs) and spatula  
•   Magill forceps, mouth wedge, and 1 tube of 2 % 

lidocaine gel  
•   Suction device  
•   Infusion equipment  
•   Two sets of infusion instruments  
•   Five plastic indwelling catheters  
•   Syringes (2L, 5, 10 mL), plaster, and gauze bandages   
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  Fig. 2.4    Anesthetic machine       

      Anesthetic Machine 

 For neuraxial anesthesia, ganglion blocks, intravenous 
regional anesthesia, and plexus anesthesia, an anesthesia 
trolley with facilities for intubation is also required (Fig.  2.4 ).   

    Monitoring 

•     Electrocardiogram (ECG).  
•   Pulse oximeter (Fig.  2.5 ).   
•   Electrostimulator (Fig.  2.6 ). Peripheral nerve stimulation 

is a valuable aid in clinical practice and has considerable 
advantages in combination with an atraumatic catheter 
technique.     

  Fig. 2.5    ECG and pulse oximeter       

  Fig. 2.6    Electrostimulation device       
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  Fig. 2.9    Ultrasound machine         Fig. 2.8    Temperature sensor       

  Fig. 2.7    The Stimuplex Pen for transcutaneous nerve stimulation       

The treatment of side effects and severe complications—
e.g., after inadvertent intravascular, epidural, or sub-
arachnoid injection of a local anesthetic—is discussed 
here together with the individual block techniques.

 The safety functions that a modern nerve stimulator 
should have include:

•    A display showing differences between the actual and 
 target current. An alarm alerts the user that the stimula-
tion current that has been set is not fl owing at the full level 
due to high resistance in the system and can therefore no 
longer be used as a reliable indicator of the distance 
between the nerve and the tip of the needle (screenshot 1).  

•   Alarm for the threshold current value. The stimulator 
should warn the user when the current falls below the 
threshold value (e.g., 0.30 mA at 0.1 ms), to avoid the risk 
of nerve injury by the needle tip or even intraneural injec-
tion (screenshot 2).  

•   Adjustment of current when the impulse duration is 
altered.  

•   The stimulator should automatically reduce the impulse 
amplitude—e.g., when the impulse duration is increased—
in order to avoid a sudden increase in the energy released 
into the patient’s body.  

•   Electrodes that can be connected to nerve stimulators, 
such as the Stimuplex Pen (B. Braun Melsungen), are 
suitable for transcutaneous stimulation of superfi cial 
nerves such as the femoral nerve. This is particularly 
 useful during the training period for specialists, but it can 

also be used for preliminary localization immediately 
before puncture (Fig.  2.7 ).   

•   Temperature sensor, touch-free miniature infrared skin 
thermometer (Fig.  2.8 ).      

    Ultrasound (Fig.  2.9 ) 

    In recent years, the fi eld of regional anesthesia, and in 
 particular peripheral nerve blockade, has entered an 
 unprecedented renaissance. This renaissance is due primar-
ily to the widespread introduction of ultrasound-guided 
regional anesthesia. The ability to visualize the anatomy of 
interest, the needle–nerve relationship, and the spread of 
the local anesthetic has resulted in signifi cant growth of 
interest in and use of peripheral, sympathetic, and neuraxial 
blocks. 
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 Basics of Ultrasound Physics

 Introduction

Since the initial description of the use of ultrasound to assist 

brachial plexus block by Dr. LaGrange in 1978, there has 

been a vast expansion in the field of “ultrasound-guided 

regional anesthesia (UGRA)” [1]. The last decade has seen 

major strides in both technological advances and its wide 

clinical acceptance [2]. Ultrasound provides real-time image 

guidance for many regional anesthesia and pain interven-

tional procedures. Ultrasound is the most practical tool as it 

is easy to learn, portable, moderately priced, and devoid of 

radiation risks [3]. It has been shown to hasten block onset, 

to improve success rate, and to be cost-effective [4, 5]. This 

chapter provides a brief overview of some of the fundamen-

tal principles and physics underlying ultrasound technology 

that are relevant to regional anesthesiologists, as well as 

some of its limitations and pitfalls.

 Characteristics of an Ultrasound Wave

An ultrasound wave is a non-audible sound wave (with frequen-

cies above 20 kHz). A sound wave is a pressure wave of mechan-

ical energy that is transmitted through a medium by vibration of 

molecules. It can be transmitted as a longitudinal wave (Fig. 3.1), 

which refers to the oscillation of molecules in a linear direction 

(in mediums such as gases, liquids, or plasma), or transverse 
wave (Fig. 3.2), which refers to oscillation of molecules perpen-

dicular to the direction of the propagated wave (such as in solids) 

[6]. Unlike light, it cannot travel through vacuum.

An ultrasound wave has the following basic parameters 

(Fig. 3.2) [7]:

 (a) Wavelength (λ) is the spatial period of the wave, i.e., the 

distance over which the wave’s shape repeats. It is deter-

mined by measuring the distance between two 

 consecutive corresponding points of the same phase. It is 

expressed in meters (m).

 (b) Amplitude (A) is a measure of the height of the wave, 

i.e., maximal particle displacement. It is expressed in 

meters (m).

 (c) Period (Т) is the time taken for one complete wave cycle 

to occur. The unit of period is seconds (s).

 (d) Frequency (f) is the number of completed cycles per sec-

ond. Thus, it is the inverse of the period (T) of a wave. 

The unit of frequency is hertz (Hz). Medical imaging 

uses high-frequency waves (1–20 MHz).

 (e) Velocity (c) is the speed of propagation of a sound wave 

through a medium. The velocity (c) of a wave is the 

product of its frequency (f) and wavelength (λ) of a 

sound wave. The unit of velocity is meters per seconds 

(m/s). The speed of sound in biological medium is 

assumed to be constant at 1,540 m/s for practical pur-

poses. However, it varies greatly, being as low as 330 m/s 

in air and as high as 4,000 m/s through bone.

 (f) Energy (E) of a sound wave is proportional to the square 

of its amplitude (A). This means that as the amplitude of 

a wave decreases (such as with deeper penetration), the 

energy carried by the wave reduces drastically.

 (g) Power (P) of a sound wave is the energy (E) delivered 

per unit time (t).

Compression
High pressure
Low velocity

Rarefaction
Low pressure
High velocity

Direction of travel

Fig. 3.1 Characteristics of a longitudinal sound wave (Reproduced 

with permission from www.regionalfortrainees.com)

Amplitude

Direction of travel

Wavelength

Fig. 3.2 Characteristics of a transverse sound wave (Reproduced with 

permission from www.regionalfortrainees.com)
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 Generation of Ultrasound Waves

Piezoelectric crystals (e.g., quartz) in an ultrasound trans-

ducer produce a small potential difference across them when 

compressed or under tension. The ability to covert mechani-

cal energy into electrical energy is termed the piezoelectric 
effect (Fig. 3.3a) [8]. This was first demonstrated by Pierre 
Curie and Jacques Curie in 1880 [8]. This effect is used in 
image generation when returning ultrasound waves apply 

mechanical energy to the crystals which in turn generate an 
electrical signal.

The converse, i.e., the application of electrical energy 

across a piezoelectric crystal, causes mechanical distortion 

of the crystals resulting in their vibration and generation of 

sound waves. This phenomenon, termed the reverse piezo-
electric effect (Fig. 3.3b), was first proposed by Gabriel 
Lippmann in 1881. This property is utilized to generate 
ultrasound waves from transducers [9].

Voltage

Piezoelectric
element

Voltage

Piezoelectric
element

Fig. 3.3 (a) The piezoelectric effect. (b) The reverse piezoelectric 

effect (Reproduced with permission from www.regionalfortrainees.

com)
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 Structure of an Ultrasound Transducer

An ultrasound transducer has a dual functionality. It is 

responsible for both the production of ultrasound waves 

and, after a set period of time, the reception of waves 

reflected from the tissues. This is called pulsed ultrasound. 

The pulse repetition frequency (PRF) is the number of 

pulses emitted by the transducer per unit of time [10]. The 

PRF for medical imaging devices ranges from 1 to 10 kHz 

(Fig. 3.4).

The ultrasound transducer has the following layers 

(Fig. 3.5) [11]:

 (a) Backing material: located behind the piezoelectric ele-

ment, it serves to prevent excessive vibration. This causes 

the element to generate ultrasonic waves with a shorter 

pulse length, improving axial resolution in images.

 (b) Piezoelectric elements: they generate ultrasonic waves 

and also generate images. Piezoelectric ceramic (PZT: 

lead zirconate titanate) is most commonly used because 

of their high conversion efficiency [12].

 (c) Acoustic matching layer: this reduces the acoustic 

impedance mismatch between the transducer and the 

object, minimizing reflection off the interface [13]. This 

is usually made up of a resin.

 (d) Acoustic lens: the acoustic lens prevents the ultrasonic 

waves from spreading and focuses them in the slice 

direction to improve the resolution.

One pulse

Pulse repetition frequency
(PFR) = 4 per unit of time

One unit of time

Fig. 3.4 Pulse repetition 

frequency (Reproduced with 

permission from www.regional-

fortrainees.com)

1

Parts of an ultrasound transducer:
1 – electrode wires
2 – backing layer
3 – piezoelectric crystals
4 – acoustic matching layer
5 – acoustic lens

2 3 4 5

Fig. 3.5 Layers of an ultrasound transducer (Reproduced with permis-

sion from www.regionalfortrainees.com)
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 Interaction of Ultrasound with Tissues

The final image on the screen of an ultrasound machine is the 

result of the interaction of ultrasound waves with the tissues 

being examined. As the ultrasound wave travels through the 

tissues, it loses amplitude (and hence energy). This reduction 

in amplitude is called attenuation. Attenuation is the summa-

tive effect of absorption (conversion of acoustic energy to 

heat), reflection, and refraction of ultrasound waves [7].

Absorption is the process of transfer of the ultrasound beam’s 

energy to the medium through which it travels through heat 
generation and it accounts for most of the wave attenuation.

When an incident ultrasound pulse encounters an interface of 

two body tissues with different acoustic impedances, the 

sound energy is reflected back to the transducer. When the 

size of the object is smaller than the wavelength of the beam 

(e.g., red blood cells) and/or the surface of a structure not 

smooth, only a part of it is reflected back to the transducer 

with a proportion of the waves being scattered in multiple 

directions (diffuse scattering). However, when the size of the 

object exceeds the wavelength of the incident beam and the 

surface is smooth (e.g., a fascial plane or the surface of the 

pleura), most of the beam is reflected back to the transducer 

(specular reflection, Fig. 3.6).

If the incident ultrasound wave approaches the linear 

interface at 90°, almost all of the generated echo will travel 

back to the transducer. However, if the angle of incidence 

with the specular boundary is less than 90°, the echo will not 

return to the transducer but rather be reflected at an angle 

equal to the angle of incidence. The returning echo will 

potentially miss the transducer and not be detected. This 

explains why needles inserted at a steep angle may not be 

well visualized on the ultrasound image (Fig. 3.7). Some 

needle manufacturers have introduced needles with “corner-

stone reflectors” in their design, such that the indentations on 

their surface maximize the proportion of waves that are 

reflected back to the transducer. This makes such needles 

more “echogenic” [14, 15].

One direction

Specular reflection Diffuse reflection
(scattering)

Diffuse reflection
(scattering)

Multiple directions
Low amplitude

Multiple directions
Low amplitude

Fig. 3.6 Types of reflection (Reproduced with permission from www.usra.ca)
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Fig. 3.7 Effect of angle of needle insertion on acquisition of reflected ultrasound waves (Reproduced with permission from www.regionalfortrain-

ees.com)
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Refraction refers to a change in the direction of the sound 

after reaching an interface of two tissues with different 

speeds of sound transmission. It is dependent upon the 

change in velocity and not due to differences in acoustic 

impedance (Fig. 3.8). Refraction is one of the most frequent 

causes of artifacts on an ultrasound image. It is described by 

Snell’s law, where ɵi is the angle of incidence, ɵ t is the angle 

of transmission, Ci is the velocity in the first medium, and Ct 
is the velocity in the second medium such that [16]
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The degree to which a given ultrasound wave is attenuated 

depends on a number of factors:

 (i) The type of tissue: attenuation is greater for denser tis-

sues such as bone and lower for fluid mediums such as 

blood- or fluid-containing cysts or cavities.

 (ii) Frequency of the ultrasound wave: the degree of attenu-

ation for a given unit of distance is greater for waves of 

higher frequency. This explains why higher-frequency 

transducers (commonly up to 13–15 MHz) are mostly 

used to image superficial structures (up to 5–6 cm deep) 

while lower-frequency transducers are required to 

image deeper structures.

 (iii) Distance traveled: for any ultrasound wave, the degree 

of attenuation is directly proportional to the distance 

traveled (Fig. 3.9).

The acoustic impedance (Z) is the degree to which medium 

particles would resist change due to mechanical disturbance 

and is a product of the density (ρ) of the medium and the 

acoustic velocity (c) of the ultrasound wave [17]. The amount 

of reflection depends upon the relative changes in the acous-

tic impedance (resistance at the interface) between the two 

tissues (or mediums). This is determined by the reflection 
coefficient (R). Large difference in acoustic impedance 

occurs at air/soft tissue and bone/soft tissue interface causing 

very high reflection at such sites. This makes bone cortex 

appear white while air appears black. This is also why a gel 

is needed at the transducer to eliminate air/soft tissue inter-

face to obtain any image.
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Fig. 3.8 Refraction across two mediums (Reproduced with permission 

from www.regionalfortrainees.com)
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 Image Acquisition and Processing

The echo signals returning from the tissues reach the crystals 

and produce an electric current (piezoelectric effect). This is 

then converted to a pixel on the image, with the energy of the 

returning wave being proportional to the brightness of the 

pixel dot on the image. However, this involves these addi-

tional processes [18]:

 (a) Amplification (gain): the amplitude of the returning echo 

signals is very small to be properly displayed on a screen. 

Hence, it needs amplification. However, amplification 

adds to “background noise.”

 (b) Time gain compensation: because the ultrasound waves 

undergo attenuation, the intensity (and hence brightness) 

of the returning waves from deeper tissues is much lower 

than the ones returning from the nearer tissues. This is 

overcome by preferential enhancement of signals return-

ing from deeper tissues, the so-called time gain compen-

sation such that echoes returning from similar reflectors 

are represented by the same shade of gray regardless of 

their depth (Fig. 3.10a, b) [19].

 (c) Analog to digital conversion: this eliminates external 

interference and, more importantly, allows for signal 

processing to improve image quality.

 (d) Post-processing: this involves techniques such as frame 

averaging, gray-level transfer curves, edge enhance-

ment, and adaptive image processing to yield the final 

image on a display.

The final image allows structures to be represented 

according to their brightness or echogenicity as the follow-

ing [10]:

 (a) Hyperechoic: areas with returning echoes of higher 

energy than their surrounding structures, appearing 

whiter (such as peripheral nerves and muscle tendons) 

(Fig. 3.11a)

 (b) Hypoechoic: areas with returning echoes of lower energy 

than their surrounding structures, appearing as gray 

(such as proximally located spinal nerve roots) 

(Fig. 3.11b)

 (c) Anechoic: areas with no returning echoes, appearing as 

black (such as the fluid within vessels) (Fig. 3.11c)

a b

Fig. 3.10 Time gain compensation (a) not applied (b) and correctly applied (Reproduced with permission from www.regionalfortrainees.com)
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a b

c

Fig. 3.11 Structures of different echogenicity. (a) Hyperechoic periph-

eral nerves (yellow arrowhead median n). (b) Hypoechoic cervical 

nerve roots (yellow arrowhead cervical nerve roots). (c) Anechoic vein 

and artery (IJV internal jugular vein, CA carotid artery in the neck) 

(Reproduced with permission from www.regionalfortrainees.com)
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 Ultrasound Transducer Characteristics

Ultrasound transducers can be classified by their shape. The 

most commonly used probes for UGRA are linear array and 

curved array probes [20].

These have a linear footprint (Fig. 3.12a). They are high- 

frequency probes (8–12 MHz) and best reserved for imaging 

superficial structures (such as the brachial plexus). They pro-

vide a square or rectangular field of view (Fig. 3.12b).

These have a curved footprint (Fig. 3.13a). They are low- 

frequency probes (1–5 MHz) and best reserved for imag-

ing deeper structures (such as the sciatic nerve in the 

gluteal area). They provide a sectorial field of view 

(Fig. 3.13b).

a b

Fig. 3.12 (a) A linear array probe. (b) Field of view of a linear probe (Reproduced with permission from www.regionalfortrainees.com)

a b

Fig. 3.13 (a) A curved array probe. (b) Field of view of a curved array probe (Reproduced with permission from www.regionalfortrainees.com)
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 Resolution

Resolution of an ultrasound machine is its ability to distin-

guish two close objects as separate. In simple terms, it pro-

vides clarity to the ultrasound image [21–23]. Different types 

of resolution important for a regional anesthesiologist are:

 (a) Axial resolution is the ability of the ultrasound machine to 

separate two structures lying at different depths, parallel to 

the direction of the ultrasound wave (Fig. 3.14a). It is half 

of the pulse width. Thus, high-frequency probes (shorter 

pulse width) have better axial resolution. However, they 

also have higher attenuation, resulting in poor penetration.

 (b) Lateral resolution is the ability of the ultrasound machine 

to separate two structures lying at the same depth, perpen-

dicular to the direction of the ultrasound wave (Fig. 3.14b). 

It is inversely related to the width of the ultrasound beam, 

which is lower with high-frequency probes.

 (c) Temporal resolution is directly related to the frame rate 

of the ultrasound machine. To limit its impact, needle 

manipulation and injection of local anesthetic should be 

slow to minimize blur.

Two close objects seen as

separate objects

Two close objects seen as
overlapping objects

Narrow

wave

Wider
wave

High frequency
wave

Low frequency

wave

Two close objects seen as
separate objects

Two close objects seen as

overlapping objects

a

b

Fig. 3.14 (a) The effect of 

frequency of the transducer on 

the axial resolution (Reproduced 

with permission from www.

regionalfortrainees.com). (b) The 

effect of width of the ultrasound 

beam on lateral resolution 

(Reproduced with permission 

from www.regionalfortrainees.

com)
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 Image Optimization

The following steps can be considered to optimize ultra-

sound image acquisition:

As discussed earlier, linear probes lend themselves to most 

superficial nerve blocks (such as brachial plexus block), 

while curvilinear probes are helpful to perform blocks at 

deeper sites (such as sciatic block at the subgluteal region). 

The footprint size of a given probe is also an essential con-

sideration. While smaller footprint probes (e.g., 25-mm lin-

ear transducers) are better for use in pediatric population or 

smaller adults, they also reduce the field of view (Fig. 3.15). 

Curvilinear probes are also available in different footprint 

sizes.

Most probes are broadband transducers and are capable of 

allowing adjustment of their frequency (5–15 MHz). 

Selecting a higher frequency provides superior lateral resolu-

tion but at the expense of increased attenuation and poor pen-

etration. Lowering the frequency of a given probe allows 

better visualization of deeper structures at the cost of resolu-

tion (Fig. 3.16).

Most ultrasound units provide preset modes that can be cus-

tomized for the user for commonly encountered clinical set-

tings [24]. They represent the most common machine settings 

(depth, gain, focus, multi-beam, frequency range, frame rate) 

that are useful for a specific area.

Fig. 3.15 Smaller footprint linear transducer (Reproduced with per-

mission from www.regionalfortrainees.com)
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Fig. 3.16 The frequencies generated by linear broadband transducers 

(Reproduced with permission from www.usra.ca)
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 Gain
The gain setting allows the operator to change the bright-

ness of the image. This happens through amplification 

(increasing gain) or dampening (decreasing gain) of the 

returning signals rendering the image more hyperechoic or 

hypoechoic, respectively. However, it also increases the 

background noise which may result in generation of arti-

facts (Fig. 3.17a–c).

a

c

b

Fig. 3.17 Effects of too high (a), too low (b), and optimal gain (c) settings on the view at interscalene brachial plexus (Reproduced with permis-

sion from www.regionalfortrainees.com)
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While the signals returning from a superficial target undergo 

less attenuation, those returning from deeper structures 

undergo greater attenuation (Fig. 3.18). Therefore, an un- 

optimized image is generally brighter (representing superfi-

cial tissues) at the top than at the bottom (representing deeper 

tissues). “Time gain compensation” allows for selective 

amplification of signals at various depths [19]. Thus, increas-

ingly, optimization of gain with increasing depth allows for a 

properly optimized image. Some machines have individual 

slots for TGC, while others allow adjustment of far/near/

overall gain.

Time or depth

Without Time gain compensation
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Time or depth

With Time gain compensation

Fig. 3.18 Time gain 

compensation (Reproduced with 

permission from www.

regionalfortrainees.com)
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The optimal depth selection (Fig. 3.19a) allows for visualiza-

tion of the target structure while minimizing the wasted 

space deeper to the target. Choosing a higher depth than 

needed may reduce the size of target (Fig. 3.19a), while too 

shallow a depth may obscure the target altogether (Fig. 3.19a). 

Optimal depth also optimizes temporal resolution.

The ultrasound beams can be focused to improve the lateral 

resolution in the “focal zone.” Both the number of areas of 

focus and their depth can be optimized (Fig. 3.20).

a b

c

Fig. 3.19 Depth setting in supraclavicular block: (a) optimal, (b) too deep, and (c) too shallow (Reproduced with permission from www.region-

alfortrainees.com)
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Fig. 3.20 Focal zones and focal 

length of an ultrasound beam 

(Reproduced with permission 

from www.regionalfortrainees.

com)
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The application of “Doppler effect” to medical ultrasound 

allows for identification and quantification (velocity and 

direction) of blood flow within structures [7]. The blood 

moving toward the probe creates returning waves of higher 

frequency, while that moving away returns waves of lower 

frequency. This is represented as a red (moving toward the 

transducer) or blue (moving away from the transducer) color 

spectrum (Fig. 3.21a, b). Color-flow Doppler mode is recom-

mended to identify vascular structures within the intended 

needle trajectory.

a

b

Fig. 3.21 Use of color-flow 

Doppler for detection of blood 

flow in radial artery: (a) red, 

toward the transducer; (b) blue, 

away from the transducer 

(Reproduced with permission 

from www.regionalfortrainees.

com)
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This mode provides flow data from a small preselected area 

along the ultrasound beam. The displayed pulse-wave infor-

mation is displayed along with generated sound allowing dif-

ferentiation of arterial from venous pulsation (Fig. 3.22) [7].

 (i) Compound imaging: this involves capturing multiple 

images of the tissue under examination from different 

angles and their combination yielding an image of better 

quality and reduced artifacts [25].

 (ii) Tissue harmonic imaging: echoes are reflected by the 

examined tissue not only at the original frequency but also 

at various multiples of the original frequency [26]. Tissue 

harmonic imaging utilizes these harmonic multiples pro-

ducing better imaging via reduced scatter and artifacts [27]. 

However, this may negatively impact needle visibility.

a

b

Fig. 3.22 Pulse-wave Doppler 

showing an arterial (a) and a 

venous waveform (b) in femoral 

artery and vein, respectively 

(Reproduced with permission 

from www.regionalfortrainees.

com)
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 Artifacts

An artifact is an image, or a part of an image, that does not 

correspond with the anatomy of the structure under examina-

tion. This causes either falsely assuming the existence of a 

structure or failing to recognize its disguise as an artifact. 

Artifacts are generated because the imaging system makes a 

number of assumptions about ultrasound propagation in tis-

sue. This includes assuming a fixed speed of ultrasound wave 

in tissues, assuming that the axis of the beam is straight, that 

the attenuation the beam undergoes is constant, and that the 

pulse travels only to the structures in the path of the beam 

and returns to the transducer [28]. Whenever there is a sig-

nificant deviation from these assumptions, visible image arti-

facts are likely to occur.

These artifacts can be classified into four types as acous-
tic, anatomic, optical illusions, and electrical noise artifacts 

[29]. For a regional anesthesiologist, acoustic and anatomic 

artifacts are most important. Some of these artifacts are con-

sidered below.

Inappropriately low-gain settings can result in “missing 

structure” artifact, while a very high gain can obscure exist-

ing structures. A correctly applied “time gain compensation” 

allows appropriate image production and attenuation reduc-

tion (Figs. 3.17a–c and 3.18).

This occurs when a structure with high attenuation coeffi-

cient lies above a structure with lower attenuation coeffi-

cient. This causes the underlying structure to appear far less 

echogenic [29]. For example, the tip of a needle can be 

obscured by the transverse process while performing a para-

vertebral block [30].

This occurs when the ultrasound waves returning from a 

structure behind a weak attenuator (such as a fluid- containing 

organ) result in stronger echoes. This type of artifact is called 

“posterior acoustic enhancement” (Fig. 3.23).

Fig. 3.23 Posterior acoustic enhancement deep to the femoral artery 

(FA) must not be mistaken for the femoral nerve (yellow arrowhead) 

which lies lateral to the artery (Reproduced with permission from www.

regionalfortrainees.com)
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Lateral resolution implies the ability of the system to dif-

ferentiate between two objects lying side by side at the 

same depth (perpendicular to the direction of the incident 

beam). It is best attained at the focal length of an ultra-

sound beam and depends upon the frequency of the array 

probe (being lower for high-frequency transducers). Using 

an incorrect frequency (with a different focal length) can 

cause the two objects to appear as one. Choosing an 

appropriate probe or frequency will help eliminate this 

artifact.

Reverberation occurs when ultrasound contacts a strong 
specular reflector (such as a needle or the surface of pleura). 

In the case of a needle, a part of the ultrasound wave is 

reflected back creating an initial image. The remaining part 

passes through the shaft to be reflected back by the back sur-

face. As this continues, the strength of the returning echoes 

continually decreases, while the time taken to return to the 

transducer is prolonged. This results in an appearance of 

multiple needles of decreasing brightness, a “reverberation 

artifact” (Fig. 3.24) [31].

Fig. 3.24 Reverberation artifact with a Tuohy needle (Reproduced 

with permission from www.regionalfortrainees.com)
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a b

Fig. 3.25 (a) Median nerve (yellow arrowhead) when the transducer is perpendicular to the nerve. (b) Disappearance of the nerve on tilting the 

probe (Reproduced with permission from www.regionalfortrainees.com)

Anisotropy means angle dependence of the appearance of a 

structure (such as a nerve) on an image. This results because  

reflection is maximum when the transducer (and the incident 

waves) is perpendicular to the structure under examination. 

Any change on this incidence angle dramatically reduces the 

returning echo, causing the structure to “disappear” out of 

the image (Fig. 3.25a, b). Manipulation of the transducer (so 

as to direct the incident beam perpendicular to the structure 

of interest) and beam-steering can help address anisotropy 

[32, 33].

In conclusion, having a high degree of suspicion, a 

good knowledge of anatomy, rotating transducer from 

transverse to longitudinal view (or vice versa), using 

appropriate gain, using tissue compression, and observing 

the structure under examination from another window are 

a few ways to properly identify and interpret commonly 

occurring artifacts.
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 Practical Scanning and Needling 
Methodology

 Procedural Ergonomics

Ergonomics is the study (or science) of the interaction 

between humans and their working environment [34]. Recent 

years have witnessed an increasing application of optimal 

procedural ergonomics in regional anesthesia in an effort to 

improve outcomes [35]. Poor ergonomics may not only lead 

to suboptimal performance of a procedure but may contrib-

ute to work-related musculoskeletal discomfort [36].

A sound application of the principles of ergonomics to 

regional anesthesia includes the consideration of the follow-

ing factors:

The patient must be placed in a comfortable position for the 

block. This position may vary with the type of block being 

performed. For example, the patient may need a supine posi-

tion for an upper limb block, a prone position for a popliteal 

block, and a sitting position for a spinal anesthetic. 

Additionally, the position of the limb may be adjusted to 

assist the procedure. For example, performing an intersca-

lene block may need a semi-recumbent positioning of the 

patient with the face turned toward the contralateral side. 

The head pillow is removed for a better access. Similarly, 

placing a cushion under the lower leg may assist in perform-

ing an ankle block.

Maintaining a good position with respect to the patient helps 

to ensure operator comfort and allows optimal bloc k perfor-

mance (Fig. 3.26). This includes the following:

 (a) Adjusting the height of patient bed to an appropriate 

level for the operator.

 (b) Assuming a good posture, by choosing to stand or sit 
down (on a chair).

 (c) Performing the block from the side being blocked to 

avoid reaching over the patient.

The ultrasound machine must be placed such that the opera-

tor, the target site, and the screen of the ultrasound machine 

are in a straight alignment. Often this is achieved by placing 

the ultrasound machine on the opposite side to the one that 

the operator assumes. This allows for a smooth coordinated 

scanning and needling, without the need for excessive move-

ments on the part of the operator.

In addition, the ultrasound machine must be placed suf-

ficiently close to the operator such that it can be reached by 

the operator or their assistant if any manipulation of the 

settings is required. The ultrasound machine must have 

brake pedals locked to avoid its movement relative to the 

operator. Similarly, when using a peripheral nerve stimula-

tor, it should be placed sufficiently close to allow its opera-

tion during the procedure. The screen of the monitoring 

equipment must be turned to face the operator during the 

block to allow a prompt recognition of any significant 

change of vital signs.

An assistant may be needed both to operate the ultrasound 

machine and inject the local anesthetic solution. This may be 

achieved by standing opposite to the operator and near the 

ultrasound machine.

Practical Scanning and Needling Methodology
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Body ergonomics

Body ergonomics

Correct Incorrect

Correct Incorrect

Looking
ahead

Head turned
90 degrees

Proper bed height Improper bed height

a

b

Fig. 3.26 (a, b) Optimal position of the operator, equipment, and the assistant during an upper limb block (Reproduced with permission from 

www.usra.ca)
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 Scanning Methodology

While scanning, it is common to refer to the anatomical 
plane of the scan. These include the axial (or transverse) 

plane, the sagittal plane, and the coronal plane. They are all 

perpendicular to one another (Fig. 3.27):

 (a) The axial (or transverse) plane is an imaginary plane 

that divides the body into superior and inferior parts.

 (b) The sagittal plane is an imaginary plane that divides the 

body into left and right halves.

 (c) The coronal plane is a vertical plane that divides the 

body into ventral and dorsal sections.

In addition, a body part may be scanned in an oblique 

manner (e.g., parasagittal oblique or transverse oblique 
planes) [37].

Coronal plane

Median plane

Sagittal plane

Transverse plane

Fig. 3.27 The standard anatomical planes of the body (Reproduced 

with permission from www.usra.ca)
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All ultrasound transducers have an orientation marker 

(Fig. 3.28a). By convention, the orientation marker is placed 

on the right of the patient in a transverse orientation and 

cephalad in a longitudinal orientation. The marker is usually 

placed on the left top corner of the screen on the ultrasound 

machine (Fig. 3.28b) but can be placed at any corner upon 

the choice of the operator. The orientation of the transducer 

can be correctly identified by touching one side of the trans-

ducer after gel has been applied and observing the screen for 

movement. Another way to identify the correct orientation is 

to move the transducer to one side while scanning and 

observing the direction of the movement of anatomical struc-

tures on the screen.

a b

Fig. 3.28 (a) Orientation marker on a linear probe. (b) Orientation marker on the top left corner of the ultrasound screen (Reproduced with per-

mission from www.regionalfortrainees.com)
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Nerves and vessels may be scanned along their transverse 

axis, obtaining a cross-sectional view of the structure 

(Fig. 3.29a), or along their longitudinal axis (Fig. 3.29b). 

The scans so obtained are commonly referred to as a “trans-

verse scan” and a “longitudinal scan.” Transverse scans are 

commonly used for many ultrasound-guided peripheral 

nerve blocks, while longitudinal scans are more often used 

for confirmation of perineural or intravascular catheter place-

ments [38, 39].

a b

Fig. 3.29 (a) Transverse scanning of sciatic nerve at popliteal fossa. (b) Longitudinal scanning of sciatic nerve at popliteal fossa (Reproduced 

with permission from www.regionalfortrainees.com)
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 (a) Holding the transducer

A linear probe is usually held between the thumb and 

the fingers, with the heel of the palm or ulnar aspect of the 

hand placed on the patient providing stability while scan-

ning (Fig. 3.30). A curvilinear probe may be held by 

wrapping fingers around it, supported by the ulnar aspect 

of the scanning hand.

 (b) Transducer movements

Obtaining a good image of a structure under examina-

tion requires a systemic scanning approach, involving 

both major and minor movements. These include pres-

sure, alignment, rotation, and tilt (commonly called the 

PART maneuver) [40, 41].

(i)  Pressure: applying adequate pressure while scanning 

improves the image quality by shortening the dis-

tance of the target from the probe (Fig. 3.31a). 

Additionally, it may allow compressing a vein (help-

ing in its identification). One-sided pressure may also 

allow directing the ultrasound waves at a desired 

angle [42]. However, excessive pressure may also 

cause underestimation of the target depth.

 (ii)  Alignment (or sliding): this allows the target structure 

to be centralized in the image as this provides the best 

resolution (Fig. 3.31b). Sliding along the long axis 

also allows to follow the structure of interest proxi-

mally or distally (scout scan).

(iii)  Rotation: rotating the probe clockwise or counter-

clockwise helps identify a true transverse plane 

(Fig. 3.31c). Additionally, rotating the probe from a 

transverse plane to a longitudinal plane allows a bet-

ter examination of the target and the best plane for 

needle trajectory.

 (iv)  Tilt: tilting the probe along its vertical axis allows an 

examination of the target (along its long axis) without 

the need for sliding the probe proximally or distally 

(Fig. 3.31d). Tilting is very useful to track the needle tip.

Identifying Signposts

Structures that help in orienting an operator to the underlying 

anatomy are referred to as “signposts.” They also provide a 

starting point for a systematic scan of the target area. For 

example, the subclavian artery is an important signpost while 

scanning for the brachial plexus in the supraclavicular region.

Fig. 3.30 Holding the linear transducer (Reproduced with permission 

from www.regionalfortrainees.com)
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a

c

b

d

Fig. 3.31 Transducer movements (PART): (a) pressure, (b) alignment, (c) rotation, and (d) tilt (Reproduced with permission from www.region-

alfortrainees.com)
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 Needling Techniques

The “in-plane” and “out-of-plane” needle approaches are 

most commonly used:

 (a) In-plane needle insertion: the needle is advanced in the 

plane of the ultrasound beam with the intention to visual-

ize the needle from the shaft to its tip (Fig. 3.32a). A shal-

lower trajectory will result in better visibility [42, 43].

 (b) Out-of-plane needle insertion: here, the needle trajec-

tory is perpendicular to the ultrasound probe such that 

the needle tip or its shaft is seen as a hyperechoic dot on 

the screen (Fig. 3.32b). This approach offers a shorter 

route to the target structure (nerve or vessel), but it can 

prove more challenging to follow the exact needle tip 

position in real time, especially for novice users.

In combination with the transverse (short) axis or the lon-

gitudinal (long) axis, the following combinations are 

possible:

 (a) Short-axis in-plane needle insertion

 (b) Short-axis out-of-plane needle insertion

 (c) Long-axis in-plane needle insertion

 (d) Long-axis out-of-plane needle insertion

Short-axis in-plane needling and short-axis out-of-

plane needling are commonly used in regional anesthe-

sia. Short- axis out-of-plane needling is particularly 

useful while placing perineural catheters. There is no 

evidence to suggest that one method is better than the 

other, and it may be prudent to follow the most familiar 

method [44].

a b

Fig. 3.32 Needling techniques. (a) In-plane needle insertion. (b) Out-of-plane needle insertion (Reproduced with permission from www.region-

alfortrainees.com)
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Correct needle advancement techniques allow tracking of 

needle tip from the point of insertion to the target structure:

 (a) In-plane needling: following the needle is easier in in- 

plane needling. The needle is inserted initially at a shal-

low angle to allow visualization (Fig. 3.33, point A). It is 

then redirected deeper toward the target structures, keep-

ing the advancing needle in view at all times (Fig. 3.33, 

point B). If the needle is directed slightly obliquely, only 

a part of it may be visualized. Using “PART” maneuvers 

for transducer manipulation, one can then attempt to 

visualize the entire needle.

 (b) Out-of-plane needling: this is more challenging and can 

be achieved using two methods:

 (i) Sliding the probe: after inserting the needle in an 

anticipated trajectory, the probe is first brought 

closer to the needle until the needle tip can be seen 

as a hyperechoic dot on the screen (Fig. 3.34a, plane 

A). Then the probe is moved away from the needle, 

followed by advancement of the needle till its tip 

reappears on the screen (Fig. 3.34a, plane B). Using 

such sliding motions of the probe, the needle tip can 

be followed and guided up to the target structure.

 (ii) Tilting the probe: here, the probe is kept stationary. 

The needle is inserted out of plane in an anticipated 

trajectory, and the probe is tilted toward the needle 

to allow visualization of its tip on the screen 

(Fig. 3.34b, plane A). Next, the probe is tilted away 

from the needle such that the needle tip disappears. 

The needle is advanced until the tip reappears 

(Fig. 3.34b, plane B). This motion is repeated until 

the needle tip approached the target structure 

(Fig. 3.34b, plane C). This method may cause diffi-

culty if the underlying structure is quite anisotropic 

(as a minor tilt may result in a poor image of the 

structure of interest).
B

A

Fig. 3.33 In-plane needle advancement (Reproduced with permission 

from www.regionalfortrainees.com)

B

a b

A

B
AC

Fig. 3.34 Out-of-plane needle 

advancement. (a) Sliding the 

probe. (b) Tilting the probe 

(Reproduced with permission 

from www.regionalfortrainees.

com)
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 Introduction

Approaches to nerve localization, from the century-old, 

landmark-based paresthesia techniques through to electrical 

nerve stimulation and latterly ultrasound guidance, strive for 

accuracy leading to successful anesthesia without nerve 

damage. A reduction in volume and dose of local anesthetic 

agents, a greatly increased percentage of successful blocks, 

and the ability to block nerves that were difficult to locate 

were listed among the benefits of the electrical nerve stimu-

lator when it was introduced into clinical practice half a cen-

tury ago. This was an admirable assertion, but for the most 

part, regional anesthesia remained in the confines of the spe-

cialist practitioner, more of an art form than a science. The 

introduction and widespread acceptance of ultrasound as a 

localization device promises to negate the limitations of 

landmark, paresthesia, and nerve stimulation techniques. 

Rather than relying on a surrogate measure of needle-to- 

nerve proximity, it is now possible to visualize the anatomy 

of the neural target, nearby structures to be avoided, the nee-

dle trajectory, and spread of local anesthetic.

There has been a growing body of randomized, controlled 

trials over the past decade comparing ultrasound-guided 

regional anesthesia with other forms of nerve localization tech-

niques [1, 2]. In particular, many investigators have attempted 

to demonstrate the superiority of ultrasound guidance over 

nerve stimulation. All of which leads to the  contentious issue 

of whether electrical nerve stimulation has been superannuated 

by a safer and more effective technique [1].

 Electrophysiology and Practicalities 
of Electrical Nerve Stimulation

Direct electrical current flowing between two electrodes 

on a given nerve will stimulate the nerve at the cathode 

(negative electrode). Negative current from the cathode 

alters the resting membrane potential of the neuronal cell 

causing depolarization that results in an action potential 

(Fig. 4.1). The cathode is usually attached to the stimulat-

ing needle/catheter, while the anode is attached to the 

patient’s skin as a returning electrode. This results in either 

muscle contraction or paresthesia in the pertinent nerve 

distribution and is dependent on nerve fiber type, i.e., 

motor or sensory.

Needles used for nerve stimulation are insulated with a 

nonconducting material. This directs the current density to a 

sphere around the uncoated needle tip. The use of nonelec-

trolyte/nonconducting injectates, for example, dextrose 5 % 

in water (D5W), reduces the conductive area around the nee-

dle tip and increases the current density resulting in mainte-

nance or even augmentation of the motor response at a low 

current (<0.5 mA).

Fig. 4.1 Ulnar nerve 

stimulation. Electron flow is 

toward the needle with the needle 

as the cathode. This causes an 

area of depolarization around the 

needle tip and a subsequent 

action potential causing a motor 

response
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 Important Adjustable Features of Modern 
Nerve Stimulators

Current: Coulomb’s law describes the relationship between 

distance and current intensity:

I = k i / r2( )
I  current required, k  constant, i  minimal current, r  distance 

from nerve

Consequently, as the distance between needle and nerve 

decreases, a lower current intensity should be required to 

initiate a motor response.

Pulse width: The duration of the pulse enables selective 

 stimulation of sensory or motor nerves. Motor nerves are 

more easily targeted with shorter pulse widths (e.g., 

50–150 μs).

Frequency of stimulation: Low frequencies may cause the 

target nerve to be missed due to poor timing. Most 

 operators utilize a frequency of 2 Hz.

 Concerns Regarding Nerve Stimulation 
in the Ultrasound Era

Ultrasound imaging, while having enhanced our 

 understanding of the needle–nerve relationship, has created 

ambivalence regarding long-held tenets of nerve stimulation. 

As we have seen in the above section, as distance between 

the needle and nerve decreases, a lower current intensity 

should be required to initiate a motor response. However, 

when observed under ultrasound guidance, a motor response 

to nerve stimulation is frequently not seen until the needle tip 

is advanced into an intraneural location [3]. On occasion, 

with an intraneural needle tip location, a high stimulating 

current may be required to generate a motor response. 

A stimulating current as high as 1.5 mA has been found not 
to produce a motor response when the needle tip is located in 

the intraneural space. This contradicts previously held 

 electrophysiological principles upon which safe practice in 

peripheral nerve blockade was based. Current evidence 

 suggests that a motor response to a stimulating current of 

0.2 mA always signifies an intraneural position [4, 5]. 

The distillation of human and animal studies into clinically 

useful guidelines advocates that nerve stimulation has higher 

specificity than sensitivity for detecting intraneural needle 

placement. In other words, a response to stimulation at a low 

current (≤0.2 mA) confirms intraneural placement, but lack 

of a response does not necessarily rule it out.

Concerns Regarding Nerve Stimulation in the Ultrasound Era
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 Mechanisms of Nerve Injury: Is It Possible 
to Detect Intraneural Injection Using 
Ultrasound?

To answer this important question, it is first necessary to 

review the basic histology of the nerve fiber. The axon is a 

projection of the nerve cell body. Electrical impulses are 

conducted through the axon away from the cell body. Axons 

may be coated with a myelin sheath which increases the 

speed of conduction. A peripheral nerve is composed of mul-

tiple nerve axons arranged into fascicles. Neural microarchi-

tecture consists of a complex network of nerve tissue 

enclosed within concentric layers of protective connective 

tissue (Fig. 4.2). Individual axons are surrounded by a con-

nective tissue layer called the endoneurium. The fascicle 

itself is enclosed in a tough and mechanically resistant sheath 

called the perineurium. A collection of fascicles, along with 

blood supply and fatty tissue, is surrounded by a third, and 

final, layer of connective tissue comprised of collagen and 

adipose tissue called the epineurium.

The ratio of fascicular-to-epineurial tissue varies between 

30 and 70 % of the total nerve area [6], a relationship which 

deviates not only between different nerves but also along 

individual nerves. The ratio of neural-to-nonneural tissue is 

greater closer to the nerve root for both the sciatic nerve and 

the brachial plexus, i.e., more fascicular tissue relative to sur-

rounding connective tissue at the proximal sciatic nerve and 

interscalene brachial plexus, respectively [7, 8]. Fortunately, 

the path of least resistance for an intraneurally placed needle 

may be through the more compliant adipose tissue of the 

interfascicular epineurium rather than through the fascicles. 

However, significant and lasting nerve injury is thought to 

occur only when injection of solution occurs inside the 

fascicle.

Ultrasonographic detection of intraneural injection is 

largely dependent on the surrogate measure of nerve expan-

sion upon injection. Indeed, ultrasonographic nerve expan-

sion has been equated with intraneural injection as confirmed 

by histologic analysis in porcine studies [9, 10]. However, 

while ultrasound guidance may permit a rudimentary assess-

ment of nerve diameter, the prohibitive resolution of avail-

able ultrasound technology precludes consistent 

differentiation between intrafascicular and extrafascicular 

injection. A 15-MHz transducer, in the high end of most 

practitioner’s armamentarium, only permits visualization of 

one-third of sciatic nerve fascicles as compared with light 

microscopy [11]. Regardless of its technological limitations, 

ultrasound images must be interpreted by the operator. 

Ultrasonographic evidence of nerve expansion may not 

always be obvious, and two recent cautionary case reports 

regarding brachial plexus blockade by experienced practitio-

ners are testament to the imperfections of the technology 

[12, 13].

The overall incidence of late neurologic deficit is such a 

rarity that it precludes statistical substantiation by random-

ized controlled trials. Nevertheless, it is instructive to scruti-

nize the incidence of serious nerve injury associated with 

regional anesthesia before and after the introduction of ultra-

sound guidance. In one of the largest reports to date, a pro-

spective survey in France recorded an incidence of late 

neurologic injury of 0.2/1,000 in over 150,000 regional anes-

thesia procedures [14]. In the ultrasound era, the Australasian 

Regional Anesthesia Collaboration reports a similar inci-

dence of late neurologic deficit of 0.4/1,000 [15].

There is no evidence to suggest that nerve stimulation is 

any better at detecting intrafascicular needle placement than 

ultrasound guidance. However, the two modalities may be 

complimentary and serve to compensate for their respective 

deficits.

The authors, when performing blocks under ultrasound 

guidance, use a dual ultrasound–nerve stimulation technique. 

A constant stimulating current of 0.25 mA is used. This 

ensures patient comfort while improving the safety of nerve 

localization.

Fig. 4.2 Cross section of a nerve at 25× magnification. Fascicles are 

surrounded by protective connective tissue layers (perineurium and 

interfascicular epineurium). Note that the endoneurium is too fine to be 

seen with light microscopy at this magnification
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 Nerve Stimulation and the Potential 
for Patient Injury

There appears little doubt than when electrical nerve 

 stimulation is used as a location device in conjunction with 

ultrasound guidance that block performance times are 

lengthened without an improvement in success rates [16, 

17]. This suggests a greater number of needle passes and 

associated patient discomfort. Moreover the lower dose and 

volume of local anesthetic solution permitted by the highly 

accurate perineural placement of local anesthetic solution  

under ultrasound guidance alone results in a significant 

reduction of local anesthetic systemic toxicity [2].

A longer block performance time may indeed be required 

if an anatomic and neurophysiologic endpoint are sought. 

However, when compared with an ultrasound guidance tech-

nique alone, the procedure time may be equivalent when 

using a dual ultrasound–nerve stimulation approach for the 

exclusion of intraneural needle placement rather than for 

confirmation of nerve location.

 Use of Nerve Stimulation for Training 
Novices

While expertise in recognition and location of the pertinent 

sonoanatomy can be procured with time, haptic perception 

and consistent hand–eye coordination are more challenging 

skills to acquire. Failure to maintain needle tip visualization 

is the most common error observed in residents learning 

ultrasound-guided regional anesthesia [18]. Other common 

sources of error during novice practice and beyond include 

failure to appreciate the nuances between acoustic artifact 

and nerve and failure to distinguish between adjacent 

isoechoic structures, e.g., tendon and nerve.

The use of a dual nerve stimulation–ultrasound tech-

nique may improve block efficiency and efficacy while pre-

venting injection of local anesthetic at a nonneural location. 

Even the experienced practitioner may benefit from the 

reassurance provided by nerve stimulation when faced with 

a challenging obese patient where target neural structures 

may be difficult to identify with precision at a deep 

location.

Use of Nerve Stimulation for Training Novices
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 Stimulating Catheters

 Peripheral Nerve Blocks

When compared with a single-shot technique, continuous 

regional anesthesia has the potential to improve the quality 

and duration of analgesia [19] and to cause fewer systemic 

side effects including local anesthetic toxicity. In addition, it 

may be associated with a less profound motor block and 

improved functional recovery. However, catheter techniques 

may be technically difficult and subsequently are subject to 

either primary or secondary failure, the latter occurring when 

the catheter tip is dislodged, either partially or fully, so that it 

is no longer in proximity to the nerve target. Historically, 

nerve block catheters were placed by identifying the neural 

target using an insulated stimulating needle through which a 

catheter was blindly threaded a variable distance with the 

expectation that it would follow the path of the nerve. A less 

arbitrary method involves the insertion of a perineural cath-

eter which conducts current to its tip, the stimulating cathe-

ter. Though some studies do report a reduction regarding the 

need for rescue analgesia with stimulating catheters, results 

are not as consistent as expected with respect to pain scores 

and functional recovery [20].

Ultrasound-guided perineural catheter insertion appears to 

offer several advantages related to insertion time, pain score, 

opioid use, and patient comfort during the block procedure [21, 

22]. However, unless certain steps are taken to help with iden-

tification of a frequently obscured catheter tip, an ultrasound 

technique may lead to an indiscriminate catheter tip location. 

Injection and subsequent aspiration of agitated D5W or air may 

be used with or without Doppler guidance. This can be done 

with the transducer placed along the length of the catheter.

A catheter-over-needle assembly may prevent many of 

the potential problems associated with accurate placement 

and dislodgment [23]. The catheter is almost indistinguish-

able from a regular intravenous cannula in appearance and 

operation (Fig. 4.3). The procedure for insertion is simple 

and comparable to that for a single-shot nerve block. Once 

the needle tip has been accurately placed in an appropriate 

perineural location, the needle is withdrawn. The tip of the 

catheter is now at an identical location to the original needle 

tip as seen on ultrasound. To strengthen the overall assembly 

and prevent subsequent kinking, an inner catheter is then 

passed through and Luer-locked to the outer catheter. 

Because there is a tighter fit between the skin and catheter in 

comparison to a catheter through needle technique, leakage 

and dislodgement are infrequent.

Fig. 4.3 Top, standard 

intravenous assembly consisting 

of needle within catheter. Middle, 

peripheral nerve block catheter-

over-needle assembly (Multiset 

UPK NanoLine 21156-40E, 

Pajunk, Germany) consisting of 

an outer catheter preloaded over 

a needle. When the needle tip is 

in an ideal perineural location, 

the needle is removed, and the 

inner catheter is threaded through 

and Luer-locked onto the outer 

catheter (bottom panel)
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 Central Neuraxial Blocks

The same electrical principles that apply to peripheral nerve 

blocks can be applied to central neuraxial blocks. Using a 

specialized stimulating epidural catheter or regular epidural 

catheter via a saline bridge, electrical current can be con-

ducted to the tip of the catheter to stimulate epidural nerve 

roots, eliciting a corresponding motor response [24, 25]. 

This approach has promise as a useful alternative to radio-

logical imaging or ultrasound to monitor or confirm correct 

placement of  epidural catheters [26]. Importantly, the epi-

dural stimulation test appears able to detect most potential 

locations of the catheter; in addition to the desired epidural 

space, the test can also detect catheter tip placement in the 

intrathecal space, against a nerve root, and subcutaneously, 

depending on the threshold current (Table 4.1). In addition, 

the epidural stimulation test can also be used to guide the 

catheter or needle to a specific target epidural location [27].

Table 4.1 Motor responses and currents associated with catheter location during electrical epidural stimulation test

Catheter location Current Motor response

Subcutaneous N/A No motor response

Subdural <1 mA Bilateral (many segments)

Subarachnoid <1 mA Unilateral or bilateral

Epidural space

  Non-intravascular 1–15 mA (threshold increases upon local anesthetic injection)a Unilateral or bilateral

  Intravascular 1–15 mA (no change in threshold upon local anesthetic injection) Unilateral or bilateral

  Against nerve root <1 mA Unilateral

aThese currents are more reliable for caudal and lumbar placement; thoracic placement may require higher upper limits (e.g., 17 mA). Lower 

threshold limits apply to both catheter and needle placement
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 Conclusions

Ultrasound guidance when compared with electrical 

nerve stimulation appears to be more successful less pain-

ful and significantly reduces the incidence of local anes-

thetic systemic toxicity. It has strengthened our 

understanding of the needle–nerve relationship and shed 

new light on highly regarded tenets of electrical nerve 

stimulation. However, the use of ultrasound guidance 

does not neutralize the risk of serious nerve injury. 

Minimum stimulating current may still provide valuable 

information in this regard. A dual ultrasound–nerve stim-

ulation approach utilizing a low current may combine the 

superior nerve locating aspects of ultrasound guidance 

with the discerning quality of nerve stimulation safe-

guarding both safety and success without compromising 

efficiency. In terms of its use in placing epidural catheters, 

the electrical epidural stimulation test has the potential to 

improve both the safety and success of  epidural anesthe-

sia when used in conjunction with a  loss-of- resistance 

technique.
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       Anesthesia after most peripheral nerve blocks (PNBs) wears 
off to complete return to normal nerve function. However, a 
small percentage of patients develop transient or persisting 
defi cits of motor or sensory performance or a pain syndrome. 
Similarly, some patients develop systemic toxicity of local 
anesthetics. These rare but potentially devastating complica-
tions should not be surprising since local anesthetics are 
applied through sharp needles in considerable concentrations 
close to nerves or blood vessels. The goal of this chapter is to 
provide a concise overview of the incidence, mechanism of 
action, and means of prevention of complications associated 
with the use of PNBs as well as to forecast future develop-
ments in preventing such complications. 

    Neurological Complications After PNBS 

 There are relatively few published reports of anesthesia- 
related nerve injury associated with the use of peripheral 
nerve blocks (PNBs); the commonly cited incidence (0.02–
0.4 %) of severe injury is underestimated owing to underre-
porting [ 1 ,  2 ]. Most complications of peripheral nerve blocks 
were reported with upper extremity blocks; the less frequent 
clinical application of lower extremity nerve blocks may be 
the main reason that there are even fewer reports of 
anesthesia- related nerve injury associated with lower extrem-
ity PNBs as compared with upper extremity PNBs [ 3 ]. 

    Mechanisms of Peripheral Nerve Injury 

 There are four basic etiologic categories of peripheral nerve 
injury related to the use of PNBs (Table  5.1 ) [ 4 ]. Laceration 
results when the nerve is cut partially or completely, such as 
by a scalpel or a large-gauge cutting needle. Stretch injuries 
to the nerves may result when nerves or plexuses are stretched 
in a nonphysiologic or exaggerated physiologic position, 
such as during shoulder manipulation under an interscalene 
block (or general anesthesia). Pressure, as a mechanism of 
nerve injury, is relatively common. Typical example of this 
mechanism is chronic compression of the nerves by 

 neighboring structures, such as fi brous bands, scar tissue, or 
abnormal muscles where they pass through fi bro-osseous 
spaces if the space is too small, such as the carpal tunnel. 
Such chronic compression syndromes are called entrapment 
neuropathies. The pressure may be repeated and have a 
cumulative effect (e.g., an ulnar neuropathy resulting from 
habitually leaning on the elbow). Such a scenario is conceiv-
able, for instance, in a patient who positions the anesthetized 
arm (e.g., long-acting or continuous brachial plexus block) 
in a nonphysiologic position for a few hours. Another exam-
ple of pressure-related nerve injury is prolonged use of a 
high-pressure tourniquet. Similarly, an intraneural injection 
may lead to sustained high intraneural pressure, which 
exceeds capillary occlusion pressure, and leads to nerve isch-
emia. Vascular nerve damage after nerve blocks can occur 
when there is acute occlusion of the arteries from which the 
vasa nervora are derived or from a hemorrhage within a 
nerve sheath. With injection injuries, the nerve may be 
directly impaled and the drug injected directly into the nerve, 
or the drug may be injected into adjacent tissues, causing an 
acute infl ammatory reaction or chronic fi brosis, indirectly 
involving the nerve. Chemical nerve injury is the result of 
tissue toxicity of injected solutions (e.g., local anesthetic 
toxicity, neurolysis with alcohol or phenol, etc.)

   Table 5.1    Mechanism of peripheral nerve injury related to peripheral 
nerve blocks   

  Mechanical — acute  
 Laceration 
 Stretch 
 Intraneural injection 
  Vascular  
 Acute ischemia 
 Hemorrhage 
  Pressure  
 Extraneural 
 Intraneural 
 Compartment syndrome 
  Chemical  
 Injection of neurotoxic solutions 
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       Severity of Acute Nerve Injuries 

 Classifi cation of acute nerve injuries is useful when consid-
ering the physical and functional state of damaged nerves. In 
his classifi cation, Seddon introduced the terms neurapraxia, 
axonotmesis, and neurotmesis (Table  5.2 ).

    Neurapraxia  refers to nerve dysfunction lasting several 
hours to 6 months after a blunt injury to the nerve. In neura-
praxia, the nerve axons and connective tissue structures 
remain intact. The nerve dysfunction probably results from 
several factors, of which focal demyelination is the most 
important abnormality. Intraneural hemorrhage, changes in 
the vasa nervora, disruption of the blood–nerve barrier and 
axon membranes, and electrolyte disturbances all may add to 
the impairment of nerve function. Because the nerve dys-
function is rarely complete, clinical defi cits are partial and 
recovery usually occurs within 6–8 weeks, although some 
neurapraxic lesions (with minimal or no axonal degenera-
tion) may take several months to recover.  Axonotmesis  

 consists of physical interruption of the axons but within 
intact Schwann cell tubes and intact connective tissue struc-
tures of the nerve (i.e., the endoneurium, perineurium, and 
epineurium). Sunderland subdivided this group, depending 
on which of the three structures were involved. With axonot-
mesis, the nerve sheath remains intact, enabling regenerating 
nerve fi bers to fi nd their way into the distal segment. 
Consequently, effi cient axonal regeneration can take 2–18 
months.  Neurotmesis  refers to a complete interruption of the 
entire nerve including the axons and all connective tissue 
structures (epineurium included). Clinically, there is total 
nerve dysfunction. With both axonotmesis and neurotmesis, 
axonal disruption leads to Wallerian degeneration, from 
which recovery occurs through the slow process of axonal 
regeneration. However, with neurotmesis, the two nerve ends 
may be completely separated, and the regenerating axons 
may not be able to fi nd the distal stump. For these reasons, 
effective recovery does not occur unless the severed ends are 
sutured or joined by a nerve graft.  

   Table 5.2    Classifi cation systems for nerve injury   

 Classifi cation  Pathology  Prognosis 

 Neurapraxia  Myelin injury or ischemia  Excellent recovery in weeks to months 
 Axonotmesis  Axon loss 

 Variable stromal disruption 
 Good to poor 
 Depending upon the integrity of supporting structures and distance to muscle 

 Endoneurial tubes intact 
 Perineurium intact 
 Epineurium intact 

 Good 
 Depending upon distance to muscle 

 Endoneurial tubes disrupted 
 Perineurium intact 
 Epineurium intact 

 Poor 
 Axonal misdirection 
 Surgery may be required 

 Endoneurial tubes disrupted 
 Perineurium disrupted 
 Epineurium intact 

 Poor 
 Axonal misdirection 
 Surgery usually required 

 Neurotmesis  Axon loss 
 Endoneurial tubes severed 
 Perineurium severed 
 Epineurium severed 

 No spontaneous recovery 
 Surgery required 
 Prognosis after surgery guarded 
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    Mechanical Nerve Injury 

    Intraneural Injection 
 Intraneural injection has the potential to create structural 
damage to the fascicle(s) that is more extensive and less 
likely to heal as compared to a relatively clear injury caused 
by a needle. Indeed, the devastating sequelae of sensory and 
motor loss after injection of various agents into peripheral 
nerves has been well documented [ 5 ,  6 ]. Nearly all experi-
mental studies on this subject have demonstrated that the site 
of injection is critical in determining the degree and nature of 
injury. In order for peripheral nerve injury to occur with an 
intraneural injection, local anesthetic probably need be 
injected intrafascicularly; even intentionally, intraneural 
injections may not invariably lead to neurologic injury [ 7 ]. 

 In clinical practice of peripheral nerve blockade (PNB), 
injection of local anesthetic is typically followed by a latency 

of 10–30 min for the blockade to develop. In contrast, injec-
tions of the same LA for the same PNBs occasionally result 
in nearly instantaneous, dense, and unusually long-lasting 
nerve blockade. It is almost certain that such blocks are the 
result of intraneural injections and the consequent intimate 
exposure of neural tissue to even low concentration and 
small volume of local anesthetics [ 7 ,  8 ]. However, intraneu-
ral injections can be extrafascicular or intrafascicular. The 
intraneural–extrafascicular injections are characterized by a 
diffuse spread of the injectate within the epineurium with 
escape of the fl uid into the extraneural space (Figs.  5.1  and 
 5.2 ). Such injections do not necessarily result in nerve injury 
[ 5 – 10 ]. In contrast, intrafascicular injections almost invari-
ably lead to some degree of neurologic impairment [ 5 ] and 
possibly a substantial proximal spread of the injectate toward 
the neuraxis [ 11 ,  12 ].   

  Fig. 5.2    Inadvertent intraneural injection. Shown are the superior ( 1 ), 
middle ( 2 ), and inferior ( 3 ) cords of the brachial plexus. The tip of the 
needle is seen within the inferior cord of the brachial plexus ( arrow-
head ), while the injection of local anesthetic resulted in escape of the 
local anesthetic into the interscalene groove ( arrows )       

  Fig. 5.1    Ultrasonographic image of the brachial plexus during inter-
scalene blockade. Shown are the superior ( 1 ), middle ( 2 ), and inferior 
( 3 ) cords of the brachial plexus. The off-line review of the image dem-
onstrated needle insertion in the inferior cord of the brachial plexus 
( arrowhead )       
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 Histologic features of injury after intraneural injection are 
rather nonspecifi c and range from simple mechanical 
 disruption and delamination to fragmentation of the myelin 
sheath and marked cellular infi ltration (Fig.  5.3 ). Using a 
variety of animal models of nerve injury, a vast array of cel-
lular changes following peripheral nerve trauma have been 
documented [ 8 ]. The extent of actual neurological damage 
after an intrafascicular injection can range from neurapraxia 
with minimal structural damage to neurotmesis with severe 
axonal and myelin degeneration, depending upon the nee-
dle–nerve relationship, agent injected, and dose of the drug. 
Injury to primary sensory neurons may cause a shift in mem-
brane channel expression, sensitivity to algogenic sub-
stances, neuropeptide production, and intracellular signal 
transduction, both at the injury site and in the cell body in the 
dorsal root ganglion. These events may lead to increased 
excitability and the occurrence of acute or chronic pain or 
dysesthesia often experienced by patients with neurologic 
injury.    

  Fig. 5.3    Pathohistologic changes in the sciatic nerve of the dog after an 
intraneural injection of 2 % lidocaine. Shown are perineurial 
 delamination ( arrows ) and fascicular and epineurial cellular (infl amma-
tory) infi ltration       
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    Signs, Symptoms, and Methods to Reduce 
the Risk of Intraneural Injection 

 Our ability to monitor and avoid intrafascicular injection 
during PNBs has been limited. The discussion below focuses 
on methods commonly used in clinical practice to reduce the 
risk of intraneural injection. 

    Pain on Injection 
 Pain with injection has long been thought of as the cardinal 
sign of intraneuronal injection; consequently, it is commonly 
suggested that blocks be avoided in heavily premedicated or 
anesthetized patients. However, numerous case reports have 
suggested that pain may not be reliable as a sole warning 
sign of impending nerve injury, and it may present in only a 
minority of cases [ 13 ]. Fanelli and colleagues have reported 
unintended paresthesia in 14 % of patients in their study; 
however, univariate analysis of potential risk factors for post-
operative neurologic dysfunction failed to demonstrate par-
esthesia as a risk factor. In addition, the sensory nature of the 
pain or paresthesia can be diffi cult to interpret in clinical 
practice. For instance, a certain degree of discomfort on 
injection (“pressure paresthesia”) is considered normal and 
affi rmative of impending successful blockade because it is 
thought that this symptom indicates that injection of local 
anesthetic has been made in the vicinity of the targeted nerve 
[ 14 ]. In clinical practice, however, it can be diffi cult to dis-
cern when pain–paresthesia on injection is “normal” and 
when it is the ominous sign of an intraneural injection. 
Moreover, it is unclear how pain or paresthesia on injection, 
even when present, can be used clinically to prevent the 
development of neurologic injury. For instance, in a prospec-
tive study on neurological complications of regional anesthe-
sia by Auroy and colleagues, although the participating 
anesthesiologists did not continue to inject local anesthetic 
when pain on injection occurred, neurologic injuries after 
paresthesia still ensued [ 1 ].  

    Minimal Intensity of the Stimulating Current 
 The optimal current intensity resulting in accurate localiza-
tion of a nerve has been a topic of controversy. Methods in 
most recently published reports have reported obtaining 
nerve stimulation with currents of 0.2–0.5 mA (100 μs) prior 
to injecting local anesthetics, believing that motor response 
with current intensities lower than 0.2 mA may be associated 

with intraneural needle placement. A recent study in an 
 animal model suggested that the ability to obtain motor 
response to nerve stimulation using current intensity of 
<0.2 mA may result in an intraneural injection and infl am-
mation of the nerve [ 15 ].  

    Paresthesia Versus Nerve Stimulation 
 While it is clear that needle trauma can result in nerve dam-
age, it is uncertain whether block techniques that seek to 
elicit mechanical contact paresthesias during block needle 
insertion increase the risk of lasting injury. One study dem-
onstrates that seeking paresthesias may increase postopera-
tive lesions [ 16 ], but a contrasting study [ 17 ] shows only a 
0.36 % rate of neuropathy from brachial plexus blocks done 
with intentional production of paresthesias. It is unresolved 
whether using electrical stimulation through the needle 
reduces the incidence of nerve damage. However, advance-
ment of a needle beyond the depth that produces a motor 
response by current stimulation will typically cause a 
mechanical paresthesia by contact [ 18 ], indicating that 
 electrical nerve localization occurs at a somewhat greater 
distance than mechanical paresthesia [ 19 ]. Nonetheless, the 
stimulator technique cannot guarantee safety, since it has 
been shown that the needle may enter the nerve without pro-
ducing a detectable motor response [ 1 ,  20 ,  21 ].  

    Ultrasound-Guided Nerve Blocks 
 Real-time monitoring of needle placement by US is useful, 
but of inadequate resolution to avoid intrafascicular injection 
[ 10 ]. During ultrasound-guided nerve blocks, some clini-
cians fi rst inject a small volume (2–3 ml) of local anesthetic 
as a precautionary measure to avoid an intrafascicular injec-
tion. However, fascicles are small structures, and injury may 
occur even with minute volumes of LA (≤0.5 mL) [ 5 ,  8 ,  11 , 
 22 ]. Injections into fascicles are characterized by high open-
ing injection pressure (≥20 psi), followed by a rapid decrease 
of injection pressure to normal as the perineurium ruptures 
and local anesthetic leaks out perineurally (Fig.  5.4 ) [ 8 ,  11 , 
 22 ]. Therefore, intraneural injection of even small volumes 
of local anesthetic may be hazardous. For success and safety 
of PNBs, a combination of real-time US needle guidance 
along with in-line injection pressure monitoring [ 23 ] and 
avoidance of injection with stimulation of <0.2 mA [ 15 ] may 
prove to be the ultimate monitoring during PNBs (Fig.  5.5 ) 
[ 8 ,  23 ,  24 ].    
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  Fig. 5.4    Injection pressure during intraneural (intrafascicular) and perineural application of local anesthetics.Intraneural injection of local anes-
thetic results in signifi cantly higher injection pressures (Kapur E et al. [ 8 ]. With permission of Blackwell publishing)       

  Fig. 5.5    Administration of interscalene brachial plexus block with 
ultrasound guidance ( 1 ), electrical nerve stimulation ( 2 ), and in-line 
injection pressure monitoring ( 3 ) to avoid injection pressure >20 psi 
which may be indicative of an intraneural intrafascicular injection       
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    Needle Design and Direct Needle Trauma 
 Needle tip design and risk of neurologic injury have been 
matters of considerable debate. Nearly 30 years ago, Selander 
and colleagues suggested that the risk of perforating a nerve 
fascicle was signifi cantly lower when a short-bevel (e.g., 
45°) needle was used instead of a long-bevel (12–15°) needle 
[ 25 ]. The result of their work is largely responsible for the 
current trend of using short-bevel needles (i.e., angles 
30–45°) for the majority of major peripheral nerve conduc-
tion blocks. However, the more recent work of Rice and 
McMahon suggested that when placed intraneurally, short- 
beveled needles cause more mechanical damage than the 
long-beveled needles [ 26 ]. In a rat model, where deliberate 
penetration of the largest fascicle of the sciatic nerve with 
12- to 27°-beveled needles was studied, short-beveled nee-
dles resulted in the greatest degree of neural trauma. Their 
work suggests that sharp needles produce clean, more-likely- 
to-heal cuts, whereas blunt needles produced noncongruent 
cuts and more extensive damage on microscopic images. In 
addition, the cuts produced by the sharper needles were more 
likely to recover faster and more completely than were the 
irregular; more traumatic injuries caused by the blunter, 
short-beveled needles. Although the data on needle design 
and nerve injury have not been clinically substantiated, the 
theoretical advantage of short-beveled needles in reducing 
the risk of nerve penetration has infl uenced both practitio-
ners and needle manufacturers. Consequently, whenever 
practical, most clinicians today prefer to use short-beveled 
needles for major conduction blocks of the peripheral nerves 
and plexuses. Long-bevel, small-gauge needles, however, 
continue to be used routinely for many nerve block proce-
dures, such as axillary transarterial brachial plexus block, 
wrist and ankle blocks, cutaneous nerve block, and others.  

   Toxicity of Injected Solutions 
 Local anesthetics produce a variety of cytotoxic effects in 
cell cultures, including inhibition of cell growth, motility, 
and survival, and they may also produce morphologic 
changes [ 27 ]. The extent of these effects is proportionate to 
the duration of exposure to the local anesthetic solution, and 
they can occur using local anesthetic concentrations in the 
range used clinically. Within this range, the cytotoxic 
changes are greater as concentrations increase. Relevant to 
the clinical setting, the exact site of the local anesthetic depo-
sition plays a critical role in determining the pathogenic 
potential. After application of local anesthetics outside a fas-
cicle, the regulatory function of the perineurial and endothe-
lial blood–nerve barrier is only minimally compromised. 
The normally hypertonic endoneural fl uid becomes hypo-
tonic, with the accumulation of edema, increased perineural 
permeability, and increased fl uid pressures within the fasci-
cles [ 28 ]. Infl ammatory changes, as well as myelin and 
Schwann cell injury, have been identifi ed [ 28 – 30 ]. 

 High concentrations of extrafascicular anesthetics pro-
duce axonal injury independent of edema formation and 
elevated endoneurial fl uid pressure [ 31 ]. The duration of 
exposure and concentration of local anesthetic determine the 
degree and incidence of local anesthetic-induced residual 
paralysis [ 32 – 34 ]. The importance of these changes after 
extrafascicular injections in contributing to clinical cases of 
nerve injury has not been determined, but it is prudent to use 
the minimum necessary local anesthetic concentrations. 
Since small-fi ber neurons are more sensitive to chemical 
damage, the manifestations of local anesthetic nerve damage 
may include spontaneous paresthesias and defi cits in pain 
and temperature perception but not loss of motor, touch, or 
proprioceptive function [ 35 ]. 

 Injection of local anesthetic within a nerve fascicle has 
been invariably neurotoxic in numerous animal models [ 5 ]. 
Intrafascicular injection of saline alone, lidocaine 1 %, and 
bupivacaine 0.5 % results in evidence of axonal degeneration 
and barrier changes. Findings are progressively worse with 
increasing concentrations of both agents, especially in con-
centrations above the clinically used range [ 36 ,  37 ]. 

 In addition to local anesthetics themselves, various adju-
vant agents injected together with the local anesthetics for 
neural blockade may play a role in causing nerve damage. 
Epinephrine amplifi es the vasocompression effects of local 
anesthetics [ 38 ]. The addition of epinephrine has been shown 
to increase the neurotoxicity of bisulfi te-containing chloro-
procaine solutions [ 29 ] and to increase the axonal degenera-
tion that follows intrafascicular bupivacaine injection [ 36 , 
 37 ]. Nerve blood fl ow, especially in the large epineural feed-
ing arteries, is sensitive to the vasoconstrictive effect of 
injected epinephrine at usual concentrations [ 39 ]. Regardless 
of these laboratory fi ndings, however, the clinical use of epi-
nephrine is common, and its potential to cause clinical neu-
rotoxicity remains controversial.  

   Nerve Ischemia 
 The earliest response of the peripheral sensory neuron to 
ischemia is depolarization and generation of spontaneous 
activity, perceived by the subject as paresthesias. This is fol-
lowed by blockade of slow-conducting myelinated fi bers and 
eventually all neurons [ 21 ], possibly through accumulation 
of excess intracellular calcium [ 40 ], which accounts for the 
loss of sensation with initiation of limb ischemia. 

 Nerve function returns within six hours if ischemic times 
are less than two hours [ 41 ], and ischemic periods of up to 
6 h may fail to produce permanent structural changes in the 
nerves [ 42 ]. However, more detailed pathological examina-
tion after 3 h of reperfusion can show edema and fi ber degen-
eration that lasts for 1–2 weeks, followed by a phase of 
regeneration lasting 6 weeks [ 43 ]. In addition to neuronal 
damage, oxidative injury associated with ischemia and reper-
fusion also affects the Schwann cells, initiating apoptosis 
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[ 44 ]. Recently, sensory testing of rats 2–4 h after a 3-h period 
of hind paw ischemia demonstrated hypersensitivity to cold 
and innocuous or nociceptive mechanical stimuli reminis-
cent of human hyperalgesic syndromes [ 45 ]. 

 Tourniquets may cause nerve damage either by ischemia 
or mechanical deformation. The initial effect of direct com-
pression of the nerve by the tourniquet is failure of transmis-
sion by fast conducting myelinated fi bers [ 46 ]. Prolonged 
nerve dysfunction results from damage to the portion of the 
nerve under the edge of the pneumatic cuff, where the 
mechanical distortion of the nerve is maximal. Irreversible 
damage, including substantial distortion of myelin lamellae 
and axonal shrinkage, may ensue as early as 2–4 h after tour-
niquet infl ation [ 47 ] and predominantly affects large diame-
ter neurons [ 48 ]. Thus, the main fi ndings of tourniquet-induced 
neuropathy are motor loss and diminished touch, vibration, 
and position sense, with preserved senses of heat, cold, and 
pain and the absence of spontaneous paresthesias [ 49 ]. One 
may minimize nerve damage by using wide cuffs and infl a-
tion pressures just adequate for arterial occlusion [ 50 ], but 
periodic defl ation of the cuff (even as much as 10 min down 
every hour) has no benefi cial effects on the compression 
trauma [ 51 ]. Alternating between the two cuffs of a double- 
cuff tourniquet may allow prolonged blood fl ow interruption 
with diminished mechanical damage to the nerves, since 
each site is compressed for only half the total duration [ 52 ].    

    Systemic Toxicity of Local Anesthetics 
(See also Chap.   1    ) 

 Systemic toxicity of local anesthetics is manifested in either 
the central nervous system (CNS) or the cardiovascular sys-
tem (CVS); CNS toxicity occurs at lower plasma concentra-
tions than CVS toxicity. 

    Central Nervous System Toxicity 

 The reported incidence of seizures during regional anesthe-
sia is between 0.1 and 1 per thousand [ 1 ,  53 ]. Local anes-
thetic plasma concentrations high enough to cause seizures 
can be reached either by inadvertent intravascular (venous or 
arterial) injection, systemic absorption from the perineural or 
epidural injection site, or a combination of the two. 

 Human studies of local anesthetic CNS toxicity demon-
strate that if plasma concentrations rise slowly enough, sub-
jects will progress through a fairly stereotypic series of CNS 
symptoms prior to developing seizures [ 54 – 56 ]. The early 
CNS symptoms of rising local anesthetic plasma concentra-
tion include tongue or circumoral numbness followed by 
“lightheadedness” and later visual or auditory disturbances. 
One could reasonably argue that an awake patient would be 

able to warn a clinician of developing CNS symptoms prior to 
seizures and that if the local anesthetic is being injected 
slowly enough, the injection could be aborted before a dose 
large enough to cause seizures (or worse) is administered. 
Consistent with this argument are studies demonstrating that 
un-premedicated subjects can detect an intravenous bolus of 
lidocaine (1.5 mg/kg), 2-chloroprocaine (90 mg), or bupiva-
caine (25 mg) with 100 % sensitivity but that the sensitivity 
drops to between 60 and 80 % with as little as 1.5–2.8 mg 
midazolam and 60–96 μg fentanyl [ 57 ,  58 ]. However, CNS 
toxicity from systemic absorption of local anesthetic gener-
ally occurs after all of the local anesthetic has been injected; 
thus, premonitory symptoms will occur too late to prevent a 
toxic dose from being administered. In addition, seizures that 
occur as a result of inadvertent local anesthetic injection into 
the carotid or vertebral arteries during blocks in the neck (e.g., 
stellate ganglion, interscalene) have occurred after less than 
1.5 ml of local anesthetic was injected [ 59 ,  60 ]. Consequently, 
these patients have seizures too rapidly to be able to signal a 
warning. Similarly, patients in whom local anesthetic is inad-
vertently injected rapidly intravenously may well develop sei-
zures before they have time to appreciate CNS warning 
symptoms and interject to prevent administration of a toxic 
dose. Therefore, keeping patients unanesthetized or unsedated 
for the purpose of avoiding severe CVS toxicity may not pro-
vide any discernable benefi t and may increase the risk of CNS 
and potentially cardiovascular toxicity. 

 The addition of epinephrine or isoproterenol produces 
characteristic changes in heart rate, blood pressure, or 
T-wave amplitude that are sensitive indicators of intravascu-
lar injection, even in subjects who are beta-blocked or anes-
thetized [ 61 ]. Fentanyl has also been shown to be a sensitive 
indicator of intravascular injection in obstetrics [ 62 ]. 
Similarly, air (1 ml) has been successfully used to detect 
intravascular injection by monitoring the heart with a precor-
dial Doppler to detect the characteristic “mill wheel” mur-
mur of air in the right atrium [ 63 ,  64 ]. Importantly, the dose 
of epinephrine/isoproterenol and the diagnostic criteria for 
considering a cardiovascular response to be positive are dif-
ferent in anesthetized vs. awake patients (and in “elderly” 
patients for that matter), but the sensitivity is still 100 % if 
the appropriate test dose and criteria are used [ 65 – 67 ]. The 
patient’s report of CNS symptoms, however, is not 100 % 
sensitive because of the large number of patients incapable 
of either sensing or adequately expressing their symptoms 
(e.g., young children, demented patients, developmentally 
delayed patients, patients with a language barrier, etc.) [ 68 , 
 69 ]. Because an appropriately applied and monitored test 
dose is 100 % effective at detecting intravascular injection in 
“all” patients (whether they are awake, sedated, or anesthe-
tized), the test dose, and not patient report, may be consid-
ered the optimum method to detect and prevent intravascular 
injections. 
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 Apart from issues related to detecting intravascular 
 injections, appropriate sedation can actually decrease the 
risk of seizures. Specifi cally, because sedative hypnotics like 
benzodiazepines, barbiturates, and propofol signifi cantly 
raise the threshold for local anesthetic-induced seizures (i.e., 
increase the plasma concentration at which seizures occur), 
their use can increase the safety margin for local anesthetic 
CNS toxicity. Seizure prevention is likely greater for general 
anesthesia because the magnitude of CNS depression is 
 signifi cantly greater than that achieved by “sedation.” 
However, when sedation results in signifi cant respiratory 
depression (e.g., if opioids are a part of the sedative “mix”), 
the risk of seizures may actually be increased by a pharma-
cokinetic mechanism.  

    Cardiovascular Toxicity 

 Unlike CNS toxicity, which can occur from absorption of 
local anesthetic properly deposited at the intended block site, 
higher local anesthetic concentrations required to produce 
signifi cant cardiovascular toxicity, particularly cardiac arrest, 
can only be reached by intravascular injection. Consequently, 
prevention of cardiovascular toxicity rests primarily on the 
ability to prevent signifi cant intravascular injection of local 
anesthetic. Perhaps the most effective method to prevent 
intravascular injection is by slow, incremental injection of a 
local anesthetic solution containing a marker of intravascular 
injection (e.g., epinephrine, isoproterenol, air, etc.) while 
simultaneously monitoring for the appropriate objective 
 cardiovascular response. 

 However, heavy sedation/anesthesia may modulate the 
manifestation of cardiovascular toxicity. Animal studies 
 document that intralipid can raise the threshold for 
bupivacaine- induced cardiovascular toxicity [ 70 ] and that it 
is also effective for resuscitation from bupivacaine-induced 
cardiovascular collapse [ 71 – 73 ]. A recent human case report 
of successful resuscitation after severe systemic toxicity of 
bupivacaine is consistent with the experimental animal data 
[ 74 ]. Intralipid’s salutary effects appear to be the result of a 
change in blood lipophilicity that results in bupivacaine 
 partitioning out of the heart and into the blood stream. 
Because propofol is emulsifi ed in intralipid, it is conceivable 
that propofol sedation/anesthesia may reduce the risk of 
bupivacaine cardiovascular toxicity. In fact, propofol anes-
thesia raises the threshold for seizures and attenuates 
 dysrhythmias, bradycardia, and hypotension, although not 
asystole, in rats receiving i.v. bupivacaine [ 70 ]. Whether this 
incomplete cardioprotective effect of propofol is also the 
result of a shift in bupivacaine partitioning between the 
 myocardium and blood is unknown. 

 Volatile anesthetics (sevofl urane) alter the manifestations 
of bupivacaine cardiovascular activity. In rats, sevofl urane 

raised the dose of bupivacaine necessary to cause 
 dysrhythmias even more so than did propofol [ 70 ]. 
Sevofl urane also increased the dose of bupivacaine required 
to produce a 50 % reduction in heart rate but had no effect on 
the dose of bupivacaine required to produce hypotension or 
asystole. Similarly, benzodiazepine premedication alters the 
manifestations of bupivacaine cardiovascular toxicity in pigs 
[ 75 ]. Both diazepam and midazolam increased the dose of 
bupivacaine required to produce cardiac dysrhythmias and 
prevented the early hypertension and tachycardia experi-
enced by the control animals. However, benzodiazepine nei-
ther altered the bupivacaine dose nor plasma concentration at 
which cardiovascular collapse occurred. Interestingly, while 
all of the control animals in the Bernards et al. study devel-
oped tonic–clonic seizures prior to cardiovascular collapse, 
only 2 of the 20 animals premedicated with a benzodiazepine 
developed seizures [ 75 ]. However, the mechanism by which 
general anesthesia or benzodiazepine-mediated sedation 
alters the early hemodynamic manifestations of bupivacaine 
toxicity remains unknown. 

 In summary, the risk of severe complications associated 
with administration of peripheral nerve blocks is probably 
similar to that with general anesthesia. However, complica-
tions related to the nerve blocks fall in two categories—a 
neurologic injury and systemic toxicity of local anesthetics. 
While these complications are relatively rare, they have 
occurred even in expert hands due to the lack of precise mon-
itoring during nerve localization and administration of local 
anesthetics. The recent introduction of real-time monitoring 
of needle placement, injection pressure, and minimal stimu-
lating current monitoring will likely go a long way in trans-
forming regional anesthesia into a more objective, 
reproducible, and safer discipline.      
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       The pioneering work of Jankovic [ 1 ] on the anesthetic effect 
of cocaine in the context of ophthalmic surgery was the his-
torical starting point for local and regional anesthesia. Local 
anesthesia is commonly used today for majority of ophthal-
mic surgical procedures. Cataract surgery is the most com-
mon surgery and local anesthesia is the norm, but the 
provision of anesthesia varies worldwide but exact frequency 
of the use of a particular technique is not known. Patient 
comfort, safety, and low complication rates are the essentials 
of local anesthesia. The technique is chosen to provide anes-
thesia with or without reduction of eye movements. 
Ophthalmic blocks can be achieved by inserting a needle or 
a blunt cannula. 

    Orbital Anatomy 

 The globe or bulbus oculi lies in front of the orbit and is cov-
ered by eyelids. The orbit is an irregular four-sided pyramid 
with its apex pointing posteromedially and its base facing 
anteriorly (Figs.  6.1 ,  6.2 , and  6.3 ). The base is formed by the 
surface of the cornea, the conjunctiva, and the lids. The medial 
wall of orbit is parallel to the sagittal plane, but the lateral wall 
is angled inward at 45°. The roof is horizontal but the fl oor 
slopes upward, front to back by 10°. The globe is closer to the 
roof than the fl oor of the orbit. The length of orbit varies from 
42 to 54 mm. One-fourth of the orbit is fi lled by the globe 
(7 ml), and the remainder is fi lled with fatty tissue, vessels, 
lacrimal gland, connective tissue, nerves, and extraocular 
muscles. The transparent cornea lies on the anterior surface of 
the eyeball (Fig.  6.4 ).     

 Underneath this lies the crystalline lens which is located 
in front of the iris, with its central opening, the pupil. The 
conjunctiva covers relatively the tough sclera. The optic 
nerve enters the globe on the hind surface of the globe 
slightly medial to the axis. The anterior chamber of the eye is 
bounded by the cornea, the iris, and the lens. The posterior 
chamber of the eye encircles the lens in a ringlike shape, and 
the posterior chamber of the eye contains the vitreous body. 

 The movements of the globe are made possible by four 
straight muscles, inferior rectus (oculomotor nerve), lateral 
rectus (abducent nerve), medial rectus (oculomotor nerve), 
and superior rectus (oculomotor nerve), and two oblique, 
superior oblique muscle (trochlear nerve) and inferior 
oblique muscle (oculomotor nerve) (Figs.  6.2 ,  6.3 , and  6.5 ). 
The rectus muscles arise from the annulus of Zinn near the 
apex of the orbit and insert anterior to the equator of the 
globe thus forming an incomplete cone. Thus, the orbit is 
divided into two compartments although not completely sep-
arate, an extraconal compartment and an intraconal compart-
ment. Injected local anesthetics are easily able to cross the 
barrier between two compartments by diffusion. Within the 
annulus and the muscle cone lie the optic nerve (II), the ocu-

lomotor nerve (III containing both superior and inferior 
branches), the abducent nerve (VI nerve), the nasociliary 
nerve (a branch of V nerve), the ciliary ganglion, and 
vessels.  

 The sensory supply of the orbit is provided by lacrimal, 
frontal, and nasociliary branches of the ophthalmic division 
of the trigeminal nerve. (See Chap.   10     Trigeminal Nerve, 
pp. 135–7) Autonomic fi bers run from the ciliary ganglion 
situated within the cone near to the orbital apex (Figs.  6.2  
and  6.3 ). The ciliary ganglion, a tiny collection of nerve 
cells, lies in the posterior part of the orbit between the optic 
nerve and the lateral rectus muscle. The sensory and sympa-
thetic roots of the ciliary ganglion are provided by the naso-
ciliary nerve and the neural network around the internal 
carotid artery but do not always connect to the ciliary gan-
glion. Their fi bers can reach the eye directly via the ciliary 
nerves. The sympathetic fi bers which are already postgangli-
onic after they have switched to the cervical sympathetic 
trunk ganglia can accompany the ophthalmic artery and its 
branches on the way to their destination. Stimuli from the 
cornea, iris, choroid, and intraocular muscles are conducted 
in the sensory fi bers. 

 The eye and orbital contents receive their main arterial 
supply from the ophthalmic artery (Fig.  6.6 ). The ophthalmic 
artery is a branch of the internal carotid artery. In the orbital 
cavity, the artery runs forward for a short distance lateral to 
the optic nerve and medial to the lateral rectus muscle, the 
abducent and oculomotor nerves, and the ciliary ganglion. 
The artery then turns medially and crosses above the optic 
nerve, accompanied by the nasociliary nerve. The venous 
blood of the orbit is drained by the superior and inferior oph-
thalmic veins which in turn drain into the cavernous sinus. 
The superior ophthalmic vein crosses the optic nerve with 
the ophthalmic artery. The veins of the orbit are tortuous and 
freely anastomose with one another, and they have no valves. 
These vessels are known to be damaged when a long needle 
is inserted deep into the apex.  

 Tenon capsule (fascial sheath) is a thin membrane that 
envelops the eyeball and separates it from the orbital fat. 
The inner surface is smooth and shiny and is separated from 
the outer surface of the sclera by a potential space the sub-
Tenon space. Crossing the space and attaching the fascial 
sheath to the sclera are numerous delicate bands of connec-
tive tissue (Fig.  6.7 ). Anteriorly, the fascial sheath is fi rmly 
attached to the sclera about 3–5 mm posterior to the corneo-
scleral junction. Posteriorly, the sheath fuses with the 
meninges around the optic nerve and with the sclera around 
the exit of the optic nerve. The tendons of all six extrinsic 
muscles of the eye pierce the sheath as they pass to their 
insertion on the globe. At the site of perforation, the sheath 
is refl ected back along the tendons of these muscles to form 
a tubular sleeve. The local anesthetic is injected beneath this 
part of the sub- Tenon space.   
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  Fig. 6.1    Eyelids and lacrimal apparatus. ( 1 ) Cornea, ( 2 ) conjunctiva, 
( 3 ) medial angle of the eye, ( 4 ) lacrimal caruncle, ( 5 ) lacrimal papilla, 
( 6 ) inferior eyelid, ( 7 ) pupil, ( 8 ) lateral angle of the eye, ( 9 ) superior 
eyelid (With permission from D. Jankovic)       
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  Fig. 6.2    Anatomy of the eye. ( 1 ) Eyeball, ( 2 ) lacrimal gland, ( 3 ) leva-
tor palpebrae superioris muscle, ( 4 ) superior rectus muscle, ( 5 ) lateral 
rectus muscle, ( 6 ) inferior rectus muscle, ( 7 ) medial rectus muscle, ( 8 ) 
superior oblique muscle, ( 9 ) optic nerve, ( 10 ) ciliary ganglion, ( 11 ) 
nasociliary nerve, ( 12 ) trigeminal ganglion, ( 13 ) frontal nerve, ( 14 ) 
ophthalmic nerve, ( 15 ) trochlear nerve, ( 16 ) abducent nerve, ( 17 ) ocu-
lomotor nerve, ( 18 ) internal carotid artery, ( 19 ) retrobulbar fat, ( 20 ) 
supraorbital nerve (With permission from D. Jankovic)       
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  Fig. 6.3    Anatomy. ( 1 ) Spinal 
dura mater, ( 2 ) trigeminal 
ganglion, ( 3 ) internal carotid 
artery, ( 4 ) trochlear nerve, ( 5 ) 
oculomotor nerve, ( 6 ) 
supraorbital nerve, ( 7 ) superior 
rectus muscle, ( 8 ) ciliary 
ganglion, ( 9 ) inferior rectus 
muscle, ( 10 ) ophthalmic nerve 
(With permission from 
D. Jankovic)       
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  Fig. 6.4    Horizontal section through the eyeball. ( 1 ) Cornea, ( 2 ) iris, ( 3 ) 
lens, ( 4 ), anterior chamber of the eyeball, ( 5 ) posterior chamber of the 
eyeball, ( 6 ) ciliary body, ( 7 ) lateral rectus muscle, ( 8 ) medial rectus 
muscle, ( 9 ) vitreous body, ( 10 ) central retinal fovea, ( 11 ) optic nerve, 
( 12 ) central retinal artery, ( 13 ) central retinal vein, ( 14 ) sclera, ( 15 ) cho-
roid (With permission from D. Jankovic)       
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  Fig. 6.5    Eye: muscles, nerves, and vessels. ( 1 ) Medial rectus muscle, 
( 2 ) lateral rectus muscle, (3) superior rectus muscle, ( 4 ) inferior rectus 
muscle, ( 5 ) superior oblique muscle, ( 6 ) inferior oblique muscle, ( 7 ) 
levator palpebrae superioris muscle, ( 8 ) optic nerve, ( 9 ) oculomotor 
nerve, ( 10 ) abducent nerve, ( 11 ) nasociliary nerve, ( 12 ) lacrimal nerve, 
( 13 ) frontal nerve, ( 14 ) trochlear nerve, ( 15 ) superior orbital fi ssure, 
( 16 ) inferior orbital fi ssure, ( 17 ) superior ophthalmic vein, ( 18 ) inferior 
ophthalmic vein, ( 19 ) ophthalmic artery (With permission from 
D. Jankovic)       
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  Fig. 6.6    Blood supply in the eye. ( 1 ) Eyeball, ( 2 ) internal carotid 
artery, ( 3 ) central retinal artery, ( 4 ) ophthalmic artery, ( 5 ) superior oph-
thalmic vein, ( 6 ) optic nerve (With permission from D. Jankovic)       

 

 

 

Chapter 6 Regional Anesthesia in Ophthalmology



85

  Fig. 6.7    Sub-Tenon space 
showing multiple connective 
tissue bands (With kind 
permission from   www.bartleby.
com    )       
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    Anatomy Relevant to Blocks 

 The terminology used for regional orbital blocks is contro-
versial. An intraconal (retrobulbar) block involves the injec-
tion of a local anesthetic agent into the muscle cone behind 
the globe formed by four recti muscles and the superior and 
inferior oblique muscles. An extraconal (peribulbar) block 
involves the injection of local anesthetic outside the muscle 
cone. Many studies confi rm that there are multiple commu-
nications between two compartments, and it is sometimes 
diffi cult to differentiate if the injection is intraconal or extra-
conal. A combination of intraconal and extraconal blocks is 
described as combined retroperibulbar block. 

 The average distance between the orbital margin and the 
ciliary ganglion is approximately 38 mm (range 32–44 mm). 
If a 38-mm needle is used, it may reach the optic nerve in a 
large number of patients leading to serious catastrophic 
events. A needle < 31 mm  must be used to protect the globe, 
optic nerve, and other major structures behind the globe dur-
ing both extraconal and intraconal blocks. In cadaver studies, 
Karampatiakis et al. found that when a retrobulbar block was 
carried out with a needle 40 mm long, the needle tip would 
reach the posterior optic nerve in 100 % of cases; even with 
needles 35 mm long, the covering of the optic nerve would 
be touched [ 2 ]. 

 Average axial length (anteroposterior distance of the 
globe) of the eye varies from 22 to 24 mm. Eye with axial 
lengths >26 mm are more prone to globe damage. The axial 
length measurement is available during cataract surgery. If a 
patient is scheduled for non-cataract surgery, spherical power 
of the spectacles may offer some clue.    If a patient has very 
thick prescription glasses, it indicates high myopia. The risk 
of damage to the globe and optic nerve is also greater when 
the globe is rotated during injection. Therefore, it is recom-
mended that the globe should be in the neutral gaze during 
the injection. It is safer to introduce a needle as far lateral as 
possible because if it is introduced at the junction of medial 
2/3rd and lateral 1/3rd of the inferior orbital rim, the inferior 
rectus and inferior oblique muscles and their nerves may be 
damaged. 

 In sub-Tenon block, local anesthetic agent is injected 
under the Tenon capsule. This block is also known as parabul-
bar block, pinpoint anesthesia, and medial episcleral block.  

    Physiology 

 The physiological pressure (intraocular pressure) interior of 
the eye is between 10 and 20 mmHg. It is higher in patients 
with a large-diameter eyeball and in the recumbent position. 
It is higher in the morning than in the evening. It increases 
during coughing, physical exertions, and vomiting. An 
increase in the plasma concentration of carbon dioxide and 
decrease in oxygen concentration increase the intraocular 
pressure. Intraocular pressure increases after the needle tech-
nique, and this is due to increase in the volume behind the 
globe. There is little or no increase in intraocular pressure 
after sub-Tenon block. The anterior and posterior chambers 
of the eye contain 250 μl of an aqueous liquid (rate of synthe-
sis ca. 2.5 μl/min).  

    Indications and Contraindications 

 Both intraocular procedures (cataract extraction, vitrec-
tomy) and extraocular procedures (strabismus surgery, 
retinal detachment) can be carried out under local anesthe-
sia in suitable patients. There are only a few absolute con-
traindications such as patient refusal to accept local 
anesthesia, allergy to local anesthetic agent, local infec-
tion, excessive abnormal body movements, severe breath-
lessness, psychiatric conditions, and in situations where it 
is diffi cult to establish a good communication between 
patients and health-care workers, but the list is shrinking 
and local anesthesia is increasingly used even in the above 
group.  

    Patient’s Assessment and Preparation 

 Most ophthalmic surgical procedures are carried out as out-
patient basis. There is debate as to the degree of preopera-
tive assessment and investigation required and they vary 
worldwide. In the UK, the Joint Colleges Working Party 
Report recommended that routine investigations are unnec-
essary and the patients are not fasted [ 3 ]. Routine investiga-
tion of patients undergoing cataract surgery under regional 
anesthesia is not essential because it neither improves the 
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health nor improves the outcome of surgery, but tests can 
be done to improve the general health of the patient if 
required [ 4 ]. 

 The preoperative assessment should always include a 
specifi c enquiry about bleeding disorders and related drugs. 
There is an increased risk of hemorrhage, and this requires 
that a clotting profi le is available (and recorded) prior to 
injection (see later) [ 5 ,  6 ]. Patients receiving anticoagulants 
are advised to continue their medications. Clotting results 
should be within the recommended therapeutic range. 
Currently, there is no recommendation for patients receiv-
ing antiplatelet agents. Blood pressure should be controlled 
in hypertensive patients. Diabetic patients are allowed to 
take their usual medications, and active control of blood 
sugar is not necessary. There is no need for antibiotic pro-
phylaxis in patients with valvular heart disease, and surgery 
is not performed if patient has suffered myocardial infarc-
tion during the last 3 months [ 3 ]. The presence of a long 
eye, staphyloma, or enophthalmos, the use of faulty tech-
nique, a lack of appreciation of risk factors, an uncoopera-
tive patient, and the use of unnecessarily long needles are 
some of the contributing causes. Knowledge of axial length 
measurement is essential. A precise axial length measure-
ment is usually available for intraocular lens diopter power 
calculation before cataract surgery [ 7 ]. If the block is per-
formed for other surgery and the axial length measurement 
is not known, close attention to the diopter power of 
patients’ spectacles or contact lenses may provide valuable 
clues to globe dimension (patients usually provide this 
history).  

    General Considerations and Preparation 
Before Block 

 The patient and the person performing the block must be 
involved in full discussion of the proposed technique. The 
anesthetic and surgical procedures are explained to the 
patients. Patient is placed in a comfortable position, and 
oxygen is administered via a suitable device. All monitor-
ing and anesthetic equipments in the operating environ-
ments should be fully functional. Blood pressure, oxygen 
saturation, and ECG leads are connected, and baseline 

recordings are obtained. Insertion of an intravenous line is 
a prerequisite for needle block, but its use has been ques-
tioned during sub- Tenon injections [ 2 ]. It is not unusual to 
observe adverse medical events in elderly patient, and a 
working intravenous line could only be a good clinical 
practice.  

    Sedation and Analgesia During Ophthalmic 
Blocks 

 The use of sedation varies in different parts of the world 
and may or may not be used. Sedation is used during block 
procedure, surgical procedure, or during block and sur-
gery. However, sedation is common during topical anes-
thesia. Selected patients, in whom explanation and 
reassurance have proved inadequate, may benefi t from 
sedation. Short-acting benzodiazepines, opioids, and small 
doses of intravenous anesthetic induction agents are 
favored, but the dosage must be minimal. An increased 
incidence of adverse intraoperative events is anticipated 
with sedation in elderly [ 6 ]. 

 It is recommended that one of the following drugs is given 
immediately before carrying out regional anesthesia:

•    Midazolam 1 mg (+ remifentanil 0.33 μg/kg)  
•   Propofol 0.5 mg/kg    

 Deep sedation should not accompany regional anesthesia; 
the patient should be capable of cooperating.  

    Conduction and Infi ltration Block 

    Needle Techniques 

    Atkinson’s classical retrobulbar block involves insertion of a 
38-mm- long needle through the skin at the junction of the 
medial 2/3rd and lateral 1/3rd of the inferior orbital margin 
in a rotated eye toward the orbital apex. A facial nerve block 
(7th nerve block) is essential (see Chap   .   7    ). 

 The classical retrobulbar block has now been superseded 
by a higher-volume modern retrobulbar and peribulbar 
blocks.   

Conduction and Infi ltration Block
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    Modern Retrobulbar Block 

 The needle is deliberately directed toward the apex and 
within the muscle cone (see above) while the globe is in neu-
tral gaze. 

    Indications 

    Both intraocular and extraocular surgery may include cata-
ract surgery, vitreoretinal surgery, panretinal photocoagula-
tion, trabeculectomy, optic nerve sheath fenestration, 
delivery of drugs (steroids, neurolytic agents), and some-
times strabismus surgery in willing patients. Retrobulbar 
block is also performed for the delivery of neurolytic agents 
for the treatment of chronic orbital pain.  

    Preparation 

 See above.  

    Materials 

 Equipments such as local anesthetic eyedrop, local anes-
thetic agent, needle, and syringe (Fig.  6.8 ) are essential for 
needle block. Other materials such as syringe, small needle, 
oculocompression device, gauge swab, hyaluronidase, epi-
nephrine, and balanced salt solution (BSS) may be required.  

 The short and sharp needles are favored because they 
reduce the discomfort on insertion but at the expense of a 
reduced tactile feedback, hence a higher risk of failing to 
recognize a globe perforation. The blunt or dull needles are 
favored because it is believed that blood vessels are pushed 
rather traumatized and tissue planes could be more accu-
rately defi ned, but these are more likely to cause greater 
damage when misplaced [ 8 ].  

    Patient Positioning 

 The best position for the patient is a semi-recumbent position 
(45°).  

    Injection Technique 

 Topical local anesthetic drops and antiseptic drops are 
instilled to obtain surface anesthesia (Fig.  6.9 ). A dilute local 
solution (add 2 ml of concentrated local anesthetic agent to 
13 ml of BSS) is helpful before the injection of concentrated 

local anesthetic agent. Of this dilute solution, 1.5–2 ml is 
injected through the conjunctiva under the inferior tarsal 
plate in the inferotemporal quadrant.  

 A 27-gauge, 1-cm-long needle (Fig.  6.10 ) is inserted 
under the inferior tarsal plate through the conjunctiva to 
deliver dilute local anesthetic. The needle can be introduced 
through the skin or conjunctiva. A 25-G, 31-mm-long needle 
is inserted through the skin in the inferotemporal quadrant as 
far lateral as possible (7 o’clock position on the right eye or 
the 5 o’clock position on the left eye) below the lateral rectus 
muscle (Fig.  6.11 ) while the patient’s eye is in the neutral 
gaze position. It is important that the needle hub is visible 
and the skin is not indented. The initial direction of the nee-
dle is tangential to the globe, then passed below the globe, 
and, once passed the equator as gauged by axial length of the 
globe, is allowed to go upward and inward along the fl oor of 
the orbit to enter the central space just behind the globe 
(Figs.  6.12  and  6.13 ). The globe is continuously observed 
during the needle placement.     

 Motility testing of the eye must be carried out before the 
procedure.  

    Dosage 

•     Oxybuprocaine HCl 0.4 % for surface anesthesia if the 
transconjunctival access route is chosen.  

•   3–5 ml local anesthetic (e.g., 0.75 % ropivacaine, 0.5 % 
bupivacaine, 2 % prilocaine, 2 % mepivacaine, 2 % 
 lidocaine) or combinations of these.  

•   Possible adjuncts to the local anesthetic:

   Epinephrine (5 μg/ml or 1:200,000)  
  Hyaluronidase (150 IU) [ 7 ]       

 The addition of hyaluronidase to local anesthetics leads to 
improved diffusion and thus to a faster onset. This provides 
very good conditions for surgical procedures in the eye. 
Akinesia and anesthesia usually follow but they are dose 
dependent. If the amount injected is small, anesthesia may 
follow but akinesia may not occur at all. On the other hand, 
higher volume can generally guarantee anesthesia and 
 akinesia, but intraocular pressure rises and other complica-
tions such as chemosis may occur. Sometimes a supplemen-
tary injection such as a medial peribulbar block is required 
(see later).  

    Advantages 

 Anesthesia and akinesia are very predictable and quick. It is 
easy to learn the technique provided knowledge of basic 
 sciences relevant to block are achieved.  
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  Fig. 6.8    Essential equipments for 
needle block       

    Disadvantages 

 There are reports of serious complications both sight- and 
life-threatening.  

    Side Effects and Complications 

     1.    Hemorrhage in the very well-vascularized orbit, with a 
frequency of 0.7–1.7 % (known as “compartment syn-
drome”), can lead to blindness.   

   2.    Conjunctival hemorrhage (20–100 %).   
   3.    Retinal detachment and vitreous hemorrhage after per-

foration of the eyeball can lead to loss of vision.   
   4.    Subperiosteal hemorrhage due to contact between the 

needle and the orbital fl oor.   
   5.    Chemosis (25–40 %) due to fast injection of larger vol-

umes of a local anesthetic.   

   6.    Perforation of the eyeball and intraocular injections can 
occur, particularly in severely myopic patients. To avoid 
these, patients should gaze straight ahead throughout the 
block procedure.   

   7.    Injury to the optic nerve or intraneural injection (imme-
diate blindness).   

   8.    Subarachnoid injection is a severe complication.   
   9.    Intravascular injection, with serious CNS intoxication. 

See Chap.   1    .   
   10.    Oculocardiac refl ex: bradycardia due to the vasovagal 

refl ex is observed in younger and frail patients and may 
be seen both during the block procedure and also 
intraoperatively.   

   11.    Injury to the extraocular muscles (usually the inferior 
oblique muscle or inferior rectus muscle) can lead to 
muscle necrosis, contractions, or disturbances of 
healing.       

 

Modern Retrobulbar Block
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  Fig. 6.11    27-G, 2-cm-long needle is inserted at  the extreme  inferolat-
eral quadrant percutaneously during intended modern retrobulbar block       

  Fig. 6.12    Initial direction of needle (tangential to the globe) during 
modern retrobulbar block       

  Fig. 6.13    The needle is directed upward and inward during modern 
retrobulbar block       

  Fig. 6.9    Surface anesthesia       

  Fig. 6.10    27-G, 1-cm-long needle inserted under the inferior tarsal 
plate through the conjunctiva to deliver dilute local anesthetic       
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    Peribulbar Block 

    Inferotemporal Peribulbar Block 

 This block is used as a main injection alternative to modern 
retrobulbar block. 

    Indications, Preparation, and Materials 
 See above  

    Patient Positioning 
 See above.  

    Injection Technique 
 Possible approaches of peribulbar injection are presented in 
Fig.  6.14 .  

 A 25-G, 31-mm-long needle is inserted through the con-
junctiva as far laterally as possible in the inferotemporal 
quadrant. Once the needle is under the globe, it is not 
directed upward and inward, but it is directed along the 
orbital fl oor. Five milliliter of local anesthetic agent of 
choice is injected. Many patients require a supplementary 
injection [ 8 ,  9 ].   

    Medial Peribulbar Injection: The Medial 
Canthus (Caruncular) Single Injection 

 A medial peribulbar block is usually performed to supple-
ment inferotemporal, retrobulbar, or peribulbar injection, 
when akinesia is not adequate. A 27-G, 2.5-cm-long needle 
is inserted in the blind pit between the caruncle and the 
medial canthus (Figs.  6.14 ,  6.15 ,  6.16 , and  6.17 ) to a depth 
of 15–20 mm. The needle is inserted at the medial side of the 
caruncle, at the extreme medial side of the palpebral fi ssure, 
and directed at a 5° angle away from the sagittal plane toward 
the medial orbital wall. The needle should never be intro-
duced more than 20 mm for the caruncular puncture. This 
technique may require supplementary injection [ 10 ]. A 
medial peribulbar with a 25-G, 31-mm-long needle is used as 
primary technique in patients with long axial length which 
may be associated with higher incidence of staphyloma [ 11 ].    

    Dosage 
 Three to fi ve milliliter of local anesthetic agent of choice is 
injected if this technique is used as a supplementary injec-
tion. However, if this technique is used as a primary injection 
technique, a volume of 8 ml may be required and this may be 
very painful during injection.  

    Advantages of the Caruncular Technique 
     1.       The medial canthus single injection of peribulbar anes-

thesia is less painful as -effi cient as the classic double- 
injection peribulbar technique.   

   2.    Less local anesthetic agent is required.   
   3.    Reduce the number of punctures and, thus, reduce the risk 

of injuring an important structure of the eye.   
   4.    Short onset of block.   
   5.    Less volume acquired, less ocular pressure.   
   6.    The diffusion space of anesthetic agents around the globe 

is segmented by a network of numerous tiny aponeuroses, 
which may be less dense in the medial canthus region, 
and this might explain better diffusion and low-volume 
requirement. Further extraconal space in this compart-
ment is relatively large and avascular, and this may reduce 
the risk of hematoma or intravascular injection.      

    Disadvantages 
 Multiple injections are required during peribulbar block. 
Caution is required during supplementary injection as the fi rst 
injection is likely to alter the position of the globe in the orbit.  

    Complications of Needle Blocks 
 There are many complications of needle blocks, ranging 
from simple to serious, that have been reported and pub-
lished [ 7 ]. The complications may be limited to the orbit or 
may be systemic. Orbital complications include failure of the 
block, corneal abrasion, chemosis, conjunctival hemorrhage, 
vessel damage leading to retrobulbar hemorrhage, globe per-
foration, globe penetration, optic nerve damage, and extra-
ocular muscle damage. The systemic complications, such as 
local anesthetic agent toxicity, brain stem anesthesia, and 
cardiorespiratory arrest, may be due to intravenous or intra-
thecal injections or the spread or misplacement of drug in the 
orbit during or immediately after injection.    
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  Fig. 6.16    A photography of the skull showing direction of needle dur-
ing medial (caruncular) peribulbar block       

  Fig. 6.17    Medial (caruncular) block: 27-G, 2-cm-long needle is 
inserted between the caruncle and medial canthus during medial perib-
ulbar block       

  Fig. 6.14    Peribulbar block. Possible approaches: ( 1 ) inferotemporal, 
( 2 ) medial caruncular, ( 3 ) superonasal (With permission from 
D. Jankovic)       

  Fig. 6.15    Inferotemporal peribulbar block—a needle inserted through 
the conjunctiva in the extreme inferotemporal quadrant below the lat-
eral rectus muscle       
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    Sub-tenon Block 

 This block was introduced as a simple, safe, and effective 
alternative to needle blocks. The technique involves gaining 
access to the sub-Tenon space, the insertion of a blunt can-
nula, and the administration of local anesthetic agent into the 
sub-Tenon space [ 12 ]. 

    Anatomy Relevant to Block 

 Orbital blocks are performed to achieve anesthesia and aki-
nesia during orbital regional blocks. Injection of local anes-
thetic agent under the Tenon capsule diffuses into the 
intraconal space. Anesthesia is obtained when the branches 
of short ciliary nerve are blocked as they pass through the 
Tenon capsule to the globe. Akinesia occurs when branches 
of the motor nerves are blocked in the intraconal  compartment. 

 The sub-Tenon space can be accessed from all four quad-
rants, but the inferonasal quadrant is the most commonly 
reported site of access in the published studies as the place-
ment of cannula in this quadrant allows good fl uid distribu-
tion superiorly while avoiding the area of access for surgery 
and damage to the vortex veins.  

    Indications 

 Sub-Tenon block is a versatile and effective technique. Its use 
has been advocated primarily for cataract surgery but is also 
effective for vitreoretinal surgery, panretinal photocoagula-
tion, trabeculectomy, strabismus surgery, optic nerve sheath 
fenestration, and the delivery of drugs. This technique is also 
increasingly favored in patients who are on anticoagulants, 
aspirin, and nonsteroidal anti-infl ammatory drugs (NSAIDs) 
[ 13 ,  14 ]. Complications are less severe and relatively fewer.  

    Materials 

 Topical local anesthetic agent, povidone iodine (5 %), scis-
sors, forceps, local anesthetic agent, blunt sub-Tenon can-
nula, and syringe are required (Fig.  6.18 ). Additional materials 
such as speculum (Clarke or Screw speculum), gloves, cotton 
buds, hyaluronidase, and epinephrine may be helpful.   

    Preparation 

    Surface Anesthesia and Speculum Placement 
 All topical local anesthetic drops have been used, but 
preservative- free topical preparations in single-dose contain-
ers (0.4 % oxybuprocaine or tetracaine eyedrop) are usually 
preferred but they all produce stinging on initial application. 
Surface anesthesia can also be achieved by the application of a 
cotton bud soaked with topical agent in the area of dissection. 

The procedure is carried out under sterile conditions, and no-
touch technique is advocated as infections are known to occur. 
Conjunctiva is cleaned with aqueous 5 % povidone iodine. 
Some prefer to use a speculum, but if not available, the lower 
lid is retracted by an assistant.  

    Position of the Patient and Technique 
 Anesthetist can approach from the head end or from the side 
[ 13 ]. The patient is positioned supine with comfortable pads 
and sponges. The patient is asked to look upward and outward 
(Fig.  6.19 ). If sedation is used, dissection can be performed in 
a neutral gaze position. Under sterile conditions, the conjunc-
tiva and Tenon capsule are gripped with  non- toothed forceps 
5–10 mm away from the limbus (Fig.  6.20a ). A small incision 
is made through these layers with scissors to expose the white 
area, and a sub-Tenon  cannula (2.54 cm curved and blunt) is 
inserted along the  curvature of the globe (Fig.  6.20a, b ).    It is 
not unusual to meet a resistance during this procedure espe-
cially when the Tenon capsule is not dissected properly or the 
cannula does not advance because resistance is met by tissues 
(connective tissue bands, muscles etc.); the cannula should be 
repositioned or inserted but force is never applied.    

    Dosage 
 Three to fi ve milliliter of local anesthetic (2 % lidocaine, 0.5 % 
bupivacaine, 0.5 % levobupivacaine, 0.75 % ropivacaine) can 
be used. Addition of hyaluronidase is a subject of debate (see 
later). The volume of local anesthetic agent for sub-Tenon 
block varies from 1.5 to 11 ml but 3–5 ml is  common.  

    Disadvantages 
 It is an invasive and surgical technique. Asepsis is of para-
mount importance. The technique could be diffi cult to learn 
initially but gets easier with experience. Muscle and eyelid 
akinesia are variable and are volume dependent. Pain during 
injection and conjunctival hemorrhage are frequently seen. 
Loss of local    anesthetic during this procedure may occur. A 
syringe should contain at least 5 ml of local anesthetic agent 
of choice with or without adjuvant.

•    About 10 % of patients require supplementation with an 
additional block of the facial nerve (4 %), surface 
 anesthesia (2.6 %), or retrobulbar block (0.8 %).  

•   Pain during injection.     

    Complications 
 Although sub-Tenon block was introduced as a very safe tech-
nique over the years, a number of complications both minor 
(see above) and major have been reported [ 2 ,  13 ,  14 ]. Major 
complications include orbital and retrobulbar hemorrhage, 
rectus muscle paresis and trauma, globe perforation, the cen-
tral spread of local anesthetic, orbital cellulitis, and others. 
Most of these complications have occurred following the use 
of a 2.54-cm metal cannula, but the exact mechanism and their 
incidence are not known. Smaller or fl exible cannulae appear 
to be safer, but the incidence of minor complications increases.    
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a

b

  Fig. 6.20    ( a ) Inferonasal dissection for sub-Tenon block with 
Westcott scissors and Moorfi elds forceps. ( b ) Carrying out a sub-
Tenon block. ( a ) The conjunctiva and Tenon capsule are opened with 

Westcott scissors. ( b ) The sub-Tenon needle is introduced into the pos-
terior sub- Tenon space (With permission from D. Jankovic)       

  Fig. 6.18    Materials for a sub-Tenon block (With permission from 
D. Jankovic)       

  Fig. 6.19    Gaze of the globe (upward and outward) during dissection 
for inferonasal access for sub-Tenon block. Upward and outward rota-
tion helps to expose the area of dissection       
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    Topical Anesthesia 

 Topical anesthesia is increasingly used and preferred by oph-
thalmic surgeons or non-medical health-care professionals. 
This is not an invasive technique and different considerations 
apply. Readers are advised to consult relevant texts. 

    Checking Adequacy of Anesthesia 

 There is no objective method of checking anesthesia. It is 
anticipated that if akinesia is complete or near complete, anes-
thesia would accompany. If akinesia is not adequate or surgeon 
prefers complete akinesia, a repeat injection is considered.  

    Anticoagulation and Eye Block 

 There is an increased incidence of hemorrhage in patients 
who receive aspirin, nonsteroidal anti-infl ammatory 
drugs, oral anticoagulants, and newer antiplatelet agents. 
Clotting profi le should be checked and values must be in 
the therapeutic range. If patient is receiving warfarin, it 
should not be stopped. INR must be checked. If INR is 
higher than 3.5, the injection technique is better avoided. 
Long needles with sharp tips increase the risk of hemor-
rhage. Smaller needles and single-shot injections appear 
to be safer, and the sub- Tenon technique is apparently 
safer still [ 3 ].  

    Local Anesthetic Agents for Ophthalmic Blocks 

 The ideal agent for ophthalmic block should be safe, pain-
less to inject, and produce a rapid onset of dense motor and 
sensory block, the duration of which must be suffi cient for 
surgery yet not excessively prolonged. A technique based 
on higher volume can lead to an increased incidence of che-
mosis. The speed of onset is partially determined by the 
properties of the anesthetic, but more directly by the 
 proximity to the nerves. All modern, high-potency local 
anesthetic agents are suitable for ophthalmic blocks and 
numerous studies have shown little difference in the quality 
of anesthesia, analgesia, and akinesia [ 15 ]. A complete 
blockade of nerves may not occur, and this is manifested by 
various visual sensations and experiences reported during 
ophthalmic regional anesthesia. Muscles regain their full 
activities after a few hours, and double vision may be 
 experienced. It is important to inform the patient that while 
local anesthetic is present, it is important to avoid rubbing 
the eye.  

    Role of Vasoconstrictor 

 Vasoconstrictor (epinephrine) is commonly mixed with local 
anesthetic solution to increase the intensity and duration of 
block and minimize bleeding from small vessels. A concen-
tration of 1:200,000 has no systemic effect. However, epi-
nephrine may cause vasoconstriction of the ophthalmic 
artery, compromising the retinal circulation [ 15 ]. The use of 
epinephrine-containing solutions is avoided in elderly 
patients suffering from cerebrovascular and cardiovascular 
diseases. If anesthesia for longer duration is required, an 
agent which lasts longer such as bupivacaine, ropivacaine, or 
levobupivacaine should be used.  

    Role of Hyaluronidase 

 Hyaluronidase is an enzyme, which reversibly liquefi es the 
interstitial barrier between cells by depolymerization of hyal-
uronic acid to a tetrasaccharide, thereby enhancing the diffu-
sion of molecules through tissue planes. It is available as a 
powder readily soluble in local anesthetic solution. 
Hyaluronidase has been shown to improve the effectiveness 
and the quality of needle as well as sub-Tenon block, but its 
use remains controversial. The amount of hyaluronidase used 
varies from 5 to 150 IU/ml. The UK data sheet limits the 
concentration to 15 IU/ml [ 16 ]. Orbital swelling and allergic 
reactions can occur. Excellent blocks can be achieved with-
out hyaluronidase, but there are reports of muscle dysfunc-
tion when it is not used during needle block. It is generally 
believed that local anesthetic agents stay in contact with thin 
muscles for a longer period leading to myotoxicity [ 7 ,  16 ].  

    Intraocular Pressure and Ophthalmic Blocks 

 Rise in intraocular pressure is observed immediately after ret-
robulbar and peribulbar injections, but no such rise is reported 
after sub-Tenon block [ 8 ]. Oculocompression devices such as 
Honan’s balloon and McIntyre mercury bag may be neces-
sary to reduce the intraocular pressure. However, when an 
oculocompression device is used, the pressure should not 
exceed 25 mmHg and it should be removed every 5 min.  

    Retained Visual Sensations During Ophthalmic 
Blocks 

 Many patients experience intraoperative visual sensations 
that include light, colors, movements, and instruments dur-
ing surgery under all forms of local ophthalmic anesthesia 
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[ 17 ]. Although the majority of patients feel comfortable with 
the visual sensations they experience, a small proportion 
found the experience to be unpleasant or frightening. 
Therefore, patients receiving orbital blocks should receive 
preoperative advice as this may alleviate an unpleasant expe-
rience and the sedative may stop recall.  

    Intraoperative Care 

 The patient should be comfortable and soft pads are placed 
under the pressure areas. All patients undergoing major eye 
surgery under local anesthesia are monitored with pulse 
oximetry, ECG, noninvasive blood pressure measurement, 
and the maintenance of verbal contact. Patients should 
receive an oxygen-enriched breathing atmosphere to prevent 
hypoxia at a fl ow rate enough to prevent rebreathing and the 
ensuing hypercarbia once draped. ECG and pulse oximetry 
should be continued. Once the patient is under the drapes, 
verbal and tactile contacts are maintained [ 3 ].  

    Advantages and Disadvantages of Different 
Techniques 

 There are conflicting reports on the relative effectiveness 
of akinetic blocks [ 4 ]. The evidence indicates that perib-
ulbar and retrobulbar anesthesia produce equally good 
akinesia and equivalent pain control during cataract 
 surgery. There is insufficient evidence in the literature to 
make a definite statement concerning the relative effec-
tiveness of sub-Tenon block in producing akinesia when 
compared with peribulbar or retrobulbar block. However, 

there was moderate evidence that sub-Tenon block pro-
duced better pain control than retrobulbar and peribulbar 
block. Finally, there was weak evidence that sub-Tenon 
block produces better pain control than topical 
anesthesia.  

    Choosing a Technique 

 There are numerous studies illustrating the diversity of pref-
erence for anesthetic technique by surgeons. The choice of 
the technique will always depend on a balance between the 
patient’s wishes, the operative needs of the surgeon, the 
skills of the anesthetist, and the place where such surgery is 
being performed [ 8 ]. The practice of local anesthesia varies 
around the world. Although akinesia is not desirable during 
modern phacoemulsifi cation surgery, other ophthalmic sur-
geries will require a still complete and anesthetized eye (vis-
cocanalostomy). Needle blocks are single short techniques, 
and anesthesia and akinesia will depend on the choice of 
local anesthetic agent used. However, a sub-Tenon block 
can be repeated through the initial dissection should the 
need arise.   

    Conclusion 

 Eye blocks provide excellent anesthesia for ophthalmic 
surgery and success rates are high. Satisfactory anesthesia 
and akinesia can be obtained with both needle and can-
nula. At present, there is no perfect technique. Although 
rare, orbital injections may cause severe local and sys-
temic complications. Knowledge of orbital anatomy and 
training are essential for the practice of safe orbital 
regional anesthesia. 
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    In the majority of intraocular procedures, it is necessary to 
prevent eyelid movement (orbicularis oculi muscle). This 
can be achieved by a distal infi ltration block of the nerve 
endings of the facial nerve that provide the motor supply to 
the orbit. 

    Anatomy [ 3 ,  8 ] (Figs.  7.1  and  7.2 ) 

     The seventh cranial nerve carries motor fi bers for the mus-
cles of facial expression and—in the intermediate nerve, a 
nerve fascicle emerging separately from the brain stem—
gustatory fi bers and visceral efferent secretory (parasympa-
thetic) fi bers. Both sections of the nerve pass through the 
internal acoustic meatus and emerge as a neural trunk in the 
facial canal. The geniculate ganglion is located at the bend in 
the nerves in the petrous bone. The facial canal then courses 
via the tympanic cavity and turns caudally toward the stylo-
mastoid foramen, through which the nerve exits from the 
skull. In the parotid gland, it divides into its end branches 
(parotid plexus). Before entering the parotid gland, the facial 
nerve gives off the posterior auricular nerve and branches to 
the posterior belly of the digastric muscle and to the stylohy-
oid muscle. From the parotid plexus emerge the temporal 
branches, zygomatic branches, buccal branches, and mar-
ginal mandibular branch and the cervical branch to the pla-
tysma. These branches supply the muscles of facial 
expression.  

  Fig. 7.1    Anatomy of the facial nerve. ( 1 ) Facial nerve, ( 2 ) auriculotem-
poral nerve, ( 3 ) superfi cial temporal branches, ( 4 ) parotid plexus, ( 5 ) 
temporal branches, ( 6 ) zygomaticotemporal branch of the zygomatic 
nerve, ( 7 ) zygomaticofacial branch of the zygomatic nerve, ( 8 ) buccal 
branches of the facial nerve (Reproduced with permission from Danilo 
Jankovic)       

  Fig. 7.2    Facial nerve. Anatomic specimen (Reproduced with permis-
sion from Danilo Jankovic)       
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    Block Techniques 

 The facial nerve can be blocked using various techniques 
along its course to the orbit.  

    Van Lint Method [ 5 ] (Fig.  7.3 ) 

    The injection is carried out temporally from the exterior mar-
gin of the eyelid or classically just below it temporally. A 
23-G needle 30–40 mm long is initially introduced until 
bone contact is made. After careful aspiration, the injection 
is carried out medially and downward and then medially and 
upward. Fan-shaped injection is carried out as the needle is 
advanced (dosage, 1.5–2 mL local anesthetic).  

    O’Brien Method [ 4 ] (Fig.  7.4 ) 

    The facial nerve trunk is blocked just above the condylar 
process of the mandible. It is helpful for the patient to open 
and close the mouth. After palpation of the condylar process 
of the mandible, a 25-G needle 30–40 mm long is introduced 
until bone contact is made, and 1 mL local anesthetic is 
injected. The needle is then withdrawn, followed by injec-
tions fi rst in the caudal direction and then in the cranial direc-
tion (dosage, 2–3 mL local anesthetic).  

  Fig. 7.3    Block for eyelid anesthesia. Van Lint method (Reproduced 
with permission from Danilo Jankovic)       

  Fig. 7.4    Block for eyelid anesthesia. O’Brien method (Reproduced 
with permission from Danilo Jankovic)       
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    Atkinson Method [ 1 ] (Fig.  7.5 ) 

    A 23-G needle 30–40 mm long is introduced below the exte-
rior angle of the eye at the level of the zygomatic arch and is 
moved upward and outward (dosage, 3 mL local 
anesthetic).  

    Nadbath–Rehmann Method [ 2 ,  6 ,  7 ] (Fig.  7.6 ) 

    The blocking of the main trunk of the facial nerve is carried 
out directly underneath the mastoid process. A 25-G needle 
30 mm long is introduced vertically to a depth of 1.5–2 cm 
(dosage, 2–3 mL local anesthetic).     

  Fig. 7.5    Block for eyelid anesthesia. Atkinson method (Reproduced 
with permission from Danilo Jankovic)       

  Fig. 7.6    Block for eyelid anesthesia. Nadbath–Rehmann method 
(Reproduced with permission from Danilo Jankovic)       
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       Anesthesia of the Airways 

    General Considerations 

 If there    is one set of regional block that an anesthesiologist 
should master, it is airway block. Even anesthesiologists who 
prefer to use general anesthesia for most of their cases are 
faced with the need to provide airway blocks before anes-
thetic induction in patients who may have airway compro-
mise, trauma to the upper airway, or unstable cervical 
vertebrae.  

    Anatomy [ 2 ,  7 ] 

 Air passes to the pulmonary alveoli via the airways in the 
nose and nasal cavity, pharynx, larynx, trachea, and bron-
chial tree, which divides at multiple levels. The upper air-
ways are mainly located in the head. The lower airways are 
located in the neck and chest and include the larynx, trachea, 
and all the branches of the bronchial tree. The functional 
anatomy of the airways is illustrated in Figs.  8.1  and  8.2a, b .   

 The  nasal cavity  is divided by the nasal septum into right 
and left halves. The sensory innervation of the skin of the 
external nose is provided by the branches of the  ophthalmic 
nerve  and  maxillary nerve  (Fig.  8.1 ; cf. Chaps.   6     and   10    ), 
and the motor innervation of the facial muscles around the 
nose is from the  facial nerve  (cf. Chap.   7    ). 

 Each nasal cavity opens via a posterior choana into the 
upper level of the  pharynx , the nasopharynx (or epipharynx). 
The nasopharynx connects with the choanae and is enclosed 
by the skull base superiorly and by the pharyngeal wall 

 posteriorly. Inferiorly, the soft palate forms the boundary to 
the middle level of the pharynx (oropharynx). The  larynx  is 
an air-conducting organ that stretches from the lower 
 pharyngeal space (laryngopharynx) as far as the trachea. In 
adult males, the larynx is located at the level of the C1–C3 
vertebrae (Fig.  8.3 ), while in women and children, it lies fur-
ther up. The laryngeal mucosa is innervated as far as the 
vocal folds by the purely sensory  internal branch  of the 
 superior laryngeal nerve  and below that by the  recurrent 
laryngeal nerve , a branch of the  vagus nerve . The inner 
laryngeal muscles are all supplied by the ( inferior )  recurrent 
laryngeal nerve . The only exterior laryngeal muscle, the  cri-
cothyroid , is innervated by the external branch of the  supe-
rior laryngeal nerve  (Fig.  8.4 ).   

 The  tongue  is basically a powerful muscle body that is 
covered with a mucosal layer, the mucosa of the tongue. The 
lingual mucosa in the anterior (presulcal) part of the tongue 
receives its sensory innervation from the lingual nerve (a 
branch of the mandibular nerve; cf. Chap.   10    ) and (with the 
exception of the vallate papillae) from the  chorda tympani  
(branching from the intermediofacial nerve). The posterior 
(postsulcal) part of the tongue receives its sensory innerva-
tion from the  glossopharyngeal nerve  (with the exception of 
the epiglottic valleculae, which are supplied from the vagus 
nerve). The exterior lingual muscles (with the exception of 
the palatoglossus) are innervated from the  hypoglossal nerve  
(Fig.  8.4 ). 

 The trachea is 10–12 cm long and stretches from the cri-
coid to the tracheal bifurcation. The smooth trachealis mus-
cle is innervated from the recurrent laryngeal nerve, which 
is also responsible for the sensory and secretory 
innervation.  
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  Fig. 8.1    Functional anatomy of the airways. ( 1 ) Trigeminal nerve (V) 
with the ophthalmic and maxillary nerves.  Dotted red area : fi eld of sen-
sory olfactory innervation via the olfactory nerve. ( 2 ) The sensory 
innervation area of the glossopharyngeal nerve (IX), ( 3 ) the sensory 
innervation area of the vagus nerve (X), ( 4 ) mandible, ( 5 ) epiglottis, ( 6 ) 
trachea, ( 7 ) esophagus (With permission from Danilo Jankovic)       
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  Fig. 8.2    ( a ) Functional anatomy of the airways. Median section 
through the head. ( 1 ) Posterior arch of the atlas, ( 2 ) cricoid cartilage, ( 3 ) 
geniohyoid, ( 4 ) genioglossus, ( 5 ) soft/hard palate, ( 6 ) nasal concha 
(superior, middle, inferior), ( 7 ) olfactory tract, ( 8 ) frontal sinus, ( 9 ) 
sphenoid sinus (With permission from Danilo Jankovic). ( b ) Functional 
anatomy of the airways. Median section through the head. ( 1 ) Hyoid 
bone, ( 2 ) epiglottis, ( 3 ) thyroid cartilage, ( 4 ) posterior pharyngeal wall, 
( 5 ) genioglossus, ( 6 ) uvula (With permission from Danilo Jankovic)       

  

Anesthesia of the Airways



108
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  Fig. 8.3    Anatomic specimen. Paramedian sagittal section. In adults, 
the larynx is located over the C3–C6 vertebrae. ( 1 ) Epiglottis, ( 2 ) atlan-
todental joint, ( 3 ) trachea, ( 4 ) hyoid bone, ( 5 ) laryngeal ventricle, ( 6 ) 
thyroid cartilage (With permission from Danilo Jankovic)       
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  Fig. 8.4    Anatomy. ( 1 ) Hypoglossal nerve, ( 2 ) internal carotid artery,( 3 ) 
inferior ganglion of the vagus nerve, ( 4 ) inferior cervical ganglion, ( 5 ) 
vagus nerve, ( 6 ) superior laryngeal nerve, ( 7 ) recurrent laryngeal nerve, 
( 8 ) aortic arch, ( 9 ) left subclavian artery, ( 10 ) cervicothoracic ganglion 
(With permission from Danilo Jankovic)       
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    Anesthesia of the Larynx and Trachea 

 Various procedures can be used for anesthesia of the laryn-
geal and tracheal mucosa: spraying and advancement with 
the fi ber endoscope, injection of local anesthetic through the 
cricothyroid membrane, bilateral blockade of the superior 
laryngeal nerve, and aerosol inhalation.  

    Fiberoptic Intubation [ 1 – 6 ,  8 ,  9 ] 

 The importance of fi beroptic devices for anesthesia was 
already recognized in the late 1960s by Murphy and 
Kronschwitz. Taylor and Towey were the fi rst to report the 
use of the fi ber bronchoscope, developed in 1968 by Ikeda, 
for intubation. 

    Indications 
 The principal indication for using fl exible endoscopes is dif-
fi cult intubation: 

      Sedatives and Analgetics for Endoscopic Intubation 
 Benzodiazepines (Table  8.1 ) are used in combination with 
opioids (Table  8.2 ) for sedation and attenuation of the laryn-
geal refl exes. Benzodiazepines and opioids have synergistic 
effects, and the combination is highly effective at low 
dosage.

        Local Anesthesia for Endoscopic Intubation 
 Adequate topical anesthesia of the mucosa in the upper 
respiratory tract is required for fi ber-endoscopic intubation, 
in order to subdue coughing, swallowing movements, laryn-
gospasm, and excessive secretion. Lidocaine (Xylocaine®) 
and cocaine are usually used for topical anesthesia in the 
respiratory tract for endoscopic intubation in conscious 
patients. 

  Lidocaine  (Xylocaine®) is administered as a 4 % solu-
tion for mucosal anesthesia. A 10 % pump spray is also 
used for the oropharynx and nasopharynx. Gargling with a 
2 % viscous lidocaine solution can also induce oropharyn-
geal anesthesia. Anesthesia of the nose can be achieved 
with a 2 % gel. 

 Bleeding in the region of the nasopharynx and mesophar-
ynx can become a severe hindrance to endoscopic intubation. 
In the nasal procedure, an attempt therefore needs to be made 
to achieve not only good mucosal anesthesia (with lidocaine 
spraying) but also bleeding prophylaxis using vasoconstric-
tive agents. The local anesthetic and vasoconstrictive effects 
of  cocaine  are therefore advantageous during nasal endo-
scopic intubation. The synthetic analogs lack cocaine’s vaso-
constrictive action. Cocaine nose drops (4–10 %, 0.5 mL into 
each nostril) have been found to be very useful in practice. 
The maximum dosage of cocaine is 100–200 mg. 
Alternatively, a mixture of lidocaine (4 %) and phenyleph-
rine (1 %) at a proportion of 3:1 can be used in the nasal 
procedure. In the oral procedure, pretreatment of the meso-
pharynx with a lidocaine spray is necessary. 

   Table 8.1    Pharmacology of benzodiazepines [ 9 ]   

 Dosage 
(mg/kg) 

 Clearance 
(mg/kg/min) 

 Elimination 
half-life (h) 

 Diazepam  0.3–0.5  0.2–0.5  21–37 
 Midazolam  0.15–0.3  6–8  1–4 
 Lorazepam  0.05  0.7–1.0  10–20 

   Table 8.2    Pharmacology of opioids [ 9 ]   

 Analgetic 
strength 

 Clearance 
(mg/kg/min) 

 Elimination 
half-life (h) 

 Morphine  1  15–23  114 
 Fentanyl  75–125  11–21  185–219 
 Sufentanil  500–1,000  13  148–164 
 Alfentanil  25  5.0–7.9  70–98 

•    Limited mobility (jaw, head, cervical spine)  
•   Malformations and acquired anomalies (face, jaw, 

oral cavity, neck)  
•   Space-occupying lesions (oral cavity, pharynx, lar-

ynx, trachea)  
•   Patient history (including failure with conventional 

techniques)  
•   Plastic surgery in the facial region  
•   Mobility disturbances in the head and nucha  
•   Reintubation in high-risk patients  
•   To avoid the need for contraindicated drugs (e.g., 

muscle relaxants)  
•   When the patient has a full stomach as well as hin-

drances to intubation   
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 Possible alternatives to initial treatment with local anes-
thetics and mucosal decongestants in the nasal airways 
include: 

  Before anesthesia in the oropharynx, an anticholinergic 
(atropine) should be injected to dry out the mucosa. 
Oropharyngeal anesthesia is administered with two or three 
spray shots of 10 % lidocaine or by gargling with 2–4 mL of 
a viscous solution of 2 % lidocaine for 30–40 s.   

    Practical Procedure for Nasal Endoscopic 
Intubation in a Conscious Patient 

 The anesthetist usually stands at the patient’s head, as this 
position provides easier orientation for conventional intuba-
tion. Steps in endoscopic intubation: 

      Practical Procedure for Nasal Endoscopic 
Intubation in an Anesthetized Patient 

•    Adequate preoxygenation (5–10 min).  
•   Secretory inhibition: atropine 0.5 mg i.m.  
•   Inhibition of laryngeal refl exes: fentanyl 0.1 mg i.v. 

(alfentanil 1–2 mg in adults) combined with a seda-
tive (e.g., midazolam)  

•   Vasoconstriction, mucosal anesthesia: 10 % cocaine 
(0.5 mL into each nostril).  

•   Preparation of the tube and fl exible endoscope 
(Xylocaine® gel, antifogging agent) (Fig.  8.5a ). The 
endotracheal tube is advanced over the fl exible part 
of the endoscope and attached with adhesive 
plaster.  

•   Introduction of the fl exible endoscope via a nostril 
(under vision). 

•  Adjustment of the laryngeal inlet (Fig.  8.5b )  
•   Mucosal anesthesia via the biopsy channel (5-mL 

Xylocaine® 2 %). The onset of action should be 
awaited.  

•   Introduction of the fl exible part of the endoscope 
into the trachea.  

•   Induction of anesthesia.  
•   Advancement of the tube over the fl exible endo-

scope, using it as a guide rail.    

•    10 % cocaine solution (1-mL ampullae)  
•   10 % lidocaine spray + xylometazoline 0.1 % 

(Otrivin®)  
•   4 % lidocaine + phenylephrine 1 % (Neo-

Synephrine®)  
•   Lidocaine spray + naphazoline nitrate 0.05 % 

(Privine®)   

•    Atropine for secretory inhibition  
•   10 % cocaine nose drops (1 mL) (vasoconstriction 

local anesthesia)  
•   Preoxygenation  
•   Induction of anesthesia (etomidate, fentanyl)  
•   Introduction of a spiral tube into the nasopharynx  
•   Introduction of the endoscope, lubricated with gel, 

into the tube, after applying antifogging agent to the 
lens  

•   Inspection of the laryngeal inlet and vocal folds  
•   Introduction of the scope into the trachea with 

visual guidance, as far as the bifurcation  
•   Advancement of the tube over the endoscope, using 

it as a guide rail  
•   Checking of tube position  
•   Continuation of anesthesia   
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  Fig. 8.5    ( a ) Flexible fi ber endoscope for intubation (5.2 mm) with 
LED battery light source and tube switch attached (Karl Storz, 
Tuttlingen). ( b ) Introducing the fl exible fi ber endoscope into the trachea 
and positioning of the fl exible endotracheal tube       

       Techniques for Blocking Individual Nerves 
of the Airway 

    Danilo     Jankovic       

 The following nerve blockades are used in the region of the 
upper airways:

•    Superior laryngeal nerve blockade—above the vocal 
folds  

•   Translaryngeal block—larynx and trachea below the 
vocal folds  

•   Glossopharyngeal nerve blockade—oropharynx    

    Vagus Nerve, Superior Laryngeal Nerve, 
and Recurrent Laryngeal Nerve 

    Anatomy [ 11 ,  14 – 18 ,  21 – 23 ] 
 The  vagus nerve  (cranial nerve X) not only supplies areas of 
the head but also descends into the thoracic and abdominal 
space. It is the largest  parasympathetic nerve  and carries 
motor fi bers (pharyngeal muscles), exteroceptive sensory 
fi bers, visceromotor fi bers, viscerosensory fi bers, and gusta-
tory fi bers. The fi bers emerge immediately behind the oliva, 
combine into a nerve trunk, and exit from the skull through 
the  jugular foramen . 

 The nerve forms the superior ganglion of the vagus nerve 
(jugular ganglion) within the foramen and after passing 
through it forms the much larger inferior ganglion of the 
vagus nerve (nodose ganglion) (Fig.  8.6 ). 

•    The  superior ganglion of the vagus nerve  is connected 
to the  superior cervical ganglion  and also to the  facial 
nerve, glossopharyngeal nerve , and  accessory nerve  
(Fig.  8.7a, b ).   

•   The  inferior ganglion  of the  vagus nerve  has connections 
with the cerebral part of the  accessory nerve  and with the 
 superior cervical ganglion , the  hypoglossal nerve , and 
the loop between the fi rst and second spinal nerves.    

 In the area of the head, the vagus nerve gives off a  menin-
geal branch  (for sensory supply to the dura in the posterior 
cranial fossa) and also an  auricular branch . 
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 The  vagus nerve  descends along with the  internal carotid 
artery, common carotid artery , and  internal jugular vein , 
enclosed in a common connective-tissue sheath, down 
through the neck and passes along with them through the 
superior thoracic aperture. It gives off four    branches in the 
cervical area:

    1.     Pharyngeal branches . The motor vagus fi bers innervate 
muscles in the soft palate and throat: the muscles of the 
tonsillar niche, the levator veli palatini, and the constric-
tor muscles of the pharynx.   

   2.     Superior laryngeal nerve . This arises below the inferior 
ganglion (nodose ganglion) and divides at the level of the 
hyoid bone into an external branch (the motor branch for 
the cricothyroid muscle) and an internal branch (the sen-
sory branch for the laryngeal mucosa as far as the vocal 
folds) (Figs.  8.6  and  8.7a ).   

   3.     Recurrent laryngeal nerve . This divides in the chest after 
the vagus nerve has passed over the  aortic arch  on the  left 
side  and over the  subclavian artery  on the  right side . 
Between the trachea and the esophagus, where the nerve 
gives off the tracheal branches and esophageal branches, 
it passes to the larynx. Its terminal branch, the  inferior 
laryngeal nerve , provides the motor supply for all of the 
laryngeal muscles except for the cricothyroid and the 

 sensory supply for the laryngeal mucosa below the vocal 
folds.    

  After the inferior ganglion, the two vagus nerves 
course caudally in each ipsilateral carotid sheath to the 
superior thoracic aperture. Fibers are exchanged on both 
sides with the cervical part of the sympathetic nerve, so 
that from the neck downward, the vagus nerves are actu-
ally mixed with parasympathetic and sympathetic nerves 
(Figs.  8.6  and  8.7a, b ). 

  The present chapter describes blockades of the branches 
of the vagus nerves (the superior laryngeal nerve and recur-
rent laryngeal nerve). The use of a vagus nerve blockade as a 
therapeutic option in the treatment of bronchial asthma has 
been reported.   

 N.B. 
 The blockade technique for the vagus nerve is practi-
cally identical with that for the glossopharyngeal nerve 
(see below) and the superior cervical ganglion 
(cf. Chap.   14    ). 
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  Fig. 8.6    Anatomy. ( 1 ) Glossopharyngeal nerve, ( 2 ) inferior ganglion 
of the vagus nerve, ( 3 ), superior cervical ganglion, ( 4 ) hypoglossal 
nerve, ( 5 ) superior laryngeal nerve, ( 6 ) vagus nerve, ( 7 ) hyoid bone, ( 8 ) 
recurrent laryngeal nerve, ( 9 ) vertebral artery, ( 10 ) left common carotid 
artery (With permission from Danilo Jankovic)       
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  Fig. 8.7    ( a ) Anatomic specimen. ( 1 ) Division of the vagus nerve. ( 2 ) 
Branching of the superior laryngeal nerve, ( 3 ) sternocleidomastoid 
(refl ected back), ( 4 ) mandible (With permission from Danilo Jankovic). 
( b ) Anatomic specimen. ( 1 ) Superior cervical ganglion and ( 2 ) vagus 
nerve (With permission from Danilo Jankovic)       
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    Superior Laryngeal Nerve Block [ 10 ,  12 ,  13 ,  19 , 
 20 ,  22 ,  24 ] 

    Indications 
     1.    Pain and swallowing symptoms or neuralgia in the innerva-

tion area: superior laryngeal neuralgia is characterized by 
pain in the proximal laryngeal area and hyoid bone, as well 
as the lateral neck region. Swallowing, coughing, and yawn-
ing are reported as triggering factors. The symptoms are usu-
ally not accompanied by any major neurological defi cits.   

   2.    Anesthesia of the airways for intubation of the conscious 
patient.   

   3.    Laryngoscopy, esophagoscopy, and transtracheal 
echocardiography.      

    Contraindications 
     1.    When declined by the patient   
   2.    Local infections and skins diseases at the injection site   
   3.    Anticoagulant treatment   
   4.    Second-degree atrioventricular block      

    Procedure 
 This blockade should be carried out by experienced anesthe-
tists or under their supervision.  

    Preparations 
    An information discussion with the patient is absolutely 

necessary.  
  Check that the emergency equipment is complete and in 

working order.  
  Sterile precautions.  
  Intravenous access, ECG monitoring, ventilation facilities, 

and pulse oximetry.     

    Materials 
    A 25–30-mm-long 23 (25)-G needle     

    Patient Positioning 
    Supine, with slightly extended neck     

    Landmarks (Fig.  8.8a, b ) 

       Greater horn of the hyoid bone  
  Thyrohyoid membrane     

    Injection Technique 
 This branch of the vagus nerve can be easily blocked at the 
caudal boundary of the hyoid bone (easily palpable, even in 
obese patients) (Fig.  8.8b ). The hyoid bone is pushed with 
the thumb of the left hand toward the side that is to be 
blocked, to make the greater horn easier to palpate (Fig.  8.9 ). 
The short puncture needle is introduced until there is contact 
with the greater horn and then withdrawn slightly and 
advanced at a more oblique angle by approximately 2 mm 
over the caudal edge of the hyoid bone in the direction of the 
thyrohyoid ligament. Perforation of the thyrohyoid ligament 
is noted when a loss of resistance occurs. The needle is then 
located between the thyrohyoid ligament and the laryngeal 
mucosa and must not be advanced any deeper.  

 Following aspiration to exclude an intralaryngeal loca-
tion, 2 mL of local anesthetic is administered. As the needle 
is being withdrawn, a further 1 mL of local anesthetic is 
injected into the neighboring tissue. 

 The  area of anesthesia  covers the caudal region of the 
epiglottis, the larynx, and the glottis. A higher concentration 
of the local anesthetic (e.g., lidocaine 1 %) produces a motor 
blockade of the cricothyroid.  

    Complications 
     1.    Laryngeal perforation (intralaryngeal injection)   
   2.    Intravascular injection       
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  Fig. 8.9    Blockade of the superior laryngeal nerve. The puncture needle 
is introduced until there is contact with the greater horn of the hyoid 
bone (With permission from Danilo Jankovic)       
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  Fig. 8.8    ( a ) Anatomic specimen. ( 1 ) Superior laryngeal nerve, ( 2 ) 
greater horn of the hyoid bone, ( 3 ) mandible, ( 4 ) common carotid 
artery, ( 5 ) hypoglossal nerve (With permission from Danilo Jankovic). 
( b ) Blockade of the superior laryngeal nerve. Landmarks. ( 1 ) Greater 
horn of the hyoid bone, ( 2 ) thyrohyoid ligament, ( 3 ) thyrohyoid mem-
brane, ( 4 ) thyroid cartilage, ( 5 ) cricoid cartilage (With permission from 
Danilo Jankovic)       
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    Ultrasound-Guided Superior Laryngeal 
Nerve Block  

 The cartilages of the larynx are presented in Fig.  8.10 . 
A high-frequency linear US probe (6–15 MHz) is used.  

 The superior laryngeal nerve (SLN) bifurcates near the 
pharynx into the external and internal sensory branches. The 
bilateral SLN block can be used to obtain airway anesthesia, 
using a percutaneous approach based on anatomic landmarks 
(   greater cornu of the hyoid bone and the thyroid cartilage)
(Figs.  8.8  and  8.10 ). These landmarks may be diffi cult to 
locate in some patients. The anatomical study confi rmed the 
presence of a space (named SLN space) containing the inter-
nal branch of the superior laryngeal nerve, with hyoid bone 
superiorly, the thyroid cartilage inferiorly, the thyrohyoid 
muscle anteriorly, the external carotid artery posteriorly, and 
the thyrohyoid membrane as the fl oor (Figs.  8.10  and  8.11 ) 
[ 11 ,  15 – 18 ,  21 ,  23 ]. The thyroid cartilage and hyoid bone 
were identifi ed fi rst, with a probe in a parasagittal plane. The 
probe was then moved laterally to visualize from the skin to 
the larynx (Fig.  8.11 ): 
    1.    Thyrohyoid muscle—large hypoechoic band, inserted on 

the hyoid bone and passing over the thyroid cartilage 
(TC) (Fig.  8.11 )   

   2.    Thyrohyoid membrane (hyperechoic layer, marking 
the interface with the hypoechoic pre-epiglottis space) 
(Fig.  8.11 )    
  The quality of the ultrasound image was rated optimal 

when all the following were seen: thyrohyoid muscle, pre-
epiglottis space, hyoid bone (HB), thyroid cartilage (TC), 
and thyroid membrane (Fig.  8.11 ). 
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  Fig. 8.10    Cartilages of the larynx. ( 1 ) Epiglottis, ( 2 ) hyoid bone, ( 3 ) 
thyrohyoid membrane, ( 4 ) thyrohyoid ligament, ( 5 ) superior horn of 
thyroid cartilage, ( 6 ) thyroid cartilage lamina, ( 7 ) cricothyroid liga-
ment, ( 8 ) cricothyroid muscle (With permission from Danilo Jankovic)       
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  Fig. 8.11    Sonoanatomy of the superior laryngeal nerve. ( a )The  brown  
area, the superior laryngeal nerve (SLN) space, is bounded by the hyoid 
bone superiorly, thyroid cartilage inferiorly, thyrohyoid muscle (black and 
white striated area) anteriorly, and external carotid artery posteriorly (not 
shown); ( b ) Sonoanatomy of the anterior aspect of thyrohyoid region.  HB  
hyoid bone,  THM  thyrohyoid membrane,  SM  strap muscle,  TC  thyroid 
cartilage,  PES  pre-epiglottis space (fat). The position of the probe is shown 

in the inset. ( c ) Parasagittal scan of the thyrohyoid region.  TH ligament 
 (thyrohyoid ligament or membrane), ( d ) Short-axis scan of the thyrohyoid 
membrane. The superior laryngeal nerve SLA is seen here ( arrows ). In 
case the nerve is not seen, the location can be approximated by the thyro-
hyoid ( TH ) muscle anteriorly, external carotid artery ( ECA ) posteriorly, 
and the thyrohyoid membrane ( arrowheads ) deep to the nerve.  ICA  inter-
nal carotid artery (Reproduced with permission from Peter Cheng)         
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    Injection 
 In-plane is the preferred technique. The SLN may not be 
visualized well in ultrasound scan. With a 23-G needle, 
2–3 mL of local anesthetics was injected into the surface of 
the thyrohyoid membrane, anterior to the external carotid 
artery and posterior to the thyrohyoid muscle under ultra-
sound guidance (Fig.  8.12 ). This area correlates with the 
location of the internal branch of the superior laryngeal 
nerve.    

  Fig. 8.12    Diagram showing the probe position (similar to Fig.  8.11d ) 
and the direction of the needle insertion for the injection of the internal 
branch of the superior laryngeal nerve (Reproduced with permission 
from Peter Cheng)       
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    Recurrent Laryngeal Nerve Block 
(Transtracheal Injection) [ 10 ,  13 ,  14 ,  19 ,  20 ,  22 ] 

    Indications 
 Local anesthesia in the lower pharynx, larynx, and trachea 
for procedures such as bronchoscopy, esophagoscopy, and 
endotracheal intubation and for prophylaxis against 
laryngospasm  

    Contraindications 
 Patients with a short neck, goiter, or severely limited move-
ment in the cervical spine  

   Procedure 
      
   Positioning 
 Supine, with maximally extended neck  

   Landmarks (Fig.  8.13 ) 
        1.    Thyroid cartilage   
   2.    Cricoid cartilage   
   3.    Median cricothyroid ligament      

   Injection Technique 
 The patient must not swallow, speak, cough, or move. 
Sedation with fentanyl and midazolam is recommended to 
prevent heavy coughing attacks. 

 The anesthetist stands at the patient’s head. The puncture 
is carried out in the  midline  of the neck, as this area has the 
poorest vascularization. The  cricothyroid membrane  is pal-
pated with the index and  middle fi ngers  of the left hand 
(Fig.  8.13 ). 

  Vertically  to the examination table, a fi ne 30–40-mm-long 
23-G needle with a local anesthetic syringe attached is intro-

duced through the cricothyroid membrane into the lumen of 
the trachea (Fig.  8.14 ).  

 After air has been aspirated (to confi rm the intratracheal 
position), the local anesthetic is rapidly injected into the tra-
cheal lumen. The needle is then quickly removed again. 
Strong coughing accelerates the spread of the local 
anesthetic.  

   Dosage 
 2–4 mL 2–4 % lidocaine. A higher concentration (2–4 %) 
accelerates the onset of effect. 

     Complications 
     1.    Intravascular injection, with toxic reactions due to rapid 

resorption of the (high-dose) local anesthetic   
   2.    Esophageal perforation        

 N.B. 

     1.    External blockade of the recurrent laryngeal nerve 
is rarely indicated (e.g., for administering neurolyt-
ics in carcinoma of the glottis).   

   2.    The recurrent laryngeal nerve lies in a fossa between 
the esophagus and the trachea and can be blocked 
underneath the cricoid cartilage. The injection is 
carried out at the posterolateral edge of the fi rst tra-
cheal ring.   

   3.    Unintentional blockade of the recurrent laryngeal 
nerve occurs very often after blockades of the stel-
late ganglion (cf. Chap.   13     stellate ganglion block).     
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  Fig. 8.14    Transtracheal injection. Puncture in the midline of the neck, 
through the cricothyroid membrane, vertical to the examination table 
(With permission from Danilo Jankovic)       

  Fig. 8.13    Transtracheal    injection. Landmarks. ( 1 ) Thyroid cartilage, 
( 2 ) cricoid cartilage, ( 3 ) median cricothyroid ligament, ( 4 ) puncture site 
( red ) (With permission from Danilo Jankovic)       
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    Glossopharyngeal Nerve Block 

    Danilo     Jankovic    

    Anatomy [ 25 – 28 ] 

 Cranial nerve IX (the glossopharyngeal nerve) is closely 
related to the vagus nerve (X), both topographically and func-
tionally (Fig.  8.15 ). It provides the  sensory  innervation for the 
 middle ear , for areas of the tongue and  pharynx , and for 
 motor muscles  of the pharynx. It contains motor, visceromo-
tor (parasympathetic), viscerosensory, and gustatory fi bers.  

 Behind the oliva, it passes directly above the vagus nerve 
out of the medulla and exits the skull along with the vagus 
nerve through the  jugular foramen . Within the foramen, it 
forms the  superior ganglion  and after passing through it 
forms the larger  inferior ganglion  (the  petrosal ganglion ). 
Lateral to the internal carotid artery and the pharynx, it fol-
lows an arching course toward the base of the tongue, where 
it divides into several terminal branches. The  tympanic nerve  
provides the sensory supply for the mucosa of the tympanic 
cavity and pharyngotympanic (auditory) tube. The secretory 
fi bers pass as the lesser petrosal nerve to the otic ganglion. 
In addition to connections to the vagus nerve, facial nerve, 
and sympathetic nerve, the  carotid branch of the glossopha-
ryngeal nerve  is also given off from the inferior ganglion. 
Also given off are the  pharyngeal branches , which along 
with part of the vagus nerve form the  pharyngeal plexus  and 
are involved in the sensory and motor supply to the pharynx, 
the  stylopharyngeal branch  (stylopharyngeus muscle), the 
 tonsillar branches  (to the tonsils and soft palate), and the 
 lingual branches  (posterior third of the tongue).  
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  Fig. 8.15    Anatomy. ( 1 ) Glossopharyngeal nerve, ( 2 ) inferior ganglion 
of the vagus nerve, ( 3 ) superior cervical ganglion, ( 4 ) vagus nerve, ( 5 ) 
internal carotid artery, ( 6 ) hypoglossal nerve (With permission from 
Danilo Jankovic)       
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    Indications 

   Diagnostic 
•     Differential diagnosis of trigeminal neuralgia (anterior 

two thirds of the tongue) and glossopharyngeal neuralgia 
(posterior third of the tongue)  

•   Before neurodestructive procedures     

   Therapeutic 
•     Glossopharyngeal neuralgia [ 26 ]. Glossopharyngeal neu-

ralgia is characterized by strictly unilateral, fulminant par-
oxysms of severe stabbing and burning pain (oropharynx, 
tonsillar niches, more rarely in the area of the ear—due to 
co-involvement of the tympanic branch—or mandibular 
angle). The fi rst report of this clinical picture was by Sicard 
and Robineau in 1920. In 10–30 % of cases, there is simul-
taneous trigeminal neuralgia. The symptoms are unilateral 
in 75 % of cases. Triggering factors include chewing, 
speaking, swallowing, coughing, yawning, and cold food 
and drinks. The glossopharyngeal nerve can sometimes be 
paralyzed along with the vagus nerve and accessory nerve 
due to a tumor or aneurysm in the posterior cranial fossa.  

•   Tumor pain (neurodestructive procedures—e.g., injection 
of neurolytic agents)      

    Contraindications 

•     When declined by the patient  
•   Second-degree atrioventricular block  
•   Anticoagulant treatment  
•   Simultaneous bilateral blockade  
•   Contralateral paresis of the glossopharyngeal and adja-

cent nerves     

    Procedure 

 This blockade should only be carried out by experienced 
anesthetists or under their supervision. 

   Preparations 
 Check that emergency equipment is complete and in working 
order; sterile precautions; intravenous access; ECG monitor-
ing; ventilation facilities; and pulse oximetry. An informa-
tion discussion with the patient is absolutely necessary.  

   Materials 
•     A 40-mm-long 23-G needle     

   Patient Positioning 
•     Supine, with the head rotated to the contralateral side by 

approximately 30°     

   Landmarks (Fig.  8.16 ) 

•        Angle of the mandible.  
•   Mastoid process.  
•   Styloid process. The variable anatomy and depth of the 

styloid process need to be taken into account during the 
puncture procedure.      

D. J.
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  Fig. 8.16    Landmarks. ( 1 ) Mastoid process, ( 2 ) angle of the mandible, 
( 3 ) styloid process (With permission from Danilo Jankovic)       
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    Injection Technique 

   Extraoral Access (Lateral Cervical Technique) [ 25 – 27 ] 
 The needle is introduced at the midpoint between the mas-
toid tip and the angle of the mandible, vertically to the skin, 
until there is bone contact with the styloid process (Fig.  8.17 ). 
This is usually after approximately 3 cm. The needle is then 
withdrawn slightly and, after loss of bone contact with the 
styloid process, is introduced posteriorly at a depth of 
0.5–1.0 cm.  

 After aspiration, fractionated administration of a local 
anesthetic is carried out.  

   Intraoral Access 
 Following topical anesthesia of the tongue, the patient’s 
mouth is opened widely and the posterior tonsillar pillar 
(palatopharyngeal fold) identifi ed by using a Macintosh 
laryngoscope blade. In an aseptic manner, the stylet of the 
22G spinal needle should be removed from the disposable 
spinal needle and discarded. Subsequently, utilizing the ster-
ile container that the 22G spinal needle was packed in, the 
distal 1 cm of the needle is bent to allow more controlled 
submucosal insertion. The needle tip is inserted submuco-
sally, and following careful aspiration for blood, 2–3 mL of 
local anesthetic is injected. The block is then repeated on the 
contralateral side (Fig.  8.18 ).    

  Fig. 8.17    Glossopharyngeal nerve. Injection technique vertical to the 
skin, toward the styloid process       

  Fig. 8.18    Intraoral    glossopharyngeal nerve block. ( 1 ) Glossopharyngeal 
nerve, ( 2 ) palatine tonsil       
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    Potentials Problems 

   Effects of the Blockade 
 Globus sensation in the neck, swallowing diffi culties, loss 
of sensation in the pharynx and mucosa, retropharyngeal 
and tonsillar paresthesias are signs that the glossopharyn-
geal nerve is blocked. The vagus nerve, which is in the 
vicinity of the glossopharyngeal nerve, and the superior cer-
vical ganglion and hypoglossal nerve are always anesthe-
tized as well.  

   Dosage 
 Two to three milliliters of local anesthetic—e.g., procaine 
0.5–1.0 %, prilocaine 0.5–1.0 %, ropivacaine 0.2 %, bupiva-
caine 0.125 % (levobupivacaine 0.125 %); if appropriate, 
mixed with 80 mg methylprednisolone.  

   Complications 
•     Intravascular injection, with toxic reactions (internal 

carotid artery, internal jugular vein) (cf. Chap.   13     stellate 
ganglion)  

•   Hematoma formation 

•  Intraoral approach 

•  With the intraoral approach, the terminal branches of the 
glossopharyngeal nerves are closely related to the internal 
carotid arteries, which lie immediately lateral to the nee-
dle tips if they are correctly positioned.     

   Side Effects 
 Simultaneous anesthetization of the following nerves:

•    Vagus nerve (   paresis of the vagus nerve is characterized 
by the collection of saliva in the piriform fossa when there 
is paresis of the posterior cricoarytenoid muscle—hoarse-
ness, accompanied by nasal vocalization) (Fig.  8.15 ).  

•   Hypoglossal nerve (the outstretched tongue deviates 
toward the paralyzed side) (Fig.  8.15 )  

•   Accessory nerve (weakness in the area of the trapezius) 
(Fig.  8.19 )   

•   Superior cervical ganglion    

 These side effects usually arise after the injection of larger 
amounts of local anesthetic (cf. Chap.   14    ).       

3 1 2

  Fig. 8.19    Anatomic specimen. ( 1 ) Course of the accessory nerve, ( 2 ) 
sternocleidomastoid, ( 3 ) clavicle (With permission from Danilo Jankovic)       
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       Anatomy [ 2 ,  4 ,  5 ] 

 The  phrenic nerve  ( C3 ,  C4 ) receives fi bers from the fourth 
cranial nerve and often also from the third. 

 It crosses the  scalenus anterior  and enters the superior 
thoracic aperture in front of the subclavian artery (Figs.  9.1  
and  9.2 ). The course of the phrenic nerve on the scalenus 
anterior muscle (more lateral in the superior part and medial 
in the inferior part) is regarded as a landmark zone.   

 The nerve then passes through the mediastinum as far 
as the diaphragm, giving off fi ne branches—the pericardiac 

branches—along the way, to provide the sensory supply to 
the pericardium (Fig.  9.3 ). On the surface of the diaphragm, 
it divides and supplies the entire diaphragmatic musculature. 
Fine branches provide the sensory supply to the skin adjoin-
ing the diaphragm, to the pleura cranially, and caudally to 
the diaphragmatic peritoneum and the peritoneal coat of the 
upper abdominal organs.  

 When the nerve is paralyzed unilaterally, pulmonary 
capacity declines by approximately 200–500 mL or 400–
600 mL. At resting respiration, this represents 37–48 %.  

1
4

2
5

3

6

  Fig. 9.1    Anatomy. ( 1 ) Phrenic nerve, ( 2 ) scalenus anterior, ( 3 ) cervical 
plexus (C3, C4), ( 4 ) brachial plexus, ( 5 ) vagus nerve, ( 6 ) internal 
carotid artery (With permission from Danilo Jankovic)       

4

1

3

2

  Fig. 9.2    Anatomic specimen. ( 1 ) Phrenic nerve, ( 2 ) scalenus anterior, 
( 3 ) sternocleidomastoid (partly resected), ( 4 ) deep cervical plexus (C4). 
The course of the phrenic nerve on the scalenus anterior is regarded as 
a landmark zone (With permission from Danilo Jankovic)       

7 6 5 4 1 2 3

  Fig. 9.3    Transverse section through the chest at the level of T9. ( 1 ) 
Left phrenic nerve, ( 2 ) vagus nerve, ( 3 ) lung, ( 4 ) left ventricle, ( 5 ) ster-
num, ( 6 ) esophagus, ( 7 ) aorta (With permission from Danilo Jankovic)       
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    Indications 

     1.    Treatment-resistant hiccup of various etiologies (after 
exclusion of central causes and nonresponse to drug ther-
apy). Treatment-resistant hiccup can have numerous 
causes [ 5 ]

    Idiopathic   
   Psychogenic   
   Organic 

•    Central nervous system (neoplasms, multiple sclero-
sis, cerebrovascular insults, trauma)  

•   Peripheral nervous system (irritation of the phrenic 
nerve or vagus nerve)—tumors (stomach, pancreas, 
lung)  

•   Renal causes (uremia) or hepatic diseases  
•   Pericarditis  
•   Tumors in the head and neck area  
•   Hiatus hernia     

   Drug - induced / metabolic :

•    Intravenous administration of glucocorticoids, general 
anesthesia, administration of pethidine (Dolantin®), 
pentazocine (Fortral®)  

•   Infections (sepsis, malaria, tuberculosis)  
•   Electrolyte imbalance (hypocalcemia, hyponatremia)         

   2.    Pain in the innervation area (e.g., caused by tumors in the 
lung, mediastinum, or diaphragm or by metastases). Signs 
of irritation of the phrenic nerve include epigastric pain 
radiating into the shoulder area.      

    Contraindications 

     1.    When declined by the patient   
   2.    Local infections (skin diseases) at the injection site   
   3.    Anticoagulant treatment   
   4.    Severe asthma/emphysema   

   5.    Contralateral paresis of the phrenic nerve or recurrent 
laryngeal nerve   

   6.    Contralateral pneumothorax   
   7.    No simultaneous bilateral blockade      

    Procedure 

 This blockade should only be carried out by experienced 
anesthetists or under their supervision. 

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions. Intravenous access, ECG 
monitoring, ventilation facilities, and pulse oximetry. An 
information discussion with the patient is absolutely 
necessary.  

    Materials 

•     30–40-mm-long 22 (23)-G needle  
•   Electrostimulation

 –    Nerve stimulator  
 –   35-mm 22-G (15°) needle with injection tubing        

    Patient Positioning 

 Supine, with head rotated toward the contralateral side.  

    Landmarks (Figs.  9.1  and  9.2 ) 

•     Lateral edge of the sternocleidomastoid (clavicular part)  
•   Clavicle  
•   Scalenus anterior      

Procedure
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    Injection Technique [ 1 ,  5 – 7 ] 

 The patient is asked to turn his or her head toward the contra-
lateral side and raise it slightly, so that the posterior edge of 
the sternocleidomastoid clearly stands out. Using the thumb 
and index fi nger, the sternocleidomastoid is pulled medially 
in order to draw the carotid artery away from the nerve. The 
scalenus can be palpated with the thumb. 

 Approximately 2–3 cm above the clavicle, at the lateral 
edge of the sternocleidomastoid, at right angles to the body 
axis and almost parallel to the clavicle, the needle is intro-
duced 2–3 cm deep in the medial direction. The index fi n-
ger, positioned medially, is used to check the needle 
position. 

 Following careful aspiration, 3–5 mL of a local anesthetic 
is injected (Fig.  9.4 ).   

    Ultrasound-Guided Injection Technique 

 The scan is similar to the scan of the interscalene block (refer 
to Chap.   29    ). The scan should reveal the sternocleidomas-
toid, scalenus anterior, and medius muscles as well as the 
interscalene groove. Usually the level is around C6. With 
this, a fascia expansion is seen between the scalenus anterior 
and sternocleidomastoid muscles (Fig.  9.5 ). An in-plane 
technique with the needle inserted from lateral to medial is 
suggested. Caution should be exercised because of the super-
fi cial location and the proximity to the cervical nerve root. 
Therefore, the needle should be visualized right after inser-
tion to avoid inadvertent nerve root contact. Because the 
space is confi ned, 1–2 mL of local anesthetic is suffi cient.   

  Fig. 9.5    Sonography of the phrenic nerve. The nerve is small and is 
usually hypoechoic ( arrow ).  SCM  sternocleidomastoid muscle,  SA  sca-
lenus anterior muscle,  SM  scalenus medius muscle. Cervical nerve 
roots 5–7 are numbered accordingly as  5 – 7  (Reproduced with permis-
sion from Philip Peng Educational Series)       

  Fig. 9.4    Palpation of the sternocleidomastoid. Introduction of the nee-
dle medial and transverse to the body axis (With permission from 
Danilo Jankovic)       
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    Effects of the Blockade 

 Paralysis of diaphragm movement.  

    Dosage 

 Three to fi ve milliliters local anesthetic—e.g., prilocaine 
1 %. For repeat blockades, ropivacaine 0.375 % and bupiva-
caine 0.125–0.375 % (levobupivacaine). A contralateral 
blockade must only be carried out after an interval of approx-
imately 30–60 min.  

    Complications 

     1.    Intravascular injection, with toxic reactions (cf. Chap.   1    )   
   2.    Pneumothorax      

    Side Effects 

     1.    Ipsilateral paralysis of diaphragmatic movement   
   2.    Partial blockade of the stellate ganglion (Horner 

syndrome)   
   3.    Simultaneous anesthesia of the recurrent laryngeal nerve 

(hoarseness and a foreign-body sensation in the neck)         
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          Anatomy 

 The trigeminal nerve, the largest of the cranial nerves, exits 
from the pons with a small motor root (the portio minor) and 
a large sensory root (portio major). 

 In the semilunar cavity of the dura mater, the sensory root 
expands to become the trigeminal ganglion (semilunar gan-
glion). The motor root runs along the medial side of the gan-
glion to the mandibular nerve. The trigeminal ganglion lies on 
the dorsal surface of the petrous bone. The three main branches 
originate from its anterior margin (Fig.  10.1 ): the ophthalmic 
nerve, maxillary nerve, and mandibular nerve [ 9 – 11 ,  13 ].  

    Ophthalmic Nerve (Figs.  10.1  and  10.2 ) 

    The optic branch is purely sensory and passes lateral to the 
cavernous sinus and abducent nerve to the superior orbital 
fi ssure. It draws sympathetic fi bers from the internal carotid 
plexus and in turn gives off sensory fi bers to the oculomotor 
nerve, trochlear nerve, and abducent nerve. Before entering 
the fi ssure, the ophthalmic nerve branches into the lacrimal 
nerve, nasociliary nerve, and frontal nerve. 

 The frontal nerve runs along the levator palpebrae superi-
oris muscle to behind the center of the orbital cavity. There it 

divides into the supraorbital nerve, which passes to the 
supraorbital notch, and the supratrochlear nerve, which runs 
in a medial direction toward the trochlea. The branches of 
the supratrochlear nerve supply the upper eyelid, the root of 
the nose, and the adjoining skin of the forehead (upper end 
branch), as well as the skin and conjunctiva of the medial 
canthus (lower end branch).  

    Maxillary Nerve (Figs.  10.1  and  10.2 ) 

 The second branch of the trigeminal nerve is also purely 
 sensory. It emerges from the skull through the round foramen 
and enters the pterygopalatine fossa. 

 From here, it gives off the zygomatic nerve to the orbit 
and the pterygopalatine nerves—two very short nerves 
that connect with the pterygopalatine (sphenopalatine) 
ganglion (Fig.  10.12 ). As a continuation of its trunk, the 
infraorbital nerve penetrates through the inferior orbital 
fi ssure to the base of the orbit, to the infraorbital groove 
and infraorbital canal. After passing through the infraor-
bital foramen, it reaches the facial surface of the maxilla. 
Here it divides into three groups of branches, which sup-
ply the side of the nose, the lower eyelid, and the upper 
lip.  
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  Fig. 10.1    Sensory supply to the face. ( 1 ) Trigeminal ganglion, ( 2 ) oph-
thalmic nerve, ( 3 ) maxillary nerve, ( 4 ) mandibular nerve, and ( 5 ) auric-
ulotemporal nerve (With permission from Danilo Jankovic)       
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  Fig. 10.2    Trigeminal nerve. ( 1 ) Trigeminal (Gasserian, semilunar) 
ganglion, ( 2 ) mandibular nerve in the oval foramen, ( 3 ) mandibular 
nerve and otic ganglion ( red point ), ( 4 ) ophthalmic nerve, ( 5 ) frontal 
nerve, ( 6 ) maxillary nerve and pterygopalatine ganglion, ( 7 ) infraorbital 
nerve,( 8 ) auriculotemporal nerve,( 9 ) buccal nerve, ( 10 ) lingual nerve, 
( 11 ) alveolar inferior nerve, ( 12 ) mental nerve, ( 13 ) dura mater (With 
permission from Danilo Jankovic)       

    Mandibular Nerve (Figs.  10.1  and  10.2 ) 

 As the largest branch of the trigeminal nerve, the man-
dibular nerve contains the sensory parts of the trigeminal 
ganglion and takes up the motor root of the trigeminal 
nerve. After passing through the oval foramen, the man-
dibular nerve forms a short, thick nerve trunk, on the 
medial side of which lies the otic ganglion. In its later 
course, the mandibular nerve divides into an anterior trunk 
with mainly motor fi bers and a posterior trunk with nerve 
branches and end fi bers mainly consisting of sensory 
fi bers. The most important nerves and areas of supply in 
the posterior trunk are:

•    Mental nerve (skin and mucosa of the lower lip and 
chin)  

•   Inferior alveolar nerve (molar and premolar teeth of the 
mandible)  

•   Lingual nerve (fl oor of the mouth, mucosa of the anterior 
two thirds of the tongue)  

•   Auriculotemporal nerve (ear, skin, and fascia of the 
temple)    

 The sensory branch of the anterior trunk, the buccal nerve, 
supplies the skin and mucosa in the area of the buccinator 
muscle.   
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    Peripheral Branches of the Trigeminal Nerve 
[ 2 ,  4 ,  7 ,  9 – 11 ,  13 ] 

     Block of Ophthalmic Nerve Branches, 
Supraorbital and Supratrochlear Nerves 

 The end branches of these two nerves provide the sensory 
supply for the skin of the forehead, the top of the nose, and 
the skin and conjunctiva of the medial canthus (Figs.  10.4  
and  10.30 ).  

    Indications 
   Diagnostic 
•     Differential diagnosis of hyperalgesic zones, e.g., the 

frontal part of the occipitofrontalis muscle     

   Therapeutic 
•     Trigeminal neuralgia of the fi rst branch and postherpetic 

neuralgia  
•   Postoperative and post-traumatic pain  
•   Minor surgical interventions (note higher doses) along the 

surface of the innervated area, e.g., removal of cysts and 
atheromas, wound care      

    Specifi c Contraindications 
 None.  

1

2

3

  Fig. 10.3    The supraorbital foramen ( 1 ), infraorbital foramen ( 2 ), and 
mental foramen ( 3 ) lie on a single line running about 2.5 cm lateral to 
the midfacial line and passing through the pupil (With permission from 
Danilo Jankovic)       
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  Fig. 10.4    ( 1 ) Supraorbital and supratrochlear nerves, ( 2 ) infraorbital 
nerve, ( 3 ) mental nerve (With permission from Danilo Jankovic)       

The supraorbital foramen, infraorbital foramen, and 
mental foramen lie on a single line running about 
2.5 cm lateral to the midfacial line and passing through 
the pupil (Fig.  10.3 ). 
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    Procedure    

    Preparations 
 Check that the emergency equipment is complete and in 
working order. Sterile precautions.  

    Materials 
 2-mL syringes, fi ne 26-G needles (25 mm), disinfectant, and 
swabs for compression.  

    Skin Prep 
 For all blocks.  

    Patient Positioning 
 Supine.  

    Landmarks 
 Supraorbital foramen and upper angle of the orbit. 

 Supraorbital nerve: palpation of the supraorbital foramen 
at the orbital margin. 

 Supratrochlear nerve: palpation of the upper angle of the 
orbit on the medial side of the root of the nose.  

    Injection Techniques 
   Supraorbital Nerve 
 After palpation of the supraorbital foramen, a swab is laid 
on the eyelid to prevent uncontrolled spread of the local 
anesthetic. The needle is introduced as far as the supraor-
bital foramen (bone contact), slightly withdrawn, and after 
aspiration the injection is carried out slowly (Figs.  10.3  
and  10.5 ).   

   Supratrochlear Nerve 
 After palpation of the upper angle of the orbit, a swab is laid 
on the eyelid to prevent uncontrolled spread of the local 
anesthetic. The needle is introduced at the upper internal 
angle of the orbit (Fig.  10.6 ) and minimally withdrawn after 
bone contact. Slow injection of the local anesthetic follows 
after careful aspiration.  

  Fig. 10.5    Anesthetizing the supraorbital nerve (With permission from 
Danilo Jankovic)       

  Fig. 10.6    Anesthetizing the supratrochlear nerve (With permission 
from Danilo Jankovic)       

It is not necessary to elicit paresthesias. Look for bone 
contact, withdraw the needle slightly, aspirate, and inject.
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       Dosage 
   Diagnostic 
 0.5–1 mL local anesthetic, e.g., 0.5–1 % prilocaine, mepiva-
caine, and lidocaine.  

   Therapeutic 
 0.5–1 mL local anesthetic, e.g., 0.5–0.75 % ropivacaine and 
0.25–0.5 % bupivacaine.  

   Surgical 
 Up to 5 mL local anesthetic. 

 Shorter procedures: e.g., 1 % prilocaine or 1 % 
mepivacaine. 

 Longer procedures: 0.75 % ropivacaine or 0.5 % bupiva-
caine (0.5 % levobupivacaine).   

   Side Effects 
 Possible hematoma formation (prophylactic compression). 

     Complications 
 Risk of blood vessel and nerve damage with injections into 
the foramina and bone channels. 

       Block of Branches of Maxillary Nerve, Block 
of the Infraorbital Nerve 

 The infraorbital nerve, the end branch of the maxillary nerve, 
emerges about 1 cm below the middle of the lower orbital 
margin through the infraorbital foramen (Figs.  10.3 ,  10.4 , 
and  10.32 ). 

   Indications 
   Diagnostic 
•     Differential diagnosis of trigger zones     

   Therapeutic 
•     Trigeminal neuralgia in the second branch and posther-

petic pain  
•   Facial pain in the innervation area of the infraorbital nerve, 

post-traumatic pain, and pain after dental extraction  
•   Minor surgical procedures on the surface of the area of 

distribution (note higher dosages)      

   Specifi c Contraindications 
 None.  

   Procedure    

   Preparation and Materials (See Supraorbital Block) 
 Skin Prep 

 For all blocks.  

   Patient Positioning 
 Supine.  

   Landmarks 
 Infraorbital foramen and orbital margin (Figs.  10.3  and 
 10.4 ). 

   Extraoral Injection 
 Palpation of the infraorbital foramen, about 1 cm below the 
middle of the lower orbital margin.  

   Intraoral Injection 
 Palpation of the lower orbital margin.   

   Injection Techniques 
   Extraoral Injection 
 After palpating the infraorbital foramen, the needle is intro-
duced cranially just below the palpation point until bone 
contact is made (Fig.  10.7 ) and then withdrawn slightly.   

   Intraoral Injection 
 The center of the lower orbital margin is palpated and marked 
with the middle fi nger. The upper lip is raised with a spatula 
or with the thumb and index fi nger. The needle is introduced 
above the second premolar tooth toward the infraorbital 
 foramen, until bone contact is made, and then withdrawn 
slightly (Fig.  10.8 ).   

No injections should be made into the infraorbital 
canal due to the risk of nerve injury.

After the injection, carry out thorough compression 
(massaging in) to prevent hematoma formation and to 
encourage the local anesthetic to spread.

No injections should be made into the supraorbital 
foramen due to the risk of nerve injury.

For both of these techniques, it is important that slow 
injection of the local anesthetic should only be carried 
out after careful aspiration. Afterward, thorough com-
pression should be carried out to prevent hematoma 
formation and to obtain better distribution of the local 
anesthetic.
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  Fig. 10.7    Extraoral technique for blocking the infraorbital nerve (With 
permission from Danilo Jankovic)       

  Fig. 10.8    Intraoral technique for blocking the infraorbital nerve (With 
permission from Danilo Jankovic)       
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      Dosages 
   Diagnostic 
 0.5–1 mL local anesthetic, e.g., 0.5–1 % prilocaine, mepiva-
caine, and lidocaine.  

   Therapeutic (Extraoral Technique) 
 0.5–1 mL local anesthetic, e.g., 0.5–0.75 % ropivacaine and 
0.5 % bupivacaine (0.5 % levobupivacaine).  

   Surgical 
 Up to 5 mL local anesthetic extraorally. 

 Shorter procedures: 1 % prilocaine or 1 % mepivacaine. 
Longer procedures: 0.75 % ropivacaine or 0.5 % bupivacaine 
(0.5 % levobupivacaine). 

 Intraorally: 2–3 mL local anesthetic.   

   Side Effects 
 Potential hematoma formation (prophylactic compression). 

 If the needle is advanced too far, penetration of the orbit 
can occur. 

 Symptom: temporary double vision.  

   Complications 
 Injection into the bone canal carries a risk of nerve 
damage.   

    Block of Branches of the Mandibular Nerve, 
Block of the Mental Nerve 

 The mental nerve, the sensory end branch of the mandibular 
nerve, emerges from the mental foramen at the level of the 
second premolar (Figs.  10.3  and  10.9 ).  

 It provides the sensory supply of the skin and mucosa of 
the lower lip and chin (Fig.  10.33 ). 

   Indications 
   Diagnostic 
•     Differential diagnosis of trigger points and hyperalgesic 

zones     

   Therapeutic 
•     Trigeminal neuralgia of the third branch  
•   Post-traumatic pain and pain in the innervation area of the 

mental nerve  
•   Dental treatment of the canine tooth and fi rst premolars 

and incisors of the lower jaw  
•   Postdental extraction pain (intraoral technique)  
•   Surgical procedures on the surface of the lower lip (note 

higher dosages)      

   Specifi c Contraindications 
 None.  

   Procedure    

   Preparation and Materials (See Supraorbital Nerve Block) 
 Skin Prep 

 In all blocks.  

   Patient Positioning 
 Supine.  

   Landmarks 
 Mental foramen (Figs.  10.3  and  10.4 ). 

 Extraoral and intraoral injection 
 Palpation of the mental foramen at the level of the second 

premolar.  

   Injection Techniques 
   Extraoral Injection 
 After palpation of the mental foramen, the needle is inserted 
about 2.5 cm lateral to the midline until bone contact is made 
(Fig.  10.9 ).  

   Intraoral Injection 
 After palpation of the mental foramen, the lower lip is 
pressed downward using a spatula. The needle is inserted 
between the fi rst and second premolars, into the lower refl ec-
tion of the oral vestibule, in the direction of the neurovascu-
lar bundle (Fig.  10.10 ).  

      Dosage 
   Diagnostic 
 0.5–1 mL local anesthetic, e.g., 0.5–1 % prilocaine, mepiva-
caine, and lidocaine.  

   Therapeutic (Extraoral Technique) 
 0.5–1 mL local anesthetic, e.g., 0.5–0.75 % ropivacaine and 
0.5 % bupivacaine (0.5 % levobupivacaine).  

   Surgical 
 Up to 5 mL local anesthetic extraorally. 

 Shorter procedures: 1 % prilocaine or 1 % mepivacaine. 
 Longer procedures: 0.75 % ropivacaine or 0.5 % bupiva-

caine (0.5 % levobupivacaine). 
 Intraorally: 2–3 mL local anesthetic.   

   Side Effects 
 Potential hematoma formation (prophylactic compression).  

   Complications 
 Injection into the bone canal carries a risk of nerve damage. 

 Injections should never be made into the mental canal, 
due to the risk of nerve injury.   

For both of these techniques, it is important that slow 
injection should only be carried out after careful aspi-
ration. Afterward, thorough compression should be 
carried out to prevent hematoma formation and to 
obtain better distribution of the local anesthetic.
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  Fig. 10.9    Extraoral technique for blocking the mental nerve (With per-
mission from Danilo Jankovic)       

  Fig. 10.10    Intraoral technique for blocking the mental nerve (With 
permission from Danilo Jankovic)       
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    Ultrasound Imaging for Peripheral Branches 
of the Trigeminal Nerve 

    Ban     C.  H.     Tsui     

 Ultrasound imaging is a common, noninvasive modality to 
facilitate many regional nerve blocks and to visualize nerves 
and surrounding soft tissue. However, there is limited available 
literature describing the use of ultrasound for superfi cial and 
deep trigeminal nerve block. This is because the most compre-
hensive deep trigeminal nerve blocks target the central gan-
glion. Because the ganglion is deep, blockade is often performed 
under fl uoroscopic guidance or computerized tomography. 

 While blockade of deep structures is inaccessible to ultra-
sound, superfi cial branches of the trigeminal nerve (i.e., supra-
orbital, infraorbital, and mental nerves) are too small to 
visualize with most common ultrasound machines. In fact, the 
superfi cial branches can be performed easily by palpating their 
respective foramina. Although these bony foramina are usually 
easy to palpate physically, they can also be identifi ed by observ-
ing a disruption or discontinuity within the bony hyperechoic 
line when imaging with ultrasound [ 22 ], as described below. 
Due to the superfi cial nature of these blocks, most experts fi nd 
it more practical to use ultrasound imaging for landmarking the 
foramina rather than for real- time guidance. 

   Scanning Technique 
     1.    As described in the previous section, all three foramina 

are typically located approximately 2.5 cm lateral to the 
midfacial line passing through the pupil in the sagittal 
plane on each side of the face.   

   2.    Using a high-frequency linear transducer, the foramina 
can be identifi ed dynamically by subtle movement of the 
probe position after placing it in the usual vicinity of the 
foramina; this technique will allow the user to capture 
breaks in the linear hyperechogenicity of the bony surface 
caused by the foramina:
    (a)    To locate the supraorbital landmark, the probe is 

positioned transversely above the roof of the orbital 
rim and in alignment with the pupil. The bone is 
scanned slowly in a cephalad-to-caudad direction to 
identify the supraorbital foramen.   

   (b)    The infraorbital foramen can be located by scanning 
in a sagittal plane from medial to lateral along the 
lower orbital margin or inferior rim of the orbit. This 
foramen is usually located about 1 cm below the mid-
dle of the lower orbital margin.   

   (c)    The mental foramen can be localized using a trans-
verse plane and scanning in a cephalad direction from 
the inferior border of the mandible. The nerve typi-
cally lies inferior to the outer lip at the level of the 
second premolar, midway between the upper and 
lower borders of the mandible.         

 As shown in Fig.  10.11 , the image of the bony surface 
will change from a defi nite linear border to a border with a 
hypoechoic break caused by the foramen during dynamic 
scanning. It is important to note that the location of each ori-
fi ce is associated with its respective blood vessels, which can 
be illuminated using color Doppler. However, the relatively 
small size of the arteries upon exiting the foramen renders 
them diffi cult to identify.     
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  Fig. 10.11     Left , ultrasound scanning locations to identify supraorbital 
( A1 ,  A2 ), infraorbital ( B1 ,  B2 ), and mental ( C1 ,  C2 ) foramina.  A1 ,  B1 , 
and  C1  represent starting position of probe;  A2 ,  B2 , and  C2  represent 
position of probe over the foramen.  Right , ultrasound images corre-

sponding to probe positions. Doppler imaging (far right) allows identi-
fi cation of supraorbital and infraorbital arteries (With permission from 
Ban Tsui)       
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    Trigeminal Nerve: Deep Block 

    Maxillary Nerve, Block of the Main Trunk 
in the Pterygopalatine 
(Pterygomaxillary) Fossa  

 The maxillary nerve emerges from the skull through the 
round foramen. It connects with the pterygopalatine (spheno-
palatine) ganglion in the pterygopalatine fossa (Figs.  10.12 , 
 10.13 , and  10.14 ). The nerve and ganglion are responsible for 
sensory and autonomic supply to the central area of the face 

and head. The pterygopalatine (sphenopalatine) ganglion, 
which lies in the pterygopalatine fossa (sphenomaxillary 
fossa), is triangular in shape; extending to ca. 5 mm, it is the 
largest neuronal conglomerate outside of the brain. The gan-
glion has three types of nerve fi ber and is connected to the 
trigeminal nerve via sensory fi bers. It is linked to the facial 
nerve, internal carotid plexus, and superior cervical ganglion 
via sympathetic fi bers; the motor fi bers have  parasympathetic 
(visceromotor) connections. There is also direct contact 
between the anterior horn of the spinal cord and the neurohu-
moral axis (adenohypophysis) [ 15 ,  20 ,  21 ].    

1 2

4

3

  Fig. 10.12    ( 1 ) Trigeminal ganglion (Gasserian ganglion) and ( 2 ) pter-
ygopalatine fossa with the maxillary nerve, ( 3 ) pterygopalatine gan-
glion, and ( 4 ) maxillary artery (With permission from Danilo Jankovic)       

2 1

  Fig. 10.13    ( 1 ) Maxillary nerve and pterygopalatine ganglion, ( 2 ) trigemi-
nal ganglion (Gasserian ganglion) (With permission from Danilo Jankovic)       

1
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  Fig. 10.14    Nerves and ganglia in the vicinity: ( 1 ) Otic ganglion, ( 2 ) 
pterygopalatine ganglion (With permission from Danilo Jankovic)       
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  Fig. 10.15    Intraoral technique: orientation (With permission from 
Danilo Jankovic)       

   Indications 
   Diagnostic 
•     Differential diagnosis of facial pain     

   Therapeutic 
•     Trigeminal neuralgia in the second branch, postherpetic 

neuralgia  
•   Cluster headache [ 6 ], histamine headache, Sluder’s neu-

ralgia [ 19 ]  
•   Facial pain in the area of supply  
•   Pain in the eye region (iritis, keratitis, corneal ulcer), root 

of the nose, upper jaw, and gums  
•   Postoperative pain in the area of the maxillary sinus and 

teeth  
•   Pain after dental extraction     

   Neural Therapy 
•     Hay fever, vasomotor rhinitis  
•   Diseases of the oral mucosa  
•   Localized paresthesias      

   Specifi c Contraindications 
 Bleeding diathesis and anticoagulation treatment.  

   Procedure 
 These blocks should only be carried out only with appropri-
ate experience. It is absolutely necessary to have a detailed 
discussion with the patient before the procedure.  

   Preparations 
 Check that the emergency equipment is complete and in 
working order. Sterile precautions. Intravenous access.  

   Materials 
 2-mL syringe and 22-G needle (40 mm) for the intraoral 
technique and 5-mL and 10-mL syringe and 23-G needle 
(60 mm) for the extraoral technique. Disinfectant, spatula for 
the intraoral technique, compresses, cooling element avail-
able, and emergency drugs. 

 Skin Prep 
 In all blocks.  

   Intraoral Technique 
   Patient Positioning 
 The patient should be sitting, leaning back slightly and with 
the head tilted back.  

   Landmarks 
 Posterior edge of the upper seventh tooth (second maxillary 
molar) (Fig.  10.15 ).   

   Injection Technique 
 Using a 22-G needle (40 mm), the puncture is made medial to 
the posterior edge of the upper seventh tooth (second  maxillary 
molar) through the greater palatine foramen. The needle is 
introduced at an angle of about 60°. The vicinity of the gan-
glion is reached at a depth of 3.5–4 cm. The greater palatine 
canal is about 3.4 cm long in adults. After careful aspiration at 
various levels, the local anesthetic is injected (Fig.  10.16 ).  

 Intraoral access is associated with fewer complications.  

   Dosage 
  Therapeutic  

 Intraorally: 1–2 mL local anesthetic, e.g., 0.75 % ropiva-
caine and 0.5 % bupivacaine (0.5 % levobupivacaine).   

  Fig. 10.16    Intraoral block of the pterygopalatine ganglion (With per-
mission from Danilo Jankovic)       
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   Extraoral Technique 
   Above the Zygomatic Arch (Suprazygomatic Technique) 

    Patent Positioning 
 Sitting, with face to the side and with the mouth slightly 
opened. Alternative: supine.  

   Landmarks 
 Center of the upper margin of the zygomatic arch.  

   Injection Technique 
 A skin injection is made directly above the middle of the 
zygomatic arch. A 6-cm-long needle is introduced at an 
angle of ca. 45° in the direction of the pterygopalatine fossa 
(contralateral molar teeth) (Fig.  10.17 ). After paresthesias 
have been elicited in the area of the nostril, the upper lip, and 
the cheek, the needle is withdrawn slightly and aspirated 
carefully at various levels, and the local anesthetic is admin-
istered slowly in several small doses. Repeated aspiration at 
various levels must be carried out during this procedure.  

      Below the Zygomatic Arch (Infrazygomatic Technique) 
   Patient Positioning 
 Supine or sitting, face to the side with the mouth slightly 
open.  

   Landmarks 
 Mandibular fossa.  

   Injection Technique 
 The most important requirement for carrying out this block 
successfully is accurate location of the mandibular fossa 
between the condylar and coronoid processes of the mandi-
ble. It is helpful for the patient to open and close the mouth. 
After skin infi ltration, a 6-cm needle is introduced at an 
angle of 45° in the direction of the back of the eyeball 
(Fig.  10.18 ). After ca. 4–4.5 cm, the lateral part of the ptery-
goid process is reached and the needle is withdrawn slightly 
and lowered into the pterygopalatine fossa (about 0.5 cm 
medial to the pterygoid). After the paresthesias described 
above have been elicited and after careful aspiration at vari-
ous levels, the local anesthetic is carefully injected in several 
small doses. If pain occurs in the region of the orbit, the pro-
cedure should be stopped.   

   Dosage 
     Diagnostic  
 Up to 5 mL local anesthetic, e.g., 0.5 % prilocaine, mepiva-

caine, and lidocaine.  

  Fig. 10.17    Orientation for injections above the zygomatic arch (With 
permission from Danilo Jankovic)       

Injection above the zygomatic arch is more comfort-
able for the patient.

Separate blocking of the maxillary nerve and pterygo-
palatine region is rarely possible with this method.

  Fig. 10.18    Extraoral technique beneath the zygomatic arch (mandibu-
lar fossa) (With permission from Danilo Jankovic)       
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   Therapeutic  
 Extraorally: 5–10 mL local anesthetic, e.g., 0.5 % ropiva-

caine and 0.25 % bupivacaine (0.25 % levobupivacaine). 
 In acute conditions, with 1–2 mg dexamethasone added.  
   Surgical  
 Extraorally: 5–10 mL local anesthetic, e.g., 0.75 % ropiva-

caine, 0.5 % bupivacaine (0.5 % levobupivacaine), 1 % 
prilocaine, and 1 % mepivacaine.  

  Block series.  
  A sequence of six to eight blocks is recommended for the 

extraoral technique.     

   Side Effects 
•     Transient visual weakness (extremely rare).  
•   Horner’s syndrome, extremely rare and usually with high 

doses. There are connections with the superior cervical 
ganglion via the pterygoid canal, deep petrosal nerve, and 
greater superfi cial petrosal nerve.  

•   Hematoma in the cheek or orbital cavity due to blood ves-
sel puncture. Immediate outpatient treatment: alternating 
ice pack and heparin ointment, depending on the spread 
of the hematoma, for ca. 1 h. This can be continued at 
home, with the patient also taking coated Reparil® tablets 
(sodium aescinate) if appropriate. Resorption of the 
hematoma, which is harmless but visually uncomfortable 
for the patient, occurs within 2 weeks at the most.     

   Complications 
•     Intravascular injection (maxillary artery and maxillary 

vein) (Fig.  10.12 )  
•   Epidural or subarachnoid injection    

 Both of these complications are extremely rare. Immediate 
treatment: see Chap.   1    , p. 8. 

 The maxillary artery and vein lie in the immediate 
vicinity. 
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      Nasal Block of the Pterygopalatine Ganglion 
   Indications 
 Greenfi eld Sluder [ 19 ] drew attention to the signifi cance of 
this ganglion as long ago as 1903. In 1918, he described a 
number of symptoms capable of being treated by injection 
or topical application of a local anesthetic or cocaine, with 
the associated anesthesia of the pterygopalatine ganglion: 
headache; pain in the eyes, mouth, or ears; lumbosacral 
pain; arthritis; glaucoma; and hypertension. Similar obser-
vations were reported by Ruskin [ 17 ], Byrd and Byrd [ 5 ], 
and Amster [ 1 ]. 

 More recent studies [ 3 ,  8 ,  14 ,  16 ] have shown that nasal 
local anesthesia of the ganglion can be used with good suc-
cess rates in the treatment of:

•    Acute migraine  
•   Acute or chronic cluster headache  

•   Various types of facial neuralgia  
•   Tumor pain in the nasal and pharyngeal area [ 12 ,  18 ]     

   Specifi c Contraindications 
 None.  

   Procedure    

   Materials (Fig.  10.19 ) 
    2-mL syringe, plastic part of a plastic indwelling catheter 
(for self-administration in tumor pain), nasal speculum, and 
applicators (cotton buds). 

 Patient Positioning 
 Supine or sitting, with head tilted back.  

  Fig. 10.19    Materials (With permission 
from Danilo Jankovic)       
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   Application 
 An applicator, preferably a cotton bud, soaked in local anes-
thetic, e.g., 2 % lidocaine gel or a 4 % aqueous lidocaine solu-
tion, is carefully advanced along the inferior nasal concha as 
far as the posterior wall of the nasopharynx (Fig.  10.20 ) and 
left in place for 20–30 min (Fig.  10.21 ). In patients with can-
cer pain, the plastic part of a plastic indwelling catheter can 
be advanced as far as possible into the nasal cavity, and the 
local anesthetic, e.g., 0.5 % bupivacaine, can be instilled with 
a 2-mL syringe. The block can be carried out bilaterally.   

     Dosage [ 12 ,  18 ] 
 Local anesthetics: 2 % lidocaine gel, 1.5–2 mL 4 % lidocaine 
(aqueous solution), or 1.5–2 mL bupivacaine. Disadvantage: 
the onset of effect is slightly slower. 

 10 % cocaine: at a dosage of 0.2–0.4 mL, there is no rea-
son to fear adverse CNS effects [ 3 ]. Advantage: very fast 
onset of effect. 

 If the recommended doses are used, there is no difference 
between these substances with regard to effectiveness and 
resorption.  

   Block Series 
 In acute pain, one or two applications are recommended. In 
chronic conditions, one to three applications can be given 
over a period of up to 3 weeks. 

 In cancer pain, applications may be indicated three times 
per day over a longer period.  

   Side Effects 
 The method is not very invasive and has minimal side effects. 
Effects that may occur include a sense of pressure in the 
nose, sneezing, short-term lacrimation due to irritation of 
branches of the lacrimal gland, a bitter taste, and slight 
numbness in the oral and pharyngeal cavity.  

   Complications 
 Very occasionally, toxic effects may occur as a result of the 
absorption of the local anesthetic into very well-vascularized 
tumor tissue. In long-term treatments, erosions may some-
times lead to spinal absorption of the local anesthetic. To 
prevent this, periodic rinsing with a physiological saline 
solution can be carried out.     

To prevent trauma, the applicator should not be 
advanced forcefully if resistance is encountered.

  Fig. 10.20    Nasal application (With permission from Danilo Jankovic)       

  Fig. 10.21    The anesthetic should be allowed 20–30 min to take effect 
(With permission from Danilo Jankovic)       
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    Mandibular Nerve, Block of the Mandibular 
Nerve and Otic Ganglion in the Infratemporal 
Fossa [ 2 ,  4 ,  7 ,  9 ,  11 ,  13 ] 

 After passing through the oval foramen, the mandibular 
nerve forms a short, thick nerve trunk, with the otic ganglion 
lying on the medial side of it. Its most important branches 
(Fig.  10.22 ) are the buccal nerve, lingual nerve, inferior alve-
olar nerve, mental nerve, and auriculotemporal nerve.  

   Indications 
   Diagnostic 
•     Differential diagnosis of trigeminal neuralgia (anterior 

two thirds of the tongue) and glossopharyngeal neuralgia 
(posterior third of the tongue)     

   Therapeutic 
•     Tinnitus (the otic ganglion has connections with the 

chorda tympani, the nerves of the pterygoid canal, and the 
medial pterygoid nerve)  

•   Trigeminal neuralgia in the third branch  
•   Trismus after dental extraction  
•   Dental surgery and maxillary surgery (higher dosages 

required)  

•   Temporomandibular joint dysfunction syndrome (in col-
laboration with an orthodontist), if infi ltration of the trig-
ger points of the temporalis muscle, lateral pterygoid 
muscle, and masseter muscle is unsuccessful      

   Specifi c Contraindications 
 Bleeding diathesis and anticoagulation treatment.  

   Procedure 
 This block should only be carried out only with appropriate 
experience. It is absolutely necessary to have a detailed dis-
cussion with the patient before the procedure.  

   Preparation and Materials (See Above) 
 Skin Prep 

 In all blocks.  

   Patient Positioning 
 Supine, with face to the side.  

   Landmarks 
 Mandibular fossa, zygomatic arch, and tragus (the needle 
insertion point lies ca. 2 cm laterally) (Fig.  10.23 ).   

1
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  Fig. 10.22    Distribution areas of the ( 1 ) mandibular nerve, ( 2 ) buccal 
nerve, ( 3 ) lingual nerve, ( 4 ) inferior alveolar nerve, ( 5 ) mental nerve, 
( 6 ) auriculotemporal nerve (With permission from Danilo Jankovic)       

  Fig. 10.23    The most important requirement is that the mandibular 
fossa should be identifi ed precisely. It lies between the condylar process 
and the coronoid process of the mandible and is easiest to localize when 
the patient opens and closes his or her mouth (With permission from 
Danilo Jankovic)       
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   Injection Technique 
 After skin infi ltration, a 60-mm needle is introduced into the 
skin perpendicularly (Fig.  10.24 ). Paresthesias in the lower 
jaw region, lower lip, and lower incisors occur when the nee-
dle reaches a depth of ca. 4–4.5 cm. After paresthesias have 
clearly developed, the needle is withdrawn slightly and aspi-
rated carefully at various levels, and the local anesthetic is 
slowly injected in several small doses. Aspiration should be 
repeated several times at different levels as this is done. 
There is a delayed onset of the desired effect in the area of 
the auriculotemporal nerve.  

     Distribution of the Block 
 The otic ganglion (Fig.  10.25 ), which lies directly under 
the oval foramen, is always anesthetized along with the 
nerve.  

 The area supplied by the mandibular nerve is shown in 
Fig.  10.33 .  

   Dosage 
   Diagnostic 
 Up to 5 mL local anesthetic, e.g., 5 % prilocaine, mepiva-
caine, and lidocaine.  

   Therapeutic 
 5–10 mL local anesthetic, e.g., 0.5 % ropivacaine and 0.25 % 
bupivacaine (0.25 % levobupivacaine). 

 In acute conditions, with 1–2 mg dexamethasone added.  

   Surgical 
 10 mL local anesthetic, e.g., 0.75 % ropivacaine, 0.5 bupiva-
caine, 1 % prilocaine, and 1 % mepivacaine.  

   Block Series 
 A series of six to eight blocks is recommended. When there 
is evidence of symptomatic improvement, further blocks can 
also be carried out.   

   Side Effects 
•     Transient facial paralysis caused by injecting too 

superfi cially.  
•   Hematoma in the cheek due to vascular puncture. These 

harmless hematomas can take up to two weeks to resolve. 
Immediate treatment: see the section on blocks of the 
maxillary nerve and pterygopalatine ganglion.     

   Complications 
•     Intravascular injection (middle meningeal artery and 

maxillary artery).  
•   Epidural or subarachnoid injection. Immediate treatment: 

see Chap.   1    , p. 8.    
 The middle meningeal artery and maxillary artery lie in 

the immediate vicinity. 

  Fig. 10.24    Needle insertion technique: the needle is directed at an 
angle of 90° (With permission from Danilo Jankovic)       

1 2

  Fig. 10.25    There are close anatomical connections between the otic 
ganglion ( 1 ) and the mandibular nerve ( 2 ) (With permission from 
Danilo Jankovic)       

If contact is made with the pterygoid process when the 
needle is being introduced, withdraw the needle 
0.5–1 cm and redirect dorsally.
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       Gasserian Ganglion Block 

 The trigeminal ganglion (semilunar ganglion, Gasserian gan-
glion) lies on the dorsal surface of the petrous bone. The 
intracranial Gasserian ganglion lies medially in the middle 
cranial fossa; lateral to the cavernous sinus, internal carotid 
artery, and cranial nerves III–VI; and posterior and superior 
to the oval foramen, through which the mandibular nerve 
exits from the intracranial cavity (Figs.  10.1 ,  10.2 , and  10.26 ). 
All of these structures can be injured when the ganglion is 
blocked. The average size of the ganglion is ca. 1–2 cm. Part 
of the ganglion (the posterior two thirds) is located within the 
trigeminal cave (Meckel cavity), a duplication of the dura 
that encloses the ganglion. The oval foramen is a channel ca. 
5 mm long and its largest diameter is ca. 8 mm.  

   Indications 
   Local Anesthetics 
 Diagnostic, before neurodestructive procedures.  

   Neurodestructive Procedures 
 Neurodestructive methods—particularly radiofrequency 
lesions of the ganglion and more rarely glycerol rhizolysis, 
alcohol injection, corticosteroid injection, or balloon com-
pression of the ganglion—are used in pain conditions that 
are unbearable and cannot be infl uenced using other conser-
vative measures:

•    Cancer pain  
•   Trigeminal neuralgia  
•   Cluster headache  
•   Pain in the eye region  
•   Postherpetic neuralgia      

   Specifi c Contraindications 
 Local infection, sepsis, hemorrhagic diathesis, anticoagulation 
treatment, and signifi cantly increased intracranial pressure.  

   Procedure 
 This block should only be carried out by highly experienced 
specialists. A very good knowledge of anatomy, manual skill, 
radiographic guidance when conducting the procedure, and 
strictly aseptic conditions are required. It is necessary to have 
a detailed discussion with the patient before the procedure.  

   Premedication 
 This method is painful, and preoperative administration of 
0.05 mg fentanyl is therefore recommended.  

   Preparations 
 The completeness and functioning of the emergency 
 equipment should be checked. Sterile precautions. 
Intravenous access, ECG monitoring, ventilation facilities, 
and pulse oximetry.  

   Materials 
 A fi ne 22-G spinal needle 80 mm long, 2-mL and 5-mL 
syringes, disinfectant, sterile compresses, emergency 
 medication, intubation kit, and cooling element should be 
ready in hand. 

 Skin Prep 
 In all blocks.  

   Patient Positioning 
 Supine; the head is raised with a cushion.  

   Landmarks (Fig.  10.27  a,b) 
•        Medial edge of the masseter muscle, ca. 3 cm lateral from 

the angle of the mouth at the level of the second molar 
tooth.  

•   Ipsilateral pupil.  
•   Center of the zygomatic arch and articular tubercle (exter-

nal acoustic meatus).    

The following should be noted during puncture:

•    The operator should stand on the side on which the 
block is being carried out.  

•   Radiographic guidance for the puncture is 
indispensable.  

•   An intraoral location should be excluded after intro-
duction of the needle (risk of contamination).  

•   There is a risk of perforating the dural cuff (sub-
arachnoid injection).  

•   Frequent aspiration and fractionated injection of the 
smallest possible fractions (blood, CSF?).   
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1

2

3

4

5

6

  Fig. 10.26    The trigeminal ganglion and the neighboring cranial nerves 
and internal carotid artery. ( 1 ) Optic nerve, (2) internal carotid artery, 
( 3 ) oculomotor nerve, ( 4 ) trochlear nerve, ( 5 ) trigeminal nerve, ( 6 ) 
abducent nerve (With permission from Danilo Jankovic)       

a

b

  Fig. 10.27    ( a ,  b ) Landmarks: medial edge of the masseter muscle, 
ipsilateral pupil, center of the zygomatic arch (With permission from 
Danilo Jankovic)       
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     Needle Insertion Technique [ 2 ,  4 ,  7 ,  9 ,  11 ,  13 ] 
 Local anesthesia at the needle insertion site is carried out ca. 
3 cm from the angle of the mouth (medial edge of the  masseter 
muscle). The patient is asked to gaze straight ahead and focus 
on a marked point on the wall. The needle should be directed 
toward the forward-gazing pupil when seen from the front and 
toward the articular tubercle of the zygomatic arch or external 
acoustic meatus when viewed from the side (Fig.  10.27 ). 

 The needle is then introduced at the level of the second 
molar tooth, through the previous skin injection in the 
 direction indicated. An intraoral location of the needle must 
be excluded (risk of contamination). After 4.5–6 cm, bone 
contact should be made (infratemporal surface of the large 
wing of the sphenoid bone, directly in front of the upper 
boundary of the oval foramen) (Fig.  10.28 ). The needle is 
now withdrawn slightly, and the path to the oval foramen (ca. 
1–1.5 cm away from the fi rst bone contact) (Fig.  10.28 ) is 
probed millimeter by millimeter by advancing and with-
drawing the needle. If the tip of the needle is located in the 
oval foramen, the patient will report pain and paresthesias in 
the area of distribution of the mandibular nerve (mandible). 
The needle is now slowly advanced for a further 0.5–1 cm. 
A small test dose of 0.1–0.2 mL local anesthetic is carefully 
administered. The remaining dose of 1–1.5 mL is injected in 
small fractions with constant aspiration. Particular attention 
should be given to possible subarachnoid or intravascular 
positioning of the needle. The sensory distribution of the 
block is shown in Fig.  10.29 .    

   Dosage 
 1–2 mL local anesthetic, e.g., 1 % lidocaine, 0.5–0.75 % 
ropivacaine, or 0.5 % bupivacaine.  

A
B

3

2 1

  Fig. 10.28    Injection point (level of the second molar tooth). Needle 
position  A : bone contact, infratemporal. Needle position  B : entrance 
into the oval foramen. ( 1 ) Zygomatic arch, ( 2 ) external acoustic pore, 
( 3 ) temporal fossa (With permission from Danilo Jankovic)       

  Fig. 10.29    Sensory defi cit after blocking of the trigeminal ganglion 
(With permission from Danilo Jankovic)       
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  Fig. 10.30    Ophthalmic nerve (With permission from Danilo Jankovic)       

  Fig. 10.31    Maxillary nerve (With permission from Danilo Jankovic)       

   Complications 
     1.    Subarachnoid injection (total spinal anesthesia). 

 Immediate measures: see Chap.   1    , p. 8. 
  Important prophylactic measures: 

•    Very good knowledge of anatomy  
•   Precise execution of the procedure (radiographic 

guidance)  
•   Careful dosage  
•   Constant aspiration and injection in the tiniest 

fractions of 0.1 mL local anesthetic (several test 
doses)  

•   No time pressure      

   2.    Intravascular injection 
 Intravascular injection (middle meningeal artery) is 

always possible (in this highly vascularized region).   
   3.    Hematoma in the cheek or orbit due to vascular 

puncture.   
   4.    Transient visual weakness or blindness. 

 Optic nerve; extremely rare.      

   Trigeminal Nerve: Comparison of Analgesia Zones 
 Figures  10.29 ,  10.30 ,  10.31 ,  10.32 ,  10.33 , and  10.34  pro-
vide schematic illustrations of the areas supplied by the 
 individual nerves. During blocks, the anesthetic spread may 
overlap.          
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  Fig. 10.33    Mandibular nerve (With permission from Danilo Jankovic)       

  Fig. 10.32    Infraorbital nerve (With permission from Danilo Jankovic)         Fig. 10.34    Mental nerve (With permission from Danilo Jankovic)       
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       Radiofrequency Lesioning 
of the Sphenopalatine Ganglion 

       Anatomy 

 The sphenopalatine (or pterygopalatine) ganglion (SPG) is 
mainly a parasympathetic ganglion in the upper part of the 
pterygopalatine fossa; its postsynaptic fi bers supply the lac-
rimal, nasal, palatine, and pharyngeal glands. It is closely 
related to the maxillary nerve and lies just beneath the ptery-
gopalatine (sphenopalatine) fossa (Fig.  11.1 ). The ganglion 
has a fl at conical shape that can extend to a length of 5 mm. 
The fossa has a triangular shape with its basis at the fl oor of 
the sphenoid sinus with a length of approximately 2 and 1 cm 
width. On a lateral fl uoroscopic view, the fossa resembles an 
“inverted vase” (Fig.  11.2 ). The fossa is bordered anteriorly 
by the posterior wall of the maxillary sinus, posteriorly by 
the pterygoid process and the ala major of the sphenoid bone, 
medially by the perpendicular plate of the palatine bone, and 
superiorly by the sphenoid sinus; laterally it communicates 
with the infratemporal fossa. The fossa is anteriorly con-
nected to the orbit through the inferior orbital fi ssure, medi-
ally to the nasal cavity through the pterygo   (spheno)palatine 
foramen, postero-superiorly to the middle skull “groove” 
through the foramen rotundum (which contains the maxil-
lary nerve) and to the mouth through the palatine canal, and 
posteriorly to the nasopharynx. The fossa also contains the 
maxillary artery and its multiple branches.   

 The ganglion consists of three types of nerve fi bers 
(Fig.  11.3 ): 

    1.    Preganglionic parasympathetic (visceromotor) fi bers to 
the lacrimal, nasal, and palatine glands, reaching the gan-
glion from the facial nerve through the greater superfi cial 
petrosal nerve and the nerve of the pterygoid canal.   

   2.    Sympathetic fi bers coming from the superior cervical 
ganglion and the internal carotid plexus reaching the 
 ganglion via the deep petrosal nerve which joins the 
greater superfi cial petrosal nerve to form the Vidian nerve.   

   3.    Many afferent fi bers crossing the ganglion, originating 
from the nasal cavity, the soft palate, and the pharynx on 
their way to the Gasserian ganglion through the maxillary 
nerve. There is also direct contact between the anterior 
horn of the spinal cord and the neuro-humeral axis (ade-
nohypophysis) [ 1 ,  2 ]. As the SPG plays a role in the 
innervation of the brain vascularization, and as such has 
been described in the “trigeminal vascular system,” it has 
been suggested that it is probably involved in several 
forms of vascular headaches and atypical facial pains [ 3 ].    

Trigeminal
ganglion

Sphenopalatine
ganglion

  Fig. 11.1    Anatomy of the sphenopalatine ganglion (From Gauci C. 
Manual of RF techniques, 2004, FlivoPress, Meggen (LU), Switzerland)       
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  Fig. 11.2    Relevant anatomy around the sphenopalatine ganglion (Adapted from Sluijter [ 8 ])       

  Fig. 11.3    Innervation of the sphenopalatine ganglion (From Sluijter [ 8 ])       
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      Blockade of the Sphenopalatine Ganglion 

 Blockade of the SPG by local application or injection of a 
local anesthetic or cocaine has already been described as 
early as 1908 as an effective method in the treatment of 
headache; pain in the eyes, mouth, and ears; lumbosacral 
pain; arthritis, glaucoma; and hypertension [ 4 ]. SPG block 
with local anesthetics may be used for the treatment of acute 
migraine headache, acute cluster headache, and a variety of 
facial neuralgias including Sluder’s, Vail’s, and Gardner’s 
syndromes. This treatment is also useful in the management 
of status migrainosus and chronic cluster headache. Later on, 
neurolytic fl uids such as alcohol have been used, but uncon-
trollable spread of fl uids has limited the use of this proce-
dure. RF lesioning is a focal neurolysis, making the lesion 
only around the electrode tip. 

 The lateral approach is recommended for neurodestruc-
tive procedures of the sphenopalatine ganglion in order to 
avoid lesioning of the maxillary nerve [ 5 ]. 

 Radiofrequency lesioning of the sphenopalatine ganglion 
has predominantly been studied for the treatment of chronic 
cluster headache unresponsive to conventional management, 
e.g., drug therapy [ 6 ]. 

 The SPG is situated in a richly vascularized region, 
responsible for a rapid evacuation of the applied heat. 
Moreover, the size of the ganglion exceeds the size of the RF 
lesioning. These anatomical characteristics form an explana-
tion for the fact that total nerve destruction of the SPG is 
never achieved following RF conventional thermolesion 
using 22-G needles. 

 The adapted delivery method of the high-frequency cur-
rent, termed pulsed radiofrequency, delivers the current in 
bursts of 20 ms followed by 480 ms downtime during which 
the generated heat is allowed to wash out. In this way, higher 
voltage, usually 45 V, can be used without generating the 
neurodestructive temperature (i.e., 43 °C) in the nerve tis-
sue. Pulsed radiofrequency is generally considered as safer 
than conventional radiofrequency; up till now, no neurologi-
cal side effect or complication has been mentioned with 
pulsed radiofrequency treatment of a wide variety of pain 
syndromes.  

    Indications for Sphenopalatine 
Radiofrequency Treatment 

     I.    Major indication:
    1.    Cluster headache       

   II.    Minor indications:
    1.    Atypical facial pain in the maxillary region   
   2.    Side-locked migraine   
   3.    Remaining frontal headache after treatment of cervi-

cogenic headache   
   4.    Trigeminopathy with parasympathetic features such 

as lacrimation, rhinorrhea, or mucosal congestion         

 Cluster headache, the major indication for radiofrequency 
treatment of the sphenopalatine ganglion, is a relatively rare 
disorder compared with migraine headache. An attack is 
typically brief, lasting 15 min to 2 h. Attacks occur in groups 
at the rate of one to several attacks a day over a period of 
several weeks to many months. The series of attacks may 
occur twice a year with remission of up to 20 years. When 
no remission occurs for more than 1 year, the disorder is con-
sidered to be chronic. The pain is strictly unilateral and typi-
cally in the temporal and periorbital region. The intensity of 
the attacks is of such severity that some patients have termed 
cluster headache “suicide headache.” Patients may also use 
the description of a hot poker being pushed into the eye.  

    Technique 

 It is essential that this technique be performed only with 
fl uoroscopic control. 

 In case patients are using clopidogrel or ASA, they are 
asked to stop this treatment 5 days prior to the intervention. 
When patients use coumarin and its derivatives, the intake of 
these drugs should be interrupted and the INR controlled 
before the procedure. INR of 1.8 or less is appropriate. 
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    Patient Positioning and Visualization 
of the Sphenopalatine Ganglion 
 The patient is lying supine with the head on a radiolucent 
rest. The head should be gently taped to the headrest in order 
to prevent movements. The C-arm of the fl uoroscope must be 
positioned in the axis of the operating table. 

 For a good and consistent anatomical orientation, it is rec-
ommended to have the image on X-ray-screen in the same 
position as the patient is lying (Fig.  11.4 ).  

 To reduce the operator’s and patient’s exposure to the X-ray 
beam as much as possible, it is recommended to place the 

C-arm in lateral position prior to activating the fl uoroscope. 
The position of the fl uoroscope is then adjusted until both 
angles of the mandible are superimposed. This will be achieved 
by moving the C-arm in both the frontal and axial planes. 
Next, move the C-arm to a more cranial and ventral position to 
visualize the essential anatomical structures: the sella turcica, 
base of the skull, sphenoid sinus, petrous bone, and fossa pter-
ygopalatina. The fossa should now become visible as a “vase” 
with its base on the fl oor of the sphenoid sinus. Readjustment 
of the C-arm is often required to get sharp walls of the fossa. 
The ganglion is situated in the superior aspect of the fossa.  

  Fig. 11.4    Patient positioning for 
the radiofrequency procedure of 
the sphenopalatine ganglion, 
C-arm in the axis of the operating 
table. Image on screen in the 
same position as the patient       
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    Needle (Cannula–Electrode) Insertion 
 In order to fi nd the entry point of the electrode, a metal ruler 
is projected over the fossa on the side of the patient and a line 
is drawn over the skin (Fig.  11.5 ). Palpate the region and 
mark a point on the drawn line just at the inferior aspect of 
the zygomatic arch. The entry trajectory runs through the 
mandibular notch (space between anterior and posterior 
mandibular ramus (Fig.  11.6 )). At fi rst, with a 22-G 2–3-in. 
needle, local anesthesia is delivered through the skin and the 
mandibular notch to the deeper soft tissues. This entry point 
allows the controlling and is important for reaching the sphe-
nopalatine fossa. If necessary, the entry point is corrected.   

 An SMK C-10 needle with a 5-mm active tip is then intro-
duced infrazygomatically to the fossa in a slight anterior and 
cephalic direction and carefully advanced under lateral fl uo-
roscopic guidance. In case of bone contact, the direction of 

the needle should be corrected to the target point. After 
insertion of about 4–5 cm or in case of doubt regarding the 
depth of the needle, a control in AP projection is performed. 
The fi nal position is reached when the needle tip has passed 
the lateral wall of the nose (Fig.  11.7 ). Just before reaching 
the end position, the needle may hit the maxillary nerve 
causing a very unpleasant sensation for the patient. Patients 
should be informed prior to starting the procedure of this 
possibility and instructed to signal this straight away. If it 
occurs, stop advancing the needle immediately and inject 
carefully and slowly 0.5–1 ml local anesthetic. After waiting 
approximately one minute, the needle can be redirected to 
reach the fi nal position.  

 On the AP projection, the nasal septum should be in the 
midline just over the dens. The needle tip must then be in the 
lateral wall of the nasal cavity (Fig.  11.8 ).   

  Fig. 11.5    Metal ruler projected over the fossa pterygopalatina, patient and fl uoroscopic, X-ray lateral view       
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  Fig. 11.7    Electrode positioning to the sphenopalatine ganglion, X-lateral view, patient and fl uoroscopic       

  Fig. 11.8    Schematic and fl uoroscopic visualization of the sphenopalatine ganglion in AP projection       

  Fig. 11.6    Needle direction to the sphenopalatine ganglion on a model 
of the skull, infrazygomatic, through mandibular notch       
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    Electrostimulation 
 At 50 Hz, paresthesia should be felt under 0.7–1.0 V (also 
depending on the amount of local anesthetic already given 
and on the duration of interval between administration of the 
local anesthetic and the electrostimulation). The patient 
must feel the stimulation in the nose or soft palate. If the 
paresthesia is felt in the upper teeth or lip, the cheek, or the 
outer part of the nose, the needle is too close to the maxillary 
nerve and the needle should be redirected more medially. If 
stimulation is felt in the hard palate, the needle point is too 
close to the palatine nerves and the needle must then be redi-
rected more posteriorly and medially. If the position is cor-
rect (confi rmed with fl uoroscopy and electrostimulation), 
1–2 ml of local anesthetic is injected. Part of it can fl ow in 
the nose and  pharynx causing a bitter taste. After having 
waited for 1–2 min, an RF lesioning of the ganglion is 
performed.  

    Radiofrequency Lesion 
 Radiofrequency lesions are commonly performed in series 
of two or three, for 60 s at 70–80 °C. Between each lesion, 
the electrode is moved medially for a few mm until the sep-
tum has been touched. 

 Pulsed radiofrequency current is applied at 45 V for 
2 min. After moving the needle to a more medial position, a 
second treatment is performed.   

    Complications 

 Total destruction of the SPG causes dryness of the eye; an 
“open nose,” since the mucosa has less inclination to swell; 
and numbness of the palate [ 8 ]. Because of the size of the 

ganglion, the use of 22-G needles, and the high vasculariza-
tion of the environment, total destruction of the SPG is never 
achieved. 

 Other side effects and complications are:

    1.    Unilateral sensory loss of the palate: this is usually tran-
sient, but you must warn the patient that incidentally it 
may persist for a longer period.   

   2.    Epistaxis: in 3–5 % of cases. At the end of the procedure, 
the patient may sit up with a gauze under the nose. In case 
of a nasal bleeding, this stops within 10 min.   

   3.    Hematoma of the cheek: < 1 %, can be treated with pres-
sure and ice packs.   

   4.    Denervation of the maxillary nerve. This is caused by a 
wrong technique! Reassure the patient and prescribe anti-
epileptics like pregabalin and/or clonazepam.   

   5.    Facial nerve block or diplopia due to spread of local anes-
thetic to the facial nerve in front of the ear or to the orbit. 
Reassure the patient and let the patient go home after 
normalization.   

   6.    A few weeks after the procedure, very slight intermittent 
bleeding from the nose may occur, however very seldom. 
Consultation at an ENT department is recommended.      

    Evidence for Radiofrequency Treatment 
of the Sphenopalatine Ganglion 

 Radiofrequency treatment is indicated when conventional 
treatment fails. Considering the severity of the pain and the 
relative low incidence of this syndrome, performing random-
ized controlled trials comparing radiofrequency treatment to 
sham intervention is hardly justifi able from an ethical point 
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of view. The comparison with the “gold standard” of conven-
tional treatment may be considered, but for most patients, 
neurodestructive treatment is the last resort. These factors 
may explain why no controlled studies have been published 
up till now and will most likely not be performed. 

 Several retrospective studies report a long-term effect of 
radiofrequency treatment of the SPG. Sanders and Zuurmond 
[ 6 ] reported RF treatment of the SPG in 66 patients. Fifty-six 
patients suffered episodic cluster headache and 10 patients 
had the chronic form. 

 All previous pharmacological and surgical treatments had 
failed. All patients were treated with an RF lesioning of 
70 °C three times for 60 s. Of the episodic CH patients, 
60.4 % ( n  = 34) and 30 % ( n  = 3) of the chronic form reported 
complete pain relief during a mean follow-up period of 29 
months. 

 In the group of 20 cluster headache patients treated by 
Stolker et al. [ 9 ,  10 ], 65 % ( n  = 13) were pain-free, 15 % ( n  = 3) 
had pain reduction of more than 50, and 20 % ( n  = 4) had no 
result. Another group of 26 patients [ 9 ,  10 ], who suffered 
from cluster headache in combination with a cervical syn-
drome 31 % ( n  = 8), were pain-free, 50 % ( n  = 13) had 50 % or 
more relief, and 19 % ( n  = 9) had insuffi cient result after initial 
treatment with an RF lesioning of the SPG only. When further 
treatment of the cervical syndrome was done by means of RF 
lesioning of the cervical medial branch and/or of the dorsal 
root ganglion, the result improved signifi cantly: 73 % ( n  = 19) 
were pain-free, 23 % ( n  = 6) had 50 % or more pain relief, and 
in only 4 % ( n  = 1), there was insuffi cient result. 

 Sluijter et al. [ 11 ] reported an excellent or good result in 
78 % ( n  = 18) of 23 patients. 

 Salar et al. [ 12 ] treated 7 patients with cluster headache 
with an RF lesioning of the SPG (65 °C, 60s). After a 
repeated RF lesioning of the SPG, all 7 patients were 
pain-free. 

 Recently, a case report of a patient suffering from post- 
traumatic headache who received pulsed radiofrequency 
treatment of the sphenopalatine ganglion reported pain relief 
for 17 months [ 13 ]. 

 A retrospective analysis of the record cards of patients 
suffering from different types of facial pain showed  complete 
pain relief in 21 % and mild to moderate pain relief in 65 % 
of the patients treated with pulsed radiofrequency [ 14 ].  

    Conclusions 

 Radiofrequency treatment may be considered for patients 
suffering from head and facial pain refractory to conven-
tional treatment that can be attributed to the maxillary 
nerve. The procedure must be performed under careful 
fl uoroscopic control, and correct electrode placement 
must be confi rmed by electrostimulation. The results 
from retrospective studies indicate a high success rate 
with long-lasting pain relief. Though only very limited 
documentation on the pulsed radiofrequency treatment of 
the sphenopalatine ganglion is available, the initial fi nd-
ings suggest good results with this less neurodestructive 
technique.   

Radiofrequency Lesioning of the Sphenopalatine Ganglion



170

    Radiofrequency Treatment of the Gasserian 
Ganglion 

    Anatomy 

 The trigeminal ganglion (semilunar ganglion, Gasserian gan-
glion) lies on the dorsal surface of the petrous bone. The intra-
cranial Gasserian ganglion lies medially in the middle cranial 
fossa; lateral to the cavernous sinus, internal carotid artery, and 
cranial nerves III–VI; and posterior and superior to the oval 
foramen, through which the mandibular nerve exits from the 
intracranial cavity (Fig.  11.9 ). The average size of the ganglion 
is 1–2 cm. Part of the ganglion (the posterior two thirds) is 
located within the trigeminal cave (Meckel’s cavity), a dupli-
cate of the dura that encloses the ganglion. The oval foramen is 
a channel ca. 5 mm long and its largest diameter is ca. 8 mm.  

 Anteriorly, the ganglion gives off three branches intra-
cranially: the ophthalmic (V1), maxillary (V2), and 
 mandibular (V3) nerve. The two medial branches (V1 and 
V2) are sensory, whereas the most lateral branch (V3) also 
innervates the masticatory muscles and thus partly is a 
motor nerve. 

 The trigeminal ganglion shows a somatotopy: The oph-
thalmic [ 8 ] division is located dorsomedially and the 
mandibular (V3) division ventrolaterally, and the maxil-
lary (V2) division has an intermediate position 
(Fig.  11.10 ). This has important implications for the tar-
geted treatment of the ganglion in performing a (partial) 
RF lesioning in trigeminal neuralgia. The pars major is 
the sensory part, and the pars minor is the motor part—
located more laterally.  

 The nucleus nervi trigemini is extending from the brain 
stem to the proximal part of the cervical myelum (Fig.  11.11 ). 
There are also many neural connections between the 
 trigeminal nerve and the autonomous system (e.g., spheno-
palatine ganglion, upper sympathetic trunk).   
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  Fig. 11.9    Anatomy of the Gasserian ganglion ( 1  optic nerve,  2  internal 
carotid artery,  3  oculomotor nerve,  4  trochlear nerve,  5  trigeminal 
nerve,  6  abducens nerve) (From  Regional Nerve Blocks and Infi ltration 
Therapy , Third Ed. (2004) Danilo Jancovic, Blackwell Publishing with 
permission of the editor)       
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  Fig. 11.10    Somatotopy of the trigeminal ganglion and schematic nee-
dle positioning for RF lesioning (Adapted from Sluijter [ 8 ], with per-
mission of the editor)       
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    Facial Pain 

 Identifying the cause of facial pain in many cases is diffi cult 
and often requires consultation with the dentist, ophthalmol-
ogist, ENT doctor, oromaxillary surgeon, and neurologist to 
exclude specifi c pathologies. 

 In trigeminal neuralgia, the diagnosis is mostly clear: the 
patient is suffering from brief episodes of sharp lancinating 
pain in one or more of the trigeminal divisions, which should 

also be provocable by light touch of the skin, speaking, 
chewing, cleaning of the nose, or wind; both criteria should 
be met; otherwise, the diagnosis should be questioned. 

 The trigger areas need not necessarily be located in the 
division where the patient experiences the pain: many 
patients have pain in the fi rst division and the trigger zone in 
the second division. It also frequently occurs that the trigger 
zone lies in the third and the pain is in the second and third 
division and the other way around. In the classical case, pain 
periods are followed by pain-free periods, but residual pain 
has been reported in 42 % of cases, mostly in patients suffer-
ing from trigeminal neuralgia for many years. This was 
described as a combination of trigeminal neuralgia and atyp-
ical facial pain [ 15 ], but trigeminal neuralgia with continu-
ous pain is better described as “trigeminal neuropathy” 
because the typical characteristics of atypical facial pain are 
absent [ 8 ]. 

 Trigeminal neuralgia has to be differentiated from atypi-
cal facial pain. 

 In atypical facial pain, one should always look for cervi-
cal trigger mechanisms, even if the patient does not complain 
about neck pain; on physical examination, tenderness over 
the cervical facet joints and/or over the occipital nerves at the 
occiput or mastoid process may be of great importance for 
the diagnosis of cervical facet pain and segmental nerve C2 
or C3 involvement [ 8 ]. In these cases, referred pain from the 
cervical region may be the proper diagnosis instead of atypi-
cal facial pain. 

 In case of one or more autonomic symptoms such as unilat-
eral lacrimation, rhinorrhea or nasal congestion, skin erythema, 
conjunctival injection, local edema, ptosis, or miosis are pres-
ent, the sphenopalatine ganglion may be involved in the pain 
mechanism and become a successful target for treatment. 

 True atypical facial pain is mostly localized in the maxil-
lary region. This condition usually occurs between the age of 
30 and 50 years (usually younger patients than those suffer-
ing from trigeminal neuralgia). The female/male ratio is 
about 3:1. Many patients describe this pain as being con-
stant, dull, and deep, often with a numb feeling, absolutely 
without any shooting pain episodes. Yet the trigeminal 
evoked potential is not disturbed, giving rise to suspicion of 
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  Fig. 11.11    Anatomy of the nucleus nervi trigemini (Netter)       
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underlying psychological disorders. Indeed, these patients 
show higher scores on the MMPI profi le than patients with 
tension-type headache, neurovascular headaches, or tem-
poromandibular joint dysfunction [ 8 ]. It is strongly recom-
mended to have a psychological assessment of patients with 
atypical facial pain, before considering invasive treatment 
options. 

 Trigeminal neuralgia most frequently occurs in patients 
over 50 years; occasionally, it also occurs in very young 
patients. It is thought to be caused by vascular compression 
of the trigeminal root, which can however not always be 
objectifi ed. That is why this form of trigeminal neuralgia is 
called the asymptomatic or idiopathic form. Trigeminal neu-
ralgia may also be symptomatic (an expression of an under-
lying disease) such as multiple sclerosis, neuroma, or an 
intracerebral tumor. A proper neurological investigation 
including an MRI of the skull should therefore always be 
performed in order to diagnose eventual underlying patholo-
gies and neurological diseases. 

 Radiofrequency treatment of the Gasserian ganglion 
should only be considered when conventional treatment fails 
or causes intolerable side effects. Conventional treatment 
consists of pharmacological treatment with antiepileptics as 
carbamazepine, phenytoin, gabapentin, pregabalin, clonaze-
pam, etc. In younger patients, the neurosurgical (Jannetta) 
microvascular decompression (MVD) operation is the 
method of preference. In skilled hands, the complication rate 
is relatively low, but serious complications are described 
such as facial weakness, hearing loss, or more serious neuro-
logical damage; even mortality after this operation has been 
reported. In multiple sclerosis, the MVD operation only 
works in combination with a partial section of the trigeminal 
nerve. The pain-free period after MVD is longer than after 
RF lesioning of the ganglion. But if the pain recurs after 
MVD, recurrent vascular compression is seldom done during 
reoperation, and the incidence of complications is much 
higher. Also, the success rate of RF treatment of the ganglion 
is then reportedly less. In elderly patients, the method of 
preference is a point of discussion. Since the complication 
rate of the MVD operation is higher in the elderly and in case 
of recurrence of pain, further therapy may be problematic, 
and RF lesioning of the ganglion may be preferred. If prop-
erly informed, most elderly patients choose this treatment. 

 Nowadays, injection of glycerol [ 16 ] is rarely performed. 
Uncontrolled spread of the fl uid can accidentally damage 
other (neural) structures. 

 More recently, Gamma Knife treatment (targeted cobalt 
irradiation) has been described. This procedure also has suc-
cess for a limited time. Redo procedures are more diffi cult to 
perform and bear an increased risk of sensory damage.  

    Technique: RF Lesioning of the Gasserian 
Ganglion 

    Before treatment, informed consent is required, and all 
advantages and disadvantages of the procedure should be 
discussed with the patient and his/her relative(s). In case 
patients are using clopidogrel or ASA, they are asked to stop 
this treatment 5 days prior to the intervention. When patients 
use coumarin and its derivatives, the intake of these drugs 
should be interrupted and the INR controlled before the pro-
cedure. INR of 1.8 or less is appropriate. 

 Before treatment, the patient must be sober for at least 4 h. 
 The patient should have an intravenous access line and be 

connected to a cardiovascular and respiratory monitor to 
allow safe reversible patient sedation. Patient cooperation 
and communication with the doctor are mandatory during 
the stimulation phase, and during introduction of the needle, 
the contact with the ganglion is extremely painful requiring 
anesthesia. The authors prefer intravenous methohexital; 
however, propofol, alfentanil, remifentanil, or midazolam is 
also used. 

 The patient is placed in the supine position on a radiolu-
cent headrest with a little pillow under the shoulders in order 
to obtain an extended head position, which is essential to 
provide a good fl uoroscopic view. The head should be gently 
taped to prevent movements. The fl uoroscope must be in line 
with the patient and the X-ray beam reversed from the nor-
mal confi guration because most image intensifi ers are too 
large to avoid contact with the thorax of the patient. The doc-
tor should (always) stand at the right side of the patient. 

 With a tunnel vision technique in a submentovertex pro-
jection, the oval foramen should be made visible between the 
mandibular process on the lateral side and the maxilla at the 
medial side (Figs.  11.12  and  11.13 ). The C-arm should be 
adjusted to a position that the foramen has a true oval form 
because a too vertical X-ray direction gives the foramen a 
round confi guration and a too horizontal direction a too fl at 
confi guration.   

 The entry point is marked over the oval foramen some 
centimeters lateral to the corner of the mouth; however, this 
point may be quite variable depending on the anatomical 
relations. The choice of the entry point is also dependent on 
the targeted division of the trigeminal nerve; for the third 
division, the end point is more lateral, more inferior, and 
more superfi cial and the end point for the fi rst division more 
medial superior and deeper. The end point should always be 
chosen in the middle or medial one third of the oval foramen, 
for the second and fi rst division always medial, for the third 
division a little more lateral (Fig.  11.10 ). A too lateral posi-
tion results in a position in the pars minor. 
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  The patient is sedated with  methohexital 50–60 mg intra-
venously. The SMK C-10 needle with a tip of 2 mm is 
advanced through the skin and muscles of the cheek in the 
direction of the target (Fig.  11.14 ).  

 A fi nger of the free hand is placed in the patient’s mouth 
to check potential penetration of the mucosa of the cheek, 
because if this happens, bacterial transfer may cause 
meningitis. 

 When the oval foramen is entered, the fl uoroscope is 
changed to the lateral projection, and the electrode tip should 
be projected posterior to the sella turcica, having passed the 
base of the skull, but never deeper than the clivus (Fig.  11.15 ). 
Refl ux of cerebrospinal fl uid through the cannula is normal, 
signing the correct placement in Meckel’s cave. Aspiration 
of blood indicates that a large vessel may be entered. In this 
case, the needle position should be controlled fl uoroscopi-
cally, and the procedure must be aborted.  

 The patient is awakened and electrostimulation is carried 
out; with the 50-Hz sensory stimulation, the patient should 
feel paresthesia in the targeted division under 0.15 V; at 
2 Hz, motor stimulation masticatory muscle contractions 
should be visible at a voltage that is at least 3 times the sen-
sory stimulation threshold, thus over 0.45 V. If motor stimu-
lation occurs <0.45 V, the needle tip is too close to the motor 
branch, and the needle position must be corrected to a deeper 
or a more medial position. Sensory stimulation should only 
occur in the division where the trigger, not the pain, is 
located. 

 When correct needle position is achieved, another i.v. 
dose of methohexital is given and the RF lesioning is per-
formed. When the fi rst division is targeted, treatment should 
start cautiously aiming at 55 °C; for the second and third 
division, the temperature is raised to 65 °C for 60 s. When 
the patient is suffi ciently alert, testing of the sensory quality 
of the face is carried out by pinprick of the skin in all 3 divi-
sions of the trigeminus, and the corneal refl ex is tested for 

the fi rst division; the patient’s reactions at the left and right 
side are compared. On indication, a following second or 
third RF lesioning for 60 s with consecutive higher tempera-
ture of 70 and 76 °C is being made until a light pinprick 
hypalgesia has developed in the targeted division, securing 
the corneal refl ex to remain positive. Especially treatment of 
the fi rst division must be carried out more carefully using 
lower temperatures. After each lesion of 60 s, the patient is 
awakened, and sensory testing is carefully performed in 
order to prevent a too extensive lesion and subsequent anes-
thesia dolorosa or cornea anesthesia. It is not the aim of this 
technique to produce a deep sensory loss. There is a lower 
recurrence rate after a deep sensory facial loss [ 17 – 19 ]; the 
risk of the resulting annoying dysesthesia and even anesthe-
sia dolorosa however is a too high price to pay. Therefore, 
the authors advise to try to produce a light pinprick hypalge-
sia and to take the higher recurrence rate for granted. Patients 
choose for the same option if informed properly. In choos-
ing for this method of making a relatively small RF lesion-
ing by using SMK C-10 needle with an active tip of 2 mm 
and stopping the procedure with the development of a light 
hypesthesia in the trigger zone, the complication rate is rela-
tively low with good results on pain relief. The mean recur-
rence time was 2.3 years in the asymptomatic trigeminal 
neuralgia group ( n  = 265) and 1 year and 3 months in the 
symptomatic group ( n  = 21) [ 19 ]. There were no side effects 
in 48 % of the treated 286 patients and only mild side effects 
in the rest [ 19 ]. 

 If a pulsed RF treatment of the ganglion is being per-
formed, the procedure is identical until the electrostimula-
tion. If the proper criteria are met, pulsed RF with a frequency 
of 2 Hz 45 V for 4–8 min is delivered under sedation. In case 
you have a NeuroTherm NT1000 generator, it may be better 
to produce a “pulsed dose” lesion, because with this treat-
ment option, a consistent amount of electrical energy is being 
delivered in a standardized fashion.  
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  Fig. 11.12    Submentovertex projection with the oval foramen and other relevant structures (fl uoroscopic and schematic) (From Sluijter [ 8 ], with 
permission of the editor)       

  Fig. 11.13    Submentovertex projection, patient position and fl uoroscopic localization       
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  Fig. 11.14    Needle positioning, patient and fl uoroscopic       

  Fig. 11.15    Lateral projection, patient and fl uoroscopic       
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    Indications 

 The only indication for an RF lesioning of the Gasserian 
ganglion is trigeminal neuralgia. If this technique is per-
formed with the incorrect diagnosis, it may lead to serious 
problems with intractable dramatic increase in pain. A tumor 
with intractable pain in the area of the nV may be an indica-
tion. In most cases, local tumor growth is the limitation of 
this indication. 

 Pulsed radiofrequency treatment is preferred over radio-
frequency treatment for atypical facial pain, neuropathic 
pain in one or more divisions of the trigeminal nerve, 
postherpetic neuralgia of the trigeminal nerve, and intracta-
ble cluster headache. The indications and contraindications 
are summarized in Table  11.1 .

   The results of the PRF treatment are still inconclusive, but 
the authors have achieved some good results in very diffi cult 
cases. Further studies are needed.  

    Complications and Results 

 The complication rate depends on experience, making a 
proper diagnosis, and meticulous performance of the tech-
nique. As stated above, annoying hypesthesia and dysesthe-
sia are the most frequent complications. By choosing a 22-G 
SMK C-10 needle with an active tip of only 2 mm to produce 
the radiofrequency lesion, in 80 % of cases, there was an 
excellent result; after a second treatment session using an 
active tip of 2 or 5 mm, a 96 %; and after a third session, a 
99 % success with a mean recurrence time of 2.3 years [ 19 ]. 
Other authors have comparable results; however, if more 
intense lesions are produced with the use of thicker needles 
and longer active tips, the complication rate is elevated, but 
the recurrence time is longer [ 20 ]. Other rare complications 
involve muscular weakness and paralysis, anesthesia dolo-
rosa, keratitis, transient paralysis of cranial nerves III and IV, 
permanent palsy of the abducens nerve (nVI) [ 19 ]. The com-
plications are listed in Table  11.2 .

   Because of the greater risk of sensory loss and loss of 
corneal refl ex, the treatment of the fi rst division requires 
more experience. Although the risk of meningitis is very low 
(<1 %), this is a very serious complication. Patients should 
be instructed to visit the emergency department without 
delay if signs of meningitis are present (neck and headache, 
fever, vomiting). Prompt treatment with i.v. antibiotics 
should start immediately.      

   Table 11.1    Indication and contraindications for (pulsed) radiofre-
quency treatment of the Gasserian ganglion   

  Radiofrequency lesioning of the Gasserian ganglion  
 Trigeminal neuralgia, especially also in MS patients, and in case of 
tumor growth in the area of nV 
  Pulsed RF treatment of the Gasserian ganglion  
 1. Atypical facial pain 
 2. Neuropathic pain in one or more divisions of the trigeminal nerve 
 3. Postherpetic neuralgia of the trigeminal nerve 
 4. Intractable cluster headache 
  Contraindications  
 Lack of cooperativeness 
 Bleeding disorders or use of anticoagulants 
 Signs of local infection 
 Signs of local malignancy 
 Allergy to local anesthetics 

   Table 11.2    Reported side effects and complications   

 Annoying hypesthesia and dysesthesia (1.56 %) 
 Anesthesia dolorosa (0 %) 
 Keratitis (0 %) 
 Not annoying corneal hypesthesia (1.17 %) 
 Muscular weakness of masticatory muscles (4 %) 
 Transient paralysis of cranial nerves III and IV (0 %) 
 Palsy of the abducens nerve (permanent) (0 %) 
 Meningitis (0 %) 
 Cheek hematoma (2 %) 

  From Kanpolat et al. [ 20 ]  
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       Anatomy 

 The anterior branches of the fi rst four cervical spinal nerves 
form the cervical plexus, which is covered by the sternocleido-
mastoid muscle. The superfi cial branches of the cervical 
plexus, which penetrate the cervical fascia and pass to the skin, 
include the sensory lesser occipital nerve (anterior branch from 
C2 and C3). This emerges at the posterior edge of the sterno-
cleidomastoid muscle, above its midpoint. It ascends steeply 
along the splenius capitis muscle and divides into several 
branches. The areas it supplies include the skin on the upper 
exterior side of the neck, the upper part of the auricle, and the 
adjoining skin of the scalp (Figs.  12.1 ,  12.2 ,  12.3 , and  12.4 ).     

 After exiting from the lower edge of the obliquus capi-
tis inferior (or inferior oblique capitis) muscle, the second 
cervical spinal nerve divides into anterior and posterior 

branches. The posterior branch of the second cervical spinal 
nerve passes in a dorsal direction around the obliquus capi-
tis inferior muscle and runs between the occipitovertebral 
muscles and the semispinalis capitis muscle. Here it divides 
into three branches: an ascending branch, which supplies 
the longissimus capitis muscle; a descending branch, which 
anastomoses with the posterior branch of C3 (the third occip-
ital nerve); and the medial greater occipital nerve (posterior 
branch of C2). 

 The sensory greater occipital nerve passes in a cranial 
direction, goes through the semispinalis capitis muscle and 
trapezius muscle, and reaches the skin about 2–3 cm away 
from the midline in the area of the superior nuchal line. It 
gives off several branches toward the top of the head and 
extends laterally as far as the ear. The course of its branches 
follows the branches of the occipital artery.  

3
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  Fig. 12.1    Nerves supplying the surface of the back of the head: ( 1 ) 
great auricular nerve, ( 2 ) greater occipital nerve and occipital artery, 
and ( 3 ) lesser occipital nerve (With permission from Danilo Jankovic)       
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  Fig. 12.2    ( 1 ) Lesser occipital nerve, ( 2 ) great auricular nerve, and ( 3 ) 
sternocleidomastoid muscle (With permission from Danilo Jankovic)       
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  Fig. 12.3    Anatomy. ( 1 ) Lesser occipital nerve, ( 2 ) greater occipital 
nerve and occipital artery, and ( 3 ) occipital muscle (With permission 
from Danilo Jankovic)       
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  Fig. 12.4    Anatomy. ( 1 ) Greater occipital nerve, ( 2 ) the third occipital 
nerve, ( 3 ) inferior nuchal line, ( 4 ) semispinalis capitis muscle, and ( 5 ) 
splenius capitis muscle (With permission from Danilo Jankovic)       
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    Sonoanatomy 

 At the superior nuchal line, the greater occipital nerve is not 
always seen as it may already branch out into small nerves. 
The surrogate marker is the greater occipital artery. A high 
frequency linear ultrasound probe (8–12 MHz) is applied 
just lateral to the greater occipital protuberance. Because it is 
very superfi cial, one should apply minimal pressure at this 
site to prevent compression of the occipital artery. The ultra-
sound probe may slide caudally just off the nuchal line, and 
the greater occipital artery is seen deep to the trapezius mus-
cle (Fig.  12.5 ).  

 Other approach for greater occipital nerve is at the C2 
level. At this level, the spinal process of C2 is well recog-
nized for its bifi d morphology (Fig.  12.6 ). The ultrasound 
probe is moved laterally to reveal the muscle layers from 
deep to superfi cial: obliquus capitis inferior, semispinalis 

capitis, splenius capitis, and trapezius muscles. To optimize 
the scan of the obliquus capitis inferior muscle, the lateral 
end of the probe is rotated toward the lateral mass of C1 to 
bring the probe along the long axis of the obliquus capitis 
inferior muscle. The greater occipital nerve is seen between 
the obliquus capitis inferior and semispinalis capitis mus-
cles approximately 2–3 cm away from the midline 
(Fig.  12.7 ). The vertebral artery and dorsal root ganglion is 
usually revealed on the lateral side with Doppler scan 
(Fig.  12.8 ).    

 The lesser occipital nerve is the most cephalad branch of 
the cervical plexus coming out deep and posterior to the ster-
nocleidomastoid muscle. By placing the ultrasound probe 1 
fi ngerbreadth below the superior nuchal line between the 
sternocleidomastoid and trapezius muscle, the lesser occipi-
tal nerve can be seen embedded in the cervical fascia over the 
splenius capitis muscle (Fig.  12.9 ).   

  Fig. 12.5    Sonogram of occipital artery just caudal to the superior 
nuchal line. The artery indicates the plane where the greater occipital 
nerve lies. The probe position is indicated in the insert lower right cor-
ner (Reproduced with permission from Philip Peng Educational Series)       

  Fig. 12.6    Sonogram showing the bifi d spinous process of C2 
(Reproduced with permission from Philip Peng Educational Series)       
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  Fig. 12.7    Sonogram at the same level as Fig.  12.6  but the probe is 
moved in the lateral direction with the lateral end of the probe tilted 
toward C1 lateral mass. The  insert  shows the probe position.  GON  
greater occipital nerve,  LON     lesser occipital nerve,  SCM  sternocleido-
mastoid muscle (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 12.8    Doppler scan of Fig.  12.7  showing the vertebral artery ( VA ) 
and the dorsal root ganglion ( DRG ) (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 12.9    Lesser occipital nerve ( arrow head ). The probe position is 
shown in the insert and is placed between sternocleidomastoid ( SCM ) 
and trapezius muscle one fi ngerbreadth caudal to the superior nuchal 
line (Reproduced with permission from Philip Peng Educational Series)       
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    Indications 

 Blocks of the greater and lesser occipital nerves are carried 
out for prognostic, diagnostic, and therapeutic purposes in 
patients with painful conditions in the region of the back of 
the head. It is used as a diagnostic block in examining the 
differential diagnosis of pain at the back of the head, e.g., in 
suspected tumors of the posterior cranial fossa. It is com-
monly performed therapeutically for occipital neuralgia, 
characterized by pain in the suboccipital area and back of the 
head, or other headache. 

 Most of the studies evaluating the effi cacy of the greater 
occipital nerve block in headache management are either of 
low quality or lack a control group. However, those trials 
showed that the duration of analgesic effects lasted far 
beyond the duration of action of the local anesthetic and 
sometimes the duration can be of few weeks. Effi cacy was 
observed in migraine and cluster headache, but not in facial 
pain or tension-type headache.  

    Procedure 

    Landmark-Guided Technique 

 With emergency equipment available and sterile precautions 
for procedure, the patient is placed in sitting position with 
head tilted forward slightly. The key landmarks for greater 
occipital nerve injection are the occipital artery and superior 
nuchal line. The needle is inserted about 2.5 cm from the mid-
line, directly medial to the easily palpable occipital artery. It 
is advanced at a slightly cranial angle (Fig.  12.10 ) between 
the insertions of the trapezius and semispinalis muscles until 
bone contact is made. After minimal withdrawal and aspira-
tion, the local anesthetic is injected.  

 The injection of the lesser occipital nerve is carried out 
about 2.5 cm lateral to the puncture point described above 

(Fig.  12.11 ). Bone contact is also sought at a slightly cranial 
angle, and the needle is withdrawn a little, followed by aspi-
ration and injection. The sensory areas supplied by these two 
nerves are shown in Fig.  12.12 .   

 If the injection is used for diagnostic purpose, the vol-
ume in general is 0.5–1 mL local anesthetic (e.g. 0.5–1 % 
prilocaine, mepivacaine, or lidocaine). A higher volume 
(1–1.5 mL) is used for therapeutic block (e.g., 0.75 % ropi-
vacaine, 0.5 % bupivacaine) and is often mixed with steroid 
(e.g., 1–2 mg dexamethasone or 20 mg triamcinolone). When 
there is evidence of improvement in the symptoms, a series 
of injections (e.g., 8–12 blocks) are indicated.  

    Ultrasound-Guided Technique 

 At the level of the superior nuchal line, the occipital artery is 
the surrogate landmark of the greater occipital nerve and a 
1-in. 25-G needle is inserted out-of-plane to deposit the local 
anesthetic on either sides of the artery. 

 At the level of C2, a 22-G 3.5-in. needle is inserted in- 
plane from lateral to medial direction toward the fascial 
plane between the obliquus capitis inferior and semispinalis 
capitis muscles besides the greater occipital nerve. The nerve 
is usually associated with an artery and an absence of spread 
of injectate may suggest intravascular injection. Because the 
vertebral artery is deep on the lateral side, lateral-to-medial 
approach is advisable. 

 For the lesser occipital nerve, an in-plane approach from 
lateral to medial is used. The volume of injectate for both 
nerves is the same as landmark-guided technique.   

    Complications 

    Hematoma.  
  Inadvertent intra-arterial injection may occur, extremely rarely.        
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  Fig. 12.10    Slightly cranial angle of the needles for blocks of the 
greater occipital nerve ( 1 ) and lesser occipital nerve ( 2 ) (With permis-
sion from Danilo Jankovic)       
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  Fig. 12.11    Puncture points: ( 1 ) greater occipital nerve and ( 2 ) lesser 
occipital nerve (With permission from Danilo Jankovic)       

  Fig. 12.12    Areas supplied by the greater occipital nerve ( green ) and 
lesser occipital nerve ( blue ) (With permission from Danilo Jankovic)       
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         Introduction 

 Stellate ganglion refers to the confl uence of inferior cervical 
and the fi rst thoracic sympathetic ganglia. Stellate ganglion 
block (SGB) is performed for the management of a variety of 
pain conditions, including complex regional pain syndrome, 
refractory angina, and ischemic pain in the upper limb from 
peripheral vascular disease [ 7 ,  24 ,  25 ]. More recently, preop-
erative SGB has been shown to reduce postoperative pain 
and analgesic requirements [ 15 ].  

   Anatomy 

 The peripheral sympathetic nerve supply to the head and 
neck is derived from preganglionic neurons whose cell bod-
ies are located in the anterior lateral horn of the fi rst and 
second thoracic spinal cord segment. The axons pass via the 
anterior roots of the same spinal nerve levels through the 
rami communicantes to join the upper cervical sympathetic 
ganglia: superior, middle, intermediate, and inferior. From 
these ganglia the postganglionic axons pass upward along 
the internal and external carotid and vertebral arteries to the 
structures within the cranium (Figs.  13.1 ,  13.2 ,  13.3 ,  13.4 , 

 13.5 ,  13.6 ,  13.7 ,  13.8 , and  13.9 ). The axon may also join the 
gray rami communicantes; the latter join the cervical nerve 
supply to the neck and the upper extremity (the cervical por-
tion of the brachial plexus). The stellate ganglion, formed by 
fusion of the inferior cervical and fi rst thoracic ganglion, 
extends from the level of the head of the fi rst rib to the infe-
rior border of the transverse process of the seventh cervical 
vertebra (C7) and lies immediately adjacent to the dome of 
pleura and behind the subclavian artery. The postganglionic 
fi bers from the stellate ganglion to the cervical nerves (sev-
enth and eighth) and the fi rst thoracic nerve provide sympa-
thetic innervation to the upper limbs [ 8 ,  11 ,  27 ,  29 ]. The 
stellate ganglion is present in only 80 % of the population, so 
a more correct term for SGB is a cervicothoracic sympa-
thetic trunk (CST) block [ 7 ]. The stellate ganglion is oval in 
shape and measures 2.5 cm long, 1 cm wide, and 0.5 cm 
thick. The stellate ganglion lies lateral to the longus colli 
muscle [ 12 ,  23 ]. The CST is located dorsal to the posterior 
fascia of the carotid sheath anteriorly and is embedded in the 
prevertebral fascia [ 6 ]. Since all the sympathetic fl ow to the 
head and neck structures either synapse here at the stellate 
ganglia or pass through it to the more cephalic sympathetic 
ganglia, SGB provides a more complete sympathetic dener-
vation of the head and neck.           
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  Fig. 13.1    The cervical ganglion trunk: ( 1 ) superior cervical ganglion, 
( 2 ) middle cervical ganglion, and ( 3 ) cervicothoracic ganglion (With 
permission from Danilo Jankovic)       

 

Chapter 13 Stellate Ganglion Block



189

165379824
  Fig. 13.2    Paramedian sagittal 
dissection (head and thorax): ( 1 ) 
stellate ganglion, ( 2 ) the 
subclavian artery, ( 3 ) the 
vertebral artery, ( 4 ) pleura, ( 5 ) 
the brachial plexus, ( 6 ) the 
carotid artery, ( 7 ) the vagus 
nerve, ( 8 ) clavicle, ( 9 ) V. 
brachiocephalica (With 
permission from Danilo 
Jankovic)       
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  Fig. 13.3    The immediate vicinity of the stellate ganglion: ( 1 ) pleura, 
( 2 ) brachial plexus, ( 3 ) vagus nerve, ( 4 ) recurrent laryngeal nerve, ( 5 ) 
trachea (With permission from Danilo Jankovic)       
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  Fig. 13.4    Close anatomical connections in the ganglion trunk include 
those to ( 1 ) the phrenic nerve, ( 2 ) the recurrent laryngeal nerve, ( 3 ) the 
vagus nerve, and ( 4 ) the brachial plexus (With permission from Danilo 
Jankovic)       
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  Fig. 13.5    Fibers from the gray rami communicantes ( circles ) supply 
the heart, esophagus, airways, and thymus (With permission from 
Danilo Jankovic)       

1 2 3 4 5 6 7 8 9

  Fig. 13.6    The immediate vicinity of the ganglion (transverse section). 
( 1 ) First rib, ( 2 ) subclavian artery and scalenus anterior muscle, ( 3 ) 
jugular vein, ( 4 ) second rib, ( 5 ) cervicothoracic ganglion, ( 6 ) common 
carotid artery and thyroid gland, ( 7 ) T2 intervertebral artery and zyg-
apophyseal joint, ( 8 ) T2 vertebral body, ( 9 ) spinal medulla. The average 
size of the cervicothoracic ganglion is 25 mm × 3–10 mm × 5 mm (With 
permission from Danilo Jankovic)       
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  Fig. 13.7    Course of the phrenic nerve ( circle  shows the end position of 
the phrenic nerve) (With permission from Danilo Jankovic)       
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  Fig. 13.8    Positions of ( 1 ) the recurrent laryngeal nerve and ( 2 ) the 
vagus nerve (With permission from Danilo Jankovic)       
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  Fig. 13.9    Risk of intravascular injection into ( 1 ) the vertebral artery, 
( 2 ) the inferior thyroid artery, ( 3 ) the carotid artery, and ( 4 ) fi rst inter-
costal artery (With permission from Danilo Jankovic)       
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   Traditional Approach for SGB 

 The most widely practiced approach to SGB is the anatomic- 
landmark- or fl uoroscopy-guided paratracheal approach, in 
which the needle is inserted toward the anterior tubercle of 
the sixth (Chassaignac tubercle) cervical vertebra (Figs.  13.10  
and  13.11 ). This approach is essentially a blockade of the 
cervical sympathetic chain in proximity to the middle cervi-
cal ganglion instead of the stellate ganglion, which is located 
opposite to the neck of the fi rst rib. Thus, the classical 
approach is a cervical sympathetic trunk block rather than 
SGB.   

 There are signifi cant limitations and potential hazards 
associated with traditional approaches. The cephalocaudal 
extent of the Chassaignac tubercle can be as narrow as 6 mm 
[ 13 ], and it can be easily missed with needle advancement 
with conventional techniques. 

 Possible consequences of non-ultrasound-guided 
approaches for SGB are:

    1.     Potential for penetration of vascular structures and intra-
vascular injection : 

 Retropharyngeal and cervicomediastinal hematomas 
after SGB has been reported despite negative aspiration 
of blood, and these can cause severe airway compromise 
[ 10 ,  20 ,  26 ]. Kapral et al., in one of the earliest papers 
examining US guidance, reported hematomas in three out 
of 12 patients who received SGB without US guidance 
[ 14 ]. Possibility of other arteries at risk (e.g. the ascend-
ing cervical branch of the inferior thyroid artery, trans-
verse cervical artery) that traverse over the C6 anterior 
tubercle has also been mentioned [ 18 ]. Siegenthaler and 
colleagues found that the vertebral or other arteries were 
located in the needle path for traditional approach for 
SGB in over 28 % of subjects [ 22 ], while Bhatia and col-
leagues reported that a major vessel was observed in up to 
29 and 43 % of patients at the C6 and C7 levels, respec-
tively. It was also noted that the vertebral artery was out-
side the foramen transversarium in 7 % of subjects at the 
C6 level [ 2 ], and this has also been shown in other studies 
[ 4 ,  16 ]. A modifi ed fl uoroscopy-guided oblique approach 
has been proposed to reduce the risk of vertebral artery 

puncture as the needle is directed to the junction of the 
uncinate process and the vertebra body [ 1 ]. However, this 
technique directs the needle much closer to the esophagus 
(see below).   

   2.     Potential for penetration of esophagus ,  pleura ,  lateral 
lobes of thyroid gland ,  and cervical nerve roots : 

 Two recent studies have indicated that the esophagus 
is frequently located in the needle path of SGB per-
formed using traditional approaches. The esophagus 
was located along the needle path in 37–50 % and 
65–74 % of subjects at the C6 and C7 levels, respec-
tively, in these studies [ 2 ,  22 ]. The risk of esophageal 
penetration is greater than on the left side because of 
the anatomical location of the esophagus. Esophageal 
puncture can result in mediastinitis especially if the 
patient has an unrecognized diverticulum. 

 Pneumothorax is also a potential complication with 
anatomic- landmark- or fl uoroscopy-guided techniques, 
especially if SGB is performed at the C7 level. Finally, a 
needle traversing through the thyroid gland can result in a 
hematoma, and exiting cervical nerve roots can also be 
traumatized during SGB.     

 Use of ultrasound enables the operator to visualize blood 
vessels, esophagus, pleura, nerve roots, and thyroid, and this 
can help avoid penetration of these structures [ 3 ,  17 ]. 

 In addition to the risks of potential complications with 
traditional approaches for SGB, precision in deposition of 
the injectate and adequacy of its spread to the fi rst and sec-
ond thoracic vertebral levels are key considerations for 
ensuring effi cacy. The location of CST is in the loose con-
nective tissues of the prevertebral fascia. However, tradi-
tional approaches rely on contact with bony landmarks 
(transverse processes of C6 or C7) followed by withdrawal 
of the needle by a few millimeters and then injection. The 
spread of injectate with these approaches has been shown to 
be anterior to the prevertebral fascia and in the paratracheal 
space in most patients, without much caudal spread [ 12 ], 
whereas subfascial injection results in more caudal spread, 
higher rate of sympathetic block of the upper limbs, and 
lower incidence of blockade of vagus or recurrent laryngeal 
nerve (causing hoarseness) [ 5 ,  21 ].  
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  Fig. 13.10    Two-fi nger method of locating the level of C7 (With per-
mission from Danilo Jankovic)       

  Fig. 13.11    Introducing the needle (With permission from Danilo 
Jankovic)       
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   Sonoanatomy and Injection Technique 
for Ultrasound-Guided Stellate 
Ganglion Block  

 The patient is placed in the semi-lateral position with the 
procedure side nondependent and the neck in slight exten-
sion. A high-frequency linear US probe (6–15 MHz) is used 
and a probe with a small footprint is desirable. The probe 
placed transversely at the level of cricoid cartilage and the 
transverse process (TP) of the cervical vertebra is identifi ed. 
If the TP has a prominent anterior tubercle and a smaller 
posterior tubercle, then this is likely to be the C6 level, but 
scanning should be continued in a caudal direction to allow 
recognition of the TP at C7 level that has only a posterior 
tubercle. The vertebral artery can easily be identifi ed in cross 
section, its location being deeper and lateral to the common 
carotid artery at C7 level. Once the TP of the C6 vertebra has 
been identifi ed, the longus colli muscle is identifi ed in cross 
section (Fig.  13.12 ). This muscle is located anterior to the TP 
and medial to the anterior tubercle and is around 1 cm thick 
at this level [ 9 ]. The prevertebral fascia on the anterior sur-
face of the muscle deep to the longus capitis muscle is then 
identifi ed. Other important structures to recognize include 
the lateral lobe of the thyroid gland, blood vessels including 
the common carotid artery and the internal jugular vein, 
esophagus, exiting cervical nerve root, and any vessels that 
may be in the planned path of the injecting needle (Figs.  13.13  
and  13.14 ).    

 The authors’ preferred approach is the lateral, in-plane 
approach [ 9 ] in which the tip of the needle is directed to the 
prevertebral fascia between the carotid artery and the tip of 
C6 anterior tubercle. This needle path avoids traversing the 
lateral lobe of the thyroid gland. The US probe is adjusted 
(by putting more pressure on the medial end of the probe) so 
that the cervical nerve root is “removed” from the view – 
this reduces probability of encountering the nerve root while 
the needle is advanced. The internal jugular vein can be 
avoided by “pushing” away with the needle. A 25-gauge 

needle that is 4 cm in length or a spinal needle (8 cm length) 
can be used for this procedure. The alternative US-guided 
approach is an out-of-plane approach in which the patient is 
supine and the needle is directed at the prevertebral fascia on 
the surface of longus colli. This approach involves penetra-
tion of the thyroid gland and should be used only if the lat-
eral approach is unsafe or nonviable because of anatomic 
variations. Irrespective of the approach, a pre-scan Doppler 
injection is advised to check for any vessels in the path of 
the needle. 

 Since there are two layers of prevertebral fascia and the 
cervical sympathetic chain is embedded inside the fascia, the 
needle tip should be placed deep to the prevertebral fascia (to 
avoid spread along the carotid sheath) but superfi cial to the 
fascia investing the anterolateral surface of the longus colli 
muscle (to avoid injecting into the muscle substance) [ 19 ]. 
Once the needle is in this position, hydrodissection with 
0.9 % saline is recommended to ensure that the needle is in 
the correct plane (Fig.  13.15 ). This is followed by slow injec-
tion of a maximum of 5 mL of 0.5 % bupivacaine in 1:200,000 
epinephrine. This volume has been shown to be adequate for 
spread from C4 to the fi rst thoracic vertebral level [ 9 ].  

 Visualization of the spread of injectate under real-time 
scanning is important, as the absence of this may suggest 
unsuspected intravascular injection. Continuous hemody-
namic and respiratory monitoring (ECG, blood pressure, 
pulse oximetry) is recommended during and for 5–10 min 
after the injection. A volume of 0.1 mL should be injected 
initially, and injection should be continued only if there is no 
evidence of intravascular spread (patient may report tinnitus, 
tingling or numbness around the lips and tongue, and light- 
headedness, and signs include tachycardia, hypertension, 
and seizures). If the SGB is performed for relieving sympa-
thetically mediated pain in the upper extremity, then skin 
temperature probes should be placed on both upper limbs 
prior to the procedure. An increase of 1–3 C is usually 
accepted as a sign of adequate sympathetic blockade though 
this has been contested in recent literature [ 28 ].  
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  Fig. 13.12    ( a ) Cross section of the neck at the sixth cervical vertebral 
level correlating with the ultrasonographic image. ( b ) Ultrasonographic 
image of neck at C6.  C6  sixth cervical vertebra,  C  carotid artery, * 
internal jugular vein (compressed),  SCM  sternocleidomastoid muscle, 
 LC  longus colli muscle,  LCa  longus capitis muscle,  T  airway,  AT  ante-

rior tubercle. The prevertebral fascia is marked by  small solid arrows . 
The needle paths of anterior and lateral approach are marked by  long 
solid and dotted arrow , respectively (Reproduced with permission from 
Philip Peng Educational Series)       
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  Fig. 13.13    Ultrasonographic image of neck at C6 level on the right 
side showing a vessel in the short axis ( bold arrows ).  LC  longus colli 
muscle,  C  carotid artery,  SCM  sternocleidomastoid muscle,  AT  anterior 
tubercle (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 13.14    Ultrasonographic image of neck at C7 level showing the 
variation of position of esophagus with swallowing. ( a ) Before swal-
lowing, the esophagus ( arrow heads ) was seen covering half of the dis-
tance between trachea ( T ) and carotid artery ( C ); ( b ) during swallowing, 
the esophagus moved laterally toward the carotid artery, virtually cover-

ing the whole area between trachea and carotid artery. Note that the 
 bold arrows  showed the presence of three vessels in the pre-swallow 
scan. Swallowing action was evident by the increase in hyperechogenic 
shadow in the trachea (Reproduced with permission from Philip Peng 
Educational Series)       
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   Conclusions 

 The use of ultrasound for SGB allows identifi cation of 
important soft tissue structures relevant to the cervical 
sympathetic chain. Real-time visualization of the needle 
during advancement, ability to confi rming spread of 
injectate in the appropriate fascial plane, and avoidance of 
exposure to radiation are other benefi ts of using US for 
this procedure. There is reasonable support in the pub-
lished literature for performing US-guided SGB for 
enhancing accuracy, effi cacy, and safety.     

  Fig. 13.15    Ultrasonographic image of neck at C6 level showing the 
local anesthetic spread within the prevertebral fascia following the 
injection.  C6  C6 nerve root,  AT  anterior tubercle of C6,  LC  longus colli 
muscle,  arrows  prevertebral fascia, *** local anesthetic (Reproduced 
with permission from Philip Peng Educational Series)       
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       Anatomy 

    The superior cervical ganglion arises from the fusion of three 
or four upper cervical ganglia. It lies medial to the vagus 
trunk, in front of the longus capitis muscle and behind the 
internal carotid artery, and in the angle of the vertebrae and 
transverse processes of the second and third cervical verte-
brae (Figs.  14.1  and  14.2 ). In the literature, its long, fl at, or 
spindle-like extension is described as being 14–43 mm in 
length, 6–8 mm in breadth, and 3–5 mm in depth [ 1 ,  2 ] 
(Figs.  14.2  and  14.4 ). The superior cervical ganglion is 
thought to contain 760,000–1,000,000 nerve fi bers in all, 
5,000–12,000 of which are preganglionic. Some 5,000 of 
these fi bers are myelinated [ 1 ,  2 ]. This underlines its impor-
tance as a switchpoint with numerous double or triple con-
nections to neighboring ganglia, nerves, and vessels 
(Fig.  14.3 ). The superior cervical ganglion takes its pregan-
glionic fi bers mainly from the spinal nerves coursing thoraci-
cally, with only a few being drawn from the neighboring 
cervical nerve roots. An unknown number of these pregan-
glionic fi bers pass through the ganglion toward the higher 

carotid ganglia, without switching. Rami communicantes 
connect the superior cervical ganglion with numerous 
organs, vessels, muscles, bones, joints, the last four cranial 
nerves, the vertebral plexus, and also the phrenic nerve. It 
supplies the upper cervical spinal nerves with gray rami 
communicantes, and it sends off vascular fi bers to the inter-
nal and external carotid arteries. Autonomic branches pass 
from the ganglion to the larynx, pharynx, heart, and—
together with vascular plexuses—to the salivary and lacrimal 
glands, to the hypophysis, thyroid, and other glands. There 
are also contacts with the middle cervical ganglion and to the 
tympanic plexus. There are connections with the pterygo-
palatine ganglion via the nerve of the pterygoid canal, deep 
petrosal nerve, and greater superfi cial petrosal nerve. A vari-
able number of fi bers from the superior cervical ganglion 
pass to the inferior ganglion of the vagus nerve, to the hypo-
glossal nerve, and to the posterior root of the ansa cervicalis 
[ 1 ,  2 ]. The superior cervical cardiac nerve may be absent, 
more often on the right side. In these cases, it is replaced by 
a branch of the vagus nerve from the external branch of supe-
rior laryngeal nerve.      

3

2

1

  Fig. 14.1    Topographic position of the superior cervical ganglion: ( 1 ) 
glossopharyngeal nerve, ( 2 ) superior cervical ganglion, ( 3 ) vagus nerve 
(With permission from Danilo Jankovic)       

3 2 1 5 4

  Fig. 14.2    The superior cervical ganglion has an average size of 
26.6 mm (14–43 mm) ×7.2 mm × 3.4 mm. ( 1 ) Superior cervical gan-
glion, ( 2 ) sympathetic trunk, ( 3 ) vagus nerve with inferior vagal gan-
glion, ( 4 ) masseter muscle, ( 5 ) angle of the mandible (With permission 
from Danilo Jankovic)       
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  Fig. 14.4    Immediate vicinity of the superior cervical ganglion: ( 1 ) 
sternocleidomastoid muscle, repositioned dorsally, and the accessory 
nerve, ( 2 ) anastomosis between the C2 vertebral branch and nerve XII, 
( 3 ) scalenus medius muscle, ( 4 ) superior cervical ganglion, ( 5 ) hypo-
glossal nerve, ( 6 ) external branch of the superior laryngeal nerve, ( 7 ) 
neurovascular fascicle, repositioned anteriorly (With permission from 
Danilo Jankovic)       

  Fig. 14.3    Arteries in the immediate vicinity of the ganglion. Course of 
the vertebral artery and internal carotid artery (risk of intra-arterial 
injection) (With permission from Danilo Jankovic)       
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    Blocks of the Superior Cervical Ganglion 

    Indications 

 The areas of application are partly identical to those for the 
stellate block, but due to its marked cerebrofacial effects, the 
superior cervical ganglion block is particularly suitable for 
the head and facial region—although controlled studies are 
still lacking here. 

    Therapeutic [ 3 ] 
     1.    Migraine [ 4 ], cluster headache, and headaches of cervi-

cal origin   
   2.    Complex regional pain syndrome (CRPS) in the head 

region   
   3.    Perfusion disturbances and vasospastic diseases   
   4.    Central poststroke syndrome (contralateral block!)   
   5.    Facial pain   
   6.    Vertigo (of vertebral origin)   
   7.    Peripheral facial paralysis   
   8.    Trigeminal neuralgia in the fi rst and second branches   
   9.    Postherpetic neuralgias (otic, ophthalmic)   
   10.    Sudden deafness and tinnitus   
   11.    Hyperhidrosis in the head region   
   12.    Positive effect on the immune system [ 5 ]      

    Neural Therapy 
 Asthma [ 6 ,  7 ], urticaria, vasomotor rhinitis, etc.   

    Specifi c Contraindications 

•     Grade 2 atrioventricular (AV) block, recent antithrom-
botic therapy after myocardial infarction or pulmonary 

embolism, anticoagulation treatment, contralateral pare-
sis of the phrenic nerve, or recurrent laryngeal nerve.  

•   Simultaneous bilateral block.     

    Procedure 

    Lateral Extraoral Technique 
 This block should only be carried out by an experienced 
anesthetist. The patient should have a full explanation of the 
procedure before it is carried out.   

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions. Intravenous access, ECG 
monitoring, pulse oximetry, and ventilation facilities.  

    Materials 

 5-mL syringe, 23-G needle (60 mm), intubation kit, emer-
gency drugs, and disinfectant.  

    Skin Prep 

 In all blocks.  

    Patient Positioning 

 Supine, with the head turned about 30–40° to the opposite side.  
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    Landmarks 

 Mastoid process, angle of the mandible, and medial margin 
of the sternocleidomastoid muscle (Fig.  14.5 ). The angle of 
the mandible and the mastoid are marked with the index and 
middle fi nger. From the anterior margin of the mastoid pro-
cess, a vertical line is drawn downward; about 1 cm above 
the angle of the mandible, a horizontal mark is applied. The 
intersection of these two lines defi nes the injection point 
(Fig.  14.6 ).    

    Injection Technique [ 8 – 10 ] 

 After skin infi ltration, a 6-cm long needle is introduced in the 
direction of the contralateral mastoid at a craniodorsal angle 
of about 20° (Fig.  14.7 ). In normal anatomy, bone contact is 
made at about 3.5–5 cm, and careful aspiration is carried out 
at various levels after the needle has been minimally with-
drawn. Only then can a test dose of 0.5 mL of the local anes-
thetic be administered. After about 1 min, slow injection of 
the remaining dose can be carried out. The patient’s upper 
body is then raised.  

•    A single test dose by no means guarantees correct 
positioning of the needle. The remaining dose must 
never be injected quickly or carelessly. It must be 
administered slowly in small quantities (several test 
doses) with repeated aspiration.  

•   If the needle direction is incorrect, the patient will 
complain of pain and will resist the injection. In this 
case, the needle must be withdrawn to the subcuta-
neous tissues so that its position can be corrected.   

  Fig. 14.5    Landmarks for locating the needle insertion position. Angle 
of the mandible, mastoid, medial margin of the sternocleidomastoid 
muscle (With permission from Danilo Jankovic)       

  Fig. 14.6    Marking the injection site (With permission from Danilo 
Jankovic)       

  Fig. 14.7    Craniodorsal puncture in the direction of the contralateral 
mastoid (With permission from Danilo Jankovic)       
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      Effects of the Block 

 Characteristic signs of a successful block are radiation and a 
warm sensation in the area of the back of the head, ear, eyes, 
and corner of the mouth and the ipsilateral half of the face 
(Figs.  14.8  and  14.9 ). Conjunctival injection, increased tear 
production, and ipsilateral nasal congestion are equally char-
acteristic, as is Horner’s syndrome—which is by no means 
restricted to stellate block but occurs in all blocks of the sym-
pathetic cervical trunk.    

    Dosage 

    Therapeutic 
 5 mL local anesthetic—e.g., 0.5–1 % procaine, 0.5–1 % pri-
locaine, and 0.5–1 % lidocaine, 0.2 % ropivacaine and 
0.125 % bupivacaine (0.125 % levobupivacaine).  

    Block Series 
 A series of 6–10 blocks is appropriate for all indications. In 
diffi cult cases (e.g., herpes zoster), additional blocks can 
also be carried out when there is evidence of improvement.   

    Side Effects 

     1.    Hematoma formation (harmless)   
   2.    Block of the following nerves:

•    Phrenic nerve. Main symptom: dyspnea  
•   Recurrent laryngeal nerve. Main symptoms: foreign- 

body sensation in the neck and hoarseness  
•   Vagus nerve. Main symptoms: tachycardia, 

hypertension  
•   Glossopharyngeal nerve. Main symptoms: numbness 

in the posterior third of the tongue, and paresis of the 
pharyngeal muscles  

•   Partial anesthesia of the cervical plexus  
•   Persistent coughing        

      Complications 

 

     Intravascular Injection 
 There is a particular risk of injection into the vertebral 
artery (Fig.  14.3 ), the diameter of which is about 0.3 mm 
wider on the left side than on the right. Intra-arterial admin-
istration of a local anesthetic can produce toxic reactions 
very quickly.  

When giving consent, the patient must be informed 
about these adverse effects and prepared for them.

Most complications arise when the local anesthetic is 
administered without prior bone contact.

Bilateral block of the superior cervical ganglion is con-
traindicated, since bilateral paralysis of the recurrent 
laryngeal nerve or phrenic nerve is life-threatening.

  Fig. 14.8    Characteristic directions of radiation during the injection 
(With permission from Danilo Jankovic)       

  Fig. 14.9    Distribution of the block (With permission from Danilo 
Jankovic)       
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    Epidural or Subarachnoid Injection 
 There is a risk of perforating the dural membrane. 
Cerebrospinal fl uid (CSF) pressure is very low in the cervical 
area, and it is almost impossible to aspirate CSF. The resul-
tant high epidural anesthesia or high spinal anesthesia can 
lead to bradycardia, a drop in blood pressure, and possibly 
respiratory arrest and loss of consciousness. 

 

  In my own clinical experience over many years with supe-
rior cervical ganglion block series (10–12 on average), there 
have been surprisingly good results in a large number of 
patients. These observations principally concern patients 
with pain-associated depression in chronic pain conditions 
(various types of headache, migraines, facial pain, post- 
nucleotomy pain, fi bromyalgia, etc.). In the superior cervical 
ganglion block, the usual volume of 5 mL local anesthetic 

(e.g., 1 % procaine) covers neighboring nerves such as the 
vagus nerve, for example. The superior cervical ganglion is 
often barely distinguishable from the vagus nerve. Left-sided 
vagus stimulation with an implantable electrode has been 
successfully used since 1938 to treat various neurological 
diseases such as epilepsy [ 11 ,  12 ], treatment-resistant depres-
sion anxiety states [ 13 – 16 ], sleep disturbances [ 17 ], and 
other conditions. Dysfunction of the autonomic nervous sys-
tem is almost always present as an accompanying symptom 
of depression [ 3 ,  13 ]. The long-term analgetic effect of vagus 
stimulation was demonstrated in a study by Kirchner et al. 
[ 3 ]. Like the antiepileptic and antidepressive action of vagus 
stimulation, this is probably due to neurobiochemical effects. 
For example, patients receiving vagus stimulation of the 
cerebrospinal fl uid show a signifi cant increase in norepi-
nephrine and serotonin levels and a signifi cant decrease in 
proalgetic excitatory amino acids such as aspartate and glu-
tamate. The same group of authors report marked symptom-
atic improvement during vagus stimulation in a patient with 
chronic tension headache. In this context, answers will have 
to be found in the future to the following questions: What 
role does the superior cervical ganglion play in this? Is the 
functioning of the superior cervical ganglion more important 
than that of the vagus nerve? It should not be forgotten that 
the superior cervical ganglion is the last station at which 
information from the body can be modulated before entering 
the CNS. 

Due to the potential complications, the patient must be 
monitored after the injection has been carried out—for 
at least 30 min after procaine administration and at 
least 60 min after administration of ropivacaine or 
bupivacaine.

Superior cervical ganglion blocks in pain therapy or as 
an option in depressive conditions
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       Anatomy [ 4 ] 

    The anterior branches of the four upper cervical spinal nerves 
(C1 to C4) form the cervical plexus (Figs.  15.1  and  15.2 ), 
which is covered by the sternocleidomastoid muscle. The 
branches of the cervical plexus carry motor, sensory, pro-
prioceptive, and autonomous fi bers and divide into superfi -
cial cutaneous branches penetrating the cervical fascia and 
deeper muscular branches that mainly innervate the joints 
and muscles. The cutaneous branches of the cervical plexus 
are the lesser occipital nerve, great auricular nerve, trans-
verse cervical (colli) nerve, and the supraclavicular nerves 
(Fig.  15.3 ). The lesser occipital nerve (from C2 and C3) 
passes on the splenius capitis muscle to its insertion area, 
where it fans out into several branches and supplies the skin 
on the upper side of the neck and upper part of the auricle 
and the adjoining skin of the scalp. The largest plexus branch 
is usually the great auricular nerve (from C2 and C3), which 
passes upward behind the external jugular vein and divides 
into a posterior and an anterior end branch. The posterior 
branch supplies the skin lying behind the ear and the medial 
and lateral surfaces of the lower part of the auricle. The ante-
rior branch supplies the skin in the lower posterior part of the 
face and the concave surface of the auricle. The transverse 
cervical nerve (from C2 and C3) passes almost horizontally 
over the external surface of the sternocleidomastoid muscle 
in an anterior direction toward the hyoid bone, divides into 
superior and inferior branches, and supplies the skin over the 
anterolateral side of the neck between the mandible and the 
sternum. The common trunk of the supraclavicular nerves 
(from C3 and C4) appears at the posterior margin of the ster-
nocleidomastoid muscle, just below the transverse cervical 

nerve; passes downward; and divides into anterior, medial, 
and posterior supraclavicular nerve branches. The areas sup-
plied by the supraclavicular nerves include the skin over the 
caudal part of the neck and the skin above the shoulders and 
the lateral upper chest, as well as the skin covering the ante-
rior part of the deltoid muscle and occupying the acromial 
region.    

 The muscular branches of the cervical plexus include seg-
mentally arranged nerve branches supplying the deeper ante-
rior neck muscles (the rectus capitis anterior and lateralis, 
longus colli, longus capitis and intertransverse, scalenus 
anterior and medius, and levator scapulae), as well as the 
inferior descending cervical nerve, the trapezius branch, and 
the phrenic nerve. The inferior descending cervical nerve 
(from C2 and C4) gives off several fi bers to the carotid and 
jugular neural plexus and joins with the superior descending 
cervical nerve to form the ansa cervicalis. The area supplied 
includes the sternothyroid muscle, sternocleidomastoid mus-
cle, thyrohyoid muscle, geniohyoid muscle, and omohyoid 
muscle. 

 The trapezius branch appears at the surface just below the 
accessory nerve and passes to the trapezius muscle. The 
phrenic nerve (from C4 and C3/5) is the motor nerve for the 
diaphragm, but it also contains sensory and sympathetic 
fi bers that supply the fi brous pericardium, the mediastinal 
pleura, and the central part of the diaphragmatic pleura as the 
nerve courses through the thorax. Connections have been 
described between the phrenic nerve (left or right branch) or 
the phrenic plexus and the following structures: inferior and 
middle cervical ganglion, subclavian plexus, pulmonary 
plexus, inferior vena cava, esophagogastric junction, cardiac 
end of the stomach, hepatic portal, suprarenal cortex, etc.  
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  Fig. 15.1    Anatomy of the deep cervical plexus (With permission from 
Danilo Jankovic)       

4 2 3 1

  Fig. 15.2    Deep cervical plexus on the level of the C3, C4. ( 1 ) 
Sternocleidomastoid muscle (dissected), ( 2 ) deep cervical plexus from 
C3 and C4, ( 3 ) common carotid artery, and ( 4 ) trunks of the brachial 
plexus (With permission fom Danilo Jankovic)       
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  Fig. 15.3    Anatomy of the superfi cial cervical plexus. ( 1 ) Lesser occip-
ital nerve, ( 2 ) great auricular nerve, ( 3 ) transverse cervical (colli) nerve, 
( 4 )medial supraclavicular nerves, ( 5 ) intermediate supraclavicular 
nerves, and ( 6 ) lateral supraclavicular nerves (With permission from 
Danilo Jankovic)       
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    Block of the Superfi cial Cervical Plexus 

    Indications 

     1.    Superfi cial procedure for submandibular, postauricular, 
and lower neck area   

   2.    Combined with deep cervical plexus block for surgical 
procedures listed below   

   3.    Isolated nerve (supraclavicular nerve) block adjunct to 
brachial plexus block for shoulder surgery      

    Procedure 

 With ultrasound, the typical morphology of cervical trans-
verse processes from C2 to C7 can be easily revealed 
(Fig.  15.4a–g ). At the level of C4 or C5, the superfi cial 
 cervical plexus can be seen deep to the sternocleidomastoid 
muscle (Fig.  15.5 ). Both the in-plane and out-of-plane 
approaches can be performed, and a total of 5 mL of local 
anesthetic will be suffi cient.   

 For the clavicle, blockade of the supraclavicular nerve of 
the superfi cial plexus is possible. The anatomical landmark 
is the supraclavicular area 2–3 cm above the clavicle, poste-
rior to the sternocleidomastoid muscle superfi cial to the deep 
cervical investing fascia (Fig.  15.6 ). The nerve usually 
appears as a single nerve trunk before it branches into medial, 
intermediate, and lateral branches and is in intimate relation 
to the external jugular vein. To inject this nerve, only 2 mL of 
local anesthetic is suffi cient.    
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  Fig. 15.4    ( a ) Sonogram showing transverse process of C7. Note that 
only the posterior tubercle is seen as the anterior tubercle is usually 
vestigial. The nerve roots C5 to C7 are seen aligned in the interscalene 
groove. The vertebral artery ( VA ) and carotid artery ( CA ) is seen in this 
sonogram and better shown in Doppler in ( b ). ( c ) Sonogram showing 
the transverse process of C6. Note the prominent anterior tubercle of 
C6. ( d ) Sonogram showing C5. Note the anterior and posterior tuber-

cles are similar in size, contrast to that in C6. ( e ) Sonogram of C4. Note 
the morphology is similar to C5 but the tubercles are usually closer 
together than that of C5. ( f ) Sonogram of C3. Note the discrepancy in 
the shape of anterior and posterior tubercle. ( g ) Sonogram of C2. Note 
the prominence of the posterior tubercle (Reproduced with permission 
from Philip Peng Education Series)         
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  Fig. 15.5    Sonogram of the superfi cial cervical plexus ( shaded with 
purple color ) at the level of C4. Multiple nerves in short axis are seen 
sequestered in this space deep to the sternocleidomastoid muscle. CA, 
carotid artery, which bifurcates into internal and external carotid arter-
ies (Reproduced with permission from Philip Peng Education Series)       

  Fig. 15.6    Sonogram of the supraclavicular nerve ( SN ). The top picture 
is the unlabeled version of the bottom picture. Note the investing layer 
of the deep cervical fascia ( dotted line  indicated by  arrows ). The SN is 
superfi cial to this layer and is in close proximity with external jugular 
vein ( EJV ).  SAM  scalenus anterior muscle,  SMM  scalenus medius mus-
cle (Reproduced with permission from Philip Peng Education Series)       

g

Fig. 15.4 (continued)
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    Block of the Deep Cervical Plexus 

    Indications 

    Diagnostic 
•     Localization and differentiation of various types of 

neuralgia     

    Therapeutic 
•     Postherpetic neuralgia  
•   Occipital and cervicogenic headache  
•   Torticollis     

    Surgical 
 In combination with a block of the superfi cial cervical 
plexus:

•    Carotid endarterectomy [ 1 ,  2 ]  
•   Excision of cervical lymph nodes  
•   Plastic surgery in the area of innervation      

    Specifi c Contraindications 

•     Grade 2 atrioventricular (AV) block, anticoagulant treat-
ment, and contralateral paresis of the phrenic nerve or 
recurrent laryngeal nerve  

•   Simultaneous bilateral blocks     

    Procedure 

 This block should only be carried out by experienced anes-
thetists. It is absolutely necessary to have a detailed discus-
sion with the patient before the procedure.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions. Intravenous access, ECG 
monitoring, pulse oximetry, and ventilation facilities.  

    Materials 

 5-mL syringes, 10-mL syringes, three fi ne 22-G needles 
(5 cm), intubation kit, emergency drugs, and disinfectant 

 Skin prep in all blocks.  

    Patient Positioning 

 Supine, with the head tilted slightly backward and turned 
about 45° to the opposite side.  

    Landmarks 

 Posterior edge of the sternocleidomastoid muscle, caudal part 
of the mastoid process, Chassaignac’s tubercle (C6), and trans-
verse processes of C2, C3, C4, and C5 (Figs.  15.7  and  15.8 )   

 The patient is asked to turn the head toward the opposite 
side and to lift it slightly, making the posterior edge of the 
sternocleidomastoid apparent. 

 The transverse process of C6 and the caudal tip of the 
mastoid process are located. A line is drawn from the mas-
toid process along the posterior edge of the sternocleidomas-
toid muscle to the level of C6 (Figs.  15.9  and  15.10 ). The 
transverse process of C2 is palpated and marked on the skin. 
This lies about 1.5 cm caudal to the mastoid process and 
about 0.5–1 cm dorsal to the marked line. The transverse 
processes of C3, C4, and C5 are also palpated and marked. 
The distances between them are each ca. 1.5 cm, and like C2 
they lie about 0.5–1 cm dorsal to the marked line.    

C2

C3

C4

  Fig. 15.7    Landmarks: transverse processes of C2 to C4 (With permis-
sion from Danilo Jankovic)       

  Fig. 15.8    Marking the guiding lines (With permission from Danilo 
Jankovic)       
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    Injection Technique [ 3 ,  4 ,  6 ,  7 ] 

 The aim is to block the anterior branches of the cervical 
plexus in the groove of the transverse process. 

 After thorough skin prep, skin infi ltration is carried out at 
the marked areas of C2, C3, and C4 and the needles are intro-
duced (Fig.  15.10 ). To do this, the anesthetist stands at the 
patient’s head. In the sequence C2 to C4, the needles are 
directed perpendicular to the skin and advanced medially 
slightly caudal (ca. 30°) to contact the “gutters” in the supe-
rior surface of the transverse processes. In normal anatomy, 
the distance from the transverse processes to the skin varies 
between 1.5 and 3.5 cm. After clear bone contact and mini-
mal withdrawal of the needle, careful aspiration needs to be 
carried out at various levels. 

  Only then may the local anesthetic be injected in several 
small doses, with repeated aspiration (Fig.  15.11 ).   

The tip of the needle must reach the groove of the 
transverse process in order to ensure good anesthesia. 
Note that caudal direction is essential to avoid penetra-
tion of an intervertebral foramen, with possible injec-
tion into epidural space or dural sleeve.

An injection should never be carried out without defi -
nite bone contact. The local anesthetic must be slowly 
administered in small amounts (several test doses) and 
with repeated aspiration.

  Fig. 15.9    Needle insertion in the area of the transverse processes of 
C2, C3, and C4 (With permission from Danilo Jankovic)       

4

2

3 5 1

  Fig. 15.10    Blockade target. Sulcus of the transverse processes. ( 1 ) 
Sternocleidomastoid muscle, ( 2 ) deep branches of the cervical plexus 
from C3 and C4, ( 3 ) sulcus of the transverse process, ( 4 ) trunks of the 
brachial plexus, and ( 5 ) common carotid artery (With permission from 
Danilo Jankovic)       

  Fig. 15.11    Injection after aspiration       
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      Effects of the Block 

 If the local anesthetic spreads in the direction of the superior 
cervical ganglion and/or the cervicothoracic ganglion, 
Horner’s syndrome may develop (see Chap.   13    ).  

    Block Series 

 If there is improvement after two treatment sessions, a series 
of 8–12 therapeutic blocks is indicated.  

    Dosage 

    Diagnostic 
 2 mL local anesthetic per segment—e.g., 1 % prilocaine, 
mepivacaine, and lidocaine.  

    Therapeutic 
 3 mL local anesthetic per segment—e.g., 0.2–0.375 % ropi-
vacaine and 0.125–0.25 % bupivacaine (0.125–0.25 % 
levobupivacaine).  

    Surgical 
 30 mL local anesthetic:

   0.75 % ropivacaine or 0.25–0.5 % bupivacaine (0.25–0.5 % 
levobupivacaine) mixed with 1 % prilocaine or 1 % 
mepivacaine.  

  Of this: 10 mL for fan-like injection into the superfi cial cervi-
cal plexus (center of the posterior edge of the sternocleido-
mastoid muscle) (Figs.  15.3 ,  15.12 , and  15.13 ) and 20 mL 
for anesthesia of the deep cervical plexus.        

If the needle slips along the transverse process and 
enters an intervertebral foramen, there is a risk of dural 
puncture.

5

7 6 1

2 3 4

  Fig. 15.12    Superfi cial cervical plexus. ( 1 ) Sternocleidomastoid mus-
cle, ( 2 ) supraclavicular branches of the superfi cial plexus, ( 3 ) accessory 
nerve, ( 4 ) lesser occipital nerve, ( 5 ) great auricular nerve, ( 6 ) brachial 
plexus, and ( 7 ) clavicle (With permission from Danilo Jankovic)       

  Fig. 15.13    Superfi cial cervical plexus block (With permission from 
Danilo Jankovic)       
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    Side Effects [ 4 ,  5 ,  8 ] 

 Simultaneous block of the following nerves:

•    Phrenic nerve, main symptom: unilateral paralysis of dia-
phragmatic movement  

•   Recurrent laryngeal nerve, main symptoms: hoarseness 
and foreign-body sensation in the throat  

•   Glossopharyngeal nerve, main symptoms: numbness in 
the fi nal third of the tongue and paralysis of the pharyn-
geal muscles  

•   Vagus nerve, main symptoms: tachycardia and 
hypertension  

•   Partial block of the upper part of the brachial plexus     

      Complications 

    Intravascular Injection 
 There is always a risk of intravascular injection due to the 
rich vascular supply in this area. Particular attention should 
be given to avoiding puncture of the vertebral artery. Toxic 
reactions may occur after intravascular administration of 
local anesthetics, and the symptoms and treatment of these 
are outlined in Chap.   1    , p. 8.  

    Epidural or Subarachnoid Injection 
 When the needle slides along the transverse process and 
enters an intervertebral foramen, there is a risk of dural punc-
ture and subarachnoid injection of local anesthetic. This can 
lead to a high spinal or high epidural block. The clinical pic-
ture and management of this complication is covered in 
Chap.   1    , p. 8. 

When giving consent, the patient must be informed 
about these adverse effects and prepared for them.

The patient must be monitored for 60 min after the 
block has been performed.
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       Indications 

 This technique was fi rst described by Dogliotti in 1933 [ 1 ] 
and may be used for both surgical anesthesia and analgesia 
as well as for persistent pain states. The possible surgical 
indications include upper limb surgery [ 2 ], neck surgery [ 3 ], 
and breast surgery [ 4 ]. 

 The persistent pain indication is usually restricted to the 
treatment of radicular pain originating from the cervical 
spine [ 5 ,  6 ]; however, it has also been recommended for 
chronic cervical pain [ 7 ] including post cervical surgery pain 
[ 8 ]. There have also been reports of using cervical epidural 
block for the management of complex regional pain syn-
drome of the upper limb [ 9 ].  

    Contraindications 

 Contraindications can be considered from a spectrum of rel-
ative to absolute. Systemic infection or local infection at the 
site of insertion can increase the risk of seeding bacteria into 
the epidural space which could result in an epidural infec-
tion, and this must be taken into account when considering 
the risk-to-benefi t ratio of the procedure. Hereditary, 
acquired or induced coagulopathies are absolute contraindi-
cations as they increase the chances of epidural hematoma, 
which can have catastrophic consequences such as paralysis 
or death. Current therapy with anticoagulant medication 

such as warfarin or the antiplatelet agents including clopido-
grel must be ceased prior to the procedure with the clinician 
deciding upon the need for bridging therapy based on the 
individual patient circumstances. Aspirin or other nonsteroi-
dal anti- infl ammatory drug therapy does not seem to increase 
the risk of epidural hematoma and can be continued without 
cessation. Special caution must be exercised when consider-
ing this procedure in patients on the newer factor Xa inhibi-
tors (e.g., rivaroxaban) or direct thrombin inhibitors 
(dabigatran) as studies are lacking with regard to the optimal 
time period to withhold these medications. At our institution 
in patients with normal and hepatic function, we recommend 
withholding rivaroxaban for at least 3 days and dabigatran 
for 5 days. More detailed information on these newer agents 
is available from the ASRA guidelines [ 10 ]. Previous sur-
gery of the cervical spine, particularly posteriorly, is a rela-
tive contraindication as the epidural space may be very thin 
if not obliterated, increasing the risk of dural puncture and 
spinal cord injury. In this situation the interventionist can 
consider accessing the space at a level below the surgical site 
and feeding a catheter up to the desired level of blockade. 
Severe spinal canal stenosis, reduced neck fl exion, and anky-
losing spondylitis are also relative contraindications as suc-
cessfully accessing the epidural space may be signifi cantly 
reduced. 

 Finally, caution should be exercised in those patients 
with a background of severe cardiovascular or respiratory 
disease [ 11 ].  
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    Anatomy 

 An understanding of the anatomical differences at the cervical 
level will aid in performing the interlaminar epidural block as 
it allows the proceduralist to visualize the cervical spine in a 
three-dimensional manner and make informed choices of how 
best to acquire images and direct the needle under fl uoro-
scopic or CT guidance (Figs.  16.1  and  16.2 ). Vertebra promi-
nens (C7) is the most prominent of all the cervical spinous 
processes and aids in determining the level for injection. At 
the lower cervical spine, the spinous processes are quite hori-
zontal in a similar way to the lumbar spinous processes and in 
contrast to the mid-thoracic region where the spinous pro-
cesses are inclined (Fig.  16.3 ). Therefore, with fl exion of the 
cervicothoracic junction, there is usually good separation of 
the spinous processes allowing access to the epidural space. 
The distance to the epidural space in the cervical region is 
similar to that in the lumbar region for that patient. It is infl u-
enced by the weight and neck size of the patient [ 12 ]. The 
ligamentum fl avum is relatively thin when compared to the 
thoracic and lumbar regions resulting in a more subtle loss of 
resistance when the advancing needle penetrates the ligament 
and enters the epidural space. The approximate anterior–pos-
terior distance of the epidural space is 1.5–2.0 mm at C7 but 
increases to 3.0–4.0 mm on fl exion of the neck. This com-
pares to 5.0–6.0 mm in the lumbar region. The joining of the 
periosteal and spinal dura at the foramen magnum forms the 
superior boundary of the cervical epidural space, and there-
fore an epidural injection should not enter the cranium. 
Epidural veins are concentrated in the anterolateral aspect of 
the epidural space; however, a blood tap is still possible with 
a posterior midline approach to the epidural space.     
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  Fig. 16.1    Cross section of epidural space. ( 1 ) Ligamentum fl avum, ( 2 ) 
epidural space with venous plexus, ( 3 ) spinal ganglion, ( 4 ) spinous pro-
cess, ( 5 ) body of vertebra, ( 6 ) dorsal branch of spinal nerve, ( 7 ) ventral 
branch of spinal nerve (With permission from the Danilo Jankovic)       

  Fig. 16.2    Cross section at the level of the C6. ( 1 ) Ligamentum fl avum, 
( 2 ) anterior epidural space,( 3 ) posterior epidural space, ( 4 ) subarach-
noid space with the spinal cord,( 5 ) spinal dura mater, ( 6 ) spinal pia 
mater, ( 7 ) epidural veins, ( 8 ) anterior and posterior spinal nerve roots 
(With permission from Danilo Jankovic)       

  Fig. 16.3    Cervical, thoracic, and lumbar spine (With permission from 
Danilo Jankovic)       
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    Technique 

 Informed consent for cervical interlaminar epidural block 
must be conducted prior to the procedure. This should 
include a discussion of the potential advantages and risks 
both general and specifi c to the patient. The cervical epi-
dural interlaminar block should be reserved for the experi-
enced interventionist who is profi cient in epidural blockade 
at the lumbar level. Intravenous access should be estab-
lished and the block performed in an area where staff, drugs, 
and equipment are available for resuscitation. Regular mon-
itoring of blood pressure and pulse oximetry should occur 
during and for 60 min following the procedure. The block 
can be performed in the sitting (Fig.  16.4 ), prone, or lateral 
recumbent positions, with a supportive nurse stabilizing the 
patient. Pre- syncope and syncope may occur when the 
block is performed in the sitting position [ 13 ] with the 
added risk of misplacement of the needle. This risk could be 
reduced with intravenous loading with a crystalloid or col-
loid solution and doses of a vasopressor as needed. Due to 
this risk, the prone position is preferred and can be aided 
with fl uoroscopy. Fluoroscopy is recommended as the use 
of loss of resistance alone has been shown to have a high 
false positive rate [ 14 ].  

 The cervical interlaminar epidural block is most com-
monly accessed between the C6/C7 and C7/T1 interspace. 
The volume of solution used is based on clinician preference 
with some authors recommending that suffi cient spread is 
achieved with the use of 5 ml of solution [ 15 ]. Injection of 
similar volumes at either of these interspaces achieves a very 
similar spread of contrast solution [ 16 ]. 

 When the cervical spine is in the extended position, there 
is the tendency for the ligamentum fl avum to buckle toward 
the spinal cord and reduce the epidural space [ 17 ]. For this 
reason the patient is positioned with the cervical spine fl exed 

as this maximizes the distance between the ligamentum fl a-
vum and the dura compared with the extended position. This 
fl exion is achieved in the prone position through the patient 
having two pillows under their chest with the forehead rest-
ing on a rolled towel (Fig.  16.5 ).  

 The technique should be performed with full sterile tech-
nique using mask, sterile gloves, and gown. Due to the liga-
mentum fl avum being thinner at the cervical region, the loss 
of resistance may be more reliably detected with the use of a 
16-gauge Tuohy needle rather than an 18 gauge. Using loss 
of resistance with saline in the syringe is recommended as 
using loss of resistance to air can rarely result in pneumo-
cephalus [ 18 ] in the event of a dural puncture. With the spi-
nous processes being quite horizontal, the direction of the 
needle should be perpendicular to the skin and therefore per-
pendicular to the fl oor in the prone position. The right- 
handed interventionist would stand on the patient’s left side 
when in the prone position. Ultimately fl uoroscopy aids with 
direction and redirection as the needle is advanced. 

 On loss of resistance, careful aspiration of the needle 
should be performed as venous tap and dural puncture is 
 generally only detected on aspiration of the needle. This is 
especially the case in the prone position due to the 10 cm of 
vertical height of the epidural needle. 

 A small volume (1–2 ml) of radiopaque contrast approved 
for epidural use can be injected to confi rm the placement 
within the epidural space. Figure  16.6  demonstrates an epi-
durogram with a smaller volume of contrast solution, 
whereas Fig.  16.7  shows the normal appearance of an epidu-
rogram with a larger volume of contrast.   

 If a longer-term unilateral block is required, an epidural 
catheter can be directed to the desired side by rotating the 
epidural needle 45° to that side and gently introducing the 
catheter [ 19 ]. This position can be confi rmed with 1–2 ml of 
radiopaque solution approved for epidural use.  
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  Fig. 16.5    Patient positioning for the preferred prone approach. Pillows 
under the chest achieve good fl exion of the cervical spine while still 
allowing for a clear face to support breathing. Fluoroscopy can be easily 
performed with this position       

  Fig. 16.6    Epidurogram of the cervical epidural space with a small vol-
ume of contrast solution. The epidural Tuohy needle is in position at the 
C7/T1 interspace       

  Fig. 16.7    Epidurogram of the cervical epidural space following a 
larger volume of contrast solution. Loss of resistance to air was used in 
this case with the bubbles of air visible in the epidural space following 
injection of the contrast solution       

  Fig. 16.4    Patient positioning for the sitting approach to the cervical 
epidural interlaminar block using loss of resistance to saline       
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    Complications 

 Injury to the spinal cord at the level of the cervical interlami-
nar epidural block can be devastating and may include para-
plegia or death. This injury may occur via epidural 
hematoma, drug error, epidural infection, or direct trauma 
from the advancing epidural needle. However, reported 
cases of severe neurologic injury using the interlaminar 
technique are rare and signifi cantly less when compared to 
transforaminal injections at the same level. The transforami-
nal risk is such that it has been suggested this approach be 
abandoned. 

 A case series of 394 patients described 2 inadvertent dural 
punctures and 6 blood taps [ 11 ]. Of the 6 venous taps, fi ve 
were only detected on aspiration and one detected when the 
patient has a seizure following the injection of local 
anesthetic. 

 Inadvertent injections may occur into an epidural vein 
resulting in local anesthetic toxicity or injection into the sub-
arachnoid space resulting in high spinal anesthesia, hence 
the importance of conducting the block in an environment 
where resuscitation can be performed. 

 More common adverse effects include those from the 
injected local anesthetic including hypotension secondary to 
the blocking of cardiac sympathetic fi bers plus peripheral 
vasodilatation. This can be managed with supplemental oxy-
gen, increased intravenous fl uids, vasopressors, and atropine 
for the management of bradycardia and hypotension. 

 A mild reduction of respiratory function may be seen 
due to the effect of local anesthetic on the phrenic nerve 

(C3–C5) and therefore the contractility of the diaphragm. 
Of the 394 patients having carotid surgery under CEA in 
the case series mentioned previously, three patients devel-
oped respiratory failure requiring ventilation [ 11 ]. 
However, all of these patients had preexisting chronic 
obstructive airways disease, and the dose used in this study 
was a generous 15 ml of 0.5 % bupivacaine. It is also 
important to note that it is diffi cult to completely block the 
phrenic nerve. A cervical epidural injection of 15 ml of 
2 % lignocaine at C7/T1 resulted in a 12–16 % reduction 
in FVC and FEV 1  but no change to maximum inspiratory 
pressure or SpO 2  [ 20 ]. 

 The deposit of glucocorticosteroid may have several sys-
temic effects. It has been reported to temporarily disrupt the 
hypothalamus–pituitary axis. Women may experience pro-
longed menses for 1 or 2 menstrual cycles. In addition, 
patients with diabetes mellitus may see several days of 
poorly controlled blood sugar levels, and it may be prudent 
to reduce the dose of steroid in this population.  

    Conclusions 

 The interlaminar cervical epidural block has been demon-
strated to be of benefi t in managing chronic radicular pain 
at this level secondary to a number of pathologies includ-
ing disc herniation [ 7 ]. It should be reserved for the expe-
rienced interventionist, as the complications can be 
devastating and permanent. Patients should be carefully 
selected and provided with informed consent with respect 
to proposed advantages and potential adverse effects and 
complications.           
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       Introduction 

 The facet joints of the cervical spine are well-documented 
sources of chronic neck pain, with a prevalence among 
patients with chronic neck pain of around 40–50 % [ 1 ,  2 ]. To 
date, blocking the nerves of the facet joints with local anes-
thetic is the only validated method to diagnose facet joint 
pain [ 3 ]. In patients diagnosed with cervical facet joint- 
mediated pain, radiofrequency neurotomy is an effective 
therapy. It is supported by one high-quality randomized con-
trolled trial [ 4 ] and several prospective observational studies 
[ 5 – 9 ]. In these trials, treatment has provided complete pain 
relief in 70–80 % of the selected patients for an average time 
of around 1 year.  

    Anatomy 

 The facet joints C3–4 to C6–7 are innervated by the medial 
branches of the spinal nerves’ dorsal rami, with each joint 
being supplied by the nerve above and below the correspond-
ing segment (Figs.  17.1  and  17.2 ). The nerves run across the 
center of the articular pillar, and injection of local anesthetic 
at this location is used to selectively block nociceptive input 
from a single joint for diagnostic purpose.   

 The superfi cial branch of C3 nerve root is well developed 
(the third occipital nerve, TON) and supplies C2–3 facet 
joint as it crosses the midportion of the C2–3 joint cleft. The 
medial branches’ cervical dorsal rami are bound to the peri-
osteum by an investing fascia and held against the articular 
pillar by tendons of semispinalis capitis (Fig.  17.2 ).  

C4 nerve root

Dorsal root ganglion

MB

Target

LB

AP

C4
vertebra

Sympathetic ganglion

Rami communications

  Fig. 17.1    The layout of the C4 cervical nerve root and the correspond-
ing branch.  MB  medial branch,  LB  lateral branch,  AP  articular pillar 
(Reproduced with permission from Philip Peng Educational Series)       

 

Chapter 17 Ultrasound-Guided Cervical Facet Nerve Blocks (Medial Branch and Third Occipital Nerve)



235

a b

  Fig. 17.2    ( a ) Schematic diagram to show the branches of cervical 
nerve root.  NR  nerve root,  MB  medial branch,  LB  lateral branch,  TON  
third occipital nerve,  DB  deep branch of medial facet nerve,  SB  super-

fi cial branch of medial facet nerve. ( b ) Same diagram showing the over-
lying semispinalis capitis muscle (Reproduced with permission from 
Philip Peng Educational Series). * C2-3 facet joint       
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    Technique 

 The classic technique of performing both diagnostic facet 
nerve blocks and RF neurotomy involves fl uoroscopic needle 
guidance (Fig.  17.3 ).  

 Ultrasound imaging offers the advantage of being able to 
visualize the actual target nerves [ 10 ], which obviously is not 
possible with fl uoroscopy. In a previous feasibility study per-
formed on ten volunteers, the third occipital nerve was visi-
ble with ultrasound imaging and could reliably be 
anesthetized in most of the cases [ 11 ]. This opened the per-
spective of applying ultrasound imaging as an alternative to 
fl uoroscopy in interventional diagnosis and treatment of 
neck pain. The important anatomic structures can reliably be 
identifi ed with ultrasound imaging, even in a real chronic 
neck pain population, as determined in fi rst exploratory 
study [ 10 ]. Not only the bony target can be identifi ed, but 
also the medial branch itself, due to its superfi cial course (as 
opposed to the lumbar region). Further studies demonstrated 
the accuracy of ultrasound-guided cervical medial branch 
blocks, both in healthy volunteers [ 12 ] and in chronic neck 
pain patients [ 13 – 15 ]. 

 Since the medial branch can be identifi ed in most cases, it 
is expected that ultrasound imaging could facilitate the proce-
dure of radiofrequency neurotomy in patients diagnosed with 
facet joint-mediated pain. The classic technique of radiofre-
quency neurotomy using fl uoroscopy is to perform a matrix 
of about six thermal lesions in order to increase the chance of 
successful coagulation of the nerve [ 4 ], since the exact course 
of the nerve due to its variable course is not known. Being 
able to exactly determine the nerve course using ultrasound 
imaging is expected to decrease the number of thermal lesions 

needed. In 15 consecutive neck pain patients diagnosed with 
facet joint-mediated pain, radiofrequency neurotomy accord-
ing to a shortened protocol based on prior ultrasound local-
ization of the nerves reached the benchmark of the standard 
technique [ 8 ]. The author would like to emphasize that the 
radiofrequency procedure per se was performed solely under 
fl uoroscopic imaging with a reduced number of thermal 
lesions performed according to the information of the exact 
nerve course gained by the prior ultrasound examination. 
Ultrasound is a subjective imaging technique, and verifi ca-
tion of the exact electrode position, not least for legal reasons, 
is limited as compared to fl uoroscopy. 

  Fig. 17.3    X-ray picture showing the target of the facet medial branch 
block. The target is the intersection of the diagonal lines of the trape-
zoid (articular pillar).  SP  spinous process. (With permission of 
Dr. Andreas Siegenthaler)       
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    Practical Aspects of Ultrasound-Guided 
Technique 

 With the patient placed in a lateral position, the lateral region 
of the neck fi rst is scanned in a transverse plane in the area of 
the mastoid process, and by slowly moving the transducer in 
a caudal direction, the vertebral artery is identifi ed and fol-
lowed until it enters the transverse foramen of C2. Posterior 
the transverse foramen C2, the facet joint C2–3 is located. 
Here the transducer is turned 90° until it lies in a longitudinal 
plane to the neck. Here the typical image of the cervical facet 
joint region appears with each “hill” being a facet joint and 
each “groove” in between the joints corresponding to the 
articular pillar, where the medial branch can be identifi ed as 
a hypoechoic structure, very much resembling a blood vessel 
(Fig.  17.4 ). The third occipital nerve (joint supplying nerve 
of the facet joint C2–3) is located on the joint cleft of the 
facet joint C2–3 (Fig.  17.5 ).   

 Counting the segments can be diffi cult in some patients. 
In this context it is helpful to know that the most cranial joint 
cleft identifi ed in the typical longitudinal plane is always 
C2–3, since the more cranial joints C1–2 and C0–1 are 
located much more anterior. A further help is the region of 
C7. The transverse process of C7 has a unique anatomy (no 
anterior tubercle, very prominent posterior tubercle). This 
posterior tubercle is easily identifi ed; hence the joint cleft 
located just cranial to this landmark will be C6–7 (Figs.  17.6  
and  17.7 ).   

 Injection technique can be both in-plane (according to the 
publication of Finlayson and coworkers [ 13 ]) or out-of- 
plane. If an out-of-plane approach is chosen, it is recom-
mended to always place the needle from anterior to posterior, 
since inexperienced practitioners will tend to place the nee-
dle too posteriorly (not dangerous), as opposed to a too ante-
rior placement (i.e., toward the vertebral artery) if a 
posterior-to-anterior direction is chosen. The target for TON 
is the joint cleft of C2–3, while the targets for C3–6 medial 
branches are the grooves (articular pillars) where the medial 
branches are usually found between the articular pillar and 

investing layers of the semispinalis capitis. The volume of 
0.3 mL of local anesthetic. For the C7 medial branch, the 
target is the apex of the superior articular process of C7, 
which is the caudal aspect of the C6–7 facet joint (Fig.  17.7 ). 

 For practitioners eager to start performing cervical 
facet joint blocks, it is recommended to perform the fi rst 
ultrasound- guided cervical medial branch blocks with par-
allel fl uoroscopic control. Correct level determination 
with ultrasound as described above may be diffi cult in the 
beginning, and the parallel use of fl uoroscopy will help to 
develop a “feeling” for the procedure. It cannot be over-
emphasized that ultrasound-guided cervical facet blocks 
are demanding, so this book chapter ends with the citation 
of a critical editorial of Buvanendran and Rathmell which 
accompanied a publication cited above [ 12 ]: “We urge 
caution to practitioners eager to begin using ultrasound 
guidance immediately to perform cervical facet blocks in 
clinical practice” [ 16 ].      

  Fig. 17.4    Ultrasound anatomy of the cervical facet joint region cut in 
a longitudinal plane. * facet joint cleft.  Arrows  medial branch, which 
appears as a hypoechoic oval structure located in the middle of the 
“groove” between two facet joints. (With permission of Dr. Andreas 
Siegenthaler)       
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  Fig. 17.5    Ultrasound image of the facet joint C2–3 in the longitudinal 
plane. * facet joint cleft of the joint C2–3.  Single arrow  medial branch 
C3.  Double arrow  third occipital nerve, which runs over the joint cleft 
of C2–3. (With permission of Dr. Andreas Siegenthaler)       

  Fig. 17.6    Facet joint C6–7 (*) and C5–6 (**). (With permission of 
Dr. Andreas Siegenthaler)       

  Fig. 17.7    The exactly same area in the same patient as in Fig.  17.6 , 
with the probe tilted slightly posterior and the joint cleft of C6–7 is just 
not visible any more (as opposed to the joint C5–6, which still is visible 
**). The  arrow  marks the transverse process of C7 with its typical steep 
course. This helps us to determine the exact segment. (With permission 
of Dr. Andreas Siegenthaler)       
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       Cervical Radicular Pain 

 Radiofrequency (RF) treatment adjacent to the cervical 
dorsal root ganglion (DRG) is particularly indicated for the 
management of cervical radicular pain, refractory to con-
ventional treatment. Cervical radicular pain is pain per-
ceived in the arm, shooting or electric in quality, caused by 
irritation and/or injury of a cervical spinal nerve [ 1 ,  2 ]. It 
affects approximately 1 in 1,000 adults annually. There 
may be confusion between cervical radicular pain and cer-
vical radiculopathy. The latter is a condition where an 
objective loss of sensory and/or motor function is present. 
Radicular pain and radiculopathy are therefore not synony-
mous, although they are frequently not differentiated in the 
literature. The former is a symptom caused by ectopic 
impulse generation. The latter also includes neurological 
signs. The two conditions may nonetheless coexist and may 
be caused by the same clinical entities, e.g., foraminal ste-
nosis, intervertebral disc herniation, and radiculitis due to 
arteritis, infection, or infl ammatory exudates [ 3 ]. The two 
syndromes can be part of a continuum, and radiculopathy 
may follow radicular pain as the underlying disease 
progresses. 

 A variety of treatment modalities for cervical radicular 
pain are described, but the optimal treatment approach remains 
unclear [ 1 ]. In clinical practice treatment is often started con-
servatively [ 4 ]. When conservative treatment fails to provide 
satisfactory outcome epidural steroid administration, (pulsed) 

radiofrequency or surgery may be considered as part of a mul-
tidisciplinary approach. 

 In cervical radicular pain the symptoms and signs are 
related to dysfunction of cervical spinal nerve roots and 
should be perceived along the distribution of the affected 
nerve root [ 2 ,  5 ,  6 ]. This distribution was verifi ed in clinical 
experiments where radicular pain was elicited in the charac-
teristic distributions by mechanical stimulation of cervical 
spinal nerves with a needle under fl uoroscopic control. 
Bogduk summarized the distributions as follows: pain from 
C4 is restricted to the neck and suprascapular regions. Pain 
from C5 extends into the upper arm, while pain from C6 and 
C7 extends from the neck and shoulder into the forearm and 
hand. In both instances the pain covers the lateral border of 
the upper limb, but that of C7 extends more onto the dorsal 
aspect. Pain from successive spinal nerves overlaps consid-
erably, and no particular region of the upper limb is charac-
teristic of any particular segment [ 2 ]. Somatic referred pain 
from the zygapophyseal joint or from the cervical interverte-
bral disc can have similar distributions as radicular pain, 
when the pain is perceived in the proximal upper limb [ 7 ,  8 ]. 
However, when pain is distributed in the forearm and/or 
hand, it is far more likely to be radicular in origin. 
Nevertheless radicular pain should not be restricted to a der-
matome and might be perceived in any of the structures 
innervated by the affected nerve, because cervical spinal 
nerves are also distributed to deep structures, such as mus-
cles, joints, and ligaments as well as skin [ 2 ].  
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    Diagnosis 

 As with other types of spinal pain, if cervical radicular 
pain is not resolved spontaneously within 3 months, ver-
tebral column infections and cancer (e.g., pancoast tumor) 
should be ruled out before further symptomatic treatment 
is offered. Somatic referred pain and shoulder pathology 
should be excluded also, because their clinical presenta-
tion may be similar to radicular pain [ 2 ,  9 ]. Neurological 
examination of patients with cervical radicular pain 
includes testing of strength, muscle stretch reflexes, and 
sensation [ 10 ]. Five different clinical tests have been 
reported as useful for the diagnosis of cervical radicular 
pain: the neck compression test or Spurling test [ 11 ], 
shoulder abduction test [ 12 ], Valsalva’s maneuver [ 13 ], 
axial manual traction test [ 14 ], and Elvey’s upper limb 
tension test [ 15 ]. The validity of three tests, Spurling, 
axial manual traction, and shoulder abduction test, in the 
diagnosis of root compression in cervical disc disease was 
investigated regarding radicular pain, neurological signs, 
and root compression signs in myelography. All tests had 
a high specificity (81–100 %) but a low sensitivity 

(26–50 %) for the validity parameters [ 14 ]. Additionally, 
Spurling’s test has also been validated in a controlled trial 
using electromyography as reference, with comparable 
results (sensitivity of 30 %; specificity of 93 %) [ 16 ]. 
Despite low sensitivity the three investigated tests are 
considered a valuable aid in the clinical diagnosis of a 
patient with neck and arm pain [ 14 ]. 

 Besides, diagnosis of cervical radicular pain and radicu-
lopathy requires a complete medical history, clinical diag-
nosis using standardized test methods of physical 
examination, imaging techniques, electrophysiological 
investigation, and determination of the symptomatic level 
by means of diagnostic selective nerve root blocks. 
Nevertheless, the discrepancy found in clinical practice 
between symptoms and pathology identifi ed with imaging 
techniques and electrophysiological testing remains often 
striking. Moreover, recent research on genetically deter-
mined differences in sensitivity to pain highlights the 
problem of interindividual variability, which is often 
observed in clinical practice where pain symptoms and 
treatment effects vary among patients with similar clinical 
conditions [ 17 ,  18 ].  

 Diagnosis
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    Treatment 

 Chronic cervical radicular pain is a complex syndrome that 
has a high impact on patients’ quality of life [ 19 ]. An inte-
grated approach involving psychological counseling, physi-
cal therapy, cognitive behavioral treatment, and symptomatic 
management of the pain is recommended [ 20 ]. The multidis-
ciplinary evaluation also aims at providing guidance for the 
selection of any treatment [ 21 ,  22 ]. In this chapter we focus 
on radiofrequency/pulsed radiofrequency treatment. 

 The effi cacy of RF treatment adjacent to the cervical 
DRG has been illustrated in two randomized clinical trials 
[ 23 ,  24 ]. Van Kleef et al. demonstrated a signifi cant reduc-
tion in pain 8 weeks after RF at 67 °C compared to sham 
treatment [ 24 ]. Additionally, Slappendel et al. found that 
treatment with RF at 40 °C was equally effective as treat-
ment at 67 °C [ 23 ]. According to two systematic reviews, 
there is currently limited evidence that radiofrequency treat-
ment of the dorsal root ganglion is more effective than pla-
cebo in chronic cervical radicular pain [ 25 ,  26 ]. 

 Recently pulsed radiofrequency (PRF) was introduced in 
clinical practice as a non- or minimal neurodestructive modi-
fi cation of conventional RF heat lesions [ 27 ]. A clinical audit 
[ 28 ] on the use of PRF treatment adjacent to the cervical 
DRG showed a positive outcome in 72 % of the patients after 
8 weeks and in 33 % after one year. The fi rst RCT on pulsed 
radiofrequency adjacent to the cervical DRG in patients with 
chronic cervical radicular pain was recently published. At 3 
months the pulsed radiofrequency group showed a signifi -
cantly better outcome with regard to the global perceived 
effect (>50 % improvement) and visual analog scale (20 
point pain reduction). The need for pain medication was sig-
nifi cantly reduced in the pulsed radiofrequency group after 6 
months. No complications were observed during the study 
period [ 29 ].  

    The Procedure 

    Diagnostic Block 

 After the clinical diagnosis of cervical radicular pain is 
made, the segmental level that appears to be involved should 
be confi rmed by diagnostic blocks at three separate levels. 
The technique used was previously described by van Kleef 
et al. [ 24 ,  30 ]. Overfl ow into the epidural space and intravas-
cular injection can be avoided by careful observation of the 
spread of contrast medium by fl uoroscopic real-time 

 imaging. After the location of the cervical DRG is confi rmed 
by injecting a small volume (approximately 0.5–1 ml) of 
iohexol contrast medium (Amersham Health, Cork, Ireland), 
an equal volume of 2 % lidocaine (AstraZeneca, Karlskoga, 
Sweden) should be slowly injected. Figures  18.1  and  18.2  
show the spread of contrast medium.   

 Pain relief is assessed 10, 20, and 30 min after the proce-
dure. A diagnostic block is considered positive if it results in 
a minimum of 50 % pain reduction, measured on the VAS 
within 30 min. The level that responds with the largest pain 
reduction is selected for intervention.  

  Fig. 18.2    Spread of contrast medium at C7 level       

  Fig. 18.1    Injection of contrast medium       
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    Radiofrequency Treatment 

 A technique similar to the one for performing diagnostic 
nerve blocks is used for the interventions [ 24 ,  30 ]. The C-arm 
of the fl uoroscopy unit (Philips BV 25, Eindhoven, the 
Netherlands) is positioned with the beam parallel to the axis 
of the intervertebral foramen (25–35° anteriorly and 10° cau-
dally). The entry point is located by projecting a metal ruler 
over the caudal and posterior part of the foramen (Fig.  18.3 ). 
The 22-G cannula (SMK Pole needle 54 mm with 4 mm 
active tip, Cotop International BV, Amsterdam, the 
Netherlands) is introduced parallel to the beam, and, if nec-
essary, the position is corrected in the superfi cial subcutane-
ous layers until the cannula was projected on the screen as a 
single dot (Fig.  18.4 ). In practice, this dot should lie directly 
over the dorsal portion of the intervertebral foramen at the 
transition between the middle and most caudal third. This 
position is chosen to avoid possible injection into the verte-
bral artery, which runs anterior to the ventral part of the fora-
men. The fl uoroscope is then adjusted to the anterior–posterior 

view, and the cannula is inserted further until the tip projects 
over the middle of the facetal column (Fig.  18.5 ).    

 The stylet of the cannula is then replaced by the RF probe 
(SMK-TC 5, Radionics, Burlington, MA). After checking 
the impedance, indicating a normal, closed electrical circuit, 
stimulation is started at a frequency of 50 Hz to obtain a sen-
sory stimulation threshold. 

 A paresthesia is elicited along the tested cervical nerve 
root at less than 0.5 V and is considered to indicate adequate 
proximity of the DRG [ 31 ]. 

 The treatment can be performed using either conventional 
radiofrequency or pulsed radiofrequency current. 

 Radiofrequency current is applied in order to increase the 
temperature at the tip slowly to 67 °C. This temperature is 
maintained for 60 s. 

 The PRF current is applied during 120 s from the lesion 
generator (Radionics RFG 3 C Plus, Burlington, MA) as 
described by Sluijter et al. [ 27 ]. With the use of PRF the out-
put is set at 45 V so that the temperature at the electrode tip 
does not exceed 40 °C.   

 The Procedure
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  Fig. 18.3    Identifi cation of the needle insertion point       

  Fig. 18.4    Radiofrequency lesion adjacent to the dorsal root ganglion 
(RF-DRG) 20° oblique, 10° caudocranial projection. The needle is 
positioned in the posterior aspect of the foramen, at the junction of the 
middle and caudal third part. It is projected as a dot in tunnel vision       

  Fig. 18.5    RF-DRG AP view. The tip of the needle is projected over the 
facetal column       
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    Side Effects and Complications 

 The most frequently reported side effect with conventional 
radiofrequency treatment is a vague burning sensation in the 
treated dermatome. This pain usually subsided spontane-
ously 6 weeks after treatment. Also hyposensibility may be 
observed in the treated dermatome. Though rarely occurring, 
the most troublesome complication of conventional radiofre-
quency treatment is the deafferentation pain. 

 In the current experience with pulsed radiofrequency 
treatment adjacent to the cervical DRG, no side effects and 
complications have been reported.  

    Conclusions 

 Cervical radicular pain may be refractory to pharmaco-
logical treatment and rehabilitation. Before offering 
symptomatic treatment, infection and cancer (e.g., pan-
coast) should be excluded. After careful neurological 
examination, to rule out shoulder pathology, the caus-
ative level should be confi rmed by means of diagnostic 
blocks. Epidural corticosteroid administration, by intral-
aminar or transforaminal route, may be a treatment 
option. There is however no comparison between both 
techniques, though the transforaminal  administration 
route has gained in interest because it is supposed to 
deliver the drug as close as possible to the infl ammatory 
nerve root [ 1 ,  32 ,  33 ] Recently published case reports on 
serious adverse events after transforaminal steroid 
administration at the cervical level urge for a cautious 
use of this treatment. Surgical techniques for decompres-
sion with or without anterior interbody fusion are often 
performed to reduce the pain and disability, but are asso-
ciated with a small but defi nite risk [ 34 ]. A randomized 
controlled trial indicates that a multidisciplinary treat-
ment with cognitive behavioral therapy and psychologi-
cal interventions are preferred over surgery [ 35 ]. 
Systematic reviews showed that there is little evidence 
for better effi cacy of surgery compared to cognitive 
behavioral treatment, justifying the higher risk for com-
plications [ 34 ,  36 ]. 

 The available evidence on radiofrequency treatment 
adjacent to the cervical DRG suggests pain relief and 
improved patient satisfaction. The evidence on PRF 
adjacent to the cervical DRG indicates potentially simi-
lar clinical results. The perceived better safety of the lat-
ter technique justifi es trying this minimal invasive 
procedure prior to other interventional treatment 
options.     
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       Anatomy 

 Zygapophyseal or facet joints are formed by the inferior and 
superior processes of two adjacent joints. These joints limit 
excessive mobility and distribute the axial loading over a 
broad area. The facet joints located at the dorsal side of the 
spine together with the intervertebral disc at the ventral side 
form the three moving parts of the motion segment. 
Compared to the lumbar facet joints, the cervical facet joints 
are relatively big joints. The facet joints are innervated by the 
medial branch of the dorsal ramus of the spinal nerve. 

 The dorsal and ventral roots come together to form the 
spinal nerve. This nerve splits into a ventral and a dorsal 
ramus or branch [ 1 ]. The dorsal ramus divides into a medial 
and a lateral branch. The dorsal or posterior ramus supplies 
the so-called dorsal compartment of the neck, which consists 
of structures of the neck situated behind the intervertebral 
foramen. This dorsal compartment contains muscles, liga-
ments, blood vessels, and the facet joints. Unique to the cer-
vical spine is the vertebral artery, which passes through the 
transverse foramen of the transverse processes of the C6–C1 
vertebrae (Fig.  19.1 ).  

 The facet joints are richly innervated by medial branches 
of the dorsal ramus from the corresponding level and by the 
medial branch of the dorsal ramus one level above. For 
example, the facet joint C3–C4 is innervated by the dorsal 
rami C3 and C4. Each dorsal ramus innervates two facet 
joints, and each facet joint is innervated from two levels. The 
innervation of the C2–C3 facet joint is more complex, since 
this joint is mainly supplied by the third occipital nerve, 
which is one of the two medial branches of the C3 dorsal 
ramus and to some degree also by the C2 dorsal ramus. The 
C2 medial branch is commonly known as the greater occipi-
tal nerve [ 1 ]. The practical implication of this observation is 
that for the treatment of facet joint pain at the level C2–C3, 
the third occipital nerve and the medial branch of the C2 dor-
sal ramus are required. 

 The medial branch innervates skin, ligaments, and mus-
cles. The lateral branch innervates muscles. The medial 
branches have to be blocked in the concavity between the 

superior and inferior articular processes, in the “waist” of the 
vertebra. The medial branches are bound to the periosteum 
by an investing fascia and are held against the articular pil-
lars by tendons of the semispinalis capitis muscle. 

 The technique of lumbar facet denervation was fi rst 
described by Shealy in 1975 [ 2 ]. The large thermistor elec-
trodes used at that time made the procedure diffi cult to per-
form at the cervical level. The introduction of the SMK 
system with a much smaller diameter made the application at 
the cervical level possible without the risk of mechanically 
induced tissue damage. 

 As the innervation of the joint is always from two levels, 
the procedure must always be done at two levels, in case of 
pain from two adjacent joints at three levels; in our practice 
we mostly perform RF lesioning at the C2 to C6 level in one 
session. 

 The procedure, which is mostly performed in an outpa-
tient setting, can be done uni- or bilaterally, depending on the 
pain pattern and consequently the causative structures. 
Preferentially the procedure is performed in conscious 
patients allowing continuous communication. Therefore, the 
use of sedatives such as propofol, alfentanil, or remifentanil 
is rarely necessary, unless the patient is too anxious and the 
procedure is performed bilaterally in the same session.  

  Fig. 19.1    Anatomy of the cervical spine with innervation; entry and 
target points are marked ( VA  vertebral artery,  TON  third occipital nerve)       
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    Indications 

 Painful facet joints may cause pain in the neck, head, shoul-
der, arm, or interscapular region; the upper segments may 
also cause facial pain or may be a trigger for migraine and 
cluster headache. The upper zygapophyseal joints may play 
an important role in the development of cervicogenic head-
ache. The indications listed below have been documented.
    1.    Pain from cervical zygapophyseal joint origin, which can 

give rise to neck pain, irradiation to the head (headache) 
and shoulder, the interscapular region, and the arm   

   2.    Post-traumatic neck pain [ 3 ]   
   3.    Cervicogenic headache [ 4 ]   
   4.    Atypical facial pain and some forms of cluster headache 

and migraine caused by a cervicogenic trigger mecha-
nism from the facet joints.     
 The possible signs and symptoms of facet pain in the cer-

vical region are listed in Table  19.1 
   Uni- or bilateral pain lasting longer than 3–6 months not 

reacting to physical therapy and other conservative manage-
ment could be an indication for percutaneous facet denerva-
tion (PFD). In the absence of a specifi c facet syndrome, most 
authors advocate to perform a test block prior to a PFD. This 
test block is a medial branch block or an intra-articular block 
with local anesthetics. Some authors add steroids in order to 
achieve a longer-lasting effect because steroids reduce poten-
tial joint infl ammation, but in a placebo-controlled study, this 
strategy has proved to be ineffective on longer term. 

 Radiological fi ndings per se, such as facet arthritis, are 
not an indication for a PFD. On the other hand, there may be 
facet pain without any radiological abnormality. 

 Contraindications for cervical facet denervation are sum-
marized in Table  19.2 .

       Procedure 

 The material for cervical facet denervation is listed in 
Table  19.3 .

    This procedure should be performed by an experienced 
anesthesiologist or under his/her supervision and only with 
the use of a fl uoroscope.  

 For the upper cervical facet joints (C2–C6), the patient 
lays in the supine position with his/her head on a special 
radiolucent rest, allowing free access to the neck using a fl uo-
roscope. The fl uoroscope is in line with the patient (Fig.  19.2 ). 
For the lower joints (C7 and in short necks C6), the prone 
position is advised, and the approach and fl uoroscopic con-
trol is similar as for the lumbar and thoracic region.  

 For the upper facets, the C-arm is positioned to obtain a 
clear lateral view of the cervical spine; the image on the 
screen should be adjusted in such a way that the picture you 
see coincides with the patient’s position: the spine in a hori-
zontal position with the head at the upper end and the shoul-
der at the bottom and the cervical discs pointing upward 
(Fig.  19.2 ). 

 The insertion place is identifi ed using a plastic caliper 
with a metallic ring. The ring should be visible at the lower 
end of the trapezium formed by the lamina; the needle inser-
tion point is then marked on the skin. 

 The target point for the levels C3 to C6 is the middle of 
the trapezium formed by the lamina with a little proximal 
adjustment. The target for the C2–C3 level is the middle of 
the joint space and a few mm more cephalad and caudal (2–3 
positions) (Figs.  19.3  and  19.4 ).   

 After disinfection of the skin, 0.5 ml lidocaine 1–2 % is 
(sub)cutaneously injected, the RF thermocouple needle is 
inserted for 1–2 cm, and its position is controlled by fl uoro-
scopic viewing. The direction of the needle is, if necessary, 
corrected and the needle is advanced until bone contact at the 
middle of the lamina is made. After correcting the needle 
position slightly, the tip of the needle is advanced just a little 
more, keeping bone contact. The depth of the needle is con-
trolled by a fl uoroscopic oblique and AP view. In the oblique 
view (Fig.  19.4 ), the point of the needle should be at the 
proximal end of the pedicle and may not be deeper than the 
line connecting the posterior aspects of the intervertebral 
foramina. 

   Table 19.1    Possible signs and symptoms of facet pain in the cervical 
region   

 Neck pain with or without irradiation to the shoulder, arm, 
interscapular region, or face 
 Paravertebral tenderness, a sign of real facet pain in the 
majority of cases 
 Pain on rotation and ante-/retrofl exion of the neck 
 Radiculopathy is absent (no neurological defi cit) 
 Morning stiffness 

   Table 19.2    Contraindications for cervical facet denervation   

 Sensory loss 
 Lack of cooperativeness 
 Bleeding disorders or use of anticoagulants 
 Signs of local infection 
 Signs of local malignancy 
 Allergy to local anesthetics 

   Table 19.3    Material for cervical facet denervation   

 Two to six 5-cm 22-G radiofrequency needles with a 4-mm 
uninsulated tip or two to six 6-cm TOP XE or CXE needles with 
a 4-mm uninsulated tip 
 Local anesthetic (e.g., lidocaine 2 %) 
 Thermocouple electrode of 5 cm length 
 Radiofrequency lesion generator 
 Ground plate 
 Connecting wires 

 Procedure
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  Fig. 19.2    Patient and fl uoroscope positioning, lateral view, marking the entry points       

  Fig. 19.3    Fluoroscopic transverse view for percutaneous facet denervation C2–C6, target at the cross point at the trapezium of lamina C4 is 
marked, needles in place       
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 In the AP view, the tips should be adjacent to the spine in 
the concavity (“waist”) between the articular processes 
(Fig.  19.5 ).  

 After obtaining the correct anatomical position, the stylet 
of the needle is removed, and a thermocouple electrode 
inserted. The electrode has to be connected to the lesion gen-
erator. The ground plate is connected. Stimulation with a 
50 Hz is performed, and the patient is asked to signal when 

he feels tingling in the neck. Stimulation threshold must be 
less than 1 V. The lower the threshold, the closer the needle 
is to the nerve. A tingling feeling in the arm refers to a too 
anterior position of the needle (too close to the spinal nerve), 
which has to be withdrawn. The same stimulation procedure 
can be done at 2 Hz. As the medial branch is a mixed nerve, 
a response at the same threshold (or 0.1 V higher) is expected. 
Local contractions will occur. Contractions of the arm or dia-
phragm (C4) are a sign of a too anterior position, close to the 
spinal nerve. A threshold for motor response of the arm at 
2  V or less is unacceptable and requires repositioning. 

 If these thresholds are met, 0.5 ml lidocaine must be 
injected after careful aspiration in each needle in order to 
anesthetize the site of the thermolesion. 

 After waiting for 1–2 min, the radiofrequency lesion at 
80 °C for 60 s can be made. 

 RF thermocouple needles require multiple manipulations, 
which may result in displacement of the needle tip especially 
in thin patients. This may result in neurological complica-
tions or in making an insuffi cient lesion. The author prefers 
using TOP XE or CXE needles as no further manipulation 
after carefully controlled needle placement is required. 
Lesions of 20 V for 60 s are made (without temperature con-
trol) because 20 V coincides mostly with 80 °C. 

 It was however found that 20 V lesions may result in a 
temperature of 100 °C, thus causing severe postoperative 
discomfort and sensory skin dysesthesia. After modifying 
the lesion parameters, the incidence of postoperative dis-
comfort was considerably reduced, but the clinical outcome 
remained good. We now start the procedure at 20 V but 
reduce the voltage guided on the patient’s report of pain dur-
ing the lesioning. We sometimes end the procedure at 13 V.  

  Fig. 19.4    X-oblique view, RF needles in place at the proximal end of 
pedicle C2–C6, bone contact       

 

 Procedure



252

  Fig. 19.5    AP view, needle tips in the “concavities,” bone contact       
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    Results 

 Systematic reviews of the literature relative to radiofre-
quency treatment following the Cochrane review guidelines 
[ 5 ,  6 ] conclude that there is limited evidence for the effi cacy 
of radiofrequency neurotomy of the cervical zygapophyseal 
joint pain; a similar level of evidence is only obtained for the 
RF treatment of the cervical dorsal root ganglion. 

 In a prospective placebo-controlled study [ 3 ], the effi cacy 
of cervical PFD has been proven in post-traumatic patients, 
but in nontraumatic patients the method is equally effective 
[ 7 ]. Inclusion criteria, the use of medial branch or  intra- articular 
blocks with local anesthetics as selection for the procedure, 
are still subject of discussion. Some authors use single test 
blocks and others double blocks, whereas others perform no 
blocks at all as selection for the PFD. Their patient selection is 
solely based on clinical signs and symptoms. 

 Furthermore technical differences, such as exact position-
ing, size of the electrodes [ 8 ], used temperature, and expo-
sure time, may be the cause of a different outcome. Finally 
the criteria for success are not equal in the published studies 
(VAS score, use of medication, inability scales, global per-
ceived effect, or combinations of these). 

 There is discussion on the mode of action; the heat of the 
RF lesioning and thereby the denervation of the joint may 
not be the mode of action. By using the lateral approach with 
23-G needles, it is not possible to fully denervate the joint 
and yet there is a good clinical outcome. So, only partial 
denervation is required, or it is not the exposure to heat but 
the electrical fi eld caused by the RF current which is the 
explanation for the clinical effect. This explanation led to the 
development of pulsed RF [ 7 ]. There is a clinical study 
reporting good results from the pulsed RF treatment of the 
cervical medial branch [ 9 ]; however, no RCT is available yet.  

    Complications and Side Effects 

 The main complication is postoperative pain. Not only pain 
at the needle insertion point, lasting for a few days, but also 
serious burning pain may occur in 20 % of the patients. 
Patients should be informed that they can experience pain 
starting 7–9 days after the procedure that in some cases may 
last for a couple of weeks. This pain will always subside 
within 4–6 weeks. Bruising and hematomas in the neck 
occur in a low percentage and are rarely serious. Neurological 
damage is very rare if the positioning and stimulation have 
been performed carefully, taking the precautions described. 
During the procedure, prevention of neurological defi cits 
happens at three precise points: (1) the lateral view (although 
not completely reliable), (2) electrostimulation, and (3) the 

injection of a small amount of local anesthetic (0.5 ml 
 lidocaine) which is too small to anesthetize a spinal nerve 
when the electrode is accidentally placed too close. 
Sometimes the patient may be dizzy for a few hours or even 
a few days after the procedure due to the infl uence of the 
local anesthetics on the neck muscles. This will subside 
spontaneously within a few hours or days.  

    Instructions to Patients 

 Patients have to give their informed consent. 
 Patients using clopidogrel or ASA are asked to stop this 

treatment 5 days prior to the intervention. When patients use 
coumarin and its derivatives, the intake of these drugs should 
be interrupted and the INR controlled before the procedure. 
INR of 1.8 or less is appropriate. 

 It is recommended to let the patient eat a light meal before 
the procedure. Diabetic patients should not change their hab-
its. Intake of food is free after the procedure. Because of pos-
sible temporary dizziness and/or weakness, it is recommended 
the patients stay in day care observation for at least one hour 
following the procedure. Sometimes discharge must be post-
poned if the patient is unable to walk properly. In all cases 
the patient should not participate in the traffi c (e.g., drive a 
car) during the day of the intervention. He will only be 
allowed to leave the hospital when accompanied by a compe-
tent adult who can take care of transportation. The patient 
should be informed of the liability of driving a car on the day 
of the intervention.  

    Conclusions 

 A selected group of patients with disabling neck pain, 
headache, cervicobrachialgia, facial pain, and some 
forms of cluster headache and migraine, not relieved by 
conservative measures, attributed to the cervical facet 
joints can be  successfully treated by facet joint dener-
vation. Adequate patient selection and the use of an 
accurate lesioning technique under fl uoroscopic control 
are essential elements for good long-term results. 
Pulsed RF treatment of the medial cervical branch may 
also be effective but there is still only little experience. 
(Pulsed) radiofrequency treatment of the cervical 
medial branch is a minimally invasive technique that is 
safe when performed by a trained anesthesiologist 
under fl uoroscopic guidance. It is recommended to 
acquire suffi cient experience for the PDF at the lumbar 
level. By sticking to the rules of the technique as 
described in this chapter, the RF treatment of the cervi-
cal medial branch of the dorsal ramus was demonstrated 
to be effective and safe.     

 Instructions to Patients



254

   References 

     1.    Raj P, Lou L, Erdine S, Staats PS. Radiographic imaging for regional 
anesthesia and pain management. Philadelphia: Churchil 
Livingstone; 2003.  

    2.    Shealy CN. Technique for percutaneous facet rhizotomy. Burlington: 
Radionics Corp; 1975.  

     3.    Lord SM, Barnsley L, Wallis BJ, McDonald GJ, Bogduk 
N. Percutaneous radio-frequency neurotomy for chronic cervical 
zygapophyseal-joint pain. N Engl J Med. 1996;335(23):1721–6.  

    4.    van Suijlekom JA, van Kleef M, Barendse G, Sluijter ME, Sjaastad 
O, Weber WEJ. Radiofrequency cervical zygapophyseal joint neu-
rotomy for cervicogenic headache. A prospective study in 15 
patients. Funct Neurol. 1998;13:297–303.  

    5.    Geurts J, van Wijk RM, Stolker R, Groen GJ. Effi cacy of  radiofrequency 
procedures for the treatment of spinal pain: a systematic review of ran-
domized clinical trials. Reg Anesth Pain Med. 2001;26:394–400.  

    6.    Niemisto L, Kalso E, Malmivaara A, Seitsalo S, Hurri 
H. Radiofrequency denervation for neck and back pain: a systematic 
review within the framework of the cochrane collaboration back 
review group. Spine. 2003;28(16):1877–88.  

     7.    Sluijter ME. Radiofrequency. Part 2. Meggen: Flivopress, SA; 2003.  
    8.    van Kleef M, van Suijlekom JA. Treatment of chronic cervical pain, 

brachialgia, and cervicogenic headache by means of radiofrequency 
procedures. Pain Pract. 2002;2(3):214–23.  

    9.    Mikeladze G, Espinal R, Finnegan R, Routon J, Martin D. Pulsed 
radiofrequency application in treatment of chronic zygapophyseal 
joint pain. Spine J. 2003;3(5):360–2.    

Chapter 19 Cervical Percutaneous Facet (Zygapophyseal Joint = ZA Joint) Denervation



   Part IV 

   Shoulder 
       

Chapter 20 Suprascapular Nerve Block

Chapter 21 Glenohumeral Joint

Chapter 22 Acromioclavicular Joint

Chapter 23 Glenohumeral and Acromioclavicular Joint Injection Traditional Techniques

Chapter 24 Subacromial Subdeltoid Bursa

Chapter 25 Long Head of Biceps Tendon

Chapter 26 Calcifi c Tendinitis

Chapter 27 Rotator Muscles and Subscapular Nerve Injection



257D. Jankovic, P. Peng, Regional Nerve Blocks in Anesthesia and Pain Therapy: Traditional and Ultrasound-Guided Techniques,
DOI 10.1007/978-3-319-05131-4_20, © Springer International Publishing Switzerland 2015

     Chapter 20   

 Suprascapular Nerve Block         

        Chin-Wern   Chan    (*) 
  Department of Pain Medicine ,  Sir Charles Gairdner Hospital ,   Hospital Avenue ,  Nedlands   WA 6009 ,  Australia   

 e-mail: cchan89@hotmail.com   

    Philip W.H.   Peng ,  MBBS, FRCPC    

  Department of Anesthesia ,  McL 2-405 Toronto Western Hospital, 399 Bathurst Street ,   Toronto ,  ON ,  M5T 2S8 ,  Canada  

 e-mail: philip.peng@uhn.ca    

Contents

 Introduction .................................................................................  258

 Anatomy of the Suprascapular Nerve .......................................  258

 Technique of Localizing the Suprascapular Nerve ..................  261

 Blind Techniques .....................................................................  261

 Posterior Approach ...........................................................  261

 Superior Approach ............................................................  261

 Lateral Approach ..............................................................  262

 Comparison of Blind Approaches ....................................  262

 Image-Guided Techniques for SSNB ......................................  263

Conventional Imaging .......................................................  263

Ultrasound-Guided Suprascapular Nerve Blockade .........  264

Imaging to Improve Needle Localization of the
Suprascapular Nerve .........................................................  265

 Substances Used for Blockade of the Suprascapular Nerve....  265

 Complications ..............................................................................  266

 Suprascapular Nerve Blockade 
in Clinical Practice ......................................................................  267

 Acute Pain ...............................................................................  267

 Chronic Pain ................................................................................  270

 Diagnostic (Chronic Pain) .......................................................  270

 Therapeutic (Chronic Pain) .....................................................  275

Chronic Shoulder Pain (General)......................................  275

Shoulder Joint Arthritis: Rheumatoid Arthritis 
and Osteoarthritis ..............................................................  275

Adhesive Capsulitis (Frozen Shoulder) ............................  275

Persistent Rotator Cuff Lesions ........................................  276

 Other Chronic Pain States Responsive to SSNB ......................  277

 Summary and Conclusion ..........................................................  277

 Appendix I ...................................................................................  278

References ....................................................................................  278

mailto:philip.peng@uhn.ca
mailto:cchan89@hotmail.com


258

       Introduction 

 The suprascapular nerve (SSN) is the major sensory nerve 
supplying 70 % of the shoulder. It provides sensory innerva-
tion to the posterior and superior aspects of the shoulder joint 
[ 1 ]. Due to its consistent course through the suprascapular 
notch, the suprascapular nerve is an accessible target for neu-
ral blockade. 

 Blockade of the suprascapular nerve has been performed 
to assist in the diagnosis of suprascapular neuropathy [ 2 ], as 
well as in the management of acute [ 3 ,  4 ] and chronic shoul-
der pain [ 5 ]. 

 There have been numerous variations and refi nements in 
the technique of SSNB since its introduction [ 6 ]. Techniques 
based on anatomical landmarks and radiological guidance 
have been described in the literature. The more recent imple-
mentation of ultrasound guidance has attempted to improve 
the accuracy of SSNB while reducing complications [ 7 – 9 ]. 
In addition, use of lesioning techniques such as pulsed radio-
frequency to provide sustained analgesia has also been 
described [ 10 ,  11 ].  

    Anatomy of the Suprascapular Nerve 

 The SSN is a large peripheral nerve possessing both motor 
and sensory fi bers. It originates from the ventral rami of the 
fi fth and sixth cervical nerve roots [ 12 ,  13 ]. There may also 
be a variable contribution from the fourth cervical nerve root 
[ 12 ,  14 ]. Following its formation, the nerve emerges from the 
lateral aspect of the upper trunk of the brachial plexus. It 
then travels through the posterior triangle of the neck, courses 
deep to the trapezius and omohyoid muscles, and enters the 
supraspinous fossa via the suprascapular notch underneath 
the superior transverse scapular ligament (STSL) (Fig.  20.1a ). 
In the majority of cases, the suprascapular artery runs above 
(78.3 %) the STSL [ 15 ].  

 Shortly after passing through the suprascapular notch, the 
SSN emits two branches: one is the motor nerve for the supra-
spinatus muscle [ 16 – 18 ] and the other is known as the superior 
articular branch. The latter nerve is sensory and supplies the 
coracoclavicular, coracohumeral ligaments, the acromiocla-
vicular joint, the glenohumeral joint (posterior and superior 
aspects), and the subacromial bursa [ 12 ,  19 ,  20 ]. The main 
trunk then exits the suprascapular fossa by curving around the 
lateral border of the scapula spine through a fi bro-osseous tun-
nel formed by the spinoglenoid ligament and the spine of the 
scapula and terminates in motor branches to the infraspinatus 
muscle [ 18 ,  20 ] (Fig.  20.2 ).  

 The anatomy of the suprascapular notch is important for 
several reasons. The nerve is susceptible to injury and 
impingement at the level of the notch as it passes beneath the 
STSL [ 21 ,  22 ]. This site represents an attractive region for 
SSN blockade as the nerve has not divided yet. The variable 
shape of the notch has been described and has been catego-
rized into different types [ 23 ,  24 ] (Fig.  20.3 ). In the adult, the 
most common type is a U-shaped or semicircular notch 
(Type 1 and 2 in Fig.  20.3 ) [ 23 ]. The notch is absent or con-
verted into a foramen by the ossifi ed STSL in 15 % of the 
specimens [ 24 ].   
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  Fig. 20.1    ( a ) Suprascapular nerve and its branches of the left shoulder. 
Superior articular branch ( Br.SA ) supplies the coracohumeral ligament, 
subacromial bursa, and posterior aspect of the acromioclavicular joint 
capsule. Inferior articular branch ( Br.IA ) supplies the posterior joint 
capsule. Ac indicates acromion;  Br.IS  branch to the infraspinatus mus-
cle,  Br.SS  branch to the supraspinatus muscle,  CP  coracoid process,  SS  

scapula, spine,  TSL  transverse scapula ligament (Reproduced with per-
mission from Philip Peng Educational Series). ( b ) Posterior view of the 
shoulder. ( 1 ) Supraspinatus muscle, ( 2 ) spine of the scapula, ( 3 ) deltoid 
muscle, ( 4 ) suprascapular artery, ( 5 ) suprascapular nerve, ( 6 ) teres 
minor muscle, ( 7 ) infraspinatus muscle, ( 8 ) teres major muscle, ( 9 ) 
latissimus dorsi muscle (with permission from Danilo Jankovic)       

  Fig. 20.2    Superior view of the left shoulder. The course of the supra-
scapular nerve ( shaded ) enters the suprascapular fossa through the 
suprascapular notch ( SSNo ) and then enters the infrascapular fossa 
through the spinoglenoid notch ( SGNo ). The clavicle (Cl) and coracoid 
process (Co P) are also displayed in the diagram (Reproduced with per-
mission from Philip Peng Education Series)       
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  Fig. 20.3    Variation of morphology of the suprascapular notch.  Type I  
indicates no notch (8.3 %);  type II , notch with greater transverse diam-
eter, S2 (41.85 %);  type III , notch with greater vertical diameter, S1 

(41.85 %);  type IV , bony foramen (7.3 %);  type V , notch with bony 
foramen (0.7 %) (Adapted from Natsis et al. [ 24 ]; Reproduced with 
permission from Philip Peng Education Series)       
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    Technique of Localizing 
the Suprascapular Nerve  

 Traditionally, suprascapular nerve blockade has been per-
formed via use of anatomical landmarks (blind techniques) 
[ 6 ]. More recently, the use of imaging guidance to more 
accurately guide needle placement has been described [ 6 ]. 

    Blind Techniques 

 Various landmark approaches have been described and can 
be grouped into posterior, superior, and lateral approaches. 
The posterior approach attempts to block the SSN at the 
level of the suprascapular notch [ 25 – 29 ], while the superior 
approach aims to block the SSN by surrounding the nerve 
with local anesthetic on the fl oor of the supraspinous fossa 
[ 30 ,  31 ]. A lateral approach to localize the suprascapular 
nerve has also been described [ 32 ,  33 ]. To improve accu-
racy, the SSN has been localized using nerve stimulation 
[ 34 ,  35 ], paresthesia [ 36 ], and EMG [ 37 ]. The popularity of 
these techniques has reduced with the introduction of radio-
logical guidance which will be discussed in the next 
section. 

    Posterior Approach 
 The posterior approach is generally performed while the 
patient sits on the operating table with the ipsilateral arm 

lying by his or her side [ 25 ,  27 ,  38 ]. To minimize the risk of 
pneumothorax, the scapula can be elevated from the poste-
rior chest wall by repositioning the ipsilateral hand to the 
opposite shoulder, thereby increasing the potential distance 
the needle must travel from the skin to chest wall [ 36 ]. A 
22-gauge, 3-in. needle is generally used. 

 The superfi cial landmarks described in the posterior 
approach techniques serve to guide the needle to slide into 
the notch. As discussed in the anatomy section (above), the 
notch is not a defi ned structure in 15 % of the population. 
Furthermore, the potential complication of this approach is 
pneumothorax as the trajectory of the needle is toward the 
thoracic cavity.  

    Superior Approach 
 The superior approach [ 30 ,  31 ] was initially described to per-
mit SSNB performed in patients in the supine position but 
the sitting position is the preferred position in clinical 
practice. 

 The needle entry point for the superior approach has been 
described as cephalad and lateral to the midpoint of the spine 
of the scapula [ 30 ]. In general, the needle is directed to the 
lateral half of the fl oor of the suprascapular fossa because the 
supraspinatus muscle is attached to the medial half. A 1.5-in. 
needle is usually suffi cient to reach the fl oor of the scapular 
fossa. Potential advantages of this approach include ease of 
access, no reference to the notch, and extremely low risk of 
pneumothorax [ 30 ,  31 ].  

Technique of Localizing the Suprascapular Nerve



262

    Lateral Approach 
 In this approach, the needle entry point is at a landmark 
known as the “Neviaser portal” [ 32 ,  33 ,  36 ]. The site can be 
found by palpating the “soft spot” 1 cm medial to the junc-
tion of the clavicle and the scapular spine (Fig.  20.4 ). The 
needle is inserted and angled toward the coracoid. When 
bone contact is made (scapula), the needle is then directed 
anteriorly until no bone is felt, then retracted marginally, and 
moved posteriorly until bone again is felt [ 32 ]. This positions 
the needle tip at the coracoid base of the supraspinous fossa 
[ 32 ]. As this places the needle tip in the supraspinous fossa, 
an adequate block is achieved by fl ooding the plane with 
local anesthetic. Initial reports advised using 25 mL of local 
anesthetic solution with this lateral approach [ 32 ]. 
Subsequently, a modifi ed lateral SSNB approach was pub-
lished which demonstrated suffi cient spread of solution 

throughout the supraspinous fossa with a volume of 5 mL 
(see below) [ 33 ].   

    Comparison of Blind Approaches 
 Despite the many number of approaches and techniques 
published to date, few studies have actually compared them. 
An old study on pulsed radiofrequency lesioning of the SSN 
[ 39 ] compared 4 commonly used blind techniques [ 25 ,  26 , 
 29 ,  40 ], in terms of the fi nal position of the needle tip rela-
tive to the suprascapular notch with radiographical correla-
tion. They found that the needle tip was usually a signifi cant 
distance from the notch such that a heat lesion would not 
affect the SSN in all techniques. When comparing the blind 
methods, they found that the approach suggested by 
Granirer [ 29 ] offered the best approximation of “needle tip 
to notch” [ 39 ].   

a b

  Fig. 20.4    ( a ) Superfi cial anatomy demonstrating landmarks for the lat-
eral approach to SSNB. The x marks the site known as Neviaser portal. 
The o represents the coracoid process. ( b ) Final location of the needle 
at the base of the coracoid in the supraspinatus fossa where the SSN 

curves around the coracoid and heads to the glenohumeral joint ( red 
arrow ). Injection of high-volume local anesthetic fl oods the area where 
the SSN lies (Reproduced with permission from Philip Peng Education 
Series)       
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    Image-Guided Techniques for SSNB 

 Techniques using imaging guidance such as fl uoroscopy 
[ 41 ], computed tomography (CT) [ 34 ], and more recently 
ultrasound [ 7 ,  8 ,  35 ,  37 ,  42 ] have been described. 

    Conventional Imaging 
 Fluoroscopy and CT have been described to locate the supra-
scapular notch [ 34 ,  41 ]. For the fl uoroscopic technique, the 
patient is placed in the prone position. A C-arm is then used 

to identify the notch (Fig.  20.5 ) [ 41 ]. The suprascapular notch 
will be seen superior to the spine of the scapula, medial to the 
coracoid process, and lateral to the rib margins (Fig.  20.5 ) 
[ 41 ]. To obtain an optimal image, the C-arm will often need 
to be obliquely angled away from the side of the proposed 
block and in the cephalocaudad orientation [ 41 ]. Visualization 
of the suprascapular notch is further improved when the ipsi-
lateral arm is placed above the shoulder (“arm up” position) 
compared to when the affected arm is placed by the side 
(“arm down position”) (91 % vs. 47 %;  p  < 0.0001) [ 43 ].   

a

b

  Fig. 20.5    ( a ) Radiograph of the 
right suprascapular notch.  S  
indicates spine of scapula.  White 
arrow  points to the suprascapular 
notch. ( b ) C-arm positioning for 
imaging the suprascapular notch. 
The patient is placed in prone 
position. The C-arm is positioned 
over the shoulder. To image the 
suprascapular notch, the C-arm is 
rotated oblique to the treated side 
and angled cephalocaudal 
(Reproduced with permission 
from Philip Peng Education 
Series)       
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   Ultrasound-Guided Suprascapular Nerve Blockade 
 Ultrasound (US) guidance is the most recent imaging tech-
nique that has been employed to assist SSNB. Several 
articles have been published describing this technique [ 7 , 
 8 ,  35 ,  37 ,  42 ]. Ultrasound guidance is a relatively new 
technique, and various methods utilizing sonography have 
been published [ 7 ,  8 ,  35 ,  37 ,  42 ]. Both anterior and poste-
rior approaches have been described. The anterior approach 
targets the suprascapular nerve shortly after it branches 
from the brachial plexus (in the supraclavicular area) 
underneath the omohyoid muscle [ 44 ]. The major limita-
tion of this approach is the proximity to the brachial plexus 
(median 8 mm; range 4–15 mm). For the purpose of this 
chapter, the more widely practiced technique of US-guided 
SSNB will be described. 

 The ideal site to perform SSNB with ultrasound is at the 
fl oor of the suprascapular fossa, between the suprascapular 
notch and spinoglenoid notch [ 8 ] (Fig.  20.2 ). At this site, the 
SSN runs along the fl oor of the suprascapular fossa covered 
by the fascia of supraspinatus in a natural compartment, 
which will contain the spread of the local anesthetic or injec-
tate [ 8 ]. Applying an ultrasound-guided injection technique 
approximated the needle tip to the nerve and has been shown 

to achieve a complete block with a reduced volume of local 
anesthetic [ 45 ]. A small volume (5 mL) of injectate will 
result in adequate fl ooding of the nerve [ 46 ] with minimal 
spread to the brachial plexus [ 33 ]. Furthermore, this target is 
independent of the suprascapular notch, which can be absent 
in some individuals. The risk of pneumothorax is substan-
tially reduced because of the direction of the needle [ 47 ]. 

 The ultrasound-guided SSNB may be performed with the 
patient either in the sitting or prone position. A high- 
frequency (7–13 Hz) linear ultrasound probe is used. The 
probe is placed in a coronal plane over the suprascapular 
fossa (Fig.  20.6 ). The probe should be placed such that the 
midpoint of the probe divides a line between the coracoid 
process and posterior aspect of the acromion (Fig.  20.6 ). 
A slight anterior tilt is placed on the probe to improve visu-
alization of the target structures (Fig.  20.6 ). In this view, the 
identifi able structures (from superfi cial to deep) are the tra-
pezius muscle, the supraspinatus muscle, and the suprascap-
ular fossa fl oor (Fig.  20.6 ). The suprascapular nerve and 
artery are commonly seen on the fl oor running underneath 
the supraspinatus muscle layer (Fig.  20.6 ).  

 SSNB is performed by passing a 22-gauge, 3-in. needle in 
an in-plane approach from medial to lateral.  

a b

  Fig. 20.6    ( a ) Ultrasonographic image of the suprascapular nerve on 
the fl oor of the scapular spine between suprascapular notch and spino-
glenoid notch. Both suprascapular nerve and artery run underneath the 
fascia of supraspinatus muscle. Suprascapular A and N indicate supra-
scapular artery and nerve.  Bold arrows  outline the fl oor of the scapula 
fossa. ( b ) Approximate position of the ultrasound probe ( dark rectan-
gle ). The patient can be in sitting or in prone position. Ultrasound 

scanning is performed with a linear ultrasound probe (7–13 MHz) 
placed in a coronal plane over the suprascapular fossa with a slight 
anterior tilt. The probe is placed in an orientation such that it is in the 
short axis to the line joining coracoid process and acromion (refl ecting 
the position of the spinoglenoid notch). The trapezius muscle was 
removed to show the underlying supraspinatus muscle (Reproduced 
with permission from Philip Peng Education Series)       
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   Imaging to Improve Needle Localization 
of the Suprascapular Nerve 
 One randomized single-blind trial compared the blind 
approach to SSNB with a CT-guided approach [ 48 ]. This 
study did not find any significant difference between the 
blind or CT-guided SSNB in terms of pain and disability 
scores [ 48 ]. Both groups showed significant improve-
ment post SSNB [ 48 ]. There were no significant adverse 
effects in either group, and patient satisfaction scores 
were high [ 48 ]. 

 The effi cacy of ultrasound-guided SSNB was compared 
to the landmark-based technique [ 9 ]. In this study, patients 
with chronic nonspecifi c shoulder pain were randomized 
with 25 patients in each group. The investigators found that 
initially both groups improved in terms of pain relief. 
However, the analgesic effect was better sustained at 1 month 
in the ultrasound-guided group compared to the control 
group [ 9 ]. Furthermore, while there were no complications 
in the ultrasound group, the control group recorded 2 cases 
of arterial puncture and 3 cases of direct nerve injury with 
neurological defi cit [ 9 ]. 

 In summary, various approaches have been described for 
the blockade of SSN. Disadvantages of the approach using 
the notch as a landmark are the potential absence of the notch 
in some individuals and the potential risk of pneumothorax. 
The superior approach may negate these disadvantages. On 
limited evidence, these studies would suggest ultrasound is 
useful in approximating the block needle in the vicinity of 
the SSN and thereby increasing effi cacy and reducing com-
plications of SSNB. The majority of recent studies utilizing 
US-guided SSNB for acute and chronic shoulder pain man-
agement may refl ect this.    

    Substances Used for Blockade 
of the Suprascapular Nerve 

 When the needle is placed in proximity to the SSN, several 
methods of nerve blockade have been published. The com-
monly used methods include local anesthetic, steroids, 
pulsed radiofrequency, and chemical neurolysis. These may 
be used alone or in combination. Bupivacaine (0.25 or 0.5 %) 
with epinephrine (1:200,000) is the popular local anesthetic 
agent [ 30 ,  31 ,  49 – 53 ]. Injectate volume is highly variable in 
the literature. However, some authors argue 5 mL is the opti-
mal volume based on morphological evidence [ 46 ]. 

 For treatment of chronic shoulder pain, injectable steroid 
(methylprednisolone) usually is added to the local anesthetic 
solution [ 5 ,  9 ,  54 – 56 ]. However, the value of this practice has 
been questioned by a double-blind study [ 52 ] demonstrating that 
the addition of methylprednisolone fails to confer any benefi t. 

 SSNB achieved with radiofrequency or cryolesion pro-
vides a long-lasting effect that can endure for up to 18 months 
[ 11 ,  39 ,  57 – 59 ]. Furthermore one of these studies demon-
strated a signifi cant reduction in pain, improvement in func-
tion, and a reduction in analgesic medication (81 % of study 
patients) following pulsed RF of the SSN [ 11 ]. 

 The use of chemical neurolysis for SSNB has mainly 
been in the form of case reports [ 39 ,  60 ]. Injection of phenol 
causes protein coagulation and necrosis when applied 
directly to the nerve, thereby alleviating pain. A larger study 
involved 16 patients with shoulder pain secondary to rheu-
matoid arthritis. These patients received SSNB with prilo-
caine (4 mL) and 6 % aqueous phenol (4 mL) with signifi cant 
reduction in pain and improved shoulder range of motion at 
13-week follow-up [ 61 ].  
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    Complications 

 SSNB is a safe procedure with a generally low rate of com-
plications (Table  20.1 ).

   The largest study to date retrospectively analyzed 
1,005 SSNBs performed by multiple clinicians in mul-
tiple centers over a 6-year period [ 62 ]. There were no 

major complications reported [ 62 ]. There were only 6 
minor adverse events which included transient dizziness 
( n  = 3), transient arm weakness ( n  = 2), and facial flushing 
( n  = 1) [ 62 ]. 

 The possible complications are pneumothorax (<1 %), 
intravascular injection, residual motor weakness, local 
trauma, and vasovagal response of the patient.  

   Table 20.1    Complications of suprascapular nerve block and rhizotomy   

 Study authors  Type of study 
 No. of 
patients 

 Clinical indication for SSNB or SSN 
rhizotomy  Complications reported (numbers) 

 Shanahan et al. (2012) [ 62 ]  O (multicenter 
study 
2003–2009) 

 1,005  Chronic shoulder pain  6 side effects: 
 Transient dizziness (3) 
 Transient arm weakness (2) 
 Facial fl ushing (1) 

  a Eyigor et al. (2010) [ 57 ]  R  50  Chronic shoulder pain  No complications reported 
 Gorthi et al. (2010) [ 9 ]  R, C  50  Chronic shoulder pain  US group—no complications; blind 

technique, arterial puncture (2), direct 
nerve injury (1) 

 Martinez-Barenys et al. 
(2010) [ 63 ] 

 R  74  Ipsilateral shoulder pain 
post-thoracotomy 

 No complications reported 

 Saha et al. (2010) [ 64 ]  O  178  Ipsilateral shoulder pain 
post-thoracotomy 

 No complications reported 

 Mitra et al. (2009) [ 65 ]  O  28  Adhesive capsulitis  No complications reported 
  a Liliang et al. (2009) [ 11 ]  O  11  Chronic shoulder pain  Puncture wound pain for 1 week (1) 
  a Kane et al. (2008) [ 10 ]  O  12  Painful cuff tear arthropathy in patients 

unfi t for surgery 
 No complications reported 

 Checucci et al. (2008) [ 4 ]  O  20  Patients undergoing arthroscopic 
procedures for rotator cuff disease 

 No complications reported 

 Jerosch et al. (2008) [ 66 ]  R  260  Arthroscopic and shoulder surgery  No complications reported 
 Price (2007) [ 67 ]  O  40  Arthroscopic and open shoulder surgery  No complications reported from SSNB 
 Di Lorenzo et al. (2006) [ 47 ]  R  40  Rotator cuff tendinitis  No major complications 
 Taskaynata et al. (2005) [ 56 ]  R  60  Chronic shoulder pain  No complications reported 
 Singelyn et al. (2004) [ 68 ]  R, C  120  Arthroscopic shoulder surgery  No complications reported 
 Shanahan et al. (2004) [ 48 ]  R, SB  67  Degenerative joint or rotator cuff disease  No complications reported 
 Schneider-Kolsky et al. 
(2004) [ 34 ] 

 O  40  Chronic shoulder pain  No complications reported 

 Neal et al. (2003) [ 69 ]  R, DB, C  50  Acromioplasty, rotator cuff repair, or 
combination of both 

 No complications reported 

 Shanahan et al. (2003) [ 5 ]  R, DB, C  83  Shoulder pain from rheumatoid arthritis 
and/or degenerative disease of the 
shoulder 

 Minor bruising (1) 

 Tan et al. (2002) [ 70 ]  R, DB, C  44  Ipsilateral shoulder pain 
post-thoracotomy 

 No complications reported 

 Karatas and Meray 
(2002) [ 71 ] 

 R, SB  41  Adhesive capsulitis  No complications reported 

 Dahan et al. (2000) [ 72 ]  R, DB, C  34  Frozen shoulder  No major complications reported 
 Jones and Chattopadhyay 
(1999) [ 73 ] 

 R  30  Frozen shoulder  No major complications reported 

 Lewis (1999) [ 61 ]  O  16  Rheumatoid or osteoarthritis of shoulder  No complications reported 
 Ritchie et al. (1997) [ 3 ]  R, DB, C  50  Arthroscopic shoulder surgery  No complications 
 Dangoisse et al. (1994) [ 31 ]  O  12  Frozen shoulder (6 patients), others (6 

patients) 
 Sensation of heaviness in the arm (1), 
numbness and aching shoulder (1) 

 Gado and Emery (1993) [ 52 ]  R, DB  26  Rheumatoid arthritis  No complications reported 
 Vecchio et al. (1993) [ 74 ]  R, C  28  Rotator cuff tendinitis  Mild aching in the injection area (16) 
 Wassef, (1992) [ 49 ]  O  9  Frozen shoulder  No complications reported 
 Emery et al. (1989) [ 51 ]  R, DB, C  17  Rheumatoid arthritis  No complications reported 
  a Brown et al. (1988) [ 39 ]  O  22  Rheumatoid arthritis  Impaired abduction (1) 

   C  placebo-controlled,  DB  double-blind,  O  observational,  R  randomized,  No . number,  SSNB  suprascapular nerve (SSN) block,  US  ultrasound 
  a Rhizotomy study  
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    Suprascapular Nerve Blockade 
in Clinical Practice 

    Acute Pain 

 The studies investigating the effi cacy of SSNB in acute pain 
states are summarized in Table  20.2 .

   SSNB has been used successfully for the control of 
postoperative pain following open and arthroscopic shoul-
der surgery (Table  20.2 ) [ 3 ,  32 ,  53 ,  66 ,  68 ]. Although 
shoulder arthroscopy recently has become popular as an 

outpatient procedure, it remains one of the most painful of 
the same- day surgical procedures [ 76 ]. At present, inter-
scalene brachial plexus block (IBPB) is the usual regional 
technique employed for analgesia during and after shoul-
der surgery [ 77 – 79 ]. Blockade of the brachial plexus 
provides more complete analgesia of the shoulder joint. 
SSNB also allows good control of severe postoperative 
pain at rest and with movement in the early postoperative 
period, resulting in a significant reduction in analgesic 
dose and demand, discharge time, and the incidence of 
nausea [ 3 ]. 

    Table 20.2    Suprascapular nerve block for acute pain control   

 Study authors 
 Type of 
acute pain  Study design 

 Number of 
participants  Results  Conclusions 

  SSNB as the only form of regional anesthesia  
 Jerosch et al. 
(2008) [ 66 ] 

 Arthroscopic 
shoulder surgery: 
mixed 

 Prospective, 
non-randomized 
study. 
Comparison of 2 
consecutive 
cohorts 

 260 patients 
 Received SSNB = 130 
 No nerve block = 130 

 No difference in baseline 
VAS scores. 
Postoperatively, signifi cant 
reduction in VAS scores at 
24, 48, and 72 h in the 
SSNB group. No 
complications of SSNB 

 SSNB is effective in 
reducing postoperative 
shoulder pain in 
arthroscopic shoulder 
surgery. SSNB is 
associated with minimal 
complications 

 Singelyn et al. 
(2004) [ 68 ] 

 Arthroscopic 
shoulder 
acromioplasty 

 Prospective, 
randomized, 
blind study 

 120 patients 
randomized to 4 
treatment groups: 
 SSNB = 30 
 IALA = 30 
 ISBPB = 30 
 Control (no regional 
analgesia) = 30 

 No signifi cant difference in 
pain scores between control 
and IALA groups. SSNB 
and ISBPB reported 
signifi cantly less pain than 
the other 2 groups. The 
ISBPB group had 
signifi cantly less pain on 
movement than the SSNB 
group. Only the ISBPB 
group recorded signifi cantly 
less morphine consumption 
and higher satisfaction 

 ISBPB is the most 
effi cient regional 
technique for arthroscopic 
shoulder acromioplasty. 
SSNB improves analgesia 
for arthroscopic 
acromioplasty but is less 
effi cient than 
ISBPB. When ISBPB is 
contraindicated, SSNB is a 
clinically appropriate 
alternative 

 Ritchie et al. 
(1997) [ 3 ] 

 Arthroscopic 
shoulder surgery 

 Randomized, 
double-blind, 
placebo-
controlled study 

 50 patients randomized 
to: 
 Placebo = 25 
 SSNB = 25 

 VAS signifi cantly lower in 
SSNB group at 120, 
180 min. VPS score 
signifi cantly lower in SSNB 
group at 120, 180, and 
240 min. Signifi cantly 
reduced morphine 
consumption (SSNB group) 
on the day of surgery. 
Signifi cantly less nausea 
and vomiting in SSNB 
group. Reduced stay in 
ambulatory surgical unit 

 SSNB is an effective 
regional anesthetic 
technique for arthroscopic 
shoulder surgery in terms 
of improved analgesia, 
reduced opioid 
requirements, and less 
nausea and vomiting 

 Martinez- 
Barenys et al. 
(2010) [ 63 ] 

 Ipsilateral 
post- thoracotomy 
shoulder pain 

 Randomized, 
single-blind 
study 

 74 patients 
 1st group: phrenic 
group (PNI) received 
10 mL 2 % lidocaine 
into perinephric fat pad 
prior to closure = 37 
 2nd group: SSNB with 
10 mL 0.5 % 
bupivacaine at 
completion of 
surgery = 37 

 Shoulder pain intensity was 
signifi cantly lower in the 
PNI group compared with 
the SSNB group 

 Shoulder pain post-
thoracotomy does not 
appear to arise from the 
shoulder joint. This study 
suggests that pain arises 
from diaphragmatic 
irritation. Therefore, 
routine preemptive 
blockade of the 
suprascapular nerve is not 
recommended 

(continued)
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Table 20.2 (continued)

 Study authors 
 Type of 
acute pain  Study design 

 Number of 
participants  Results  Conclusions 

 Saha et al. 
(2010) [ 64 ] 

 Ipsilateral 
post- thoracotomy 
shoulder pain 

 Retrospective 
case review of 
post- 
thoracotomy 
patients 

 178 patients post-
thoracotomy. New-
onset shoulder pain 
post- thoracotomy = 92 
(51 %). 34 patients 
(27 %) with localizing 
signs suggestive of 
musculoskeletal origin 
underwent SSNB 

 29 of 34 patients reported 
satisfactory pain relief 
following SSNB 

 In patients with post-
thoracotomy shoulder pain 
and who have localizing 
signs suggestive of 
musculoskeletal origin, 
SSNB is an effective 
treatment. However, 
SSNB is not the treatment 
per se for post-
thoracotomy shoulder pain 
as the musculoskeletal 
system is responsible for 
less than one third of cases 

 Tan et al. 
(2002) [ 70 ] 

 Ipsilateral 
post- thoracotomy 
shoulder pain 

 Double-blind, 
randomized, 
placebo-
controlled study 

 44 patients who had 
undergone thoracotomy 
under general 
anesthesia and 
mid-thoracic epidural. 
30 patients experienced 
shoulder pain within 
2 h postsurgery and 
were randomized to: 
 SSNB with 10 mL 
0.5 % bupivacaine = 15 
 Control: SSNB with 10 
mL 0.9 % saline = 15 

 No signifi cant decrease in 
VAS or VRS in patients 
receiving SSNB with 
bupivacaine 

 SSNB not effective for 
ipsilateral shoulder pain 
post-thoracotomy 

  SSNB in combination with another regional technique  
 Lee et al. 
(2014) [ 75 ] 

 Ambulatory 
arthroscopic 
shoulder surgery 

 Prospective 
randomized 
controlled trial 

 42 patients 
 21 patients received 
US-guided SSNB and 
axillary nerve block 
 21 patients received 
US-guided SSNB alone 

 Addition of US-guided 
axillary nerve block to 
SSNB resulted in reduced 
pain scores (VAS) in the 
fi rst 24 h postsurgery, 
compared to SSNB alone 

 Axillary nerve block 
improves analgesic 
effi cacy of SSNB for 
ambulatory arthroscopic 
shoulder surgery 

 Checucci et al. 
(2008) [ 4 ] 

 Arthroscopic 
shoulder surgery 

 Case series  20 consecutive 
patients: each patient 
received a SSNB and 
an axillary nerve block 
as the sole anesthetic 
for the operation, with 
midazolam sedation 

 All patients were able to 
have surgery under the 
combination block. No 
patients required opioids, 
analgesics, or general 
anesthesia. Postoperative 
pain control was effective 
with negligible use of 
non-opiate analgesics. No 
opiate analgesic was 
required postoperatively 

 SSNB in combination with 
axillary nerve block is 
suffi cient for arthroscopic 
shoulder surgery 

 Price (2007) 
[ 67 ] 

 Shoulder surgery: 
arthroscopic and 
open. 
Postoperative 
analgesia in 
patients who had 
ISBPB failure 

 Retrospective 
case series 

 40 patients with ISBPB 
failure received 
combined SSNB and 
axillary nerve block 

 57 % of cases required no 
morphine in PACU. 83 % of 
cases required no morphine 
overnight. Complications: 
radial nerve blockade which 
resolved (2/70 cases) 

 If ISBPB fails, combined 
SSNB and axillary nerve 
block is effective in 
providing postoperative 
analgesia for shoulder 
surgery 

 Neal et al. 
(2003) [ 69 ] 

 Ambulatory 
nonarthroscopic 
shoulder surgery 

 Prospective 
randomized 
study 

 50 patients 
 SSNB and ISBPB: 
general anesthesia = 25 
 Sham injection and 
ISBPB: general 
anesthesia = 25 

 Addition of SSNB 
signifi cantly delayed the 
time to fi rst signifi cant 
report of pain. However, 
addition of SSNB did not 
improve PACU measures, 
24-h assessment of pain, 
supplemental analgesic use, 
or QOL measures 

 SSNB combined with 
ISBPB does not 
signifi cantly improve 
outcomes in ambulatory 
nonarthroscopic shoulder 
surgery 

   IALA  intra-articular local anesthetic,  ISBPB  interscalene brachial plexus block,  PACU  postanesthesia care unit,  PNI  phrenic nerve infi ltration,  QOL  
quality of life,  SSNB  suprascapular nerve block,  VAS  visual analog scale,  VPS  verbal pain scale,  VRS  verbal rating scale  
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 Comparing SSNB with IBPB, however, Singelyn et al. 
found that IBPB provided superior analgesia in terms of pain 
scores at the 4-h follow-up and morphine consumption in 
patients receiving arthroscopic acromioplasty [ 68 ]. 

 The superior analgesia with ISB compared to SSNB is no 
surprise, as at best SSNB can only anesthetize 70 % of the 
shoulder joint. The remaining sensory innervation is pro-
vided by the nerve to the subscapularis, axillary nerve, and 
lateral pectoral nerve [ 1 ]. To improve the success rate of 
SSNB, a combined technique with axillary nerve block has 
been used to provide increased coverage of the shoulder joint 
for arthroscopic rotator cuff procedures [ 4 ]. In a case series, 
this combined technique enabled all the patients to undergo 
the operation with sedation only without resorting to general 
anesthesia. A subsequent randomized controlled trial com-
pared the effects of the combined US-guided axillary nerve 
and SSN blocks with SSNB alone for arthroscopic rotator 
cuff repairs [ 75 ]. This study found that the combination 
block (axillary and SSN block) resulted in superior analgesia 
in the immediate postoperative period [ 75 ]. 

 The studies discussed above are limited to arthroscopic 
shoulder surgery. For nonarthroscopic/open shoulder sur-
gery, the role of SSNB is limited [ 69 ]. Neal et al. conducted 
a randomized clinical trial comparing standard ISB with ISB 
plus SSNB for nonarthroscopic shoulder surgery [ 69 ]. They 
found that as an adjunct, SSNB provided more prolonged 
analgesia compared to ISB alone but did not affect other out-
come measures such as supplemental analgesic use or qual-
ity of life outcomes [ 69 ]. They concluded that SSNB is less 
useful for nonarthroscopic shoulder surgery because these 
operations are usually anterior procedures which are outside 
the region of SSN sensory innervation compared to the pos-
terior port stimulation of arthroscopic surgery [ 69 ]. 

 While the placement of peripheral nerve catheters has been 
popular for interscalene brachial plexus block and femoral 

nerve block, this has been less so for the suprascapular nerve. 
Elsharkawy et al. described 2 cases in which SSN catheters 
placed via ultrasound guidance provided effective manage-
ment of acute post shoulder arthroscopic surgery pain [ 80 ]. 
Further studies are required to further describe the insertion 
technique and effi cacy of SSN catheters. 

 In summary, for pain associated with shoulder surgery, 
ISB is the most effective regional technique for analgesia 
and ambulatory outcome measures. SSNB will provide 
improved analgesia compared to a general anesthetic tech-
nique alone for arthroscopy but is inferior to ISB. SSNB 
combined with an axillary nerve block provides excellent 
operative and postoperative analgesia. For nonarthroscopic 
shoulder surgery, the role of SSNB as an adjunct to ISB is 
limited. 

 In addition to the management of acute pain associated 
with shoulder surgery, several studies have assessed SSNB 
for control of shoulder pain post-thoracotomy [ 63 ,  64 ,  70 ]. 
These studies provided confl icting results. Furthermore, the 
most recent RCT suggested that shoulder pain post- 
thoracotomy is not musculoskeletal in origin but referred 
pain from diaphragmatic irritation [ 63 ]. The difference in 
results may be due to the selection of patients. The study 
demonstrating that SSNB was benefi cial screened patients 
post-thoracotomy and only those with shoulder pain and 
localizing signs suggestive of musculoskeletal pain improved 
with SSNB [ 64 ]. If selected in this manner then this study 
found that 85.3 % of selected patients obtained satisfactory 
pain relief post SSNB [ 64 ]. 

 In summary, one may conclude SSNB is not effective in 
all patients who develop ipsilateral shoulder pain post- 
thoracotomy. However, in those patients who have localizing 
signs suggesting the shoulder pain is musculoskeletal in ori-
gin, SSNB is an appropriate intervention to relieve pain. This 
could be further investigated by a randomized clinical trial.   
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    Chronic Pain 

 For patients with chronic pain, SSNB may be both a diagnos-
tic and more commonly a therapeutic procedure. To achieve 
more prolonged analgesia for chronic pain, local anesthetic 
is combined with steroid, phenol, or pulsed radiofrequency 
when SSNB is performed (Table  20.3 ).

      Diagnostic (Chronic Pain) 

 Suprascapular neuropathy is believed to be the cause in 
1–2 % of patients with shoulder pain [ 84 ]. The possibility of 

suprascapular neuropathy is suggested by posterior shoulder 
pain, a history of trauma or traction to the suprascapular 
nerve, and weakness and atrophy of the muscles (supraspi-
natus, infraspinatus) supplied by the suprascapular nerve 
[ 85 – 88 ]. Neuropathy of the SSN can be caused by traction 
or compression of the nerve at the spinoglenoid region or the 
suprascapular notch. The causes of traction or compression 
include trauma, repetitive use, and space-occupying lesions 
[ 89 ,  90 ]. The differential diagnosis is broad. The diagnosis 
is often made based on clinical, investigative parameters 
(electrophysiologic and imaging studies) and exclusion of 
other pathologies, mainly rotator cuff pathology, cervical 
radiculopathy, and brachial plexopathy [ 91 ]. The optimal 

     Table 20.3    Suprascapular nerve block for chronic pain conditions   

 Study authors 
 Type of chronic 
pain  Study design 

 Number of 
participants  Results  Conclusions 

 Wu et al. 
(2014) [ 58 ] 

 Adhesive 
capsulitis 

 Prospective, 
randomized, 
controlled study 

 42 patients 
 Control group: 
physical therapy 
alone = 21 
 Intervention group: 
PRF applied to SSN 
via US guidance and 
physical therapy 
 =21 

 12-week follow-up 
 The intervention group 
(PRF to SSN and physical 
therapy) demonstrated 
signifi cantly shorter time 
to onset of signifi cant pain 
relief, reduction in VAS, 
and improvement in 
SPADI compared to the 
control group (physical 
therapy alone) 

 PRF to the SSN combined 
with physical therapy is 
superior (reduction in pain 
and disability) to physical 
therapy alone in patients 
suffering from adhesive 
capsulitis 

 Jeon et al. 
(2014) [ 54 ] 

 Hemiplegic 
shoulder pain 

 Comparative 
clinical trial 

 30 patients 
 SSNB = 10 
 Intra-articular 
injection of 
corticosteroid = 10 
 Combination (SSNB 
followed by intra- 
articular 
corticosteroid) = 10 

 Reduction in VAS and 
improvement in ROM 
over observed period in all 
groups 
 No statistically signifi cant 
difference between the 
groups 

 Both SSNB and intra-
articular steroid injection 
alone and in combination 
improve pain and function 
over time for hemiplegic 
shoulder pain. However, 
neither type of injection 
was demonstrated to be 
superior to the other 

 Jang et al. (2013) 
[ 59 ] 

 Chronic 
intractable 
shoulder pain 
>6 months 
 Heterogeneous 
etiology: 
adhesive 
capsulitis, 
rotator cuff tear, 
mixed etiology 

 Case series  11 patients underwent 
SSN PRF following 
favorable response 
(pain improvement 
>50 %) following 
diagnostic SSNB 

 Signifi cant reduction in 
pain (VAS) and signifi cant 
improvement in shoulder 
function (OSS) at 6- and 
9-month follow-up 

 PRF SSN results in 
long-term improvement 
(greater than 9 months) in 
shoulder pain and function 
in patients with intractable 
shoulder pain 

 Adey-Wakeling 
et al. (2013) [ 55 ] 

 Hemiplegic 
shoulder pain 

 Randomized 
controlled trial 

 64 stroke patients 
randomized to SSNB 
or placebo injection 

 Patients who received 
SSNB recorded 
signifi cantly superior pain 
reduction (VAS) compared 
to placebo at 1, 4, and 12 
weeks post intervention 
 No signifi cant differences 
in function (Modifi ed 
Rankin Scale, Croft 
Disability Index) or 
quality of life (EuroQol 
Health Questionnaire) 
were demonstrated 

 SSNB provides sustained 
pain reduction in patients 
with hemiplegic shoulder 
pain but does not result in 
improved quality of life 
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Table 20.3 (continued)

 Study authors 
 Type of chronic 
pain  Study design 

 Number of 
participants  Results  Conclusions 

 Shabat et al. 
(2013) [ 81 ] 

 Chronic 
headache 
attributable to 
lower cervical 
nerve roots (C5, 
C6) 

 Case series  69 patients undergoing 
PRF SSN for shoulder 
pain with concomitant 
chronic headache 
attributed to lower 
cervical nerve roots 
(C5, C6) 

 At 12 months 45 % of 
patients reported greater 
than 30 % reduction in 
chronic headache pain 

 PRF SSN may provide 
analgesia for patients 
suffering from chronic 
headache secondary to 
lower cervical nerve root 
(C5, C6) irritation 

 Gofeld et al. 
(2013) [ 82 ] 

 Chronic 
shoulder pain 
>3 months 
 Heterogeneous 
etiology: 
adhesive 
capsulitis, 
tendinosis, 
arthritis, rotator 
cuff, or capsular 
tears 

 Randomized 
double-blind 
active placebo-
controlled study 

 22 patients 
 SSNB with lidocaine 
alone = 10 
 PRF applied to 
SSN = 12 

 Reduction in pain (NRS); 
improvement in function 
(SPADI) over 6-month 
follow-up for PRF SSN 
 No signifi cant difference 
between lidocaine vs. PRF 
SSN groups 
 High dropout rate in both 
treatment arms (50 % for 
lidocaine group; 33 % for 
PRF SSN group) 

 Study suggests effi cacy of 
PRF SSN for chronic 
shoulder pain. Study 
limited by high dropout 
rate resulting in study 
being underpowered 

 Simopoulos et al. 
(2012) [ 83 ] 

 Chronic 
shoulder pain 
>12 months 
 Heterogeneous 
etiology 

 Retrospective 
case series 

 6 patients who had 
failed conservative 
management, SSNB 
with steroid, and PRF 
SSN and are 
considered unfi t for 
surgery 
 These patients 
underwent continuous 
radiofrequency lesion 
of the SSN (80° for 
60 s) 

 Signifi cant reduction in 
pain (NRS); functional 
improvement as measured 
by ROM 

 This small study 
demonstrates that 
continuous radiofrequency 
lesioning of the SSN may 
be an effective treatment 
for chronic intractable 
shoulder pain 

 Eyigor et al. 
(2010) [ 57 ] 

 Chronic 
shoulder pain 
>3 months; 
heterogeneous 
etiology 

 Single-blind, 
randomized, 
comparative 
clinical trial 
 Outcome 
measures: 
 Pain scores using 
VAS at rest and 
movement 
 Range of motion 
(ROM) of 
shoulder joint 
 Shoulder pain 
and disability 
index (SPADI) 
 Short Form 36 
 Beck Depression 
Inventory 
 Medication 
requirements 
 Complications 

 50 patients 
 Intra-articular 
injection of 
corticosteroid = 25 
 PRF applied to the 
SSN = 25 

 Improvements in pain, 
ROM of shoulder joint, 
and quality of life in both 
groups 
 In the SSN PRF group, 
improvement lasted for 12 
weeks in VAS, ROM, and 
SPADI 
 Pain reduction was 
superior in the intra-
articular group compared 
to the SSN PRF group 

 Both intra-articular steroids 
and AAN PRF reduced 
pain and improved 
function. Intra- articular 
steroids showed a greater 
reduction in pain 
throughout the study period 

 Gorthi et al. 
(2010) [ 9 ] 

 Chronic 
shoulder pain 

 Prospective 
randomized 
comparative 
study 

 50 patients 
 SSNB under US 
guidance (treatment 
group) = 25 
 SSNB blind technique 
(control group) = 25 

 Both groups recorded 
signifi cantly reduced pain 
(VAS) and improved 
function (CSS) 
post-procedure 
 The SSNB US group 
showed signifi cantly 
superior VAS and CSS 
scores compared to the 
control group 

 Performing SSNB under 
US guidance results in 
greater effi cacy of block in 
terms of pain and shoulder 
function measures. In 
addition, US reduces the 
risk of vascular and 
neurological complications 
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Table 20.3 (continued)

 Study authors 
 Type of chronic 
pain  Study design 

 Number of 
participants  Results  Conclusions 

 Mitra et al. 
(2009) [ 65 ] 

 Adhesive 
capsulitis 

 Retrospective 
chart review over 
3 years 

 28 consecutive 
patients 
 Received SSNB as 
part of a protocol for 
adhesive capsulitis 
management 
 The protocol also 
included intra-articular 
steroid, volume 
dilation of the joint, 
and fi nally 
manipulation of the 
shoulder 

 After protocol, patients 
demonstrated signifi cant 
improvements in ROM 
being fl exion and 
abduction 

 SSNB as part of a 
multimodal therapy 
protocol improves shoulder 
function 

 Liliang et al. 
(2009) [ 11 ] 

 Chronic 
shoulder pain 
for 3 months 

 Prospective case 
series 

 11 patients, total of 13 
shoulder joints 
 Treatment: PRF of the 
SSN 

 Signifi cant pain relief in 
10/13 joints at 1 month. 
And 9/13 shoulders at 6 
months. Decreased SPADI 
scores at 6 months and 9 
out of 11 patients reduced 
their analgesic medication 

 SSN PRF reduces shoulder 
pain and disability in a 
range of shoulder 
pathologies. Furthermore, 
patient’s analgesic 
consumption is reduced 

 Di Lorenzo et al. 
(2006) [ 47 ] 

 Rotator cuff 
tendinitis 

 Prospective, 
randomized, 
crossover 
investigation 

 40 patients 
 Treatment: SSNB and 
standard rehabilitation 
treatment 
 Control: standard 
rehabilitation 
treatment alone 

 The SSNB group reported 
signifi cantly less pain at 
rest and activity and with 
rehabilitation exercises 
compared to the control 
group 

 SSNB and standard 
rehabilitation for rotator 
cuff tendinitis is superior to 
standard rehabilitation 
alone for pain control and 
functional improvement 

 Taskaynata MA 
et al. (2005) [ 56 ] 

 Chronic 
shoulder pain 

 Prospective 
randomized study 

 60 patients 
 Intra-articular steroid 
injection = 30 
 SSNB = 30 

 Signifi cant improvement 
in pain and ROM in both 
groups compared to 
baseline at 1 week and 1 
month 
 No signifi cant difference 
between the two 
treatments 
 Complications in the 
intra-articular steroid 
group 
 No complications in the 
SSNB group 

 Both intra-articular steroids 
and SSNB are effective for 
managing shoulder pain 
and improving shoulder 
function. SSNB is safe with 
negligible risk of 
complications 

 Shanahan EM 
et al. (2004) [ 48 ] 

 Chronic 
shoulder pain 
due to 
degenerative 
joint/rotator cuff 
disease 

 Randomized, 
single blind 

 67 patients 
 77 shoulder 
randomized 
 Group 1: SSNB via 
anatomical landmark 
approach 
 Group 2: SSNB via 
CT guidance 

 Signifi cant improvements 
in pain scores and 
disability in both groups 
 No signifi cant differences 
between the two groups 
 No signifi cant 
complications in either 
group 
 No signifi cant adverse 
events in either group 

 Clinically there is no 
signifi cant difference 
between SSNB performed 
via anatomical landmarks 
or CT guidance in terms of 
effi cacy and complication 
rate 

 Schneider-
Kolsky et al. 
(2004) [ 34 ] 

 Chronic 
shoulder pain, 
range of 
pathology 

 Case series  40 consecutive 
patients. Treated with 
CT-guided SSNB 

 Signifi cant reduction in 
pain and disability at both 
short-term and long-term 
follow-up 
 At long term (greater than 
3 weeks) 29 % of patients 
had sustained analgesia 
and reduced disability 

 CT-guided SSNB provides 
effective short-term pain 
relief in chronic shoulder 
pain 
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Table 20.3 (continued)

 Study authors 
 Type of chronic 
pain  Study design 

 Number of 
participants  Results  Conclusions 

 Shanahan et al. 
(2003) [ 5 ] 

 Chronic 
shoulder pain 
due to 
rheumatoid 
arthritis and/or 
degenerative 
disease 

 Randomized, 
double-blind, 
placebo-
controlled trial 

 83 patients, 108 
shoulders studied in 
total 
 Treatment group: 
SSNB: 56 
 Control/placebo 
group: 52 

 Treatment group 
compared to placebo: 
 Signifi cant reduction in 
pain in the treatment 
group at 12-week 
follow-up 
 Modest but signifi cant 
reduction in shoulder 
disability at 12 weeks in 
treatment group 
 No difference in quality of 
life measures (SF-36) 
between the 2 groups 

 SSNB is more effective 
than placebo in reducing 
pain and disability at 
3-month follow-up for 
chronic shoulder pain of 
degenerative causes. 
However, it does not 
signifi cantly improve 
quality of life compared to 
placebo 

 Karatas and 
Meray (2002) 
[ 71 ] 

 Adhesive 
capsulitis 
(frozen 
shoulder) 

 Single-blind, 
randomized 
comparative 
clinical trial 

 41 patients 
randomized into two 
groups: 
 Group A: SSNB via 
anatomical landmarks 
 Group B: near-nerve 
EMG-guided 
technique 

 In both groups, 
improvements in pain 
scores and ROM scores 
from baseline were 
signifi cant 
 VAS scores were 
signifi cantly lowered in 
the EMG group compared 
to the blind technique at 
60 min. 

 EMG-guided SSNB 
provides more rapid 
analgesia than the blind 
approach in immediate 
post- block time 

 Dahan et al. 
(2000) [ 72 ] 

 Frozen shoulder 
(adhesive 
capsulitis) 

 Double-blind 
randomized 
controlled trial 

 34 patients 
randomized into two 
groups: 
 Treatment: 3 SSNB at 
7-day intervals with 
10 cc bupivacaine 
0.5 % each block 
 Control: same as 
treatment group except 
10 cc of normal saline 
used for SSNB 

 Signifi cant reduction in 
pain in the treatment 
group (64 %) compared to 
the control group (13 %) 
at 1 month 
 Nonsignifi cant 
improvement in shoulder 
function in treatment 
group. No improvement in 
shoulder ROM 

 Repeated SSNB with local 
anesthetic alone reduces 
pain compared to placebo 
but does not improve 
shoulder function or 
shoulder ROM 

 Jones and 
Chattopadhyay 
(1999) [ 73 ] 

 Frozen shoulder 
(adhesive 
capsulitis) 

 Randomized trial 
of 30 patients 

 30 patients 
randomized 
 1st group: single 
SSNB 
 2nd group: course of 
intra-articular 
injections 

 SSNB produced a faster 
and more complete 
reduction in pain and 
restoration of ROM than 
intra-articular steroid 

 SSNB is superior to 
intra-articular steroid 
injection for pain reduction 
and improvements in 
shoulder ROM 

 Lewis RN 
(1999) [ 61 ] 

 Chronic 
shoulder pain 
due to 
rheumatoid or 
osteoarthritis 

 Case series  16 patients 
 Treated with 
combined SSNB and 
ACNb (4 mL 1 % 
prilocaine and 4 mL 
6 % aqueous phenol) 

 Signifi cant reduction in 
pain intensity (69 %) and 
improvement in ROM 
(36–67 %) over a mean 
follow-up of 13 weeks 

 The combined SSNB and 
ACNb with local anesthetic 
and phenol provides pain 
relief and improvement in 
shoulder ROM 

 Gado and Emery 
(1993) [ 52 ] 

 Chronic 
shoulder pain 
due to 
rheumatoid 
arthritis 

 Double-blind 
comparative 
study 

 29 patients (58 
shoulders) 
 1st group: SSNB with 
local anesthetic 
(bupivacaine) alone 
 2nd group: SSNB with 
local anesthetic and 
steroid 

 Both groups recorded 
signifi cant improvements 
in pain, stiffness, and 
ROM up to 3 months 
 Steroid did not improve 
outcomes. In fact, the 
bupivacaine-alone group 
responded better 

 SSNB is effective for 
reducing shoulder pain and 
improving function. But 
the addition of steroid does 
not seem to confer added 
benefi t 
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management of suprascapular neuropathy has not been 
determined. Studies have reported good to excellent results 
in either nonsurgical management [ 92 ,  93 ] or surgical man-
agement [ 84 ,  85 ,  88 ]. 

 Due to the diffi culty in differentiating suprascapular 
neuropathy from other shoulder pathologies, SSNB can be 

performed to aid in the diagnosis [ 2 ]. A diagnosis of SSNB 
is often based on clinical history and examination fi ndings 
together with electrodiagnostic studies and MRI [ 2 ]. In 
cases where the diagnosis is uncertain after electrodiagnos-
tic studies, SSNB may be helpful. The test is positive if the 
pain is completely relieved [ 89 ].  

Table 20.3 (continued)

 Study authors 
 Type of chronic 
pain  Study design 

 Number of 
participants  Results  Conclusions 

 Vecchio et al. 
(1993) [ 74 ] 

 Chronic 
shoulder pain 
due to rotator 
cuff lesions 
tendinitis and 
tears 

 Randomized 
clinical 
controlled trial 

 28 patients 
 Divided into tendinitis 
and tears 
 Tendinitis 15 
   Active injection = 10 
   Placebo injection = 5 
 Tears 
   Active injection = 5 
   Placebo injection = 8 

 Tendinitis group: 
 Signifi cant improvement 
in night pain up to 12 
weeks; movement pain 
signifi cantly improved at 1 
week but no difference at 
later follow-up, no 
difference to placebo in 
rest pain. Improvement in 
ROM only till 4 weeks 
 Tear group: 
 Signifi cant improvement 
in night pain up to 12 
weeks, signifi cant 
improvement in 
movement pain till 12 
weeks, no difference to 
placebo in rest pain. Only 
active abduction improved 
till 4 weeks; other ROM 
parameters showed no 
difference to placebo 

 SSNB improves the pain of 
rotator cuff pathology for 
at least 3-month period. 
While there is an 
improvement in shoulder 
function, this is only short 
term 

 Emery et al. 
(1989) [ 51 ] 

 Chronic 
shoulder pain 
due to 
rheumatoid 
arthritis 

 Randomized 
study 

 17 patients with 
bilateral shoulder 
rheumatoid arthritis 
 34 shoulders in total 
 In each patient: one 
shoulder, SSNB and 
sham intra-articular 
injection 
 Second shoulder: 
 Intra-articular steroid 
and sham SSNB 

 Compared with intra-
articular steroids SSNB 
resulted in longer duration 
of pain relief, 
improvement in pain 
index and range of 
movement 

 Brown et al. 
(1988) [ 39 ] 

 Chronic 
shoulder pain 
due to 
glenohumeral 
arthritis not 
suitable for and 
had received 
conservative 
medical 
management 

 Pilot study. 
Consecutive case 
series. 

 22 patients, 26 
shoulders treated with 
RF heat lesion of the 
SSN 

 Analgesia: 7 produced no 
relief, 10 obtained good 
pain relief 
 Duration: 9 produced 
good relief for 3 months, 
14 produced relief for 6 
months, 9 produced relief 
for more than 7 months. 
Three in last group had 
18-month pain relief 

 SSNB PRF can provide 
variable duration pain relief 
in patients with advanced 
glenohumeral arthritis who 
are not suitable for surgery 

   ACNb  articular branches of the circumfl ex nerve,  CSS  constant shoulder score,  CT  computer tomography,  EMG  electromyography,  OSS  Oxford 
shoulder score,  MPQ  McGill–Melzack pain questionnaire (MPQ),  NRS  numerical rating scale,  PRF  pulsed radiofrequency,  ROM  range of motion, 
 SF-36  Short Form 36 health survey,  SPADI  shoulder pain and disability index,  SSN  suprascapular nerve,  SSNB  suprascapular nerve block,  VAS  
visual analog scale,  US  ultrasound  
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    Therapeutic (Chronic Pain) 

   Chronic Shoulder Pain (General) 
 SSNB has been widely investigated in a variety of chronic 
pain conditions (Table  20.3 ). A number of trials have been 
performed which examined chronic shoulder pain in a het-
erogeneous group without studying individual pathologies 
[ 6 ]. Of these trials, 4 were randomized [ 9 ,  56 ,  57 ,  82 ]. Two 
of these randomized studies compared SSNB to intra- 
articular steroid for shoulder pain and function [ 56 ,  57 ]. 
Another study compared SSNB under US to SSNB via 
 surface anatomy [ 9 ]. In the more recent trial by Eyigor et al., 
SSNB resulted in signifi cant improvements in pain (as mea-
sured by the visual analog scale [VAS]), range of shoulder 
motion (active, passive), shoulder pain and disability index 
(SPADI), and SF 36 scores ( p  < 0.05) (Table  20.3 ) [ 57 ]. Over 
the 12-week follow-up period, shoulder pain on movement 
(as measured by VAS) reduced from 6.3 to 1.6, while the 
total SPADI reduced from 120.3 to 26.7 [ 57 ]. 

 The fourth randomized study assessed the effects of 
pulsed radiofrequency rhizotomy on the SSN versus an 
active placebo (combined SSNB with lidocaine and sham 
procedure) [ 82 ]. While there were high dropout rates (13 of 
22 participants), the results suggested greater improvements 
in pain and function in the group receiving pulsed radiofre-
quency to the SSN [ 82 ]. 

 There is only one randomized controlled trial which inves-
tigated chronic shoulder pain secondary to either degenerative 
disease or infl ammatory in origin [ 5 ]. This investigation 
revealed a signifi cant and sustained benefi t in pain and dis-
ability scores as well as the range of movement at weeks 1, 4, 
and 12 [ 5 ]. The remaining trials consisted of case series which 
showed signifi cant improvement in pain and disability in 
chronic nonspecifi c shoulder pain following SSNB [ 11 ,  34 ]. 

 The most common pathologies individually studied are 
chronic pain from rheumatoid arthritis or osteoarthritis, 
adhesive capsulitis (frozen shoulder), and persistent rotator 
cuff lesions.  

   Shoulder Joint Arthritis: Rheumatoid Arthritis 
and Osteoarthritis 
 A number of studies have assessed the effi cacy of SSNB for 
the pain and disability in patients with osteoarthritis and 
rheumatoid arthritis. 

 Local corticosteroid injection and gentle mobilization 
may improve rheumatoid shoulder in the early stages of dis-
ease [ 94 ]. However, when glenohumeral damage is advanced, 
this treatment option is not as effective [ 95 ]. Two randomized 
controlled trials have been published to suggest the effi cacy 
of SSNB. One is a randomized controlled trial comparing the 

effi cacy of intra-articular steroid injection with SSNB in 
patients with long-standing rheumatoid arthritis (average 17 
years); SSNB provided prolonged pain relief (3 months) and 
superior improvement in shoulder movement [ 51 ]. Another 
one that is a double-blind placebo-controlled RCT including 
patients suffering from rheumatoid shoulder was performed 
recently [ 5 ]. A total of 108 shoulders were randomized, to 
receive an injection of 10 mL of bupivacaine 0.5 % and 40 mg 
methylprednisolone into the suprascapular fossa or a placebo 
injection of 5 mL of normal saline [ 5 ]. SSNB was performed 
using surface anatomical landmarks as described by 
Dangoisse et al.. [ 31 ]. At 3-month follow-up, the active injec-
tion (local anesthetic and steroid) group recorded signifi -
cantly superior pain reduction (VAS scale) and functional 
improvement (shoulder pain and disability index [SPADI], 
SF-36 scales) compared to the placebo group. A notable fi nd-
ing was that 67 % of the patients receiving the active injec-
tion improved by at least 10 points on the SPADI which is a 
signifi cant clinical improvement [ 96 ]. The only adverse 
effects were minor including chest wall tenderness in one 
subject which resolved and minor bruising in another [ 5 ]. 

 Similarly, SSNB provided signifi cantly better analgesia 
and superior movement in patients with long-standing rheu-
matoid arthritis who were unresponsive to intra-articular 
injection of steroid [ 39 ,  52 ]. Interestingly, supplementation 
of the local anesthetic solution with steroid conferred no 
additional benefi t [ 52 ].  

   Adhesive Capsulitis (Frozen Shoulder) 
 Also known as adhesive capsulitis, frozen shoulder is char-
acterized by signifi cantly restricted shoulder movement in 
patients with shoulder pain [ 49 ]. This condition progresses 
from pain to pain accompanied by gradually worsening stiff-
ness to reduced pain accompanied by profound stiffness. 
The last stage appears to be self-limiting and recovery is 
gradual and spontaneous, with an excellent chance of com-
plete return of function within 1–2 years irrespective of ther-
apy [ 97 ,  98 ]. The goal of treatment in the early stage is to 
alleviate pain so that physiotherapy can be effective in restor-
ing normal shoulder movement and activity [ 98 ]. A com-
parative clinical trial performing SSNB on patients with 
adhesive capsulitis demonstrated a signifi cant improvement 
in pain and ROM scores, but follow-up was limited to only 
90 min post SSNB with local anesthetic alone [ 71 ]. 
Furthermore there was no placebo control [ 71 ]. A small ran-
domized trial (30 patients) compared the effects of SSNB to 
intra-articular shoulder injections for adhesive capsulitis 
over a longer follow- up period [ 73 ]. The investigators found 
that SSNB produced faster onset and more effective analge-
sia compared to a series of intra-articular injections [ 73 ]. 
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Furthermore, signifi cantly improved shoulder function 
(measured by abduction and external rotation) was also 
observed [ 73 ]. These effects lasted up to 3 months [ 73 ]. 

 A later placebo-controlled trial examined the response of 
SSNB with bupivacaine compared to placebo [ 72 ]. There 
was a signifi cant reduction in pain in the patients receiving 
local anesthetic blockade up to 1-month follow-up [ 72 ]. 
However, no signifi cant improvement in shoulder function or 
range of movement was found. This study did not inject ste-
roid medication as part of their treatment [ 72 ]. 

 The benefi cial effects of pulsed radiofrequency treatment of 
the suprascapular nerve for adhesive capsulitis were demon-
strated in a RCT [ 58 ]. One half of the studied population 
underwent physical therapy alone ( n  = 21). The other half of the 
study population underwent physical therapy combined with 
SSNB via pulsed RF treatment ( n  = 21). The group of patients 
undergoing the combination therapy (physical therapy and 
pulsed RF treatment) recorded signifi cantly faster and greater 
analgesia, improved range of movement, and less disability 
than the group undergoing physical therapy alone [ 58 ]. This 
difference was evident to the 12-week follow-up period [ 58 ].  

   Persistent Rotator Cuff Lesions 
 Rotator cuff tendinitis is a common cause of shoulder pain 
in adults and may result in considerable morbidity [ 99 , 
 100 ]. Many patients respond to conservative management, 
including avoiding activities likely to aggravate the lesion, 
use of nonsteroidal anti-infl ammatory drugs, local injection 

of steroid, and physiotherapy [ 99 ,  100 ]. However, signifi -
cant symptoms may persist: in one retrospective, long-term 
follow- up study, symptoms of severe shoulder pain per-
sisted in approximately 26 % of patients after a mean dura-
tion of 12 months following the fi rst presentation of pain 
[ 100 ]. 

 In this subset of patients with persistent symptoms, SSNB 
has been demonstrated to provide effective pain relief and 
improved range of motion [ 74 ]. Although the therapeutic 
effect is temporary (4–12 weeks), it can be simply repeated 
in outpatient settings with minimal risk of complications. 
This block is also an effective way to control pain in patients 
awaiting surgery [ 74 ]. 

 Recently, pulsed radiofrequency of the SSN has shown 
promise in providing prolonged analgesia for those patients 
responding to SSNB (rotator cuff lesion identifi ed on clinical 
and radiological grounds) but where analgesia is not sus-
tained [ 10 ]. After pulsed radiofrequency lesioning, a signifi -
cant reduction in pain (VAS) and improvement in shoulder 
function (constant and Oxford shoulder scores) were 
reported, lasting till 3-month follow-up [ 10 ]. These results 
are similar to those of Liliang et al.. [ 11 ], who in addition to 
improvement in pain and function also demonstrated a reduc-
tion in medication requirements in their study group. 
However, both injection and RF trials did not include a pla-
cebo control group, and further investigation is required to 
confi rm the effi cacy of the neural blockade or ablation tech-
nique in the management of rotator cuff tendinitis.    
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    Other Chronic Pain States Responsive to SSNB 

 SSNB has been found to reduce chronic hemiplegic shoulder 
pain [ 54 ,  55 ]. A retrospective study discovered that SSNB 
may be effective in reducing the severity of headaches attrib-
utable to lower cervical nerve root (C6, C7) irritation [ 81 ]. 
The further application of this fi nding awaits further confi r-
mation by appropriately constructed trials. 

 In summary, SSNB is effective for short-term pain relief 
and improvement in shoulder function in a variety of pain-
ful shoulder conditions. The main causes of shoulder pain 
studied were arthritic conditions, rotator cuff lesions, and 
adhesive capsulitis. Unfortunately in many studies, the 
patient population was heterogeneous with regard to shoul-
der pathology. Therefore, interpreting specifi cally which 
pathology responds best to SSNB is diffi cult to determine. 
The results of recent studies demonstrate that pulsed radio-
frequency to the SSN provides more sustained analgesia 
and functional improvement than earlier methods of 
SSNB.  

    Summary and Conclusion 

 On review of the literature discussed above, the uses of 
SSNB and pulsed radiofrequency lesioning of the SSN 
can be summarized in Table  20.4 .

   There have been many described techniques by which 
to perform SSNB. While the radiologically guided tech-
niques (fl uoroscopic, ultrasound guided) have grown in 
popularity, a knowledge of surface anatomical landmarks 

is still recommended. SSNB is a safe regional technique 
with a very low rate of complications. 

 While interscalene BPB provides the best form of 
regional anesthesia for shoulder surgery, SSNB is an 
appropriate alternative particularly for arthroscopic sur-
gery. Combining axillary nerve block with SSNB 
improves the analgesic effect. 

 The studies mentioned in this chapter demonstrate effi -
cacy of SSNB in chronic shoulder pain. While this review 
has concentrated on SSNB, the importance of physical ther-
apy in patients with chronic shoulder pain cannot be ignored. 
The timing and place of SSNB as part of a multidisciplinary 
pain management program deserves further study. 

 Pulsed radiofrequency lesioning of the suprascapular 
nerve has emerged as an effective method by which to 
prolong the analgesic effects of SSNB with resultant 
functional improvement. 

 Perhaps the major limitation identifi ed in the literature 
[ 6 ] is that many trials did not differentiate the effi cacy of 
SSNB on different shoulder pathologies. Many trials were 
on heterogeneous populations suffering from chronic 
shoulder pain. This would include patients with osteo- or 
rheumatoid arthritis, rotator cuff lesions, and myofascial 
pain. By including a heterogeneous population, the exter-
nal validity of these studies is reduced. Future research 
should attempt to identify which specifi c shoulder patholo-
gies SSNB is effective for. This in turn would better assist 
the clinician to better select patients who should receive 
SSNB as part of their management.      

   Table 20.4    Summary of evidence on suprascapular nerve block and rhizotomy   

 Studied uses of SSNB  Level of evidence 
 SSNB is inferior to ISBPB for shoulder surgery  I 
 SSNB is not effective for reducing all cases of ipsilateral shoulder pain post-thoracotomy  I 
 SSNB does not improve outcomes in ambulatory nonarthroscopic shoulder surgery when added to ISBPB  I 
 SSNB reduces hemiplegic shoulder pain  I 
 SSNB is effective for postoperative pain control for shoulder arthroscopic surgery and reduces opioid requirements 
and nausea and vomiting 

 II-1 

 SSNB is effective for providing short-term (3 months) analgesia and improving function for chronic shoulder pain due 
to degenerative pathology or rotator cuff lesions 

 II-1 

 PRF of the SSN can provide longer-lasting analgesia and improved shoulder function than single SSNB  II-2 
 SSNB combined with axillary nerve block is suffi cient for arthroscopic shoulder surgery  II-3 

   ISBPB  interscalene brachial plexus block,  PRF  pulsed radiofrequency,  SSN  suprascapular nerve,  SSNB  suprascapular nerve block 
 Based on Quality of Evidence Gradings as recommended by the US Preventive Services Task Force (Appendix  I ) [ 101 ]  
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     Appendix I 

 Level of 
evidence  Description 
 I  Evidence from at least one properly designed 

randomized controlled trial 
 II-1  Evidence obtained from well-designed controlled 

trials without randomization 
 II-2  Evidence obtained from well-designed cohort or 

case–control analytic studies, preferable from more 
than one center or research group 

 II-3  Evidence obtained from multiple time series with 
or without the intervention 

 III  Opinions of respected authorities, based on clinical 
experience, descriptive studies, or reports of expert 
committees 

  Quality of Evidence Grading as recommended by US Preventive 
Services Task Force [ 101 ] 
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       Anatomy 

 The glenohumeral joint (GHJ) is a synovial “ball-and- socket” 
joint composed of a round humeral head and a relatively 
small, fl at, pear-shaped glenoid fossa. The latter is deepened 
by a fi brocartilaginous rim, the glenoid labrum (Fig.  21.1 ). 
Because only one third of the humeral head is covered by the 
glenoid cavity, it confers the shoulder inherent instability, 
making it susceptible to subluxation and dislocation.  

 Inside the joint capsule, the synovial membrane overlies the 
long head of biceps (LHB) tendon and forms three synovial 
recesses: the biceps tendon recess anteriorly, the subscapularis 

recess medially, and the axillary pouch inferiorly (Fig.  21.2 ). 
The biceps tendon recess allows a portal of entry to the GHJ 
through the rotator cuff interval [ 1 – 2 ].  

 The rotator cuff interval (RCI) is a triangular space 
defi ned by the subscapularis (SSC) tendon, supraspinatus 
(SS) tendon, and the base of the coracoid process. It is a 
space where the GHJ synovial lining extends around the 
biceps tendon and where the surgeon inserts the arthroscope 
into the GHJ to avoid damaging the cuff tendons. Thus, this 
allows access for GHJ injection by the interventionist 
(Fig.  21.3 ). The contents of RCI are the LHB tendon and the 
superior glenohumeral ligament.   

Coracoacromial ligament

Acromioclavicular ligament

Coracohumeral
ligament

Transverse
humeral
ligament

Axillary recess

Joint capsule and
glenohumeral ligament

Labrum

Trapezoid
ligament

Conoid
ligament

Coracoclavicular
ligament

  Fig. 21.1    Glenohumeral joint showing various ligaments and the joint 
capsule. The anterior capsule is reinforced by the superior, middle, and 
inferior glenohumeral ligament. The insert shows the articular surface, 

the glenoid process, and the labrum (Reproduced with permission from 
Philip Peng Educational Series)       
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  Fig. 21.2    The drawing of three main recesses of the joint ( left )—A, the biceps tendon sheath; B, the axillary pouch; C, the subscapular recess—
and the corresponding radiographic (arthrogram) appearance ( right ) (Reproduced with permission from Philip Peng Educational Series)       

Rotator cuff
interval

Long head of
biceps tendon

Subscapularis

Superior
glenohumeral
ligament

Coracohumeral
ligament (ghosted)

Supraspinatus

  Fig. 21.3    The anterosuperior 
view showing the rotator cuff 
interval, which is a triangular 
space between the tendons of 
subscapularis (anterior) and 
supraspinatus (posterior) 
muscles, and the base of the 
coracoid process. The roof is the 
coracohumeral ligament 
(ghosted), and the contents are 
the long head of biceps tendon 
( blue ) and superior glenohumeral 
ligament ( green ) (Reproduced 
with permission from Philip Peng 
Educational Series)       
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    Sonoanatomy 

 In general, there are three approaches to access the GHJ: 
anterior, posterior, and rotator cuff interval [ 1 – 2 ]. Only the 
posterior approach and rotator cuff interval approach are 
described here. 

 For the posterior approach, the patient is placed in either 
sitting position or lateral decubitus position with the injec-
tion side as the nondependent side. In both cases, the patient’s 
hand is placed on the contralateral shoulder to open up the 
GHJ space. A high-frequency linear probe (6–13 MHz) is 
used unless the patient is of very high BMI or very muscular. 

The lateral end of the probe is placed just caudal to the acro-
mion over the infraspinatus tendon. This scan should reveal 
the glenoid process, labrum, capsule, humeral head, and 
infraspinatus muscle and tendon (Figs.  21.4  and  21.5 ).   

 To approach the rotator cuff interval, the patient is placed 
either in sitting or supine position. A high-frequency linear 
probe (6–13 MHz) is initially placed over the LHB tendon in 
the bicipital groove. The LHB is traced in cephalad and 
medial direction until it is seen in between the supraspinatus 
and subscapularis muscle underneath the coracohumeral 
ligament (CHL). At this interval, the LHB tendon is seen as 
a hyperechoic oval structure (Fig.  21.6 ).   

  Fig. 21.4    Ultrasound image of the posterior glenohumeral joint. The 
glenoid process and humeral head both appear as hyperechoic struc-
tures with anechoic shadow. The insert on the top shows the position of 
the patient and the ultrasound probe while one below shows the probe 

position and the structures underneath.  IS  infraspinatus muscle,  H  
humeral head,  GP  glenoid process, * glenoid labrum, ♦ the articular 
cartilage of the humeral head (Reproduced with permission from Philip 
Peng Educational Series)       
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  Fig. 21.5    Ultrasound image of 
the spinoglenoid notch by 
moving the ultrasound probe 
slightly medially compared with 
the probe position in Fig.  21.4 . 
The insert shows the position of 
the probe and the spinoglenoid 
notch, as well as the 
suprascapular neurovascular 
bundle. SSN and SSA, 
suprascapular nerve and artery 
( line arrows  in ultrasound 
image); SGN, spinoglenoid notch 
( arrow heads ) (Reproduced with 
permission from Philip Peng 
Educational Series)       

  Fig. 21.6    Ultrasound image 
showing the presence of long 
head of bicep (LHB) tendon 
( asterisk ) within the rotator cuff 
interval. This image is obtained 
by moving the ultrasound probe 
proximal to the bicipital groove 
along the orientation of the LGB 
tendon. The LHB tendon 
( asterisk ) is always hyperechoic 
at this level and sandwiched 
between the supraspinatus tendon 
(SS) laterally and subscapularis 
tendon (SC) medially. The 
coracohumeral ligament ( arrow 
heads ) forms the roof of the 
interval. The insert on the left 
shows the orientation and 
position of the probe, and the 
insert on the right shows the 
probe position and the structures 
underneath it (Reproduced with 
permission from Philip Peng 
Educational Series)       
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    Patient Selection 

 The main indications for GHJ injection are adhesive capsuli-
tis and glenohumeral arthrosis. Adhesive capsulitis (frozen 
shoulder) is characterized by restricted active and passive 
range of motion (ROM) in all directions. There are three 
clinical phases: freezing, frozen, and thawing [ 3 ]. In the 
freezing phase, the patient experiences an insidious onset of 
pain with decreasing shoulder ROM at the end of this period. 
It is then followed by the frozen phase which is characterized 
by progressive stiffness and reducing pain. In the fi nal reso-
lution or thawing phase, the range of movement gradually 
returns. 

 Glenohumeral arthrosis is characterized by progressive 
and irreversible articular destruction and frequent involve-
ment of the surrounding soft tissues. Primary osteoarthritis is 
uncommon and most of the causes of chondral damage are 
secondary to trauma, instability, postsurgical arthrosis, avas-
cular necrosis, infl ammatory arthropathy, osteochondritis 
dissecans, chondrolysis, and iatrogenic injury.  

    Ultrasound-Guided Procedure 

 The overall success rate of GHJ injection with ultrasound 
guidance is much higher than with landmark guidance. One 
interesting study compared the accuracy of the two 
approaches by two groups: one group performed only the 
ultrasound-guided approach by a rheumatology trainee 
(9 months in rheumatology program with 8 sessions of mus-
culoskeletal ultrasound training), and the other group were 
represented by nine rheumatology consultants with a median 
of 9 years of experience and they all performed the conven-
tional approach. The accuracy rates were 63 and 40 % for the 
ultrasound and conventional groups, respectively, despite the 
sharp contrast in experience [ 4 ]. 

 For the posterior approach, the target is the joint space 
between the free edge of labrum and the cartilage. A 22-G 
3.5-in. spinal needle is inserted in-plane in a lateral-to-medial 
direction (Fig.  21.7 ). If there is resistance upon injection, the 
needle is rotated 90°. If resistance persists, the needle is then 
retracted for a short distance. The injectate volume is 4 mL 
of mixture of local anesthetic with steroid (e.g., 2 % lido-
caine and 40 mg Depo-Medrol).  

 Rotator cuff interval approach is performed with either 
out-of-plane or in-plane techniques. A 1.5-in. 25-G needle is 
inserted in a caudal-to-cephalad direction (out-of-plane) or 
in a lateral-to-medial direction (in-plane) on either side of 
the LHB tendon (Fig.  21.8 ). The volume of injectate is the 
same as that of posterior approach.      

  Fig. 21.7    Posterior approach to 
the glenohumeral joint: the insert 
( left upper ) shows the position of 
the ultrasound probe and the 
needle with in-plane technique. 
The corresponding ultrasound 
image ( right ) is shown with the 
line representing the needle path, 
which was directed between the 
free edge of the labrum (*) and 
the hypoechoic articular cartilage 
(•) of the humeral head (H). G, 
glenoid; IS, infraspinatus. The 
insert in the lower left shows the 
anatomical drawing of the 
ultrasound image (Reproduced 
with permission from Philip Peng 
Educational Series)       
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       Anatomy 

 The acromioclavicular joint (ACJ) is a diarthrodial joint 
between the concave medial end of the acromion and the 
convex lateral end of the clavicle (Fig.  22.1 ). The articular 
surfaces are separated by a wedge-shaped fi brocartilaginous 
disc. The movement of this joint is limited, primarily rotation 
and translation in the anterior–posterior and the superior–
inferior planes.  

 The ACJ is stabilized by both the static and dynamic sta-
bilizers. The static stabilizers include the acromioclavicular 
ligaments (superior, inferior, anterior, and posterior), the 
coracoclavicular ligaments (trapezoid and conoid), and the 
coracoacromial ligament. The dynamic stabilizers include 
the deltoid and trapezius muscles (Fig.  22.2 ).   

Acromion

Lateral
Inferior joint capsule

Supraspinatus

Superior joint capsule

Clavicle

  Fig. 22.1    Glenohumeral joint showing various ligaments and the joint 
capsule. The anterior capsule is reinforced by the superior, middle, and 
inferior glenohumeral ligament (Reproduced with permission from 
Philip Peng Educational Series)       

Coracoacromial ligament

Acromioclavicular ligament

Coracohumeral 
ligament

Transverse
humeral
ligament

Axillary recess

Joint capsule and
glenohumeral ligament

Trapezoid
ligament

Conoid
ligament

Coracoclavicular
ligament

  Fig. 22.2    The acromiocla-
vicular joint is a synovial joint 
with the articular surfaces 
separated by a wedge-shaped 
fi brocartilaginous disc 
( asterisk ). The inferior surface 
of the joint is in direct contact 
with the subacromial bursa 
and supraspinatus muscle and 
may play a role in the 
development of the impinge-
ment syndrome (Reproduced 
with permission from Philip 
Peng Educational Series)       
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    Sonoanatomy 

 The patient is placed in sitting with arm in neutral position, 
in which the deep joint space of ACJ is the widest. Because 
of the superfi cial location of the joint, linear high-frequency 
(6–13 MHz) ultrasound probe is appropriate. The probe is 
initially placed over the joint in the coronal plane (medial 

part of probe in line with clavicle initially). The lateral end 
of the probe is then rotated in an anterior and posterior 
direction to obtain the best view of ACJ (Fig.  22.3 ). The 
sonogram should show the hyperechoic ends of acromion 
and distal clavicle, fi brocartilaginous disc, and superior 
joint capsule.   

  Fig. 22.3    Ultrasound image of 
the acromioclavicular joint. The 
upper insert shows the position of 
the probe and the patient, and the 
lower insert shows the position of 
the probe and the structures 
underneath. A, acromion process; 
C, clavicle; *, the wedge-shaped 
fi brocartilaginous disc; 
 arrowheads , superior joint 
capsule; SS,  supraspinatus 
muscle (Reproduced with 
permission from Philip Peng 
Educational Series)       
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    Patient Selection 

 The ACJ injection can be used as a diagnostic or therapeutic 
block. It is commonly used as a diagnostic test to localize the 
source of pain when ACJ injury is suspected. The main thera-
peutic indication for ACJ injection is arthritis (post- traumatic 
and osteoarthritis) of this joint. Patient usually complains of 
anterior shoulder pain brought about by daily activities such 
as reaching the back pocket or unhooking a brassiere. 
Physical examination reveals point tenderness over ACJ and 
positive cross-arm adduction test.  

    Ultrasound-Guided Procedure 

 The    accuracy of landmark-based or blind injection for ACJ 
ranges between 39 and 66 %. The accuracy did not differ 
signifi cantly with different levels of experience (specialist, 
resident, or student). In contrast, the accuracy of ultrasound-
guided injection ranged between 95 and 100 %. 

 Since the joint is superfi cial, the out-of-plane technique is 
preferred with a 25-G 1.5-in. needle (Fig.  22.4 ). The volume 
of injectate is 1 mL with a mixture of local anesthetic and 
steroid (2 % lidocaine and 20 mg Depo-Medrol). Since the 
joint space is narrow, one way to facilitate an easier entry is 
to put the needle shaft on the skin as a marker to the joint 
space. Once the joint space is located, the needle is then 
retracted and inserted into the joint. Because the joint space 
is very shallow, overzealous insertion of needle will deposit 
medication into the subacromial space.      

  Fig. 22.4    The insert shows the 
position of the ultrasound probe 
and the needle with the 
out-of-plane technique. The 
corresponding ultrasound image 
shows the acromioclavicular joint 
with the image of the needle 
( solid arrow ). The arrowheads 
outline the superior joint capsule 
(Reproduced with permission 
from Philip Peng Educational 
Series)       
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          Glenohumeral Joint Injection [ 1 – 4 ] 

    Indications 

 Synovial infl ammatory conditions (capsulitis), severe resting 
pain, humeroscapular periarthritis, after shoulder bruising, 
and rheumatoid arthritis. The anatomy of the shoulder joint 
is shown in Fig.  23.1a, b .  

Strictly aseptic conditions are necessary when carrying 
out intra-articular injections.

a

b

  Fig. 23.1    ( a ) Anatomy of the shoulder joint. ( 1 ) Humerus, ( 2 ) scapula, 
( 3 ) articular capsule, ( 4 ) tendon of the biceps brachii muscle, ( 5 ) sub-
scapular muscle, ( 6 ) acromion, ( 7 ) coracoid process (With permission 
from Danilo Jankovic). ( b ) Shoulder joint. Articular cavity and articular 
capsule. ( 1 ) Articular capsule, ( 2 ) articular cavity, ( 3 ) scapula, ( 4 ) acro-
mion (With permission from Danilo Jankovic)       
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      Materials 

 25-G needle 30–40 mm long, 2- and 5-mL syringes, sterile 
swabs, disinfectant, sterile gloves, and sterile drape. 

    Ventral Access Route 
   Landmarks (Fig.  23.1a, b ) 
•     Coracoid process  
•   Head of the humerus  
•   Clavicle     

   Technique 
 The patient is seated with the supinated arm hanging freely, 
and the articular cavity is palpated directly medial to the 
head of the humerus. The needle is introduced underneath 
the clavicle, directly lateral to the coracoid process toward 
the outside and back. The path to the joint is very short with 
this approach (Fig.  23.2 ).   

   Dosage 
 2 mL local anesthetic—e.g., 0.5–0.75 % ropivacaine or 
0.25 % bupivacaine mixed with 40 mg methylprednisolone.   

    Dorsal Access Route 
   Landmarks (Fig.  23.1a, b ) 
•     Spine of the scapula  
•   Lateral corner of the acromion  
•   Coracoid process     

   Technique 
 The patient is seated, with the upper arm slightly abducted 
and rotated inward, and the lateral corner of the acromion is 
palpated. The injection is made directly underneath this 
point and the needle is advanced between the posterior edge 
of the deltoid muscle and the tendon of the infraspinatus 
muscle (the muscle’s dorsolateral tendon) in the direction of 
the coracoid process (Fig.  23.3 ). The articular cavity is 
reached after approximately 3–4 cm. After injection into the 
joint, a further 1 mL is distributed circumarticularly as the 
needle is withdrawn.   

   Dosage 
 2 mL local anesthetic—e.g., 0.5–0.75 % ropivacaine or 
0.25 % bupivacaine mixed with 40 mg methylprednisolone.     

  Fig. 23.2    Intra-articular injection into the shoulder joint from the ven-
tral access route (With permission from Danilo Jankovic)       

  Fig. 23.3    Intra-articular injection into the shoulder joint from the dor-
sal access route (With permission from Danilo Jankovic)       

  

Glenohumeral Joint Injection



298

    Acromioclavicular Joint Injection [ 1 – 4 ] 

    Indications 

 Shoulder pain radiating to behind the ear and restricted 
mobility in the shoulder joint.  

    Landmarks 

•     Lateral edge of the clavicle  
•   Acromion  
•   Acromioclavicular ligament (Fig.  23.4 )     

 The acromioclavicular joint has a very small volume, so 
that only a small amount of the injection solution is 
needed.  

    Injection Technique 

 The patient is seated, and the articular cavity between the 
lateral end of the clavicle and the acromion is palpated. The 
needle is advanced perpendicularly from above through the 

acromioclavicular ligament to a maximum depth of 1 cm. 
Provided there is no resistance, a small amount of the 
 injection solution is injected (Fig.  23.5 ).   

    Dosage 

 0.5–1 mL local anesthetic—e.g., 0.5–0.75 % ropivacaine or 
0.25 % bupivacaine mixed with 40 mg methylprednisolone 
or triamcinolone.  

    Intra-articular Shoulder Joint Injection 

    Side Effects 
 Some 25 % of patients report a transient increase in 
pain after an intra-articular injection in the shoulder joint. 
The patient should be advised of this potential side effect.  

    Complications 
•     Infection  
•   Hematoma (prophylactic compression should be carried 

out after the injection)          

  Fig. 23.4    Anatomy of the acromioclavicular joint and neighboring 
structures. ( 1 ) Scapula, ( 2 ) articular capsule, ( 3 ) glenoid cavity, ( 4 ) 
coracoid process, ( 5 ) clavicle, ( 6 ) coracoclavicular ligament, ( 7 ) cora-
coacromial ligament, ( 8 ) acromioclavicular joint, ( 9 ) acromion (With 
permission from Danilo Jankovic)       

  Fig. 23.5    Intra-articular injection into the acromioclavicular joint 
(With permission from Danilo Jankovic)       
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       Anatomy 

 The subacromial subdeltoid bursa (SASDB) lies beneath 
the acromion, the deltoid muscle, and the coracoacromial 
ligament (CAL), covering the superior aspect of the supra-
spinatus tendon, bicipital groove, and coracoid process (sub-
coracoid bursa) and reaching as lateral as 3 cm below the 
greater tuberosity. It is the largest bursa in the body. The 
main role is to minimize attrition of the supraspinatus tendon 
against the coracoacromial arch (acromion and CAL) and the 
deltoid muscle during movements of the arm. 

 Supraspinatus (SS) muscle originates from the suprascap-
ular fossa of the scapula, passes beneath the acromion and 
CAL, and inserts on the upper facet of the greater tuberosity. 
It is one of the 4 rotator cuff muscles. Others are subscapu-
laris (SSC), infraspinatus (IS), and teres minor (TMi) mus-
cles. The rotator cuff is a tight layer of tendons around the 
glenohumeral joint on the anterior (SSC), superior (SS), and 
posterior (IS and TMi) aspects of the shoulder (Figs.  24.1 , 
 24.2  and  24.3 ). They play an important role in stabilizing the 
humeral head in the shallow glenoid fossa during the move-
ment of the arm.     

  Fig. 24.1    A schematic diagram showing the arrangement of the four 
rotator cuff muscles: subscapularis, supraspinatus, infraspinatus, and 
teres minor (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 24.2    Anterior view of the shoulder showing the subscapularis and 
supraspinatus muscles. The anterior portion of the deltoid muscle was 
refl ected to show the underlying rotator cuff muscle (Reproduced with 
permission from Philip Peng Educational Series)       

  Fig. 24.3    Posterior view of the shoulder to show the infraspinatus and 
teres minor muscle. The posterior portion of the deltoid muscle was 
partially removed to show the underlying muscle (Reproduced with 
permission from Philip Peng Educational Series)       
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    Sonoanatomy 

 The patient is examined in sitting position or semi-inclined 
position on an examination bed with the shoulder over the 
edge of the bed. The hand is put in modifi ed Crass position 
(similar to the posture “putting the money back in the back 
pocket”). This maneuver allows a longer segment of supra-
spinatus tendon to be scanned. A high-frequency (6–13 MHz) 
linear ultrasound probe is placed over the SS tendon. A good 

reference point is the long head of biceps (LHB) tendon. The 
long-axis view of the SS tendon is almost parallel to the LHB 
tendon, and the SS tendon should be within 1.5 cm from the 
LHB tendon. Further away from the LHB tendon is the 
 intercalated zone between the supraspinatus and infraspina-
tus tendon. To examine the presence of pathology of SS ten-
don, both the long- and short-axis scans are required. The 
SASDB appears as a hypoechoic space between the deltoid 
muscle and the SS tendon (Figs.  24.3 ,  24.4 , and  24.5 ).    

  Fig. 24.4    Ultrasound image of 
the subacromial subdeltoid bursa 
(SASDB). The supraspinatus 
tendon ( SS ) was seen attached 
laterally onto the greater 
tuberosity of the humeral head 
( H ). The insert on the left shows 
the position of the patient and 
the ultrasound probe and the one 
on the right shows the probe and 
the structures underneath. The 
deltoid muscle was refl ected to 
show the underlying supraspina-
tus muscle (Reproduced with 
permission from Philip Peng 
Educational Series)       
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  Fig. 24.5    Ultrasound image of 
the supraspinatus tendon when 
the arm is put in the modifi ed 
Crass position. Note that the 
portion of the supraspinatus 
tendon lateral to the acromion 
process was signifi cantly 
increased by this maneuver. The 
insert shows the position of the 
modifi ed Crass position.  SS  
supraspinatus tendon,  H  humeral 
head,  D  deltoid muscle.  Line 
arrows  outline the peribursal fat 
of the SASDB (Reproduced with 
permission from Philip Peng 
Educational Series)       
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    Patient Selection 

 The indication for SASDB injection is subacromial impinge-
ment syndrome, which covers a constellation of conditions: 
partial-thickness and full-thickness rotator cuff tear and rota-
tor cuff tendinopathy. The main presentation symptoms are 
pain and stiffness. Physical examination shows a painful arc 
and demonstrates positive signs in a few provocative tests: 
Hawkins’ impingement test, Neer’s test, and empty can 
supraspinatus test.  

    Ultrasound-Guided Procedure 

 The SASDB is usually a tight space. The literature showed 
that the success rates in most landmark-based injection 
clinical studies ranged from 29 to 70 % and were similar 
 irrespective of different approaches and experience and 
confi dence of the practitioners. In studies where the blind 
procedures were performed by very experienced orthopedic 
surgeons and shoulder specialists, the confi dence correlation 
(the accuracy rate when the practitioners were very confi dent 
that they were accurate) ranged from 42 to 66 %. 

 In performing the SASDB injection, the target is the 
bursa outlined by peribursal fat. After obtaining a long-axis 
or short-axis view, either a 25-G 1.5-in. needle or 22-G 3.5-
in. spinal needle is inserted into SASDB. If the needle tip is 
in the correct space, injection of a small volume (0.5 mL) of 
injectate will result in a rapid spread along the SASDB space 
(Fig.  24.6 ). The injectate volume is 4 mL of local anesthetic 
with steroid (0.25 % bupivacaine and 40 mg Depo-Medrol)      

  Fig. 24.6    Ultrasound images of subacromial subdeltoid bursa 
(SASDB) injection. The top-left fi gure shows the needle ( arrowheads ) 
inserted with the in-plane technique to the SASDB, as highlighted by 
the peribursal fat ( line arrows ). The image on the top right shows the 
presence of local anesthetic ( LA ) following the injection, with the sepa-
ration of the deltoid muscle ( D ) and supraspinatus tendon ( SS ). The 

insert on the bottom left shows the position of the ultrasound probe and 
the needle with the in-plane technique. Note that the medial end of the 
ultrasound probe is placed over the acromion ( Acr ). However, in a sub-
ject with slim body built, the probe can be placed in another orientation 
as shown in the bottom-right insert (Reproduced with permission from 
Philip Peng Educational Series)       
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          Anatomy 

 The long head of biceps (LHB) tendon arises from the supra-
glenoid tubercle and the superior labrum. This part of LHB 

is intra-articular and extrasynovial. The tendon exits the joint 
within the bicipital groove, covered by the transverse humeral 
ligament and accompanied by the ascending branch of the 
anterior circumfl ex artery (Fig.  25.1 ).   

  Fig. 25.1    Diagram showing the long head of biceps and its relation-
ship with supraspinatus and subscapularis muscles (Reproduced with 
permission from Philip Peng Educational Series)       
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    Sonoanatomy 

 The patient is examined in sitting position with hand supi-
nate and arm in slight external rotation. A high-frequency 
(6–13 MHz) linear probe is placed over the bicipital groove 
halfway between the clavicle and anterior axillary fold 

(Fig.  25.2 ). The biceps tendon appears as a hyperechoic or 
hypoechoic structure depending on the tilting angle of the 
probe (anisotropic effects) (Fig.  25.3 ). With light pressure on 
the probe, Doppler scan may reveal the ascending branch of 
the anterior circumfl ex artery (Fig.  25.4 ).     

  Fig. 25.2    Sonogram of the long head of biceps (*) in the bicipital 
groove. Note that the tendon appears hyperechoic. The insert shows the 
position of the patient and the ultrasound probe.  LT  lesser tubercle,  GT  
greater tubercle (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 25.3    Sonogram similar to Fig.  25.2  except a different tilt of the 
ultrasound probe. As a result, the long head of biceps (*) look 
hypoechoic.  SC  subscapularis (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 25.4    Doppler scan of the long head of biceps which shows the 
ascending branch of anterior circumfl ex artery (Reproduced with per-
mission from Philip Peng Educational Series)       
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    Patient Selection 

 Primary biceps tendinitis is uncommon. Usually it is associ-
ated with other shoulder pathology. The main indication for 
the peritendon injection of the LHB tendon is biceps tendi-
nopathy, which refers to a spectrum of pathology ranging 
from infl ammatory tendinitis and tenosynovitis to degenera-
tive tendinosis. Patient with biceps tendinitis presents with 
anterior shoulder pain. Tenderness in the bicipital grove is 
the most common fi nding. Different provocative tests (Speed 
test, Yergason test) have been described but are limited by 
the specifi city and sensitivity.  

    Ultrasound-Guided Procedure 

 Validation study comparing ultrasound guided with blinded 
approach showed a defi nite superiority of the ultrasound- 
guided technique. All ultrasound-guided injections in this 

study reached the tendon sheath, while 33 % of blind injec-
tions did not reach tendon sheath at all. A randomized pro-
spective trial showed that correct placement of the injectate 
results in better outcome. 

 In performing the procedure, it is important to reveal the 
artery with the Doppler scan. In some case, the Doppler scan 
reveals the increase vascularity of the tendon due to the 
infl ammation. A 1.5-in. 25-G needle is inserted with out-of- 
plane technique with 2–3 mL of mixture of local anesthetic 
with steroid (0.25 % bupivacaine and 20 mg depoMedrol). 
Attention should be paid to make sure that there is a spread 
of injectate around the tendon (Fig.  25.5 ). Absence of those 
may suggest intratendinous or intravascular injection.      

  Fig. 25.5    Sonogram of the long 
head of biceps (*) following the 
injection. The arrows show the 
pooling of the injectate around 
the tendon. The insert shows the 
needle position for injection.  LT  
lesser tubercle,  GT  greater 
tubercle (Reproduced with 
permission from Philip Peng 
Educational Series)       
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       Calcifi c tendinitis, better termed as calcifi c tendinopathy in 
rotator cuff (as infl ammatory cell is rarely encountered), is 
caused by the deposition of calcium mainly in the form of 
hydroxyapatite, in the critical zone of the tendon roughly 1 cm 
proximal to its insertion [ 1 ,  2 ]. Although this condition can 
occur in any tendon, supraspinatus tendon is the most com-
monly involved. The calcium deposits can remain in an 
asymptomatic stage. However, they can become symptomatic 
in 50 % of patients, causing acute or chronic pain. In patients 
with mild symptoms, simple conservative methods such as 
physical therapy and oral nonsteroidal anti- infl ammatory 
agents can be quite effective. In patients with advanced symp-
toms, treatment options with iontophoresis, shockwave ther-
apy, percutaneous fenestration, and surgery have been reported 
[ 3 ,  4 ]. Iontophoresis is no more effective than physiotherapy 
on long-term follow-up. Shockwave therapy is an effective 
treatment option, but the popularity is limited due to its cost 
and the requirement of at least three applications. Arthroscopic 
surgery is usually considered as the last option because of the 
invasiveness and the requirement of long rehabilitation. 
Therefore, minimal invasive treatment is a popular option for 
symptomatic calcifi c tendinopathy. This includes (1) fenestra-
tion (creating new opening in calcium deposit by repeated 
needling procedure to stimulate natural absorption), (2) barbo-
tage (repeated alternating injection and aspiration of fl uid with 
a syringe, lavage, and aspiration), and (3) steroid injection into 
the subacromial bursa [ 5 ,  6 ]. 

    Pathophysiology and Clinical Presentation 

 The presenting symptoms are highly variable and depend on 
the stages of calcifi cation (Fig.  26.1 ). Three stages of calcifi -
cation have been described [ 7 ,  8 ].  

Normal
Tendon

PostcalcificPrecalcific

Calcific

Formative Resting Resorptive

  Fig. 26.1    The three stages of calcifi cation (Reproduced with permis-
sion from Philip Peng Educational Series)       
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    Precalcifi c Stage 

 During the precalcifi c stage, fi brocartilaginous metaplasia of 
the matrix takes place where the tenocytes becomes chon-
drocytes. The patient is essentially asymptomatic.  

    Calcifi c Stage 

 It is further divided into three phases. In the formative phase, 
calcium deposit appearing like chalk develops around the chon-
drocytes within the fi brocartilaginous matrix. After a variable 
period of inactivity (resting phase), the disease progresses to the 
resorptive phase where cell-mediated resorption takes place. At 
this phase, vascular channels develop at the periphery of the 
calcifi cation. Migration of macrophages and multinucleated 
giant cells soon removes the calcium deposit by phagocytosis. 

 In the formative and resting phases, many patients are 
asymptomatic if the hard calcium deposit is not large 

enough to induce impingement syndrome. These calcifi ca-
tions tend to be well circumscribed and discrete when 
examined radiographically and often produce signifi cant 
acoustic shadowing by ultrasound scan (Fig.  26.2 ). It is dif-
fi cult to aspirate the calcifi cations in these two phases 
because the calcifi cations are quite hard and chalk-like. 
Most common indication of lavage at this stage is calcifi ca-
tion over 1 cm in diameter, which commonly causes 
impingement syndrome.  

 In the resorptive phase, the calcium deposit is usually soft 
with toothpaste-like consistency but it is the most symptom-
atic phase. Shedding of calcium crystals into the adjacent 
subacromial bursa may result in severe acute pain and 
restricted range of motion. This phase typically lasts for 2 
weeks or longer. These calcifi cations appear ill-defi ned on 
radiographs, producing little or no acoustic shadowing by 
ultrasonography (Fig.  26.3 ). This stage is the most common 
indication for ultrasound-guided intervention.   

  Fig. 26.2    Sonography of the calcium deposit in hard calcifi c phase. 
The  arrows  indicate the calcifi cation. Note the anechoic shadow cast by 
the calcium (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 26.3    Sonography of the calcium deposit in soft calcifi c phase. 
The  arrows  indicate the calcifi cation. Note the minimal echogenic 
shadow cast by the calcium (Reproduced with permission from Philip 
Peng Educational Series)       
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    Post-calcifi c Stages 

 The granulation tissue with fi broblasts and vascular channels 
grows into the location previously occupied by the calcifi ca-
tion and replaces the calcifi cation. The tendon undergoes 
fi brosis and eventual repair. 

 Dystrophic calcifi cation is not included in the entity of cal-
cifi c tendinopathy and is not a candidate for this procedure. 
This occurs in degenerative tissue and does not heal spontane-
ously. This is in contrast to the calcifi c tendinosis, which 
occurs in healthy tissue, is cell mediated, and is self-limiting.   

    Ultrasound-Guided Intervention for Calcifi c 
Tendinitis 

    Patient Preparation 

 The patient is placed in semi-reclined position in the modi-
fi ed Crass position (hand is placed on the ipsilateral hip with 
the palm against the body). A linear array ultrasound 
 transducer (6–13 MHz) is positioned to show the long axis of 
the supraspinatus tendon and its insertion onto the greater 
tuberosity. To better appreciate the size, consistency, and 
shape of the calcium deposit in the supraspinatus tendon, at 
least two orthogonal planes (long and short axes) should be 
viewed [ 4 ]. With the ultrasound showing the long axis of 
supraspinatus tendon, a 25-gauge needle is inserted in-plane 
providing generous infi ltration with lidocaine to the subcuta-
neous tissue, deltoid muscle, and subacromial bursa.  

    Fenestration 

    Single Needle Technique 
 An 18-gauge needle is advanced in-plane to fenestrate the cal-
cium deposit (Fig.  26.4 ) [ 6 ]. Initially, the physician may 
encounter stiff resistance as the needle fractures the dense cal-
cium. Rotating the needle will enhance fenestration (Fig.  26.5 ). 
With multiple “passes” throughout the deposit, the resistance 
will diminish as the deposit is fractured into smaller pieces. 
Care should be taken to avoid breaking the rim of the deposit.    
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  Fig. 26.4    Needle insertion into the center of calcium (outlined by  arrows ) with in-plane method (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 26.5    Rotation of the needle within the calcium deposit 
(Reproduced with permission from Philip Peng Educational Series)       
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    Fenestration: Double Needle Technique 
 The insertion of the fi rst needle is similar to the single needle 
technique. However, the bevel of the needle is ensured to 
face upward following the insertion [ 3 ]. A second needle 
inserted superfi cial to the fi rst needle with the bevel facing 
downward (Fig.  26.6 ). The two needles make an acute angle 
and should be in the same coronal plane as the transducer.    

    Barbotage 

    Single Needle Technique 
 With a single needle positioned within the calcifi c deposit, 
barbotage technique involves repeated injection and aspiration 

of saline into the fractured calcium particles. As aspirated par-
ticles may obstruct the lumen of the needle, the needle will be 
withdrawn and fl ushed with normal saline (Fig.  26.7 ). In the 
resorptive phase, the calcium deposit has a consistency consis-
tent with soft toothpaste and is easily aspirated into the syringe.   

    Two Needle Technique 
 With the bevels of each needle facing each other, sterile 
saline is injected into superfi cial needle and the physician 
aspirates that fl uid from the lower needle. 

 It is not clear whether there is a correlation between 
removal of a large amount of calcium and a good outcome, 
as some studies report satisfactory results, with minimal cal-
cium retrieval [ 9 – 11 ].   

  Fig. 26.6    Double needle method in which the second needle was inserted superfi cial to the fi rst one. Note that the bevels of the needles were 
facing each other (Reproduced with permission from Philip Peng Educational Series)       

  Fig. 26.7    Barbotage of fl uid into and out of the calcium deposit to bring the broken calcium particles out of the needle (Reproduced with permis-
sion from Philip Peng Educational Series)       
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    Subacromial (SA) Bursa Injection 

 After barbotage or aspiration, the needle is directed into the 
subacromial bursa, and steroid (triamcinolone acetonide 
40 mg or methylprednisolone acetate 80 mg) is introduced to 
this space with 3–5 ml lidocaine 1 % (Fig.  26.7 ). After with-
drawing the needle, an occlusive dressing and cold com-
press, as needed, are applied over the injection site. The 
shoulder is placed in a sling for support prior to discharge.  

    Post-procedure Care and Instructions 

 The patient is advised to avoid heavy lifting and overhead 
movement for about 2 weeks. For post-procedure pain, a 
cold compress over the shoulder that is supported by a sling 
can be prescribed [ 4 ]. Analgesics including a combination of 
acetaminophen and nonsteroid anti-infl ammatory drugs 
should be considered. As post-procedure bursitis may occur 
in 15 % of patients, and within 2 months, additional steroid 
subacromial bursa injection may be needed.       

    Appendix: Equipment and Medications 

     1.    Ultrasound machine and linear array transducer (4 cm 
footprint)   

   2.    Syringes: one 5 ml, two 10 ml   
   3.    Bowl to collect irrigation fl uid   
   4.    Cold compress   
   5.    Shoulder sling   
   6.    Needles:

    (a)    One 22-gauge (8 cm) spinal needle   
   (b)    Two 16- or 18-gauge needles       

   7.    Medication:
    (a)    Local anesthetic: Lidocaine 1 %   
   (b)    Sterile saline solution: 100–200 ml   
   (c)    Steroid: Triamcinolone acetonide (Kenalog) 40 mg/

ml or Methylprednisolone acetate (Depo-Medrol) 
80 mg/ml.           
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          Introduction 

    “Frozen Shoulder Syndrome” 

 A frozen shoulder may be a common stage of many disorders 
affecting the shoulder [ 1 ] or an independent, idiopathic con-
dition [ 2 ]. The etiology of a frozen shoulder is complex 
[ 2 ,  3 ]. The numerous concepts are evident when the diagnos-
tic labels applied to this condition are reviewed. It appears 
that many tissues, mainly sinovial, are involved in the 
 ultimate frozen shoulder [ 1 – 4 ]. 

 Current clinical nomenclature uses three categories of fro-
zen shoulder [ 2 ]: idiopathic frozen shoulder [ 1 ,  3 ] adhesive 
capsulitis [ 1 ], and subacromial fi brosis [ 1 ,  3 ,  5 ]. Additional 
proposal etiologies of the frozen shoulder include acromio-
clavicular joint irritation [ 1 ], entrapment of the suprascapular 
nerve [ 5 ], prolonged immobilization of the upper extremity 
[ 5 ], cervical radiculopathy [ 4 ], hemiplegia [ 6 – 9 ], myocardial 
infarction [ 4 ], bicipital tendonitis [ 1 ], and muscle spasm [ 2 ]. 
There are several references in the literature that assume fro-
zen shoulder to be an algoneurodystrophic process [ 6 ,  10 ]. 
Recent publications have pointed out similarities with 
Dupuytren’s contracture [ 11 ]. Many other synonyms are 
used in the literature: periarthritis or periarticular arthritis [ 1 , 
 3 – 5 ], pericapsulitis [ 4 ], scapulocostal syndrome [ 2 ], calci-
fi ed tendinitis of the rotator cuff [ 1 ], degenerative tendinitis 
of the rotator cuff [ 1 – 4 ], and acromioclavicular arthritis [ 1 ]. 
Mc Laughlin stressed the importance of the subscapularis 
muscle in the etiology of the frozen shoulder [ 12 ].   

    Clinical Evaluation 

    Clinical Presentation 

 This scenario develops insidiously, beginning with pain and 
tenderness usually over the deltoid insertional area in the upper 
outer humerus. Motion aggravates the pain, and gradually a 
limitation of both active and passive motion develops. What at 
fi rst hampers daily activities gradually interferes with sleep. 

 The usual stages of evolution are pain, gradual restriction 
of motion, and ultimately marked limitation without pain. 
The last stage is stiff, useless but painless shoulder which 
hurts only when forcefully moved to ensure or to determine 
limitation [ 2 ,  3 ]. The condition widely claimed to be a frozen 
shoulder still remains an enigma as to the exact origin, tissue 
involvement, causative mechanism, and the ideal forms of 
prevention and treatment.  

    Imaging Modalities 

 X-ray evaluation may reveal no specifi c diagnostic fi ndings 
other than some osteopenia or cystic changes in the lateral 

aspect of the humerus [ 3 ]. An arthrogram depicts the 
 presence and degree of adhesive capsulitis. An MRI may 
rule out other abnormalities but is not specifi cally diagnostic 
of adhesive capsulitis with regard to the exact tissues involved 
or the severity of involvement [ 1 – 4 ].   

    Management of Frozen Shoulder 

 Treatment for the frozen shoulder varies widely with 
 experienced clinicians. Started early with a frequent 
 intensity—before there is signifi cant adhesion—active 
physical therapy is more applicable and is advocated by 
most clinicians who are studying and treating this condi-
tions. Pain relief is achieved by local ice, heat, ultrasound 
application [ 3 ], TENS application [ 3 ], oral NSAIDs, elec-
troacupuncture [ 13 ], oral and local corticosteroids, and 
oral analgesic medication. Mobilization and gentle manip-
ulation may be also advisable in the early stage [ 14 ]. 
Rhythmic stabilization exercises have also proven to be of 
value [ 3 ]. Some of the nerve blocks, e.g., suprascapular 
[ 15 ] or subscapular nerve block [ 7 ,  16 ,  17 ], have been 
recently recommended.  

    Subscapular Nerve Block and Subscapularis 
Muscle Trigger Point Infi ltration 

    Introduction 

 Irritation of subscapularis muscle trigger points and 
 adjacent nerves produces pain both during movement and 
at rest, resulting in pain radiating to the scapula, posterior 
deltoid muscle, elbow, and/or dorsal wrist [ 2 ]. The pain 
usually worsens at night. The usual scenario restricts arm 
abduction and external rotation, reducing movement in all 
directions, ending in a stiff, frozen shoulder. A common 
finding is that the subscapularis muscle trigger point 
plays a key role in the development of a frozen shoulder 
[ 2 ,  6 – 9 ]. 

 The subscapular nerve block and subscapularis trigger 
point infi ltration could be very valuable in producing pain 
relief in the affected shoulder. Shortly after each block, 
intensive, physical therapy could be successfully performed 
[ 17 ]. We injected routinely 10–15 mL of a local anesthetic 
solution with or without the addition of a corticosteroid. 
The total volume guarantees adequate spread of the cortico-
steroids. The mechanism by which corticosteroids have been 
suggested to modify pain include reduced prostaglandin 
 synthesis [ 18 ], a week of local anesthetic action [ 19 ], a 
change of activity in the dorsal horn cells [ 8 ], and reduced 
ectopic discharge from neuromatas [ 20 ]. Corticosteroids 
have also been shown to induce a reversible block of normal 
C fi bers in an animal model [ 21 ].  
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    Anatomy of the Fossa Subscapularis [ 16 ,  17 ,  22 ,  23 ] 

 The subscapularis muscle (the most important internal rotator 
muscle of the arm; it also acts as an adductor when the arm is 
raised or fl exed and, together with the rotator cuff, keeps the 
head of the humerus pressed into the glenoid fossa) is located at 
the anterior surface of the subscapularis fossa. The anatomical 
insertions of the subscapular muscle are medial to the interior 
surface of the scapula (Figs.  27.1 ,  27.2 , and  27.3 ) and lateral to 
the lesser tubercle on the anterior surface of the humerus.    

 The subscapular nerves consist of two or three nerves 
emerging from various parts of the brachial plexus for the 
subscapular, teres major, and latissimus dorsi muscles. The 

longest and most important of these is the thoracodorsal 
nerve, which runs along the axillary border of the scapula 
and supplies the latissimus dorsi muscle. 

 The superior subscapular nerve emerges from C5 and C6 
(C7) and enters the subscapular muscle. The medial subscap-
ular nerve (C5–6) arises from the posterior secondary trunks 
and supplies the lateral lower part of the subscapular muscle 
and teres major muscle. 

 The inferior subscapular nerve (thoracodorsal nerve) is 
the largest in this group. It arises from the posterior second-
ary branches or from the axillary nerve, or more rarely from 
the radial nerve, and passes along the lateral edge of the 
scapula to the latissimus dorsi muscle.  

  Fig. 27.1    Transverse section at the level of the T2-T3. Rotator cuff 
muscles and neighboring muscles. ( 1 ) Supraspinatus muscle, ( 2 ) infra-
spinatus muscle, ( 3 ) subscapularis muscle, ( 4 ,  5 ) scapula, ( 6 ) deltoid 
muscle, ( 7 ) greater tubercle of the humerus, ( 8 ) spinal cord (Reproduced 
with permission from Danilo Jankovic)       

  Fig. 27.2    Anatomy (anterior view): ( 1 ) cords of the brachial plexus, 
( 2 ) subscapular nerve, ( 3 ) thoracodorsal nerve, ( 4 ) subscapular muscle, 
( 5 ) circumfl ex scapular artery (Reproduced with permission from 
Danilo Jankovic)       

  Fig. 27.3    Anatomy. Subscapular fossa and subscapular muscle 
(Reproduced with permission from Danilo Jankovic)       
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    Innervation and Function 

 Table  27.1 .

       Indications 

 Indications for a subscapular nerve block and subscapularis 
trigger point infi ltration are presented in Table  27.2 .

       Procedure 

    Preparations 
 Check that the emergency equipment is complete and in 
working order; sterile precautions, intravenous access. Prior 
information for the patient is an absolute necessity.   

    Materials 

 Fine 25-mm-long 26-G needle for local anesthesia, 70-mm- 
long 20-G needle (with the needle shaft angled by about 
20°), local anesthetic, disinfectant, swabs, 2- and 10-mL 
syringes.  

    Technique [ 16 ,  17 ]    

    Position 

 Sitting, with the neck comfortably tilted and the shoulders 
relaxed.  

   Table 27.2    Indications for subscapular nerve block and subscapularis 
trigger point   

 Infi ltration 

 Diagnostic: in painful conditions of the shoulder girdle/joint 
 Therapeutic: in the following situations (in combination with 
physiotherapy): 
   Frozen shoulder syndrome 
   Rheuma 
   Diabetes 
   Post-trauma neuralgia 
   Postherpetic neuralgia 
   Post-hemiplegia neuralgia 
   Ankylosing spondylitis 

      Table 27.1    Rotator cuff muscle (dark blue) and neighboring muscles: innervation and function        

Muscle

Supraspinatus Supracapular nerve
(C5**; superior trunk*)

Abducts the upper arm and pulls the head of the upper arm into
the glenoid cavity

External rotation of the arm; stabilizes the head of the humerus
in the glenoid cavity

Almost identical to the infraspinatus muscle

Supports adduction, internal rotation and extension of the upper
arm from a bent position

Helps the supraspinatus muscle to abduct the upper arm in the
shoulder

Adduction and internal rotation of the arm; strong downward
movement of the scapula

Internal rotation and adduction of the upper arm in the shoulder

Supracapular nerve
(C5, C6**; superior trunk*)

Subscapular nerve
(C5, C6**; posterior fascicle*)

Inferior subscapular nerve
(C5, C6**; posterior fascicle*)

Musculocutaneous nerve
(C5, C6**; lateral fascicle*)

Axillary nerve
(C5, C6**; posterior fascicle*)

Axillary nerve
(C5, C6**; posterior fascicle*)

Thoracodoral nerve
(C6–C8**; posterior fascicle*)

Infraspinatus

Teres minor

Teres major

Deltoid

Latissimus dorsi

Coracobrachialis

Subscapularis

Innervation Function

  * Brachial plexus 
  ** Spinal nerves 
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    Location (Fig.  27.4 ) 

        1.    The patient’s arm is pulled back, so that the contours of 
the scapula are easily recognized. The center of the medial 
border of the scapula is marked as the injection point.   

   2.    Acromion 
 Skin prep, local anesthesia, drawing up the local 

 anesthetic, and testing the injection needle for patency.     

  Fig. 27.4    Location. Marking the injection site (center of the medial 
border of the scapula) (Reproduced with permission from Danilo 
Jankovic)       

    1.    Before the injection, the shaft of the injection nee-
dle should be bent by about 20°.   

   2.    Targeted paresthesias are not elicited.   
   3.    During the injection, observe the skin for possible 

subcutaneous spread of the local anesthetic.    
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      Injection Technique 

     1.    Introduce the 20°-angled needle into the center of the 
medial border of the scapula, in the direction of the 
 acromion (Figs.  27.5  and  27.6a, b ).     

   2.    The needle is introduced subscapularly parallel to the 
skin surface between the anterior surface of the scapula 
(costal surface) and the posterior thoracic wall (ribs), into 
the subscapular fossa. If the needle meets the edge of the 
ribs, it is withdrawn as far as the subcutaneous tissue and 
reintroduced.   

   3.    At a depth of 4 cm, then 5 cm, and fi nally 6 cm— 
depending on the anatomy—a total of 10–15 mL local 
anesthetic is then injected after prior aspiration (Figs.  27.5  
and  27.6a ).     
 The signs of a successful injection are spread extending 

into the shoulder joint, upper arm, and often as far as the 
wrist, corresponding to the radiation pattern of the trigger 
points of the subscapular muscle [ 2 ] (Fig.  27.7a, b ).   

  Fig. 27.5    Introducing the needle in the direction of the acromion 
(Reproduced with permission from Danilo Jankovic)       
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ba

  Fig. 27.6    ( a ) Introducing the needle in the direction of the acromion 
(skeletal model) (Reproduced with permission from Danilo Jankovic). 
( b ) ( 1 ) Inferior angle of the scapula, ( 2 ) medial border of the scapula 

with subscapularis muscle inside, ( 3 ) rhomboideus major muscle, ( 4 ) 
infraspinatus muscle, ( 5 ) trapezius muscle (Reproduced with permis-
sion from Danilo Jankovic)       

  Fig. 27.7    Magnetic resonance images 10 min after injection of 10 mL 
ropivacaine, without radiographic contrast medium, into the subscapu-
lar fossa. ( a ) Axial (cross section). ( b ) Paracoronal. ( 1 ) Thorax wall, ( 2 ) 

subscapular muscle and subscapular fossa, ( 3 ) head of the humerus, ( 4 ) 
teres minor muscle, ( 5 ) deltoid muscle, ( 6 ) scapula, ( 7 ) infraspinatus 
muscle (Reproduced with permission from Danilo Jankovic)       
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    Dosage 

    Diagnostic 
 Five millilitres local anesthetic—e.g., 1 % prilocaine or 1 % 
mepivacaine.  

    Therapeutic 
 Ten to fi fteen millilitres local anesthetic– e.g., 0.5–0.75 % 
ropivacaine, 0.25–0.5 % bupivacaine (0.25–0.5 % levobupi-
vacaine). In acute pain, the addition of 40 mg triamcinolone 
has proved useful. 

 A combination of the subscapular and suprascapular 
nerve blocks is possible and often desirable (Table  27.3 ).

       Block Series 
 In all indications, a series of six to eight blocks is useful if an 
improvement trend is seen after the fi rst and second 
treatments.   

    Side Effects 

 If the dosage is too high, transient weakness may occur in the 
shoulder and upper arm. Outpatients should be informed 
about this. A partial block of the intercostal nerves is possi-
ble due to spread of the local anesthetic and is often 
desirable.  

    Complications 

•     There is a potential risk of pneumothorax (unlikely if the 
correct technique is observed).  

•   Intravascular injection.    

 We could not observe any side effects or possible compli-
cations after injection of local anesthetic with corticosteroid 
[ 24 ,  25 ].   

   Table 27.3    Shoulder–arm region: blocking techniques in pain therapy   

 Indications 

 Surgical  Postoperative pain therapy 

 Acute and chronic pain conditions 
 Target area 

 Mobilization of the shoulder  Shoulder  Shoulder–arm 

 Interscalene a  
 +++++ 
 Dosage: 20–25 mL 
0.75 % ropivacaine or 
0.5 % bupivacaine (0.5 % 
levobupivacaine) 

 Interscalene b  
 +++++ 
 20–25 mL 0.375–0.5 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Subscapular nerves 
 +++++ 
 10–15 mL 0.5–0.75 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Interscalene 
 +++++ 
 10–15 mL 0.375–0.5 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Interscalene 
 +++++ 
 20–25 mL 0.375–0.5 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Subscapular nerves b  
 ++ 
 15 mL 0.5–0.75 % 
ropivacaine or 0.25–
0.375 % bupivacaine 
(0.25–0.375 % 
levobupivacaine) 

 Interscalene 
 +++ 
 10–15 mL 0.375–0.5 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Stellate ganglion 
 ++ 
 10–15 mL 0.375 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

 Subscapular nerves c  
 ++ 
 10–15 mL 0.5–0.75 % 
ropivacaine or 0.25 % 
bupivacaine (0.25 % 
levobupivacaine) 

  Comparison of interscalene block of the brachial plexus, blocks of the subscapular and suprascapular nerves, and blocks of the stellate ganglion 
 +++++ Best method 
 ++++ Very suitable method 
 +++ Suitable method 
 ++ Method suitable with some qualifi cations 
 + Less suitable method 
  a Usually in combination with basic general anesthesia. This provides excellent pain relief 
  b In severe pain, a combination of the two techniques is possible 
  c Usually in combination with a suprascapular nerve block: 8–10 mL 0.5–0.75 % ropivacaine or 0.25 % bupivacaine (0.25 % levobupivacaine)  
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    Supraspinatus Muscle 

    Anatomical Insertions 

 The anatomical insertions are medial to the supraspinous fossa 
and lateral to the greater tubercle of the humerus (Fig.  27.8 ).   

    Innervation and Function 

 See Table  27.1   

    Myotatic Unit 

 This covers the middle part of the deltoid muscle and the upper 
part of the trapezius muscle, as synergists for abduction.  

    Trigger Points 

 The two trigger points (TrPs) in the supraspinatus muscle 
are located deep in the supraspinous fossa of the scapulae, 

underneath the relatively thick part of the trapezius muscle. 
The medial TrP lies directly above the spine of the scapula, 
lateral to the medial border of the scapula. The lateral TrP 
can be palpated medial to the acromion. A third TrP may 
be located in the tendon of the muscle at its lateral insertion 
on the joint capsule and the greater tuberosity [ 2 ] 
(Fig.  27.8 ).  

    Symptoms 

 Pain in the middle deltoid region, sometimes radiating to the 
upper and lower arm, particularly in the area of the lateral 
epicondyle.  

    Procedure 

    Materials 
 Sterile precautions, 23-G needle 30 mm long, 2- and 5-mL 
syringes, local anesthetic.   

  Fig. 27.8    Supraspinatus muscle. Anatomic insertions and myofascial 
trigger points ( yellow circles ) (Adapted from Travell and Simons [ 2 ]). 
( 1 ) Infraspinatus muscle, ( 2 ) supraspinous fascia, ( 3 ) spine of the scap-
ula, ( 4 ) greater tuberosity of the humerus (Reproduced with permission 
from Danilo Jankovic)       
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    Injection Technique 

 The lower arm of the seated patient is placed behind the back 
at waist level (“hand behind the back”; (Fig.  27.9 )). After 
palpation, injection into the medial TrP is carried out in the 
direction of the suprascapular notch (Fig.  27.10 ). After care-
ful aspiration, injection of the local anesthetic follows. The 
lateral TrP is sought directly medial to the acromion. The 
muscle’s insertion point at the greater tubercle of the humerus 
requires perpendicular puncture until bone contact is made 
(Fig.  27.11 ).     

    Dosage 

 One to two millilitres local anesthetic—e.g., 0.2–0.375 % 
ropivacaine.  

    Complications 

 Pneumothorax must be regarded as a potential complication 
when injecting into the medial TrP of the supraspinatus 
muscle.   

  Fig. 27.9    Supraspinatus muscle. Positioning for trigger point injection 
(“hand behind the back” position) (Reproduced with permission from 
Danilo Jankovic)       

  Fig. 27.10    Supraspinatus muscle. Injection into the medial trigger 
point in the direction of the suprascapular notch (Reproduced with per-
mission from Danilo Jankovic)       
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  Fig. 27.11    Supraspinatus muscle. Infi ltration of the insertion site at 
the greater tubercle of the humerus (Reproduced with permission from 
Danilo Jankovic)       
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    Infraspinatus Muscle 

    Anatomic Insertions 

 The anatomic insertions are located medial to the infraspi-
nous fossa of the scapula and lateral to the greater tuberosity 
of the humerus (Figs.  27.12  and  27.13 ).    

    Innervation and Function 

 See Table  27.1   

    Myotatic Unit 

 With the exception of external rotation of the arm, the infra-
spinatus muscle acts synergistically with the teres minor 
muscle (with almost identical function) and the posterior 
part of the deltoid muscle.  

    Trigger Points 

 Two active trigger points (medial and lateral) can be located 
approximately 2 cm below the spine of the scapula, and 
sometimes there is also another possible trigger point slightly 
caudally [ 2 ] (Fig.  27.12 ).  

    Symptoms 

 The symptoms consist of referred pain when sleeping in the 
lateral position and an inability to reach the rear trouser 
pockets or bra fastener or to comb the hair or brush the teeth.  

    Procedure 

    Materials 
 Sterile precautions, 23-G needle 30 mm long, 2- and 5-mL 
syringes, local anesthetic.   

  Fig. 27.12    Infraspinatus muscle. Anatomic insertions and myofascial 
trigger points ( yellow circles ) (Adapted from Travell and Simons [ 2 ]). 
( 1 ) Infraspinatus muscle, ( 2 ) spine of the scapula, ( 3 ) greater tuberosity 
of the humerus (Reproduced with permission from Danilo Jankovic)       

  Fig. 27.13    ( 1 ) Teres minor muscle, ( 2 ) teres major muscle, ( 3 ) infra-
spinatus muscle, ( 4 ) spine of the scapula (Reproduced with permission 
from Danilo Jankovic)       
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    Injection Technique 

 The patient lies on the side that is not being treated. The arm 
is bent to 90° and the elbow is laid on a cushion. The contour 
of the scapula has to be clearly defi ned. 

 After careful disinfection and palpation of the trigger 
point (TrP), the needle is slowly introduced in the direction 
of the TrP. During injection into the medial TrP, the left mid-
dle fi nger is pressed against the caudal edge of the spine of 
the scapula. During injection into the lateral TrP, the left ring 
fi nger presses against the caudal edge of the spine of the 
scapula (Figs.  27.14  and  27.15 ).   

 The puncture has to be carried out sensitively, as the scapula 
bones (part of the infraspinous fossa) sometimes offer very lit-
tle resistance (resembling a fi brous membrane, so that there is a 

risk of pneumothorax). The insertion site of the muscle into the 
greater tuberosity of the humerus requires a perpendicular posi-
tion to be maintained until bone contact is made (Fig.  27.16 ).   

    Dosage 

 One to two millilitres local anesthetic—e.g., 0.2–0.375 % 
ropivacaine.  

    Complications 

•     Pneumothorax is a potential complication [ 2 ].  
•   Infection.      

  Fig. 27.14    Infraspinatus muscle. Injection into the medial trigger 
point in the direction of the caudal edge of the spine of the scapula 
(Reproduced with permission from Danilo Jankovic)       

  Fig. 27.15    Infraspinatus muscle. Injection into the caudal trigger 
point (Reproduced with permission from Danilo Jankovic)       

  Fig. 27.16    Infraspinatus muscle. Infi ltration of the insertion site on the 
greater tuberosity of the humerus (Reproduced with permission from 
Danilo Jankovic)       
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    Teres Minor Muscle 

    Anatomic Insertions 

 The muscle’s anatomic insertions are located directly along-
side and caudal to those of the infraspinatus muscle 
(Figs.  27.13  and  27.17 ).   

    Innervation and Function 

 See Table  27.1   

    Myotatic Unit 

 The teres minor muscle acts synergistically with the infraspi-
natus muscle.  

    Trigger Points 

 The teres minor muscle is one of the most rarely affected 
muscles in the rotator cuff (only involved in 7 % of cases). 
The trigger point usually lies in the center of the muscle [ 2 ] 
(Figs.  27.13  and  27.17 ). The teres minor muscle is located 
above the teres major muscle.  

    Symptoms 

 Pain in the posterior deltoid area.  

    Procedure 

    Materials 
 Sterile precautions, 23-G needle 30 mm long, 2- and 5-mL 
syringes, local anesthetic.   

  Fig. 27.17    Teres minor muscle. Anatomic insertions and myofascial 
trigger points ( yellow circles ) (Adapted from Travell and Simons [ 2 ]). 
( 1 ) Teres minor muscle, ( 2 ) teres major muscle, ( 3 ) inferior angle of the 
scapula, ( 4 ) greater tuberosity of the humerus (Reproduced with per-
mission from Danilo Jankovic)       
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    Injection Technique 

 The arm is bent to 90°. The contour of the scapula has to be 
clearly defi ned (Fig.  27.18 ). The TrPs are sought between the 
teres major and infraspinatus muscles, near the lateral edge 
of the scapula. The index and middle fi nger fi x the TrP. The 
30-mm needle is directed toward the scapula (Fig.  27.19 ). 
The insertion site of the muscle on the greater tuberosity of 
the humerus requires a perpendicular needle direction until 
bone contact is made (Fig.  27.20 ).     

    Dosage 

 Two millilitres local anesthetic—e.g., 0.2–0.375 % 
ropivacaine.  

    Complications 

 Pneumothorax is a potential complication.      

  Fig. 27.18    Teres minor muscle ( yellow ) and teres major muscle 
( green ). Landmarks for TrP injection.  A  Acromion,  B  inferior angle of 
the scapula (Reproduced with permission from Danilo Jankovic)       

  Fig. 27.19    Teres minor muscle. The needle is directed toward the 
scapula (Reproduced with permission from Danilo Jankovic)       
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  Fig. 27.20    Teres minor muscle. Injection at the insertion point of the 
greater tuberosity of the humerus (Reproduced with permission from 
Danilo Jankovic)       

 

Chapter 27 Rotator Muscles and Subscapular Nerve Injection



337

   References 

               1.    Batemann JE. The shoulder and neck. Philadelphia: W. B. Saunders; 
1991. p. 134, 145–6, 149, 284–90.  

                   2.    Travell JG, Simons DG. Myofascial pain and dysfunction, The 
 trigger point manual, vol. 1. Baltimore: Williams & Wilkins; 1983.  

            3.    Cailliet R. Shoulder pain. 3rd ed. Philadelphia: Davis Company; 
1991. p. 105–23, 193–226.  

         4.    Cailliet R. Soft tissue pain and disability. Philadelphia: FA. Davis; 
1977. p. 161–2.  

       5.    Kopell HP, Thompson WL. Pain and the frozen shoulder. Surg 
Gynecol Obstet. 1959;109:92–6.  

      6.    Dursun E, Dursun N, Ural CE, Cakci A. Glenohumeral joint sub-
luxation and refl ex sympathetic dystrophy in hemiplegic patients. 
Arch Phys Med Rehabil. 2000;81(7):944–6.  

    7.    Hecht JS. Subscapular nerve block in the painful hemiplegic shoul-
der. Arch Phys Med Rehabil. 1992;73(11):1036–9.  

    8.    Hall ED. Acute effects of intravenous glucocorticoids on cat spinal 
motor neuron electrical properties. Brain Res. 1982;240:186–90.  

     9.    Pinedo S, de la Villa FM. Complications in the hemiplegic patients 
in the fi rst year after the stroke. Rev Neurol. 2001;32:206–9.  

    10.    Muller LP, Muller LA, Happ J, Kerschbaumer F. Frozen shoulder: 
a sympathetic dystrophy? Arch Orthop Trauma Surg. 2000;
120(1–2):84–7.  

    11.    Ekelund A. New knowledge of the mysterious “frozen shoulder”. 
Surgical treatment can accelerate the recovery in more serious 
cases. Lakartidningen. 1998;95(48):5472–4.  

    12.    Mc Laughlin HL. Lesions of the musculotendinous cuff of the 
shoulder. J Bone Joint Surg. 1944;26:31.  

    13.    Chen CH, Chen TW, Weng MC, et al. The effect of electroacupunc-
ture on shoulder subluxation for stroke patients. Kaohsiung J Med 
Sci. 2000;16:525–32.  

    14.    Reichmister JP, Friedmann SL. Long-term functional results after 
manipulation of the frozen shoulder. Md Med J. 1999;48:7–11.  

    15.    Dahan TH, Fortin L, Pelletier M, et al. Double blind randomized 
clinical trial examining the effi cacy of bupivacaine suprascapular 
nerve blocks in frozen shoulder. J Rheumatol. 2000;27:1329–31.  

      16.    Jankovic D. Subscapular nerve block & subscapularis trigger point 
infi ltration. In: Jankovic D, editor. Regional nerve blocks & infi ltra-
tion therapy. 3rd ed. Boston: Blackwell Scientists Oxford; 2004. 
p. 128–32.  

       17.    Jankovic D, van Zundert A. The frozen shoulder syndrome. 
Description of a new technique and fi ve case reports using the 
 subscapular nerve block and subscapularis trigger point infi ltration. 
Acta Anaesthesiol Belg. 2006;57:137–43.  

    18.    Ontjes DA. Adrenal corticosteroids, corticotrophin releasing 
 hormone, adrenocortico-tropin and anti-adrenal drugs. In: 
Munson PL, editor. Principles of pharmacology. New York: 
Chapmann & Hall; 1995. p. 764–5.  

    19.    Seeman PM. Membrane stabilization by drugs: tranquilizers, 
 steroids and anesthetics. Int Rev Neurobiol. 1996;9:145–221.  

    20.    Devor M, Govin-Lippman R, Raber P. Corticosteroids suppress 
ectopic neural discharge originating in experimental neuromas. 
Pain. 1985;22:127–37.  

    21.    Johansson A, Hao J, Sjölund B. Local corticosteroid application 
block transmission in normal nociceptive C-fi bers. Acta 
Anaesthesiol Scand. 1990;34:335–8.  

    22.   Gray H. Anatomy of the human body. In: Goss GM, editor. 
American edition 29. Philadelphia: Lea& Febiger; 1973. p. 455–7.  

    23.    Netter FH. Nervengefl echte und periphere Nerven. In: Krämer G, 
editor. Farbatlanten der Medizin (Band 5). Nervensystem I: 
Neuroanatomie und Physiologie. Stuttgart/New York: Georg 
Thieme Verlag; 1987.  

    24.    Mackinnon SE, Hudson AR, Gentili F, et al. Peripheral nerve 
 injection injury with steroid agents. Plast Reconstr Surg. 1982;69:
482–9.  

    25.    Abram S, O’Conor T. Complications associated with epidural 
 steroid injections. Reg Anesth. 1996;21:149–61.    

References



   Part V 

   Upper Extremity 
       

Chapter 28 Brachial Plexus (Introduction and Anatomy)

Chapter 29 Brachial Plexus Blocks Above the Clavicle

Chapter 30 Traditional Techniques

Chapter 31 Infraclavicular Brachial Plexus Block

Chapter 32 Axillary Brachial Plexus Block

Chapter 33 Intravenous Regional Anesthesia (IVRA)



341D. Jankovic, P. Peng, Regional Nerve Blocks in Anesthesia and Pain Therapy: Traditional and Ultrasound-Guided Techniques,
DOI 10.1007/978-3-319-05131-4_28, © Springer International Publishing Switzerland 2015

                Danilo   Jankovic ,  MD      
  Director of Pain Management Centre DGS – Cologne – Huerth ,   Luxemburger Str. 323-325 ,  50354   Cologne – Huerth ,  Germany   

 e-mail: danilo@jankovic1.de    

    Chapter 28   

 Brachial Plexus (Introduction and Anatomy)      

Contents

 Introduction .................................................................................  342

 Anatomy .......................................................................................  343

Suggested Reading ......................................................................  347

mailto:danilo@jankovic1.de


342

       Introduction 

 The classical blocks of the brachial plexus using Hirschel’s 
[ 1 ] (axillary approach) and Kulenkampff’s [ 2 ] (supraclavicu-
lar block) anesthesia have been continuously developed and 
supplemented with additional access routes. As representative 
techniques for a multitude of clinical procedures for plexus 
anesthesia, the axillary perivascular block [ 3 – 5 ], subclavian 
perivascular block using the Winnie and Collins technique 
[ 6 ], Winnie’s interscalene block [ 5 ,  7 ], and Raj’s infraclavicu-
lar approach [ 8 ] may be mentioned. All of the blocks of the 
brachial plexus are based on the concept that the nerve plexus 
lies within a perivascular and perineural space in its course 
from the transverse processes to the axilla. Like the epidural 
space, this space limits the spread of the local anesthetic and 
conducts it to the various trunks and roots. Within the connec-
tive-tissue sheath, the concentration and volume of the local 
anesthetic used determine the extent of the block’s spread. 

 The presence of a well defi ned sheath varies along the 
course of the brachial plexus. For example, there is not evi-
dence of a substantial sheath on cryomicrotome sections of 
the supraclavicular region [ 9 ]. 

 The axillary sheath is a collection of connective tissue sur-
rounding the neurovascular structures of the brachial plexus. It 
is a continuation of the prevertebral fascia separating the ante-
rior and middle scalene muscle. Original descriptions of the 
sheath considered it to be a dense tubular structure extending 
from above the fi rst rib to a point distal in the axilla. It was 
believed that the axillary vessels and nerves were all lying 
loose within its center, implying that conduction anesthesia of 
the upper extremity could be performed with a single injection 
at any site along the sheath, with local anesthetic volume being 
the primary determinant for successful block [ 5 ,  6 ,  10 ,  11 ]. 

 However several investigators have since challenged the 
concept of a tubular axillary sheath proposing instead that 
the sheath is a multicompartmental structure formed by thin 
layers of fi brous tissue surrounding the plexus in fi rmly 
membranes and extending inward to create discrete fascial 
septae. Nerves are thus enmeshed in this tissue rather than 
lying separate and distinct. As a result, individual fascial 
compartments are created for each nerve and defi ne the ana-
tomic limits for that neural structure. These compartments 
could functionally limit the circumferential spread of injected 
solutions, thereby requiring separate injections into each 
compartment for maximal nerve blockade. However, proxi-
mal connections between compartments have been  identifi ed, 

which may account for the success of single injection 
 techniques. Certain clinical observations may be interpreted 
as offering support or non-support for the existence of a 
functional tubular sheath [ 12 – 15 ]. 

 Although the clinical signifi cance of these septa remains 
controversial, it makes sense to inject local anesthetic in 
divided doses at several locations within the sheath. 

 Apart from technical aspects, the main differences 
between the various block procedures are that the injection is 
made into the interscalene space, the subclavian space, the 
infraclavicular space, or the axillary space – leading to dif-
ferent focuses for the block. 

 In this chapter, four techniques that are among the stan-
dard methods for plexus anesthesia will be described: the 
interscalene, supraclavicular, infraclavicular, and axillary 
blocks of the brachial plexus. 

 All of these procedures have well-known  advantages  in 
contrast with general anesthesia:

•    They can be used on an outpatient basis.  
•   Use in patients with a full stomach, high-risk and emer-

gency patients, and patients who are anxious about gen-
eral anesthesia.  

•   Absence of side effects such as nausea and vomiting.  
•   Absence of postoperative pulmonary complications.  
•   Excellent postoperative pain control, particularly with the 

use of long-term local anesthetics (continuous 
procedures).  

•   Sympathetic block with vasodilation, better perfusion and 
faster recovery of traumatized extremities.    

 Certain points should always be observed when preparing 
for this procedure:

•    Contraindications must be excluded.  
•   The anatomic relationships in each patient must be pre-

cisely studied and studied again for repeated blocks.  
•   Neurological abnormalities must be excluded.  
•   The procedure must be explained to the patient in detail in 

order to ensure cooperation.  
•   The patient must be placed in a comfortable position dur-

ing the intervention.  
•   All patients should be informed of possible side effects 

and complications; outpatients in particular must also be 
advised of what they should and should not do after anes-
thesia or pain treatment.     
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    Anatomy [ 12 – 14 ,  16 ,  17 ] 

 The brachial plexus arises from the union of the spinal nerve 
roots of C5, C6, C7, C8, and T1, and it often also contains 
fi ne fi bers from the fourth cervical nerve and second thoracic 
nerve. 

 After they have left their intervertebral foramina, the 
roots of the plexus appear in the interscalene groove between 
the scalenus anterior and scalenus medius muscles and they 
join together there to form the primary cords or trunks 
(Fig.  28.1 ). The upper roots (C5, C6) form the superior 
trunk, the roots of C7 continue as the middle trunk, and the 
inferior trunk arises from the roots of C8 and T1. After pass-
ing through the interscalene groove, the primary cords of the 
plexus, lying close together, move toward the fi rst rib 
(Fig.  28.2 ). The suprascapular nerve and subclavian nerve 
already branch off from the superior trunk here, in the poste-
rior triangle of the neck above the clavicle. When crossing 
the fi rst rib, the trunks of the plexus lie dorsolateral to the 
subclavian artery and are enclosed along with the artery by a 
connective-tissue sheath. The plexus runs through under the 
middle of the clavicle, following the course of the subcla-
vian artery, into the tip of the axilla (Fig.  28.3 ). As it does so, 
each of the primary cords divides into the anterior (ventral) 
divisions and posterior (dorsal) divisions. These supply the 
ventral fl exor muscles and the dorsal extensor muscles of the 
upper extremity.    

 In the axilla itself, the nerve cords regroup and separate 
into the individual nerves (Fig.  28.4 ).  

 The  ventral branches  of the superior and middle trunk 
combine to form the  lateral cord  (fasciculus lateralis, C5, 
C6, C7) (Figs.  28.5 ,  28.6 , and  28.9 ).   

 The following nerves emerge from this:

•    Musculocutaneous nerve (Fig.  28.6 )  
•   Median nerve (lateral root) (Fig.  28.6 )  
•   Lateral pectoral nerve    

 All of the  dorsal branches  of the three trunks form the 
 posterior cord  (fasciculus posterior, C5–8, T1). The end 
branches of this (Figs.  28.4 ,  28.5 , and  28.9 ) are the:

•    Radial nerve (Fig.  28.7 )   
•   Axillary nerve (Fig.  28.7 )  
•   Thoracodorsal nerve (Fig.  28.8 )   
•   Inferior subscapular nerve  
•   Superior subscapular nerve    

 The  ventral branches of the inferior trunk  continue as the 
 medial cord  (fasciculus medialis, C8, T1). The following 
nerves (Figs.  28.4 ,  28.5 , and  28.9 ) emerge from this: 

•    Ulnar nerve (Fig.  28.10 )   
•   Median nerve (medial root) (Figs.  28.6  and  28.10 )  
•   Medial pectoral nerve  
•   Medial antebrachial cutaneous nerve  
•   Medial brachial cutaneous nerve        
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  Fig. 28.1    Trunks: ( a ) superior trunk, ( b ) medial trunk, ( c ) inferior 
trunk, divisions and cords of the brachial plexus. ( 1 ) Suprascapular 
nerve, ( 2 ) musculocutaneous nerve, ( 3 ) axillary nerve, ( 4 ) radial nerve, 
( 5 ) median nerve, ( 6 ) ulnar nerve, ( 7 ) medial antebrachial cutaneous 
nerve, ( 8 ) medial brachial cutaneous nerve (With permission from 
Danilo Jankovic)       

2

1

6

5

3

4

7

  Fig. 28.2    Interscalene region. ( 1 ) Scalenus anterior muscle, ( 2 ) scale-
nus medius muscle, ( 3 ) trunks of the brachial plexus with subclavian 
artery, ( 4 ) proximal supraclavicular plexus sheath, ( 5 ) phrenic nerve, 
( 6 ) ascendent cervical artery, ( 7 ) clavicle (With permission from Danilo 
Jankovic)       
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  Fig. 28.4    Regrouping of the nerve cords in the area of the axilla and 
their distal distribution. ( 1 ) Lateral cord, ( 2 ) musculocutaneous nerve, 
( 3 ) posterior cord, ( 4 ) medial cord, ( 5 ) median nerve, ( 6 ) radial nerve, 
( 7 ) ulnar nerve (With permission from Danilo Jankovic)       
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  Fig. 28.3    Brachial plexus sheath extending from interscalene to sub-
clavian and axillary region. Pectoralis muscle separated. ( 1 ) Middle and 
anterior scalene muscles, ( 2 ) trunks of the brachial plexus, ( 3 ) sterno-
cleidomastoid muscle, ( 4 ) clavicle, ( 5 ) infraclavicular region, ( 6 ) axil-
lary part of the brachial plexus, ( 7 ) deltoid muscle (With permission 
from Danilo Jankovic)       
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3 2 1

  Fig. 28.5    Fascicles (Cords) of the brachial plexus. Lateral cord ( white ), 
posterior cord ( blue ), medial cord ( green ), axillary artery ( red ). ( 1 ) 
Trunks of the brachial plexus above the clavicle ( 2 ), deltoid muscle ( 3 ). 
Pectoralis major muscle separated (With permission from Danilo 
Jankovic)       
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  Fig. 28.6    Musculocutaneous nerve ( yellow ), and median nerve 
( green ), axillary artery ( red ). ( 1 ) deltoid muscle, ( 2 ) biceps brachii mus-
cle and coracobrachialis muscle, ( 3 ) latissimus dorsi muscle, ( 4 ) clavi-
cle (With permission from Danilo Jankovic)       

  Fig. 28.7    Radial nerve ( green ) and axillary nerve ( yellow ) (With per-
mission from Danilo Jankovic)       

2 1

  Fig. 28.8    Thoracodorsal    nerve ( green ), thoracicus longus nerve ( yel-
low ), intercostobrachial nerve ( blue ), thoracodorsal artery ( red ). ( 1 ) 
pectoralis major muscle, ( 2 ) latissimus dorsi muscle (With permission 
from Danilo Jankovic)       
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  Fig. 28.10    Ulnar nerve ( light blue ), median nerve ( dark blue ), axillary 
nerve ( yellow ), radial nerve ( green ), musculocutaneous nerve ( white ), 
axillary artery ( red ). ( 1 ) deltoid muscle, ( 2 ) latissimus dorsi muscle, ( 3 ) 
axillary vein (With permission from Danilo Jankovic)       
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  Fig. 28.9    Brachial plexus, cutaneous innervation (With permission from Danilo Jankovic)       
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          Interscalene Block 

    Defi nition 

 Interscalene brachial plexus block involves injecting local 
anesthetic around the trunks of the brachial plexus between 
the anterior and middle scalene muscles at the level of the 
cricoid cartilage.   

    Background 

 Interscalene brachial plexus block is widely used for postop-
erative analgesia following open and arthroscopic shoulder 
surgery [ 1 ]. Interscalene block is also effective for analgesia 
following surgery on the clavicle, although in this context, 
this is likely related to involvement of the cervical plexus. 
Interscalene block performed using landmark, paresthesia 
and nerve stimulator-guided techniques have traditionally 
used large volumes of local anesthetic. Recently, ultrasound- 
guided techniques have changed the practice of interscalene 
brachial plexus block. Ultrasound-guided techniques includ-
ing interscalene block are associated with superior success 
rates, and both reduced side effects and local anesthetic 
requirements when compared to traditional techniques [ 2 –
 4 ]. For these reasons, this chapter will largely focus on ultra-
sound technology as the localizing and monitoring technique 
used for interscalene block. Interscalene block is suitable for 
both single-injection and continuous techniques. 

    Anatomy 

 The brachial plexus is formed from the ventral rami of the 
C5–C8 and T1 spinal nerves. The roots located within or 
close to the intervertebral foramen form trunks located 
between the anterior and middle scalene muscles (the C5–C6 

rami unite to form the superior trunk near the medial border 
of the middle scalene muscle). The anterior and middle sca-
lene muscles run obliquely between the anterior and posterior 
tubercles (respectively) of the cervical transverse processes 
and the fi rst rib. The space between the scalene muscles is 
often described as the interscalene groove and both the bra-
chial plexus (roots, trunks and divisions) and the subclavian 
artery are located between the muscles. The interscalene 
approach to the brachial plexus targets the trunks of the bra-
chial plexus between the anterior and middle scalene mus-
cles. Landmark and nerve stimulator techniques use the 
cricoid cartilage to determine the C6 level. The main targets 
are the upper (C5, C6 origins) and middle trunks (C7 origin). 
The neural elements of brachial plexus at this level do not 
have an extensive connective tissue component compared to 
a distal peripheral nerve complex. The brachial plexus is deep 
to the prevertebral layer of the deep cervical fascia, which 
attaches to the anterior tubercles of the C3–C6 vertebrae. 
Anatomical variations of the brachial plexus include it being 
located in the anterior scalene muscle. Medial to the anterior 
scalene muscle is the carotid sheath and its contents and the 
entry of the vertebral artery into the transverse foramen of the 
C6 vertebrae. Deep to the carotid sheath is loose areolar tis-
sue separating it from the prevertebral fascia and the longus 
colli muscle. Anatomical surface landmarks include the inter-
scalene groove, sternocleidomastoid muscle, and cricoid car-
tilage. Vascular structures in this region include the superfi cial 
cervical artery and vein (usually superfi cial to the preverte-
bral fascia) and the external jugular vein [ 5 ].  

    Indications 

    Surgical 
 Interscalene brachial plexus block is commonly used for 
postoperative analgesia following open and arthroscopic 
shoulder surgery [ 1 ]. It is also effective for surgery on the 
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clavicle although the effectiveness of interscalene block for 
this surgical type is likely related to involvement of the cervi-
cal plexus. Interscalene block can be used for surgical anes-
thesia reducing the risk of side effects associated with general 
anesthesia [ 6 ].  

    Therapeutic 
 Interscalene brachial plexus block has also been used for 
chronic conditions involving the shoulder including frozen 
shoulder and other conditions where the block facilitates 
physiotherapy.  

    Evidence and Safety 
 The versatility of interscalene brachial plexus block is dem-
onstrated by a study by Roxeborough and colleagues where 
regional anesthesia was the main component of the intraop-
erative anesthetic technique, potentially reducing the hemo-
dynamic effects of the sitting position by avoiding general 
anesthesia and/or positive pressure ventilation [ 6 ]. Compared 
to patients having single-injection interscalene block or gen-
eral anesthesia, patients receiving continuous interscalene 
block for outpatient rotator cuff repair surgery had improved 
pain scores at 7 days following surgery. This study demon-
strated intermediate benefi ts of a continuous technique 
beyond the early postoperative period and 48 h of local anes-
thetic infusion [ 7 ]. Interscalene brachial plexus block has 
been subject to large-scale studies investigating quality and 
safety [ 1 ,  8 – 15 ].   

    Contraindications 

    General 
    Local infection and skin disease  
  Patient refusal     

    Relative 
    Coagulopathy  
  Reduced pulmonary reserve     

    Absolute 
    Contralateral interscalene block  
  Contralateral paresis of the recurrent laryngeal or phrenic 

nerve  
  Contralateral pneumonectomy or pneumothorax      

    Advantages/Disadvantages 

    Advantages 
    Relatively straightforward anatomy and superfi cial targets 

even in obese subjects.  
  Ultrasound-guided technique can be successful with low 

dosage techniques.  
  Suitable for continuous catheter techniques.     

    Disadvantages 
    Phrenic nerve blockade is a common side effect.  
  Being close to the neuraxis introduces specifi c risks.  
  The C8 and T1 ventral rami are incompletely anesthetized 

resulting in incomplete blockade of the medial border of 
the forearm and hand.      

    Procedure 

    Preparation 
 As with all regional anesthesia procedures, requirements 
include emergency equipment, monitoring, and 
assistance.  

    Materials and Disposables 
 A 25-mm high-frequency (e.g., 10–13 MHz) linear array 
transducer is suitable.

   Sterile ultrasound probe cover and gel for all procedures.  
  Routine disposables including fenestrated drape and 

dressings.    

 22-gauge 50 mm short-bevel needle for single-injection 
and 18-gauge Tuohy needle for a continuous catheter 
technique. 

 Ten to fi fteen milliliter of local anesthetic for block 
(see section on “ Local anesthetic dosage, volume and 
spread ”)  

    Patient Positioning 
 For single-injection technique, supine with head turned to 
contralateral side. 

 For a continuous catheter technique, the patient is placed 
in the lateral position and a posterior approach is used.  

    Ergonomics and Pre-scanning 
 We suggest positioning the ultrasound machine on the 
opposite side of the bed/trolley at the level of the patient’s 
mid- torso so that the operator looks over the patient’s 
shoulder to directly face the screen. The operator can then 
position the probe with his/her nondominant hand and 
advance the needle in-plane using his/her dominant hand. 
The advantage of these ergonomics is that there is a direct 
line of sight from the operator’s eye over the probe and the 
in-plane needle toward the ultrasound screen. The same 
confi guration works for both left-sided and right-sided 
blocks and for both left- handed and right-handed 
operators. 

 A sonogram required for an interscalene block is relatively 
straightforward to obtain and this is in part related to the super-
fi cial location of key structures. Figure  29.1a, b  demonstrate 
the approximate transducer positions in the posterior triangle 
of the neck for the interscalene and supraclavicular approaches 
respectively and their corresponding sonograms. There are 
two techniques for assisting in  identifi cation of the sonoanat-
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omy of the interscalene brachial plexus block. We recommend 
identifying the sonoanatomy of the supraclavicular block in 
the supraclavicular fossa (Fig.  29.1b ) and then tracing the 
plexus proximally (Fig.  29.1a ). Alternatively, the sternocleido-
mastoid may be identifi ed overlying the carotid artery and 
internal jugular vein and from this position the transducer may 
be slid laterally. The sternocleidomastoid tapers laterally, and 
the scalene muscles can be located just deep to its posterior 
border (Fig. 29.1c ). Dynamic scanning from the divisions of 
the brachial plexus proximally to the level of the trunks (and 
vice versa) is effective for training in imaging the brachial 
plexus [ 16 ]. Note that the transducer movement required to 
obtain these distinct sonograms is slight (Fig.  29.1a, b ). As the 
scalene muscles course distally, progressively more muscle 
fi bers join from the transverse processes of the lower cervical 
vertebrae. Consequently, the scalene muscles may be best 
visualized on ultrasound more caudal than the landmark tech-
nique at the level of the cricoid cartilage (C6). This explains 
why ultrasound-guided interscalene block is often performed 
with a more caudal needle insertion point compared to land-
mark techniques. The needle trajectory is commonly a lateral 
to medial in-plane approach (Fig.  29.1a ). This is a signifi cant 
departure from the landmark technique where the needle entry 
point for is more cephalad and medial.  

 The ultrasound appearance of the plexus at the intersca-
lene level can be described as multiple [ 3 ,  4 ] hypoechoic 
round or oval structures. The neural structures at the intersca-
lene level have reduced connective tissue compared to the 

divisions; therefore, the targets for interscalene blockade are 
relatively hypoechoic. Proximal to the interscalene level, the 
roots of the brachial plexus can be identifi ed adjacent to the 
transverse processes. The morphology of the cervical trans-
verse processes determines cervical level and therefore the 
neural  origins. The C6 transverse process has a prominent 
anterior tubercle, and the C7 transverse process has no ante-
rior tubercle. Color Doppler is recommended to scan for 
 vessels in the planned needle trajectory. The vertebral artery 
may be imaged close to the C7 transverse process deep to the 
scalene muscles. Other vessels imaged in the neck include the 
inferior thyroid, transverse cervical (and its descending dorsal 
scapular branch) and suprascapular arteries. The C5 trans-
verse process has tubercles of even size producing a sym-
metrical “U” shape on the sonogram. The phrenic nerve can 
be imaged as a small hypoechoic structure anterior to the 
anterior scalene muscle only a few mm away from the bra-
chial plexus [ 17 ].  

    Injection Technique: General Comments 
 For a single shot technique, sterile gloves should be worn 
and skin asepsis adhered to. For continuous catheter 
 technique, we recommend a full aseptic technique and bar-
rier precautions (gown, gloves, and facemask). Interscalene 
block is suitable for either in-plane or out-of-plane tech-
niques. Standard strategies to improve in-plane needle imag-
ing are important and particular vigilance must be taken to 
keep the needle tip in view.   

  Fig. 29.1    ( a ) Transducer position and corresponding sonogram for the 
interscalene approach to the brachial plexus. ( b ) Transducer position 
and corresponding sonogram for the supraclavicular approach to the 
brachial plexus. ( c ) The great vessels of the neck can be used as a readily 

identifi able sonoanatomical landmark by which the sternocleidomastoid 
and scalene muscles (and therefore the brachial plexus) can be located 
(The inset fi gure showed the position of the ultrasound probe and the 
direction of the needle insertion)         

a
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b

Fig. 29.1 (Continued)

    Ultrasound-Guided Approaches 

    Single-Injection Techniques 
 The authors’ preferred needle trajectory is from lateral to 
medial (through the middle scalene muscle) using an in- 
plane technique (Fig.  29.1a ). It is sometimes necessary to 
adopt a brief steep initial needle trajectory in order to pierce 
the prevertebral layer of the deep cervical fascia that overlies 
the middle scalene muscle. Once this “pop” has been felt, the 
needle should be fl attened out and advanced toward the 
plexus. In the authors’ experience ultrasound guidance alone 

is adequate and nerve stimulator guidance is not usually 
required. The needle is advanced, and a second “pop” may 
be felt as the needle tip passes through the anterior border of 
the middle scalene muscle and the plexus. Incremental injec-
tion of 1–2 mL of local anesthetic can be used at this point to 
hydrodissect the plane between the muscles and plexus. Care 
should be taken to avoid local anesthetic being deposited 
inside the belly of the middle scalene muscle. Injection of 
local anesthetic on one side of the trunks at the C5–C7 level 
should be suffi cient.  
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     Continuous Catheter Techniques 
 The authors’ preferred needle trajectory is similar to single- 
injection techniques except the ultrasound transducer is 
rotated slightly and translated so that the needle entry point 
is positioned more cephalad and posterior taking the cath-
eter skin entry point away from the surgical site. The needle 
trajectory now has a slight caudad angulation. Separating 
the needle skin entry point increases ease of needle visual-
ization and also creates a tunnel for the catheter, reducing 
risk of dislodgement. Figure  29.2  demonstrates a patient 
positioned on their side for an interscalene catheter 

 placement using a posterior in-plane approach. Figure  29.3a  
demonstrates the needle trajectory with needle at muscle–
plexus interface and Fig.  29.3b  the post-injection displace-
ment of the middle scalene muscle. The sonogram in 
Fig.  29.3c  shows the catheter following removal of needle. 
Note that the rotation of the probe may distort the image 
such that the trunks of the brachial plexus are less well 
demarcated and the sternocleidomastoid and middle sca-
lene muscles appear elongated. The catheter tip position 
should be determined before commencing a local anes-
thetic infusion.     

  Fig. 29.2    When inserting a continuous interscalene catheter for shoulder surgery, it is desirable to maximize the distance between the needle 
insertion point and the surgical site (The inset fi gure showed the position of the ultrasound probe and the direction of the needle insertion)       
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  Fig. 29.3    ( a ) Continuous interscalene catheter technique with needle 
tip located at the anterior border of the middle scalene muscle just pos-
terior to the trunks of the brachial plexus. ( b ) Local anesthetic has been 
injected separating the trunks of the brachial plexus from the middle 
scalene muscle. ( c ) A catheter has been threaded beyond the brachial 

plexus and withdrawn and its position confi rmed by injecting through 
the catheter confi rming spread of injectate around the trunks of the 
plexus (The inset fi gures showed the ultrasound images corresponded 
to the stages of the procedure)       
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     Local Anesthetic Dosage, Volume, and Spread 

    Dosage 
 The ED 95  required to achieve postoperative analgesia for C7 
interscalene brachial plexus anesthesia has been calculated 
to be 3.6 mL of ropivacaine 0.75 % [ 18 ]. In routine practice, 
10–15 mL of local anesthetic such as ropivacaine 0.2–0.75 % 
is appropriate. The exact concentration will depend on 
patient factors, the purpose of the block (analgesia or 
 anesthesia), and if a catheter technique is used. If a catheter 
is placed, the initial dose can be reduced and additional local 
anesthetic can be injected through the catheter. An infusion 
of ropivacaine 0.2 % 4–10 mL/h is used for postoperative 
analgesia.  

    Distribution 
 The expected distribution of anesthesia following intersca-
lene brachial plexus block is shown in Fig.  29.4  [ 19 ].    

  Fig. 29.4    Expected distribution of anesthesia following interscalene 
brachial plexus block (With permission from Danilo Jankovic)       
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    Side Effects 

    Phrenic Nerve Block with Ipsilateral 
Hemidiaphragmatic Paralysis and Dyspnea 
 Phrenic nerve block occurs commonly following both inter-
scalene and supraclavicular approaches to the brachial plexus. 
The proposed mechanism is that local anesthetic spreads 
across the anterior surface of the anterior scalene muscle and 
involves the phrenic nerve and/or there is cephalad spread 
toward C4. However, other mechanisms have been proposed 
including the existence of variations in the origin of the phrenic 
nerve from the brachial plexus itself [ 20 ,  21 ]. Usually phrenic 
nerve block is not of concern and management comprises 
patient reassurance. In patients with reduced pulmonary 
reserve, phrenic nerve block may be of concern; therefore 
strategies have been suggested to reduce the risk of phrenic 
nerve blockade. These strategies include dose reduction, using 
a more caudal target (C7), using ultrasound guidance, or avoid-
ing interscalene block [ 22 ]. Following both interscalene and 
supraclavicular brachial plexus blockade, ultrasound guidance 
is associated with a reduced incidence of phrenic nerve paresis 
compared to nerve stimulator-guided techniques [ 23 ,  24 ].  

    Recurrent Laryngeal Nerve Block 
 This may present as hoarseness, occasionally stridor and a 
sensation of a lump in the throat. A case report has been pub-
lished where it was thought that a defi cient carotid sheath 
predisposed to recurrent laryngeal nerve block following 
continuous interscalene block [ 25 ].  

    Cervicothoracic Sympathetic Block 
 The cervicothoracic sympathetic trunk lies posterolaterally 
to the prevertebral fascia anterior to the longus colli muscle 
[ 26 ]. This is in close proximity to interscalene or supracla-
vicular brachial plexus block injection, hence involvement of 
the sympathetic trunk resulting in Horner’s syndrome.   

    Complications 

    Pneumothorax 
 Pneumothorax should be rare with ultrasound-guided inter-
scalene block. Strategies have been suggested to reduce the 
risk of pneumothorax following ultrasound-guided supracla-
vicular blockade [ 27 ].  

    Contralateral Spread of Local Anesthetic (Epidural or 
Intrathecal) 
 Contralateral spread is a rare complication of interscalene 
brachial plexus blockade [ 28 ,  29 ]. There may be more than 
one mechanism responsible for contralateral spread includ-
ing spread in the tissue planes deep to the prevertebral fascia 
[ 30 ]. The risk of contralateral spread may be increased with 

increased exposure to the total dosage of local anesthetic 
(initial bolus and subsequent boluses or infusion). This com-
plication should be taken into account when utilizing these 
techniques especially in the ambulatory setting.  

    Catheter Misplacement 
 Catheter location can be confi rmed with a test dose and 
potentially ultrasound guidance.  

   Cervical Spinal Cord Injury 
 The risks associated with performing a procedure close to 
the neuraxis are clear with interscalene blockade. Permanent 
neurological injury has been reported following injection of 
local anesthetic into the cervical spinal cord when an inter-
scalene block was performed under general anesthesia [ 31 ].  

   Vascular Injection 
 Injection of local anesthetic into the vertebral artery or 
branches of the thyrocervical trunk can lead rapidly to local 
anesthetic toxicity.  

   Nerve Injury 
 Postoperative nerve injury regardless of etiology is of con-
cern to patients and health-care providers. The reader should 
be aware that the methods used to capture, defi ne, and report 
neurologic outcomes vary considerably. A single-center 
study reported the incidence of postoperative neurologic 
symptoms including those following interscalene block 
greater than 6 months duration was 0.9 per 1,000 blocks 
(95 % confi dence interval, 0.5–1.7) [ 13 ]. Observational stud-
ies consistently report that postoperative neurologic dys-
function may be related to patient and surgical factors and 
that the incidence of serious permanent neuropathy directly 
related to peripheral regional anesthesia is rare. Neurologic 
complications include brachial plexopathy or injury to the 
dorsal scapular or long thoracic nerve. These nerves pass 
through or close to the middle scalene muscle and therefore 
ultrasound-guided interscalene block with a needle trajec-
tory through this muscle, potentially introduces a new risk. 
Permanent phrenic nerve palsy is also a recognized although 
likely rare complication of interscalene brachial plexus block 
[ 32 ]. Distal mononeuropathies (involving the median and 
ulnar nerve) can occur following shoulder surgery and inter-
scalene block, and these complications should be carefully 
evaluated taking into account all possible causes. Neurologic 
defi cits in the C5–C6 distribution are more likely to be block 
related, compared to defi cits in the ulnar distribution [ 9 ].   

    Documentation 

 The following documentation is recommended following 
interscalene blockade: (1) needle type, length, and gauge; (2) 
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aseptic precautions, (3) anatomical, structures imaged; (4) 
monitoring techniques, verbal contact with a lightly sedated 
responsive patient, ultrasound guidance, nerve stimulation, 
injection pressure monitoring; (5) in-plane versus out-of- 
plane technique; (6) spread of local anesthetic; (7) local 
anesthetic dosage; and (8) complications.   

    Supraclavicular Block 

    Defi nition 

 Supraclavicular brachial plexus block involves injecting local 
anesthetic around the divisions of the brachial plexus deep to 
the prevertebral fascia posterolateral to the subclavian artery.  

    Background 

 Supraclavicular brachial plexus block was described in the 
early twentieth century by Kulenkampff and Persy [ 33 ] and 
was initially popular providing more effective anesthesia 
than other approaches to the brachial plexus. However, lit-
erature reviews and case series suggest an incidence of pneu-
mothorax ranging from 0.5 to 6 % [ 34 ] and its popularity 
reduced [ 35 ]. Pneumothorax was the main deterrent to 
choosing this approach to the brachial plexus. More recently 
however, due to the popularity of ultrasound-guided regional 
anesthesia, with the potential to image the needle, brachial 
plexus, and pleura, the supraclavicular approach to the bra-
chial plexus has increased in popularity as evidenced by case 
series [ 36 ], description of techniques [ 37 ], controlled clinical 
trials [ 38 ], and registries reports [ 11 ].  

    Anatomy 

 The anterior scalene muscle ends as a narrow tendon to insert 
on the scalene tubercle of the inner border of the fi rst rib. 
Therefore, at this level, the anterior scalene muscle has a differ-
ent morphology compared to at the interscalene level. In con-
trast, the middle scalene muscle inserts into a relatively larger 
area of the upper surface of the fi rst rib (quadrangular area) and 
the muscle is relatively fl eshy at the supraclavicular level. The 
prevertebral fascia over the brachial plexus at this level is well 
formed and distinct. The omohyoid muscle descends from the 
hyoid bone passes beneath the sternocleidomastoid over the 
carotid sheath to lie in the posterior triangle. The cylindrically 
shaped inferior belly of the omohyoid is often imaged and it 
passes almost horizontally above the level of the clavicle. The 
posterior triangle of the neck near the supraclavicular brachial 
plexus contains prominent vascular structures. These vessels 
include the dorsal scapular and  suprascapular arteries (branches 

of the thyrocervical trunk or subclavian artery) often close to 
the planned needle trajectory or plexus and in some instances 
the vessels bisect the plexus [ 5 ].  

    Indications 

   Surgical 
 Supraclavicular brachial plexus block is indicated for sur-
gery on the shoulder and entire upper extremity. Potentially 
supraclavicular block may miss the suprascapular nerve (C5 
origin from the upper trunk) and supraclavicular nerve (C4 
origin) from the cervical plexus, both important for innerva-
tion of the shoulder. Supraclavicular block may be “ulnar 
sparing” if local anesthetic fails to reach the anterior division 
of the inferior trunk due to its deep anteromedial location 
between the subclavian artery and the fi rst rib. However a 
properly executed supraclavicular block has the potential to 
anesthetize the entire upper limb. It is suitable for surgical 
anesthesia or postoperative analgesia.  

   Evidence and Safety 
 Supraclavicular block is considered a reliable, fast-onset 
approach to the brachial plexus, and the term  spinal of the 
arm  reinforces this concept. However, randomized controlled 
trials have demonstrated that the supraclavicular approach has 
similar [ 38 ] or reduced [ 39 ,  40 ] effi cacy compared to other 
approaches to the brachial plexus from below the clavicle. 
Controlled clinical trials also demonstrate that the rate of 
ulnar nerve sensory block is reduced following ultrasound-
guided supraclavicular block compared to other approaches 
from below the clavicle [ 40 ,  41 ] and that the volume required 
for sensory blockade is not that different to the volume 
required using techniques not employing ultrasound guidance 
[ 42 ]. The supraclavicular block has been subject to large-
scale studies investigating quality and safety [ 11 ,  36 ,  43 ].   

    Contraindications 

   General 
    Local infection and skin disease  
  Patient refusal     

   Relative 
    Coagulopathy  
  Reduced pulmonary reserve     

   Absolute 
    Contralateral supraclavicular block  
  Contralateral paresis of the recurrent laryngeal or phrenic 

nerve  
  Contralateral pneumonectomy or pneumothorax      
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    Advantages/Disadvantages 

   Advantages 
    Relatively straightforward anatomy  
  Produces anesthesia/analgesia the entire upper extremity     

   Disadvantages 
    Phrenic nerve blockade is a common side effect.  
  Being close to the pleura introduces specifi c risk of 

pneumothorax.  
  The C8 and T1 ventral rami may have slow onset or incom-

plete blockade (medial border of forearm or hand).  
  The posterior triangle of the neck is a rich vascular area.  
  Not ideal for continuous catheter technique.      

    Procedure 

   Preparation 
 As with all regional anesthesia procedures, requirements 
include emergency equipment, monitoring, and assistance.  

   Materials and Disposables 
 A 25 mm width high-frequency (e.g., 10–13 MHz) linear 
array transducer is appropriate for most adult patients. 
Occasionally a morbidly obese patient has a deep target, and 
an intermediate frequency probe may be helpful for both tis-
sue penetration and to increase the width of the fi eld of view.  

   Patient Positioning 
 Supine with head turned to contralateral side  

   Ergonomics and Pre-scanning 
 Position the ultrasound machine so that the practitioner 
directly faces the screen. The exact location and arrangement 
of the bed/trolley, machine, regional trolley, and operator is 
infl uenced by personal preferences and handedness. The 
authors prefer to hold the needle for this approach with their 
dominant hand regardless of side blocked. Place the probe 
immediately cephalad to the clavicle along its lateral border. 
Slide the probe medially until the subclavian artery is identi-
fi ed as a large pulsatile hypoechoic structure. The brachial 
plexus between the anterior and middle scalene muscles can 
be traced from the interscalene to the supraclavicular level 
(Fig.  29.1a, b ) and vice versa [ 16 ]. The change in morphol-
ogy of the neural elements is distinct as the brachial plexus 
changes from trunks to divisions. The ultrasound appearance 
at the supraclavicular level can be described as a “bunch of 
grapes” or as having a “honeycomb” appearance. The plexus 
is immediately posterior and lateral to the artery. If the plexus 
is imaged immediately cephalad to the artery, the operator 
should tilt the transducer caudal so as to image the plexus so 
that it is posterolateral to the artery. This is the sonogram 

required for upper extremity anesthesia/analgesia. If the 
main surgical region is the proximal humerus, then a sono-
gram with the plexus immediately cephalad to the artery is 
appropriate.   

    Ultrasound-Guided Technique 

   Single-Injection Techniques 
 The authors’ preferred needle trajectory is from lateral to 
medial using an in-plane approach. As with interscalene 
block, ultrasound guidance alone without nerve stimulation 
is adequate.  

   Continuous Catheter Techniques 
 In the author’s experience, the supraclavicular block is not 
ideal for a continuous catheter technique. The catheter does 
not feed well and dislodgement is common at this location. 
However, a catheter at the more cephalad interscalene loca-
tion can be directed caudal so that the catheter is located at 
the level of the divisions (refer to section “ Continuous cath-
eter technique ,” Interscalene brachial plexus block).   

    Local Anesthetic Dosage, Volume and Spread 

   Dosage 
 Surgical anesthesia: 25–30 mL ropivacaine 0.75 %; postop-
erative analgesia: 20–30 mL ropivacaine 0.2–0.5 %.  

   Distribution 
 The expected distribution of anesthesia following supracla-
vicular brachial plexus block is shown in Fig.  29.5  [ 19 ].    

  Fig. 29.5    Expected distribution of anesthesia following supraclavicu-
lar brachial plexus block (With permission from Danilo Jankovic)       
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    Side Effects 

   Phrenic Nerve Block with Ipsilateral 
Hemidiaphragmatic Paralysis and Dyspnea 
 Phrenic nerve block occurs more commonly following 
interscalene than the supraclavicular approaches to the bra-
chial plexus. There are variations in the origin of the phrenic 
nerve including from the brachial plexus itself [ 21 ]. Usually 
phrenic nerve block is not of concern and management 
comprises patient reassurance. Following both interscalene 
and supraclavicular brachial plexus blockade, ultrasound 
guidance is associated with a reduced incidence of phrenic 
nerve paresis compared to nerve stimulator-guided tech-
niques [ 23 ,  24 ].  

   Recurrent Laryngeal Nerve Block 
 This may present as hoarseness, occasionally stridor and a 
sensation of a lump in the throat.  

   Cervicothoracic Sympathetic Block 
 The cervicothoracic sympathetic trunk lies posterolater-
ally to the prevertebral fascia anterior to the longus colli 
muscle [ 26 ]. This is in close proximity to interscalene or 
supraclavicular brachial plexus block injection, hence 
involvement of the sympathetic trunk resulting in Horner’s 
syndrome.   

    Complications 

   Pneumothorax 
 Pneumothorax should be rare with ultrasound-guided tech-
niques. Strategies have been suggested to reduce the risk of 
pneumothorax following ultrasound-guided supraclavicular 
blockade [ 27 ].  

   Vascular Injection 
 This risk relates to the vascular structures such as the dorsal 
scapular artery in the posterior triangle of the neck.  

   Nerve Injury 
 Postoperative nerve injury regardless of etiology is of con-
cern to patients and health-care providers. The reader should 
be aware that the methods used to capture, defi ne, and report 
neurologic outcomes vary considerably. A single-center 
study reported the incidence of postoperative neurologic 
symptoms including those following supraclavicular block 
greater than 6 months duration was 0.9 per 1,000 blocks 
(95 % confi dence interval, 0.5–1.7) [ 13 ]. Observational stud-
ies consistently report that postoperative neurologic dys-
function may be related to patient and surgical factors and 
that the incidence of serious permanent neuropathy directly 
related to peripheral regional anesthesia is rare.   

    Documentation 

 The following documentation is recommended following 
supraclavicular blockade: (1) needle type, length, and gauge; 
(2) aseptic precautions; (3) anatomical, structures imaged; 
(4) monitoring techniques, verbal contact with a lightly 
sedated responsive patient, ultrasound guidance, nerve stim-
ulation, injection pressure monitoring; (5) in-plane versus 
out-of-plane technique; (6) spread of local anesthetic; (7) 
local anesthetic dosage, and (8) complications.      
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       Interscalene Block [ 3 ,  4 ,  8 ,  9 ,  23 ] 

       Preparations 

 Check that the emergency equipment is present and in work-
ing order: sterile precautions, intravenous access, ECG mon-
itoring, pulse oximetry, intubation kit, emergency medication, 
and ventilation facilities.  

    Materials 

    Nerve Stimulator 
 A 50-mm 22-G (15°) short- bevel insulated stimulating 
atraumatic needle with “immobile needle” injection lead. 

   Continuous Technique 1  

   Anterior technique 

•   Catether kit: 50-mm 22-G (15°) stimulating atraumatic 
needle with catheter   

   or   

•    Tuohy continuous set: 38 (−52)-mm 18-G Tuohy needle 
with catheter   

  Posterior Technique 

•   Catether kit: 80 (−110)-mm 18-G (15°) stimulating atrau-
matic needle with catheter  

•   Tuohy continuous set: 102-mm 18-G Tuohy needle with 
catheter  

•   Syringes: 2, 10, and 20 mL.  
•   Local anesthetics, disinfectant, swabs, compresses, sterile 

gloves, and drape.      

    Skin Prep 
 In all blocks.   

    General Considerations 

    Patient Positioning 
 Supine, with the head turned to the opposite side.  

    Landmarks 
 Sternocleidomastoid muscle, interscalene groove between 
the scalenus anterior and scalenus medius muscles, trans-
verse process (C6), and external jugular vein (Fig.  30.1a, b ).   

1  If technical diffi culties arise, the catheter and Tuohy puncture needle 
are always removed simultaneously. A catheter must never be with-
drawn through a Tuohy puncture needle that remains in place (because 
of catheter shearing). 

2

1

5

1

2

3

4

a

b

  Fig. 30.1    ( a ) The interscalene groove. Scalenus medius muscle ( 1 ) and 
scalenus anterior muscle ( 2 ). Injection of the local anesthetic into the 
proximal neurovascular sheath of the brachial plexus. The plexus is 
located in a kind of “sandwich” between the scalenus anterior muscle 
and scalenus medius muscle (With permission from Danilo Jankovic). 
( b ) ( 1 ) Trunks of the brachial plexus with subclavian artery, ( 2 ) middle 
and anterior scalene muscles, ( 3 ) proximal supraclavicular plexus 
sheath, ( 4 ) clavicle, ( 5 ) strnocleidomastoid muscle (With permission 
from Danilo Jankovic)       
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    Location of the Puncture Site 
 To locate the injection site, the patient’s arm is drawn in the 
direction of the knee (Fig.  30.2 ). The patient is asked to turn 
the head to the opposite side and to lift it slightly (ca. 20°), so 
that the posterior edge of the sternocleidomastoid muscle 
becomes evident (Fig.  30.3 ). The transverse process (C6) is 
palpated at the lateral edge of the sternocleidomastoid mus-
cle. For confi rmation (pleura) and guidance, the pulsation of 
the subclavian artery (at the lower end of the interscalene 
groove) and the upper edge of the clavicle can also be pal-
pated and their distance from the injection site can be esti-
mated (Fig.  30.4 ).    

 Posterior to the sternocleidomastoid muscle, the scalenus 
anterior muscle is palpated. The interscalene groove between 
the scalenus anterior and scalenus medius muscles is felt 
with “rolling fi ngers” and located (Fig.  30.5 ).  

 The injection site in the interscalene groove lies at the 
level of the cricoid, opposite the transverse process of C6 
(Chassaignac’s tubercle). The external jugular vein often 
crosses the level of the cricoid cartilage here (Fig.  30.6 ).  

 When there are anatomical diffi culties, it is helpful for the 
patient to inhale deeply or to try and blow out the cheeks. 
The scalene muscles then tense up, and the interscalene 
groove becomes more easily palpable.    

  Fig. 30.2    Drawing the arm toward the knee (With permission from 
Danilo Jankovic)       

  Fig. 30.3    Turning the head to the opposite side and raising it slightly 
(With permission from Danilo Jankovic)       
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  Fig. 30.6    Position of the external jugular vein (With permission from 
Danilo Jankovic)       

  Fig. 30.4    Palpating the clavicle and subclavian artery (With permis-
sion from Danilo Jankovic)       

  Fig. 30.5    Palpating the interscalene groove with “rolling” fi ngers 
(With permission from Danilo Jankovic)       
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    Continuous Interscalene Block: Anterior 
Technique (Adapted from Meier) 

    Skin Prep 

 In all blocks.  

    Patient Positioning 

 See above the steps for locating the puncture site. 

    Landmarks (Fig.  30.7 ) 

•        Superior thyroid notch  
•   Posterior edge of the sternocleidomastoid muscle  
•   Posterior scalene groove  
•   External jugular vein  
•   Transition from the middle to lateral third of the clavicle      

1

2

3

  Fig. 30.7    Interscalene block (anterior access route). The posterior 
edge of the sternocleidomastoid muscle at the level of the superior thy-
roid notch. ( 1 ) Superior thyroid notch, ( 2 ) posterior edge of the sterno-
cleidomastoid muscle, ( 3 ) external jugular vein and posterior scalene 
groove (With permission from Danilo Jankovic)       
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    Technique [ 14 ] 

 After identifi cation of the posterior edge of the sternocleido-
mastoid muscle at the level of the superior thyroid notch, the 
block needle (55-mm short bevel insulated atraumatic needle 
or Tuohy needle, 38 or 52 mm) is introduced at an angle of 30° 
caudally and slightly laterally, in the direction of the transition 
from the middle to the lateral third of the clavicle (Fig.  30.8 ). 
A stimulation current of 1–2 mA and 2 Hz is selected with a 
stimulus duration of 0.1 ms. After a motor response from the 
relevant musculature (twitching in the biceps brachii muscle – 
musculocutaneous nerve and/or deltoid muscle – axillary 
nerve is regarded to be as reliable as twitching of the distal 
muscles [ 23 ,  27 – 29 ], the stimulation current is reduced to 
0.2–0.3 mA. Slight twitching suggests that the stimulation 
needle is in the immediate vicinity of the nerve. The catheter 
is advanced approximately 3 cm beyond the end of the can-
nula or needle (Fig.  30.9 ). After removal of the cannula or 
needle, fi xation of the catheter and placement of a bacterial 
fi lter, and after careful aspiration and injection of a test dose, 
the bolus administration of the local anesthetic follows.    

    Dosage 

    Surgical 
 “Single-shot” administration:

   40 mL local anesthetic is suffi cient for an adequate block of 
the brachial plexus and caudal part of the cervical plexus. 
In the literature [ 6 ,  11 ,  21 ,  24 ], the doses administered 
vary from 30 to 50 mL. A mixture of 20 mL 0.75 % ropi-
vacaine or 0.5 % bupivacaine (0.5 % levobupivacaine) 
with 20 mL 1 % prilocaine (1 % mepivacaine) has proved 
its value very well in practice (in our own experience). 
This leads to a fast onset and long duration.  

  25 mL local anesthetic – e.g., 1 % prilocaine (1 % mepiva-
caine), in combination with 5–10 mg diazepam i.v. for 
reducing a dislocated shoulder.  

  20–25 mL local anesthetic – e.g., 0.75 % ropivacaine or 
0.5 % bupivacaine (0.5 % levobupivacaine), in combina-
tion with basic general anesthesia for surgical interven-
tions in the area of the shoulder and clavicle. This leads to 
very good postoperative pain control.  

  20 mL local anesthetic is suffi cient to block the lower part of 
the cervical plexus and the upper part of the brachial 
plexus. The brachial plexus is only incompletely anesthe-
tized with this amount and block of the ulnar nerve terri-
tory is often defi cient.     

    Therapeutic 
 “Single-shot” administration (block series):

   10 mL local anesthetic – e.g., 0.2 % ropivacaine or 0.125–
0.25 % bupivacaine (0.125–0.25 % levobupivacaine) in 
shoulder and upper arm pain, shoulder arthritis, post- 
stroke pain, lymphedema after mastectomy.  

  10–20 mL local anesthetic – e.g., 0.2–0.375 % ropivacaine 
or 0.25 % bupivacaine (0.25 % levobupivacaine) in post- 
herpetic neuralgia, vascular diseases and injuries, com-
plex regional pain syndrome (CRPS) types I and II, 
post-amputation pain.  

  25 mL local anesthetic – e.g., 1 % prilocaine or 1 % mepiva-
caine in combination with 5–10 mL diazepam i.v to mobi-
lize the shoulder.       

  Fig. 30.8    Introducing the puncture needle at an angle of ca. 30° to the skin, 
caudally and laterally in the direction of the transition from the middle to 
the lateral third of the clavicle (With permission from Danilo Jankovic)       

  Fig. 30.9    Interscalene block (continuous technique). Introducing the 
catheter through a Tuohy needle (With permission from Danilo Jankovic)       
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    Continuous Interscalene Block: Posterior 
Technique (Pippa Technique) 

 The posterior cervical paravertebral block of the brachial 
plexus is an alternative to anterior route. This method was 
fi rst described by Kappis in 1912 and was republished by 
Pippa in 1990 as a “loss of resistance” technique [ 15 ,  17 ,  20 , 
 31 ]. The availability of electrical nerve stimulation has made 
this access route to the brachial plexus more important. 

    Indications and Contraindications 

 S. above   .  

    Procedure 

 This block should only be carried out by experienced anes-
thetists or under their supervision. A detailed discussion with 
the patient is an absolute necessity.  

    Preparation 

 See anterior interscalene block.  

    Materials 

 See anterior interscalene block. 

    Skin Prep 
 In all blocks.   

    Patient Positioning 

 Sitting, with the neck fl exed (to relax the cervical muscles) 
and supported by an assistant (the lateral recumbent position 
can be used as an alternative).  

    Landmarks 

•     Spinous processes of the sixth (C6) and seventh (C7 – 
vertebra prominens) cervical vertebrae (Fig.  30.10 ).   

•   The midpoint between the spinous processes of C6 and 
C7 is marked. The puncture site is located approximately 
3 cm lateral to this point (Fig.  30.11 ).   

•   Level of the cricoid cartilage (target direction).    

1

2

  Fig. 30.10    Interscalene block, posterior access route. Landmarks: spi-
nous processes of C6 and C7 (vertebra prominens). ( 1 ) nuchal ligament, 
( 2 ) vertebra prominens (With permission from Danilo Jankovic)       
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       Technique 

 Disinfection of the puncture area, draping, and skin infi ltration. 
After an incision with a stylet, the needle is introduced at the 
sagittal level and perpendicular to the skin, aiming approxi-
mately for the level of the ipsilateral cricoid cartilage 
(Fig.  30.12 ). The needle passes the major cervical muscles (tra-
pezius, splenius cervicis, and levator scapulae (Fig.  30.13 ) on 
the way to the transverse process (C7). It is absolutely neces-
sary to avoid any deviation in a medial direction from the sagit-
tal level. At a depth of ca. 3.5–6 cm, contact is made with the 
transverse process of C7. The needle is withdrawn slightly, the 
injection direction is corrected slightly cranially, and one 
advances past the transverse process further 1.5–2 cm deeper. 
Stimulation current of 1–2 mA and 2 Hz is selected with a stim-
ulus duration of 0.1 ms. After the motor response from the rel-
evant musculature (biceps brachii muscle and/or deltoid, or 
muscles of the index fi nger and thumb), the current is reduced 
to 0.3–0.5 mA. The catheter is advanced approximately 3 cm 
beyond the end of the needle or cannula. After removal of the 
needle or cannula, fi xation of the catheter and placement of a 
bacterial fi lter, and after careful aspiration and injection of a test 
dose, the bolus administration of the local anesthetic follows.    

C6
C7

3 cm

  Fig. 30.11    Interscalene block, posterior access route. Puncture site: 
the midpoint between the spinous processes of C6 and C7 is marked. 
The puncture site is located ca. 3 cm lateral and paravertebral to this 
(With permission from Danilo Jankovic)       

It is absolutely necessary to note the following points 
during this puncture procedure:

•    Electrical nerve stimulation is the method of choice.  
•   After puncture, the needle should be passed toward 

the lateral edge of the cricoid cartilage.  
•   Contact with the transverse process (C7) is made 

after ca. 3.5–6 cm (depending on the anatomy).  
•   The transverse process is approximately 0.5–0.6 cm 

thick.  
•   There is a risk of perforating the dural sheath if the 

puncture is carried out too medially (epidural or 
subarachnoid injection).  

•   There is a risk of pneumothorax.  
•   Frequent aspiration should be carried out and the 

injection should be made in incremental doses 
(blood, CSF?).  

•   Note any contractions in the biceps brachii muscle 
(musculocutaneous nerve), deltoid muscle (axillary 
nerve), or index fi nger and thumb.   

  Fig. 30.12    Interscalene block, posterior access route. Puncture tech-
nique: the needle is introduced at the sagittal level and perpendicular to 
the skin in the direction of the ipsilateral cricoid cartilage (With permis-
sion from Danilo Jankovic)       
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    Dosage [ 1 ,  8 ,  9 ,  16 ,  30 ,  32 ] 

 40 mL local anesthetic (see above) is commonly used for the 
procedure. As a subsequent 24-h infusion for postoperative 
analgesia:

•    0.2 % ropivacaine, 6–14 mL/h (max. 37.5 mg/h)  
•   0.25 % bupivacaine (0.25 % levobupivacaine), 0.25 mg/

kg b.w./h  
•   0.125 % bupivacaine (0.25 % levobupivacaine), 0.125 mg/

kg b.w./h, combined with opioids if appropriate    

 Individual adjustment of the dosage and period of treat-
ment is necessary. The following information is therefore 
only intended to provide guidance.  

    Distribution of the Blocks 

 The complete distribution of the anesthesia (S. above).  

8
9

10
11
12
13

1

2

3

4

5

6

7

  Fig. 30.13    Interscalene block, posterior access route. Puncture tech-
nique: the needle passes the strong cervical muscles (trapezius muscle, 
splenius cervicis muscle, and levator scapulae muscle). ( 1 ) 
Sternocleidomastoid muscle, ( 2 ) scalenus anterior muscle, ( 3 ) scalenus 
medius and scalenus posterior muscles, ( 4 ) levator scapulae muscle, ( 5 ) 
spine of the sphenoid bone, ( 6 ) splenius capitis and splenius cervicis 
muscles, ( 7 ) trapezius muscle, ( 8 ) trachea, ( 9 ) esophagus, ( 10 ) internal 
jugular vein, ( 11 ) common carotid artery, ( 12 ) vagus nerve, ( 13 ) verte-
bral artery and vein (With permission from Danilo Jankovic)       
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    Side Effects 

 Simultaneous anesthesia of the following nerves and ganglia 
(Fig.  30.14 ): 

•    Vagus nerve, main symptoms: tachycardia, hypertension.  
•   Recurrent laryngeal nerve, main symptoms: hoarseness 

and foreign-body sensation in the throat.  
•   Phrenic nerve, main symptoms: unilateral paralysis of 

diaphragmatic movement and simulation of pneumotho-
rax, particularly with continuous blocks [ 6 ,  16 ]. An ipsi-
lateral block of the phrenic nerve has been observed as a 
side effect after an interscalene block in nearly 100 % of 
patients [ 27 – 29 ].  

•   Cervicothoracic (stellate) ganglion, with Horner’s syndrome.  
•   Bronchospasm [ 26 ].  
•   Contralateral anesthesia [ 7 ].  
•   Bilateral distribution of the local anesthetic [ 13 ].  
•   Reversible “locked-in” syndrome [ 5 ].    

 The patient must be warned of these potential adverse events.  

    Complications 

    Nerve Injuries 
 Traumatic nerve injuries are an extremely rare complication 
of this technique [ 2 ,  12 ,  18 ]. 

 Prophylaxis: Only needles with short-beveled tips should 
be used. Intraneural positioning should be excluded. 
Vasopressor additives should be avoided. This procedure 
should not be performed in adult patients under general anes-
thesia. For details, see    Chap.   5    .  

    Intravascular Injection [ 5 ] 
 There is a particular risk of intravascular injection into the 
vertebral artery (Fig.  30.14 ) or other cervical vessels. This 
can very quickly lead to toxic reactions. For the symptoms 
and treatment, see Chap.   1    .  

    Epidural or Subarachnoid Injection [ 10 ,  19 ,  25 ] 
 Epidural injection of the local anesthetic can lead to high epi-
dural block, and subarachnoid administration can lead to a 
total spinal block. Both complications are signifi cant and life 
threatening and require immediate treatment (see Chap.   1    ). 

 Prophylaxis: injection with short needles and introduction 
of the needle in a caudal direction.  

    CNS Toxicity 
 Overdose and/or intravascular diffusion of the local anes-
thetic can, in extremely rare cases, lead to CNS toxicity (see 
Chap.   1    ).  

    Pneumothorax 
 When the technique is carried out correctly, this complica-
tion is unlikely. The needle is advanced at a safe distance 
from the dome of the pleura.  

    Pressure on the Carotid Artery 
 Extremely rare and transient. Caused by the volume of the 
injection [ 22 ]. 

  Fig. 30.14    The most important nerves and vessels in the injection 
area: ( 1 ) vertebral artery, ( 2 ) carotid artery, ( 3 ) laryngeal, vagus, and 
phrenic nerves (With permission from Danilo Jankovic)       
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          Introduction 

 The infraclavicular brachial plexus block was described as 
early as 1917 but was overshadowed in the early part of the 
twentieth century by the axillary and supraclavicular 
approaches. Refi nements in the technique by authors such as 
Wilson et al. [ 1 ] and Kilka et al. [ 2 ] led to a deserved increase 
in popularity in the mid-1990s. The block is a highly effec-
tive and safe technique for providing anesthesia of the distal 
upper arm [ 3 ].  

    Indications 

•     Anesthesia or analgesia of the elbow, forearm, and hand. 
It may be performed as either a single-shot or continuous 
catheter technique.     

    Contraindications 

•     Absolute
 –    There are no absolute contraindications specifi c to this 

block. Generic contraindications such as patient 
refusal, allergy to local anesthetics, and local infection 
at the site of injection apply as usual.     

•   Relative
 –    Coagulopathy—the neurovascular bundle and associ-

ated vessels lie relatively deep, under the pectoralis 
muscles, and may therefore be less easy to compress in 
the event of vascular puncture. However, the likeli-
hood of a clinically signifi cant hematoma in most 
patients is low.  

 –   Distorted surface anatomy, e.g., from clavicular frac-
ture, prior surgery, etc.  

 –   Foreign bodies in the infraclavicular area, e.g., subcla-
vian central venous lines, pacemaker or other battery 
packs, etc.        

    Advantages Compared to Other Brachial 
Plexus Block Techniques 

     1.    Both surface landmark-guided and ultrasound-guided 
techniques are associated with high block success rates.   

   2.    The infraclavicular block is a safe block. It carries mini-
mal risk of adverse effects associated with injections 
administered more proximally in the root of the neck, 
e.g., phrenic nerve palsy and Horner’s syndrome. 
Pneumothorax has been described with more medial sur-
face landmark-guided approaches (i.e., the vertical infra-
clavicular block), but we consider the risk to be minimal 

with other approaches where needle insertion occurs lat-
eral to the thoracic cage.   

   3.    The neurostimulation-guided technique utilizes simple 
surface anatomical landmarks and a straightforward nee-
dle approach.   

   4.    The endpoint for injection in the ultrasound-guided tech-
nique (local anesthetic spread posterior to the artery) is 
simple and easily recognized.   

   5.    There is evidence that tourniquet application may be tol-
erated better, which is attributed to local anesthetic spread 
to the intercostobrachial nerve [ 3 ].   

   6.    The infraclavicular block may be performed with the arm 
in any position (adducted or abducted at the shoulder).   

   7.    Nerve catheters are easily fi xed in this location and do not 
interfere with patient movement.      

    Disadvantages Compared to Other Brachial 
Plexus Block Techniques 

     1.    The brachial plexus in the ultrasound-guided infraclavic-
ular block is usually least 3–4 cm deep in most adults, and 
a relatively steep needle trajectory is required to reach it.   

   2.    Needle insertion through the pectoral muscles can be 
uncomfortable.   

   3.    Nerve catheter placement is usually perpendicular to the 
plexus, rather than parallel to it. This may make advance-
ment of the catheter more diffi cult and limit the length of 
catheter that can be advanced into the brachial plexus 
sheath, which in turn may increase the risk of 
dislodgement.      

    Functional Anatomy 

 The infraclavicular–axillary region can be visualized as a 
pyramidal space. The apex of the pyramid is formed medi-
ally by the confl uence of the clavicle, scapula, and fi rst rib; 
the base is the skin and subcutaneous tissue of the armpit. 
The posterior wall is formed by the scapula and its associ-
ated muscles and the anterior wall by the pectoralis major 
and minor. The humerus, together with the converging 
muscles and tendons of the anterior and posterior walls that 
insert into it, constitutes the lateral wall. The bony thoracic 
cage, and overlying serratus anterior muscle, forms the 
medial wall. The contents of this space are the axillary 
artery and vein, the brachial plexus, lymph nodes, and 
loose areolar tissue. Of note, the intercostobrachial nerve 
runs along the inferior aspect of the brachial plexus sheath 
in the infraclavicular–axillary fossa and is often blocked by 
anesthetic spread following infraclavicular injection 
(Fig.  31.1 ).  
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 The coracoid process of the scapula and the clavicle are 
the chief bony landmarks. The coracoid process lies superior 
and lateral to the course of the brachial plexus. 

 The brachial plexus runs in a line between the base of the 
interscalene groove and the axilla, and knowing this is help-
ful when trying to mentally visualize the location of the bra-
chial plexus [ 4 ]. Note that the direction in which this line 
runs will differ depending on whether the arm is adducted or 
abducted (Figs.  31.2  and  31.3 ).   

 It is important to appreciate that the orientation of the cords 
around the axillary artery varies with distance from the clavi-
cle. As the brachial plexus emerges from under the clavicle, 
the cords are bunched together on the superior (cephalad) 
aspect of the artery. As the neurovascular bundle travels more 

distally, the cords gradually separate out and “spiral” around 
the axillary artery to eventually adopt the classically described 
position of lateral, posterior, and medial to the artery (Fig.  31.4 ). 
This arrangement is best appreciated when scanning the infra-
clavicular area with the arm abducted at the shoulder.  

 There is a fascial sheath around the neurovascular bundle 
that contains and directs the spread of local anesthetic. There 
is usually a fascial septum that separates the lateral cord 
from posterior and medial cord; piercing this septum is nec-
essary to achieve the U-shaped local anesthetic spread poste-
rior to the artery that is associated with block success [ 5 ] 
(Fig.  31.5 ). This also explains why obtaining a posterior cord 
motor response in the landmark-guided approach carries the 
highest success rates [ 6 – 9 ].   

  Fig. 31.1    Anatomy of the infraclavicular area. Note that the brachial 
plexus passes under the approximate midpoint of the clavicle and then 
deep to the pectoralis major and minor muscle, medial and inferior to 
the coracoid process. ( 1 ) clavicle, ( 2 ) coracoid process and pectoralis 
minor (cut and refl ected), ( 3 ) pectoralis major (cut and refl ected), ( 4 ) 
thoracic cage, ( 5 ) intercostobrachial nerve (With permission from 
Danilo Jankovic)       

  Fig. 31.2    The course of the infraclavicular brachial plexus with arm 
adducted at shoulder. The neurovascular bundle is encircled by the blue 
suture. Note that all the cords of the brachial plexus are clustered super-
olateral to the axillary artery in the medial portion of the infraclavicular 
fossa. ( 1 ) middle scalene muscle, ( 2 ) anterior scalene muscle, ( 3 ) ster-
nocleidomastoid muscle, ( 4 ) trunks of the brachial plexus, ( 5 ) clavicle, 
( 6 ) axillary artery, ( 7 ) cords of brachial plexus (With permission from 
Danilo Jankovic)       
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  Fig. 31.3    Course of the infraclavicular brachial plexus with the arm 
abducted at the shoulder. Note that all the cords of the brachial plexus 
are clustered superolateral to the axillary artery in the medial portion of 
the infraclavicular fossa. Lateral cord ( white ), posterior cord ( blue ), 
medial cord ( green ), axillary artery ( red ). Note the relationship between 

the brachial plexus and the thoracic cage, which determines the relative 
risk of pneumothorax with more medial versus lateral approaches. ( 1 ) 
trunks of the brachial plexus, ( 2 ) clavicle, ( 3 ) thoracic cage of ribs and 
intercostal muscles (With permission from Danilo Jankovic)       

  Fig. 31.4    Illustration of the variation in distribution of brachial plexus 
cords around the axillary artery ( AA ) depending on whether the probe is 
placed more medially ( position A ) or laterally ( position B ). In  position 
A , the cords are clustered around the cephalad aspect of the artery and 
are often not distinguishable from each other. This view is usually only 
obtainable if the arm is abducted at the shoulder so that the clavicle 

moves up out of the way. In  position B , the cords start to spread out 
around the artery. The lateral cord ( LC ) remains at the cephalad aspect 
of the artery, but the posterior cord ( PC ) and medial cord ( MC ) move 
into their classically described positions relative to the artery.  PM  pec-
toralis major,  Pm  pectoralis minor (With permission from Danilo 
Jankovic)       
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  Fig. 31.5    Post-injection ultrasound image of the infraclavicular bra-
chial plexus, illustrating the septum that separates the lateral cord ( LC ) 
from the posterior ( PC ) and medial ( MC ) cords. Our preference is 
therefore for a dual-injection technique, but there can be communica-
tion between the two compartments, and a single-injection posterior/
deep to the artery ( AA ) may also suffi ce (Image courtesy of KJ Chin 
MPC)       
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    Technique: Surface Landmark, 
Neurostimulation-Guided Approach, 
Single-Shot 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation  
•   Sterile gloves and drapes  
•   Short-beveled 22-G block needle with extension tubing

 –    A 50-mm needle is suitable in slimmer patients, but an 
80-mm needle may be necessary in patients with a 
thick chest wall.     

•   Local anesthetic of choice in 10- or 20-ml syringes  
•   Peripheral nerve stimulator  
•   Lidocaine 1–2 % in 3-ml syringe with a 25–27-G hypoder-

mic needle for skin infi ltration (at operator’s discretion)  
•   Equipment and supplies for managing life-threatening 

acute complications, including Intralipid for local anes-
thetic systemic toxicity  

•   Drugs for intravenous sedation during the block (at opera-
tor’s discretion)     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the 

insensate limb and managing the transition to systemic 
analgesia.  

•   Establish intravenous access, supplemental oxygen deliv-
ery, and standard monitors (ECG, noninvasive blood pres-
sure, pulse oximetry).  

•   Perform a time-out to confi rm patient identity and site and 
side of surgery.     

    Block Performance 

 Several slightly different surface landmark-guided tech-
niques have been described, all of which use neurostimula-
tion as the endpoint for nerve localization and injection. We 
recommend one of two techniques:
    1.    The coracoid (Wilson) approach [ 1 ]   
   2.    The vertical infraclavicular plexus (VIP) approach [ 2 ]     

    Landmark-Guided Infraclavicular Block: Coracoid 
(Wilson) Approach 
   Patient Position 
•     The patient is placed supine with the operative arm 

adducted and if possible fl exed at the elbow and placed on 
the patient’s abdomen to facilitate observation of motor 
responses.  

•   It is recommended that the operator stands at the head of 
the patient, on the side to be blocked, as this makes it 
easier to observe and avoid inadvertent medial direction 
of the needle. However, the operator may also stand on 
the side of the patient if preferred.     

   Surface Landmarks 
•     The coracoid process is palpated and marked.  
•   A point 2 cm inferior and 2 cm medial to the coracoid 

process is marked—this is the site of needle insertion 
(Fig.  31.6 ).      

  Fig. 31.6    Surface landmarks for the vertical infraclavicular plexus 
(VIP) approach and the coracoid (Wilson) approach to the infraclavicu-
lar block, illustrated in a volunteer and a cadaver. In the VIP approach, 
the needle insertion site ( blue circle ) is immediately inferior to the 
clavicle at its midpoint. In the coracoid approach, the needle insertion 
site ( red circle ) is located 2 cm medial and inferior to the coracoid pro-

cess ( CP ). In both approaches, the needle is advanced perpendicular to 
the skin surface. Note that in the coracoid approach, the needle trajec-
tory usually lies lateral to the thoracic cage. The green line indicates the 
interscalene groove and location of the brachial plexus (With permis-
sion from Danilo Jankovic)       
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   Needle Insertion and Injection Technique 
•     Disinfect the skin, drape the area appropriately, prime the 

block needle and tubing with local anesthetic solution, 
and attach a nerve stimulator at an initial current setting of 
0.5–0.8 mA, pulse duration 0.1–0.3 ms, and frequency of 
1–2 Hz. This lower initial current setting is recommended 
to reduce patient discomfort during needle passage 
through the pectoral muscles.  

•   Infi ltrate the needle insertion site with local anesthetic. 
Fixing the skin over the skin insertion point with the sec-
ond and third fi ngers of the nondominant hand, insert a 
50–80-mm block needle at a 90° angle to the skin in a 
strict parasagittal plane. Medial angulation must be 
avoided to prevent pleural puncture.  

•   The pectoral muscles will initially be observed to twitch 
due to local stimulation as the needle passes through it. 
Once this twitch disappears, the nerve stimulator current 
may be turned up to 1 mA or more for nerve localization.  

•   Advance the needle slowly and steadily until a distal 
motor response in the wrist or hand (1st– 3rd fi ngers) is 
obtained at a current threshold of 0.3–0.5 mA.  

•   The ideal motor response, associated with the highest 
block success rate, is a posterior cord response of wrist or 
fi nger extension [ 6 – 9 ]. A medial cord response may also 
be accepted [ 10 ]. If elbow, wrist, or fi nger fl exion is 
obtained (lateral cord), the needle should be advanced a 
little deeper and may need to be redirected slightly more 
inferiorly or deeper [ 11 ].  

•   If no motor response is obtained despite inserting the nee-
dle to a depth of 4–5 cm in the average adult patient, or if 
bone is contacted (scapula), the needle should be with-
drawn to the skin and redirected slightly more inferiorly 
or superiorly in the same parasagittal plane.  

•   Once an appropriate distal motor response has been 
obtained, incremental injection of local anesthetic is 

 performed with intermittent aspiration to exclude intra-
vascular injection      

    Landmark-Guided Infraclavicular Block: Vertical 
Infraclavicular Plexus (VIP) Approach 
   Patient Position 
•     The patient is placed supine with the operative arm 

adducted and if possible fl exed at the elbow and placed on 
the patient’s abdomen to facilitate observation of motor 
responses.  

•   It is recommended that the operator stand at the head of 
the patient, on the side to be blocked, as this makes it 
easier to observe and avoid inadvertent medial direction 
of the needle. However, the operator may also stand on 
the side of the patient if preferred.     

   Surface Landmarks 
•     The following landmarks are palpated and marked.

 –    The suprasternal notch.  
 –   The anterior acromion. Precise location of the anterior 

acromion is very important, and it can be distinguished 
from the mobile humeral head by passive movement of 
the upper arm.     

•   The midpoint of the line between the suprasternal notch 
and anterior acromion is identifi ed and marked—this is 
the needle insertion point, immediately inferior to the 
clavicle (Fig.  31.6 ).     

   Needle Insertion and Injection Technique 
•     Disinfect the skin, drape the area appropriately, prime the 

block needle and tubing with local anesthetic solution, 
and attach a nerve stimulator at an initial current setting of 
1–2 mA, pulse duration 0.1–0.3 ms, and frequency of 
1–2 Hz.  

Technique: Surface Landmark, Neurostimulation-Guided Approach, Single-Shot



384

•   Infi ltrate the skin insertion point with local anesthetic and 
advance the block needle at a 90° angle to the skin in a 
strict parasagittal plane (Fig.  31.7 ).   

•   Advance the needle slowly and steadily until a distal 
motor response in the wrist or hand (1st–3rd fi ngers) is 
obtained at a current threshold of 0.3–0.5 mA.  

•   A posterior or medial cord response is preferred to a lat-
eral cord response [ 10 ,  11 ].  

•   Medial angulation must be avoided to prevent puncture of 
the subclavian vessels. If blood is aspirated, it signifi es 
that puncture has occurred and the needle should be redi-
rected or reinserted more laterally.  

•   The plexus lies at a depth of 3–4 cm in the average adult 
patient. Caution should be exercised if this depth is 
reached without any motor response, as further insertion 
increases the risk of a pneumothorax. Contact with bone 
signals contact with the fi rst rib, and this depth should not 
be exceeded on subsequent passes.  

•   Once an appropriate distal motor response has been 
obtained, incremental injection of local anesthetic is per-
formed with intermittent aspiration to exclude intravascu-
lar injection       

    Landmark-Guided Continuous Nerve Block 
Technique 

 This is identical to the single-shot technique except that a 
peripheral nerve block catheter kit is used instead (Fig.  31.7 ). 
Either of the above approaches may be used, depending on 
operator preference and expertise. 

 The introducer needle is advanced as described above 
until the desired motor response is obtained. If a stimulating 
catheter is being used, 5–10 ml of 5 % dextrose solution can 
be injected through the introducer needle to distend the para-
neural sheath. This should also result in augmentation of the 
motor response. Injection of other solutions will abolish the 
motor response. 

 The catheter is then advanced approximately 3 cm beyond 
the tip of the introducer needle, looking to maintain a motor 
response at current thresholds of at least 0.3 mA and up to 
0.8–1 mA. As the angle of insertion is at right angles to the 
course of the plexus, some resistance can be expected when 
advancing the catheter. This may be improved by the injection 
of 5–10 ml of fl uid as described above. The needle is then 
withdrawn and the catheter fi xed in place in the usual manner.   

  Fig. 31.7    The vertical infraclavicular plexus (VIP) approach to infra-
clavicular block, using a single-shot block needle ( left ) and a continu-
ous peripheral nerve block catheter set ( right ). Note the needle trajectory 

perpendicular to the skin without any medial angulation (With permis-
sion from Danilo Jankovic)       
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  Fig. 31.8    Ultrasound-guided infraclavicular block. The probe is 
placed in a parasagittal plane, and the needle is advanced in a cephalad-
to- caudad direction. Abduction of the shoulder moves the clavicle supe-
riorly, which increases the available space for needle insertion cephalad 
to the probe (Image courtesy of KJ Chin MPC)       

    Technique: Ultrasound-Guided Approach, 
Single-Shot 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation.  
•   Sterile gloves and drapes.  
•   Short-beveled 22-G block needle with extension tubing.

 –    An 80-mm needle is recommended in all adult patients.  
 –   An echogenic needle helps in needle localization.     

•   Local anesthetic of choice in 10- or 20-ml syringes.  
•   Lidocaine 1–2 % in 3-ml syringe with a 25–27-G hypoder-

mic needle for skin infi ltration (at operator’s discretion).  
•   Ultrasound machine with high-frequency linear-array 

probe. A low-frequency curved-array probe may some-
times offer better image quality in patients with a thick 
chest wall.  

•   Equipment and supplies for managing life-threatening 
acute complications, including Intralipid for local anes-
thetic systemic toxicity.  

•   Drugs for intravenous sedation during the block (at opera-
tor’s discretion).     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the 

insensate limb and managing the transition to systemic 
analgesia.  

•   Establish intravenous access, supplemental oxygen deliv-
ery, and standard monitors (ECG, noninvasive blood pres-
sure, pulse oximetry).  

•   Perform a time-out to confi rm patient identity and site and 
side of surgery.     

    Block Performance 

    Patient and Operator Position 
•     The patient is placed supine. While it is also possible to 

perform the block with the arm adducted at the shoulder, 
it is recommended that the arm be abducted if possible. 
This moves the clavicle superiorly and out of the way of 
the ultrasound probe and block needle, which makes the 
block much easier to perform [ 12 ]. The brachial plexus 
also moves into a more superfi cial location and is easier to 
visualize as a result [ 13 ].  

•   It is recommended that the operator stand on the side of 
the patient to be blocked, either at the head of the patient 
or at the patient’s side depending on operator preference. 
The ultrasound machine should be positioned in the oper-
ator’s direct line of sight, i.e., toward the foot of the bed 
on the same side or on the opposite side of the patient, 
depending on whether the operator is standing at the head 
or at the side of the patient, respectively.     

    Pre-scanning and Identifi cation of Anatomy 
•     Suggested initial ultrasound settings include a depth of 

4 cm and a frequency in the middle of the probe’s range to 
allow for the relatively greater penetration that is required. 
Gain, focus, and depth are subsequently adjusted as 
needed to optimize the image.  

•   The probe is placed inferior to the clavicle, in a parasagit-
tal plane perpendicular to the line of the brachial plexus 
(Fig.  31.8 ).   

•   The chief landmark is the axillary artery, which is easily 
identifi ed as a round hypoechoic pulsatile structure, deep 
to the pectoralis major and minor muscles.  
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•   The lateral cord is visible as a hyperechoic structure 
immediately superior to the artery and just deep to pecto-
ralis minor. The posterior and medial cords are not usu-
ally distinct from each other but appear as a large 
hyperechoic complex structure posterior to the axillary 
artery (Fig.  31.4 ).  

•   The position of the cords in relation to the artery varies 
depending on where the neurovascular bundle is imaged 
along its course. More proximally (medially), the cords 
are grouped together along the superior aspect of the 
artery, and the plexus has a similar appearance to the fi rst 
rib view that is used in the supraclavicular plexus block. 
More distally (laterally), the posterior and medial cords 
move into a location posterior to the artery, with the 
medial cord eventually taking up position between the 
axillary artery and vein (Fig.  31.4 ).  

•   The operator should scan along the course of the neuro-
vascular bundle to identify the plane in which the plexus 
is most readily visualized and ideally where all the cords 
are bunched close together rather than spread out around 
the artery.  

•   The thoracic cage and pleura is visible in more medial 
probe positions but usually lies 1–2 cm deep to the neuro-
vascular bundle and is therefore at little risk of inadver-
tent puncture.  

•   There are pectoral vessels running between the pectoralis 
major and minor muscles which should be identifi ed to 
ensure that they do not lie in the path of the selected nee-
dle trajectory.     

    Needle Insertion and Injection Technique 
•     The needle is advanced using an in-plane approach 

toward the superior aspect of the lateral cord, aiming to 
pass at a tangent to its surface, rather than directly at it 
(Fig.  31.9a ).   

•   The needle is advanced slowly and carefully through the 
pectoral muscles until the deep fascia of pectoralis minor 
has been pierced, which is usually signaled by a tactile 
pop. At this point, a test injection of 0.5 ml is made—if 
the needle tip is in the correct location, there will be visi-
ble fl uid expansion next to the lateral cord, which has the 
added effect of pushing it out of the needle’s path 
(Fig.  31.9b ).  

•   The needle is advanced deeper, aiming to place the tip at 
the posterior (6 o’clock) aspect of the artery. A test injec-
tion at the correct location will create visible fl uid spread 

immediately posterior or deep to the artery (the “double 
bubble” sign [ 14 ]).  

•   A total of 20–30 ml of local anesthetic is injected at this 
point, to create a U-shaped pattern of spread between 
the posterior aspect of the artery and the plexus 
(Fig.  31.9c ).  

•   The needle is then slowly withdrawn until the tip once 
again lies adjacent to the lateral cord, at which point 
another 5–10 ml of local anesthetic is injected to produce 
spread in this compartment (Fig.  31.9d ).  

•   Note that there is no statistically signifi cant difference 
between the effi cacy of single-injection techniques poste-
rior to the artery and the dual-injection technique 
described above, or even a triple-injection technique [ 15 , 
 16 ]. However the authors consider that a dual-injection 
technique does not add signifi cant complexity and, in 
clinical practice, may further improve the already-high 
success rates.      

    Ultrasound-Guided Continuous Nerve Block 
Technique 

 This is identical to the single-shot technique except that a 
peripheral nerve block catheter kit is used instead. 

 The introducer needle is advanced as described above 
until the needle tip is located at the posterior aspect of the 
artery and injection produces the “double bubble” sign of 
fl uid spread immediately adjacent to the artery. It is recom-
mended that 5–10 ml of fl uid be injected in this location to 
create a “pocket” into which the catheter can be advanced. If 
a stimulating catheter is being used to confi rm tip location, 
5 % dextrose solution should be used to preserve the motor 
response. 

 The catheter is advanced approximately not more than 
3 cm beyond the tip of the introducer needle. If neurostimu-
lation is used, an appropriate motor response should be 
sought at current thresholds of at least 0.3 mA and up to 
0.8–1 mA. Catheter tip position may also be confi rmed by 
(1) attempting to visualize the catheter tip (this is aided by 
making small jiggling movements of the catheter); (2) rapid 
injection of 3–5 ml of fl uid which should produce visible 
expansion posterior to the artery; and (3) injection of agi-
tated saline to produce a color Doppler signal adjacent to the 
artery. The needle is then withdrawn and the catheter fi xed in 
place in the usual manner.  
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  Fig. 31.9    Typical performance of an ultrasound-guided infraclavicular 
block. ( a ) The needle tip ( arrow ) pierces the deep fascia of pectoralis 
minor ( Pm ), just lateral to the lateral cord ( LC ). ( b ) 0.5–1 ml of fl uid is 
injected to confi rm that the needle tip is in the correct compartment and 
to push aside the lateral cord so that the needle can reach the posterior 
aspect of the artery ( dotted arrow  indicates trajectory). ( c ) Injection at 

the posterior aspect of the artery creates a pocket of local anesthetic that 
spreads between the artery and the posterior cord ( PC ) and medial cord 
( MC )—the “double bubble” sign. ( d ) In the dual-injection technique, 
after injection of 20–30 ml posterior to the artery, the needle tip is with-
drawn back into the compartment of the lateral cord where a further 
5–10 ml is injected (Image courtesy of KJ Chin MPC)       
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    Local Anesthetic Dosages 

    Single-Shot Block 
•     A volume of 30–40 ml (0.4–0.5 ml/kg) is generally 

recommended.  
•   The choice of local anesthetic and concentration depends 

on the desired speed of onset and duration. Commonly 
used local anesthetics include:
 –    A 1:1 mixture of an intermediate-acting local anes-

thetic (e.g., 2 % mepivacaine or lidocaine) and a long- 
acting local anesthetic (e.g., 0.5 % bupivacaine), which 
will have a faster onset than bupivacaine alone and a 
longer duration than lidocaine alone.  

 –   0.25–0.5 % bupivacaine  
 –   0.5–0.75 % ropivacaine     

•   Epinephrine may be added in a concentration of 25 mcg/
ml as a marker of intravascular injection and to reduce 
systemic vascular absorption.     

    Continuous Infraclavicular Plexus Block 
•     0.2–0.4 % ropivacaine at 4–8 ml/h [ 17 ,  18 ].  
•   0.125–0.25 % bupivacaine at 4–8 ml/h.  
•   PCA boluses of 2–5 ml may be added if this function is 

available on the infusion pump.  
•   Both infusion rates and bolus volumes should be titrated 

to achieve the optimal balance between adequate analge-
sia and an excessively dense sensory and motor block.      

    Complications and Adverse Effects 

 In general, the infraclavicular block is an extremely safe 
technique. The following adverse events have been reported 
but all are uncommon. 

    Vascular Puncture 
•     This is the most commonly reported complication in the 

literature [ 3 ].  
•   Axillary vein puncture is more likely than arterial punc-

ture in the neurostimulation-guided approach as the bra-
chial plexus cords envelop and protect the axillary artery.  

•   Arterial puncture should be avoidable with careful needle 
handling in the ultrasound-guided approach as it is diffi -
cult to puncture the thick elastic arterial wall with a short- 
beveled block needle.  

•   The main concern is that this area can be diffi cult to com-
press, and coagulopathy is therefore a relative contraindi-
cation to the infraclavicular block. However, no signifi cant 
complications arising as a result of vascular puncture 
have been reported to date.     

    Pneumothorax 
•     The only published report of pneumothorax following a 

surface landmark-guided approach is with the vertical 
infraclavicular plexus approach [ 19 ], which is more 
medial than the coracoid approach.  

•   Although pneumothorax has been reported following 
ultrasound-guided infraclavicular block [ 20 ], it is 
extremely unlikely if proper technique is observed [ 21 ], 
given the distance between the plexus and the pleura in 
most patients. An out-of-plane approach and advance-
ment of the needle in a medial direction may increase risk.     

    Phrenic Nerve Palsy and Horner’s Syndrome 
•     Both of these complications are extremely unlikely, as they 

require spread of local anesthetic cephalad into the neck.  
•   They have however been reported with the vertical infracla-

vicular plexus block, which, as previously mentioned, targets 
the plexus in a more proximal/medial location.               
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       Introduction 

 The axillary brachial plexus block has a long history as a 
popular technique for providing regional anesthesia at and 
below the elbow. The surface landmarks (chiefl y the axillary 
artery pulsation) are easily ascertained, and there is no risk of 
pneumothorax. A variety of landmark-guided approaches 
have been described, including elicitation of paresthesia, 
transarterial injection, and single- and multiple-injection 
neurostimulation techniques. The main issues with the 
landmark- guided approaches were variable effi cacy [ 1 ] and 
the risk of intravascular injection of local anesthetic. The 
advent of ultrasound guidance has effectively addressed 
these concerns. It is at least as effective as the supraclavicu-
lar and infraclavicular blocks, if not more so because of the 
ability to individually target the four main terminal nerves of 
the arm. The shallow depth of the brachial plexus in this 
location allows excellent visualization of both nerves and 
needle. Inadvertent intraneural and intravascular injections 
remain the only signifi cant risks, but both are easily avoided 
with ultrasonographic visualization.  

    Indications 

•     Anesthesia or analgesia of the elbow, forearm, and hand 
(Fig.  32.1 ).   

•   It may be performed as either a single-shot or continuous 
catheter technique; however it can be more diffi cult to 
maintain hygiene of the catheter insertion site compared 
to other brachial plexus approaches.     

  Fig. 32.1    Typical distribution of anesthesia and analgesia following 
successful axillary plexus blockade [ 13 ] (With permission from Danilo 
Jankovic)       
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    Contraindications 

•     Absolute
 –    Inability to abduct the arm at the shoulder and access 

the injection site  
 –   Generic contraindications such as patient refusal, 

allergy to local anesthetics, and local infection at the 
site of injection apply as usual     

•   Relative 

 –    Previous axillary node clearance  
 –   Congenital or acquired vascular malformations in the 

upper arm or axilla (e.g., arteriovenous fi stula), 
although the ultrasound-guided approach may still be 
feasible in skilled hands        

    Advantages Compared to Other Brachial 
Plexus Block Techniques 

     1.    The ultrasound-guided technique is a highly effi cacious 
technique, with block success rates as high as 97.5 % 
reported [ 2 ].   

   2.    It is a superfi cial site that is easily compressible and car-
ries a low risk of compressive injury to surrounding struc-

tures by hematoma formation. This makes it a viable 
option in coagulopathic patients, particularly if ultra-
sound guidance is used.   

   3.    There is no risk of pneumothorax or of adverse effects 
associated with injections administered more proximally 
in the root of the neck, e.g., phrenic nerve palsy and 
Horner’s syndrome.   

   4.    Adequate ultrasound images can be obtained even in very 
obese patients.      

    Disadvantages Compared to Other Brachial 
Plexus Block Techniques 

     1.    The axillary block can only be performed with the arm 
abducted (and ideally externally rotated) at the shoulder.   

   2.    The landmark-guided techniques of axillary block have 
relatively poor block success rates, especially if single- 
injection techniques are used. Multiple-injection tech-
niques are complex and require good understanding of 
anatomy as well as dexterity with needle and nerve 
stimulator.      

Disadvantages Compared to Other Brachial Plexus Block Techniques
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    Functional Anatomy 

 At the level of the axillary block, the cords of the brachial 
plexus have divided into the major terminal nerves: the 
median nerve, ulnar nerve, radial nerve, musculocutaneous 
nerve, and medial brachial and antebrachial cutaneous nerves 
(Fig.  32.2 ). These last two nerves are not usually sought out 
separately as they lie close to the ulnar nerve and are readily 
anesthetized with it.  

 The nerves are distributed around the axillary artery, 
together with one or more accompanying axillary veins, and 
together they constitute the neurovascular bundle (Fig.  32.3 ). 
The median nerve is most commonly located in the anterolat-
eral quadrant, the ulnar nerve in the anteromedial quadrant, 
and the radial nerve in the posteromedial quadrant around the 
artery (Fig.  32.4 ). However, these nerves are highly mobile, 
and on ultrasound, their position can be observed to vary sig-
nifi cantly with the pressure exerted through the probe. The 
musculocutaneous nerve starts in a location adjacent to the 
median nerve in the posterolateral quadrant around the artery 
but then courses out laterally in the fascial plane between 
biceps and coracobrachialis muscle. Its exact location in any 
given subject is highly variable and depends on how proxi-
mally or distally it takes off from the lateral cord; this is the 

main reason for the high failure rate with single-injection 
landmark-guided approaches [ 1 ].   

 A fascial sheath surrounds the brachial plexus in this loca-
tion but is subdivided by thinner septa into compartments 
that contain the median, ulnar, and radial nerves. These are 
most evident during ultrasound-guided perineural block. 
While large-volume injection in a single location close to 
the artery may traverse these septa, they are nevertheless 
likely to be another reason for the poor effi cacy of the single- 
injection landmark-guided techniques [ 1 ]. 

 The most important landmark in the ultrasound-guided 
approach, apart from the axillary artery, is the conjoint ten-
don of teres major and latissimus dorsi (Figs.  32.3  and  32.4 ). 
This inserts onto the proximal humerus and forms a “fl oor” 
on which the artery and all the associated nerves lie [ 3 ]. In 
particular the radial nerve can always be visualized lying 
superfi cial to the conjoint tendon on ultrasound. Distal to 
the lateral edge of the conjoint tendon, the radial nerve rap-
idly courses posteriorly and away from the axillary artery, 
descending between the heads of the triceps muscle to lie in 
the spiral groove of the humerus. Ultrasound-guided axillary 
nerve blocks performed where the conjoint tendon cannot be 
visualized therefore carry a signifi cant risk of failure to block 
the radial nerve.  

  Fig. 32.2    Major terminal branches of the brachial plexus in the axil-
lary region. ( 1 ) Axillary nerve, ( 2 ) musculocutaneous nerve, ( 3 ) radial 
nerve, ( 4 ) median nerve, ( 5 ) medial antebrachial cutaneous nerve, ( 6 ) 
ulnar nerve, ( 7 ) medial brachial cutaneous nerve (With permission from 
Danilo Jankovic)       

  Fig. 32.3    Cadaveric dissection of the axillary brachial plexus. The 
musculocutaneous nerve ( 1 ) ( white ) and median nerve ( 2 ) ( dark blue ) 
originate from the lateral cord. The radial nerve ( 3 ) ( green ) and ulnar 
nerve ( 4 ) ( light blue ) run posterior and medial to the axillary artery ( 5 ) 
but have been displaced here for visibility. Note the conjoint tendon ( 6 ) 
of teres major and latissimus dorsi which inserts onto the humerus pos-
terior to the axillary neurovascular bundle (With permission from 
Danilo Jankovic)       
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  Fig. 32.4    Typical ultrasound image of the axillary brachial plexus. 
The pulsatile axillary artery ( A ) is usually accompanied by more than 
one vein ( V ). All the vessels and nerves lie on the hyperechoic conjoint 
tendon. The most common location of the median nerve ( MN ), ulnar 
nerve ( UN ), radial nerve ( RN ), and musculocutaneous nerve ( MCN ) in 
relation to the artery is illustrated in the  top image . The musculocutane-
ous nerve often lies in the fascial plane between biceps ( B ) and coraco-
brachialis ( CB ) (Image courtesy of KJ Chin MPC)       

    Technique: Surface Landmark-Guided 
Approach, Single-Shot 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation  
•   Sterile gloves and drapes  
•   Short-beveled 22-G, 50-mm block needle with extension 

tubing
 –    Note that a sharp hypodermic needle may be preferred 

in the transarterial approach.     
•   Local anesthetic of choice in 10- or 20-ml syringes  
•   Peripheral nerve stimulator (optional, depending on 

approach)  
•   Lidocaine 1–2 % in 3-ml syringe with a 25–27-G hypoder-

mic needle for skin infi ltration (at operator’s discretion)  
•   Equipment and supplies for managing life-threatening 

acute complications, including Intralipid for local anes-
thetic systemic toxicity  

•   Drugs for intravenous sedation during the block (at opera-
tor’s discretion)     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the insen-

sate limb and managing the transition to systemic analgesia.  
•   Establish intravenous access, supplemental oxygen deliv-

ery, and standard monitors (ECG, noninvasive blood pres-
sure, pulse oximetry)  

•   Perform a time-out to confi rm patient identity and site and 
side of surgery.     
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    Block Performance 

    Patient Position 
•     The patient is placed supine with the arm externally 

rotated and abducted to 90° at the shoulder, with the 
elbow fl exed (Fig.  32.5 ). Abduction beyond 90° should be 
avoided, as it makes arterial palpation more diffi cult and 
may impair distribution of the local anesthetic.   

•   The operator stands on the side of the patient to be 
blocked.     

    Surface Landmarks 
•     The axillary artery is palpated as proximally as possible 

under the lateral edge of the pectoralis major muscle 
(Fig.  32.6 ). This increases the effi cacy of the block for 
two reasons: (1) there is a higher likelihood that the mus-
culocutaneous nerve will be close enough to the plexus 
for local anesthetic spread to reach it; (2) the plexus is 
targeted where it lies on the conjoint tendon, which is an 
important boundary for containing and directing local 
anesthetic spread, especially around the radial nerve.   

•   The median nerve is expected to lie superior and anterior 
(superfi cial) to the artery, the ulnar nerve lies inferior and pos-
terior, and the radial nerve lies posterior (deep) to the artery.     

    Needle Insertion and Injection Technique 
 A variety of methods of nerve localization have been 
described, including the elicitation of paresthesia and seek-
ing a fascial click to indicate entry into the fascial sheath 
[ 4 ,  5 ]. These are primarily of historical interest and will 
not be described further here. The two methods that will be 
described are:
    1.    Transarterial injection technique [ 6 ]   
   2.    Neurostimulation-guided technique    
    1.    Transarterial double-injection technique

•    Disinfect the skin, drape the area appropriately, and 
prime the block needle and tubing with local anes-
thetic solution.  

•   Place the 2nd and 3rd fi ngers of the nondominant hand 
on either side of the artery to anchor it in position.  

•   Advance the block needle at a 90° angle to the skin to 
puncture the artery, as evidenced by pulsatile backfl ow 
of bright-red blood into the tubing (Fig.  32.7 ).   

•   Advance the needle further until blood can no longer be 
aspirated, signaling that the needle tip is now posterior 
(deep) to the artery. Fractionated injection of half of the 
total dose of local anesthetic is performed at this location.  

•   Withdraw the needle slowly until the needle tip is 
lying just superfi cial to the artery, signaled again fi rst 
by resumption and then cessation of pulsatile blood 
fl ow. The remaining volume of local anesthetic is 
injected in this location.  

•   The primary concerns with the transarterial approach 
are (1) an increased risk of intravascular injection and 
local anesthetic systemic toxicity and (2) hematoma 
formation. Nevertheless it is an effective technique 
that does not require additional equipment (nerve 
stimulator or ultrasound machine).      

   2.    Neurostimulation-guided technique

•    Disinfect the skin, drape the area appropriately, prime 
the block needle and tubing with local anesthetic solu-
tion, and attach a nerve stimulator at an initial current 
setting of 1–1.5 mA, pulse duration 0.1–0.3 ms, and 
frequency of 1–2 Hz.  

•   Place the 2nd and 3rd fi ngers of the nondominant hand 
on either side of the artery to anchor it in position 
(Fig.  32.8 ). Infi ltrate the skin insertion site with local 
anesthetic if desired.   

•   Insert the block needle at a 45° angle to the skin in a 
proximal direction, aiming for the anterolateral aspect of 
the artery where the median nerve is expected to lie. Once 
a median nerve response is located at a current threshold 
of 0.3–0.5 mA, 5–8 ml of local anesthetic is injected. The 
needle is withdrawn to the skin and redirected to the 
anteromedial aspect of the artery, where the ulnar nerve is 
expected to lie. The radial nerve lies deeper on the pos-
teromedial aspect of the artery. Finally, the musculocuta-
neous nerve is sought by redirecting the needle lateral to 
the arterial pulsation, in the groove between biceps and 
coracobrachialis. Once an appropriate motor response is 
obtained at a current threshold of 0.3–0.5 mA, 5–8 ml of 
local anesthetic is injected at each location.  

•   Variations of the multiple-injection technique have 
been described, ranging from a single-injection on a 
motor response from median, ulnar, or radial nerves to 
a double injection [ 1 ]. It is probably most effective to 
perform the single injection posterior to the artery, i.e., 
on a radial nerve response. Double injections should 
be performed anterior and posterior to the artery, i.e., 
median or ulnar + radial. Larger volumes (40–50 ml) of 
local anesthetic are recommended to try and ensure 
adequate spread. The musculocutaneous nerve is usu-
ally sought out separately.  

•   It is recommended that the 2nd and 3rd fi ngers of the 
nondominant hand which are palpating the artery also 
be used to exert pressure distal to the site of injection, 
which promotes cephalad spread and increases the 
effectiveness of the block, particularly if the musculo-
cutaneous nerve is not separately sought and injected. 
Compression and massage of the axilla for 3–5 min 
after completion of injection has also been recom-
mended for the same reason.  

•   If paresthesias are obtained, the needle should be with-
drawn very slightly to avoid intraneural injection.       

Chapter 32 Axillary Brachial Plexus Block



399

  Fig. 32.8    Performance of the neurostimulation-guided axillary brachial 
plexus block. The artery is fi xed fi rmly between the fi ngers of the non-
dominant hand. The operator advances the block needle, while an assistant 
adjusts the nerve stimulator as required. The operator redirects the needle 
around the artery to locate one or all of the median, ulnar, radial, and mus-
culocutaneous nerves, depending on whether a single- or multiple-injec-
tion technique is employed (With permission from Danilo Jankovic)       

  Fig. 32.5    Patient positioning for the axillary block. The patient is 
supine with the arm externally rotated and abducted to 90° at the shoul-
der. The shoulder should not be abducted more than 90°, as it makes 
arterial palpation more diffi cult, distorts the ultrasonographic view, and 
may impair distribution of the local anesthetic [ 8 ] (With permission 
from Danilo Jankovic)       

  Fig. 32.6    Palpation of the axillary artery. This is done with two fi ngers 
(usually the 2nd and 3rd fi ngers), so that the skin and artery may be 
fi xed in position between them. Palpation should be performed as prox-
imal as possible ( a  deltoid muscle,  b  pectoralis major muscle,  c  biceps 
muscle,  d  coracobrachialis muscle) (With permission from Danilo 
Jankovic)       

  Fig. 32.7    Performance of the transarterial axillary block. The artery is 
fi xed fi rmly between the fi ngers of the nondominant hand. The operator 
advances the block needle, while an assistant aspirates to confi rm that 
the artery has been pierced. The needle is advanced further until blood 
can no longer be aspirated, signaling that the needle tip is now posterior 
to the artery. Half the volume of local anesthetic is injected in this loca-
tion (in fractionated doses). The needle tip is withdrawn; blood is again 
aspirated as the needle tip reenters the arterial lumen and ceases as the 
tip exits the lumen to lie anterior to the artery, at which time the remain-
ing half of local anesthetic is injected (again in fractionated doses) 
(With permission from Danilo Jankovic)       
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       Landmark-Guided Continuous Nerve Block 
Technique 

 This is similar to the neurostimulation-guided single-shot 
technique except that a peripheral nerve block catheter kit is 
used instead. 

 The patient is positioned as described above, and the 
introducer needle is advanced at a 45° angle to the skin in a 
proximal direction, aiming to pass just medial to the artery 
(Fig.  32.9a–c ). Ideally, a radial nerve response is sought as 
this indicates that the needle tip is posterior to the artery. If a 

stimulating catheter is being used, 5–10 ml of 5 % dextrose 
solution can be injected through the introducer needle to dis-
tend the paraneural sheath. This should also result in aug-
mentation of the motor response. Injection of other solutions 
will abolish the motor response.  

 The catheter is then advanced 3–5 cm beyond the tip of 
the introducer needle, looking to maintain a brachial plexus 
motor response at current thresholds of at least 0.3 mA and 
up to 0.8–1 mA. The needle is then withdrawn and the cath-
eter fi xed in place in the usual manner.   

a

b

c

  Fig. 32.9    Continuous axillary brachial 
plexus blockade. ( a ) Schematic illustration 
of the needle approach. The needle tip is 
placed within the brachial plexus sheath. 
( b ) In this particular model of continuous 
peripheral nerve catheter (Contiplex® D or 
Contiplex® Tuohy continuous set, e.g., 
B. Braun Melsungen), an introducer 
cannula is fi rst inserted into the brachial 
plexus sheath over the needle. ( c ) The nerve 
catheter is then threaded through the 
introducer cannula (With permission from 
Danilo Jankovic)       
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    Technique: Ultrasound-Guided Approach, 
Single-Shot 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation  
•   Sterile gloves and drapes  
•   Short-beveled 22-G block needle with extension tubing

 –    An 80-mm needle is recommended in all adult patients.  
 –   An echogenic needle helps in needle localization.     

•   Local anesthetic of choice in 10- or 20-ml syringes  
•   Lidocaine 1–2 % in 3-ml syringe with a 25–27-G hypoder-

mic needle for skin infi ltration (at operator’s discretion)  
•   Ultrasound machine with high-frequency linear array 

probe  
•   Peripheral nerve stimulator (optional)  
•   Equipment and supplies for managing life-threatening 

acute complications, including Intralipid for local anes-
thetic systemic toxicity  

•   Drugs for intravenous sedation during the block (at opera-
tor’s discretion)     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the 

insensate limb and managing the transition to systemic 
analgesia.  

•   Establish intravenous access, supplemental oxygen deliv-
ery, and standard monitors (ECG, noninvasive blood pres-
sure, pulse oximetry).  

•   Perform a time-out to confi rm patient identity and site and 
side of surgery.     

    Block Performance 

    Patient and Operator Position 
•     The patient is placed supine with the arm externally 

rotated and abducted to 90° at the shoulder, with the 
elbow fl exed. Abduction beyond 90° should be avoided, 
as it alters the sonoanatomy and can make image recogni-
tion more diffi cult.  

•   It is recommended that the operator stand on the side of 
the patient to be blocked, either at the head of the patient 
or at the patient’s side depending on operator prefer-
ence. The ultrasound machine should be positioned in the 

 operator’s direct line of sight, i.e., toward the foot of the 
bed on the same side or on the opposite side of the patient, 
depending on whether the operator is standing at the head 
or at the side of the patient, respectively.     

    Pre-scanning and Identifi cation of Anatomy 
•     The transducer is oriented perpendicular to the axis of the 

brachial plexus and axillary artery to image the neurovas-
cular bundle in cross section. It is essential that the trans-
ducer is placed as high up (proximal) in the axilla as 
possible. The conjoint tendon of the latissimus dorsi and 
teres major is identifi ed as a sloping hyperechoic line on 
ultrasound (Fig.  32.4 ). The entire neurovascular bundle 
will be visible superfi cial (anterior) to it.  

•   The veins in the axillary neurovascular bundle are revealed 
by varying the downward pressure of the transducer in a 
“bouncing” motion to alternately expand and compress 
the veins. This helps to minimize the risk of inadvertent 
puncture and often helps delineate the nerves, which 
might otherwise appear as a single hyperechoic mass.  

•   The median, ulnar, and radial nerves lie in characteristic 
locations around the artery (Fig.  32.4 ) and are readily 
identifi ed with experience. Their identity can further be 
confi rmed by using a “traceback” approach of scanning 
distally along the arm and observing the characteristic 
course that each nerve takes.  

•   The median and ulnar nerves both lie very close to the axil-
lary artery in the axilla. More distally, the ulnar nerve 
diverges in a medial direction away from the artery, while 
the median nerve remains adjacent to the artery. Because of 
its subcutaneous location, the ulnar nerve can be diffi cult to 
distinguish from pockets of adipose tissue on a static image 
but is easily recognizable on dynamic scanning.  

•   The radial nerve is always found sandwiched between the 
axillary artery and the conjoint tendon. Its appearance in 
this location, as a hyperechoic structure with indistinct 
margins, resembles that of a “cotton-wool ball.” Its iden-
tity may be further confi rmed by scanning distally and 
observing the nerve descend in a fascial plane between 
the long and medial heads of the triceps muscle toward 
the posteromedial aspect of the humerus (Fig.  32.10 ).   

•   The location of the musculocutaneous nerve is highly 
variable. In general, the nerve lies lateral to the axillary 
artery and, by scanning in a proximal–distal direction, can 
be observed to “slide” in a lateral–medial direction in the 
fascial plane between the biceps and coracobrachialis 
muscles. Its cross-sectional shape varies from triangular 
to elliptical, depending on its location.     

Technique: Ultrasound-Guided Approach, Single-Shot
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  Fig. 32.10    Distal to the conjoint tendon zone, the radial nerve runs 
posterolaterally in a fascial plane between the long and medial heads of 
the triceps toward the humerus. It is accompanied by the profunda bra-

chii artery ( A  artery,  MN  median nerve,  RN  radial nerve,  UN  ulnar 
nerve) (Image courtesy of KJ Chin MPC)       
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    Needle Insertion and Injection Technique 
 Different methods of performing the axillary block have 
been described, including using an out-of-plane (OOP) nee-
dle approach [ 7 ] instead of an in-plane (IP) approach, 
approaching from both the lateral and medial sides of the 
probe, and a perivascular technique [ 8 ,  9 ] in which the aim is 
to deposit local anesthetic in a circumferential pattern around 
the artery rather than targeting individual nerves (perineural 
technique). The in-plane perineural approach is described 
here as we believe it affords greater precision and therefore 
greater effi cacy and safety.

•    Having identifi ed the individual nerves as described 
above, place the probe such that the conjoint tendon is 
visible and the axillary artery is approximately in the cen-
ter of the screen.  

•   The block needle is inserted close to the lateral edge 
of the probe—this should not be too far away from the 
plexus or else it creates a longer needle track and hinders 
needle redirection.  

•   The block needle is advanced to place the tip onto the 
conjoint tendon just where it meets the axillary artery 
(Fig.  32.11 ). A 0.5-ml bolus of local anesthetic is injected 
which will hydrodissect the artery and radial nerve off the 
conjoint tendon. The needle may be advanced a little fur-
ther under the artery, but does not need to be advanced 
beyond its 6 o’clock aspect. Injection of 5–8 ml of local 
anesthetic here will be seen to spread under and around 
the radial nerve.   

•   The needle is now withdrawn until the tip lies in the subcu-
taneous layer. It is then re-advanced in a shallow trajectory 
toward the median nerve, aiming to pierce its investing 
fascia at a tangent to the surface of the nerve so as to 
avoid accidental transfi xion of the nerve. Penetration of 
the fascia is signaled by a tactile “pop,” whereupon local 

 anesthetic is injected in 0.5–1-ml boluses to surround the 
median nerve and to hydrodissect a safe passage toward 
the ulnar nerve (Fig.  32.12 ). A total of 5–8 ml of local 
anesthetic is injected around the median nerve—note that 
this can be done before advancing toward the ulnar nerve, 
or it can be done after injection around the ulnar nerve as 
the needle is being withdrawn (the author’s preference).   

•   The needle is advanced further into the anteromedial 
quadrant of the neurovascular bundle and adjacent to the 
ulnar nerve (Fig.  32.13 ). Injection of 0.5–1-ml boluses of 
local anesthetic, up to a total of 5–8 ml, in this area will 
surround the ulnar nerve and usually delineate it clearly.   

•   Depending on how far lateral the musculocutaneous nerve 
lies from the axillary artery, the needle may need to be 
withdrawn and reinserted through a second skin puncture. 
The nerve lies in the fascial plane between the biceps and 
coracobrachialis muscles. Once again the needle should 
be advanced to contact the nerve at a tangent to its surface 
and pierce this fascial plane (Fig.  32.14a ). Three to fi ve 
milliliters of local anesthetic injected in this plane will 
spread to encircle the nerve (Fig.  32.14b ).   

•   The endpoint for injection is adequate spread of local 
anesthetic around the individual nerves.  

•   Excessive needle repositioning and contact with the 
nerves is not recommended. Each nerve has its own fas-
cial compartment which directs and contains local anes-
thetic spread around the nerve.  

•   Although neurostimulation can be used as an additional 
confi rmation of nerve identifi cation, the operator must be 
aware that needle–nerve contact can occur even in the 
absence of a motor response at commonly accepted cur-
rent thresholds [ 10 ,  11 ]. Aggressive needling merely to 
provoke a motor response at low current thresholds should 
be avoided.      

Technique: Ultrasound-Guided Approach, Single-Shot
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  Fig. 32.11    ( a ) The needle tip is 
advanced toward the posterolat-
eral junction of the axillary 
artery ( A ) and the conjoint 
tendon. ( b ) Injection at this point 
causes local anesthetic to spread 
anterior to the conjoint tendon 
and under (posterior to) the 
radial nerve, lifting it up ( A  
artery,  MN  median nerve,  RN  
radial nerve,  UN  ulnar nerve) 
(Image courtesy of KJ Chin 
MPC)       

  Fig. 32.12    The needle is 
advanced at a tangent to the 
median nerve in order to pierce 
its enveloping fascia without 
transfi xing the nerve. Local 
anesthetic is injected here to 
surround the nerve and to 
hydrodissect a safe passage 
toward to the ulnar nerve ( A  
artery,  MN  median nerve,  RN  
radial nerve,  UN  ulnar nerve) 
(Image courtesy of KJ Chin 
MPC)       
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a

b

  Fig. 32.13    ( a ) The needle is 
advanced over the axillary artery 
( A ) toward the ulnar nerve ( UN ) 
at a tangent to its surface. ( b ) 
Injection here surrounds the 
ulnar nerve ( UN ) and also often 
spreads superfi cial to the radial 
nerve ( RN ) ( MN  median nerve) 
(Image courtesy of KJ Chin 
MPC)       
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  Fig. 32.14    ( a ) The musculocu-
taneous nerve ( MCN ) is 
approached at a tangent, the aim 
being to enter the enveloping 
fascia without piercing the nerve. 
( b ) Injection with the needle tip 
within the fascial sheath will 
surround the nerve with local 
anesthetic       
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    Ultrasound-Guided Continuous 
Nerve Block Technique 

•     This is not a commonly used site for long-term catheter 
placement as it is diffi cult to maintain adequate hygiene 
of the insertion site.  

•   The nerves are spread out around the artery which can 
limit the effectiveness of continuous local anesthetic infu-
sion without intermittent boluses.  

•   Patient positioning and pre-scanning are performed in a 
similar manner to the single-shot technique.  

•   If an in-plane approach is selected, the introducer needle 
should be advanced from the lateral side of the probe, 
aiming to place the tip immediately posterior to the axil-
lary artery. Five to ten milliliters of fl uid should be 
injected here to produce a perivascular pocket of fl uid into 
which the catheter should be advanced, usually not more 
than 3 cm beyond the tip of the needle.  

•   If an out-of-plane approach is selected, the introducer nee-
dle is advanced at a 45–60° angle to the skin in a proximal 
direction, aiming to reach the posteromedial aspect of the 
artery, i.e., placing the needle tip between the artery and 
radial nerve. Injection of 0.5–1-ml boluses of fl uid should 
be used to confi rm needle tip position during advancement 
as well as to hydrodissect a safe path and avoid needle–
nerve trauma. Five to ten milliliters of fl uid is injected in 
the fi nal needle position to create a fl uid pocket; the cath-
eter is advanced 3–5 cm beyond the needle tip to travel in 
a proximal direction parallel to the plexus.     

    Local Anesthetic Dosages 

    Single-Shot Block 
•     A volume of 40–50 ml (0.5–0.6 ml/kg) is generally 

 recommended for the landmark-guided techniques of 
axillary nerve blockade, but lower volumes of 25–40 ml 
can be used in the ultrasound-guided approach as long as 
adequate local anesthetic spread is observed [ 12 ].  

•   The choice of local anesthetic and concentration depends 
on the desired speed of onset and duration. Commonly 
used local anesthetics include:
 –    A 1:1 mixture of an intermediate-acting local anes-

thetic (e.g., 2 % mepivacaine or lidocaine) and a 

 long- acting local anesthetic (e.g., 0.5 % bupivacaine), 
which will have a faster onset than bupivacaine alone 
and a longer duration than lidocaine alone.  

 –   0.25–0.5 % bupivacaine.  
 –   0.5–0.75 % ropivacaine.     

•   Epinephrine in a concentration of 25–50 mcg/ml should 
always be added when performing an axillary block as a 
marker of intravascular injection and to reduce systemic 
vascular absorption.     

    Continuous Axillary Brachial Plexus Block 
•     0.2–0.4 % ropivacaine at 4–8 ml/h.  
•   0.125–0.25 % bupivacaine at 4–8 ml/h.  
•   PCA boluses of 2–5 ml may be added if this function is 

available on the infusion pump.  
•   Both infusion rates and bolus volumes should be 

titrated to achieve the optimal balance between ade-
quate analgesia and an excessively dense sensory and 
motor block.      

    Complications and Adverse Effects 

•     The axillary plexus block is a safe technique compared to 
other brachial plexus blocks as there are no vital struc-
tures in the vicinity.  

•   The main complications relate (1) to inadvertent intravas-
cular injection and local anesthetic systemic toxicity and 
(2) nerve injury.  

•   The risk of local anesthetic systemic toxicity can be mini-
mized by taking appropriate precautions, including (1) 
the addition of epinephrine to local anesthetic and (2) 
fractionated injections with intermittent  gentle  negative 
aspiration. If ultrasound guidance is being used, fl uid 
spread must always be observed with injection. If this is 
not seen, the needle tip must be assumed to be  intravascular 
until proven otherwise, and repositioning must be under-
taken before further injection.  

•   The risk of needle–nerve injury can be minimized by 
avoiding paresthesia and respecting patient’s complaints 
of pain or discomfort on injection during a surface land-
mark-guided technique. If ultrasound guidance is used, 
individual nerves should be clearly visualized and identi-
fi ed, and needle–nerve contact kept to a minimum.               

Technique: Ultrasound-Guided Approach, Single-Shot
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Record and checklist
Axillary block of the brachial plexus

“Single–shot”–technique Right

Name: Date:

Diagnosis:

Premedication:

Neurological abnormalities:

Purpose of block:

No
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Yes

Yes (which?)

Surgical Diagnostic Therapeutic

Yesi.v. access:

Monitoring:

Ventilation facilities:

Patient:

Position:
Needle type:

Puncture technique:

Local  anesthetic:

Addition to
injection solution:

Patient’s remarks during injection:

Objective block effect after 15 min:

Monitoring after block:

Complications:

Subjective effects of the block:

VISUAL ANALOG SCALE
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Record and checklist
Axillary block of the brachial plexus

Continuous technique Right

Surgical

Yes

ECG

Left

Therapeutic

Pulse oximetry

Yes (equipment checked)

Checked

Informed

Purpose of block:

i. v. access:
Monitoring:

Ventilation facilities:

Patient:

Emergency equipment (drugs):

Position:
Puncture technique:

Supine Abducted upper arm (90-100°)

Electrostimulation

Ultrasound - guided

Transducer

Approach In plane Out of plane

Tuohy mm

Linear Curved

Needle type

Catheter:

Aspiration test:
Bacterial filter:

Test dose:

Bolus administration:
(in incremental doses)

Contiplex ®  D mm

Advanced
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Other
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Addition to
injection solution: No Yes mg / mg

Patient’s remarks during injection:
None Paresthesias Warmth

Pain triggered (intraneural location?)

Nerve region

Objective block effect after 15 min:

Infusion for postoperative analgesia

Local anesthetic:

Addition to LA:

Patient-controlled anesthesia (PCA)
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Sensory Motor
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Neurological injuries (median nerve, ulnar nerve, radial nerve)Hematoma

Subjective effects of the block:
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Special notes:
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       The injection of local anesthetics into a vein in an exsanguinated 
extremity was fi rst described by August Bier in 1908. Originally, 
anesthesia was obtained by the intravenous injection of procaine 
in a previously exsanguinated vascular space, isolated from the 
rest of the circulation by two Esmarch bandages used as tourni-
quet. In 1963 Holmes reintroduced the Bier block with the novel 
use of lidocaine. It caused anesthesia and a motor block. 

    Indications 

 Outpatient surgical procedures with a maximum length 
of 1 h in the forearm or hand (standard application) and 
in the lower leg and foot (more rarely; Figs.  33.1, 33.2, 
and 33.3 )   

  Figs. 33.1, 33.2, and 33.3    Areas of application of intravenous regional anesthesia       
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    Specifi c Contraindications 

•     Patient refusal  
•   Local infection in the area to be anesthetized  
•   Local nerve damage  
•   Peripheral vascular diseases  
•   Severe decompensated hypovolemia, shock  
•   Certain cardiovascular diseases  
•   Hypertonia, bradycardia, second-degree AV block, any 

history of a tendency to syncope  
•   Musculoskeletal diseases     

    Procedure 

 This block should only be carried out when full anesthetic 
facilities are available. Full prior information for the patient 
is mandatory.  

    Preparations 

 Check that the appropriate emergency equipment is present 
and in working order. Sterile precautions. Two intravenous 
access points (in the healthy extremity as well as the one 
being operated on), BP and ECG monitoring, pulse oxime-
try, anesthesia machine. Patient preparation is the same as 
for general anesthesia.  

    Materials (Fig.  33.4 ) 

    A 20- and 50-mL syringes, saline, cotton-wool padding, pneu-
matic tourniquet (double-lumen), Esmarch bandage, local anes-
thetic, disinfectant, pneumatic tourniquet device (e.g., VBM 
Medizintechnik Ltd., Sulz am Neckar, Germany; Fig.  33.5 ).   

  Fig. 33.4    Materials       

  Fig. 33.5    Pneumatic tourniquet device (VBM Medizintechnik Ltd., 
Sulz am Neckar, Germany)       
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    Patient Positioning 

 Supine, with the extremity free.  

    Technical Procedure 

     1.    Insert two intravenous catheters—one in a healthy 
extremity and the other as distally as possible in the 
extremity being operated on.   

   2.    Place the extremity being operated on in a free position 
and put soft padding under the tourniquet to help prevent 
nerve injury (Fig.  33.6 ).    

   3.    Position the double-lumen tourniquet.   
   4.    Elevate and massage the limb for a few minutes and then 

wrap it completely with an Esmarch bandage (Fig.  33.7 ).    
   5.    Infl ate the proximal cuff: the pressure in the cuff has to 

be ca. 80–100 mmHg higher than the patient’s systolic 
blood pressure. The pressure that should be used depends 
on the thickness of the muscles being compressed. A 
pulse oximeter is used to document changes in, and ces-
sation of, the pulse (“pulse occlusion pressure”) and the 
disappearance of the pulse in the radial artery. The 
“pulse occlusion pressure” can be used to determine the 
optimal pressure in the proximal cuff (Fig.  33.8 ).    

   6.    Remove the bandage and place the extremity in a hori-
zontal position.   

   7.    Slowly inject the local anesthetic (20 mL/min; Fig.  33.9 ).    
   8.    Perform stroking massage of the extremity (this 

improves the spread of the local anesthetic) and remove 
the catheters.   

   9.    Good analgesia and muscle relaxation develop after ca. 
5–10 min.   

   10.    Infl ation of the distal cuff, which is now in the analgesic 
area, so that the cuff is better tolerated. Defl ate the prox-
imal cuff. After the anesthetic effect has been tested, the 
operation can begin.     

•    Minimum tourniquet time is 15–20 min after injection 
of the local anesthetic. The tourniquet must not be 
released during this period (risk of toxic reactions!).  

•   Tourniquet pressure must be monitored continuously.  
•   After completion of the procedure: intermittent 

defl ation over a period of 10 min, with complete 
infl ation in between (Fig.  33.10 ).    

  Fig. 33.6    Padding of the tourniquet area, intravenous access       

  Fig. 33.7    Wrapping with an Esmarch bandage       
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  Fig. 33.8    Infl ation of the tourniquet       

  Fig. 33.9    Injection of the local anesthetic       

  Fig. 33.10    Intermittent defl ation of the cuff over a period of 10 min       
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      Dosage 

 Only local anesthetics that contain no vasoconstrictors may 
be used! 

 A 40–50 mL local anesthetic, e.g.:

•    Prilocaine 0.5 %, 3–4 (5) mg/kg body weight 
•  Among the amide local anesthetics, prilocaine provides 

the best ratio between anesthetic potency and toxicity and 
should be regarded as the agent of choice for intravenous 
regional anesthesia (see Chap.   1    ).  

•   Mepivacaine 0.5 % or lidocaine 0.5 %, 1.5–3 mg/kg b.w.     

      Complications 

     1.    Systemic toxic reactions can occur if the local anesthetic 
enters the circulation due to release of the tourniquet cuff 
(see Chap.   1    ). Prophylaxis: intermittent opening of the 
tourniquet, maintaining verbal contact with the patient, 
and avoiding strong premedication.     

      2.    Toxic effects on the cardiovascular system only occur 
after very high doses of local anesthetic and become 
apparent as a drop in blood pressure, bradycardia, cir-
culatory collapse, and cardiac arrest. This type of com-
plication rarely occurs in intravenous regional 
anesthesia.   

   3.    Nerve damage due to the cuff pressure.      

    Advantages 

     1.    Simple technique.   
   2.    No specifi c anatomical expertise is needed.   
   3.    Wide safety margins and very high success rate (>98 %) 

[ 7 ].   
   4.    Fast onset of effect (5–10 min).   
   5.    Good muscle relaxation.   
   6.    Controllable spread of the anesthesia (below the tourni-

quet cuff).   
   7.    Fast return of sensation.   
   8.    No risk of infection.      

    Disadvantages 

     1.    Tourniquet cuff is needed.   
   2.    Limited operating time (<1 h).   
   3.    Procedures in the upper arm are not possible.   
   4.    Tourniquet pain during the procedure.   
   5.    Nerve damage due to the tourniquet cuff.   
   6.    Does not provide a blood-free operating area.   
   7.    Insuffi cient postoperative analgesia due to fast recovery 

from the anesthesia.

*   Do not use long-acting, more toxic local anesthet-
ics (e.g. bupivacaine)

  Additions to local anesthetic agents 

•   Clonidine 1 μg/kg or ketamine 0.1 mg/kg b.w.  
•   Fentanyl (0.1–0.2 mg)  
•   Morphine (1–6 mg)   

Have intralipid readily available.
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Record and checklist
Name: Date:

Diagnosis:

Premedication: No Yes

Surgical

No. 1 No. 2

Pulse oximetryECG

Yes (equipment checked)

Checked

Informed

Purpose of block:

i.v. access:

Monitoring:

Ventilation facilities:

Patient:

Emergency equipment (drugs):

SupinePosition:

Location of the tourniquet cuff:

Forearm

BP:

Ischemia:

Ischemia:

Cuff release over:

From To

Local anesthetic:

Addition to LA:

Upper arm

mmHg

mmHg

mL

Pulse

Right

Lower leg

5 min 10 min intermittently

None

WarmthParesthesias

Temperature measurement right

Pain Cold

10 min5 min

Thigh

min

At

%

mL

Left

Other

mg

Patient’s remarks during injection:

Objective block effect after:

left°C °C
Sensory

None

BP reduction Bradycardia Cardiac arrhythmia

Tongue paresthesia

Anxiety

Other

Tingling lips

Metallic taste

Fatigue

Perioral numbness

Restlessness

Special notes:

Trembling

Motor

Monitoring after block:

Complications and side effects:

With permission from Danilo Jankovic
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          Anatomy and Sonoanatomy 
(Figs.  34.1 ,  34.2 ,  34.3 , and  34.9 ) 

         Ulnar Nerve 

 The ulnar nerve originates from the medial cord of the bra-
chial plexus (C8–T1, occasionally C7). Having pierced the 
medial fascial septum halfway down the upper arm to join 
the posterior fascia compartment, the ulnar nerve runs 

 anterior to the medial head of triceps (Fig.  34.4 ). It then 
descends into the cubital tunnel bound by the medial epicon-
dyle, the Osborne reticulum between the two heads of the 
fl exor carpi ulnaris, the medial collateral ligament, and the 
olecranon. The nerve is easily palpated at this location. In the 
forearm, it runs between the humeral and ulnar head of the 
fl exor carpi ulnaris muscle on the medial side of the forearm, 
sandwiched between the fl exor digitorum profundus and 
superfi cialis (Fig.  34.5a, b ).    

6
1

2
7
5

3

4

  Fig. 34.1    Anatomy. ( 1 ) Ulnar nerve, ( 2 ) median nerve, ( 3 ) deep branch 
of the radial nerve (anterior interosseous nerve), ( 4 ) superfi cial branch 
of the radial nerve, ( 5 ) brachial artery, ( 6 ) biceps brachii muscle, ( 7 ) 
bicipital aponeurosis (Reproduced with permission from Danilo 
Jankovic)       
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  Fig. 34.2    Distal third of the humerus. ( 1 ) Ulnar nerve, ( 2 ) median 
nerve, ( 3 ) radial nerve, ( 4 ) humerus, ( 5 ) brachial artery, ( 6 ) biceps bra-
chii muscle, ( 7 ) brachialis muscle (Reproduced with permission from 
Danilo Jankovic)       
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4 3
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  Fig. 34.3    Mid-forearm. ( 1 ) Radius, ( 2 ) ulna, ( 3 ) ulnar nerve, ( 4 ) 
median nerve, ( 5 ) radial artery, radial vein, and radial nerve (Reproduced 
with permission from Danilo Jankovic)       

  Fig. 34.4    Sonogram of the ulnar nerve proximal to the cubital tunnel. 
The ultrasound probe is placed on the medial aspect of the arm. * 
Indicates the tendon of the medial head of triceps (Reproduced with 
permission from Philip Peng Educational Series)       

a

b

  Fig. 34.5    ( a ) Sonogram of ulnar nerve distal to the cubital tunnel. The 
ultrasound probe is placed on the ventromedial aspect of the forearm 
three fi ngerbreadths distal to the elbow. Please note that the ulnar artery 
(*) moves from medial nerve toward the ulnar nerve as the neurovascu-
lar bundles travel distally in the forearm. At this level, this is ideal for 
injection as the ulnar nerve is sandwiched between the fl exor digitorum 
superfi cialis and profundus muscles and the ulnar artery is further from 
the ulnar nerve. ( b ) Doppler scan to show the ulnar artery (Reproduced 
with permission from Philip Peng Educational Series)       
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    Median Nerve 

 The median nerve originates from the medial and lateral 
cords of the brachial plexus (C5–T1). At the elbow, it lies 
medial to the brachial artery, which in turn lies on the medial 
side of the biceps brachii tendon on the medial surface of the 
brachialis muscle (Figs.  34.6a, b  and  34.9 ). Passing the 
elbow, the median nerve goes between the two heads of the 
pronator teres where it gives the anterior interosseous nerve. 
The median nerve then continues between the fl exor digito-
rum profundus and superfi cialis. The anterior interosseous 
nerve descends to the anterior surface of interosseous 
membrane.   

    Radial Nerve 

 The radial nerve (C5–T1) is the longest branch of the bra-
chial plexus and represents a direct continuation of the pos-

terior cord. It runs in the middle of the upper arm in the 
groove of the radial nerve along the dorsal side of the 
humerus. At the level of lateral epicondyle of the humerus 
and the elbow joint capsule, it runs between the brachiora-
dialis muscle and the brachialis muscle (Figs.  34.7  and  34.9 ), 
dividing into the deep branch (posterior interosseous nerve, 
motor supply to most of the extensor muscles) and the super-
fi cial branch (sensory). The former descends between the 
two layers of the supinator muscle while the latter follows 
the course of the radial artery up to the distal forearm.   

    Lateral Cutaneous Nerve of the Forearm 

 The musculocutaneous nerve (C5–C7) arises from the lateral 
cord of the brachial plexus. At the level of middle and distal 
forearm, it runs between the biceps muscle and the brachialis 
muscle to the brachial fascia, which it penetrates, becoming 
the lateral antebrachial cutaneous nerve (Figs.  34.8  and  34.9 ).     
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a

b

  Fig. 34.6    ( a ) Sonogram of the median nerve at the elbow level. The 
median nerve is seen medial to the biceps brachii tendons and lies on 
the surface of the brachialis muscle. * Indicates brachial artery. ( b ) 
Doppler scan of the brachial artery (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 34.7    Sonogram of the radial nerve. At the level of lateral epicon-
dyle, the radial nerve is consistently located between the brachioradialis 
and brachialis muscles (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 34.8    Sonogram of the cutaneous branch of musculoskeletal nerve. 
At distal one third of the arm, the nerve is consistently in the fascia 
plane between the biceps brachii and brachialis muscles ( void arrows ). 
The fascia plane between these two muscles can be diffi cult to be visu-
alized because of anisotropy, and tilting the ultrasound until the plane is 
clearly seen is crucial. Some practitioners may mistake the tendon 
( arrowheads ) of the biceps brachii as the fascia plane (Reproduced with 
permission from Philip Peng Educational Series)       

lateral cutaneous nerve of forearm (musculocutaneous nerve)

radial nerve radial nerve

ulnar nerve

median nerve median nerve

medial
cutaneous nerve

of forearm

  Fig. 34.9    Skin innervations (With permission from Danilo Jankovic)       
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    Indications 

     1.    Minor interventions in the innervated area   
   2.    Supplementation of incomplete anesthesia of the brachial 

plexus      

    Procedure 

  S ince all the nerves are superfi cial nerve, high-frequency 
(6–15 MHz) linear ultrasound probe is used. During injec-
tion, the practitioner should pay attention to the spread of the 
injectate and the size of the nerve. Absence of spread  suggests 
either intravascular injection or needle tip is not visualized. 
Expansion of the nerve suggests intraneural injection. 

    Ulnar Nerve 

 To avoid injecting around the ulnar nerve at the cubital 
 tunnel, the target can be either above or below the cubital 
tunnel. To target the ulnar nerve above the cubital tunnel, 
the patient is in supine position with elbow fl exed and arm 
rotated outward. The ultrasound probe is place just proxi-
mal to the medial epicondyle. The ulnar nerve appears in 
the subcutaneous plane (Fig.  34.4 ). The needle is inserted 
 out-of-plane because of the superfi cial position of the 
nerve. Alternatively, the patient is put in supine position 
with the arm rotated outward in extension position. The tar-
get is the ulnar nerve 3–4 fi ngerbreadths distal to the elbow 
joint. At this level, the nerve is medial to the fl exor carpi 
ulnaris and between the fl exor digitorum profundus and 
superfi cialis (Fig.  34.5 ). The ultrasound probe is placed on 
the ventromedial aspect of the forearm and the needle is 
inserted in-plane. If the ultrasound prone is placed too dis-
tally, the ulnar artery will join the ulnar nerve and the risk 

of artery puncture is higher. A total of 5 mL of local anes-
thetic is suffi cient.  

    Median Nerve 

 The patient is in supine position and the arm is in exten-
sion position. The injection site is at the elbow joint 
where the nerve can be visualized medial to the brachial 
artery (Fig.  34.6 ). Blocking the nerve distal to the elbow 
joint may miss the anterior interosseous nerve. The ultra-
sound probe is placed just proximal to the elbow. The 
needle is inserted in- plane from medial to lateral or out-
of-plane. A total volume of 5 mL of local anesthetic is 
sufficient.  

    Radial Nerve 

 The target is at the lateral epicondyle where the needle is 
between the brachioradialis and brachialis muscle. The 
patient is in supine position with the arm extended. 
Ultrasound probe is placed over the lateral aspect of the arm 
over the lateral epicondyle (Fig.  34.7 ). A needle is inserted 
in-plane from medial to lateral direction. A total volume of 
5 mL of local anesthetic is suffi cient.  

    Lateral Cutaneous Nerve of the Forearm 

 At distal third of the arm, the lateral cutaneous nerve is small 
but can be seen between the brachialis and biceps brachii 
muscles. Attention should be paid to the anisotropic nature 
of the nerve and the fascia plane between the brachialis and 
biceps brachii muscles (Fig.  34.8 ). A total volume of 3 mL of 
local anesthetic is suffi cient.      
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       Anatomy 

    Ulnar Nerve (Fig.  35.1 ) 

    In the medial distal third of the forearm, about three fi nger-
breadths proximal to the wrist, the ulnar nerve divides into a 
dorsal branch (sensory to the dorsal surface of the hand and 
fi ngers), a small palmar cutaneous branch to the hypothenar 
eminence, and a mixed branch—the palmar branch. The lat-
ter runs superfi cially between the tendons of the fl exor carpi 
ulnaris and fl exor digitorum superfi cialis muscle. The ulnar 
artery lies directly radially, alongside the nerve.  

    Median Nerve (Fig.  35.1 ) 

 The median nerve lies between the tendons of the pal-
maris longus muscle and the fl exor carpi radialis muscle. 
It runs in the direction of the long axis of the radius. Three 
fi ngerbreadths proximal to the wrist, the medial nerve 
gives rise to a palmar cutaneous branch to the thenar 
eminence.  

1

3

2

  Fig. 35.1    Anatomy. ( 1 ) Ulnar nerve, ( 2 ) median nerve, ( 3 ) ulnar artery 
(Reproduced with permission from Danilo Jankovic)       
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2 1

  Fig. 35.2    Anatomy. ( 1 ) Radial nerve (superfi cial branch), ( 2 ) radial artery (Reproduced with permission from Danilo Jankovic)       

    Radial Nerve (Fig.  35.2 ) 

    The superfi cial branch of the radial nerve runs—together 
with the radial artery, initially—in the forearm along the 
medial side of the brachioradialis muscle in the direction 

of the wrist. About 7–8 cm proximal to the wrist, it 
crosses under the tendon of the brachioradialis muscle 
and reaches the extensor side of the forearm. At the level 
of the wrist, the radial nerve divides into several periph-
eral branches.   
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    Indications 

    Surgical 

     1.    Minor surgical interventions in the innervated area   
   2.    Supplementation of an incomplete block of the brachial 

plexus      

    Diagnostic 

    Differential diagnosis of painful conditions in the hand     

    Therapeutic 

    Carpal tunnel syndrome      

    Ultrasound-Guided Technique 

    Ulnar Nerve (Fig.  35.3 ) 

    The patient is in supine position with the forearm supinated. 
The target is just proximal to the proximal palmar crease. As 
the injection at the wrist level misses both the palmar cutane-
ous branch to hypothenar eminence and the dorsal cutaneous 
branch, this injection will require supplementation of the two 
cutaneous branches with subcutaneous infi ltration. The 
authors prefer the injection at the elbow level. 

 For the injection at the wrist level, an ultrasound probe is 
placed on the ventromedial aspect of the distal forearm. The 
ulnar nerve is seen on the ulnar side of the ulnar artery. The 
needle is inserted out-of-plane to the ulnar side of the ulnar 
artery, which is usually accompanied by one or two veins. 
Gently releasing the pressure of the probe will reveal the 
vein, and this maneuver helps to avoid inadvertent venous 
puncture (Fig.  35.4 ). A volume of 3 mL of local anesthetic is 
suffi cient. This is followed by subcutaneous infi ltration 
along the ulnar aspect of the wrist (volar and dorsal sides) 
with 5 mL of local anesthetic.   

  Fig. 35.4    Same scan as Fig.  35.3 . Be careful of the veins ( arrowheads ) 
accompanying the ulnar artery. Always release the pressure to reveal 
the vein to avoid inadvertent intravascular injection (Reproduced with 
permission from Philip Peng Educational Series)       

  Fig. 35.3    Sonogram of the ulnar nerve just proximal to the carpal tun-
nel. At this level, the ulnar nerve ( UN ) is on the ulnar side of the ulnar 
artery ( UA ).  FDS  fl exor digitorum superfi cialis,  FDP  fl exor digitorum 
profundus,  PL  palmaris longus (Reproduced with permission from 
Philip Peng Educational Series)       
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    Median Nerve (Fig.  35.5 ) 

    Positioning is similar to that of the ulnar nerve. 
 The target at the wrist is just proximal to the proximal 

palmar crease. At this level, the palmar cutaneous branch of 
the thenar eminence has already left the median nerve. Thus, 
for surgical supplementation, a subcutaneous infi ltration 
along the radial volar aspect of the forearm is required. The 
ultrasound probe is placed just proximal to the proximal pal-
mar crease. The median nerve is located along with various 
tendons which resemble the median nerve in ultrasonogra-
phy. There are two methods to identify the median nerve at 
this level. One is to fl ex the thumb to help identify the fl exor 
pollicis longus (FPL). The median nerve is always on the 2 
o’clock position of the left hand and 10 o’clock position of 
the right hand (Fig.  35.5 ). The other is the tilting the ultra-
sound probe. The tendons are much more anisotropic than 
the median nerve (Fig.  35.6 ). By this maneuver, the median 
nerve will stand out. The needle is usually inserted out-of- 
plane on the side of the nerve. A volume of 3–5 mL of local 
anesthetic is suffi cient.   

    Radial Nerve: Superfi cial Branch 

    The forearm is in mid-prone position. The superfi cial branch 
of radial nerve is a small nerve that may already divide into a 
few branches and is not easily found at this level. The nerve 
is usually on the dorsal side of the radial artery in the “snuff” 
box (Figs.  35.7  and  35.8 ). If the nerve cannot be seen, the 
local anesthetic can be deposited dorsal to the radial artery 
with out-of-plane technique. A volume of 3 mL is 
suffi cient.   

 Alternatively, the superfi cial branch of the radial nerve 
can be visualized in the mid-forearm as it crosses under the 
tendon of the brachioradialis muscle and tendon and reaches 
the extensor side of the forearm (Figs.  35.9  and  35.10 ). The 
needle is inserted with out-of-plane technique. A volume of 
3 mL is suffi cient.        

  Fig. 35.5    Sonogram of the median nerve ( MN ) at the proximal palmar 
crease. At this level, the median nerve is usually superfi cial and on the 
ulnar side of the fl exor pollicis longus ( FPL ) (Reproduced with permis-
sion from Philip Peng Educational Series)       

  Fig. 35.6    Same scan as Fig.  35.5 . The ultrasound probe is tilted. With 
this maneuver, the tendons “disappear” while the median nerve ( MN ) 
remains because tendons in general are more anisotropic than the 
nerves (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 35.7    Sonogram of the superfi cial branch of the radial nerve ( SRN ) 
in the snuff box. This anatomical region is bound by the abductor pol-
licis longus ( APL ) and extensor pollicis brevis ( EPB ) on the radial side 
and the extensor pollicis longus ( EPL ) on the ulnar side. The radial 
artery is indicated with  asterisk  (*) (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 35.8    Same    scan as Fig.  35.7  except that the veins are deliberately 
compressed to enhance the visualization of the superfi cial branch of the 
radial nerve. The radial artery is indicated with  asterisk  (*) (Reproduced 
with permission from Philip Peng Educational Series)       
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  Fig. 35.9    Sonogram of the superfi cial branch of the radial nerve ( SRN ) 
at approximately four fi ngerbreadths distal to the elbow. The forearm is 
put in mid-prone position and the probe is placed over the radius. At 
this level, the SRN is seen in location close to the radial artery (*) 
beneath the brachioradialis muscle (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 35.10    Moving the ultrasound probe distally compared to the posi-
tion in Fig.  35.9 . The brachioradialis muscle become tendon the super-
fi cial branch of the radial nerve ( SRN ) is seen coming out to the dorsal 
surface of the forearm. The radial artery is indicated with  asterisk  (*) 
(Reproduced with permission from Philip Peng Educational Series)       
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       Tennis Elbow or Lateral Epicondylitis 

 Lateral epicondylitis, commonly termed “tennis elbow,” 
presents with pain and tenderness of the affected lateral 
elbow region. Current evidence suggests that the pathology 
is related to enthesopathy, tendinosis, or insertional tendon 
tear of the common extensor tendon (CET), which includes 
the extensor carpi radialis brevis (ECRB) and the extensor 
digitorum communis (EDC), or radial collateral ligament 
(Fig.  36.1 ). Percutaneous interventions include steroid injec-
tion or tendon fenestration. Although these injections are 
commonly practiced with landmark-based technique, ultra-
sound enables direct visualization of the target tissues, the 
needle, and the spread of injectate. Thus, sonographic guid-
ance can potentially improve the effi cacy of percutaneous 
procedures.  

    Symptoms 

 The main presenting symptom is stabbing elbow pain (lateral 
epicondyle), radiating as far as the thumb (Fig.  36.2 ). 
Physical examination reveals point tenderness in the region 
of the lateral epicondyle and pain and weakness exacerbated 

by resisted wrist extension and supination (Cozen test and 
third-digit tennis elbow test).   

    Procedure 

 The patient is usually in sitting position with the elbow 90° in 
fl exion rest comfortably on a pillow over a table. With sterile 
precaution, a linear high-frequency probe (6–13 MHz) is 
placed over the lateral elbow region, revealing the lateral epi-
condyle, capitellum, and head of radius (Fig.  36.3 ). The target 
structure CET can be visualized in long-axis view. A 23-G or 
25-G needle is inserted in-plane from inferior to superior 
direction all the way to the epicondylar insertion of CET 
(Fig.  36.3 ). Applying light pressure to the plunger of the 
syringe while withdrawing the needle, the steroid solution is 
injected in the target point. The practitioner should avoid over-
pressurizing the plunger which may cause artifi cial tissue 
injury. The total volume is approximately 1 mL with a mixture 
of local anesthetic and 10 mg of triamcinolone.  

 When tendon fenestration is performed, the patient posi-
tion, scanning procedure, and needle used are the same. The 
needle repeatedly fenestrate the tendinotic tendon until the 
tissue is softened, and crepitation is diminished.   
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Medial epicondyle

Extensor digitorum

Extensor carpi
ulnaris

Extensor carpi
radialis brevis

Extensor carpi
radialis longus

Brachioradialis

Extensor digiti
minimi

  Fig. 36.1    Illustration demonstrating the musculotendinous anatomy of 
the lateral aspect of the elbow, near the site of the tendon origin on the 
lateral epicondyle (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 36.2    Diagram showing the pain area in a patient with tennis elbow 
(Reproduced with permission from Philip Peng Educational Series)       

  Fig. 36.3    Sonogram of the common extensor tendon ( CET ) on its long 
axis. The position of the ultrasound probe is shown in the  inset , with the 
cranial end of the probe placed on the lateral epicondyle ( LE ). The CET 
origin is seen as a continuous band of longitudinally oriented fi bers.  Ca  
capitellum,  RH  radial head (Reproduced with permission from Philip 
Peng Educational Series)       
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    Intra-articular Injection of the Elbow Joint 

 The elbow joint is a compound joint formed by the proximal 
ends of the ulna and radius and the distal end of the humerus. 
The ulna (olecranon) and humeral capitellum form a hinge 
joint (Fig.  36.4 ). The radial head articulates with the capitel-
lum of the humerus, allowing swivel movement, while it also 
revolves within the radial notch of the ulna. Both movements 
from radial head articulations allow axial rotation of the 
forearm (Fig.  36.5 ). The joint capsule encloses the entire 
elbow joint including three fat pads in different fossae: 
radial, coronoid, and olecranon fossae (Fig.  36.5 ). The elbow 
joint is transversed by three nerves, and understanding the 
anatomy is important to avoid nerve injury to these nerves 
(Fig.  36.6 ). At the level just proximal to the elbow joint, the 
radial nerve is sandwiched between the brachioradialis and 
brachialis muscles, the ulna lies subcutaneously lateral to the 
medial head of the triceps muscle in the posterior compart-
ment of the arm, and the median nerve runs besides the bra-
chial artery lateral to the biceps brachii and brachialis 
muscles.    

    Indications 

 Intra-articular injections of the elbow are indicated for the 
management of pain from osteoarthritis or rheumatoid arthri-
tis, as well as performance of arthrogram for diagnostic pur-
pose. Intra-articular aspiration can be diagnostic and 
therapeutic when infection is suspected.  

    Ultrasound-Guided Posterior Approach 

 The    patient is placed in supine position with the elbow in 90° 
fl exion and the arm resting on a pillow over the chest. With 
sterile precautions, a linear ultrasound probe is placed in- plane 
over the muscle and tendon of the triceps (Fig.  36.7 ). The 
cephalad end of the probe is then rotated 30° in lateral direc-
tion until the triceps tendon is out of sight while the hyaline 
cartilage (hypoechoic shadow) of the humerus is still in sight 
(Fig.  36.8 ). A 1.5-inch, 22-G needle is inserted in- plane from 
cephalad to caudal, deep to the joint capsule, and 3 mL of 
medication (2% lidocaine and 40mg Depo-Medrol) is injected.        

Coronoid fossa

Coronoid
process

Radial fossa

Radial head

Capitellum
Trochlea

  Fig. 36.5    Three   -dimensional picture of the elbow—front view.  U  ulna, 
 R  radius (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 36.4    Elbow joint. ( 1 ) Articular cavity, ( 2 ) trochlea of the humerus, 
( 3 ) olecranon, ( 4 ) subcutaneous olecranon bursa, ( 5 ) triceps brachii 
muscle (With permission from Danilo Jankovic)       
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  Fig. 36.6    Anatomy. ( 1 ) Ulnar nerve, ( 2 ) median nerve, ( 3 ) deep branch 
of the radial nerve (anterior interosseous nerve), ( 4 ) superfi cial branch 
of the radial nerve, ( 5 ) brachial artery, ( 6 ) biceps brachii muscle, ( 7 ) 
bicipital aponeurosis (With permission from Danilo Jankovic)       

  Fig. 36.7    Sonogram of the elbow joint viewing from the posterior 
aspect. The position of the elbow and the ultrasound probe is shown in 
the  inset. OL  olecranon,  FP  fat pad in the olecranon fossa,  H  humerus 
(Reproduced with permission from Philip Peng Educational Series)       

  Fig. 36.8    Sonogram    of the elbow joint as in Fig.  36.7  except that the 
ultrasound probe is rotated as shown in the  inset . The  dotted arrow  indi-
cates the needle insertion into the elbow joint.  FP  fat pad;  H  humerus; 
 OL  olecranon (Reproduced with permission from Philip Peng 
Educational Series)       
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    The most frequent entrapment neuropathy is carpal tunnel 
syndrome, which affects approximately 3–6 % of adults in 
the general population. Predisposing factors include obesity, 
chronic polyarthritis, diabetes mellitus, gout, and dyspro-
teinemia. The feature common to all of these conditions is 
that a discrepancy exists between the size of the carpal tunnel 
and the volume of its contents. This compresses the median 
nerve. Typically, carpal tunnel syndrome is associated with 
numbness, with or without pain, in the distribution of the 
median nerve (Fig.  37.1 ). Motor weakness and atrophy of the 
intrinsic thenar muscles may follow. Patients wake in the 
morning or at night with a feeling that their hands have “gone 
to sleep.” The symptoms can be provoked by pressure on the 
fl exor retinaculum, such as holding their wrist in complete 
and forced fl exion (pushing the dorsal surfaces of both hands 
together) for 30–60 s (Phalen’s sign).  

 The carpal tunnel is a fi bro-osseous tunnel, which con-
tains the fl exor tendons of the fi ngers (tendons of the fl exor 
digitorum profundus, fl exor digitorum superfi cialis, and 
fl exor pollicis longus) and the median nerve (Fig.  37.2 ). 
The volar border is covered by the fl exor retinaculum, a 
broad ligament that extends from the tuberosities of the 
scaphoid and the trapezium to the pisiform and the hook of 
the hamate.  

 The median nerve lies superfi cial to the tendons of the 
fl exor pollicis longus and medial to the fl exor carpi radialis 
just before entering the carpal tunnel. However, the location 
of the median nerve can be more medial, and therefore blind 
injection may result in nerve injury. 

    Ultrasound-Guided Carpal Tunnel Injection 

 The patient is in sitting position with the hand supinated rest-
ing on a pillow. The procedure is performed with sterile tech-
nique. A high-frequency linear ultrasound probe (6–13 MHz) 
is placed at the level of the pisiform and scaphoid tubercle. 
With the probe in this position, the ulnar artery, ulnar and 
median nerves should be visualized. The median is usually 
superfi cial and medial to the fl exor pollicis longus (Fig.  37.3 ). 
A 1.5-inch, 25-G needle is inserted in-plane superfi cial and 
lateral to the ulnar artery toward the space between the 
median nerve and fl exor retinaculum. Advancement of nee-
dle may be facilitated by hydrodissection with normal saline 
to release adhesion. A total volume of 2–3 mL of 1 % lido-
caine mixed with 20–40 mg triamcinolone acetonide is 
 suffi cient. The patient is instructed to rest the hand over the 
next 24 h.      

Median nerve

Flexor
retinaculum

Palmar cutaneous
branch of median
nerve

  Fig. 37.1    Sensory distribution of the median nerve       
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Median nerve
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Flexor carpi radialis

Flexor pollicis longus

Flexor digitorum
superficialis
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Triquetrum

Ulnar artery
and nerve

Flexor digitorum
profundus

  Fig. 37.2    Illustration of cross section across wrist       

  Fig. 37.3    Short-axis view of the carpal tunnel (proximal) in a healthy 
volunteer shows honeycomb appearance of the normal median nerve 
( M ) with multiple rounded hypoechoic fascicles surrounded by hyper-
echoic perineurium and epineurium.  UA  ulnar artery,  arrowheads  fl exor 

retinaculum (hypoechoic),  M  median nerve,  FCR  fl exor carpi radialis, 
 FPL  fl exor pollicis longus, * ulnar nerve,  FDS  fl exor digitorum superfi -
cialis,  FDP  fl exor digitorum profundus       
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        Introduction 

 In thoracic paravertebral block (TPVB), local anesthetic is 
injected in the vicinity of the thoracic spinal nerves, in order 
to obtain an ipsilateral somatic, segmental, and sympathetic 
nerve block.  

    Indications 

 Thoracic paravertebral block can be used for unilateral surgi-
cal procedures such as thoracotomy, major breast surgery, 
cholecystectomy, renal surgery, inguinal herniorrhaphy, and 
laparotomy. A bilateral thoracic paravertebral block can be 
performed to obtain bilateral analgesia. 

 In pain medicine, thoracic paravertebral block is useful in 
management of acute and chronic pain such as acute herpes 
zoster, cancer pain, post-thoracotomy pain, rib fractures, and 
postherpetic neuralgia.  

    Contraindications 

 Contraindications to thoracic paravertebral blockade include 
allergy to local anesthetics, coagulation disorders, patient 
refusal, infection at the insertion opening, tumors in the tho-
racic paravertebral space, and pleural-thoracic empyema.  

    Anatomy 

 The thoracic paravertebral space is a wedge-shaped area 
located on both sides of the vertebral column that contains 
the thoracic nerves and the sympathetic trunk. The posterior 
wall is formed by the superior costotransverse ligament. The 
medial wall is formed by the vertebral body and interverte-
bral disc; through the intervertebral foramen, the thoracic 
paravertebral space is continuous with the epidural space. 
The anterolateral wall is formed by the parietal pleura, and 
laterally, it is continuous with the intercostal space 
(Fig.  38.1a, b ; see also Chap.   39    , Figs.   39.1     and   39.2    ). The 
cranial border of the thoracic paravertebral space is mid- to 
low cervical. Caudally the thoracic paravertebral space is 
continuous with the retroperitoneal space via the medial and 
lateral arcuate ligament of the diaphragm.  

 The thoracic paravertebral space contains fatty tissue, the 
spinal nerves, the dorsal rami, the intercostal vessels, the 
rami communicantes, and the sympathetic chain. The tho-
racic paravertebral space is divided in two communicating 
compartments by a layer of loose connective tissue, the 
endothoracic fascia which is the deep fascia of the thorax; 
ventral the “extrapleural” paravertebral space between the 
parietal pleura and the endothoracic fascia and dorsal to the 
endothoracic fascia the “subendothoracic” paravertebral 
space. The sympathetic chain and a fi ne loose areolar tissue 
(the fascia subserosa) are located in the “extrapleural” para-
vertebral space, while the intercostal nerves and vessels are 
located in the “subendothoracic” paravertebral space.  

a b

  Fig. 38.1    ( a ) Transversal dissection at the level of the T9. ( 1 ) Lung, 
( 2 ) esophagus, ( 3 ) aorta, ( 4 ) intercostal space, ( 5 ) interpleural space, 
( 6 ) sympathetic trunk, ( 7 ) trapezius muscle, ( 8 ) longissimus muscle, 

( 9 ) spinal cord (Reproduced with permission from Danilo Jankovic). 
( b ) Anatomy of the thoracic paravertebral space (Reproduced with per-
mission from   www.aic.cuhk.edu.hk/usgraweb     [ 1 ])       
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a

c

b

  Fig. 38.2    ( a ) Introducing the needle perpendicular to the skin surface 
(Reproduced with permission from Danilo Jankovic). ( b ) Bone contact 
(transverse process) (Reproduced with permission from D. Jankovic). 

( c ) The needle is withdrawn to lie subcutaneously and then introduced 
2 cm deeper past the transverse process (Reproduced with permission 
from D. Jankovic)       
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    Technique 

 Thoracic paravertebral block can be performed with the 
patient in the sitting, lateral decubitus, or prone position. The 
thoracic paravertebral block can be performed in an awake 
patient, under sedation or general anesthesia. 

 A 18–20-gauge blunt-tipped block needle or a Tuohy nee-
dle can be used for block performance. 

 There are different techniques of performing the thoracic 
paravertebral blockade: classic landmark-based with or 
without a “loss of resistance,” pressure monitoring, nerve 
stimulation, intercostally placed paravertebral catheteriza-
tion, and ultrasound-guided thoracic paravertebral block. In 
this chapter, the classic landmark-based technique and the 
ultrasound-guided thoracic paravertebral block will be 
described. 

 To obtain anesthesia or analgesia in more than one derma-
tome, either a multi-injection technique, where in each 
adjoining dermatome 4–5 mL local anesthetic is injected, or 
a single-shot injection technique, where a single 20 mL bolus 
of local anesthetic is injected at the appropriate level, can be 
used. It is the opinion of the authors that the latter technique 
is preferable in order to avoid accidental pleural puncture. In 
the single-injection technique, 20 mL of local anesthetic 
consistently blocks fi ve adjoining dermatome levels. It 
should be noted however that the distribution is preferen-
tially four dermatomes caudal and only one dermatome level 
cranial with respect to the puncture site. Therefore, the 
appropriate level to perform a single-injection multilevel 
thoracic paravertebral block for mastectomy, thoracotomy/
VATS, major renal surgery, and unilateral laparotomy is at 
vertebral body interspace T2–T3, T3–T4, T8–T9, and 
T9–T10, respectively. 

    Classic Landmark-Based Thoracic 
Paravertebral Block 

 At the level of the appropriate vertebral body, a needle is 
inserted 2.5–4 cm lateral to the most cranial part of the spi-
nous process (Fig.  38.2a ). Subsequently, the needle is 
advanced perpendicular to the skin in all directions until it 
contacts the transverse process, which is usually located at a 
depth of 2–4 cm (Fig.  38.2b ).  

 If no contact is made with the transverse process at this 
depth, the needle can be located in between two transverse 
processes; the needle has to be withdrawn and redirected in a 

more cranial or caudal direction. For safety, it is important 
that the transverse process is identifi ed in order to minimize 
the risk of an accidental pleural puncture. After bony contact 
is made with the transverse process, the needle is withdrawn 
slightly and the transverse process is slowly walked off in 
either a cranial or caudal direction until a “loss of resistance” 
is observed, usually at a depth of 1.5–2 cm from the trans-
verse process (Fig.  38.2c ). The observed “loss of resistance” 
is the needle traversing through the superior costotransverse 
ligament and is more subtle compared to the defi nite give in 
epidural block when the needle traverses the fl avum 
ligament. 

 If a catheter technique is indicated, the catheter can be 
threaded 1–2 cm into the thoracic paravertebral space (more 
than 2 cm will increase the incidence of inadvertent epidural 
placement). 

 An alternative to the “loss-of-resistance” technique is the 
“blind” classic landmark-based technique: after identifi ca-
tion of the transverse process as described above, the needle 
is withdrawn slightly and the transverse process is slowly 
walked off in either a cranial or caudal direction for 1–2 cm. 
This “blind” technique is not associated with a higher risk of 
pneumothorax with respect to the “loss-of-resistance” 
technique. 

During injection, the following points must be 
observed without fail:
    1.    The person performing the injection must stand on 

the side being blocked.   
   2.    The injection point must be located within 4 cm lat-

eral to the midline (rib contact, risk of 
pneumothorax!).   

   3.    There is a risk of perforating the dural cuff if the 
injection is made too far medially (epidural or sub-
arachnoid injection).   

   4.    The transverse process is ca. 0.6–0.7 cm thick.   
   5.    If there is no bone contact after 2.5–5 cm (depend-

ing on the habitus of the patient), the direction of 
the needle must be corrected (the transverse process 
has been missed; risk of pleural puncture).   

   6.    If the patients coughs, it can indicate pleural irrita-
tion. The procedure should be halted.   

   7.    Eliciting paresthesias is not obligatory.   
   8.    The injection should be carried out on a incremen-

tal basis, with frequent aspiration (blood, CSF?).    
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      Ultrasound-Guided Thoracic 
Paravertebral Block  

 The two most commonly used ultrasound-guided thoracic 
paravertebral block techniques are the paramedian sagittal 
thoracic paravertebral block and the transverse thoracic para-
vertebral block. Before describing these techniques, fi rst the 
basic sonoanatomy of the relevant structures of the thoracic 
paravertebral space is described. 

    Basic Sonoanatomy of the Relevant Structures 
of the Thoracic Paravertebral Space 
 A 5–12-MHz linear array ultrasound transducer or a 2–5- MHz 
curved array ultrasound transducer can be used for performing 
the paramedian sagittal thoracic paravertebral block and the 
transverse thoracic paravertebral block. In the opinion of the 
authors, the curved array ultrasound transducer is often more 
useful in performing the transverse thoracic paravertebral block. 

 Key anatomical structures for the ultrasound-guided tho-
racic paravertebral block techniques that must be identifi ed 
and visualized are the transverse process and the parietal 
pleura.  

    Paramedian Sagittal Thoracic Paravertebral Block 
 The paramedian sagittal thoracic paravertebral block may be 
performed using an in-plane and out-of-plane needle 
insertion. 

 The ultrasound transducer is placed vertical 2–3 cm lat-
eral to the midline at the appropriate thoracic level with the 
orientation marker directed cranial. The transverse processes 
are visible on the ultrasound image as a rounded hyperechoic 
structure with acoustic shadowing anteriorly (ultrasound 
waves do not penetrate bone; thus, all the ultrasound waves 
are refl ected backwards resulting in a black shadow beneath 

the hyperechoic line). Located more ventrally is the parietal 
pleura which is visible as a bright hyperechoic line between 
the transverse processes (Fig.  38.3a ). Between the transverse 
processes, the superior costotransverse ligament can be often 
visualized. Color Doppler can be used to identify presence of 
the intercostal vessels.  

 For the in-plane technique, the needle is inserted from 
caudal in the plane of the ultrasound beam and advanced 
until the needle traverses the superior costotransverse liga-
ment; if the superior costotransverse ligament cannot be 
visualized, the needle is advanced until it is just positioned 
posterior of the parietal pleura. After aspiration for blood 
and air, local anesthetic can be injected in increments of 
5 mL with concomitant anterior movement of the parietal 
pleura indicating correct needle placement (Fig.  38.3b ). 
Catheter insertion in this approach may be diffi cult due to the 
steep entry angle of the needle with respect to the thoracic 
paravertebral space. 

 It should be noted that although this is an in-plane tech-
nique, the needle is often diffi cult to visualize due to the 
steep angle with the skin; injection of small aliquots of nor-
mal saline to observe “tissue hydrosection” can be helpful in 
identifying the tip of the needle. 

 For the out-of-plane technique, the needle is inserted just 
lateral to the probe. Tissue hydrosection with normal saline 
can be used to evaluate needle-tip position. The needle is 
advanced until it traverses the superior costotransverse liga-
ment or is located just posterior to the parietal pleura. After 
aspiration for blood and air, local anesthetic can be injected 
in increments of 5 mL with concomitant anterior movement 
of the parietal pleura indicating correct needle placement. 
Again, catheter insertion in this approach may be diffi cult 
due to the steep entry angle of the needle with respect to the 
thoracic paravertebral space.  

a b

  Fig. 38.3    Paramedian sagittal thoracic paravertebral block. 
Visualization of local anesthetic and the downward shift of parietal 
pleura on ultrasound longitudinal image. ( a ) Before injection, ( b ) after 

injection.  TP  transverse process,  PP  parietal pleura,  LA  local anesthetic 
(Reproduced with permission from Hara et al. [ 2 ])       
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a

b

  Fig. 38.4    Transverse thoracic paravertebral block, in-plane technique. 
Sonogram at T3–T4 vertebral level, before ( a ) and after ( b ) injecting 
5 mL  LA . The needle ( small white arrows ) is positioned in the thoracic 
paravertebral space. The needle approach is from lateral to medial 
through the intercostal muscles ( IM ).  Large arrow  indicates the shadow 
of the transverse process,  SP  spinous process,  Pl  pleura. The innermost 
intercostal muscle is absent in the thoracic paravertebral space 
(Reproduced with permission from Renes et al. [ 3 ])       

   Transverse Thoracic Paravertebral Block 
 The transverse thoracic paravertebral block may be per-
formed using an in-plane and out-of-plane needle insertion. 
The authors recommend the use of a 2–5-MHz curved array 
ultrasound transducer for this technique. 

 The ultrasound transducer is fi rst positioned in a trans-
verse and partial oblique position to the vertebral column, 
parallel to the rib with the orientation marker directed medi-
ally. On the ultrasound image, the transverse process is visu-
alized medially on the ultrasound image as a hyperechoic 
structure with acoustic shadowing anteriorly. On the lateral 
side of the ultrasound image, the parietal pleura is visible as 
a hyperechoic line that disappears under the transverse pro-
cess due to the acoustic shadowing. Subsequently the ultra-
sound transducer is moved either cranially or caudally 
(approximately 5 mm) until the transverse process is only 
visible as an ultrasound shadow and thus an intercostal ultra-
sound image is obtained. In the thoracic paravertebral region, 
the innermost intercostal muscle becomes the internal inter-
costal membrane, which is continuous medially with the 
superior costotransverse ligament, and can often be visual-
ized as a very thin hyperechoic line. 

 For the in-plane technique, the needle is inserted from 
lateral (approximately 40 mm from the midline) to medial 
in the plane of the ultrasound beam and advanced until the 
needle traverses the internal intercostal membrane  or  until 
the tip of the needle is positioned just posterior from the 
parietal pleura in the region where the innermost intercostal 
muscle is absent (Fig.  38.4a ). After aspiration for blood and 
air, local anesthetic can be injected in increments of 5 mL 
with concomitant anterior movement of the parietal pleura 
indicating correct needle placement (Fig.  38.4b ). Lack of 
anterior movement of the parietal pleura with injection of 
local anesthetics indicates incorrect needle-tip placement. 
Catheter insertion in this approach is usually very easy. In 
contrast with the in-plane paramedian sagittal thoracic 
paravertebral block, needle visualization is easy in this 
approach.  

 For the out-of-plane technique, the ultrasound image 
should only depict the transverse process medially and the 
parietal pleura lateral (the probe is not moved cranial or cau-

dal). The needle is inserted in the middle of the ultrasound 
transducer and directed cephalad. The needle is advanced 
until the tip of the needle is lateral to the transverse process 
and just posterior of the parietal pleura. Injection of small 
aliquots of normal saline to observe “tissue hydrosection” 
can be helpful in identifying the tip of the needle.    
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    Continuous Infusion of Local Anesthetic 

 Bupivacaine 0.25 or 0.5 % is not recommended for continu-
ous infusion, due to its tendency for rising bupivacaine 
plasma levels as a result of stacking, although there is no 
literature that this leads to clinical signs of local anesthetic 
toxicity. Lidocaine 1 % and ropivacaine 0.2 % are consid-
ered to be safe. A typical dose for continuous infusion of 
ropivacaine 0.2 % is 0.1–0.2 ml/kg/h up to a maximum of 
14 mL/h.  

    Success Rate and Quality of Analgesia 

 Using the conventional method, the thoracic paravertebral 
blockade has a success rate of 90–93 %, which is similar to 
the success rate of epidural blockade. The use of ultrasound 
for thoracic paravertebral blockade placement seems to 
result in a higher success percentage. 

 A unique feature of the thoracic paravertebral blockade is 
the very strong inhibition of somatosensory-evoked poten-
tials (SSEPs). This inhibition of SSEPs is much more marked 
as compared to epidural and spinal anesthesia, because tho-
racic paravertebral blockade also blocks the sympathetic 
trunk in contrast to central neuraxial blocks.  

    Complications and Side Effects 

 The incidence of complications and side effects of the tho-
racic paravertebral blockade is low. The most important are 
hypotension (3.9 %), pleural puncture (1.1 %), and pneumo-
thorax (0.5 %). Inadvertent pleural puncture only sporadi-
cally results in a pneumothorax; if pleural puncture occurs, 
conversion to interpleural analgesia can be considered. The 
calculated risk of pneumothorax in a bilateral thoracic para-
vertebral blockade is 1:40,000. Application of ultrasound for 
thoracic paravertebral block may result in reduction in the 
incidence of pneumothorax.  

    Bilateral Thoracic Paravertebral Blockade 

 A bilateral thoracic paravertebral block has been described 
for several indications, including bilateral thoracotomy and 
abdominal surgery. A bilateral thoracic paravertebral block-
ade is associated with good effi cacy and low incidence of 
complications and side effects [ 4 ]. To date, no serious adverse 
events have been reported. Bilateral thoracic paravertebral 
blockade may be considered as an alternative for surgical 
procedures in which epidural analgesia is strongly contrain-
dicated, for example, in patients with coagulation disorders.  

Bilateral Thoracic Paravertebral Blockade
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    Chest Radiography 

 A chest radiograph can be considered in patients with a thoracic 
paravertebral catheter to evaluate spread of radiopaque dye. The 
thoracic paravertebral space is separated by the endothoracic 

fascia into an anterior and posterior compartment. Spread of 
radiopaque dye in the posterior compartment results in a cloud-
like radiologic pattern, whereas in the anterior compartment, 
spread results in a more longitudinal pattern (Fig.  38.5 ). Both 
spread patterns are consistent with adequate block.  

a cb

  Fig. 38.5    Longitudinal ( a ), cloudlike ( b ), and combined longitudinal and cloudlike ( c ) spreading patterns confi rm correct catheter placement in 
the thoracic paravertebral space.  Black arrows  indicate spread of radiopaque dye (Reproduced with permission from Renes et al. [ 3 ])       
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          Anatomy 

 There are 12 pairs of thoracic spinal nerves. With the excep-
tion of the fi rst two, these spinal nerves are smaller in size 
compared with the lower half of the cervical nerves. These 
spinal nerves emerge from the spinal cord with two roots—
the sensory dorsal root (posterior) and the motor ventral root 
(anterior) (Fig.  39.1 ). After leaving the dural sac, the two 
roots are surrounded by a dural sheath. The sensory root 
expands to accommodate the sensory neurons and forms the 
dorsal root ganglion. Beyond the ganglion, the roots form a 
common mixed spinal nerve trunk, which divides into four 
branches after exiting through the intervertebral foramen: the 
dorsal primary rami, the ventral primary rami, the meningeal 
branches which supply the spinal canal and the meninges, 
and the white and gray communicating branches, which 
anastomose with each neighboring ganglion of the sympa-
thetic trunk and thus extend to the viscera and vessels, medi-
ating and involving the sympathetic nervous system. They 
also carry sympathetic fi bers to the spine.  

 The dorsal rami of the thoracic nerves pass between the 
two transverse processes to their area of distribution and 
divide into the two typical branches, the medial and lateral 
branches; they give off muscular branches (back muscles) 
and cutaneous branches (spinous processes, posterior wall of 
the thorax, and lumbar region). The ventral rami of the tho-
racic nerves are also termed intercostal nerves, and they are 
distributed segmentally (Fig.  39.2 ).  

 The 11 upper nerves are (relative to the thoracic ribs) gen-
uinely intercostal because the nerves at least partially run in 
the intercostal space. The twelfth, however, lies caudal to the 
twelfth rib and is known as the subcostal nerve. The six 
upper intercostal nerves run entirely in the intercostal spaces, 
as far as the edge of the sternum; the six lower ones reach the 
area of the linea alba. All of the intercostal nerves, with the 
exception of the twelfth, run in the relevant intercostal space 
in front of the superior costotransverse ligament and on the 
inner surface of the external intercostal muscles. 

 The internal intercostal muscles are absent from the spine 
far as the costal angle, replaced by internal intercostal mem-
brane (Fig.  39.3 ). Over this area, the intercostal nerves lie 
over the endothoracic fascia and costal or parietal pleura. 
Approaching the angle of rib, the nerves lie between the 
internal intercostal muscles and the innermost intercostal 
muscles, and they are accompanied by the intercostal vessels 
(the intercostal artery and vein). They lie caudal to the ves-
sels. Special care needs to be taken during procedures, as due 
to the proximity of blood vessels to the nerves, toxic concen-
trations of local anesthetic can easily be reached.  

 The intercostal nerves give out various branches: muscu-
lar branches for various chest wall muscles such as serratus 
posterior and rectus abdominis muscles; lateral cutaneous 
branches supplying the skin of lateral sides of the thorax and 
abdomen, as well as the skin of the axilla (fi rst intercostal 
nerve); anterior cutaneous branches supplying the anterior 
side of the thorax; and pleural and peritoneal branches sup-
plying the pleura and thoracic wall and the peritoneum of the 
lateral and anterior abdominal wall, as well as the pleural and 
peritoneal covering at the origin of the diaphragm.  

  Fig. 39.1    Anatomy of the thoracic spinal nerves. ( 1 ) Spinal ganglion, 
( 2 ) spinal nerve, ( 3 ) ganglion of the sympathetic trunk, ( 4 ) dorsal and 
ventral branch, ( 5 ) dorsal and ventral root, ( 6 ) white and gray commu-
nicating branches (With permission from Danilo Jankovic)       
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  Fig. 39.2    Intercostal nerves. ( 1 ) Ventral branches (intercostal nerves), 
( 2 ) lateral cutaneous branch, ( 3 ) anterior cutaneous branch, ( 4 ) poste-
rior intercostal artery, ( 5 ) posterior intercostal vein, ( 6 ) spinal cord, ( 7 ) 
spinal nerve, ( 8 ) sympathetic trunk, ( 9 ) thoracic aorta, ( 10 ) azygos vein, 
( 11 ) external intercostal muscles, ( 12 ) internal intercostal muscles 
(With permission from Danilo Jankovic)         Fig. 39.3    Intercostal muscles in the chest wall (Reproduced with per-

mission from Philip Peng Educational Series)       
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    Sonoanatomy 

 The ideal location for ultrasound-guided injection is at the 
level of angle of rib because the internal intercostal muscle is 
formed from this point onward and the lateral cutaneous 
branch is still incorporated in the intercostal nerve. 

 The patient lies on the contralateral side or in prone posi-
tion with arm abducted to bring the scapula away from mid-
line (Fig.  39.4 ). A high-frequency ultrasound probe is used. 
The key landmarks are the upper and lower ribs of each inter-
costal space, the intercostal muscles, and the pleura. The 
probe is placed 90° to the course of the ribs so that upper and 
lower ribs, intercostal muscles, and pleura can be visualized. 
The target is the intercostal nerve deep to the internal inter-
costal muscle just caudal to the cranial rib and is usually less 
than 5 mm from the pleura (Fig.  39.5 ). To enhance the visu-
alization of the internal intercostal muscle, the cranial end of 
the ultrasound probe is tilted laterally to align with the mus-
cle (Fig.  39.6 ). If an in-plane approach is used, the trans-
ducer is positioned on the intercostal space, parallel to the 
upper and lower ribs. It is advisable to measure the distance 
between the skin and the pleura, and the needle should never 
be introduced more that this distance.     

  Fig. 39.4    Prone position. The  red line  indicates the midline and  blue  
indicates line joining the angle of ribs. The ultrasound probe position is 
indicated on the  right side        

  Fig. 39.6    Ultrasonographic image showing the intercostal muscles and 
pleura at the angle of rib.  a  external intercostal muscle,  b  internal inter-
costal muscle, * reverberation artifact. The pleura appears as a hyper-
echoic line (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 39.5    The needle position with landmark technique (With permis-
sion from Danilo Jankovic)       
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    Indications 

   Surgical 
   1.    Superfi cial surgery in the innervation area   
   2.    Insertion of a chest drain    

  Diagnostic 
   1.    Differential diagnosis of somatic and autonomic pain 

conditions    

  Therapeutic 
   1.    Pain in the intercostal area (neuralgia and causalgia)   
   2.    Pain after rib fractures or contusions of the thoracic wall 

and pleuritic pain   
   3.    Acute phase of herpes zoster (in combination with a 

somatic paravertebral block)   
   4.    Postoperative pain therapy after upper abdominal and 

thoracic surgery, to relieve muscular spasms and wound 
pain (to allow coughing and deep breathing)    

  In most of the indications mentioned, an epidural catheter 
procedure is preferable (see Chap.   41    ).  

    Contraindications 

   Specifi c 
   1.    Anticoagulant treatment   
   2.    Infections and skin diseases in the injection area    

  Relative 
   1.    Slim patients   
   2.    Chronic obstructive lung disease with poor lung reserve    

      Procedure 

    Preparations 

 Check that the emergency equipment is complete and in 
working order; sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, endotracheal anesthesia set, 
ventilation facilities, and emergency medication.  

    Procedure 

    Landmark Based 
 The fi rst four intercostal nerves are blocked paravertebrally, 
3.5–4 cm or two fi ngerbreadths lateral to the spinous pro-
cesses (see Chap.   38    ).For the other level, the patient is placed 
in prone (preferred position for bilateral block) or lateral 
recumbent position (Fig.  39.7 ). When the procedure is per-
formed in prone position, a pillow is placed under the mid- 
abdomen, between the arch of the ribs and the iliac crest line, 
with the patient’s arms hanging (Fig.  39.4 ). The rib level is 
counted from the 12th rib onward cranially. The target is the 
caudal boundary of the rib at costal angle (7–8 cm or four 
fi ngerbreadths lateral to the midline and lateral to the muscu-
lature of the erector muscle of the spine).  

  Fig. 39.7    Lateral position (With permission from Danilo Jankovic)       
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 During the injection, the following points must be 
observed:

    1.    The person carrying out the injection must stand on the 
side being blocked.   

   2.    The intercostal nerve runs dorsocaudal to the vessels in 
the inferior costal groove.   

   3.    The rib is ca. 0.6–0.7 cm thick.   
   4.    Start with the lowest rib.   
   5.    The injection must only be carried out after defi nite iden-

tifi cation of the rib being blocked.   
   6.    Targeted paresthesias are not elicited.   
   7.    If the patient coughs, it indicates pleural irritation. The 

procedure should be halted.   
   8.    Injection should be carried out on an incremental basis, 

with frequent aspiration.     

 Using the index and middle fi ngers of the left hand, pal-
pate the rib being blocked, and press the skin around the 
contours of the ribs. The index fi nger locates the lower edge 
of the rib. A 25-G 3.5-cm-long needle is advanced at an 
angle of 80° to the skin surface until bone contact (costal 
periosteum) is made. The needle is withdrawn slightly, and 
the skin and needle are then simultaneously pushed cau-
dally until the needle slides under the lower edge of the rib 
(Fig.  39.8 ). After loss of bone contact, the needle must only 
be introduced 2–3 mm deeper. The hub of the needle is 
fi xed between the thumb and index fi nger as this is done; 
the middle fi nger fi xes the shaft and directs the needle. The 
side of the left hand (left hypothenar eminence) rests on the 
patient’s back; initially it serves as a brake, and then during 
the injection it serves as fi xation. After aspiration at various 
levels, the local anesthetic is injected on an incremental 
basis.  

 Due to overlap, at least three nerves have to be blocked in 
order to achieve a complete segmental block. A volume of 
3–5 mL local anesthetic is injected per segment, e.g., 0.5–
0.75 % ropivacaine and 0.25–0.5 % bupivacaine (0.25–0.5 % 
levobupivacaine). As intercostal block is the procedure in 
which the highest blood levels of local anesthetic per milli-
gram injected are achieved (due to very fast absorption), 
there is a risk of overdose. The individual maximum dose 
must be carefully calculated and must never be exceeded.  

  Fig. 39.8    The skin and the needle are simultaneously pushed caudally, 
and the needle is then introduced a further 2–3 mm (With permission 
from Danilo Jankovic)       
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    Ultrasound-Guided Injection 
 The preferred position for ultrasound-guided technique is 
prone position for two reasons: it is easier to count the level 
of ribs in this position, and it is the preferred position to diag-
nose the presence of pneumothorax as air tends to stay in the 
nondependent position. These two are also the advantages of 
the use of ultrasound over the landmark-guided technique. In 
addition, ultrasound guidance allows the target and the nee-
dle to be visualized, as well as the confi rmation of the spread 
of injectate, avoiding inadvertent vascular injection. 

 With out-of-plane technique, the ultrasound probe is 
placed in short axis to the two ribs of the intercostal space. 
The target is the intercostal nerve deep to the internal inter-
costal muscle just caudal to the cranial rib and is usually less 
than 5 mm from the pleura. The ultrasound probe should be 
positioned so that this target is in the center of view in the 
ultrasound screen. A 25-G 3.5 cm needle is inserted out-of- 
plane in an angle almost parallel to the midpoint of the ultra-
sound probe. The hand holding the ultrasound probe should 
adjust the tilting of the probe constantly to follow the needle 

tip. When the needle is in the external intercostal muscle 
(Fig.  39.9a ), the position of the needle tip should be con-
fi rmed with hydrolocation technique by injecting a small 
amount of local anesthetic (0.2–0.4 mL). The needle is then 
carefully advanced to the target. If the tip is in the right loca-
tion, the pleura is seen pushed down by the spread of injec-
tate (Fig.  39.9b ). A volume of 2 mL is suffi cient, in contrast 
to the landmark-guided technique.  

 Following the injection of various levels, it is advisable to 
perform a scan of the pleura to document the absence of 
pneumothorax. The feature to look for is the pleura which is 
a thin but densely hyperechoic structure gliding freely with 
reverberation and comet-tail artifacts (Fig.  39.6 ). Combining 
the signs of absent lung sliding and the loss of comet-tail 
artifact, ultrasound has a reported sensitivity of 100 %, speci-
fi city of 96.5 %, and negative predictive value of 100 %. The 
other sign to look for is the seashore sign in the M mode 
(Fig.  39.10 ). In the presence of pneumothorax, the differen-
tiation of “sea” and “shore” disappear and the picture will 
look like barcode (barcode sign).     

  Fig. 39.10    The M mode of the pleura. It shows seashore sign. Sea is a 
result of the parallel lines depicting the layers of tissue above the pleura 
(Reproduced with permission from Philip Peng Educational Series)       

a

b

  Fig. 39.9    ( a ) The  arrows  indicate the needle position inserted with out-
of-plane technique. It indicates the needle tip is in external intercostal 
muscle. ( b ) Further insertion of needle result in the tip just deep to the 
internal intercostal muscle. Injection of local anesthetic will result in the 
appearance of pooling of local anesthetic, which pushes the pleura deeper 
(Reproduced with permission from Philip Peng Educational Series)       
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    Effects of the Block 

 The anesthesia effect of the block should cover the skin, lateral 
and anterior thoracic wall, motor block of the intercostal mus-
cles, as well as of the pleura and thoracic wall. The six lower 
intercostal nerves reach the area of the linea alba, leading to 
motor block of the abdominal musculature and sensory block 
of the skin and abdomen, as well as of the peritoneum and 
lateral and anterior thoracic walls.  

    Complications 

     1.    Pneumothorax   
   2.    Toxic reactions due to overdosage (see Chap.   1    )   
   3.    Intravascular injection (see Chap.   1    )         
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       Spine and Sacrum Spine 

       The spinal column consists of 33 vertebrae—seven cervical ver-
tebrae; 12 thoracic vertebrae; fi ve lumbar vertebrae; the sacrum, 
consisting of fi ve fused sacral vertebrae; and the coccyx, con-
sisting of four fused coccygeal segments (Fig.  40.1a–c ).  

 According to research fi ndings, the mean length of the 
spinal column, from the foramen magnum to the tip of the 
coccyx, is 73.6 cm (range 67.4–78.8 cm), while in women, it 
is 7–10 cm shorter [ 9 ]. 

 All of the vertebrae have the same basic shape, which is 
subject to certain variations in the individual sections of the 
spine. The basic shape consists of an anterior body (the body 
of the vertebra) and a dorsal arch (the vertebral arch), which 
consists of pedicles and laminae (Fig.  40.2 ).  

 The laminae of the vertebral arch join dorsally to form the 
spinous process. A transverse process branches off on each side 

of the vertebral arch, as well as a superior and an inferior articu-
lar process. The vertebrae in the cervical region are smaller, but 
their size increases from cranial to caudal. The angle of inclina-
tion of the spinous processes—important topographic signposts 
for neuraxial injections—varies at different levels of the spine. 

 The cervical spinous processes, the fi rst two thoracic spi-
nous processes, and the lumbar spinous processes lie at the 
same level as their vertebrae. From T3 to L1, the spinous 
processes are angled caudally (particularly in the T4–T9 
area) (Fig.  40.3a–c ).  

 The vertebral canal (which provides excellent protection 
for the spinal cord) and the spinal cord, with its meningeal 
covering, extend throughout the whole length of the spine 
terminating in the cauda equina. The spinal vessels and 
nerves emerge laterally through openings at the upper and 
lower margins of the roots of the arches of the adjoining ver-
tebrae (the intervertebral foramina).  
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  Fig. 40.1    ( a–c ) Spine. 
( a ) Lateral, ( b )  v entral, ( c ) dorsal 
(Reproduced with permission 
from Danilo Jankovic)       
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  Fig. 40.2    Basic shape of a vertebra. ( 1 ) Vertebral body, ( 2 ) vertebral 
arch, ( 3 ) pedicle of the vertebral arch, ( 4 ) vertebral foramen, ( 5 ) spinous 
process, ( 6 ) transverse process (Reproduced with permission from 
Danilo Jankovic)       

a b c

  Fig. 40.3    ( a – c ) Cervical, thoracic, and lumbar spinous processes. ( a ) C7 cervical vertebra (vertebra prominens, nuchal tubercle). ( b ) T8 thoracic 
vertebra. ( c ) L3 lumbar vertebra (Reproduced with permission from Danilo Jankovic)       
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    Sacrum 

 The sacrum is wedge shaped and consists of fi ve vertebrae 
fused together. It lies distal to the fi fth lumbar vertebra and is 
connected distally, at its apex, to the coccyx. Dorsally, the 
sacrum has a convex surface, in the middle of which the 
median sacral crest stands out (Fig.  40.4a ).  

 The crest is produced by the fusion of the rudimentary 
spinous processes of the upper third or fourth sacral verte-
brae. Normally, the arch of the fi fth and occasionally also of 
the fourth sacral vertebra is absent, so that there is a sacral 

hiatus at this point. The hiatus is bounded by the sacral horn 
as a remnant of the caudal articular process, and it is used as 
a passage by the fi ve small sacral nerves and by the coccy-
geal nerves. Between the median sacral crest and the lateral 
sacral crest lie the four sacral openings (the posterior sacral 
foramina), through which the dorsal branches of the sacral 
spinal nerves emerge. The anterior view shows a concave 
aspect. Alongside the transverse lines (fused vertebrae), 
there are large anterior openings (the anterior pelvic sacral 
foramina), through which the primary anterior parts of the 
sacral nerves emerge (Fig.  40.4b ).  
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  Fig. 40.4    ( a ) Sacrum (dorsal view). ( 1 ) Median sacral crest, ( 2 ) sacral 
horn, ( 3 ) sacral hiatus, ( 4 ) sacral canal, ( 5 ) posterior sacral foramina 
(Reproduced with permission from Danilo Jankovic). ( b ) Sacrum (ven-

tral view). ( 1 ) Transverse lines, ( 2 ) anterior pelvic sacral foramina 
(With permission from Danilo Jankovic)       
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    Spinal Ligaments 

 The vertebrae are supported from the axis to the cranial 
sacrum by intervertebral disks and by various ligaments 
(Fig.  40.5a, b ). The intervertebral disks lie between neigh-
boring vertebrae and function as fi xed connecting elements 
and pressure-absorbing buffers. The disks are at their thin-
nest in the area of T3–T7 and thickest in the lumbar area.  

 The anterior longitudinal ligament (Figs.  40.6  and  40.7 ) 
is attached at the anterior edge of the vertebral bodies and 
intervertebral disks and is at its thickest in the thoracic area. 
The posterior longitudinal ligament (Figs.  40.6  and  40.7 ) 
is wider cranially than it is caudally, and it lies behind the 
vertebral bodies in the medullary canal. The supraspinous 
ligaments extend as far as the sacrum along the tips of the 
spinous  processes, with which they are connected, and con-
tinue cranially in the nuchal ligament and caudally in the 
interspinous ligament. They become thicker from cranial to 
caudal. The interspinous ligaments connect the roots and tips 
of the spinous processes.   

 The intertransverse ligaments serve to connect the trans-
verse processes (Fig.  40.5b ). 

 The ligamentum fl avum largely consists of yellow, elastic 
fi bers and it connects the neighboring laminae (Figs.  40.6  
and  40.7 ). It is at its thinnest in the midline (small fi ssure 
spaces exist for the veins running from the internal vertebral 
venous plexus to the external vertebral venous plexus), and 
its thickness increases laterally. The size and shape of the 
ligamentum fl avum vary at the various levels of the spine. 
Caudally, for example, it is thicker than in the cranial 
direction. 

 There are usually only 22 genuine ligamenta fl ava, as they 
do not develop between the atlas and occiput or between the 
atlas and the axis. The mean length of the ligamentum fl avum 
is 0.84 cm in the cervical spine, 1.03 cm in the thoracic spine, 
and 1.61 cm in the lumbar spine. The mean width is 2.30 cm 
in the cervical region, 2.0 cm in the thoracic region, and 
3.22 cm in the lumbar region. The ligamenta fl ava have a 
mean thickness of 1.37 mm in the cervical spine, 1.75 mm in 
the thoracic spine, and 2.55 mm in the lumbar spine. 
According to Yong-Hing et al. (1976), the human ligamentum 
fl avum consists of 50–80 % elastin and 20–50 % collagen [ 9 ].  
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  Fig. 40.5    ( a ) Ligaments of the spinal cord. ( 1 ) Supraspinous ligament, 
( 2 ) interspinous ligament, ( 3 ) ligamentum fl avum, ( 4 ) posterior longitu-
dinal ligament, ( 5 ) intervertebral disk, ( 6 ) anterior longitudinal liga-

ment (with permission from Danilo Jankovic). ( b ) Ligaments of the 
spinal cord. ( 1 ) Intertransverse ligament, ( 2 ) supraspinous ligament, ( 3 ) 
transverse process (With permission from Danilo Jankovic)       
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  Fig. 40.6    Ligaments of the spinal cord. ( 1 ) Ligamentum fl avum, ( 2 ) 
supraspinous ligament, ( 3 ) interspinous ligament, ( 4 ) posterior longitu-
dinal ligament, ( 5 ) anterior longitudinal ligament (With permission 
from Danilo Jankovic)       
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  Fig. 40.7    Transverse section through the thorax at the level of T9. ( 1 ) 
Ligamentum fl avum, ( 2 ) posterior epidural space, ( 3 ) anterior epidural 
space, ( 4 ) spinal dura mater, ( 5 ) subarachnoid space and spinal cord, ( 6 ) 
posterior longitudinal ligament, ( 7 ) anterior longitudinal ligament, ( 8 ) 
zygapophyseal joint, ( 9 ) aorta, ( 10 ) sympathetic trunk ganglion (With 
permission from Danilo Jankovic)       
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    Iliolumbosacral Ligaments (Sacroiliac Joints) 

 The stability of the iliolumbosacral region is ensured by lum-
bosacral and sacroiliac connections that transfer the entire 
weight of the trunk via the hip bones to the lower extremities. 
These ligamentous connections serve to connect the verte-
brae with one another and to stabilize the sacrum. 

 Clinically important ligaments: interspinous, supraspi-
nous, iliolumbar, interosseous sacroiliac, sacrospinous, and 
sacrotuberous ligaments (Fig.  40.8a, b ).   
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  Fig. 40.8    ( a)  Iliolumbosacral ligaments (dorsal view). ( 1 ) Iliolumbar 
ligament, ( 2 ) dorsal sacroiliac ligament, ( 3 ) sacrotuberous ligament, ( 4 ) 
superfi cial dorsal and deep dorsal sacrococcygeal ligaments, ( 5 ) lateral 
sacrococcygeal ligament, ( 6 ) sacrospinous ligament (with permission 

from Danilo Jankovic). ( b ) Iliolumbosacral ligaments (ventral view). 
( 1 ) Iliolumbar ligament, ( 2 ) ventral sacroiliac ligament, ( 3 ) sacrospi-
nous ligament, ( 4 ) sacrotuberous ligament, ( 5 ) ventral sacrococcygeal 
ligament (With permission from Danilo Jankovic)       
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    Spinal Cord 

 The mean length of the spinal cord from the foramen mag-
num downward is 45.9 cm in men and 41.5 cm in women 

[ 8 ,  9 ]. The conus medullaris continues in the threadlike 
median fi lum terminale as far as the posterior side of the coc-
cyx (Figs.  40.7 ,  40.9a–c , and  40.13 ).   
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  Fig. 40.9    ( a ) Spinal cord (lower half). ( 1 ) Conus medullaris, ( 2 ) cauda 
equina, ( 3 ) fi lum of spinal dura mater (fi lum terminale), ( 4 ) sacral nerves, 
( 5 ) lumbar nerves, ( 6 ) thoracic nerves, ( 7 ) dura mater (With permission 
from Danilo Jankovic). ( b ) Transverse section at the level of L4/5. ( 1 ) 
Posterior epidural space with fat, ( 2 ) anterior epidural space with veins, 

( 3 ) spinal dura mater, ( 4 ) subarachnoid space and cauda equina, 
( 5 ) zygapophyseal joint, ( 6 ) anterior longitudinal ligament, ( 7 ) posterior 
longitudinal ligament (With permission from Danilo Jankovic). ( c ) The 
cauda equina at the level of L2–5. Lateral view. ( 1 ) Spinal dura mater, ( 2 ), 
epidural space (With permission from Danilo Jankovic)       
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    Rootlets: Cauda Equina [ 8 ,  9 ] 

 The cauda equina is generally regarded as consisting of the 
thick, horsetail-shaped fascicle of nerve fi bers in the lower 
part of the dural sac, containing the paired rootlets of the 
lowest thoracic and entire lumbar and coccygeal medulla. 
All of the motor and sensory fi bers of the lumbosacral plexus, 
pudendal nerve, and coccygeal nerve course inside the lum-
bosacral subarachnoid space. A constant increase in the 
thickness of the root fascicle is seen between the L1 and L3 
segments. The terminal fi lum of the spinal cord is approxi-
mately 153 mm long (range 123–178 mm) (Figs.  40.9b , 
 40.11 ,  40.13 , and  40.14 ). 

 The dura mater and arachnoid, and consequently the sub-
arachnoid space as well, extend downward as far as the level 
of the second sacral vertebra.  

    Meninges 

 The spinal cord is surrounded and protected by the meninges 
(the dura mater, arachnoid mater, and pia mater) and by cere-
brospinal fl uid, epidural fatty tissue, and veins (Figs.  40.10  
and  40.11 ).   

 The meninges form a connected, unifi ed organ with 
important protective functions for the brain and spinal cord; 
they provide mechanical, immunological, and thermal pro-
tection and are also important for metabolism in the 
CNS. The mechanical function of the meninges consists of 
providing fi xation for the brain in the cranium and for the 
spinal cord in the vertebral canal, as well as in forming a 
highly adaptable fl uid mantle that functions like a water bed. 
The fi xation is provided by the dura mater.  
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  Fig. 40.10    Meninges. ( 1 ) Dura mater, ( 2 ) arachnoid mater, ( 3 ) pia 
mater, ( 4 ) spinal nerve, ( 5 ) dorsal (posterior) root, ( 6 ) ventral (anterior) 
root, ( 7 ) internal vertebral venous plexus (With permission from Danilo 
Jankovic)       
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    Dura Mater of the Spinal Cord (Figs.  40.7 , 
 40.10 ,  40.11 ,  40.12 ,  40.13 , and  40.14 ) 

      The dura mater of the spinal cord, a fi broelastic membrane, 
extends as far as the second sacral vertebra, where it ends in 
a blind sac. It encloses the anterior and posterior spinal nerve 
roots. 

 It surrounds the anterior and posterior spinal nerve 
roots. It consists of collagenous fi bers and a few elastic 
fi bers; it is 0.1–0.5 mm thick and is usually thinner anteri-
orly than it is posteriorly. The dural sac is often enlarged in 
the area between L4 and S1 and also between T12 and L1 
(Spischarny’s terminal cystoma). The thickness of the spinal 
dura mater declines from medial to lateral. The dura mater is 
often thinner ventrally than dorsally, and it sends off leaves 
and fi bers into the epidural space. It shows notable foliation 
near the intervertebral foramina, where it passes on the one 
hand into the epineurium of the peripheral nerves and into 
the capsule of the spinal ganglia and on the other hand radi-
ates into the cavernous body of the vascular plexus charac-
terizing this area. One of the major characteristics of the dura 
mater is its extremely marked vascularization. Particularly 
in the boundary zone with the arachnoid, numerous capil-
laries and venules are fenestrated, promoting the exchange 
of various metabolites and cells between the blood and dura. 
The vascularization increases strongly in the lateral areas, 
particularly in the area of the dural infundibulum. The dural 
vessels are connected with the epidural vascular plexus and 
thus with the internal and external vertebral vein plexus as 
well. There are numerous nerve fi bers in close proximity to 
the dural vessels [ 6 ,  12 ]. In terms of size, C fi bers predomi-
nate. In terms of function, the dural nerves consist of sympa-
thetic, parasympathetic, and sensory fi bers. A whole range of 
neurotransmitters and neuropeptides have been identifi ed in 
the dural nerves, such as acetylcholine, serotonin, substance 
P, calcitonin gene-related peptide (CGRP), neuropeptide Y, 
vasoactive intestinal polypeptide (VIP), etc. [ 3 ,  7 ]. In addi-
tion to vasoactive nerves, local factors also play a role in the 
regulation of dural perfusion, such as adenosine, which has 
been found abundantly in the dura [ 4 ]. Via a multilayered 
cell cluster known as the subdural nerve papilla (neurothele) 
[ 1 ,  5 ], the arachnoid membrane is directly connected with 
the innermost lamellae of the dura. A “subdural fi ssure”—
often present in postmortem and only arising during life in 
specifi c circumstances—must be regarded as an artifact. 
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  Fig. 40.11    A lumbar vertebral canal opened from posterior in the area 
of L3 and L4. The cauda equina has been exposed by partial resection 
of the spinal dura mater and arachnoid mater. ( 1 ) Spinal dura mater, ( 2 ) 
arachnoid mater, ( 3 ) with posterior and anterior roots, ( 4 ) dorsal root, 
( 5 ) spinal ganglion, ( 6 ) posterior and anterior spinal branches (With 
permission from Danilo Jankovic)       
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 Between the dura mater and the arachnoid, there is a 
space, the subdural space, in which a small amount of lymph- 
like fl uid is located. 

 The arachnoid mater (Figs.  40.10  and  40.11 ), a nonvascu-
larized membrane, also ends at the level of the second sacral 
vertebra. Between the arachnoid mater and the pia mater lies 
the subarachnoid space, which is fi lled with cerebrospinal 
fl uid (see the section “ Cerebrospinal fl uid ”, below). The 
expansion forces present here reduce the weight of the brain 
“fl oating” in the cerebrospinal fl uid to just under 50 g. 

 This protects the brain from harmful acceleration forces. 
 The same applies to the spinal cord. There is a substan-

tial amount of exchange between the cranial and spinal 
cerebrospinal fl uid. Magnetic resonance studies have con-
fi rmed Du Boulay’s older view that there are fl uid waves 
synchronous with cardiac systole that move the cerebrospi-
nal fl uid from the basal cisterns into the cervical subarach-
noid space [ 10 ]; respiration-synchronous fl uid movements 
are superimposed on these [ 11 ]. The spinal subarachnoid 
space, with the extremely elastic spinal dura and adaptable 
arachnoid, makes it possible to absorb these rhythmic fl uid 
waves (compliance). Artifi cial losses of cerebrospinal fl uid 
undoubtedly have severe effects on the system’s natural 
mechanism and reduce the water-bed function of the exte-
rior subarachnoid space. The subarachnoid space is impor-
tant for the thermoregulation of the CNS, as it acts as a 
temperature buffer [ 13 ] both against excessive external 
temperatures and also against functional or pathological 
increases in temperature in the CNS. The normal basic 
 temperature of the cerebrospinal fl uid is approximately 
37 °C. It is important to note that the cerebrospinal fl uid 
does not represent “standing water” but is instead con-
stantly in movement and continually being freshly pro-
duced, mainly in the choroid plexus. It is  reabsorbed over a 
wide surface, not only via the arachnoid granulations or 
villi in the area of the nerve exit sites but also diffusely 
through the arachnoid into the dural vascular system and 
via the pia into the vessels of the pial vascular network 
[ 12 ]. The choroid plexus is not only a production organ but 
also a site for reabsorption of cerebrospinal fl uid. 

 The spinal pia mater (Figs.  40.10  and  40.13 ) is a thin, very 
well-vascularized membrane that tightly encloses the spinal cord. 

 Caudal to the medullary cone, it develops into the thin 
fi lum terminale, which descends medial to the cauda equina, 
penetrates the fi nal part of the dural sac and arachnoid, and 
fuses with the connective tissue posterior to the fi rst coccy-
geal segment. 

 The pia mater sends off 22 denticulate ligaments on each 
side, which attach to the dura mater and thus stabilize the 
spinal cord (Figs.  40.10 ,  40.12 , and  40.13 ).  
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  Fig. 40.12    Thoracic region of the spine. ( 1 ) Transverse process, ( 2 ) 
spinal dura mater (note the covering of the spinal ganglion), ( 3 ) spinal 
cord with vessels lying above it—the denticulate ligament is located to 
the left and right, and ( 4 ) the spinal dura mater has been removed—pos-
terior longitudinal ligament, ( 5 ) thoracic spinous process; note the epi-
dural space above (With permission from Danilo Jankovic)       
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  Fig. 40.13    The spinal cord. ( 1 ) Spinal cord with vessels on it—the 
denticulate ligament is located to the right and left, ( 2 ) conus medul-
laris, ( 3 ) terminal fi lum with cauda equina, ( 4 ) sacrum (With permission 
from Danilo Jankovic)       

  Fig. 40.14    The spinal cord. Cervical, thoracic, and lumbar. Serial 
transverse sections at the levels of C6, T3, T9, T12, L3, and L4/5. Note 
the conus medullaris ( T12 ) and cauda equina ( L3 ,  L4/5 ) (With permis-
sion from Danilo Jankovic)       
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    Spinal Nerves 

 There are 31 pairs of spinal nerves in the human: eight cervi-
cal pairs, 12 thoracic pairs, fi ve lumbar pairs, fi ve sacral 
pairs, and one coccygeal pair. These are connected to the spi-
nal cord by a series of ventral and dorsal radicular fi laments, 
which combine to form the nerve roots (Figs.  40.7 ,  40.10 , 
 40.11 ,  40.12 ,  40.15 , and  40.16 ).   

 The thicker dorsal (posterior) root is responsible for con-
ducting afferent impulses (pain, temperature, touch, posi-

tion). Each of the dorsal spinal nerve roots has a sensory 
spinal ganglion incorporated in it. 

 The ventral (anterior) root is responsible for conducting 
efferent impulses (muscles, glands). The nerve roots in the 
lower segments of the spinal cord descend in the horsetail- 
like cauda equina to their exit openings. 

 After exiting from the subarachnoid space, the ventral and 
dorsal roots cross the epidural space. 

 In spinal anesthesia, the nerve roots are the principal tar-
gets for local anesthesia (Figs.  40.7 ,  40.14 , and  40.15 ).  
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  Fig. 40.15    Transverse section at the level of the C6 segment. ( 1 ) 
Ligamentum fl avum, ( 2 ) anterior epidural space, ( 3 ) posterior epidural 
space, ( 4 ) subarachnoid space with the spinal cord, ( 5 ) spinal dura 
mater, ( 6 ) spinal pia mater, ( 7 ) epidural veins, ( 8 ) anterior and posterior 
spinal nerve roots (With permission from Danilo Jankovic)       
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  Fig. 40.16    ( a ) Spinal dermatomes and the corresponding spinal cord segments (With permission from Danilo Jankovic). ( b ) Cutaneous innerva-
tion areas (detailed descriptions are given in the relevant chapters) (With permission from Danilo Jankovic)       

 

Chapter 40 Neuraxial Anatomy and Sonoanatomy



481

    Spinal Dermatomes 

 Via its branching spinal nerves, each segment of the spinal 
cord provides the sensory supply for a specifi c area of the 
skin, known as the dermatome. These areas of the skin, 
which often overlap, are very important for checking and 
verifying the spread of anesthesia (Fig.  40.16a, b ).  

    Arteries of the Spinal Cord 

 The spinal cord is supplied by numerous radicular arteries, 
which form the anterior spinal artery and twin posterior spi-
nal arteries. 

 The radicular arteries branch off from the cervical verte-
bral artery, the thoracic intercostal arteries, and the abdomi-
nal lumbar arteries (Figs.  40.17  and  40.18 ).   

 The anterior spinal artery, which arises from the fourth 
segment of the vertebral arteries, accompanies the spinal cord 
in the midline (anterior median fi ssure) along its entire course. 

 Via the central branches and small branches of the arterial 
pial network, the anterior spinal artery supplies the anterior 
two-thirds of the spinal cord. 

 The cervical and fi rst two thoracic spinal cord segments 
receive blood from the radicular branches of subclavian 
artery branches. 

 In the mediothoracic spinal cord region (T3–T7), there is 
a radicular branch at the level of T4 or T5. 

 The thoracolumbar segment of the spinal cord (T8 to the 
medullary cone) draws its arterial supply mainly from the 

large-caliber arteria arteria radicularis magna (the artery of 
Adamkiewicz), which arises from an intercostal artery on the 
left side. 

 The cauda equina is supplied by branches of the lumbar, 
iliolumbar, and lateral or median sacral arteries. 

 These also supply the medullary cone. 
 The paired  posterior spinal arteries  arise from the fourth 

segment of the vertebral artery, receiving fl ow from 10 to 23 
posterior radicular branches, and supply the dorsal third of 
the spinal cord. 

 Thin pial branches run from the spinal arteries, forming a 
network on the surface of the spinal cord known as the arte-
rial pial network.  

   Veins of the Spinal Cord and Vertebrae 

 The entire spinal canal is traversed by two venous plexuses, 
the internal and external vertebral venous plexuses 
(Fig.  40.19  a, b).  

 Together, these form a ring around each vertebra, freely 
anastomosing with one another and receiving fl ow from the 
vertebrae, ligaments, and spinal cord. They are largely aval-
vular. Pressure changes in the thoracic or cerebrospinal 
fl uid (CSF) spaces consequently affect the blood volume in 
the venous plexuses. The plexuses are most strongly devel-
oped in the anterolateral area of the epidural space. They 
drain not only the spinal cord and its canal but also part of 
the CSF.  
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  Fig. 40.17    ( a – c ) Spinal cord. ( a ) Ventral view: ( 1 ) anterior spinal 
artery and vein, ( 2 ) spinal branch, ( 3 ) anterior median fi ssure, ( 4 ) spinal 
nerve. ( b)  Dorsal view: ( 1 ) posterior spinal vein, ( 2 ) dorsal branch of 

the posterior intercostal artery, ( 3 ) spinal ganglion. ( c)  Cross section 
(With permission from Danilo Jankovic)       
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  Fig. 40.18    Arteries of the spinal cord ( side view ). ( 1 ) Vertebral artery, 
( 2 ) deep cervical artery, ( 3 ) intercostal artery, ( 4 ) anterior and posterior 
spinal artery, ( 5 ) arteria radicularis magnus (artery of Adamkiewicz) 
(With permission from Danilo Jankovic)       
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  Fig. 40.19    ( a ) Veins of the spinal cord. ( 1 ) Vertebral veins, ( 2 ) deep 
cervical vein, ( 3 ) internal vertebral venous plexus, ( 4 ) spinal veins (with 
permission from Danilo Jankovic). ( b ) Veins of the spinal cord (lumbar 

region). ( 1 ) Arachnoid, ( 2 ) dura mater, ( 3 ) cauda equina, ( 4 ) inferior 
vena cava, ( 5 ) internal vertebral venous plexus, ( 6 ) lumbar vein (With 
permission from Danilo Jankovic)       
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     Cerebrospinal Fluid [ 2 ] 

 The production of CSF is mainly achieved by active secre-
tion and diffusion through the epithelial cells of the  choroid 
plexus  but also to a small extent in the  subarachnoid space  
and  perivascularly.  

 The main tasks of the cerebrospinal fl uid are:

•    To function as a hemodynamic buffer and physical pro-
tection against forces affecting the spinal cord and brain  

•   To substitute for the function of the lymphatic vessels, 
which are absent in the central nervous system  

•   To allow metabolic exchange between blood and neural 
tissue    

 There is a selective barrier between the blood and the 
CSF, the  blood–brain barrier , which is formed by capillary 
endothelial cells and the choroid plexus. This barrier is clini-
cally signifi cant, as it is impermeable to many drugs. 

 The total quantity of the CSF in the adult is about 120–
150 mL (with about 20–35 mL below the foramen ovale and 
about 15 mL below T5). 

 Approximately 400–450 mL of CSF is produced every 
day, and complete exchange of the fl uid takes place every 
10–12 h. 

 Lumbar  CSF pressure  in a supine position is about 
6–10 cmH 2 O, while in a seated position it is about 
20–25 cmH 2 O. 

 The  specifi c gravity  of the CSF is 1.007 (1.003–1.009), 
and this must be taken into account in relation to the local 
anesthetic being used. 

 The  osmolarity  of CSF is comparable with that of the 
blood plasma (300 osmol/L), and the pH value is approxi-

mately the same as the physiological value. Injected drugs 
mainly spread by diffusion, since CSF in the spinal canal 
circulates very little, if at all.  Resorption  of CSF into the 
blood takes place via the  arachnoid granulations  and through 
the walls of the capillary vessels in the central nervous sys-
tem and pia mater. 

 The liquid in the CSF sheaths of the cranial nerves and in 
the root pockets of the spinal nerves is an exception to the 
above rule. This liquid can enter the extradural lymphatic 
vessels directly.  

    Ultrasound Imaging for Central Neuraxial 
Blockade 

    Introduction 

 The main technical challenge in central neuraxial blockade is 
to identify a soft tissue window into the vertebral canal. This is 
usually inferred from palpation of the spinous processes and 
tactile feedback from the needle tip as it is inserted. However, 
this can be diffi cult if surface landmarks are obscured, altered, 
or absent or if the interspinous and interlaminar spaces are 
 narrowed by age-related changes. Technical diffi culty and 
multiple needle insertion attempts are associated with patient 
discomfort and, more importantly, with serious complications 
including spinal hematoma and neurologic injury [ 14 – 16 ]. 

 Pre-procedural ultrasound imaging of the spine is extremely 
useful in delineating the spinal anatomy more clearly, which 
permits more accurate planning of needle insertion, trajectory, 
and depth and in turn improves ease of performance.  

Ultrasound Imaging for Central Neuraxial Blockade
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    Anatomy and Sonoanatomy 
of the Lumbar Spine  

•     Knowledge of the gross bony anatomy of the spine is 
essential for the interpretation of neuraxial ultrasound. It 
is particularly important to appreciate the contours of the 
posterior bony surfaces of the spine (Fig.  40.20 ) as these 
are responsible for the characteristic shapes of the acous-
tic dropout shadows seen on ultrasound.   

•   A curvilinear low-frequency ultrasound probe with its 
wider fi eld of view and better beam penetration is recom-
mended for use in all adult patients.  

•   Two planes and ultrasound probe orientations are com-
monly used to image the spine (Fig.  40.21 ): 

    1.    Transverse (or axial)   
   2.    Parasagittal (or longitudinal)    
•     The transverse plane is most useful in determining an 

appropriate needle insertion point for a midline approach. 

The parasagittal plane on the other hand provides valu-
able additional information on the location and identity of 
interlaminar spaces, particularly in the patient with more 
diffi cult anatomy. The ultrasound examination should 
therefore always utilize both probe orientations.  

•   There are fi ve typical ultrasonographic views of the lum-
bar spine that may be obtained: three in the parasagittal 
plane and two in the transverse plane.
    1.    Parasagittal oblique view   
   2.    Parasagittal transverse process view   
   3.    Parasagittal articular process view   
   4.    Transverse midline interlaminar view   
   5.    Transverse midline spinous process view      

•   The  parasagittal oblique (PSO)  and  transverse midline 
(TM) interlaminar  views are the two most important 
views to obtain.    
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  Fig. 40.20    Three-quarter oblique view ( a ) and posterior view ( b ) of 
adjacent lumbar vertebrae. The interlaminar space is located posteriorly 
and is bounded by the bases of the spinous processes, the laminae, and 
the inferior articular processes. It is roofed over by the ligamentum fl a-
vum. The interspinous space lies in the midline and is fi lled by the 

supraspinous and interspinous ligaments. The intervertebral foramina 
are located laterally and are bounded by the pedicles, the vertebral 
body, the laminae, and the superior and inferior articular processes and 
contain the spinal nerve roots and their accompanying blood vessels 
(Courtesy of   www.usra.ca    )       
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a b

  Fig. 40.21    ( a ) is a lateral view, and ( b ) is a posterior view, of the sur-
face placement of the ultrasound probe over the lumbar spine. The 
ultrasound probe may be placed in two basic orientations: transverse or 

parasagittal, which determines the “cut” of the spine that will be visual-
ized (Courtesy of   www.usra.ca    )       
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    Parasagittal Oblique (PSO) View 
•     The probe is placed in a longitudinal parasagittal orienta-

tion and angled toward the midline to direct the beam 
through the paramedian interlaminar spaces.  

•   The beam transects the sloping laminae of the lumbar ver-
tebrae, producing a characteristic “sawtooth” pattern of 
acoustic shadows (Fig.  40.22 ).   

•   Two hyperechoic linear structures are seen in the inter-
laminar gap between the “sawteeth.” The more superfi cial 
one that adjoins the bases of adjacent “sawteeth” is the 
 posterior complex  and represents the ligamentum fl avum, 

epidural space, and posterior dura. The deeper  hyperechoic 
structure is the  anterior complex  and represents the ante-
rior dura, posterior longitudinal ligament, and posterior 
aspect of the vertebral body and intervertebral disk, which 
together constitute the anterior wall of the vertebral canal.  

•   The intervening hypoechoic area is the intrathecal space. 
The conus medullaris has the same echogenicity as cere-
brospinal fl uid and cannot be distinguished in the adult 
patient. Pulsatile hyperechoic streaks may occasionally 
be seen within the intrathecal space and most likely repre-
sent elements of the cauda equina.     

  Fig. 40.22    Parasagittal oblique 
(PSO) view of the lumbar spine 
with corresponding magnetic 
resonance image  above . The 
laminae ( L ) are visible in cross 
section as sloping hyperechoic 
lines with acoustic shadowing 
beneath and form a “sawtooth” 
pattern. The hyperechoic 
posterior complex, consisting of 
ligamentum fl avum, posterior 
epidural space, and posterior 
dura, is visible between laminae; 
these structures cannot always be 
distinguished from one another. 
The deeper hyperechoic linear 
structure is the anterior complex, 
consisting of the anterior dura, 
anterior epidural space, posterior 
longitudinal ligament, and 
posterior aspect of the vertebral 
body and intervertebral disk 
(Courtesy of   www.usra.ca    )       

 

Chapter 40 Neuraxial Anatomy and Sonoanatomy

http://www.usra.ca/


489

  Fig. 40.24    Parasagittal 
transverse process view of the 
lumbar spine and corresponding 
magnetic resonance image 
( above ). The probe is placed over 
the tips of the transverse 
processes (TP), which appear as 
hyperechoic curvilinear 
structures with “fi ngerlike” 
acoustic shadowing beneath. The 
erector spinae muscle and the 
psoas muscle lie superfi cial and 
deep to the transverse processes, 
respectively (Courtesy of   www.
usra.ca    )       

    Parasagittal Views of the Articular Processes 
and Transverse Processes 
•     If the probe is positioned more laterally in the parasagittal 

plane or is insuffi ciently angled toward the midline, an 
image of the articular processes or transverse processes 
may be obtained instead. Recognition of these two views 
will indicate the appropriate manipulation of the probe 
required to obtain the PSO view.  

•   The overlapping superior and inferior articular processes 
can be recognized as a continuous, wavy hyperechoic line 
with a dense acoustic shadow beneath (Fig.  40.23 ).   

•   The transverse processes, on the other hand, cast charac-
teristic “fi ngerlike” acoustic shadows with the psoas 
major muscle visible in between (Fig.  40.24 ).      

  Fig. 40.23    Parasagittal articular 
process view of the lumbar spine 
and corresponding computed 
tomography image ( above ). The 
overlapping bony superior and 
inferior articular processes are 
seen as a continuous hyperechoic 
line of “humps” with acoustic 
shadowing beneath (Courtesy of 
  www.usra.ca    )       
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    Transverse Midline (TM) Interlaminar View 
•     The most important characteristic of the TM interlaminar 

view is visualization of the hyperechoic  anterior complex , 
which signifi es that the ultrasound beam has penetrated 
the vertebral canal through the interspinous and interlami-
nar spaces (Fig.  40.25 ).   

•   The  posterior complex  is usually visible as well but is 
generally less distinct compared to the PSO view.  

•   The articular processes and transverse processes lie in the 
same transverse plane and their bony contours are usually 
visible lateral to the posterior and anterior complexes. In 
the obese patient, these are important surrogate markers 
of the interlaminar space as the posterior and anterior 
complexes may be poorly visible due to soft tissue attenu-
ation of the ultrasound beam.     

  Fig. 40.25    Transverse midline 
interlaminar view of the lumbar 
spine and corresponding 
magnetic resonance imaging scan 
( right ). The intrathecal space is a 
dark hypoechoic band 
sandwiched between the 
hyperechoic posterior and 
anterior complex. The transverse 
processes and articular processes 
lie in the same transverse plane 
and are usually visible. The 
ligamentum fl avum, posterior 
epidural space, and dura usually 
cannot be distinguished from one 
another in the transverse view. 
The midline is indicated by the 
dark vertical stripe of the 
interspinous ligament (Courtesy 
of   www.usra.ca    )       
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    TM Spinous Process View 
•     The TM spinous process view is easily recognized by the 

hyperechoic appearance of the tip of the spinous process 
and adjacent lamina and the dense acoustic dropout 
shadow that they cast (Fig.  40.26 ).   

•   This view is a cue to manipulate the ultrasound probe 
cephalad or caudad to obtain the TM interlaminar view.  

•   It may also be used to defi nitively establish and mark the 
position of the spinous process and midline, which in 
itself can be helpful in performing neuraxial block if an 
adequate TM interlaminar view cannot be obtained.      

  Fig. 40.26    Transverse midline 
spinous process view of the 
lumbar spine and corresponding 
computed tomography image 
( right ). The tip of the spinous 
process and the lamina are 
brightly hyperechoic on 
ultrasound with pronounced 
acoustic shadowing that obscures 
all deeper structures (Courtesy of 
  www.usra.ca    )       
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    Recommended Pre-procedural Scanning 
Technique in the Lumbar Spine 

    Patient, Machine, and Operator Positioning 
•     The operator stands or sits behind the patient, who may be 

placed in the sitting or lateral decubitus position.  
•   The ultrasound machine is ideally placed on the opposite 

side of the bed from the operator.     

    Parasagittal and Parasagittal Oblique Scan 
•     The probe is fi rst placed in a parasagittal orientation over 

the sacrum of the patient. The sacrum is easily recogniz-
able as a continuous hyperechoic line with acoustic shad-
owing beneath (Fig.  40.27 ).   

•   The probe is slid in a cephalad direction and angled 
toward the midline to obtain a PSO view of the L5–S1 
interlaminar space. Successive interlaminar spaces are 
identifi ed by continuing to slide the probe in a cephalad 
direction.  

•   Each interlaminar space should be centered on the ultra-
sound screen and a corresponding mark made on the 
patient’s skin in the middle of the long edge of the probe 
(Fig.  40.28 ). These marks serve to confi rm the identity of 
the intervertebral level being imaged when scanning in 
the transverse plane. In the event an adequate TM inter-
laminar view cannot be obtained, these marks also indi-
cate the approximate location of the interlaminar space 
and can thus guide needle insertion.      

  Fig. 40.27    Parasagittal oblique view of the L5–S1 junction and corre-
sponding computed tomography image ( below ). The sacrum is recogniz-
able as a horizontal hyperechoic linear structure, and the L5 lamina has 
the typical “sawtooth” appearance. The posterior and anterior complexes 
are visible through the intervening gap (Courtesy of   www.usra.ca    )       

  Fig. 40.28    In the parasagittal oblique view, each interlaminar space is 
centered in turn on the ultrasound screen. A corresponding skin mark is 
made at the midpoint of the probe’s long edge to mark its position 
(Courtesy of   www.usra.ca    )       
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  Fig. 40.29    In the transverse midline interlaminar view, the midline is 
centered on the ultrasound screen, and skin marks are made at the mid-
point of the probe’s long and short edges. The intersection of these two 
marks provides an appropriate needle insertion point for a midline 
approach to the epidural or intrathecal space at that level (Courtesy of 
  www.usra.ca    )       

    Transverse Scan 
•     The probe is then rotated into the transverse plane and 

manipulated to obtain the TM interlaminar views at the 
relevant interspaces. Slight cephalad tilting of the probe 
may be required to optimize image quality in patients 
with limited spine fl exion.  

•   When the appropriate view is obtained, skin marks made 
at the midpoints of the long and short edges of the probe 
will indicate the locations of the neuraxial midline and 
interlaminar space respectively (Fig.  40.29 ). The intersec-
tion of these two marks is an appropriate needle insertion 
point for a midline approach to the vertebral canal.   

•   The depth to the deep aspect of the posterior complex 
may be measured in either the PSO or TM interlaminar 
view and correlates well with actual needle depth to the 
epidural and intrathecal space.      
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    Strategies in Subjects with Poor-Quality Views 

   The Obese Patient 
•     Obese patients are primarily a challenge because attenua-

tion of the ultrasound by the increased depth reduces the 
echogenicity of the relevant anatomical structures.  

•   In the obese patient, image quality may be improved by 
adjustments in gain and focus and reducing frequency to 
enhance penetration.  

•   Firm probe pressure helps by enhancing skin-probe con-
tact and reducing the effective depth to the structures of 
interest.  

•   Experience in scanning and image interpretation will also 
facilitate recognition of more subtle appearances of the 
characteristic patterns described above (Fig.  40.30 ).      

a

b

  Fig. 40.30    An example of poor-quality transverse midline spinous 
process ( a ) and interlaminar ( b ) views in one individual. In the inter-
laminar view ( b ), the posterior and anterior complexes are only faintly 
hyperechoic, but nevertheless are visible, especially when contrasted 
with the dense acoustic shadow cast by the spinous process and lamina 

in ( a ). The other visual cue that ( b ) is an interlaminar view as opposed 
to a spinous process view is the contour of the tip of the articular pro-
cess which lies in the same transverse plane as the interlaminar space 
(Courtesy of   www.usra.ca    )       
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Steeply sloping
spinous processes

Overlapping
laminae and
narrow
interlaminar space

Articular processes and facet joint

Transverse process

  Fig. 40.31    The    lower thoracic 
vertebrae ( T10 – T12 ) are similar 
in morphology and 
ultrasonographic appearance to 
lumbar vertebrae. The middle 
thoracic vertebrae have steeply 
sloping spinous processes that 
make it impossible to obtain a 
transverse interlaminar view. The 
interlaminar spaces are also 
small, and the paramedian 
sagittal oblique view into the 
vertebral canal is limited as a 
result (Courtesy of   www.usra.ca    )       

   The Elderly Patient 
•     Elderly patients may present a challenge due to narrowing 

of the interspinous and interlaminar spaces associated 
with age-related degenerative changes. The probe must be 
manipulated in a careful and controlled manner to try and 
direct the beam through these narrowed spaces.  

•   Prominent spinous processes in a thinner elderly patient 
may hinder adequate skin-probe contact and contribute to 
poor visualization of neuraxial structures. In such patients, 
a TM interlaminar view may be physically diffi cult or 
impossible to obtain, and the PSO view may be a better 
alternative. Contact may also be improved by using a 
probe with a smaller footprint.      

    Anatomy and Sonoanatomy 
of the Thoracic Spine  

•     There are signifi cant differences in the morphology of the 
thoracic spine relative to the lumbar spine (Fig.  40.31 ).   

•   In the mid-thoracic spine (T5–8), the spinous processes 
angle steeply in a caudad direction such that the inferior 
border of the spinous process overlies the midpoint of the 
lamina below. The thoracic laminae also lie closer 
together, and the interlaminar spaces are therefore much 
narrower.  

•   The lower four thoracic vertebrae (T9–12) are similar to 
lumbar vertebrae in that their spinous processes are broad, 
fl at, and only slightly angled.  

•   A curvilinear low-frequency probe is generally recom-
mended; however, in slimmer individuals, a linear 
high- frequency probe may also produce adequate 
images.  

•   As in the lumbar spine, the two most important views are 
the PSO and TM interlaminar views.  

•   In the lower thoracic spine, these views are similar to 
those of the lumbar spine except that the interlaminar 
spaces tend to be narrower. The mid-thoracic views are 
quite different however and are described below.     
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    Recommended Pre-procedural Scanning 
Technique in the Mid-thoracic Spine 

   Patient, Machine, and Operator Positioning 
•     The operator stands or sits behind the patient, who may be 

placed in the sitting or lateral decubitus position.  
•   The ultrasound machine is ideally placed on the opposite 

side of the bed from the operator.     

   Parasagittal Oblique Scan 
•     The mid-thoracic laminae appear as almost horizontal 

hyperechoic linear structures, separated by narrow gaps 
which represent the paramedian interlaminar spaces 
(Fig.  40.32 ).   

•   Due to the narrow interlaminar spaces, the posterior 
 complex and anterior complex are rarely visible and are 
usually smaller and fainter than in the lumbar spine [ 17 ].  

•   The interlaminar spaces are identifi ed and marked using 
the PSO view in a process similar to that described for the 
lumbar spine.  

•   The depth to the lamina or posterior complex is measured 
to estimate needle depth to the epidural space.  

•   Identification of intervertebral level can be achieved 
by counting upward from the L5–S1 junction. 
Alternatively the spaces can also be counted down 
from T1 or up from T12, having first identified the 
articulation of the first rib with T1 or the 12th rib with 
T12, respectively.     

  Fig. 40.32    Transverse view of 
the mid-thoracic spine and 
corresponding computed 
tomography image. An 
 interlaminar  view into the 
vertebral canal cannot be 
obtained because of the steeply 
sloping spinous processes and 
overlapping laminae (Courtesy of 
  www.usra.ca    )       
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  Fig. 40.33    Paramedian sagittal 
oblique view of the mid-thoracic 
spine and corresponding 
magnetic resonance image. 
Despite the narrow interlaminar 
space, it is possible to visualize 
the posterior and anterior 
complex at one or more levels. 
At a minimum, the location of 
the interlaminar space can be 
determined by the dip or gap 
between successive laminae ( L ). 
Note that the spinal cord is 
hypoechoic and cannot be 
distinguished from the 
surrounding cerebrospinal fl uid 
(Courtesy of   www.usra.ca    )       

   Transverse Midline Scan 
•     The overlapping spinous processes in the mid-thoracic 

spine make it impossible to obtain a TM interlaminar 
view of posterior and anterior complexes.  

•   The visible structures are the hyperechoic bony contours 
of the spinous process, lamina, and transverse processes 
and, more laterally, the ribs and pleura (Fig.  40.33 ).   

•   The TM view is therefore used mainly to map and mark 
out the location of the neuraxial midline particularly if it 
cannot be palpated or if it is distorted, e.g., by scoliosis. 
With this additional information, the needle approach to 
the thoracic epidural space can be triangulated more 
accurately.      

    Learning Strategies in Neuraxial Ultrasound 

 Familiarization with the gross anatomy and sonoanatomy of 
the spine is essential prior to performing the ultrasound- 
guided neuraxial blockade in clinical practice.

•    This can be done by:
 –    Reviewing didactic material [ 17 – 19 ]  
 –   Attending educational workshops  
 –   Repetitive practice on a water-based spine phantom or 

human volunteers     
•   An additional educational resource is an interactive 

3-dimensional digital spine model available online at 
  http://www.usra.ca/vspine.php    .  

•   Competency in the technique of pre-procedural scanning 
and marking should be acquired in normal patients before 
attempting it in patients with more challenging anatomy.         
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          Introduction 

 Central neuraxial techniques are among the most reliable 
regional anesthesia techniques at the disposal of the anesthe-
siologist. Although they are relatively simple to perform, a 
thorough knowledge of underlying neuraxial anatomy and 
factors determining the spread and duration of anesthesia is 
critical to their success. Also, an understanding of the physi-
ological effects and potential complications of these neur-
axial techniques is paramount to ensure safe application of 
these methods. 

  Subarachnoid  block or  spinal anesthesia  is the adminis-
tration of an appropriate dose of local anesthetic into the 
cerebrospinal fl uid and the subarachnoid space, which results 
in rapid onset of dense sensory and motor block that is suit-
able for surgical anesthesia.  Epidural anesthesia , on the 
other hand, involves instillation of local anesthetic into the 
fat-fi lled epidural space and results in slower onset and a 
less-dense sensory and motor block, which is most often 
used to provide analgesia rather than surgical anesthesia. 
Spinal anesthesia is generally only performed at the lower 
lumbar intervertebral levels in order to avoid spinal cord 
injury; epidural anesthesia may however be performed at the 
lumbar, thoracic, or cervical levels depending upon the 
desired area of sensory blockade.  

    Applied Anatomy 

 A thorough, three-dimensional knowledge of spinal anatomy, 
including the vertebral column, the vertebral curves, the spi-
nal ligaments, the meninges, and the spinal cord, is essential 
for performing spinal and epidural anesthesia and is particu-
larly helpful when technical diffi culty is encountered. The 
concept of spinal cord segments, the segmental spinal nerves, 
and respective dermatomes is also important in understand-
ing the physiological effects of neuraxial techniques. 

    Surface Anatomy 

 Surface landmarks are generally used to locate a particular 
vertebral level. These include the vertebra prominens which 
is the spinous process of the C7 vertebra, the root of the spine 
of the scapula corresponding to the T3 vertebra, and the infe-
rior angle of the scapula corresponding to the T7 vertebra. 
The inferior margin of the 12th rib lies at the level of the L1 
vertebra,  Tuffi er ’ s line  (the line connecting the iliac crests) 
crosses the vertebral column at the level of the L4 vertebra, 
while the posterior superior iliac spine lies at level with S2 
(Fig.  41.1a, b ) [ 1 ,  2 ].  However ,  it is important to note that 
these are only estimations and various factors including nor-
mal anatomic variation ,  subcutaneous fat ,  and patient posi-
tion can render these surface landmarks inaccurate in any 
given individual  [ 3 – 5 ]. This may be overcome to some extent 
by the use of ultrasound which can improve the correct iden-
tifi cation of intervertebral space levels [ 5 – 7 ].  
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  Fig. 41.1    ( a ) The common surface landmarks of the vertebral column. ( b ) The common surface landmarks of the vertebral column (With permis-
sion from Danilo Jankovic)       
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 The spinous processes are angled caudally at the thoracic 
levels. However, they are nearly horizontal at cervical and 
lumbar levels (Fig.  41.2a–c ) [ 8 – 10 ].  As a result ,  cranial 

angulation of the needle is required when performing a tho-
racic epidural ,  while needle insertion perpendicular to the 
skin usually suffi ces in the lumbar spine .  

  Fig. 41.2    Cervical, thoracic, and lumbar spinous processes (With permission from Danilo Jankovic). ( a ) C7 cervical vertebra (vertebra promi-
nens, nuchal tubercle). ( b ) T8 thoracic vertebra. ( c ) L3 lumbar vertebra       
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  The kyphotic thoracic curve and the lordotic lumbar 
spine determine the spread of subarachnoid local anes-
thetic in a supine adult . An injection of hyperbaric local 
anesthetic placed at the height of the lumbar lordosis will 

spread both caudad and cephalad to a variable extent 
(Fig.  41.3a, b ). The cephalad extent of this spread is lim-
ited by the pooling of the solution at the mid-thoracic con-
cavity [ 11 ].  

a b

  Fig. 41.3    ( a ) Anatomy: cervical, thoracic, and lumbar spine (With permission from Danilo Jankovic). ( b ) Paramedian sagittal section. Cervical, 
thoracic, and lumbar spine (With permission from Danilo Jankovic)       
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 The three meningeal layers cover the spinal cord and pro-
tect it. The  dura mater  (Fig.  41.4 ) is the outermost meningeal 
layer and extends from the base of the skull to the second 
sacral vertebra. It is thickest in the posterior midline and 
thinner in the lumbar area than the thoracic or cervical levels 
[ 12 ,  13 ]. The  epidural space  is superfi cial to this layer and is 
the target for epidural anesthesia. The  subdural space  lies 
deep to this layer but superfi cial to the arachnoid mater.  

 The  arachnoid mater  lies deep to the dura mater and 
encloses the  subarachnoid space  and the cerebrospinal fl uid 
(Fig.  41.4 ). Both spinal cord and spinal nerve roots are 
exposed to cerebrospinal fl uid and thus are the sites of action 
of local anesthetic deposited in the subarachnoid space dur-
ing a spinal anesthetic. Cysts in the subarachnoid space have 
been reported and may be a potential cause of inadequate 
spinal anesthesia [ 14 ,  15 ]. 

 The  pia mater  is the innermost meningeal layer and cov-
ers the spinal cord (Fig.  41.4 ). The pia mater extends to the 
tip of the spinal cord and continues as the  fi lum terminale , 
anchoring the spinal cord to the sacrum. 

  Fig. 41.4    Meninges. ( 1 ) Spinal dura mater, ( 2 ) arachnoid mater, ( 3 ) 
pia mater, ( 4 ) spinal nerve, ( 5 ) dorsal (posterior) nerve root, ( 6 ) ventral 
(anterior) nerve root, and ( 7 ) internal vertebral venous plexus (With 
permission from Danilo Jankovic)       
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 A needle inserted in the  midline  will traverse the skin, sub-
cutaneous tissue, supraspinous ligament, interspinous liga-
ment, ligamentum fl avum, epidural space, dura mater, subdural 
space, and arachnoid mater to access the subarachnoid space 

(Fig.  41.5a, b ). A  paramedian  insertion of the needle, on the 
other hand, bypasses the supraspinous and interspinous liga-
ments and can be useful in the older patient with degenerative 
spine disease and narrowed interspinous spaces.  

1

2

3 4a b

5

6

D.J.

  Fig. 41.5    ( a ) Sagittal section of the vertebral column illustrating the 
ligaments of the spinal cord. ( 1 ) Supraspinous ligament, ( 2 ) interspi-
nous ligament, ( 3 ) ligamentum fl avum, ( 4 ) posterior longitudinal liga-
ment, ( 5 ) intervertebral disc, and ( 6 ) anterior longitudinal ligament 
(With permission from Danilo Jankovic). ( b ) Transverse dissection at 
the level of T9. ( 1 ) Ligamentum fl avum, ( 2 ) posterior epidural space 

with fat, ( 3 ) anterior epidural space with veins, ( 4 ) spinal dura mater, 
( 5 ) subarachnoid space with spinal cord, ( 6 ) posterior longitudinal liga-
ment, ( 7 ) anterior longitudinal ligament, ( 8 ) zygapophysial joint, ( 9 ) 
aorta, and ( 10 ) sympathetic ganglion (With permission from Danilo 
Jankovic)       
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 The length of the spinal cord varies with age. In the fetus, 
the spinal cord extends to the end of the vertebral column. 
However, by birth, the terminal end of the cord, the conus 
medullaris, extends only until L3 due to a faster growth of 
the vertebrae than the spinal cord. In the majority of adults, 
the conus ends at L1.  Spinal anesthetics must therefore be 
performed at the L2 – L3 intervertebral space or lower to 
avoid the risk of spinal cord injury  [ 16 ]. The portion of the 
spinal cord that gives rise to the dorsal nerve root, ventral 
nerve root, and paired spinal nerves is called the  spinal cord 
segment . The area of the skin supplied by a given cord seg-
ment and its spinal nerve is termed a  dermatome . Qualitative 
assessment of sensory changes within the dermatomes allows 
rapid estimation of the spread of the local anesthetic within 
the subarachnoid or epidural space and is used to assess and 
document the extent of spinal or epidural anesthesia. 
Table  41.1  lists the most clinically relevant dermatomal lev-
els and their corresponding surface landmarks.

   Table 41.1    Surface landmarks and their relevant dermatomal levels 
(see Chap.   40     for fi gures)   

 Dermatomal level  Surface landmark 
 C8  Little fi nger 
 T1–T2  Inner arm 
 T4  Nipples 
 T6  Xiphoid 
 T7  Inferior border of scapula 
 T10  Umbilicus 
 T12  Inguinal ligament 
 L2–L3  Anterior thigh 
 L3  Patella 
 L5  Ankle 
 S1  Heel 
 S2  Back of the leg, back of the thigh, gluteal 

region 
 S3–S5  Perianal region 
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   The ligamentum fl avum and interspinous ligaments are 
 not continuous  (Fig.  41.5a ). While the interspinous ligament 
extends from the spinous process above to the spinous pro-
cess below, the ligamentum fl avum extends from the lamina 
superior to a given intervertebral space to the lamina inferior 
to it. Failure of the left- and the right-sided ligamentum fl a-
vum to fuse in the midline has been described and may result 
in diffi culty in localizing epidural space using a midline 
“loss-of-resistance” technique [ 17 ]. 

 The epidural space is not a continuous space, but  seg-
mented  along its length (Fig.  41.6 ) [ 18 ]. Cryomicrotome 
sectioning and imaging has shown that the various compart-
ments of the epidural space are segmented by areas where 
the dura is directly fused with the bone. The lateral epidural 
compartment is divided by intervening pedicles which are in 
contact with the dura, while the posterior epidural compart-
ment is divided by dural contact with bone beneath the ceph-
alad half of each lamina. The anterior epidural compartment 
is divided by the attachment of the posterior longitudinal 
ligament to the intervertebral disc at each level. These  pos-
terior ,  lateral ,  and anterior compartments  of the epidural 
space may impede the movement of injectate and may 
explain the unpredictable epidural drug spread that is occa-
sionally seen [ 19 ].   

1

7

5

6

2

4

3

  Fig. 41.6    Cross section of the epidural space. ( 1 ) Ligamentum fl avum, 
( 2 ) epidural space, ( 3 ) spinal ganglion, ( 4 ) spinous process, ( 5 ) body of 
vertebra, ( 6 ) dorsal branch of spinal nerve, and ( 7 ) ventral branch of 
spinal nerve (With permission from Danilo Jankovic)       
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 Epidural fat in the epidural space (see also Fig.  41.5b ) 
may play an important role in the pharmacokinetics of epi-
durally administered lipophilic drugs by acting as a  reser-
voir . This may result in a delayed onset and a longer duration 
of action [ 20 ,  21 ]. A reduction in the epidural fat with age 
may partly explain the age-related changes in epidural dose 
requirements [ 22 ]. 

 The depth of the epidural space from the skin varies with 
 body habitus , being less in a thin individual and more in an 
obese or pregnant individual [ 23 ,  24 ]. Ultrasound is a useful 
tool for measuring this depth and has been shown to correlate 
well with the actual depth [ 25 ].   

    Physiological Effects of Neuraxial Block 

 The physiological effects of both subarachnoid and an epi-
dural block are quite similar. However, the effects of an epi-
dural block have a slower onset and are usually segmental in 
nature, due to the segmental spread of local anesthetic in the 
epidural space. These effects are summarized below. 

    Neurological Blockade 

 The injection of local anesthetic within the intrathecal or epi-
dural space produces nerve blockade. This blockade fi rst 
affects the smaller-diameter sympathetic fi bers, before the 
larger myelinated sensory–motor fi bers [ 26 ,  27 ]. As a result, 
 autonomic block  manifests before  sensory block , which in 
turn precedes the  motor block . Among the sensory  modalities, 
the sequence of blockade is  temperature ,  pain ,  touch ,  pres-
sure , and fi nally  proprioception . 

 Block dissipation occurs in the reverse manner with auto-
nomic fi bers being the last to recover. In general, more dilute 
solutions affect the sensory fi bers preferentially, while higher 
concentration is needed to block the motor fi bers. Sensory 
block extends two to four segments higher than motor block, 
and the sympathetic block extends two to four segments 
higher than the sensory block. This is termed  differential 
block  [ 28 ].  

    Cardiovascular Effects 

 Blockade of the thoracolumbar sympathetic nerves mani-
fests as the cardiovascular effects that follow a neuraxial 
block, including  hypotension  and  bradycardia . These effects 
are in proportion to the extent of the block produced and may 
be exaggerated in a hypovolemic patient. Hypotension is a 
result of arteriolar vasodilatation and venous pooling which 
diminishes preload. Bradycardia is partially due to blockade 
of cardiac accelerator fi bers (T1–T5) [ 29 ] but is more often a 

result of decreased preload which activates cardiac refl exes 
involving intracardiac stretch receptors [ 30 ]. The Bezold–
Jarisch refl ex in particular is often invoked as an explanation 
for severe bradycardia and asystole following spinal anesthe-
sia in young healthy adults [ 31 ]. 

 In general, the sympathetic block following a spinal anes-
thetic is more rapid and greater in extent compared to an epi-
dural. Thus, a gradually dosed epidural may be useful in 
providing hemodynamic stability. Additionally, a high tho-
racic epidural block (T1–T4) provides coronary vasodilata-
tion and reduces work of the myocardium by reducing 
afterload and reducing the heart rate [ 32 ]. However, this 
unopposed vagal tone has been thought to contribute to bra-
dycardia, asystole, or laryngospasm [ 33 ,  34 ].  

    Respiratory Effects 

 In a patient with normal lung function, neuraxial blocks pro-
duce a clinically insignifi cant impact on respiratory function 
[ 35 ]. However, in high thoracic blockade or in a patient with 
preexisting respiratory compromise, this effect may be sig-
nifi cant. The paralysis of abdominal and intercostal muscles 
negatively impacts expiratory function causing a reduction 
in peak expiratory fl ows, expiratory reserve volume, and 
maximal minute ventilation. This may manifest as dyspnea. 
However, these effects are negligible in comparison to the 
pain relief obtained following thoracic or abdominal surgery, 
and overall improvement in postoperative outcome and a 
reduction in postoperative pulmonary complications are 
observed [ 36 ]. 

 Spread of the local anesthetics to cervical segments can 
affect inspiration by blocking the phrenic nerve and dia-
phragmatic function. Respiratory arrest following a total spi-
nal may be due to medullary hypoperfusion rather than an 
effect of local anesthetics per se [ 35 ].  

    Gastrointestinal Function 

 The splanchnic blockade (T6–L2) produced following a 
neuraxial block leads to unopposed parasympathetic activity. 
This results in increased gastrointestinal secretions, increased 
intestinal motility, and relaxation of sphincters. This con-
tracts the bowel and allows better access during abdominal 
surgery. Also, improved visceral perfusion due to vasodila-
tion may improve healing and contribute to an earlier return 
of bowel function following surgery [ 37 ,  38 ]. 

 Nausea and vomiting, if observed, are usually secondary 
to increased vagal tone and hypotension. A higher block 
(above T5), accompanying hypotension, use of opioids, and 
a history of motion sickness are risk factors for developing 
nausea and vomiting [ 39 ].  
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    Genitourinary 

 Neuraxial anesthesia does not affect renal blood fl ow since it 
is autoregulated. Sacral blockade produces an atonic bladder 
and an increased bladder sphincter tone. This may result in 
urinary retention until the resolution of the block.  

    Thermoregulation 

 Redistribution of heat following sympathetic block results in 
mild hypothermia. This induces thermoregulatory vasocon-
striction and shivering above the level of the neuraxial block 
[ 40 ]. Epidural fentanyl may be used to abolish shivering dur-
ing anesthesia [ 41 ].  

    Neuroendocrinal Effects 

 Neuraxial block effectively blocks the afferent innervation 
from the surgical site and is responsible for the inhibition of 
the surgical stress response that involves release of a variety 
of mediators (including catecholamines, vasopressin, 
growth hormone, renin, angiotensin, glucose, antidiuretic 
hormone, and thyroid-stimulating hormone). This effect is 
greater for a lumbar epidural than a thoracic epidural [ 42 ]. 
The magnitude of the stress response correlates with post-
operative morbidity, and thus, its attenuation should be of 
benefi t [ 43 ].   

    Indications 

    Spinal Versus Epidural Anesthetic 

 Neuraxial techniques (spinal and epidural anesthesia) at the 
lumbar levels allow for a temporary blockade of nerve con-
duction in the autonomic, sensory, and the motor fi bers. 
However, it is important to recognize differences between 
the two. These are summarized in Table  41.2 .

   Table 41.2    Important differences between a spinal and an epidural anesthetic   

 Variables  Spinal anesthetic  Epidural anesthetic 
 Space accessed  Deposition of local anesthetic in subarachnoid space  Deposition of local anesthetic in epidural space 
 Time needed to perform  Takes less time (since it is usually a single-shot technique)  Takes more time (since it is usually a catheter 

technique) 
 Onset  Faster  Slower 
 Nature of blockade  Denser, therefore mainly employed as an anesthetic 

technique 
 Less dense, therefore mainly employed as an 
analgesic technique. However, with the use of 
suffi cient volume and concentration, an anesthetic 
block can be produced 

 Duration  Dependent on dose and agent; fi xed duration unless a 
catheter is inserted 

 Duration is fl exible as a catheter is usually inserted 

 Cardiovascular effect  Rapid drop in blood pressure  A slower drop in blood pressure 
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       Comparison to General Anesthesia 

 When compared to a general anesthetic, the central neuraxial 
techniques offer the following advantages:

•    Avoidance of airway manipulation  
•   Avoidance of side effects of a general anesthetic (sore 

throat, nausea and vomiting, dental damage, malignant 
hyperthermia, aspiration of gastric contents, etc.)  

•   Simple and reliable block  
•   Predictable physiologic changes  
•   Minimal metabolic disturbances (in hepatic or renal 

disease)  
•   Preservation of consciousness  
•   Extension into postoperative analgesia    

 When compared to general anesthesia, neuraxial tech-
niques have been associated with a reduction in cardiovascu-
lar adverse events, perioperative pulmonary complications, 
thromboembolic events, preserved gastrointestinal motility, 
development of chronic pain, surgical stress response, 
immune dysfunction, and morbidity and mortality [ 44 – 48 ]. 

 However, general anesthesia is advantageous over neur-
axial block when better control over hemodynamics is 
desired (such as in severe or critical aortic stenosis). It offers 
defi nitive control of the airway and allows for immediate 
postoperative pain assessment.  

    Indications 

 The application of neuraxial anesthesia depends on the fol-
lowing factors:

•    The area of surgery  
•   The type and expected duration of the procedure  
•   The degree of muscle relaxation required  
•   The presence of concomitant disease  
•   The expected blood loss    

 The relevant indications for spinal and epidural anesthetic 
are considered in Table  41.3 .

   Table 41.3    Indications for spinal and epidural anesthesia (also see Fig.  41.7 )   

 Spinal anesthetic  Epidural anesthetic 
  Surgical    Surgical indications  
 Spinal anesthesia is particularly advantageous for all types of 
surgical procedures below the level of the umbilicus 

   Procedures in the area of the lower extremities, hip joints, and inguinal 
region 

   Surgical procedures in the area of the lower extremities, hip 
joint, and inguinal region 

   Vascular surgery 

   Vascular surgery    Upper abdominal and thoracic procedures, in combination with general 
anesthesia 

   Prostate and bladder surgery    Urological procedures (prostate, bladder) 
   Gynecological and obstetric procedures    Gynecological and obstetric procedures 
   Surgery in the perineal and perianal region    Procedures in the perineal and perianal region 
  Pain therapy     Interventional radiology 
   Chemical intraspinal neurolysis with phenol in glycerol or 

alcohol (in advanced stages of malignant disease) 
  Postoperative and post - traumatic pain therapy  
 Usually in combination with local anesthetics and opioids 
  Therapeutic block with injection of depot corticosteroids at caudal ,  lumbar , 
 or cervical levels  
  Epidural injection of homologous blood or dextran or fi brin glue patch in 
post - dural puncture headache  
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Anesthetic spread

Procedure

L1
transurethral resections without
bladder dilatation, thigh and
lower-leg amputations

L2-L3
Knee joint and below,
without ischemia

S2-S5
perineal and perianal
prcedures

T10
transurethral resections with
bladder dilatation, vaginal
delivery, procedures in the
vaginal and uterine region,hip
joint operations, knee joint and
below,with ischemia

T6-T8
gynecological operations in
the pelvis,ureter, renal pelvis

T4-T6
upper abdominal procedures,
Caesarean section,
appendectomy,inguinal
hernia (T6), testes, ovaries

Procedure

  Fig. 41.7    Location of the procedure and required sensory spread of local anesthetic (With permission from Danilo Jankovic)       
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        Contraindications 

 These are summarized in Table  41.4 .
   Coagulopathy, whether iatrogenic or idiopathic, is now 

considered a relative contraindication. According to the con-
sensus statements by the American Society of Regional 
Anesthesia and Pain Medicine (2010), epidural block can be 
placed 4 h after the last dose of heparin. NSAIDs including 
aspirin are not a contraindication to epidural placement pro-
vided that catheter placement is uncomplicated (one or two 
attempts). LMWH should be held at least 12 h before place-
ment of catheter and 2 h after its removal. Epidural place-
ment is relatively safe with international normalized ratio 
(INR) <1.5. If an epidural vein is punctured, subcutaneous 
heparin administration should be held at least 2 h and LMWH 
held at least 24 h. GIIa/IIIb inhibitors should be withheld for 
at least 4 weeks after epidural placement. Epidural place-
ment is best avoided for 7 days after clopidogrel and 14 days 
after ticlopidine. For a further review on the use of neuraxial 
techniques in anticoagulated patients, patients on antiplatelet 
drugs, or patients with coagulopathy, please refer to the 
“Executive summary: regional anesthesia in the patient 
receiving antithrombotic or thrombolytic therapy: American 
Society of Regional Anesthesia and Pain Medicine Evidence- 
Based Guidelines (Third Edition)” [ 49 ].  

   Table 41.4    Contraindications to central neuraxial block   

 Absolute  Relative 
 Patient refusal  Coagulopathy: coagulation 

disorders or anticoagulant 
therapy 

 Sepsis, local infections at the 
injection site, or immune 
defi ciency 

 Spinal pathology including 
severe spinal deformities, 
arthritis, osteoporosis, 
intervertebral disc prolapse, 
spinal canal stenosis, post- 
spinal surgery, and spinal 
metastases 

 Severe decompensated 
hypovolemia, shock 

 Unknown duration of surgery 

 Severe specifi c cardiovascular 
diseases of myocardial, ischemic, 
or valvular origin 

 Mild valvular disease (aortic 
stenosis) 

 Acute cerebral or spinal cord 
diseases 

 Preexisting neurological 
defi cits (radiculopathies, 
peripheral neuropathies, 
multiple sclerosis) 

 Increased intracranial pressure 
 Indeterminate neurological 
disease 
 Hypersensitivity to local 
anesthetic agents 
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    Performing a Spinal Anesthetic 

 Before performing a spinal anesthetic, a full discussion of 
the risk–benefi t and informed consent should take place. 

    Preparation and Materials 

•     Check that the emergency equipment is complete and in 
working order (intubation kit, emergency drugs); sterile 
precautions, intravenous access, and anesthetic machine.  

•   Start an intravenous infusion and ensure adequate volume 
loading (250–500 ml of a balanced electrolyte solution).  

•   Vasopressors such as ephedrine, phenylephrine, or meta-
raminol should be readily available.  

•   ECG, noninvasive blood pressure, and pulse oximetry 
monitoring are essential.  

•   Skin prep using an alcohol, iodine, or chlorhexidine. Note 
that if chlorhexidine is used, extreme care must be taken 
to prevent its inadvertent introduction into the neuraxis, 
as it has been implicated in chemical arachnoiditis [ 50 , 
 51 ].  

•   Local anesthetic for skin infi ltration and intrathecal 
injection.  

•    Spinal needles  (Fig.  41.8a–c ) are commonly of the fol-
lowing two types: 

 –     25 – 27 - G spinal needles with conical tip  (pencil-point)—
e.g., Sprotte, Pencan, and Whitacre—in current standard 
use. When the dura is penetrated with these needles, the 
dural fi bers are separated and then closed together again. 
This reduces the risk of post-dural puncture headache [ 52 , 
 53 ].  

 –    25 – 27 - G spinal needles with Quincke tip . The needle 
bevel should be directed laterally during the puncture in 
order to pass through the dura in a longitudinal direction 
[ 54 ]. A 22-G needle may be used where increased stiff-
ness is desired to facilitate needle redirection—e.g., in 
older patients with narrowed interlaminar spaces or when 
there are diffi culties with positioning.        

a

b

c

  Fig. 41.8    ( a – c ) Spinal needles. ( a ) Pencil-point, 25 G. ( b ) Quincke tip, 
27 G. ( c ) Atraucan Special Cut, 26 G (With permission from Danilo 
Jankovic)       
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    Patient Positioning 

 Optimal patient positioning during puncture and during the 
fi xation phase of the local anesthetic is a prerequisite for 
 successful spinal anesthesia. The following positions may 
be used:

•    Lateral decubitus position  
•   Sitting  
•   Prone    

 In all three positions, it is important to locate the  midline  
and to follow it during the entire injection procedure. Lumbar 
lordosis must be minimized. 

    Lateral Decubitus Position 
 The assistant stands in front of the patient. If the anesthetist is 
right-handed, the patient is placed in the left lateral position. The 
patient is asked to adopt a  hunchback  position (legs fl exed up 
against the abdomen and chin fl exed down onto the chest) in 

order to fl ex the lumbar spine and allow optimal expansion of the 
intervertebral spaces. It is important here for the spine to be par-
allel and for the intercristal line and the line connecting the two 
scapular tips to be perpendicular to the operating table (Fig.  41.9 ). 

  Advantages 

•   More comfortable for the patient and thus particularly 
suitable for frail patients (risk of collapse).  

•   The reduction in blood pressure is less marked [ 55 ].  
•   When hyperbaric solutions are used, unilateral anesthesia 

is more easily obtained.  
•   Can be used in pregnant patients (since the lateral tilt or 

lateral decubitus position reduces the extent of aortocaval 
compression) [ 56 ].   

  Disadvantages 

•   Diffi culty may arise in the correct identifi cation of the 
midline, especially if the pelvis is tilted too anteriorly.     

  Fig. 41.9    Position: lateral decubitus (With permission from Danilo 
Jankovic)       
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    Sitting Position 
 The patient is seated on the edge of the operating table and is 
supported by an assistant standing in front of him or her 
(Fig.  41.10 ). It may also be helpful to provide a padded 
Mayo stand, an adjustable table, or a similar device for the 
patient to lean on for additional support. 

  Advantages 

•   When palpation of the spinous processes is diffi cult (e.g., 
in obese patients or those with spinal deformities), it is 
easier to locate the midline in the sitting position.  

•   Facilitates the performance of a saddle block with hyper-
baric local anesthetic when anesthesia in only the perineal 
or perianal region is required.   

  Disadvantages 

•   This position may lead to orthostatic hypotension (and 
risk of collapse) and should be avoided in frail and heav-
ily sedated patients [ 55 ].  

•   More support and assistance may be required to keep 
patient upright.     

  Fig. 41.10    Position: sitting (With permission from Danilo Jankovic)       
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    Prone Jackknife 
 This position is only used in the very rarely practiced hypo-
baric technique for spinal anesthesia (procedures in the rec-
tum, perineum, sacrum, lower spine) [ 57 ]. An assistant and 
subsequent repositioning of the patient are not required 
(Fig.  41.11 ).    

  Fig. 41.11    Position: prone (“jackknife” position) (With permission 
from Danilo Jankovic)       
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    Injection Technique 

 The subarachnoid space may be accessed using a midline 
approach, a paramedian approach, or a Taylor’s approach. 
These are discussed below. 

    Median Approach (Midline) 
   Landmarks 
 The injection is carried out in the midline below the L2 seg-
ment (conus medullaris), usually between the spinous pro-
cesses of L2/L3 or L3/L4 (depending on the desired level of 
anesthesia). The patient is asked to draw the legs tightly up 
to the abdomen and to place the chin on the chest. A line is 

drawn from one iliac crest to the other. This connection 
(Tuffi er’s line) crosses either the spinous process of L4 
(50 %) or the intervertebral space of segments L4/L5. 
However, this palpatory method alone may be unreliable, 
and ultrasound may help to correctly identify the vertebral 
levels [ 7 ]. 

 The spinous processes and intervertebral spaces are pal-
pated to identify the  midline , which is the important land-
mark. It is recommended that the index and middle fi ngers of 
the nondominant hand be used to palpate and identify the 
chosen interspace, as they can be subsequently used to fi x the 
overlying skin, which is important for precision and accu-
racy in needle insertion (Fig.  41.12 ).   

  Fig. 41.12    Palpation of the intervertebral space (With permission 
from Danilo Jankovic)       
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   Strict Asepsis 
 Thorough, repeated, and wide skin prep and drying and cov-
ering of the injection site with a drape.  

   Local Anesthesia 
 The skin and supraspinous and interspinous ligaments are 
anesthetized with 1–1.5 ml of a local anesthetic (e.g., 1 % lig-
nocaine). The injection is carried out between the spread index 

and middle fi ngers of the left hand (Fig.  41.13 ). In the patient 
with less-distinct surface landmarks, the local anesthetic nee-
dle may be used to explore the underlying anatomy. Bony con-
tact at a relatively shallow depth indicates contact with the tip 
of the spinous process and the location of the midline. Firm 
resistance to further injection of local anesthetic indicates that 
the needle tip lies within the interspinous ligament in the mid-
line and not in the paraspinous muscles on either side.   

  Fig. 41.13    Local anesthesia (With permission from Danilo Jankovic)       
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   Injection 
   Advancing the Introducer 
 Without moving the spread index and middle fi nger of the 
 left  hand away from the intervertebral space (which prevents 
inadvertent movement of the skin overlying the chosen inter-
space), the introducer is grasped between the thumb and 
index fi nger of the  right  hand and advanced parallel to the 

operating table and slightly cranially (10°) deep enough for 
it to sit fi rmly in the interspinous ligament (Fig.  41.14 ). It 
should be ensured that the  midline position  is maintained. 
After this, the introducer is fi xed with the thumb and index 
fi nger of the left hand, with the dorsum of the hand lying 
fi rmly on the patient’s back.   

  Fig. 41.14    Advancing the guiding cannula (With permission from 
Danilo Jankovic)       
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   Introducing the Spinal Needle, Puncture 
of the Subarachnoid Space 
 The spinal needle, held between the thumb and index fi n-
ger (or middle fi nger) of the right hand, is introduced 
through the interspinous ligament, ligamentum fl avum, 
epidural space, and dura/arachnoid as far as the subarach-
noid space. Penetration of the ligamentum fl avum is usu-

ally evident by the “rubbery” resistance to needle 
advancement. A characteristic “dural click” may be felt 
when the subarachnoid space is reached; however, this 
does not always occur (Fig.  41.15 ). When a Quincke nee-
dle is used, it should be ensured that the needle bevel is 
directed laterally, so that the dura is punctured in a longi-
tudinal direction.   

  Fig. 41.15    Introducing the spinal needle. Puncture of subarachnoid 
space (With permission from Danilo Jankovic)       
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   Removing the Stylet 
 The following may occur here:

•     CSF fl ows freely  

•  The injection needle is advanced 1 mm and fi xed between 
the thumb and index fi nger of the left hand, which is 
 supported on the patient’s back. The desired amount of local 
anesthetic can now be injected (Figs.  41.16  and  41.17a, b ).   

•  With the single-injection technique, aspiration of CSF 
(0.1 ml) should be attempted immediately before and 
after injection of local anesthetic. The subarachnoid injec-
tion is made at the rate of 1 ml per 5 s.  

•    Blood in the CSF  
•  Slightly bloody CSF which clears quickly (spontaneously 

or after aspiration) usually occurs after penetration of an 
epidural vein on the way into the subarachnoid space. The 
local anesthetic can be injected. 

•  However, backfl ow of frank blood indicates that the injec-
tion needle is likely positioned within a vein. A new 
attempt at puncture must be made and possibly in a differ-
ent intervertebral space.  

•    No CSF fl ow  
•  Rotation of the needle to all four quadrants and careful 

aspiration may help. The needle may also be advanced 
slightly with the stylet in place. 

•  If no CSF fl ows in spite of all these measures, the needle 
should be removed and the procedure repeated with a dif-
ferent needle direction or at a different interspace. 

•  Unexpectedly deep bone contact suggests that the pos-
terior side of the vertebra or an intervertebral disc has 
been reached. CSF appears in most cases after the nee-
dle has been slightly withdrawn and aspiration has been 
repeated.  

•    Pain or paresthesias during puncture  
•  Pain or paresthesia prior to entry into the epidural or intra-

thecal space is most often due to needle contact with the 
facet joint, which forms the lateral border of the inter-
laminar space. The needle should be directed slightly 
more medially, away from the side on which the pain or 
paresthesia occurred. It is not uncommon for a transient 
paresthesia radiating down one leg to occur upon needle 
entry into the intrathecal space; this signals contact with 
the cauda equina. If it persists, the needle must be with-
drawn slightly or repositioned. When paresthesias occur 
during the injection, the needle must be repositioned 
before any further drug is injected. 

 The local anesthetic must never be injected without 
evidence of CSF! The location and distribution of pares-
thesias arising during the puncture procedure must be 
recorded. 

•  Experience shows that failure is usually due to deviation 
of the needle from the midline or excessive cranial angu-
lation of the needle.       

  Fig. 41.16    Removing the stylet. Subarachnoid injection (With permis-
sion from Danilo Jankovic)       
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    Paramedian Approach (Lateral, Paraspinal) 
 In this technique (Figs.  41.18  and  41.20 ), the supraspinous and 
interspinous ligaments are avoided, so that the ligamentum fl a-
vum is the primary target on the way to the subarachnoid space.    

   Procedure 
 This technique can be used in all the patient positions men-
tioned above. Flexion of the spine is not essential. The cau-
dal edge of the spinous process is marked. The injection site 
is located 1–1.5 cm lateral and caudal to this. The puncture is 
carried out in a cranio-medial direction, at an angle of about 
10–15°. The dura is reached after about 4–6 cm. Most mis-
takes arise when the needle is angled too cranially or when 
the needle entry point is too lateral. 

 This technique can be used in:

•    Degenerative changes in the spine  
•   Older patients with marked calcifi cation of the supraspi-

nous and interspinous ligaments [ 58 ]  
•   Obesity  
•   Fractures or other pathological conditions in which pain 

makes it impossible to fl ex the spine      

    Taylor’s Approach 
 This lumbosacral approach (Figs.  41.19  and  41.20 ) is a para-
median injection via the intervertebral space of L5 and S1, 
the largest interlaminar space in the spinal region. 

Supraspinous ligament
Interspinous ligament

Ligamentum flavum
Epidural space

Subdural space

Subarachnoid space

Arachnoid mater

Dura mater

Pia mater

a

b

  Fig. 41.17    ( a ) Subarachnoid position of the needle (With permission 
from Danilo Jankovic). ( b ) Transverse dissection at the level of L4/L5. 
( 1 ) Posterior epidural space with fat, ( 2 ) anterior epidural space with 
veins, ( 3 ) spinal dura mater, ( 4 ) subarachnoid space and cauda equina, 
( 5 ) zygapophysial joint, ( 6 ) anterior longitudinal ligament, and ( 7 ) pos-
terior longitudinal ligament (With permission from Danilo Jankovic)       
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  Fig. 41.18    Paramedian approach (With permission from Danilo Jankovic)         Fig. 41.20    Puncture of the subarachnoid space: ( 1 ) median, ( 2 ) para-
median, ( 3 ) Taylor (With permission from Danilo Jankovic)       

  Fig. 41.19    Taylor’s approach (With permission from Danilo Jankovic)       
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   Procedure 
 The injection site is located about 1 cm medial and about 
1 cm caudal to the posterior superior iliac crest. The injection 
needle is advanced in a cranio-medial direction and at an 
angle of about 55°. If it touches the periosteum (sacrum), the 
needle must be withdrawn and its direction must be 
corrected. 

 The indications for this access route include procedures in 
the perineal and perianal region, as spread to the higher spi-
nal levels may not always reliably occur.    

    Unilateral Spinal Anesthesia 

 Unilateral spinal anesthesia is intended to block only the 
anterior and posterior spinal nerve roots on the side being 
operated on, while the contralateral side—and particularly 
its sympathetic fi bers—remains unblocked. This leads to a 
reduced incidence of hypotension. 

    Indications 
•     Surgical and orthopedic procedures on the lower 

extremities     

    Procedure 
•     Patient positioning: lateral decubitus position, lying on 

the side that is to be operated on.  
•   Injection technique: this is the same as for conventional 

spinal anesthesia. The opening of the pencil-point needle 
is rotated to the operating side, and the desired amount of 
local anesthetic is slowly injected [ 59 ]. A hyperbaric 
solution of local anesthetic such as bupivacaine should 
always be used for maximum effectiveness.  

•   Patient position after the injection: the patient remains 
lying on the side that is to be operated on for about 20 min.     

    Advantages 
•     Reduction in the extent of the sympathetic block (by 

about 70 %), since smaller volumes and slower injection 
of the local anesthetic mean that fewer spinal segments 
are involved [ 60 ]  

•   Hemodynamic stability (hypotension is only observed in 
5 % of patients)  

•   Faster recovery from anesthesia  
•   Suitable for outpatient procedures [ 61 ]  
•   Greater acceptance by patients     

    Disadvantage 
•     Strict unilateral anesthesia is only achieved if adequate 

time is allowed for the local anesthetic to settle on the 
operative side. However, a differential block of some 
degree can almost always be achieved.      

    Continuous Spinal Anesthesia 

 The insertion of a catheter into the subarachnoid space allows 
a continuous or repeated intermittent dosing of local 
anesthetic. 

    Indications 
•     Lower abdominal and lower limb surgery in elderly 

patients and high-risk patients [ 62 ]  
•   Postoperative pain relief  
•   Chronic pain relief (in cancer patients)     

    Procedure 
•     The procedure is similar to a standard spinal anesthetic. 

However, usually a 20–22-G spinal needle is used to gain 
access to the subarachnoid space, and a 25–27-G catheter 
is threaded (usually 2–3 cm) into the subarachnoid space 
(Fig.  41.21 ).      

    Advantages 
•     A smaller initial dose of local anesthetic can be injected 

without concern about inadequate block height or dura-
tion. This helps prevent hypotension due to excessive 
sympathetic block caused by large doses or greater spread 
of local anesthetic [ 62 ].  

•   Ability to prolong spinal anesthetic as needed.     

    Disadvantages 
•     Higher risk of post-dural puncture headache in younger 

population [ 63 ].  
•   Use of small micro-catheters (less than 24 G) may pre-

dispose to sacral pooling of local anesthetic leading to 
 cauda equina syndrome  and is therefore not recom-
mended [ 64 ].      

  Fig. 41.21    Introducing the catheter in the subarachnoid space (With 
permission from Danilo Jankovic)       
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    Management of the Patient After Intrathecal 
Injection 

    Patient Positioning 
 The level of the anesthetic spread is controlled by patient 
positioning measures and checked with cold tests at intervals 
of 2–5 min. 

   Hyperbaric Spinal Anesthesia 
•     Lateral decubitus position: the patient remains on the side 

of surgery for 10–15 min if unilateral anesthesia is 
desired. The patient is laid supine if bilateral anesthesia is 
required.  

•   Sitting position: the patient is immediately laid supine to 
allow the anesthetic to spread cephalad. The patient 
remains sitting if sacral spread is desired.     

   Hypobaric Technique 
•     Hypobaric spinal anesthesia is ideal for perineal and peri-

rectal surgeries requiring a prone “jackknife” position, so 
that the patient does not need to be repositioned (Fig.  41.11 ).  

•   The hypobaric technique has also gained popularity in 
major hip surgery, which is performed in the lateral posi-
tion. Thus, repositioning of the patient is often not needed 
when the spinal is placed in the lateral decubitus position, 
with the operative side nondependent. Compared to iso-
baric bupivacaine, a hypobaric solution demonstrated a 
signifi cant delayed block recession and time until analge-
sia, for total hip arthroplasty [ 65 ].     

   Isobaric Spinal Anesthesia 
•     Horizontal positioning is adequate; other positions have 

no signifi cant infl uence on the spread of the anesthesia.     

   Fixation Phase 
•     The phase immediately after injection of the local anes-

thetic is particularly critical and requires precise monitor-
ing. The fi xation phase lasts about 10–15 min.      

    Patient Monitoring 
•     Sympathetic block following a spinal anesthetic results in 

a drop in the blood pressure and heart rate. This may be 

profound in elderly and volume-depleted patients. 
Bradycardia may occur after the peak of sympathetic 
block is achieved (30–60 min after spinal injection) due to 
the blockade of cardiac accelerator fi bers. Unexpected 
bradycardia and cardiac arrest may occur in young healthy 
patients [ 66 ]. Thus, frequent monitoring of the vitals 
(heart rate, blood pressure, and oxygen saturation) is 
advocated during and after the conduct of a spinal 
anesthetic.  

•   Supplemental oxygen administration is recommended 
after a spinal anesthetic, especially if sedation is used for 
patient comfort.  

•   End-tidal carbon dioxide monitoring is also used to moni-
tor the respiratory rate.  

•   Postoperatively, the patient should be monitored until the 
effects of spinal anesthetic have receded.     

    Block Assessment 
•     Injecting a local anesthetic into the subarachnoid space 

blocks  autonomic ,  sensory , and  motor  function. The main 
targets of local anesthesia are the posterior roots with the 
ganglia, the anterior roots of the spinal nerves, the auto-
nomic nerve fi bers, and mixed neural trunks.  

•   The spread of the anesthesia should be checked at short 
intervals (2–5 min) and confi rmed (with a cold spray or 
pinprick) shortly before the start of the operation [ 67 ,  68 ]. 
The fi rst sign of an effect on the spinal nerve roots is a 
subjective sensation of  warmth  in the feet. The further 
development of the block encompasses touch, deep pres-
sure, motor function, vibration sensitivity, and positional 
sense.  

•   Motor function is completely blocked at the site of the 
greatest concentration of the local anesthetic. Sensory 
block extends two to four segments higher than motor 
block, and the sympathetic block extends for a further two 
to four segments higher than the sensory block.  

•   Resolution of the block is marked by a return of motor 
function, followed by the sensory modalities. The auto-
nomic function is the last to recover [ 28 ].       
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    Performing an Epidural Anesthetic 

    Preparation and Materials 

 Preparation for an epidural anesthetic is similar to that for a 
spinal block. This has already been discussed in Sect.  Patient 
Positioning . 

  Epidural needles : The epidural needles required to per-
form an epidural block are generally larger in gauge than spi-
nal needles. Additionally, they may have distinct tip design to 
facilitate entry into the epidural space and introduction of the 
catheter. Some of these are already discussed in Sect.  Patient 
Positioning . Of these, Tuohy-tip epidural needles are most 
commonly used.   

    Positioning of the Patient 

 An epidural block can be performed with the patient in lateral 
decubitus or sitting position. While the former is commonly 
used in obstetric patients, the latter is preferred in other patient 
groups. Prone position is rarely used. The pros and cons of 
these positions have been already discussed on p. 514 (Patient 
Positioning).  

a b

c d

  Fig. 41.22    ( a – d ) Epidural needles. ( a ) Tuohy, ( b ) Hustead, ( c ) 
Crawford, ( d ) Weiss (With permission from Danilo Jankovic)       
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    Performing a Lumbar Epidural 

 Lumbar epidural space may be accessed using a midline 
approach which is most commonly used or using a parame-
dian approach. These are discussed below. 

    Midline Approach 
   Landmarks 
 The injection is carried out in the midline below the L2 
segment (conus medullaris) (Fig.  41.23a, b ), usually 

between the spinous processes of L2/L3 or L3/L4. The 
intervertebral space is palpated, and the midline is 
located to serve as the most important signpost. In the 
midline, the ligamentum flavum is at its thickest, the epi-
dural space is widest, and the blood vessels are at their 
smallest [ 69 ].   

   Strict Asepsis 
 Thorough, repeated, and wide skin prep is done. After dry-
ing, the injection site is covered using a sterile drape.  

a b

  Fig. 41.23    ( a ) Conus medullaris (lower edge of the fi rst lumbar verte-
bra). ( 1 ) Conus medullaris, ( 2 ) cauda equina, ( 3 ) dural sac, ( 4 ) L1 seg-
ment (With permission from Danilo Jankovic). ( b ) Cauda equina at the 

level of L2–L5. Paramedian sagittal section. ( 1 ) Spinal dura mater, 
( 2 ) epidural space (With permission from Danilo Jankovic)       
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   Local Anesthesia 
 The skin and supraspinous and interspinous ligaments are 
anesthetized with 1–1.5 ml of a local anesthetic (e.g., 1 % 
lignocaine). The injection is carried out between the spread 
index and middle fi ngers of the left hand (Fig.  41.24 ).   

   Needle Insertion 
 Without moving the spread index and middle fi ngers of the 
left hand from the intervertebral space, an epidural needle is 
fi xed between the thumb of the right hand (hub) and the 
index and middle fi nger (shaft) and advanced through the 
skin (Fig.  41.25 ). After passing the supraspinous ligament, 
which is about 1-cm thick, the needle, with its bevel directed 
cephalad or caudad, is slowly advanced a further 2–3 cm 

(depending on the anatomy), until it rests fi rmly in the inter-
spinous ligament. This often results in a “gritty” sensation. 
The trocar is removed and a low-friction (loss of resistance) 
syringe is attached (Fig.  41.26 ).   

 Care should be taken to ensure that the needle is kept in 
the midline. Inadvertent deviation from the midline leads to 
the needle passing the supraspinous ligament, with an angled 
entry into the interspinous ligament with only brief resis-
tance and a subsequent false loss of resistance. This type of 
puncture ends in the paravertebral musculature and is accom-
panied by local pain. 

 After passing the interspinous ligament, the needle must 
be advanced carefully, millimeter by millimeter, in the direc-
tion of the ligamentum fl avum.  

  Fig. 41.24    Local anesthesia (With permission from Danilo Jankovic)       

  Fig. 41.25    Introducing the epidural needle (With permission from 
Danilo Jankovic)       

  Fig. 41.26    Removing the stylet and attaching a low-friction syringe 
(With permission from Danilo Jankovic)       
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   Puncturing the Epidural Space 
 The thumb and index fi nger of the left hand, which is resting 
with the back of the hand fi rmly against the patient’s back, 
secure the needle, advance it millimeter by millimeter, and at 
the same time serve as a “brake” to prevent inadvertent for-
ward movement. The thumb of the right hand applies pres-
sure on the syringe plunger.  Loss of resistance  indicates that 
the epidural space has been reached. The contents of the 
syringe are easily injected. 

 Identifi cation of the epidural space is carried out using the 
 loss - of - resistance technique  (Fig.  41.27 ). The following 
variations on this technique can be applied: 

    (a)     Saline with an air bubble : after the interspinous ligament 
has been reached, the stylet is removed, and a low- 
friction syringe fi lled with a saline solution and with a 
small air bubble in it, serving as a visual indicator, is 
attached. When the ligamentum fl avum is encountered, 
the air bubble is compressed by pressure on the syringe 
plunger (Fig.  41.28a ); when the epidural space is 
reached, the bubble returns to its normal, larger shape 
(Fig.  41.28b ). This technique is the most common choice 
as it provides a good identifi cation of the epidural space 
and an idea of the force being applied (by the compres-
sion of the air bubble).    

  Fig. 41.27    Identifying the epidural space (loss of resistance) (With 
permission from Danilo Jankovic)       

Epidural
space

Ligamentum
flavum

Epidural
space

a

b

  Fig. 41.28    ( a ) Loss-of-resistance technique with saline. The air bub-
ble is compressed by pressure on the syringe plunger (With permission 
from Danilo Jankovic). ( b ) Loss-of-resistance technique with saline. 
The epidural space has been reached. The air bubble has returned to its 
normal, loose shape (With permission from Danilo Jankovic)       

  

Performing an Epidural Anesthetic



530

   (b)     Saline - only technique : since the introduction of air in the 
epidural space may lead to “patchy” block, some clini-
cians prefer to use only saline. The disadvantage of 
doing so is the inability to objectively judge the amount 
of force being applied on the plunger.   

   (c)     Air - only technique : this technique allows for a more sub-
jective “feel” while identifying the epidural space. It also 
allows clearer identifi cation of an accidental dural punc-
ture as any fl uid that emerges from the hub of the needle 
must be CSF. However, using air to locate epidural space 

has been associated with patchy blocks, venous air 
embolism, and pneumocephalus [ 70 ].   

   (d)     Hanging drop technique : in this technique, after the 
interspinous ligament has been reached, a drop of saline 
is placed within the hub of the needle (Fig.  41.29a ). 
After the ligamentum fl avum has been passed and the 
epidural space has been reached, the drop is “sucked in” 
due to the negative pressure in the epidural space 
(Fig.  41.29b ) [ 71 ].     

Ligamentum
flavum

Epidural
space

Epidural
space

a

b

  Fig. 41.29    ( a ) “Hanging drop” technique. The epidural needle is posi-
tioned in the ligamentum fl avum (With permission from Danilo 
Jankovic). ( b ) “Hanging drop” technique. The epidural space has been 
reached. The drop is sucked back in (With permission from Danilo 
Jankovic)       
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     Aspiration and Injection of a Test Dose 
 Having reached the epidural space, a careful aspiration is 
carried out to detect CSF or blood while the needle continues 
to be secured by the thumb and index fi nger of the left hand, 
resting with the back of the hand fi rmly against the patient’s 
back (Fig.  41.30 ).  

 After a negative aspiration, a test dose of 3–4 ml of local 
anesthetic (usually 1.5 % lignocaine) and 15 mcg epineph-
rine can be injected. This allows detection of intrathecal 
injection (rapid development of spinal block) or intravascu-
lar injection (tachycardia). 

 The addition of epinephrine can lead to unreliable results 
in patients taking beta-blockers, patients under general 
anesthesia, and pregnant patients. Due caution must be 
exercised while adding epinephrine in pregnant patients 
(may cause transient fetal bradycardia due to reduced uter-
ine blood fl ow), older patients with coronary artery disease, 
and hypertensive patients. The use of epinephrine is best 
avoided in patients with closed-angle glaucoma and tachyar-
rhythmia [ 72 ]. 

 Maintaining constant verbal contact with the patient and 
careful cardiovascular monitoring after a test dose is recom-
mended. If all is well, a further dose of the local anesthetic 
can be injected.  

  Fig. 41.30    Aspiration test (With permission from Danilo Jankovic)       
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   Drug Administration 
 The epidural injection may be performed as a single-shot 
injection or as a catheter technique (allowing further dosing).
    (a)     Single - injection technique : incremental administration 

of a local anesthetic is carried out in aliquots of 3–5 ml, 
waiting 15–20 s between each dose, with intermittent 
aspiration (Fig.  41.31 ). After aspiration has been repeated 
shortly before the end of the injection, the needle is with-
drawn and the patient is placed in the desired position.    

   (b)     Catheter technique : upon confi rmation of the epidural 
space and negative aspiration, a catheter may be intro-

duced. For this, the thumb and index fi nger of the left hand 
secure the epidural needle, with the back of the hand lying 
fi rmly on the patient’s back. The catheter is advanced cra-
nially, using the thumb and index fi nger of the right hand, 
to a maximum of 3–4 cm beyond the tip of the needle 
(Fig.  41.32 ). Advancing it further than this can lead to lat-
eral deviation of the catheter, with accompanying pares-
thesias. After placement of the catheter in the desired 
position, the needle is slowly withdrawn (Fig.  41.33 ), 
while at the same time the thumb and index fi nger of the 
left hand secure the catheter at the injection site (Fig.  41.34 ).        

  Fig. 41.31    Incremental injection of local anesthetic (With permission 
from Danilo Jankovic)       

  Fig. 41.32    Introducing the catheter (With permission from Danilo 
Jankovic)       

  Fig. 41.33    Withdrawing the injection needle (With permission from 
Danilo Jankovic)       

  Fig. 41.34    The catheter is secured at the injection site with the thumb 
and index fi nger (With permission from Danilo Jankovic)       
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 An adapter is attached to the end of the catheter. The 
patency of the catheter is tested by injecting 1–2-ml saline 
(Fig.  41.35 ). After aspiration, the syringe is disconnected, and 
the open end of the catheter is placed on a sterile drape below 
the puncture site. Attention must be given to any escaping 
fl uid (CSF or blood) (Fig.  41.36 ). A bacterial fi lter is then 
attached (Fig.  41.37 ), and the catheter is secured and dressed 
to prevent dislodgement and ensure sterility (Fig.  41.38 ). 
Fixation of the catheter can be accomplished in a variety of 
ways, including skin suture or proprietary dressings.     

 The patient is placed in the desired position and a test 
dose is administered, as with the single-shot injection. 
During the waiting period, it is important to maintain verbal 
contact with the patient and to check the spread of the anes-
thesia, to exclude the ever-present risk of inadvertent intra-
thecal injection. After 5 min, the remainder of the dose, 
adjusted for the individual patient, can be administered on an 
incremental basis (max. 5 ml each injection) until the desired 
level of anesthesia is reached.  

  Fig. 41.35    Injection of 1 ml saline (With permission from Danilo 
Jankovic)       

  Fig. 41.36    The end of the catheter is placed below the injection site 
(With permission from Danilo Jankovic)       

  Fig. 41.37    Placing a bacterial fi lter (With permission from Danilo 
Jankovic)       

  Fig. 41.38    Securing the catheter and dressing (With permission from 
Danilo Jankovic)       

 

 

 

 

Performing an Epidural Anesthetic



534

   Troubleshooting 
     (a)     Escaping fl uid : after the epidural space has been identi-

fi ed or after administration of the test dose, a few drops 
of fl uid may still drip from the positioned needle. This 
may be saline from the syringe or CSF if intrathecal 
space has been punctured. A higher viscosity, higher 
temperature (Fig.  41.39 ), near-neutral pH, higher glu-
cose content, and turbidity with thiopentone help iden-
tify the fl uid as CSF [ 73 ]. If the fl uid is not CSF, one can 
proceed with the procedure.    

   (b)     Escaping blood : in this case (Fig.  41.40 ), it is best to 
withdraw the needle or the catheter. One may attempt 
another insertion at a segment higher or lower or aban-
don the procedure and choose to administer general 
anesthesia.    

   (c)     Escaping CSF : the options in the event of accidental dural 
puncture include conversion to a spinal anesthetic by 

injecting an appropriately reduced dose of local anesthetic 
or inserting a continuous spinal catheter (this must clearly 
be labeled as such, to avoid inadvertent overdosing with 
subsequent top-ups). Another attempt at insertion can also 
be made keeping in mind the possibility of another dural 
tap and that an epidural dose of local anesthetic may 
spread intrathecally through the fi rst dural puncture site 
and lead to total spinal anesthesia. Finally, one may 
choose to abandon the procedure and administer general 
anesthesia. In any case, the patients must be informed 
about the possibility of post-dural puncture headache.   

   (d)     Inability to thread the catheter : this may happen when a 
 false  loss of resistance has been encountered in a super-
fi cial tissue plane. Injection of local anesthetic at this 
point will not be effective. Reattempting the injection is 
the best course, aiming to obtain a convincing loss of 
resistance.       

  Fig. 41.39    Escaping fl uid: is it cold or warm? (With permission from 
Danilo Jankovic)       

  Fig. 41.40    Blood-tinged fl uid (With permission from Danilo Jankovic)       
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    Paramedian Approach 
 This technique, which is independent of lumbar lordosis or 
the ability of the spine to fl ex, avoids puncture of the supra-
spinous ligament and the frequently ossifi ed interspinous 
ligament. This approach offers a much larger opening into 
the epidural space than the midline approach. 

   Indications 
•     Patients who cannot be positioned easily or cannot fl ex 

the spine (trauma/ arthritic)  
•   Calcifi ed ligament (interspinous)  
•   Kyphoscoliosis or prior lumbar surgery     

   Procedure 
 The puncture site (Fig.  41.41 ) is located in the selected 
intervertebral space, about 1.5–2 cm lateral from the upper 

edge of the lower spinous process. Fan-shaped local anes-
thesia identifi es the depth of the vertebral arches (laminae), 
which are then marked (4–6 cm). The epidural needle is 
introduced in a cranio-medial direction at an angle of about 
15° to the sagittal level and about 35° to the skin surface, so 
that it passes the laminae and slides into the interlaminar 
fi ssure. The only ligament that needs to be penetrated on 
the way to the epidural space is the ligamentum fl avum. 
Reaching this is characterized by a  rubbery  resistance. The 
most important step in this technique is to identify the 
depth of the ligamentum fl avum. The trocar is then removed 
from the puncture needle, and identifi cation of the epidural 
space is carried out in the same way as described for the 
single-shot technique.     

  Fig. 41.41    Paramedian puncture (With permission from Danilo 
Jankovic)       
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    Performance of a Thoracic Epidural 

 The spinous process of lower thoracic vertebrae is directed 
horizontally; however, those of the upper to mid-thoracic 
vertebrae are angulated steeply downward (Fig.  41.42a ). 
Thus, while a midline approach suffi ces at the lower thoracic 
levels, a paramedian approach is recommended at the upper 
to mid-thoracic levels. A cross section of structures at T3 is 
depicted in Fig.  41.42b .  

a

b

  Fig. 41.42    ( a ) Angulation of the spinous processes of upper to mid- 
thoracic vertebrae (With permission from Danilo Jankovic). ( b ) 
Transverse dissection at the level of T3. ( 1 ) Ligamentum fl avum, ( 2 ) 
epidural space, ( 3 ) subarachnoid space with spinal cord, ( 4 ) spinal dura 
mater, ( 5 ) spinal pia mater, ( 6 ) posterior longitudinal ligament, ( 7 ) neu-
ral foramen with spinal nerves, and ( 8 ) zygapophysial joint (With per-
mission from Danilo Jankovic)       

 

Chapter 41 Neuraxial Blocks: Spinal and Epidural Anesthesia



537

    Midline Approach for Lower Thoracic Levels 
 This is similar to the technique used at the lumbar levels. 
The patient is usually placed in a sitting position, and moni-
toring is applied. Intravenous access is established before 
starting. Landmarks are identifi ed by palpating the spinous 
processes of the lower thoracic vertebrae. Thorough, 
repeated, and wide skin prep is applied. After drying, the 
injection site is covered using a sterile drape. The skin and 
supraspinous and interspinous ligaments are anesthetized 
with 1–1.5 ml of a local anesthetic as described earlier. A 
16-G Tuohy-tip epidural needle is fi xed between the thumb 
of the right hand (hub) and the index and middle fi nger 
(shaft) and advanced through the skin, at an angle of 10–15° 

cephalad (Fig.  41.43 ). After passing the supraspinous liga-
ment, the needle, with its bevel directed cephalad, is slowly 
advanced a further 2 cm until it rests fi rmly in the interspi-
nous ligament. The trocar is removed and a low-friction 
(loss of resistance) syringe is attached. After passing the 
interspinous ligament, the needle must be advanced care-
fully, millimeter by millimeter, in the direction of the liga-
mentum fl avum. The thumb of the right hand applies 
pressure on the syringe plunger.  Loss of resistance  indicates 
that the epidural space has been reached. Extreme care 
should be exercised at the thoracic level since the spinal 
cord lies beneath the dura and can be damaged if the needle 
tip is advanced beyond the epidural space.   

  Fig. 41.43    Midline approach for thoracic epidural (With permission 
from Danilo Jankovic)       
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    Paramedian Approach for Upper to 
Mid-thoracic Levels 
 At this level, the puncture site is located about 1–1.5 cm lat-
eral from the caudal edge of the lower spinous process. 
A fan-shaped local anesthesia infi ltration is used to anesthe-
tize the skin and also to identify the depth of the vertebral 
arches (laminae). The epidural needle is introduced in a 
 cranio - medial   direction  at an angle of about 10–15° to the 
sagittal level and about 35–45° to the skin surface 
(Fig.  41.44 ). The only ligament that needs to be penetrated 
on the way to the epidural space is the ligamentum fl avum. 

The trocar is then removed from the puncture needle and 
identifi cation of the epidural space is carried out using a 
 loss-of-resistance syringe. If a bone is contacted, the needle 
is withdrawn by 0.5 cm, walked off the bone in a medial/
cephalad direction until the ligamentum fl avum is pierced.  

 After accessing the epidural space, a catheter is threaded 
3–4 cm in the space akin to that for lumbar levels. However, 
one should not inject more than 3–4 ml of test dose at a time 
at thoracic levels as they tend to spread more. Using a larger 
volume may lead to profound hypotension due to a wide-
spread sympathetic block.   

  Fig. 41.44    The needle angulation for a mid-thoracic paramedian 
approach (With permission from Danilo Jankovic)       

 

Chapter 41 Neuraxial Blocks: Spinal and Epidural Anesthesia



539

     Management of the Patient After 
an Epidural Block  

    Patient Positioning 
 Gravity does not play a clinically signifi cant role in deter-
mining the spread of local anesthetic in the epidural space. 
Thus, the patient is generally placed supine after the block.  

    Patient Monitoring 
     (a)    The patient should be monitored during and after the 

placement of epidural block, just like a spinal block. 
However, the cardiovascular changes seen with an epi-
dural block are in general slower and less profound when 
compared to a spinal anesthetic. Fluids and vasopressors 
are used to treat hypotension.   

   (b)    Supplemental oxygen administration is recommended, 
especially if sedation is used for patient comfort.   

   (c)    End-tidal carbon dioxide monitoring is also used to 
monitor the respiratory rate.   

   (d)    Postoperatively, the patient should be monitored until 
the effects of epidural anesthetic have receded or until 
the epidural catheter is removed.      

    Troubleshooting an Inadequate or Ineffective 
Epidural Block 
     (a)     Inadequate sensory block : this may require repeat dos-

ing if the block fails to reach adequate sensory height 
after 30 min of the initial dose. Addition of opioids (such 
as fentanyl) to local anesthetic solution may speed the 
onset and extend the number of segments blocked [ 74 ]. 
An inadequate block in lower segments (L5–S1) may be 
diffi cult to troubleshoot in particular.   

   (b)     Missed segments : this may be due to an inadequate vol-
ume of initial dose used. A repeat dose often improves 
this. If the missed segment is unilateral, turning the 
patient on the spared side before dosing can help [ 75 ]. A 
2 % lignocaine solution with epinephrine is most effec-
tive in dealing with missed segments or an inadequate 
block.      

    Assessment of the Block 
 Similar to the subarachnoid block, an epidural block leads to 
sensory, autonomic, and motor blockade. These can be 
assessed as follows:
    (a)     Sensory block : this can be assessed by testing for loss of 

touch, temperature, or pinprick. A differential block is 
noted between the complete loss of cold sensation (being 
two dermatomes cephalad) and the complete loss of both 
pinprick and light touch sensation (being caudal) [ 76 ].   

   (b)     Autonomic block : this can be subjectively judged by the 
skin temperature in the involved areas and the degree of 
blood pressure drop (sympathetic block). Digital ple-
thysmogram and skin conductance are used in research 
settings to test this objectively.   

   (c)     Motor block : this can be assessed by using the Bromage 
scale for a lumbar epidural and a RAM (rectus  abdominis 
muscle) test for thoracic epidural [ 77 ,  78 ]. These are 
summarized in Tables  41.5  and  41.6 .

   Table 41.5    Bromage scale for assessment of motor block   

 Grade  Criteria  Degree of block 
 I  Free movement of legs and feet  Nil (0 %) 
 II  Just able to fl ex knees with free 

movement of feet 
 Partial (33 %) 

 III  Unable to fl ex knees but with 
free movement of feet 

 Almost complete 
(66 %) 

 IV  Unable to move legs or feet  Complete 
(100 %) 

   Table 41.6    RAM test of abdominal muscles   

 Power (%)  Criteria 
 100  Able to rise from supine to sitting position with hands 

behind the head 
 80  Can sit only with arms extended 
 60  Can lift only head and scapulae off the bed 
 40  Can lift only shoulders off the bed 
 20  An increase in abdominal muscle tension can be felt 

during effort; no other response seen 
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              Considerations in Patients with Challenging 
Anatomy 

 Performing a neuraxial block can be technically challenging 
in certain patient groups. This includes patients with high 
body mass index, patients with scoliosis, and those having 
undergone a spinal surgery. Altered anatomy makes perform-
ing the block technically challenging, while spinal stenosis 
or postoperative epidural fi brosis can impair the spread of 
spinal anesthetics in the subarachnoid or epidural space, 
resulting in failed blocks. 

    Patients with High Body Mass Index 

 The anthropometric changes associated with obesity make per-
forming a neuraxial block particularly diffi cult. Diffi culty in 
proper positioning, obscured anatomical landmarks, increased 
depth of the ligamentum fl avum, and the occasional inade-
quacy of usual equipment (e.g., needle too short) contribute to 
making neuraxial blocks in obese technically challenging [ 79 ]. 
This can result in a higher incidence of dural punctures while 
performing epidural anesthesia in morbidly obese patients 
[ 80 ]. Ultrasound helps in the correct identifi cation of midline, 
intervertebral spaces, and estimates of depth of the ligamentum 
fl avum. It has been successfully used to improve the success 
rate of epidural placement in obese parturients [ 81 ].  

    Patients with Scoliosis 

 Lateral deviation of the spine is accompanied by the rotation 
of the vertebral bodies toward the convex side of the curva-
ture, while the spinous processes are rotated toward the con-
cave side [ 82 ]. This makes performing a neuraxial block 
quite diffi cult. Ultrasound assists in identifying the lateral 
curvature and rotation and in its quantifi cations. The usual 
approach to this situation is to perform the block using a 
paramedian injection on the convex side, which provides a 
more direct access to the neuraxis [ 83 ]. Alternatively, if a 
midline insertion is used, the needle should be directed in a 
transverse plane, toward the convex side [ 84 ].  

    Patients with Previous Spine Surgery 

 Epidural fi brosis following spine surgery, altered spine anat-
omy, and the possibility of worsening neurological symp-
toms make this patient subset a challenge. Despite this, there 
have been several reports and reviews of successful neuraxial 
blocks in patients with previous spine surgery [ 85 – 87 ]. 

 While the absence of spinous process makes it hard to 
locate intervertebral spaces, laminectomy may actually 

increase the chances of obtaining a successful dural puncture 
by increasing the size of the interlaminar gap. However, per-
forming an epidural at the level of previous spinal surgery 
poses additional challenges due to spinal stenosis immedi-
ately above the fusion or decompression and tethering of the 
dura to the ligamentum fl avum by scar formation [ 88 ,  89 ]. 
The epidural space may also be scarred which reduces the 
reliability of the loss-of-resistance technique. Thus, perform-
ing the epidural injection one or two spaces above or below 
the level of the surgery is advocated to reduce the chances of 
accidental dural puncture and ineffective block. Note that 
scarring of the epidural space may also lead to patchy block. 

 Ultrasound can help immensely to locate the interverte-
bral space, identify the interlaminar window, and visualize 
and estimate the depth of the ligamentum fl avum [ 90 ].   

    Pharmacology of Neuraxial Drugs 

 Many local anesthetics and other adjuvant drugs are used 
for the conduct of a spinal anesthetic. A reliably rapid 
onset, adequate distribution and duration, and timely return 
of the neurological function make spinal anesthesia a good 
choice for many procedures. However, the successful appli-
cation of a spinal anesthetic requires a good understanding 
of the effects of intrathecal drugs and factors that determine 
them. 

    Pharmacokinetics of Intrathecal Local 
Anesthetics 

    Determinants of Intrathecal Distribution 
 The local anesthetic deposited within the subarachnoid space 
spreads to the nerve via bulk fl ow. Many factors have been 
proposed to infl uence the spread of local anesthetics within 
the subarachnoid space [ 91 ,  92 ]. These may be classifi ed as: 

   Characteristics of Injected Drug 
     (a)     Baricity : it is defi ned as the ratio of the density of the 

local anesthetic solution relative to the patient CSF at 
37 ° C.  Isobaric , hyperbaric, and  hypobaric  solutions 
have same, greater, and less density than the CSF, respec-
tively. While hyperbaric solutions will sink to the most 
dependent areas within the subarachnoid space, the hypo-
baric solutions rise upward toward the nondependent 
areas. In general, hyperbaric solutions will produce a 
greater spread than isobaric or hypobaric solutions [ 93 ].   

   (b)     Mass of the drug : mass, volume, and concentration have 
been investigated for their effects on the spread of the 
local anesthetics in the intrathecal compartment. For 
plain solutions, the effect of drug mass injected is more 
important than the volume or the concentration [ 94 ]. For 
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hyperbaric solutions, this may not always be true, with 
some studies fi nding no effect [ 95 ].   

   (c)     Effect of additives : while the addition of vasoconstrictors 
prolong the block duration, the addition of opioids may 
increase spread and delay block recession [ 96 ,  97 ].      

   Technical Considerations 
     (a)     Patient position : immediately after, a spinal anesthetic 

determines the extent of spread under the infl uence of 
gravity. This is further infl uenced by the curvatures of 
the spine [ 95 ,  98 ].   

   (b)     Level of injection : for an isobaric solution, a higher level 
of injection results in a greater cephalad spread of the 
block [ 99 ]. This is not consistently observed with hyper-
baric solutions where the effect of gravity may be more 
profound [ 100 ].   

   (c)     Needle direction : turning the needle aperture cephalad may 
result in a higher spread of the drug, with a shorter duration 
of action and faster resolution of the block [ 101 ]. Cephalad 
angulation of insertion has shown similar results [ 102 ].   

   (d)     Speed of injection : has clinically minimal effects.   
   (e)     Barbotage : may shorten the time of onset with hyper-

baric solutions [ 103 ].      

   Patient Factors 
 Individual patient factors such as age, height, body mass 
index, and sex do not help to predict the spread of intrathecal 
local anesthetics. However, excessive lordosis in pregnancy 
may promote cephalad spread, and lowering doses is recom-
mended [ 104 ,  105 ].   

    Uptake of Local Anesthetics 
 The local anesthetic deposited in the subarachnoid space 
spreads within the CSF. It is then taken up by the nerve roots 
in the cauda equina, resulting in neuronal block. This uptake 
is affected by the following factors:
    (a)    Concentration of the local anesthetic in the CSF   
   (b)    The surface area of the nerve root exposed to the CSF 

[ 106 ]   
   (c)    The lipid content of the nerve root (since local anesthet-

ics are lipid soluble)   
   (d)    The blood fl ow within the nerve      

    Elimination of Local Anesthetics 
 The elimination of local anesthetics from the subarachnoid 
space is determined by the following factors:
    (a)    Vascular absorption of the local anesthetic (this is the 

most important route) [ 107 ]   
   (b)    Escape of the drug to the epidural space, with subse-

quent vascular absorption [ 108 ]   
   (c)    Lipophilicity of the local anesthetic (highly lipophilic 

drugs such as bupivacaine have a slower elimination due 
to greater binding with the neuronal tissue) [ 109 ]      

    Determinants of Duration 
 Elimination of local anesthetics from the intrathecal space 
determines the duration of their neural block. The factors 
infl uencing this are:
    (a)     Physicochemical properties of the local anesthetic cho-

sen : while prilocaine and 2-chloroprocaine are short- 
acting agents, lignocaine and mepivacaine are short- to 
intermediate-acting local anesthetics. Bupivacaine, 
levobupivacaine, and ropivacaine are longer-acting 
agents. However, it must be noted that there is wide 
inter-patient variability.   

   (b)     Dose injected : in general, the duration of the block is 
increased with an increase in the dose (or mass) of the 
local anesthetic injected.   

   (c)     Block spread : for a given dose of the local anesthetic, a 
block with a greater spread (i.e., higher peak sensory 
block) will regress faster, thereby shortening the dura-
tion of action [ 110 ].   

   (d)     Addition of adjuvants : as mentioned above, the addition 
of vasoconstrictors and opioids may delay the regression 
of the block [ 111 ,  112 ].       

    Intrathecal Local Anesthetics 

 The physicochemical properties of local anesthetics such as 
lipid solubility and protein binding impact the duration of 
block. Depending upon this, these local anesthetics may be 
classifi ed as follows: 

    Short-Acting Agents 
     (a)     Procaine  is an amino ester with a rapid onset (3–5 min) 

but short duration (50–60 min) of block. This is due to 
its poor lipid solubility and protein binding. Compared 
to lignocaine, it has a higher rate of block failure but a 
lower rate of transient neurologic syndromes (TNS) 
[ 113 ,  114 ].   

   (b)     2 - Chloroprocaine  is an amino ester with a rapid onset 
and short duration (60 min) of spinal block comparable 
to lignocaine. It has a lower incidence of TNS [ 115 ].   

   (c)     Prilocaine  is a short-acting amino-amide with a short 
duration of action (60–120 min). It has been recently 
used for ambulatory surgery, with shorter recovery times 
when compared to lignocaine [ 116 ,  117 ].      

    Short- to Intermediate-Acting Agents 
     (a)     Lignocaine  is an amino-amide with a rapid onset and 

short to intermediate duration of action (60 min, depend-
ing upon dose). Its use has dramatically declined due to 
the higher frequency of TNS observed with its use 
 (15–33 %) [ 118 ].   

   (b)     Mepivacaine  is an amino-amide with similar profi le to 
lignocaine but lower incidence of TNS (3–6 %).      
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    Long-Acting Agents 
     (a)     Tetracaine  is a long-acting (3 h) amino ester with a high 

lipid solubility. It has been almost entirely replaced by 
bupivacaine due to poor reliability.   

   (b)     Bupivacaine  is a prototypical amino-amide with a long 
duration of action due to high lipid solubility. It is the 
most widely used intrathecal local anesthetic. It has an 
onset time of 10 min and a block duration of 3–4 h. 
Reducing the doses for unilateral spinal or ambulatory 
surgery shortens the duration of action but may also 
increase the incidence of block failures [ 119 ].   

   (c)     Levobupivacaine : this less cardiotoxic stereoisomer of 
bupivacaine is almost identical to bupivacaine in its spi-
nal anesthetic profi le [ 120 ].   

   (d)     Ropivacaine  is a long-acting amino-amide which has 
gained popularity by virtue of its less cardiotoxic poten-
tial. When compared to bupivacaine, it is less potent and 
produces a block of shorter duration [ 121 ].     

 Dosages and duration of commonly used local anesthetics 
are summarized in Tables  41.7  and  41.8 .

   Table 41.7    Dosages of hyperbaric local anesthetics   

 Local anesthetic 

 0.5 % Bupivacaine (5–8 % 
glucose) 

 5 % Lignocaine (7.5 % 
glucose) 

 4 % Mepivacaine (9.5 % 
glucose) 

 1 % Tetracaine (5 % 
glucose) 

 ml  mg  ml  mg  ml  mg  ml  mg 
 T6—high  2.5–4.0  12.0–20.0  1.5–2.0  75–100  1.5–2.0  60–80  1.5–2.0  7.5–10.0 
 T10—medium  2.0–2.5  10.0–12.5  1.0–1.5  50–75  1.0–1.5  40–60  1.0–1.5  5.0–7.5 
 L1—deep  1.5  7.5  1.0–1.2  50–60  1.0–1.2  40–48  1.0–1.2  5.0–6.0 
 S1–S5 saddle block  1.0  5.0  0.6–1.0  30–50  0.6–1.0  24–40  0.5–1.0  2.5–5.0 

 Onset of effect (min)  10–20  5–10  5–10  10–20 
 Duration of effect 
(min) 

 Up to 160  Up to 60  Up to 60  Up to 150 

 Prolongation with 
vasopressors 

 No clinically signifi cant prolongation  Up to 180–240 min 

   Table 41.8    Dosage with isobaric local anesthetic   

 Local anesthetic  Dose 
 Duration of effect 
(min) 

 Prilocaine 2 %  3–4 ml (60–80 mg)  60–120 
 Mepivacaine 2 %  3–5 ml (60–100 mg)  30–90 
 Lidocaine 2 %  3–5 ml (60–100 mg)  30–90 
 Bupivacaine 0.5 %  3–4 ml (15–20 mg)  160 
 Ropivacaine 0.5 %  3–5 ml (15–25 mg)  60–120 
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         Intrathecal Adjuvants 

 Additives are often used along with intrathecal local anes-
thetics to prolong or intensify their block. Although many 
drugs have been used and evaluated for this, the commonly 
used intrathecal additives include opioids, vasoconstrictors, 
and the α2-adrenergic agonists. 

    Opioids 
 Opioids act  synergistically  with local anesthetics by block-
ing the opioid receptors at the spinal level.
    (a)     Morphine  is the most commonly used hydrophilic opi-

oid. Because of its slow distribution within the CSF and 
a slow plasma clearance, it has a long duration of action 
when given intrathecally. Used in the doses of 100–
400 mcg, it provides good postoperative analgesia up to 
24 h. However, the intrathecal use of morphine has been 
implicated in delayed respiratory depression due to ros-
tral migration within the CSF [ 122 ]. Higher doses of 
intrathecal morphine are associated with higher inci-
dence of side effects such as nausea, vomiting, pruritus, 
urinary retention, and respiratory depression [ 123 ,  124 ].   

   (b)     Fentanyl  is the most commonly used lipophilic opioid 
having a rapid onset (5–10 min) and an intermediate 
duration (1–2 h) of action. In the dose range of 
10–25 mcg, it increases the intensity of the block with-
out prolonging it. This makes it a suitable option for 
ambulatory surgery. It should be noted however that 
there is a risk of nausea and vomiting and pruritus, espe-
cially at higher doses.   

   (c)     Sufentanil  is a lipophilic opioid used in the dose range of 
2.5–7.5 mcg. It has been used in orthopedic surgery and 
labor analgesia [ 125 ,  126 ].    

     Vasoconstrictors 
 These drugs reduce the vascular uptake of intrathecal local 
anesthetics, thereby prolonging their duration. However, the 
signifi cant prolongation is observed when vasoconstrictors 
are added to tetracaine, when compared with their use along 
with lignocaine or bupivacaine [ 127 ]. The recommended 
dose range of intrathecal  epinephrine  is 0.2–0.3 mg and that 
of  phenylephrine  is 2–5 mg. Due to delay in return of sacral 
autonomic function causing delay in the ability to void and 
increased risk of urinary retention, the use of vasoconstric-
tors is not recommended in ambulatory surgery [ 111 ].  

   α2-Adrenergic Agonists 
 α2-Adrenergic agonists such as  clonidine  and  dexmedetomi-
dine  act on α2-adrenergic receptors in  substantia gelatinosa  
in the spinal cord, intensifying and prolonging both sensory 
and motor block produced by intrathecal local anesthetics. 
Clonidine also prolongs spinal block when given orally or 
intravenously. This, however, is accompanied by a higher 

incidence of undesirable side effects such as bradycardia, 
hypotension, and sedation, when compared with the intrathe-
cal route [ 128 ]. The recommended doses of clonidine is 
15–150 mcg (but lower doses are advocated), while that of 
dexmedetomidine is 3 mcg [ 129 ,  130 ].   

    Pharmacology of Epidurally 
Administered Drugs  

 The precise site of action of epidural local anesthetic is not 
known. However, they are distributed by resorption into the 
circulation (via the epidural venous plexus), diffuse through 
the dura into the CSF, and spread laterally through the inter-
vertebral foramina (associated paravertebral block of the spi-
nal nerves) [ 131 ]. 

 The local anesthetic spreads both cephalad and caudad in 
the epidural space. Since the band of anesthesia produced 
thus cannot be predicted accurately in a given patient, clini-
cians must be aware of major factors determining this spread. 
The factors affecting the spread of the local anesthetic within 
the epidural space are discussed below:
    (a)     Drug mass ,  concentration ,  and volume : both total drug 

dose and volume are independent determinants of the 
spread of epidural block. However, they are  not linearly  
related. A higher concentration produces a profound 
block of both motor and sensory nerves, as opposed to a 
more selective sensory block produced by using lower 
concentrations [ 132 ].   

   (b)     Site of injection : this is a  major determinant  of the epi-
dural spread. For example, the same volume of drug in 
the caudal space covers less dermatomes when com-
pared to the thoracic level [ 133 ].   

   (c)     Other technical factors : patient position, needle angula-
tion, direction of needle opening, and the speed of injec-
tion are not clinically signifi cant.   

   (d)     Length of catheter in space : threading an epidural cath-
eter more than 5 cm may cause lateral location of the 
catheter tip, resulting in missed segments or unilateral 
block.   

   (e)     Patient factors : increasing age, shorter height, and 
increased body mass index are associated with increased 
spread, but this is highly variable and cannot be pre-
dicted. The epidural spread is not affected by differences 
in gender.      

    Epidurally Used Local Anesthetics 

 Nearly all local anesthetics have been used for epidural 
block. They are commonly classifi ed by their duration of 
action.  Time for two segment regression  is the time taken for 
the block to recede by two dermatomes from its maximal 
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extent, while the  time for complete resolution  is the time 
taken for the recovery from sensory block. While the former 
helps to time the repeating of an epidural dose intraopera-
tively, the latter is used to estimate the time for discharge for 
outpatients. Commonly used agents with doses are men-
tioned in Table  41.9 .

   In general, more dilute concentrations suffi ce for analge-
sia, while higher concentrations are used for a surgical block. 
The total dose and volume needed depends upon the surgery 
and other factors already discussed in section “ Management 
of the patient after an epidural block ”.  

   Table 41.9    Commonly used local anesthetic agents for a surgical epidural block   

 Drug and concentration  Usual dose (ml)  Onset time (min) 
 Time for two segment 
resolution (min) 

 Recommended 
“top-up” time (min) 

 Time for complete 
resolution (min) 

  Short - acting agents  
 Chloroprocaine 2–3 %  15–25  6–12  45–60  45  100–160 min 
  Intermediate - acting agents  
 Lignocaine 1–2 %  10–20  10–20  60–100  60  160–200 
 Mepivacaine 1.5–2.0 %  15–30  10–30  60–100  60  160–200 
  Long - acting agents  
 Ropivacaine 0.2–1.0 %  10–20  90–180  120  180–360 
 Bupivacaine 0.25–0.5 %  10–20  5–20  120–240  120  300–480 
 Levobupivacaine 0.25–0.5 %  10–20  5–20  120–240  120  300–480 
 Etidocaine 1–1.5 %  15–30  10–15  120–240  120  300–480 
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    Epidurally Administered Adjuvants 

 Similar to spinal anesthetic, many adjuvants have been used 
to improve the quality of an epidural block. These are sum-
marized below. 

   Epinephrine 
 In a concentration of 2.5–5 mcg/ml (1:400,000–1:200,000), 
epinephrine prolongs both the sensory and motor block when 
added to short- to intermediate-acting local anesthetics [ 134 ]. 
It reduces the vascular uptake of local anesthetics into the sys-
temic circulation. It may also exert an analgesic effect through 
α2-adrenergic receptors, reducing pain transmission within the 
spinal cord [ 135 ]. The addition of epinephrine in an epidural 
block produces a vasodilatation secondary to β2-adrenergic 
effects in the periphery. This decreases the mean arterial pres-
sure but also increases the cardiac output [ 136 ].  

   Clonidine 
 Clonidine prolongs the sensory block only, when added to 
epidural local anesthetics. It is used in doses of 150–300 mcg. 
Hypotension and sedation are common secondary to sys-
temic uptake.  

   Opioids 
 Commonly used epidural opioids include fentanyl (0.5–
0.15 mcg/kg), sufentanil (0.3–0.7 mcg/kg), hydromorphone 
(0.8–1.5 mg), and morphine (4–6 mg) [ 137 ].  

   Bicarbonate 
 Addition of sodium bicarbonate (0.1 mEq/ml) to local anes-
thetics has been proposed as a means to hasten the onset of 
the blocks. While some studies have shown a faster onset, 
others have found no difference [ 138 ].    

    Complications of Neuraxial Blocks 

 Complications arising from a spinal or an epidural anesthetic 
are mostly cardiovascular and neurological. However, practi-
cally, they can be classifi ed as early or late. 

    Early Complications 

 These include complications seen immediately following a 
neuraxial block and in the early perioperative period. 

   Cardiovascular 
 These are the most prominent complications of a central 
neuraxial anesthetic and occur as a consequence of profound 
sympathetic block caused by the intrathecal local 
anesthetic.
    (a)    Hypotension: arteriolar dilation and venous pooling lead 

to hypotension, which is the most frequent complica-
tions (16–33 %) observed [ 139 ]. A block above T5, 
emergency surgery, age greater than 40, chronic hyper-
tension, a combined spinal–general anesthetic, and an 
intrathecal injection above L2–L3 are risk factors for 
developing hypotension [ 39 ]. Although hypotension 
mostly follows immediately after the neuraxial block, it 
may be delayed as well. Epidural anesthetic in general is 
associated with a more gradual fall of blood pressure, 
making it a better choice in certain circumstances. 
Prophylactic fl uid administration (20 ml/kg) and use of 
vasopressors such as ephedrine (in 5–10-mg increments) 
or phenylephrine (50–100-mcg increments) can be used 
to effectively counteract hypotension.   

   (b)    Bradycardia: results usually from a high block, as a con-
sequence of blockade of the cardiac accelerator fi bers 
(T1–T4) or more commonly from a vagal refl ex associ-
ated with intracardiac stretch receptors in the presence of 
decreased cardiac fi lling. Apart from a high block, a 
younger age, ASA class 1 status, preoperative use of 
beta-blockers, and male gender are risk factors for bra-
dycardia [ 140 ]. Anticholinergics such as atropine and 
adrenergics such as ephedrine are commonly used to 
treat this.   

   (c)    Cardiac collapse: asystole and cardiac arrest following a 
spinal is a known complication [ 34 ]. It is usually pre-
ceded by bradycardia resulting from the mechanisms 
described above.      

   Nausea and Vomiting 
 It is associated with hypotension (hypoperfusion of the chemo-
receptor trigger zone) and the use of opioids (direct stimulation 
of chemoreceptor trigger zone). A sympathetic–parasympa-
thetic imbalance may also have a role to play in the causation 
of nausea. It can be effectively treated by dexamethasone and 
5-HT 3  antagonists (ondansetron) [ 141 ].  

   Tissue Trauma and Back Pain 
 Multiple attempts at a neuraxial block lead to trauma to soft 
tissue and ligaments. This can contribute to persistent backache 
[ 142 ]. However, other factors may have a role to play as well.  
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   Total Spinal Anesthetic 
 This may result due to inappropriate dosing during a spinal 
anesthetic, positioning error, or unintended passage of local 
anesthetic from epidural space to subarachnoid space (sec-
ondary to an unrecognized dural tap or catheter migration) 
[ 143 ,  144 ]. It manifests as a rapidly ascending motor–sen-
sory block, hypotension, bradycardia, and respiratory com-
promise. Medullary paralysis may result in a respiratory 
arrest and loss of consciousness. It is life-threatening and 
requires immediate treatment. 

  Management : this involves prompt recognition, securing 
the airway, ventilation, and supporting the hemodynamics 
till spontaneous recovery of the patient.

•    Immediate tracheal intubation (thiopental 1–2 mg/kg b.w. 
routinely ca. 150 mg i.v.); succinylcholine if appropriate, 
since the muscles of mastication are not affected  

•   Ventilation with 100 % oxygen  
•   Raising the legs  
•   Rapid volume administration  
•   Atropine  
•   Vasopressor  
•   Dopamine infusion  
•   Careful cardiovascular monitoring     

   Subdural Anesthetic 
 This presents as widespread but ineffective patchy anesthesia 
(Fig.  41.45 ) [ 145 ]. Subdural injection can never be excluded 
with certainty. It may occur slightly more frequently after 
spinal anesthesia or myelography than after epidural anes-
thesia. The subdural space is at its widest in the cervical 
region, particularly dorsolaterally. It does not end at the great 
foramen as does the epidural space but continues cranially. 
    (a)     Warning signs : an unusually high sensory block, which 

develops very slowly (even after 20 min) and a much 
less marked motor block. The clinical picture resembles 
that of total spinal anesthesia and is characterized by 
moderate hypotonia, breathing diffi culties with retained 
consciousness, and often involvement of the cranial and 
cervical nerves. 

  Trigeminal nerve : trigeminal nerve palsy, with 
accompanying paresthesias in the area supplied by the 

nerve and transient weakness of the muscles of mastica-
tion with simultaneous Horner’s syndrome, has been 
observed after high epidural anesthesia or subdural 
spread [ 146 – 148 ]. 

  Horner ’ s syndrome : Horner’s syndrome is produced 
after neuraxial anesthesia with a high spread of the 
injected local anesthetic and block of very sensitive sym-
pathetic nerve fi bers in the areas of segments T4–C8 [ 148 , 
 149 ]. Most often, Horner’s syndrome is seen after high 
spinal or epidural anesthesia in obstetrics and when there 
is subdural spread of the local anesthetic [ 150 ]. Relatively 
rapid resolution of the symptoms is characteristic.   

   (b)     Differential diagnosis : 
 Total spinal anesthesia: this has a dramatic course, 

unrecordable blood pressure and respiratory arrest, and 
takes a longer time required for symptoms to resolve.   

   (c)     Prophylaxis :

•    Individual dosage and dose reduction in older 
patients, pregnant patients, obese patients, and those 
with diabetes mellitus or arteriosclerosis  

•   Incremental injection in epidural anesthesia       

     Dural Tap 
 It presents as a gush of CSF through the epidural needle or 
upon aspiration through the catheter (Fig.  41.45 ) [ 151 ]. 
Management options include passing a catheter through the 
puncture made or reattempting the epidural in another 
space. In over 75 % of the cases, use of an epidural needle 
is associated with development of post-dural puncture 
headache.  

   Local Anesthetic Toxicity 
 Inadvertent deposition of drug into a vein or systemic absorp-
tion of local anesthetic following infusions may lead to local 
anesthetic toxicity.   

    Delayed Complications 

 These present usually after a few days or weeks of having 
performed a neuraxial block. 
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   Nerve Injury 
 These include the following:
    (a)    Direct needle trauma: this commonly occurs at the time 

of performance of the block and is associated with sever 
paresthesia in the dermatomal distribution of the nerve 
root injured (Fig.  41.45 ) [ 152 ].   

   (b)    Neurotoxicity: all local anesthetics are potentially neu-
rotoxic [ 153 ]. Despite this, local anesthetic-induced neu-
ral damage is rarely seen clinically.   

   (c)    Transient neurological syndrome: this presents as low 
back pain that radiates to the lower extremities after a 
spinal anesthetic. The symptoms last for a week and are 
treated supportively using simple analgesics. Risk fac-
tors such as outpatient procedures, the lithotomy posi-
tion, obesity, and the use of lignocaine have been 
implicated in their development [ 154 ].   

   (d)    Cauda equina syndrome: this presents as motor weak-
ness and loss of bladder and bowel function, following 
the use of continuous spinal anesthesia. The pooling of 
local anesthetic around sacral nerves is thought to be the 
causative mechanism in its development [ 155 ].      

   Infections 
 Infections such as localized skin infections, a spinal 
abscess, an epidural abscess, or meningitis can rarely occur 
following a neuraxial anesthetic (Fig.  41.45 ). A spinal or 
epidural abscess presents a localized back pain and tender-
ness upon palpation, with sensory or motor defi cits and 
fever. A magnetic resonance imaging of the vertebral canal 
is considered best for establishing a diagnosis. Intravenous 
antibiotics and surgical drainage or decompression may be 
needed.  

  Fig. 41.45    Complications. ( 1 ) Intravascular injection, ( 2 ) subdural 
injection, ( 3 ) subarachnoid injection, ( 4 ) catheter shearing, ( 5 ) epidural 
abscess, ( 6 ) epidural hematoma, and ( 7 ) injury to the spinal cord and 
nerve roots (With permission from Danilo Jankovic)       
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   Post-dural Puncture Headache (PDPH) 
 It is a relatively common complication of a spinal or an epi-
dural anesthetic. The incidence of PDPH with the use of 
smaller-gauge spinal needle (25–26G) is 0.5–1 %, while 
puncture with an epidural needle (17–18G) results in PDPH 
in over 75 % of cases [ 44 ].
    (a)     Mechanism : the proposed mechanism of the headache is 

the loss of CSF causing decrease in CSF pressure. This 
causes sagging of intracranial structure, with consequent 
traction on pain-sensitive structures (such as meninges, 
cranial nerves, and veins) [ 156 ]. The second hypothesis 
suggests that decreased CSF pressure leads to intrathecal 
hypotension and painful vasodilatation of the intracra-
nial blood vessels (known as the “intracranial vascular 
response”) [ 157 ]. Mainly when the patient is in a stand-
ing position, painful areas dilate (meninges, tentorium, 
vessels), and there is further pain transmission via the 
cerebral nerves and upper cervical nerves.   

   (b)     Clinical presentation : PDPH presents as a positional 
headache, worse on sitting up, 12–48 h after a dural 
puncture. PDPH is bilateral, predominantly frontal–tem-
poral, and dull or throbbing in nature. Its severity varies, 
and it may be accompanied by associated symptoms 
such as nausea, vomiting, photophobia, diplopia, and 
hearing impairment. While younger females and parturi-
ents are at a higher risk of PDPH, older males are at a 
lower risk [ 158 ].   

   (c)     CSF hypotension syndrome and involvement of the cra-
nial and cervical nerves : all of the cranial nerves, with 
the exception of the olfactory nerve, glossopharyngeal 
nerve, and vagus nerve, can be affected by low CSF 
pressure. The abducent nerve and vestibulocochlear 
nerve are most frequently affected (Fig.  41.46 ). The long 
intracranial course of the abducent nerve leads to trac-
tion and consequent irritation of the nerve when there 
are changes in intracranial pressure. The patient com-

plains of double vision, with parallel horizontal images 
and diffi culties in focusing on objects [ 150 ]. When pre-
cise audiometric examinations are carried out, unilateral 
or bilateral hypoacusis (vestibulocochlear nerve involve-
ment) can be observed in 0.4–40 % of patients with CSF 
hypotension syndrome [ 150 ]. The prognosis is good.    

   (d)     Differential diagnosis : this includes migraine, tension 
headache, cervical myofascial pain (particularly in the 
sternocleidomastoid muscle, with what is known as 
“pseudospinal headache”), CNS infections (bacterial 
meningitis), sinus thrombosis (in the second half of 
pregnancy or in the puerperium, frequently in pre-
eclampsia), and pneumocephalus (after accidental dural 
perforation in attempted epidural anesthesia when using 
the loss-of-resistance technique with air) [ 159 ].   

   (e)     Initial management  is conservative and includes simple 
analgesics and oral hydration. The majority of patients 
experience marked improvement in the symptoms or com-
plete recovery after 5–7 days with this form of treatment. 
Other drugs such as caffeine, sumatriptan, and ACTH 
have been found useful [ 160 – 162 ]. Caffeine produces 
cerebral vasoconstriction and consequent decrease in 
cerebral blood fl ow providing a transient relief from head-
ache. ACTH may stimulate the adrenal gland to increase 
cerebrospinal fl uid production and possibly also increase 
[beta]-endorphin output [ 163 ]. This may thus relieve low 
CSF pressure and also provide analgesia. Sumatriptan, a 
serotonin-type 1D receptor agonist, may relieve headache 
by producing cerebral vasoconstriction [ 164 ].   

   (f)     Invasive management : the gold standard for the treat-
ment of PDPH remains an autologous blood patch 
(Figs.  41.47  and  41.48 ). Its mechanism appears to be the 
tamponade of dural leak, with subsequent improvement 
of CSF pressures [ 165 ]. It often produces a dramatic 
relief of symptoms but may need to be repeated 
occasionally.      
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  Fig. 41.48    Epidural injection of homologous blood (With permission 
from Danilo Jankovic)       

  Fig. 41.47    Sterile withdrawal of blood (With permission from Danilo 
Jankovic)       

  Fig. 41.46    Cranial nerves. ( 1 ) Optic nerve, ( 2 ) trochlear nerve, ( 3 ) tri-
geminal nerve, ( 4 ) vestibulocochlear nerve, ( 5 ) glossopharyngeal nerve, 
( 7 ) vagus nerve, ( 8 ) hypoglossal nerve, and ( 9 ) abducent nerve (With 
permission from Danilo Jankovic)       
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     Spinal or Epidural Hematoma 
 Although rare, this is the most feared complication of a 
central neuraxial block (Fig.  41.45 ). Because the vertebral 
canal is a confi ned space, any bleeding may result in com-
pression of the spinal cord resulting in a sensory–motor 
loss below the level of the compression. Patient with altered 
hemostasis and ongoing antiplatelet or anticoagulant ther-
apy is at increased risk of developing a spinal or epidural 
hematoma. This usually presents as a sensory–motor 
impairment of unusually prolonged duration. Confusing 

this with an ongoing effect of local anesthetic often delays 
the correct diagnosis and management. Back pain and blad-
der or bowel dysfunction may also point toward the possi-
bility of neural damage. Prompt imaging and neurosurgical 
consultation should be arranged, as the prognosis is poor if 
the delay between the onset of paralysis and surgical 
decompression is more than 6–8 h [ 166 ]. Guidelines con-
cerning neuraxial anesthesia in anticoagulated patents 
should be followed to minimize the risks of this devastating 
complication [ 167 ].                                          
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Record and checklist
Lumbar epidural anesthesia
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Record and checklist
Lumbar catheter epidural anesthesia

Name:
Diagnosis:

Premedication:

Purpose of block:

Needle:

i.v. access, infusion:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

Patient:

Position:

Access:

Injection level:

Injection technique:

Approach: In plane

No Yes

Carried out

Placed deeper than the puncture site

Epinephrine added: Yes No

Carried out

mL

mg/mg

None

Cold test Temperature measurement before °C °Cafter

Sensory: L T Motor

None

Pain Vasovagal reactions
Dural puncture Intravascular injection Total spinal anesthesia

Respiratory disturbance Muscle tremor Postdural puncture headache

Neurological complications

Radicular symptoms BP drop Vascular puncture

Massive epidural anesthesia Subdural spread Drop in body temperature
Bladder emptying disturbances Back pain

Pain Paresthesias Warmth

%

Identified

Advanced 3–4 em cranially

Out of plane

Transducer

Loss of resistance

L3/L4

Median

Lateral decubitus Sitting

Paramedian

Other

Other

Curved LinearUltra sound guided

Epidural space:
Catheter:

Catheter end:

Bacterial filter:

Aspiration test:

Test dose:

Check on sensorimotor function after 5 min:

Abnormalities:

Injection:

Local anesthetic:
(incremental)

Addition:

Subsequent injection (incremental):

Patient's remarks during injection:

Duration and area:

Objective block effect after 20 min:

Complications:

Special notes:

With permission from Danilo Jankovic

Surgical

Tuohy G

Therapeutic

Other

Yes

ECG

Yes (equipment checked)

Pulse oximetry

Checked

Informed

Neurological abnormalities:

Date:

No
No Yes

Yes

mL %

C1

C2
C3

C4
C5 C3

C4

C6
C8
T1

T1

T2

T2

T3
T4
T5
T6
T7
T8
T9
T10
T11
T12

T3
T4
T5
T6
T7
T8
T9
T10

T11

T12
L1

L2

L3

L1

S1

S2

S3

S4
S5

L2

L3

L4

L4

L5

L5

C7

C5

C6

C8

C7

1.h
15

220

200

180

160

140

120

100

80

60

40

20

30 45 15 30 45

m
m

 H
g

O
2

2.h

Chapter 41 Neuraxial Blocks: Spinal and Epidural Anesthesia



553

Record and checklist
Spinal anesthesia
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Record and checklist
Continuous spinal anesthesia
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Record and checklist
Thoracic catheter epidural anesthesia
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          Introduction 

 Since earliest recorded history, childbirth has been recog-
nized as one of the most painful human experiences. Various 
pharmacologic and non-pharmacologic analgesic remedies 
have been described in ancient writings [ 1 ]. In an era when a 
“successful birth” was defi ned as survival of both mother and 
baby, early practitioners recognized that systemic drugs 
given to the parturient could depress the newborn. In 1900, 
the fi rst spinal anesthetic was given for labor. This was fol-
lowed in 1902 by spinal anesthesia for Cesarean section. In 
the early twentieth century, spinal anesthesia resulted in a 
maternal mortality rate of almost 0.1 % and led to severe side 
effects such as post-dural puncture headache, nausea, and 
vomiting. As a result, the technique was almost abandoned 
because of the dangers involved [ 2 ]. 

 In the 1940s and 1950s, safety improved as skilled per-
sonnel became available, better equipment was developed, 
and an understanding of the maternal physiology was 
acquired. Over the intervening 60 years, neuraxial analgesia 
has become the most popular form of labor analgesia. By 
2008, 61 % of American women who had singleton vaginal 
deliveries received neuraxial analgesia [ 3 ]. In this chapter, 
we will discuss the physiologic changes in pregnancy that 
directly impact conduct of neuraxial analgesia for the partu-
rient. We will then discuss the mechanism of the pain of par-
turition. Finally, we will discuss the conduct of analgesia, 
including the goals of therapy, pharmacology, and side 
effects.  

    Anatomy of the Lumbar Epidural Space 

 A description of the normal anatomy of the lumbar spine can 
be found in Chap.   40    . Pregnancy changes the anatomy of 
lumbar vertebral column and the contents of the epidural 

space. As pregnancy progresses, there is an increase in the 
lumbar lordosis. This is most marked in parturients with 
multiple gestation or polyhydramnios. The bulk of the 
abdominal contents may change maternal posture, narrowing 
the lumbar interspaces and making needle introduction dif-
fi cult. In most parturients, this can be overcome with careful 
positioning. 

 Relaxin is a polypeptide, produced in the corpus luteum 
and the placenta. It has a positive role in remodeling 
 collagen in the cervix (allowing for labor to take place) and 
ligaments (increasing the space in the pelvis) [ 4 ]. It may 
also soften the ligaments of the lumbar spine leading to 
back pain. When introducing an epidural needle, the liga-
mentum fl avum may seem softer in the parturient than in 
the nonpregnant patient and may put her at risk for acciden-
tal dural puncture. 

 While fat takes up the majority of the epidural space in 
the lumbar region, other elements such as blood vessels and 
nerves are also present [ 5 ]. Increased blood volume in the 
anterior and lateral extradural venous plexus reduces the vol-
ume of other elements in the epidural space. This may 
account for increased spread of local anesthetic compared to 
nonpregnant patients [ 6 ]. In addition, cerebrospinal fl uid vol-
ume is reduced, accentuating the spread of local anesthetic in 
the subarachnoid space [ 7 ]. 

 Landmark identifi cation may be diffi cult in the parturient. 
Midline structures may be obscured by edema and an 
increase in adipose tissue. Because of rotation of the pelvis, 
the line joining the iliac crests (Tuffi er’s line) is more 
cephalic leading to misinterpretation of level. This is particu-
larly true of patients with a high body mass index [ 8 ]. It may 
be useful to use ultrasound to identify the interspace in obese 
patients, particularly when subarachnoid techniques are used 
[ 9 ]. For example, combined spinal–epidural techniques may 
place the spinal cord at risk of damage if the needle place-
ment is above L2 [ 10 ].  
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    Local Anesthetic Pharmacology 

 As described above, neuraxial local anesthetics are more 
potent in pregnant than in nonpregnant patients. In 1962, 
Bromage showed a reduction in local anesthetic require-
ments for epidural anesthesia (Fig.  42.1 ) [ 11 ]. Recently, 
Camorcia et al. compared the amount of intrathecal local 
anesthetic required to obtain lower limb motor block in male, 
female, and pregnant female patients undergoing surgical 

procedures [ 12 ]. Compared to male patients, pregnancy 
reduced the amount of local anesthetic by almost 50 %. 
Female patients required somewhat less local anesthetic, but 
this difference between sexes was not clinically signifi cant.  

 Several factors may cause pregnant patients to be more 
sensitive to local anesthetics. As mentioned above, reduction 
in epidural and CSF volume may be factors. Other factors 
such as hormonal milieu may act to make individual neural 
elements more sensitive to local anesthetics [ 13 ].  
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  Fig. 42.1    Local anesthetic 
requirements for pregnant vs. 
nonpregnant patients (With 
permission from Oxford 
University Press [ 11 ])       
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    Pain Pathways 

 Labor pain has both visceral and somatic components that 
evolve as labor progresses. During the fi rst stage of labor, 
the visceral component dominates. Uterine contractions 
result in myometrial ischemia and the release of nocicep-
tive mediators such as bradykinin, potassium, and sero-
tonin. In addition, mechanoreceptors are stretched as the 

cervix dilates. Pain impulses are transmitted via the 
 sympathetic pathways in the paracervical region, through 
the pelvis to the hypogastric plexus, entering the lumbar 
sympathetic chain that enters the dorsal horn of the spinal 
cord at the level of T10 to L1. During the second stage, a 
somatic component caused by a stretch of the perineum is 
added. These enter the spinal cord at the level of S1–S4 
(Fig.  42.2 ).   
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  Fig. 42.2    Pain pathways for 
parturition (With permission 
from Danilo Jankovic)       
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    Goals of Therapy 

 Childbirth is a multidimensional experience, and when 
considering treatment, one must strike a balance between 
pain relief and other aspects, such as physical, emotional, 
psychological, sociological, and other needs. For example, 
some women may consider analgesia unsatisfactory if it 
results in reduced ability to participate in the second stage 
of labor. A list of the characteristics of an ideal labor anal-
gesic can be found in Table  42.1 . Neuraxial analgesia can 
come very close to this ideal when properly conducted. 

   Table 42.1    Characteristics of an ideal labor analgesic   

 1. Effective pain relief 
 2. Maternal safety 
 3. Fetal and neonatal safety 
   a. Minimal effect on the fetal physiology 
   b. Minimal effect on the newborn 
 4. No adverse effects on the progress of labor including 
   a. Duration of the fi rst or second stage of labor 
   b. Incidence of operative vaginal delivery 
   c. Incidence of Cesarean section 
 5. Few maternal side effects 
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    Effective Pain Relief 

 Neuraxial analgesia is more effective than other methods. A 
recent meta-analysis of 17 randomized controlled trials com-
prised of 6,019 patients reported that 1 % of women required 
additional means of analgesia when neuraxial analgesia was 
used compared to 22 % for other methods [ 14 ]. Further, in an 
earlier meta-analysis of seven randomized trials comprised 
of 2,000 patients reported signifi cantly reduced visual analog 
pain scores in patients who received neuraxial analgesia 
compared to those who received parenteral opioids. In the 
fi rst stage, the difference was 40 mm (on a 100-mm scale), 
and in the second stage, it was 30 mm. Both were highly 
statistically and clinically signifi cant [ 15 ].  

    Maternal Safety 

 When properly conducted, neuraxial analgesia has an excel-
lent maternal safety record. The incidence of severe neuro-
logical complications is lower in parturients that in 
nonpregnant patients receiving neuraxial anesthesia in the 
perioperative setting [ 16 ]. When placing a neuraxial block, 
the anesthesiologist must be aware of the lumbar interspace 
and ensure that it is below the termination of the spinal cord. 
Other precautions, such as meticulous sterile technique, a 
system to ensure the correct drug is injected, etc., should be 
observed in the same fashion as in the operating room. There 
are a number of special precautions that should be taken to 
minimize the possibility of maternal injury. These include:

    1.    Avoid hypotension. This can occur because of pressure 
from the uterus on the inferior vena cava causing a reduc-
tion in preload. Hypotension may result in maternal light-
headedness or fainting and can be avoided by displacing 
the uterus (usually to the left side) off the vena cava. 
Caval compression becomes clinically signifi cant when 
the fundus of the uterus can be palpated at the level of the 
umbilicus, usually after the 20th week of gestation. 
A vasopressor such as ephedrine or phenylephrine should 
be immediately available to treat hypotension. A large 
bolus of fl uid prehydration is likely unnecessary before 
initiation of low-dose neuraxial analgesia [ 17 ,  18 ].   

   2.    Post-dural puncture headache. This can occur in up to 1.6 % 
of patients who receive epidural analgesia. The incidence of 
accidental dural puncture with a large-bore epidural needle 
may be reduced by ensuring a controlled entry into the epi-
dural space and advancing the needle when the patient is not 
having a contraction. A recent systematic review of random-
ized controlled trials did not fi nd any maneuvers that were 
effective in reducing accidental dural puncture [ 19 ]. When 
deliberately puncturing the dura with a spinal needle during 
a combined spinal–epidural technique (CSE), dural punc-
ture headache can be minimized by using the smallest gauge 
needle possible and a non-cutting needle [ 20 ].   

   3.    Avoid accidental intravenous or intrathecal injection of 
local anesthetic. Fortunately, the doses of local anesthetic 
used for neuraxial analgesia for labor are very low. Some 
clinicians prefer to perform a “test dose” before the initial 
loading dose. This may include a combination of epi-
nephrine that may be detected as maternal tachycardia 
when injected intravenously and a small dose of lidocaine 
that would immediately cause profound analgesia and 
motor block if injected intrathecally. Unfortunately, this 
combination does not achieve its goals. The baseline 
heart rate during labor is variable, and there may be con-
fusion between the tachycardia caused by the test dose 
and the tachycardia caused by contraction pain. The 
 lidocaine component may be effective in demonstrating 
an intrathecal injection, but it also causes unnecessary 
motor block when injected into the epidural space [ 21 ]. It 
may be preferable to fractionate the loading dose so that 
each fraction becomes a “test dose.”    

      Fetal and Neonatal Safety 

 While providing analgesia, it is important to cause as little dis-
turbance to the fetal physiology as possible. In addition, any 
drug given to the mother will be transferred to the maternal 
circulation and ultimately to the fetal circulation. These drugs 
may have a direct or indirect effect on the fetus and newborn. 
Drugs that remain in the maternal circulation will be present in 
breast milk, providing additional exposure to the newborn. 

 Local anesthetics, in the doses given for labor analgesia, 
do not cause any important direct physiologic or pharmaco-
logic effects on the fetus [ 22 ]. Indirect effects may be more 
important and may be benefi cial or harmful. Neuraxial anal-
gesia that results in hypotension causes abnormal fetal heart 
rate patterns that are reversed when hypotension is treated. 
Severe labor pain increases maternal ventilation and hypo-
carbia resulting in acute respiratory alkalosis. This may 
result in a shift in the oxygen dissociation curve and reduced 
oxygen delivery to the fetus. Severe pain may also cause an 
increase in circulating catecholamines that may result in dis-
coordinated labor and reduced uteroplacental perfusion [ 23 ]. 
Pain relief reverses these changes. However, if pain relief is 
too rapid, some authors suggest that uterine tetany may result 
in an acute, short-lived increase in uterine tone, restricting 
blood fl ow. Thus, fetal bradycardia is observed more often 
when a CSE is given for labor analgesia compared to epi-
dural alone. It should be noted that the effect is transient and 
does not increase the incidence of Cesarean section for fetal 
distress or affect neonatal outcome [ 23 ]. 

 Opioids, such as fentanyl and sufentanil, are often given 
combined with local anesthetics either in the epidural or sub-
arachnoid space. These have few direct effects on the fetus 
because the dose is low. If there is maternal respiratory 
depression, this may indirectly lead to fetal acidosis and 
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hypoxia. Whether or not opioids, when given in the epidural 
space, can cause breastfeeding problems is controversial. 
Unfortunately, measurement of breastfeeding success is very 
diffi cult because there are no standard measures and there 
are multiple factors that may impact on the outcome. These 
include maternal health, other pharmacologic interventions, 
surgical interventions, sociologic considerations, and hospi-
tal policies [ 24 ]. The effect of neuraxial analgesia on breast-
feeding is discussed in detail below.  

    Progress of Labor 

 Whether or not neuraxial analgesia causes maternal harm by 
impeding progress of labor has been controversial. 
Uncontrolled cohort studies consistently show a strong asso-
ciation between epidural analgesia and an increased inci-
dence of Cesarean section, even when known confounding 
demographics are considered [ 25 ]. Women who have a pro-
longed and more painful and latent phase of labor are more 
likely to require obstetric intervention compared to those that 
do not [ 26 ], likely because of an increased incidence of dys-
tocia in this group [ 27 ]. Therefore, increased pain may be a 
marker for poor obstetric outcome, and these patients are 
more likely to request epidural analgesia. 

 Over the last 20 years, there have been numerous random-
ized controlled trials comparing neuraxial to non-neuraxial 
analgesia for labor. Patients in the study group received either 
epidural or combined spinal–epidural analgesia. Patients in 
the control group received parenteral opioids or non-pharma-
cologic interventions. A recent meta-analysis comprised of 38 
studies, and almost 10,000 patients concluded that neuraxial 
analgesia did not increase the risk of Cesarean section (relative 
risk = 1.10, 0.97–1.25) but may be associated with an increased 
incidence of instrumental vaginal delivery (relative risk = 1.42, 
1.28–1.57). They also found that the duration of the second 
stage of labor was prolonged by about 13 min. 

 It is not clear whether or not mode of analgesia was the 
direct cause of the increased incidence of instrumented vagi-
nal delivery. In particular, the presence of neuraxial blockade 
may induce behavioral changes in the obstetrical team. For 
example, epidural analgesia facilitates forceps delivery. At 
least one author described an excess of instrumented vaginal 
delivery in their parturients with epidurals for the purpose of 
resident training [ 28 ]. As discussed in detail below, the rate of 
instrumental vaginal delivery can be minimized by using low 
concentrations of local anesthetic to maintain analgesia [ 29 ].  

    Maternal Side Effects 

 The main focus of research into neuraxial analgesia for labor 
concentrates on reduction of maternal side effects. Effective 
maneuvers for prevention and treatment will be discussed 
below.   

    Pharmacology 

 The main drugs used in the epidural and subarachnoid space 
for labor include local anesthetics, opioids, and epinephrine. 
Clinical trials using other adjuvants such as clonidine, mag-
nesium, and neostigmine have been reported, but at this time, 
none of these are used outside of the research setting and will 
not be considered further. 

    Local Anesthetics 

 Long-acting, amide local anesthetics are most commonly 
used for labor. Bupivacaine and ropivacaine are the only 
anesthetic agents available in North America. 
Levobupivacaine is available in most other parts of the world. 

 Lidocaine was the fi rst local anesthetic used for labor 
analgesia, but its use was limited because of the high inci-
dence of motor block and tachyphylaxis as labor progresses. 
Bupivacaine, fi rst manufactured in 1957, was superior and 
became the most common local anesthetic used for labor epi-
dural analgesia. In 1979, Albright reported a case series of 
six patients who suffered cardiac arrest because of accidental 
intravenous injection of a large dose of bupivacaine or etido-
caine, calling the safety of these long-acting local anesthetics 
into question [ 30 ]. Ropivacaine and levobupivacaine were 
developed in an attempt to increase safety. It should be noted 
that cardiac toxicity has not been reported with any local 
anesthetics in the low doses currently recommended for ini-
tiation and maintenance of labor analgesia. 

 There have been numerous studies comparing ropivacaine 
to bupivacaine for labor in terms of effi cacy, side effects, and 
labor outcome. It should be noted that ropivacaine is about 
60–75 % as potent as bupivacaine when given as a bolus for 
initiation of labor [ 31 ]. When potency is considered, there is 
very little difference between the two drugs. In particular, 
both provide excellent analgesia and do not interfere with the 
progress of labor. In patients who received epidural analgesia 
for more than 6 h, there is a statistically signifi cant increase 
in the incidence of motor block in the lower extremities [ 32 ]. 
However, the effect is small. At this time, ropivacaine tends 
to be somewhat more expensive than bupivacaine and eco-
nomic factors, rather than clinical factors may decide which 
drug to use. 

 There is less information about levobupivacaine than 
either bupivacaine or ropivacaine. The potency of levobupi-
vacaine seems to be about the same as bupivacaine. Block 
characteristics including the incidence of motor block and 
analgesic effi cacy seem to be similar to bupivacaine [ 33 ].  

    Opioids 

 Lipid soluble opioids such as fentanyl and sufentanil bind to 
receptors in the spinal cord and work at that level, rather than 
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through systemic mechanisms [ 34 ,  35 ]. These are often 
 combined with local anesthetics for both initiation and 
 maintenance of labor analgesia. While other opioids have 
been studied, none are commonly used in clinical practice 
and will therefore not be considered further (see reference 
[ 36 ] for a full review). 

 When fentanyl is used for initiation of analgesia with 
20 ml of bupivacaine, the median local anesthetic concentra-
tion (MLAC) for 50 % effectiveness was reduced from 0.064 
to 0.034 %, demonstrating signifi cant local anesthetic- 
sparing effect [ 34 ]. When used for maintenance [ 35 ], a simi-
lar local anesthetic-sparing effect was demonstrated. When 
used for initiation of analgesia, the addition of sufentanil 
increases the speed of onset (10.3 vs. 8.7 min) [ 37 ]. 
Clinically, the lowest, clinically effective concentration of 
local anesthetic should be used to reduce the intensity of 
motor block and possibly reduce the incidence of operative 
vaginal delivery [ 29 ]. 

 Of interest, epidural fentanyl alone will provide moderate 
analgesia early in labor, but it is inadequate for the late fi rst 
stage and second stage of labor [ 38 ]. Large doses of fentanyl 
cause severe pruritus, nausea, and vomiting. Signifi cant sys-
temic uptake also causes maternal sedation and possibly neo-
natal depression. For these reasons, lipid soluble opioids 
should be used with local anesthetic to take advantage of the 
synergy between the two classes of drug. 

 In summary, numerous studies have shown the benefi t of 
combining low concentrations of long-acting local anesthet-
ics such as bupivacaine or ropivacaine with lipid soluble opi-
oids. Low doses of opioids should be used to reduce the 
incidence and severity of common side effects such as pruri-
tus, nausea, and sedation. Low doses of opioids do not appear 
to affect neonatal outcomes.  

    Epinephrine 

 Epinephrine is sometimes used as an intravenous test for 
accidental intravenous injection through the epidural cathe-
ter. For this purpose, 15 mcg is often combined with 
45–60 mg of lidocaine. The test is based on detecting mater-
nal tachycardia. Unfortunately, maternal heart rate is 
extremely variable during labor and detection of tachycardia 
is often “false positive.” This would lead to removal and rein-
sertion of the epidural catheter unnecessarily. While this test 
has been recommended by some investigators, most obstetric 
anesthesiologists have abandoned this practice [ 39 ]. 

 Some clinicians add a small amount of epinephrine to 
local anesthetics to prolong duration of action and to reduce 
local anesthetic absorption. These advantages are not rele-
vant for labor analgesia. In most cases, initiation of labor 
analgesia is immediately followed by an infusion eliminat-
ing the need for prolonged duration analgesia. Typically, a 

very low cumulative dose of local anesthetic is used, even in 
prolonged labor so that local anesthetic absorption is not an 
issue. Epinephrine may have some harmful effects such as 
transiently increasing maternal heart rate and reducing 
 uterine activity. Finally, there may be an increased incidence 
of lower limb motor block [ 40 ].   

    Initiation of Analgesia 

 Initiation of analgesia can be accomplished either by using a 
standard epidural technique or a combined spinal–epidural 
(CSE) technique (see below). 

 Epidural analgesia is usually initiated with a low concen-
tration of local anesthetic with or without fentanyl or sufent-
anil. Typically, 15–20 ml of 0.080–0.125 % bupivacaine (or 
the equivalent concentration of ropivacaine) can be given 
with or without up to 25 mcg of fentanyl in divided doses. 
Low concentrations of local anesthetic result in a reduced 
incidence of operative vaginal delivery compared to 0.25 % 
bupivacaine [ 41 ]. 

 Initiation of labor analgesia using a CSE technique has 
become a popular method. This is usually done using a 
needle- through-needle technique. The epidural space is 
found with an epidural needle using a loss-of-resistance 
technique. Then, a long spinal needle is advanced through 
the epidural needle into the cerebrospinal fl uid (CSF). The 
spinal needle is removed and an epidural catheter is placed. 
No additional medication is required at this time, but a 
syringe should be attached to the epidural catheter to aspirate 
for CSF. This is done in order to ensure the epidural catheter 
has not accidentally been passed into the intrathecal space. 
The epidural catheter is secured and maintenance of analge-
sia can begin. 

 Proponents of the technique note the very rapid onset of 
analgesia without the attendant motor block. This technique 
takes advantage of the synergistic analgesia obtained using a 
low dose of intrathecal local anesthetic with a lipophilic opi-
oid such as fentanyl [ 42 ]. Some clinicians are concerned that 
rapid pain relief may lead to an increase in uterine tone and 
result in an excess incidence of fetal bradycardia. 

 A recent meta-analysis comprised of 27 randomized con-
trolled trials and 3,274 women compared the effectiveness 
and side effects of epidural analgesia and CSE for labor [ 43 ]. 
CSEs had a faster onset of analgesia (5.4 min, 95 % confi -
dence interval 3.6–7.2). One small study noted that all patients 
( n  = 50) reported good analgesia at 10 min after a CSE while 
only 50 % had good analgesia after a low dose epidural. 
However, the incidence of successful analgesia was similar in 
both groups at later time points [ 44 ]. Low-dose epidural anal-
gesia did not impair mobility, and there was no difference 
between groups. The incidence of pruritus was signifi cantly 
higher in the CSE group. Whether labor analgesia is initiated 
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with a CSE or epidural, maternal satisfaction rates are high 
and there is no difference between groups. There were no dif-
ferences between groups for any other maternal side effects 
such as dural puncture headache, nausea, vomiting, or hypo-
tension. Importantly, there is no difference in the incidence of 
spontaneous vaginal delivery or Cesarean section between the 
two groups, nor was there any difference in any measured 
neonatal outcomes. There was a statistically signifi cant 
increase in the rate of operative vaginal deliveries, but the dif-
ference between groups was small, except when high concen-
trations of local anesthetic were used to initiate analgesia 
[ 41 ]. There was no difference between groups when only 
low-dose epidurals were compared to CSEs. The authors of 
the meta-analysis noted that there were insuffi cient data to 
comment on the maternal safety of CSEs since the incidence 
of such complications a meningitis and nerve damage are 
very low [ 43 ]. 

 Fetal bradycardia has been observed in relation to CSEs. 
An early systematic review [ 45 ] and a large randomized con-
trolled trial [ 23 ] concluded that the incidence of fetal brady-
cardia may be increased after CSE compared to epidural. A 
recent randomized controlled trial compared the incidence of 
abnormal fetal heart rate patterns in nulliparous patients who 
received epidural analgesia or CSE. The investigators noted 
that there was an increased incidence of abnormal fetal heart 
rate patterns in both groups after the initiation of analgesia. 
There was no difference between groups in the rate of 
Cesarean section or neonatal outcomes [ 46 ].  

    Maintenance of Analgesia 

 The use of a continuous epidural catheter allows provision of 
analgesia for the duration of labor. Low concentrations of 
long-acting local anesthetics such as bupivacaine or ropiva-
caine combined with lipophilic opioid provide analgesia 
throughout labor. Intermittent boluses of local anesthetic by 
clinicians can be an effective strategy for maintenance of 
analgesia, but it is time-consuming. A continuous infusion of 
local anesthetic provides a more constant level of analgesia 
throughout labor. More recently, patient-controlled epidural 
analgesia (PCEA), in addition to a low-volume continuous 
infusion, has become the preferred technique. A meta- 
analysis of nine studies comprised of 640 patients compared 
to continuous epidural infusion alone to PCEA. Patients in 
the PCEA group had a reduction in the number of interven-
tions required by clinicians, a reduction in the amount of 
drug given, and a reduction in the incidence of motor block 
of the lower extremities. There was no difference between 
groups in other analgesic outcomes, maternal satisfaction, 
progress of labor, or neonatal outcome [ 47 ]. 

 When using PCEA, the clinician must determine the con-
centration of local anesthetic, the size of the allowed bolus 

dose, the lockout interval between doses, and the presence of 
a background continuous infusion. While there is no single 
“best” setting, there are some principles that can guide 
dosing. 

 Dilute solutions of local anesthetic should be used. 
Concentrations of bupivacaine between 0.0625 and 0.125 % 
are commonly used. Low concentrations require the addition 
of fentanyl or sufentanil to be effective. Higher concentra-
tions of local anesthetic do not increase the analgesic effi -
cacy but do lead to an increase in motor block of the lower 
extremities [ 48 ]. In addition, higher concentrations make 
operative vaginal delivery and prolong second stage of labor 
more likely [ 29 ]. 

 There is a wide range of patient-initiated bolus doses 
that is safe and effective. It is important that the bolus 
should not be too large in case of the unlikely event that the 
epidural catheter migrates intravenously or intrathecally. 
The usual dose range, using the concentrations outlined 
above, is between 4 and 10 ml, although up to 20 ml has 
been reported [ 48 ]. 

 The interval between allowed bolus doses should be short 
enough to allow the patient a suffi cient dose of drug, but 
should not allow the patient a second dose before the fi rst has 
a chance to work. The usual setting is 10 min, but up to 
25 min has been reported in combination with larger bolus 
doses [ 48 ]. 

 Most clinicians use a continuous infusion as a background 
with patient-controlled boluses because the analgesia is bet-
ter [ 49 ]. The rate can vary between 2 and 14 ml per hour in 
the concentrations discussed above. A background continu-
ous infusion reduces the need for clinician intervention. 
While the cumulative dose of drug is higher when continu-
ous infusions are used, they do not approach toxicity, nor are 
they associated with an increased in lower limb motor block 
[ 48 ]. The infusion can be maintained at a very low rate early 
in labor and increased as labor progresses. Some clinicians 
prefer to reduce the continuous infusion rate during the sec-
ond stage to allow the patient to push effectively. This strat-
egy has not been studied in detail. 

 There is some research to suggest that mandatory bolus 
dosing, instead of continuous infusion, in combination 
with PCEA may be superior to continuous infusion. This is 
a relatively new technique that has recently become avail-
able for clinical use. The purported advantages include a 
reduction in motor block and possibly a reduction in the 
need for instrumental vaginal delivery. A recent systematic 
review and meta-analysis was hampered by the small 
amount of data available. There was a trend toward the 
need for less local anesthetic and possibly a reduction in 
the incidence of instrumental vaginal delivery. The authors 
caution that more experience is necessary before recom-
mending this technique over continuous infusion with 
PCEA [ 50 ].  
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    Side Effects and Treatment 

 While neuraxial analgesia is usually safe, complications can 
occur. Some of these are caused directly by the drugs or tech-
nique. Others are often attributed to the technique but are 
coincidental. The cause of some complications is unclear 
and may or may not be caused by neuraxial analgesia. 

    Direct Complications 

 There are major and minor complications. The major compli-
cations arising from either epidural or CSE analgesia are shown 
in Table  42.2 . Fortunately, these rates are much lower than 
those in the non-obstetric population. This may be due to differ-
ences in anatomy and the relatively short duration of the block.

   Table 42.2    Major complications of neuraxial analgesia   

 Complication or side effect  Epidural  CSE  References 

 Nerve damage caused by needle trauma  0.6 per 100,000  3.9 per 100,000  [ 16 ] 
 Meningitis  0–3.5 per 100,000  0–3.5 per 100,000  [ 16 ] 
 Epidural hematoma  1:168,000  –  [ 51 ] 
 Dural puncture headache  0.21–1.6 %  0.21–1.6 %  [ 52 ,  53 ] 
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        Minor Complications 

    Inadequate Analgesia 
 The reported incidence of inadequate analgesia varies widely 
among studies and depends on the study design, method of 
follow-up, and the defi nition used by the investigators. In a 
retrospective study in a teaching hospital, Pan et al. reported 
a 12 % incidence of failure to achieve analgesia. The inci-
dence was signifi cantly lower in parturients who received a 
CSE (10 %) compared to those that received an epidural 
(14 %). In this study, an additional 5.6 % of epidural cathe-
ters were replaced at some time during labor because they 
stopped functioning. Heeson et al. recently published a meta- 
analysis of randomized controlled trials comprised of 10 
studies and 1,450 patients of mixed parity. This review did 
not confi rm that there was a signifi cant difference in the rate 
of failure or need for catheter replacement [ 54 ] between the 
two techniques. There was, however, an increased incidence 
of unilateral block in the epidural group. The authors con-
cluded that there is insuffi cient evidence, at this time to rec-
ommend CSE technique based on reliability.  

    Pruritus 
 Pruritus is one of the most common side effects of neuraxial 
opioids. The frequency is dose dependent and may be more 
common with intrathecal opioids compared to epidural 
administration [ 55 ]. The exact cause is unknown, but it is 
unlikely to be related to histamine release. Antihistamines, 
when used for treatment, are usually ineffective. 

 When used for prevention of pruritus, the serotonin recep-
tor antagonist ondansetron did not reduce the incidence but 
did reduce severity as measured by need for additional treat-
ment. In addition, the reported incidence of severe pruritus 
was reduced. Ondansetron is an effective treatment of estab-
lished pruritus [ 56 ]. 

 There is evidence to suggest that central mu receptors 
play an important role in causing neuraxial opioid-induced 
pruritus. Oral naltrexone has been used to prevent pruritus in 
parturients who received epidural morphine after Cesarean 
section. Given orally, 6 mg of naltrexone is effective and 
does not reduce the analgesic duration [ 57 ]. Intravenous nal-
oxone is effective in treating pruritus secondary to neuraxial 
opioid administration. Nalbuphine, in doses of 2.5–5 mg, is 
more effective than naloxone because of its longer duration 
of action [ 58 ].  

    Post-dural Puncture Headache 
 Accidental dural puncture is an uncommon complication of 
epidural analgesia, occurring in up to 1.6 % of the popula-
tion. Recognized puncture in the obstetric population results 
in severe postural headache in over 50 % of affected patients 
[ 59 ]. While dural puncture is usually recognized immedi-
ately because of the outfl ow of cerebrospinal fl uid, there is a 

small number of patients that have unrecognized dural 
 punctures and develop typical headaches. The pain of these 
headaches usually begins 6–24 h after the puncture. The pain 
is typically described as severe and affecting the occiput and/
or neck. It is worse in the upright position and relieved by 
lying down. The headache can severely limit a new mother’s 
ability to care for her newborn and should therefore be 
treated promptly after diagnosis. An epidural blood patch is 
the most effective treatment for this complication [ 60 ].  

    Indirect Complications 
 Neuraxial analgesia can indirectly have a negative impact on 
the fetus. If the mother becomes hypoxic because of 
 respiratory depression secondary to neuraxial opioids, the 
fetus will also become hypoxemic. Similarly, hypotension 
will reduce uterine blood fl ow and adversely affect the fetus. 
Finally, as noted above, fetal bradycardia may occur. In some 
instances, this is due to uterine hypertonus, secondary to 
 sudden reduction in circulating maternal catecholamines 
associated with rapid analgesia [ 61 ].  

    Associated Complications 
 A rise in maternal temperature has been associated with 
neuraxial analgesia, but the cause is unclear. Several retro-
spective studies have noted the association, but these do not 
control for important variables such as duration of labor and 
maternal temperature before initiation of analgesia. 
Importantly, neuraxial analgesia may lead to an increase in 
internal examinations by the obstetrician since these no 
 longer cause pain. Examinations may cause chorioamnion-
itis and therefore be associated with fever. Randomized 
 controlled trials that compare early to late neuraxial analge-
sia do not show an increase in maternal fever in patients with 
prolonged exposure [ 62 ]. Finally, the mechanism for 
increased body temperature is unknown since in most other 
circumstances where epidural analgesia is used, hypother-
mia results. 

 Some clinicians believe that epidural analgesia may inter-
fere with breastfeeding. In particular, there is a fear that drug 
transfer will result in a change in newborn neurobehavior, a 
change in fl uid metabolism resulting in breast engorgement 
or increased fetal weight, or an increase in obstetric 
interventions. 

 Breastfeeding is extremely diffi cult to study. This is 
because the outcomes have not been standardized and suc-
cess is multifactorial. There have been several scales devel-
oped to measure breastfeeding, but unfortunately, the 
inter-rater reliability is poor and normal values have not been 
defi ned. There is some concern that large doses of fentanyl, 
if given in the epidural space, may result in a reduction in 
breastfeeding success. Beilin et al. performed a randomized 
controlled trial in 180 multiparous patients who had previous 
experience breastfeeding into three different doses of 
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 epidural fentanyl in a continuous epidural analgesia for 
labor. The incidence of breastfeeding diffi culties, as reported 
by both the lactation consultant and the mother, was the same 
in all groups in the fi rst 24 h after birth. However, there was 
a reduced incidence of breastfeeding 6 weeks postpartum in 
patients who received more than 150 mcg of fentanyl during 
labor [ 63 ]. While the authors postulated that high dose fen-
tanyl may have been the cause, other data does not support 
this conclusion. A secondary analysis of the COMET study 
noted no difference in breastfeeding regardless of the fen-
tanyl dose [ 64 ]. In addition, a more recent cohort did not 
confi rm the reduction in breastfeeding [ 65 ]. While it is 
important to use as little medication to prevent side effects 
(e.g., pruritus), it is unlikely that the dose of opioid, given as 
neuraxial analgesia for labor, causes reduced breastfeeding 
success.    

    Summary 

 Regional analgesia is the most effi cacious form of pain relief 
for labor. When performing neuraxial blocks in this popula-
tion, the practitioner must be aware of the physiologic 
changes of pregnancy and altered pharmacology. In particu-
lar, low concentrations of local anesthetic, combined with 
lipophilic opioids, are highly effective for most laboring 
women. Consideration must also be given to the direct and 
indirect effects of therapy on the fetus.     
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          Introduction 

 This combined technique was introduced in neuraxial regional 
anesthesia in order to exploit as many advantages of both pro-
cedures as possible and to minimize their disadvantages. 

 In CSE, the reliability, fast onset of effect, high success 
rate, excellent muscle relaxation, and low toxicity of spinal 
anesthesia are combined with the advantages of epidural 
anesthesia: fl exibility, good controllability, ability to prolong 
the anesthesia as required, and potential transition to postop-
erative pain treatment. 

 CSE allows better titration and a substantial reduction in 
the dose of local anesthetic, opioid, or combination of the 
two. The advantages of this technique can be used particu-
larly effectively in obstetrics, with results showing a substan-
tial reduction in maternal hypotension during birth.  

    Brief History 

 In 1937, the New York surgeon Soresi [ 1 ] reported that it was 
possible to inject procaine fi rst epidurally and then intrathe-
cally through the same needle. 

 In 1979, Curelaru [ 2 ] described the use of CSE in abdom-
inal surgery, urology, and orthopedics. After placement of an 
epidural catheter, a subarachnoid injection was carried out 
one or two segments below the puncture site. 

 In 1981, Brownridge [ 3 ] reported the use of CSE for 
Cesarean section. He used two different segments for puncture. 

 A modifi cation of this technique with one-segment punc-
ture (“needle through needle”) was used in 1982 by Coates 
[ 4 ] and Mumtaz et al. [ 5 ] in orthopedic surgery and in 1984 
by Carrie [ 6 ] in obstetric surgery. 

 In 1986, Rawal [ 7 – 11 ] described the sequential (two- 
stage) CSE technique for Cesarean section.  

    Indications 

   Surgical Procedures 
   1.    General surgery   
   2.    Outpatient surgery [ 12 ]   

   3.    Vascular surgery [ 13 ]   
   4.    Orthopedics [ 4 ,  5 ,  15 ,  16 ]   
   5.    Gynecology [ 7 ,  9 ,  10 ]   
   6.    Obstetrics [ 6 – 10 ]   
   7.    Urology [ 2 ]   
   8.    Pediatric surgery [ 14 ]   
   9.    Postoperative pain therapy      

    Contraindications 

 The contraindications are the same as those for spinal anes-
thesia (see Chap.   41     spinal and epidural anesthesia).  

    Procedure 

 Full prior information for the patient is mandatory.  

    Preparation and Materials 

     1.    Check that the emergency equipment is complete and in 
working order (intubation kit, emergency drugs); anes-
thetic machine.   

   2.    Set up an intravenous infusion and give a volume load 
(500–1,000 mL of a balanced electrolyte solution).   

   3.    Careful monitoring: ECG, BP, pulse oximeter.   
   4.    Maintain strict asepsis.     

 The use of purpose-designed kit is recommended. 

      Patient Positioning 

 The puncture is carried out below the L2 segment, with the 
patient either in the lateral decubitus position (preferable) or 
sitting.  

This procedure must only be carried out by an experi-
enced anesthetist.
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    Injection Technique 

    “Needle Through Needle” 

 After locating and marking the puncture site (L2/3 or L3/4), 
thorough skin prep is carried out, followed by local anesthe-
sia and a skin incision using a stylet. Insertion is carried out 
in the midline using an 18-G epidural Tuohy needle, with the 
bevel directed cranially. Identifi cation of the epidural space 
is carried out using the loss-of-resistance technique 
(Fig.  43.1 ).  

 After identifi cation of the epidural space and injection of 
a test dose (Fig.  43.2 ), a thin 27-G pencil-point spinal needle 
is carefully advanced through the epidural needle in the 
direction of the subarachnoid space, until dural perforation is 
confi rmed by a click (Fig.  43.3a ).   

 The adapted form of the Tuohy needle tip, which has a 
central opening positioned in the needle axis (“back eye”), 
allows the needle to take a direct path, so that the spinal nee-
dle does not need to bend. The plastic coating of the spinal 
needle expands its outer diameter, so that it fi ts the epidural 
needle precisely, maintains its central position as it is 
advanced, and easily passes through the axial opening (“back 
eye”) (Fig.  43.3b ). After careful aspiration of CSF, subarach-
noid injection of a local anesthetic, opioid, or a combination 
of the two is carried out (Fig.  43.4 ). As this is done, the hub 
of the spinal needle should be secured with the thumb and 
index fi nger of the left hand, which rests on the patient’s 
back. This is the critical phase of the puncture procedure.  

 The spinal needle is then withdrawn, and the epidural 
catheter is introduced up to a maximum of 3–4 cm 
(Fig.  43.5a, b ).  

  Fig. 43.1    Identifying the epidural space using the loss-of-resistance 
technique (With permission from Danilo Jankovic)       

  Fig. 43.2    Injecting a test dose (With permission from Danilo Jankovic)       
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  Fig. 43.4    Subarachnoid injection. The spinal needle is then withdrawn 
(With permission from Danilo Jankovic)       

a b

  Fig. 43.3    ( a ) 27-G pencil-point spinal needle is introduced through the positioned epidural needle. ( b ) Identifi cation of the subarachnoid space 
with the dural click (With permission from Danilo Jankovic)       

•    Repeated aspiration.  
•   As low a dose as possible.  
•   Always use incremental injections (several test doses).  
•   Maintain verbal contact.  
•   Check the spread of anesthesia carefully.  
•   Careful monitoring.   
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a bb

  Fig. 43.5    ( a ) Introducing the epidural catheter. ( b ) The epidural catheter is advanced by a maximum of 3–4 cm cranially (With permission from 
Danilo Jankovic)       

  Fig. 43.6    The open end of the catheter is placed below the puncture 
site (With permission from Danilo Jankovic))       

  Fig. 43.7    The catheter is secured and a bacterial fi lter is attached 
(With permission from Danilo Jankovic)       
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 After aspiration, the open end of the catheter is laid on a 
sterile surface below the puncture site and any escaping fl uid 
(CSF or blood) is noted (Fig.  43.6 ).  

 To test the patency of the catheter, 1–2 mL saline is then 
injected. The catheter is secured and a bacterial fi lter is 
attached (Fig.  43.7 ).  

     Problem Situations 
 Specifi c problems during CSE occur in connection with the 
administration of a test dose to exclude subarachnoid posi-
tioning of the catheter. 

 As spinal anesthesia is being given, it is not possible to 
test for incorrect intrathecal positioning of the catheter, and 
incorrect positioning usually becomes evident through high 
or total spinal anesthesia. 

 This technique should therefore only be carried out by 
experienced anesthetists. 

 Local anesthetics must only be injected in small incre-
mental amounts (test doses), the spread of the anesthesia 
must be carefully checked and verbal contact with the patient 
must be maintained.   

    Two-Segment Technique 

 Puncture is carried out in the midline at the level of L2/3 or 
L3/4. An 18-G Tuohy needle is used. After identifi cation of 

the epidural space, the epidural catheter is advanced to a 
maximum of 3–4 cm. A test dose is then administered. One 
or two segments lower, conventional spinal anesthesia is then 
carried out using a 27-G pencil-point needle. The remainder 
of the procedure is the same as in the “needle-through- 
needle” technique.   

    Dosages in the “Needle-Through-Needle” 
and Two-Segment Techniques [ 7 – 11 ,  17 ] 

    Subarachnoid 

•      Opioid : 10 |jg sufentanil + 1 mL 0.9 % saline  
•    Local anesthetic :

   0.5 % ropivacaine 1–1.5 mL (5–7.5 mg) ± 0.2 mL  
  0.5 % hyperbaric bupivacaine 1–1.5 mL 

(5–7.5 mg) ± 0.2 mL     

•    Local anesthetic + opioid: 

   0.5 % ropivacaine + sufentanil 7.5–10 pg or  
  0.5 % ropivacaine + fentanyl 25 pg  
  0.5 % hyperbaric bupivacaine 1–2.5 mg + sufentanil 

7.5–10 pg or  
  0.5 % hyperbaric bupivacaine 1–2.5 mg + fentanyl 

25 pg
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            Epidural 

•     Top-up dose

   After the fi xation period for the local anesthetic injected 
intrathecally (ca. 15 min):  

  0.5 % ropivacaine, 1.5–2 mL per unblocked segment or  
  0.25–0.5 % bupivacaine, 1.5–2 mL per unblocked 

segment     

•   Epidural infusion after bolus administration of

   10–15 mL 0.1 % ropivacaine + 1–2 pg/mL sufentanil (10–
20 pg) or 2 pg/mL fentanyl (30 pg) or  

  10 mL 0.0625–0.125 % bupivacaine + 10–20 pg sufent-
anil or  

  10 mL 0.125–025 % bupivacaine + 50 pg fentanyl  
  Continuous infusion of:  
  0.1 % ropivacaine + 0.2–0.3 pg/mL sufentanil  
  (2 pg/mL fentanyl) at 10–12 mL/h or  
  0.031–0.0625 % bupivacaine + 0.2–0.3 pg/mL sufentanil 

at 6–10 mL/h or  
  0.0625 % bupivacaine + 1–2 pg/mL fentanyl at 10 mL/h        

    Sequential (Two-Stage) CSE in Cesarean 
Section 

 This technique has proved particularly useful for Cesarean 
section, reducing the frequency and severity of maternal 
hypotension [ 7 – 11 ]. 

  First stage : procedure in sitting position

    1.    Identifi cation of the epidural space (18-G Tuohy needle).   
   2.    Advancing the spinal needle (27-G pencil-point) until dural 

perforation is achieved (dural click and free CSF fl ow).   
   3.    Intrathecal administration of a local anesthetic and/ or 

opioid. The aim is to reach the segmental level of S5–T9 
with as low a concentration as possible (e.g., hyperbaric 
bupivacaine 1.5 mL ± 0.2 mL).   

   4.    Introduction of the epidural catheter.    

   Second stage : procedure in the supine position (left lateral 
decubitus)

    1.    5–20 min wait until full spread of the subarachnoid local 
anesthetic is achieved (fi xation period).   

   2.    After subarachnoid spread of the local anesthetic, incre-
mental epidural injection in small doses (top-up) is car-
ried out through the epidural catheter. Ca. 1.5–2 mL 
0.5 % bupivacaine is administered for each unblocked 
segment.    

     Advantages 
 The slow, incremental administration of the local anesthetic 
and/or opioid markedly reduces the risk of severe circulatory 
reactions during Cesarean section. The sympathetic block is 
less marked (lowest possible subarachnoid dosage and slow 
onset of epidural anesthesia). The body has time to activate 
compensatory mechanisms. 

 This procedure is particularly suitable for high-risk 
patients.  

    Disadvantage 
 More time-consuming    

    Dosage in Cesarean Section [ 7 – 11 ,  18 ] 

    Subarachnoid 

 0.5 % hyperbaric bupivacaine 1.5 ± 0.2 mL. Block target: 
S5–T8/9  

    Epidural 

 Top-up dose in left lateral decubitus position after the fi xa-
tion period (ca. 15 min) of the local anesthetic injected sub-
arachnoidally: 1.5–2 mL 0.5 % bupivacaine per unblocked 
segment   

    Dosage in Outpatient Obstetrics [ 7 – 11 ] 

    Subarachnoid (Single-Shot) 

    0.5 % hyperbaric bupivacaine 1–2.5 mg + 7.5–10 pg sufent-
anil or  

  0.5 % hyperbaric bupivacaine 1–2.5 mg + 25 pg fentanyl     

    Epidural Top-up Dose (Continuous Infusion 
10 mL/h) 

    Bupivacaine 1 mg + 0.075–1.0 pg/mL sufentanil or  
  Bupivacaine 1 mg + 2 pg fentanyl      

    Complications 

 See Chap.   41     spinal and epidural anesthesia.        

Dosage in Outpatient Obstetrics

http://dx.doi.org/10.1007/978-3-319-05131-4_41


582

Record and checklist
Combined spinal and epidural anesthesia (CSE)

Name:

Diagnosis:

Premedication:

Purpose of block:

Needle:

i.v. access, infusion:

Monitoring:

Patient:

Position:

Access:

Injection level:

Approach

Injection technique:
Epidural space:

Epinephrine added:

Advanced 3–4 cm cranially

Carried out

(incremental)

Positioned lower than the puncture site

Test dose:

Injection:

CSF aspiration:

Local anesthetic:
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Aspiration test:

Catheter end:

Bacterial filter:

Local anesthetic:
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Objective block effect after 20 min:

Special notes:

With permission from Danilo Jankovic

Patient’s remarks during injection:

Complications:

Addition:
Epidural:

Subarachnoid:

Ventilation facilities:

Emergency equipment (drugs):
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          History and Background 

 The historical development of caudal epidural injections 
started with a fl urry of reports in 1901. Sicard, a radiologist 
[ 27 ], was the fi rst to describe the injection of cocaine through 
the sacral hiatus to treat a patient suffering from intractable 
sciatica. Independently, a week later, Cathelin, a urologist 
[ 8 ], reported on the successful caudal administration of local 
anesthetic for surgical procedures and relief of cancer pain 
due to an inoperable carcinoma of the rectum. Pasquier and 
Leri also reported on the use of caudal epidural injection for 
sciatica that same year [ 24 ]. Approximately 50 years passed 
before the fi rst publication of caudal epidural steroids was 
published [ 7 ]. 

 Despite the continued widespread use of caudal epidural 
injections for over a 100 years, debate continues regarding 
their effectiveness. This is due to the lack of well-designed, 
randomized controlled studies of epidural injections in gen-
eral and caudal epidural injections in particular. The fi rst sys-
tematic review of the effectiveness of caudal epidural steroid 
injections was published in 1985 and stated a lack of evi-
dence of effi cacy [ 16 ]. Since that fi rst review, multiple sys-
tematic reviews and guidelines have been published by a 
variety of groups and societies both supporting and refuting 
the benefi ts of caudal epidural steroid injections [ 5 ,  12 ,  13 , 
 23 ,  29 ] 

 Most recently, in 2012 Parr et al. [ 23 ] undertook a system-
atic review of caudal epidural injections with or without ste-
roids in managing chronic pain secondary to lumbar disc 
herniation or radiculitis, post-lumbar laminectomy syn-
drome, spinal stenosis, and discogenic pain without disc her-
niation or radiculitis. Their primary outcome measures were 
short-term [less than six months] and long-term [greater than 
six months] pain relief. Secondary outcome measures 
included reduction in opioids, functional and psychological 
status, as well as return to work. Out of 73 identifi ed studies, 
only 11 RCT and fi ve non-RCT studies met their inclusion 
criteria. They concluded that despite the paucity of literature 
[specifi cally for chronic pain without disc herniation], there 
was good evidence for short- and long-term relief of chronic 
pain secondary to disc herniation or radiculitis with local 
anesthetics and steroids and fair relief with local anesthetics 
only. Their review also found fair evidence for caudal epi-
dural injections and managing chronic axial or discogenic 
pain, spinal stenosis, and postsurgery syndrome. 

 Unfortunately, heterogeneous methodology, small size of 
study populations, and other problems including limited fol-
low- up and outcome parameters of the original studies all 
contribute to the often confl icting results of systematic evalu-
ation of the evidence by different individuals and societies. 

 Currently, the use of epidural steroids is generally recom-
mended by the ASA and ASRA guidelines [ 2 ] which utilized 
a combined approach of physician consensus and systematic 

review. Conversely, the American College of Occupational 
and Environmental Medicine [ACOEM] guidelines as well 
as the American Academy of Neurology [AAN] [ 4 ] guide-
lines are not generally supportive of the use of epidural ste-
roids. Interestingly, a reassessment of evidence synthesis of 
the ACOEM guidelines by Manchikanti et al. produced 
vastly different conclusions that support the use of epidural 
steroids [ 18 ,  19 ].  

    Anatomy 

 The sacrum is a triangular bone, dorsally convex, formed by 
the fusion of fi ve sacral vertebrae. In most people, there is a 
natural defect resulting from incomplete fusion of the S5 ver-
tebrae in the posterior midline where the spinous process 
(called median sacral crest) would otherwise exist. In many 
patients, there is also incomplete fusion of the lower portion 
of the S4 posterior midline, and in some patients, this midline 
defect can extend as high as S2 or S3 [ 15 ]. This bony defect 
[called the sacral hiatus] can have a variety of heights and 
shapes dependent on the mode and extent of fusion and ossi-
fi cation. Despite this variability, it is predictably bounded lat-
erally at its most caudal part by two bony prominences called 
the sacral cornua (remnants of the S5 inferior articular pro-
cesses) and is covered by the superfi cial dorsal, deep dorsal, 
and lateral sacrococcygeal ligaments which connect between 
the two cornua, the sacrum and coccyx. Sacral cornua may be 
impalpable in up to 21 % of cases [ 1 ]. The space deep to be 
sacrococcygeal ligament represents the most caudad compo-
nent of the epidural space and is termed the sacral epidural 
canal. It encloses and protects the dura, arachnoid, and sub-
arachnoid space, which, in most cases, ends at the level of the 
second sacral vertebra, as well as the sacral and coccygeal 
roots of the cauda equina, the sacral epidural venous plexus, 
lymphatic vessels, and epidural fat. Sample anatomic dissec-
tions can be seen in Fig.  44.1a, b . Studies have shown the 
mean diameter of the sacral canal at the sacral hiatus to be 
5.3 ± 2 mm and the distance between the sacral cornua [bilat-
eral] to be 9.7 ± 1.9 mm [ 10 ]. The sacral canal itself is shown 
in Figs.  44.2  and  44.3 . It can have a diameter of 2–10 mm in 
an anteroposterior direction, and a volume capacity varies 
from 12 to 65 mL (average 30–34 mL) [ 26 ,  32 ]    

 Of note, the dura normally ends at the level of the second 
sacral foramina. However, due to anatomic variants of dura 
termination and sacral hiatus size, older studies have sug-
gested the distance from the dura to the hiatus can range 
from 1.6 to 7.5 cm (average 4.5 cm) [ 26 ]. It has now been 
shown that the minimum distance between S2 and hiatus 
apex is as little as 0.75 cm [ 1 ]. The epidural venous plexus 
which is concentrated in the anterior space of the caudal 
canal generally terminates at the level of S4, although it can 
terminate even lower in elderly patients [ 15 ].  
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a b

  Fig. 44.1    Sacrum and lumbosacral nerves. ( a ) Posterior view display-
ing the terminal fi lum in the cauda equina ( 1 ), the spinal ganglia in the 
hemilaterally opened sacral canal ( 2 ), and the sacral hiatus ( 3 ) (Images 

kindly supplied by Danilo Jankovic). ( b ) Anterior view displaying the 
lumbosacral trunk ( 1 ), the anterior pelvic sacral foramina ( 2 ), and the 
sacral plexus ( 3 ) (Images kindly supplied by Danilo Jankovic)       

  Fig. 44.2    Sacral canal cross section. ( 1 ) Sacral canal, ( 2 ) supraspinous 
ligament, ( 3 ) interspinous ligament, ( 4 ) ligamentum fl avum, ( 5 ) sacro-
spinous ligament, ( 6 ) sacrotuberous ligament (Images kindly supplied 
by Danilo Jankovic)       

  Fig. 44.3    Sacral canal cross section. The sacral canal has a diameter of 
2–10 mm in the anteroposterior direction, with a variable capacity of 
12–65 mL. The dura normally ends at the level of the second sacral 
foramina.  S1  and  S2  referred to the fi rst and second sacral vertebra 
(Images kindly supplied by Danilo Jankovic)       
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    Indications and Contraindications 

 Caudal epidural steroids are most commonly considered for 
patients with chronic low back pain with radicular pain sec-
ondary to disc herniation or radiculitis who have not responded 
to conservative modalities of treatment. The caudal approach 
is especially appealing in postlaminectomy patients with 
post-lumbar laminectomy syndrome or sacral involvement or 
those who have bilateral and multilevel pathology. These 
injections are also performed for patients with chronic axial 
or discogenic pain and spinal stenosis [ 13 ,  23 ]. 

 Contraindications for caudal epidural injections can be 
divided into absolute and relative. Accordingly, the known 
risks of epidural steroids must be weighed against any poten-
tial benefi t. Ideally, patients should be actively involved in 
the decision-making process.

  Absolute 
•   Patient refusal  
•   Coagulation disorders, anticoagulant therapy  
•   Sepsis  
•   Local infections (skin diseases) at the puncture site  
•   Arachnoiditis  
•   Immune defi ciency  
•   First trimester pregnancy  
•   Severe decompensated hypovolemia, shock  
•   Specifi c cardiovascular diseases of myocardial, ischemic, 

or valvular origin, if the planned procedure requires 
higher sensory spread  

•   Acute diseases of the brain and spinal cord  
•   Increased intracranial pressure  
•   A history of hypersensitivity to local anesthetics, without 

a prior intradermal test dose   

  Relative 
•   Pilonidal cyst  
•   Congenital anomalies of the dural sac and its contents     

    Technique: General Considerations 

 A written medical note with detailed neurologic history, 
physical examination, and radiographic reports including a 
working diagnosis should be in the chart and reviewed 
immediately prior to the procedure. 

 Written informed consent should be completed 
 documenting a discussion of the options, potential benefi ts, 
and potential risks. 

 Intravenous access should be established and appro-
priate monitoring should be applied and maintained 
throughout. Accordingly the presence of all necessary 
equipment including resuscitation equipment should be 
confirmed. 

 The patient is then placed in a prone position, with one 
pillow under their head and one under their lower abdo-
men to reduce spinal lordosis. They are instructed to 
abduct their heels while keeping their toes together; this 
internal rotation ensures relaxation of the gluteal muscula-
ture. In obese patients, the gluteal cleft may be separated 
by attaching a broad band of sticky plaster between the 
skin of the buttocks and the operating table. Strict sterile 
technique must be employed and a large area should be 
prepped with an antiseptic solution that is approved for 
neuraxial procedures. It is also important to keep accurate 
records of the procedure and any unexpected events or 
complications. 

 For the procedure, some clinicians recommend a 22-g spi-
nal needle to minimize procedural pain, whereas the authors 
suggest a Tuohy needle and catheter in order to deliver the 
injectate more cephalad in the sacral canal. Care should be 
taken not to introduce free skin particles with epidermal cells 
into the spinal canal, due to the potential risk of epidermoid 
tumors [ 6 ]. There are wide variations in the volume of the 
sacral canal; we recommend a preparation of corticosteroids 
with local anesthetic agents and/or normal saline in volumes 
ranging from 10 to 15 mL. 

 Caudal epidural injections can be performed using fl uo-
roscopy, ultrasonography, or a landmark-based technique. 
These techniques are discussed below. It should be noted that 
in adults, the rate of inaccurate placement with landmark- 
based technique can be as high as 35 % in experienced hands 
[ 14 ,  30 ]. In addition, intravascular placement rates of 14 % 
and extra-epidural placement rates of 9 % have been reported. 
There are controlled studies that suggest “blind” caudal 
injections are not more effective than epidural injections of 
normal saline either for short-term outcomes or in the long 
term [ 5 ].  
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    X-Ray-Guided Technique 

 Fluoroscopically guided caudal epidural anesthesia is con-
sidered the gold standard by most clinicians. Despite the lack 
of strong evidence that fl uoroscopically guided injections are 
more effective, they are undoubtedly safer than a blind injec-
tion, and as such the use of C-Arm fl uoroscopy makes ratio-
nal sense [ 5 ]. 

 It is recommended to start with the C-arm in an AP (ante-
rior–posterior) orientation to ensure that the patient’s pelvis 
is not laterally tilted. This is especially true in obese patients. 
Subsequently, in the lateral view, the sacral hiatus will usu-
ally be visible as a translucent opening toward the base of the 
caudal canal. Identifi cation of the coccyx immediately cau-
dad can also help with localization of the hiatus. Similarly, 
the clinician may palpate the coccyx and sacral cornua to 
help identify the point of needle insertion. 

 After adequate local anesthesia infi ltration, an 18-gauge 
needle may be used to perforate the skin. At this point, the 
desired needle (spinal or Tuohy) is pushed through this per-
foration and advanced toward the hiatus. AP and lateral fl uo-
roscopic images are taken to confi rm the depth and direction 
of needle advancement. Once the needle is visualized just 
inside the canal, the Tuohy needle can be rotated 180° as 
necessary to enable smooth advancement. It should not be 
advanced beyond the S3 foramen to avoid damaging the 
sacral nerve roots and to minimize the risk of subarachnoid 
or subdural placement. 

 After negative aspiration for blood and CSF, appropri-
ate myelographic quality radiocontrast material should be 
injected under live fl uoroscopy. If venous runoff is noted, 
the needle tip can be withdrawn and moved until the 
venous runoff is no longer seen. If CSF is aspirated or a 
subdural or subarachnoid pattern is seen, the procedure 
should be terminated and repeated at a later date. Under 
normal circumstances, when contrast media is injected 
into the epidural space, a classic “Christmas-tree” pattern 
will be visualized within the bony canal. It should be noted 
that adhesions will limit dye spread. Subarachnoid dye 
spread will be noted centrally and extend signifi cantly 
cephalad with only a small volume. Subdural injections 
will tend to be more patchy, and the contrast spread will 
not be as wide or predictable as subarachnoid pattern [ 5 , 
 25 ]. Images of stages of a fl uoroscopically guided caudal 
injection are seen below in Fig.  44.4 . Examples of a wide 
variety of contrast spread patterns have been published 
elsewhere [ 28 ].  

 After fi nal placement of the needle or catheter and repeat 
negative aspiration, local anesthetic should be injected as a 
test dose prior to injection of the full dose of medication in 
aliquots. The patient may report pressure upon injection 
which should be halted until this pain has dissipated. Upon 
completion of the procedure, the stylet should be reinserted 
prior to needle removal. A sterile adhesive bandage should 
also be applied over the puncture site.  
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a b

c

  Fig. 44.4    Images of fl uoroscopically guided caudal injection of ste-
roids (Reproduced with permission from Philip Peng Educational 
Series). ( a ) Anteroposterior view of needle in the sacral canal. With the 
presence of bowel gas, it is a challenge to visualize the details of the 
sacrum and caudal canal. The sacroiliac joint is indicated by the  arrows . 

( b ) Lateral view showing the needle in the sacral canal which is indi-
cated by the  arrows . ( c ) Lateral view after injection of contrast medium. 
The contrast (indicated by  arrows ) is seen leaking out from the sacral 
foramen       
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    Ultrasound-Guided Technique 

 Ultrasonography in the fi eld of pain medicine continues to 
grow as the technology advances. It is noninvasive, safe, 
simple to use, does not involve exposure to radiation, and has 
the potential to provide real-time images. 

 The potential benefi t of ultrasound imaging for caudal 
epidural steroids was fi rst described in 2003 [ 17 ]. The inves-
tigators found it to be especially helpful in moderately obese 
patients who were unable to assume the prone position. It is 
also useful when faced with decreased bone density, gas or 
feces in the rectum, or where fl uoroscopy is not available or 
contraindicated [ 15 ,  20 ,  22 ]. 

 Consistently it has been demonstrated that ultrasonogra-
phy can be an excellent aid for needle placement. However, it 
is limited by the fact that the needle tip is no longer visualized 
after advancing into the sacral epidural space secondary to 
bony artifacts [ 3 ,  9 ,  31 ], and as such, dural puncture and intra-
vascular placement cannot be readily identifi ed. Investigators 
have looked at the use of color Doppler ultrasonography to 
help detect intravascular injection. Although Doppler is pos-
sibly a helpful adjunct, it is not suffi ciently specifi c or sensi-
tive to rule out intravascular injection or rule in epidural 
placement of the injectate [ 22 ,  33 ] Thus, the role of ultraso-
nography is to facilitate the placement of needle into the 
sacral canal, especially in patients with abnormal or variant 
pelvic/spinal anatomy, decreased bone density, gas or feces in 
the rectum obscuring visualization of sacrum, or where fl uo-
roscopy is not available or contraindicated [ 15 ,  20 ,  22 ]. 

 A number of general considerations must be addressed 
before one considers performing caudal ultrasonography. 
The sacrum and sacrococcygeal ligament is very superfi cial, 
even in obese patients. As such, unlike sonoanatomy of the 
lumbar spine, a high-frequency linear transducer can and 
should be used for most caudal epidural injections. 
Accordingly, since ultrasonography depends on the presence 
of acoustic windows and cannot penetrate bone, one must be 
cognizant that they can only appreciate the most superfi cial 
bony outline of the sacrum, which is the most variable and 
unpredictable component of the adult spine. The last and 
perhaps the most important consideration is the fact that 
most ultrasonography coupling mediums [such as sterile gel] 
have not been demonstrated to be safe for neuraxial proce-
dures. As such individuals must wipe off the gel completely 
at the site of needle insertion and/or may consider saline or 
another local anesthetic as the coupling medium. 

 Following the strict aseptic technique and the use of ster-
ile ultrasound cover, the scanning starts with the probe in a 

transverse orientation at the level of S5, the sacral hiatus, 
which can be determined initially by palpation. On the 
screen, the sacral cornua will be seen as two hyperechoic 
upside-down “U”-shaped structures (“frog’s eye sign” 
because of its resemblance to the eyes and head of a frog) 
(Fig.  44.5a ). This view also shows two hyperechoic 
 structures: the more superfi cial sacrococcygeal ligament and 
the deeper bony posterior surface of the sacrum. By rotating 
the probe 90°, a midline sagittal sonogram demonstrates the 
posterior bony outline of the sacrum and coccyx, the hyper-
echoic band of the sacrococcygeal ligament, and the sacral 
canal (Fig.  44.5b ). Clinicians should pay attention to sono-
graphic features such as sacral hiatus diameter of <1.5 mm or 
closed sacral hiatus (on sonography) as these suggest greater 
probability for technical failure [ 11 ].  

 With the long-axis view of the sacral canal, local anes-
thetic infi ltration of the skin is performed approximately 
2 cm away from the caudal end of the probe. The Tuohy 
needle is advanced cephalad within the acoustic window 
created by the sacrococcygeal ligament (Fig.  44.5c ). 
Following the puncture of the sacrococcygeal ligament, the 
needle is advanced, when possible, in the posterior part of 
the canal for a short distance (1 cm) as there is no way to 
determine needle-tip position once it has moved beyond 
this acoustic window and because the sacral venous plexus 
lays on the anterior (deep) wall of the sacral canal terminat-
ing at S4 [ 15 ]. If one plans to insert the catheter, it is sug-
gested to rotate so that the bevel is facing posteriorly. Two 
groups have described using fl uoroscopy during contrast 
injection to confi rm the position of needles that were placed 
into the caudal canal using ultrasound guidance and 
reported 100 % [ 10 ] and 95.6 % success rates [ 21 ], respec-
tively. Others have prospectively compared ultrasound-
guided vs. fl uoroscopy- guided caudal epidural steroid 
injection for the treatment of unilateral lower lumbar radic-
ular pain. 

 Recently, a single-blind randomized study of patients 
with unilateral lower limb radicular pain showed similar 
improvements in short-term pain relief, function, and patient 
satisfaction with both ultrasound and fl uoroscopic guidance 
[ 22 ]. Despite this encouraging study, it is the opinion of the 
authors that ultrasonography, albeit, better than a landmark 
technique, is not equivalent to fl uoroscopically guide 
approach, due to its limitations in recognizing intravascular 
and subdural or subarachnoid needle/catheter placement. 
Instead, it is a useful adjunct for the advancement of needle 
that may improve success rates and patient comfort while 
decreasing exposure to radiation.  

Ultrasound-Guided Technique
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  Fig. 44.5    Ultrasound images of sacral canal (Reproduced with per-
mission from Philip Peng Educational Series). ( a ) Short-axis scan of 
the sacrum at the level of the sacral hiatus, displaying the two sacral 
cornua ( open arrows ), and the hyperechoic sacrococcygeal ligament 
( line arrows ) that extends between the two cornua and the sacral hiatus 
( asterisk ) which is the hypoechoic space between the sacrococcygeal 
ligament and the posterior surface of the sacrum. ( b ) Figure same as  a  
with frog eyes superimposed on the ultrasound image. ( c ) Long-axis 
view of the sacrum at the level of the sacral hiatus. ( d ) Same as  c  with 

the sacral hiatus outlined by  bold arrows . The sacrococcygeal ligament 
( line arrows ) is seen extending from the sacrum to the coccyx. More 
cephalad, the acoustic shadow of the dorsal sacrum bone completely 
obscures the ventral sacrum bone of the sacral canal ( dashed lines ). 
( e ) Long-axis view of sacrum showing the needle insertion. ( f ) Same as 
 e  with  line arrows  to outline the needle which cannot be visualized deep 
in the sacral canal ( dashed lines ). The needle was inserted with in-plane 
technique         

a b

c d

e f
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    Post-procedure Care 

 Patients should be monitored for a minimum of 30 min after 
the procedure to ensure the absence of motor block or other 
complications. Even in the absence of obvious motor block, 
patients should be advised of the possibility of mild motor 
block affecting their balance and walking for hours follow-
ing the procedure. They may be discharged home when 
ambulatory with written discharge instructions to contact 
their treating physician or an emergency department as 
needed for any problems [ 25 ].  

    Complications 

 A variety of side effects and complications are possible after 
caudal epidural steroid injections. Many of the rare and com-
mon complications are outlined below:

•    Worsened pain  
•   Nausea and vomiting  
•   Dizziness and vasovagal reactions  
•   Infection, epidural abscess  
•   Aseptic meningitis  
•   Allergic or anaphylactoid reactions  
•   Hypotension and bradycardia  
•   Sacral or lumber nerve root injury, cauda equina 

syndrome  
•   Spinal cord injury  
•   Bladder or bowel dysfunction  
•   Intravascular puncture: bleeding, epidural hematoma, 

venous air embolism  
•   Steroid effects: metabolic and fl uid retention effects, 

Cushing’s syndrome, epidural lipomatosis, avascular 
necrosis  

•   Dural puncture: CSF leak, intracranial hypotension, and 
intracranial hematomas  

•   Subarachnoid or subdural injection: profound motor 
block, post-dural puncture headache, arachnoiditis  

•   Injury to surrounding structures: rectal perforation 
(Fig.  44.6 )   

•   Needle breakage or catheter sheering               

Complications
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a b

c

d

e

  Fig. 44.6    Complications due to incorrect technique. ( a ) Outside the sacral canal, ( b ) subperiosteal, ( c ) into the sacrococcygeal ligament, 
( d ) spongiosa, ( e ) through the sacrum and rectum (Reproduced with permission from Danilo Jankovic)       
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          Defi nition 

 Injection of a local anesthetic or neurolytic in the sympa-
thetic ganglia of the lumbar sympathetic trunk.  

    Anatomy (Figs.  45.1 ,  45.2  and  45.3a–d ) [ 1 – 5 ] 

      From the T12 ganglion, the sympathetic trunk passes into the 
abdominal cavity. The abdominal part of the trunk reaches 
the anterolateral surface of the lumbar vertebrae, lying 
directly medial to the origin of the psoas, to the right behind 
the inferior vena cava and cisterna chyli, and to the left beside 
the aorta. The lumbar part of the sympathetic trunk usually 
contains only four lumbar ganglia (due to fusion of the twelfth 
thoracic and fi rst lumbar ganglion), with a spindle shape or 
oval shape. The fi nal ganglion is usually the largest. 

 The average length of the ganglia is ca. 3–5 mm (more 
rarely, up to 10–15 mm). The psoas muscle and its fascia 
separate the sympathetic nerve trunk from the lumbar 
somatic spinal nerves. 

 The sympathetic trunks give off and receive 
 communicating and visceral branches, as well as vascular, 
muscular, osseous, and articular branches. 

 White communicating branches only reach the lumbar 
sympathetic ganglia from the two cranial spinal nerves, as 
well as from the three lumbar spinal nerves. They carry 
 preganglionic fi bers and visceral afferents. Gray communi-
cating branches are given off from the corresponding ganglia 
to all the lumbar spinal nerves. They contain vasomotor, 
sudomotor, and pilomotor fi bers, which are distributed with 
the lumbar spinal nerves. From the lumbar part of the 
 sympathetic chain, some branches run to the renal plexus, 
but most pass to the abdominal aortic plexus and the 
 hypogastric plexus. Most of the sympathetic nerve fi bers 
responsible for the lower extremity pass through the L2 
(dominant) and L3 ganglia.  

  Fig. 45.1    Anatomy (anterior view): ( 1 ) sympathetic trunk with com-
municating branches, ( 2 ) lumbar plexus, ( 3 ) lumbosacral trunk, ( 4 ) qua-
dratus lumborum muscle, ( 5 ) psoas major muscle, ( 6 ) iliac muscle 
(Reproduced with permission from Danilo Jankovic)       

  Fig. 45.2    Anatomy.( 1 ) Lumbar sympathetic chain, with its accompa-
nying ganglia, ( 2 )somatic paravertebral nerves, ( 3 ) rami communican-
tes, ( 4 ) aorta (Reproduced with permission from Danilo Jankovic)       
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a

c

d

b  Fig 45.3    ( a ) Lumbar 
sympathetic block. Cross 
-sectional anatomy at the level of 
L1, L2. ( 1 ) Sympathetic 
ganglion, ( 2 ) erector spinae 
muscle, ( 3 ) medulla renalis, ( 4 ) 
psoas major muscle, ( 5 ) inferior 
vena cava, ( 6 ) aorta, ( 7 ) pancreas, 
( 8 ) liver (Reproduced with 
permission from Danilo 
Jankovic). ( b ) Lumbar 
sympathetic block. Cross- 
sectional anatomy at the level of 
L3. ( 1 ) Sympathetic trunk, ( 2 ) 
aorta, ( 3 ) inferior vena cava, ( 4 ) 
ureter, ( 5 ) kidney, ( 6 ) psoas 
major muscle, ( 7 ) quadratus 
lumborum muscle, ( 8 ) erector 
spinae muscle, ( 9 ) cauda equina, 
( 10 ) anterior longitudinal 
ligament, ( 11 ) lumbar plexus 
(Reproduced with permission 
from Danilo Jankovic). ( c ) 
Lumbar sympathetic block 
(anatomy and diagram). ( 1 ) 
Aorta, ( 2 ) sympathetic ganglion, 
( 3 ) epidural space, ( 4 ) medial 
tract of back muscles, ( 5 ) 
intervertebral joint, ( 6 ) 
interspinal ligament, ( 7 ) superior 
articular process of L3, ( 8 ) 
inferior articular process of L4, 
( 9 ) lateral tract of back muscles, 
( 10 ) vena cava, ( 11 ) fi lum 
terminale (Reproduced with 
permission from Danilo 
Jankovic). ( d ) CT section in the 
center of the L4 vertebra. The 
sympathetic ganglia are well 
delineated in the fatty tissue on 
each side. Neighboring 
structures, such as the vessels 
and ureters, can also be precisely 
differentiated       
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    Indications [ 6 – 9 ] 

    Diagnostic and Prognostic 

•     Differentiation between various forms of vasospastic dis-
ease in the area of the lower extremities  

•   Prognostic block to establish an indication for surgical 
sympathectomy or a neurolytic block  

•   Checking (confi rmation) of a surgical sympathectomy     

    Therapeutic 

•     Pain caused by perfusion disturbances in vasospastic dis-
eases in the region of the lower extremities, in the form of 
arterial or venous dysfunction or a combination of the two  

•   Intermittent claudication  
•   Embolism and thrombosis  
•   Thrombophlebitis and post-phlebitic edema  
•   Post-reconstructive vascular procedures  
•   After frostbite or trauma  
•   Complex regional pain syndrome (CRPS) types I and II  
•   Phantom limb pain  
•   Erythromelalgia  
•   Acrocyanosis  
•   Phlegmasia alba dolens (milk leg)  
•   Persistent infection of the leg  
•   Poorly healing ulcers  
•   Neuropathy after radiotherapy  
•   Hyperhidrosis of the lower body  
•   Acute phase of herpes zoster  
•   Visceral pain (e.g., renal colic)     

    Block Series 

 A series of six to eight blocks is recommended. When there 
is evidence of improvement in the symptoms, additional 
blocks can also be carried out.   

    Contraindications 

     1.    Anticoagulant treatment   
   2.    Infections and skin diseases in the injection area   

   3.    Addition of vasopressors in patients with peripheral cir-
culatory disturbances      

    Procedure [ 1 – 5 ] 

 This block should only be carried out by experienced anes-
thetists or under their supervision. Full information should 
be given to the patient.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order; sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

    Materials 

 Fine 26-G needle, 25 mm long, for local anesthesia. 
Atraumatic 22-G needle, 0.7 × 120 mm (15°) with injection 
lead or spinal needle, 0.7 (0.9) × 120 mm (150 mm), 20–22 G 
Syringes: 2, 5 and 10 mL. 

 Disinfectant, swabs, compresses, sterile gloves and drape, 
fl at, fi rm pillow.  

    Patient Positioning 

     1.    Prone position: support with a pillow in the mid-abdomen 
(to eliminate lumbar lordosis). The patient’s arms should 
be dangling. 

 The patient should breathe with the mouth open, to 
reduce tension in the back muscles. This position is pref-
erable, particularly when the block is carried out under 
radiographic control using an image intensifi er.   

   2.    Lateral decubitus: the fl ank is supported with a pillow. 
The side being blocked should be uppermost.      
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    Landmarks (Fig.  45.4a, b ) 

        1.    L4 iliac crest line.   
   2.    L2: a parallel line is drawn ca. four fi ngerbreadths (7 cm) 

from the midline. The intersection point between this line 
and the twelfth rib is at the level of L2.   

   3.    Midpoint of each spinous process of the relevant lumbar 
vertebra.     

 Disinfection, generous local anesthetic infi ltration of the 
injection channel, covering with a sterile drape, drawing up 
the local anesthetic, testing the patency of the injection 
needle.  

During the injection, the following points must be 
observed:

•    In clinical routine, a sympathetic block is started at 
the L2 segment; block of segment L4 follows.  

•   The person carrying out the injection must stand on 
the side being blocked.  

•   Usually, the injection point should not be located 
more than 8 cm lateral to the midline (risk of renal 
puncture) and no more than 5 cm medial to it (the 
lateral side of the vertebra is more diffi cult to reach).  

•   Paresthesias occur relatively frequently during 
introduction of the needle and indicate irritation of 
the lumbar somatic nerves.  

•   Inadvertent block of the lumbar somatic nerves can 
lead to motor weakness of the contralateral leg. The 
patient should be warned of this.  

•   There is a risk of perforating the dural cuff if the 
injection is made too far medially (epidural or sub-
arachnoid injection).  

•   Aspirate frequently and inject incrementally.  
•   No neurolytics should be administered without pre-

cise confi rmation of the needle position using radio-
graphic control with an image intensifi er.   

a b

  Fig. 45.4    ( a ,  b ) Localization       
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      Injection Technique 

     1.    The injection needle is introduced in the direction of the 
intended vertebra, ca. four fi ngerbreadths (7 cm) lateral to 
the midline and at an angle of ca. 30–40° to the skin sur-
face and slightly cranially (Fig.  45.5 ).    

   2.    Locating the transverse process at a depth of ca. 3–5 cm 
is helpful. The depth of the transverse process is marked 
(Fig.  45.6a, b ).    

   3.    The needle is withdrawn to lie subcutaneously.   
   4.    The needle is then reintroduced slightly more steeply, 

with stepwise correction of the direction cranially or cau-
dally (to avoid the transverse process) and medially (to 
obtain contact with the vertebral periosteum).   

   5.    After contact with the periosteum, the needle is rotated 
180° so that the bevel is directed toward the vertebra and 
can slide off the bony edge. After sliding off, the needle is 
further advanced by 1–2 cm (Fig.  45.7a–c ).      

   The lumbar sympathetic trunk lies about twice as deep 
as the distance between the skin and the transverse 
process (Fig.  45.8 ).  

  The distance from the transverse process and the gan-
glia of the lumbar sympathetic trunk is ca. 3.8–5 cm 
and is relatively constant.  

  The distance from the skin to the transverse process 
depends on the anatomy and is rather more 
variable.    
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  Fig. 45.5    Introducing the injection needle (Reproduced with permis-
sion from Danilo Jankovic)       

a b

  Fig. 45.6    ( a ,  b ) Bone contact with the transverse process: in a patient ( a ) and in the skeleton ( b ) (Reproduced with permission from Danilo 
Jankovic)       
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  Fig. 45.8    Position of the lumbar sympathetic trunk (Reproduced with 
permission from Danilo Jankovic)       

a

b

c

  Fig. 45.7    ( a – c ) In a skeleton (anterior and lateral views) (Reproduced 
with permission from Danilo Jankovic)       
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     Confi rming the Correct Needle Position 

     1.    Radiographic control.   
   2.    Loss-of-resistance technique with 0.9 % saline or air.     

 Perforation of the psoas fascia is similar to the sensation 
experienced when carrying out an epidural. 

 A false loss of resistance can occur when the needle is 
positioned superfi cially between the psoas muscle and the 
quadratus lumborum muscle, leading to inadvertent block of 
the lumbar somatic nerves, with consequent numbness of the 
lower extremity during the period of effect of the local 
anesthetic. 

 Injection of a neurolytic into this area without prior 
radiographic control of the position can have fatal 
consequences. 

 After careful aspiration testing at all levels, resistance- 
free incremental injection of the local anesthetic is carried 
out.  

    Neurolytic Block [ 9 ,  10 ] 

 Injection of neurolytics—45–95 % ethanol, 7 % phenol in 
water, or 7–10 % phenol in Conray (iothalamate meglu-
mine)—at the lumbar sympathetic ganglia. 

 Prerequisite: the procedure must be carried out under 
radiographic guidance. 

 Usually, three needles are introduced at the level of L2, 
L3, and L4, and the neurolytic is only injected after defi nite 
confi rmation of the correct needle position. After this, 1 mL 
of air is injected per needle, to clear any residual neurolytic 
from the needle.   

    Effects of the Block 

 Signs of vascular dilation in the area of the ipsilateral leg are:

•    Increase in skin temperature  
•   Hyperthermia and anhidrosis  
•   Loss of the sympathogalvanic refl ex  
•   Reduced pain or absence of pain  
•   No signs of sensory or motor block (assuming that the 

lumbar somatic nerves have not been concomitantly 
anesthetized)     

    Dosage 

    Diagnostic 

 Five milliliters local anesthetic with contrast medium—e.g., 
0.5 prilocaine, 0.5 % mepivacaine, 0.5 % lidocaine.  

    Therapeutic 

 Twenty milliliters local anesthetic (single-needle technique). 
 Ten milliliters local anesthetic per needle (in the two- 

needle or three-needle technique)—e.g., 0.2–0.375 % ropi-
vacaine, 0.25 % bupivacaine (0.25 % levobupivacaine).  

    Neurolytics 

 Three milliliters per segment.   

    Side Effects 

     1.    Transient motor weakness due to block of the lumbar 
somatic nerves. Paresthesias during the injection are a 
warning signal. This undesired effect is always liable to 
occur and is caused by superfi cial injection in the area of 
the lumbar somatic nerves or by spread after the adminis-
tration of large volumes of a local anesthetic. It is there-
fore necessary to monitor the patient for at least 1 h after 
the block   

   2.    Fall in blood pressure due to sympathetic block.      

    Complications [ 1 – 5 ] 

    Severe 

     1.    Intravascular injection (aorta, vena cava) with toxic reac-
tions (see Chap.   1    )   

   2.    Epidural or subarachnoid injection (see Chap.   41    )      

    Potential 

     1.    Retroperitoneal hemorrhage   
   2.    Hemorrhage in the psoas area (with subsequent pain in 

the thigh and transient weakness in the quadriceps 
muscle)   

   3.    Renal injury accompanied by hematuria   
   4.    Back pain   
   5.    Perforation of an intervertebral disc   
   6.    Ejaculation disturbances (in younger patients with bilat-

eral block) [ 11 ]         

    Complications of Neurolytic Block 

     1.    Injury to the lumbar somatic nerves (neuritis, 1 %)   
   2.    Neuralgia in the genitofemoral nerve (5–10 %)   
   3.    Ureteral  stricture         

Complications

http://dx.doi.org/10.1007/978-3-319-05131-4_4
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Record and checklist
Lumbar sympathetic block

Block no.

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

Date:

No Yes

Yes

Yes

Yes

Yes

No

No

No

Purpose of block: Diagnostic Therapeutic

Needle: G Length cm

i.v. access:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

Patient:

Position:

Injection level

Injection technique:

Injction:

Local anesthetic:
(in incremental doses)

Addition to LA:

Neurolytic:

Addition:

Patient’s remarks during injection:

None Paresthesias Warmth Pain

Nerve area:

Objective block effect after 15 min:

Cold test Temperature measurement right

Segments affected: L

Monitoring after block:

Time of discharge:

Complications:

None Intravascular injection Subarachnoidlepidural

Drop in BP Other

Subjective effects of the block: Duration:

None Increased pain

Reduced pain Relief of pain

VISUAL ANALOG SCALE

With permission from Danilo Jankovic

Special notes:

ECG Pulse oximetry

Yes (equipment checked)

Checked

Informed (What to do after block)

Prone Lateral recumbent

L

X-ray image intensifier Loss of resistance CT-guided
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       Persistent low back pain is common globally. Epidemiological 
surveys in the United States reported a prevalence rate of 
19 % for chronic low back pain during a 12-month period. 
Other industrialized nations reported similar fi ndings, with 
prevalence rates ranging 13–28 %. Over 13 million 
Americans are permanently disabled by back pain, which 
results in a signifi cant economic burden to the society [ 1 ]. 
However, it is often diffi cult to reach a defi nitive diagnosis 
and provide appropriate treatment. Potential sources of low 
back pain include intervertebral discs, nerve roots, facet 
joints, and sacroiliac joints [ 2 ,  3 ]. The lumbar facet joint was 
fi rst considered as a source for low back pain in 1911 by 
Goldthwaite. Based on systematic reviews and diagnostic 
accuracy studies, the prevalence of lumbar facet pain ranges 
between 25 and 45 % [ 4 ]. Facet joint pain may be managed 
by facet joint nerves block, intra-articular injections, and 
radiofrequency denervation of facet joint nerves. In the chap-
ter, only the injection techniques will be discussed. 

    Anatomy 

 The facet joint of the lumbar spine is a diarthrodial or syno-
vial joint containing the hyaline cartilaginous surface, syno-
vial membrane, and a fi brous capsule. The joint space is 
small, with a volume of about 1 and 1.5 mL. Each facet joint 
is innervated by the medial branches of the dorsal rami from 
the same vertebral level and from the vertebral level above [ 5 , 
 6 ]. For example, L4–5 facet joint receives dual innervations 
from L3 and L4 medial branches, which are typically blocked 
on the transverse processes of L4 and L5, respectively. The 
medial branches of the L1–L4 dorsal rami have a similar 
course (Fig.  46.1 ). Each medial branch crosses in a groove 
formed by the junction of the transverse process and SAP of 
the vertebral level below (e.g., L3 crosses the transverse pro-
cess of L4). Here, it runs beneath the mamilloaccessory liga-
ment before it innervates the multifi dus muscle, interspinous 
ligament, and the periosteum of the neural arch. The L5 
 dorsal ramus differs from the other lumbar dorsal rami in that 
it itself runs along the junction of the sacral ala and superior 
articular process of the sacrum and gives off the medial 
branch only as it reaches the caudal aspect of the L5–S1 zyg-
apophyseal joint. Histologic studies supported the lumbar 
facet joints as a source of pain generator as they are richly 
innervated with encapsulated (Ruffi ni-type endings, pacinian 
corpuscles), unencapsulated, and free nerve endings [ 5 ,  6 ].   

  Fig. 46.1    Dual neural supply of the facet joint. Oblique parasagittal 
view of overlapping segmental innervation of the facet joint. ( 1 ) Ventral 
branch of spinal nerve, ( 2 ) dorsal branch of spinal nerve, ( 3 ) ascendant 
branch of dorsal ramus, ( 4 ) medial branch of dorsal ramus, ( 5 ) 
distal branch of medial ramus to facet joint, ( 6 ) proximal branch of 
medial ramus to facet joint, ( 7 ) posterior ramus (sinuvertebral nerve of 
Luschka), ( 8 ) facet joint (Reproduced with permission of Danilo 
Jankovic)       
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    Technique 

 The popular technique for both facet nerve and joint block is 
by fl uoroscopic guidance, but ultrasound-guided techniques 
have been described and validated [ 7 – 10 ]. 

    Fluoroscopic Guided Facet Nerve Block 

 The patient is placed in prone position with a pillow support-
ing the pelvis for comfort and to obliterate the lumbar lordo-
sis. The techniques for the blockade of L1–L4 medial 
branches are the same [ 11 ]. The fi rst step is to count the 
appropriate level. Once the level is counted, the target verte-
bral level is squared, that is, the anterior and posterior silhou-
ettes of the lower border of vertebra are at the same level. 
The C-arm is then rotated ipsilaterally to the side of injection 

to obtain an oblique view. In this view, the outline of the 
“scotty dog” is clearly evident (Fig.  46.2 ). The target is the 
junction of the superior border of transverse process with 
the superior articular process. Alternatively, another end 
point has been described, which is the midpoint between the 
mamilloaccessory notch and the target point just described in 
Fig.  46.1  (Fig.  46.3 ). This target point has been shown to 
minimize the inadvertent spread of injectate into the inter-
vertebral foramen or epidural space. For the L5 dorsal rami 
block, the target point is the ala of the sacrum at the base of 
the superior articular process of sacrum in an anteroposterior 
view (Fig.  46.4 ).    

 A 22-gauge spinal needle is inserted following local anes-
thetic infi ltration of the skin. Once the bone is contacted at 
the target point, a small amount of contrast (0.2 mL) is 
injected to detect possible venous uptake. If there is no 
venous uptake, 0.5 mL of local anesthetic is injected.  

  Fig. 46.2    Oblique radiograph of the lumbar spine. The  left fi gure  
shows the individual structures:  SAP  superior articular process,  IAP  
inferior articular process,  P  pedicle,  TP  transverse process; facet joint is 

indicated by the  arrow . The  right fi gure  shows the “scotty dog” appear-
ance of the same structure (Reproduced with permission from Philip 
Peng Educational Series)       
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  Fig. 46.3    The radiograph shows the target points ( white dots ) for facet 
medial branch injection.  A  The junction of the superior border of trans-
verse process with the superior articular process.  B  The mamilloacces-
sory notch.  x  The conventional target which is the junction of the 
superior border of transverse process with the superior articular pro-
cess.  Y  The midpoint between A and B (Reproduced with permission 
from Philip Peng Educational Series)       

  Fig. 46.4    The target points for L5 dorsal rami was indicated by the 
white dots, which are the ala of the sacrum at the base of the superior 
articular process of sacrum (Reproduced with permission from Philip 
Peng Educational Series)       
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    Fluoroscopic Guided Facet Joint Injection 

 The patient is positioned as for the facet medial branch block. 
Oblique view is obtained until the joint space formed 
between the articular processes is optimally seen (Fig.  46.2 ). 
A 22-gauge spinal needle is inserted with coaxial technique. 
A small amount of contrast (0.2 mL) is injected to confi rm 
the intra-articular placement. A volume of 0.5–1 mL injec-
tate (20 mg methylprednisolone or triamcinolone) is suffi -
cient. In patient with advanced disease, the joint space may 
be further obliterated. In that case, periarticular injection 
may be performed.  

    Ultrasound-Guided Facet Medial Branch 
Injection 

 The position of the patient is the same as the fl uoroscopic 
guided technique. The target point is the junction between 
the superior articular process and transverse process. A cur-
vilinear ultrasound probe (2–5MHz) is used to obtain a para-
sagittal oblique view. In this scan, both the sacrum and 
lamina can be seen and used for counting (Fig.  46.5 ). The 
probe is then moved laterally to visualize the transverse 
 process (Fig.  46.6 ). Once an appropriate level is identifi ed, 
the probe is rotated 90° to obtain a short axis view of the 

spine showing the transverse process and the corresponding 
superior articular process. The probe is then moved in cepha-
lad direction until the cephalad aspect of the transverse pro-
cess disappears. When this part of the transverse process 
reappears on sliding back the probe in caudal direction, the 
target is defi ned (Fig.  46.7 ). A 22-gauge spinal needle is 
inserted in-plane from lateral to medial to hit the bony target. 
Once this is achieved, the probe is turned 90° to demonstrate 
the needle is at the cephalic part of the transverse process 
(Fig.  46.8 ). The L5 dorsal ramus is usually diffi cult to assess 
because of the ilium.      

    Ultrasound-Guided Facet Joint Block 

 The initial scanning technique is similar to that of facet 
medial branch. Once the short axis scan of the spine shows 
the transverse process and the superior articular process, 
the fi nal position of the probe is tilted in cephalad and cau-
dal direction until a joint space opening is clearly seen 
between the superior and inferior articular process 
(Fig.  46.9 ). A 22-gauge spinal needle is inserted in-plane 
from lateral to medial to hit the bony target. In patient with 
limited joint space, advancing the needle into the joint 
space can be diffi cult, and a periarticular injection is 
reasonable.    

  Fig. 46.5    Parasagittal oblique ultrasound view of the spine at the lumbosacral junction on the left and the corresponding magnetic resonance 
image on the right.  SC  spinal canal (Reproduced with permission from Philip Peng Educational Series)       
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  Fig. 46.8    Parasagittal of the transverse process showed the needle 
(indicated by the  arrows ), which was out-of-plane to this diagram. The 
transverse process was indicated by the line, and the  insert  showed the 
position of the needle (Reproduced with permission from Philip Peng 
Educational Series)       

  Fig. 46.9    Sonograph showed the facet joint indicated by the  bold 
arrow. ESM  erector spinae muscle,  SAP  superior articular process,  IAP  
inferior articular process. The  insert  showed the position of the probe 
(Reproduced with permission from Philip Peng Educational Series)       

  Fig. 46.6    Parasagittal ultrasound scan of the transverse process. The 
 insert  showed the position of the ultrasound probe.  ESM  erector spinae 
muscle,  PM  psoas muscle,  L3TP  transverse process of L3 (Reproduced 
with permission from Philip Peng Educational Series)       

  Fig. 46.7    Transverse scan of the spine at the interlaminar space. The 
insert showed position of the ultrasound probe.  ISL  interspinous liga-
ment,  ESM  erector spinae muscle,  SAP  superior articular process,  IAP  
inferior articular process,  TP  transverse process,  SC  spinal canal 
(Reproduced with permission from Philip Peng Educational Series)       
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    Use of Facet Block in Clinical Practice 

 Both fl uoroscopy and computer tomography (CT) scan are 
the gold standard for the guidance of facet nerve or joint 
block. Although the application of ultrasound has been vali-
dated both in clinical and preclinical setting, the accuracy is 
only approximately 90 %. In addition, those validated stud-
ies were performed on low body mass index (BMI) patient 
[ 8 – 10 ]. The accuracy dropped to 60 % when the BMI is 
above 30 [ 12 ]. In addition, the utility of this in L5 dorsal rami 
is not well described. The author reserves the use of 
ultrasound- guided facet block as an alternative to patients 
with low BMI only. 

 In clinical practice, it is generally accepted that diagnostic 
facet blocks are the most reliable means for diagnosing facet 
joints as pain generators, as historic, physical, and radiologic 
examination fi ndings can reliably predict response to diag-
nostic facet nerve or joint blocks [ 4 ,  5 ]. Facet nerve and joint 
blocks are often described as “equivalent,” as neither of these 
approaches have been shown to be superior [ 13 ]. In addition, 
both medial branch and intra-articular blocks are associated 
with signifi cant false-positive and false-negative rates [ 13 ]. A 
positive response refers to 50 % or greater pain reduction last-
ing for the duration of action of the local anesthetic (e.g., 
>30 min with lidocaine and 3 h with bupivacaine). Using a 
pain relief cutoff over 50 % did not result in any signifi cant 
improvement in RF outcomes [ 14 ]. Double, comparative 
blocks are associated with a signifi cant false-negative rate and 
have not been shown to be cost-effective [ 13 ]. Thus, a single 
block is usually adopted for the diagnosis of facet joint pain.     
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          Anatomy 

 The goal of a lumbar percutaneous facet denervation proce-
dure is to block the medial branch of the dorsal ramus of the 
spinal nerve (Fig.  47.1 ). When the dorsal and ventral roots 
come together, the spinal nerve is formed, which splits up 
into a ventral and a dorsal ramus [ 1 ]. This dorsal ramus 
divides into a medial and a lateral ramus (=branch). The dor-
sal or posterior ramus supplies the so-called dorsal compart-
ment of the back, which consists of structures of the back 
situated behind the intervertebral foramen. This dorsal com-
partment contains muscles, ligaments, blood vessels, and the 
facet joints. The facet or zygapophyseal joints are joints 
between the inferior articular process of a vertebra and the 
superior articular process of the vertebra below. Lumbar 
facet joints are small joints located in pairs on the back of the 
spine, providing stability and guide motion in the lower 
back. These joints at the dorsal side of the spine form together 
with the intervertebral disc at the ventral side, the three mov-
ing parts of a motion segment.  

 The facet joints are innervated by medial branches of the 
dorsal ramus from the corresponding level and by the medial 
branch of the dorsal ramus one level above. So the facet joint 
L5–S1 is innervated by the dorsal rami L4 and L5. 

 The medial branch innervates skin ligaments and mus-
cles, whereas at level L5 the medial branch mostly consists 
of sensory fi bers. The lateral branch innervates muscles. The 
medial branches have to be blocked in the gutter where the 
superior articular process and the transverse process come 
together (Fig.  47.1 ). 

 The anatomy of the back and the innervation of the poste-
rior compartment are described elsewhere more extensively 
(see Chaps.   49     and   59    ). 

 If the joints become painful, they may cause pain in the 
low back, abdomen, buttocks, groins, or legs. The lumbar 
zygapophyseal joints are a potential source of low back pain 
and referred leg pain.  

d

a

a

b

c

SVII

ALL

  Fig. 47.1    Anatomic overview of lumbar spine – position of needles at 
the medial branch of the dorsal ramus. ( a ) medial branch dorsal ramus. 
( b ) intervertebral disc. ( c ) communicating ramus. (d) sympathetic 
chain.  svn  sinuvertebral nerve,  ALL  anterior longitudinal ligament. * 
mamillo-accessory ligament       
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    Introduction: Technique 

 The technique of lumbar facet denervation was fi rst described 
by Shealy in 1974. Later several authors modifi ed this tech-
nique. Anatomical studies revealed more exactly the place 
where the block had to be performed. In this chapter, the 
most common technique will be described using fl uoroscopy 
and bony landmarks. The procedure can be performed in an 
outpatient setting with the patient awake. Most patients are 
suffi ciently cooperative. Administration of a sedative is 
rarely necessary. As the innervation of the joint is always 
from two levels, the procedure must always be done at two 
levels, in case of pain from two adjacent joints at three levels. 
The procedure can be performed uni- or bilaterally.  

    Indications 

 In the literature there is doubt about the existence of a spe-
cifi c facet syndrome, but in Table  47.1  some signs and symp-
toms are listed, suggesting pain originating from facet joints.

   Uni- or bilateral pain lasting longer than 3–6 months not 
reacting on physical therapy and other conservative manage-
ment could be an indication for percutaneous facet denerva-
tion (PFD). In the absence of a specifi c facet syndrome, most 
authors advocate to perform a test block prior to a PFD. This 
test block is a medial branch block or an intra-articular block 
with local anesthetics. Some authors adjust steroids in order 
to achieve a longer lasting effect of the test procedure. They 
believe that the addition of steroids will further reduce any 
infl ammation that may exist within the joint. 

 Radiological fi ndings per se, such as facet arthritis, are no 
indication for a PFD (Tables  47.2  and  47.3 ).

    This procedure should be performed by an experienced 
anesthesiologist or under his/her supervision. 

   Table 47.1    Possible signs and symptoms of facet pain in the lumbar 
region   

 Back pain with or without irradiation to the groin, buttock, leg, 
sometimes abdomen 
 Pain aggravated by rest in any posture (standing, sitting, laying in 
bed) 
 Pain relieved by movement 
 Radiculopathy is absent (no neurological defi cit) 
 Pain should not radiate below the knee 
 Morning stiffness 
 Awakening by turning in bed 
 Pain on antefl exion and/or rotation of the spine 
 Paravertebral tenderness 

   Table 47.2    Contraindications   

 Sensory loss 
 Lack of cooperativeness 
 Bleeding disorders or use of anticoagulants 
 Signs of local infection 
 Signs of local malignancy 
 Presence of osteosynthesis material 
 Allergy to local anesthetics 

   Table 47.3    Procedure   

 Material: two to four 10 cm 22G Radiofrequency needles with 
5 mm blank tip (e.g., Radionics) 
 Local infi ltration (e.g., lidocaine 2 %) 
 Thermocouple 10 cm (e.g., Radionics) 
 Radiofrequency lesion generator 
 Ground plate 
 Connecting wires 
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 The patient lays in the prone position on a special table 
allowing the use of a fl uoroscope. The fl uoroscope is directed 
in anteroposterior view. Sometimes a 5–10° oblique view is 
needed to obtain more reliable pictures. The insertion place 
is marked at the skin by using a plastic calliper with an iron 
ring, which has to be placed at the site of the projection of the 
junction of the transverse and superior articular process. 
After disinfection of the skin, 1 ml lidocaine 1–2 % is (sub)
cutaneously injected, the needle is inserted, and its position 
is controlled by fl uoroscopic viewing. The direction of the 
needle is, if necessary, corrected and the needle is advanced 
until bone contact is made. After correcting the needle posi-
tion slightly, the tip of the needle is advanced just a little 
more, keeping bone contact. The depth of the needle is con-
trolled by a fl uoroscopic lateral view. The projection of the 
needle may not be ventral to the dorsal rim of the interverte-
bral foramen (Figs.  47.2 ,  47.3 , and  47.4 ).    

 After obtaining the correct anatomical position, the stylet 
of the needle is removed, and a thermocouple electrode 

inserted. The electrode has to be connected to the lesion gen-
erator. The ground plate is connected. Stimulation with a 
50 Hz current is performed and the patient is asked to warn 
if a tingling feeling laterocaudal of the site of the needle and/
or at the buttock will be felt. Stimulation threshold must be 
less than 1 V. The lower the threshold, the better the out-
come, as the value of the threshold refl ects the distance to the 
nerve. A tingling feeling in the leg refers to a too anterior 
position of the needle (too close to the spinal nerve), which 
has to be withdrawn. The same stimulation procedure can be 
done with a 2 Hz current. As the medial branch is a mixed 
nerve (possible exception L5), a response at the same thresh-
old (or 0.1 V higher) is expected. Local contractions will 
occur. Contractions of the leg are a sign of a too anterior 
position, close to the spinal nerve. A threshold for motor 
response of the leg at 2 V or less must never be accepted. 

 If these thresholds are met, ½ ml lidocaine must be 
injected after careful aspiration in each needle in order to 
anesthetize the site of the thermolesion. 

  Fig. 47.2    Lumbar facet denervation – X-ray – lateral view       

  Fig. 47.3    Lumbar facet denervation – X-ray – axial view       

  Fig. 47.4    Lumbar facet denervation – positioning needles L4–L5–S1       
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 After waiting for 1–2 min the radiofrequency lesion at 
80 °C for 60 s can be made. 

 In the thoracic spine, a similar technique can be used. The 
position of the needle is somewhat more lateral compared to 
the lumbar procedure [ 2 ].  

    Results 

 A few prospective placebo-controlled studies [ 3 – 5 ] have 
been published. Their long-term results vary from 30 to 
50 %. Inclusion criteria, the use of medial branch, or intra- 
articular blocks with local anesthetics as selection for the 
procedure are still subject of discussion. Some authors use 
single test blocks, others double blocks, whereas others per-
form no blocks at all as selection for the PFD. Their patient 
selection is fully based on clinical signs and symptoms. 

 Furthermore, technical differences, such as exact posi-
tioning, size of the electrodes [ 6 ], used temperature and 
exposure time, may be the cause of a different outcome. 
Finally the criteria for success are not equal in the published 
studies (VAS-score, use of medication, inability scales, 
global perceived effect, or combinations of these).  

    Complications and Side Effects 

 The main complication is postoperative pain. Not only pain 
of the needle lasting for a few days but also serious burning 
pain may occur in 20 % of the patients. Patients should be 
informed that they can experience pain 7–9 days after the 
procedure, which can last for a couple of weeks. This pain 
will always subside within 4–6 weeks. Bruising and hemato-
mas at the back occur in a low percentage and are rarely seri-
ous. Neurological damage is very rare if the positioning and 
stimulation have been performed carefully. The procedure 
has three preventive moments avoiding neurological defi cits: 
(1) the lateral view (although not completely reliable); (2) 
electrostimulation; (3) the injection of ½ ml lidocaine is too 
small to anesthetize a spinal nerve when the electrode is acci-
dentally placed too close. Sometimes a leg is numb and/or 
weak after the procedure due to overfl ow of the local anes-
thetic. This will subside spontaneously within a few hours.  

    Instructions to Patients 

 Patients have to give their informed consent. If patients are 
using acetylsalicyl acid or clopidogrel, they are asked to stop 
5 days before. In case of the use of coumarin derivates, the 

intake of these drugs should be interrupted and the INR con-
trolled before the procedure. An INR of 1.8 or less is 
appropriate. 

 It is recommended to let the patient eat a light meal before 
the procedure. Diabetic patients should not change their hab-
its. Intake of food is free after the procedure. Because of pos-
sible temporary leg numbness and/or weakness, it is 
recommended that the patients stay at least 1 h following the 
procedure. Sometimes discharge must be postponed if the 
patient is unable to walk properly. In all cases the patient has 
to be driven home accompanied by a competent adult and 
they are not allowed to participate in the traffi c (e.g. drive a 
car) during the day of operation for legal and liability 
reasons.  

    Conclusions 

 A selected group of patients with disabling low back 
pain, not relieved by conservative measures, attributed 
to the facet joints can be successfully treated by facet 
joint denervation. Adequate patient selection and the 
use of an accurate lesioning technique under fl uoros-
copy are essential elements to get good long-term results 
following radiofrequency denervation. This minimally 
invasive technique however is appealing given the rather 
easy accessibility of the medial branch of the dorsal 
ramus and the reassurance of virtually nonexistent 
complications.     

   References 

    1.    Bogduk N, Wilson AS, Tynan W. The human dorsal rami. J Anat. 
1982;134:383–97.  

    2.    Stolker RJ, Vervest ACM, Groen GJ. Percutaneous facet denerva-
tion in chronic thoracic spinal pain. Acta Neurochir (Wien). 
1993;122:82–90.  

    3.    van Kleef M, Barendse GA, Kessels A, Voets HM, Weber WE, de 
Lange S. Randomized trial of radiofrequency lumbar facet denerva-
tion for chronic low back pain. Spine. 1999;24:1937–42.  

   4.    van Wijk RMAW, Geurts JWM, Wynne HJ, Hammink E, Buskens 
E, Lousberg R, Knape JTA, Groen GJ. Radiofrequency facet dener-
vation in the treatment of chronic low back pain: a randomized, 
double-blind, placebo-controlled trial. Clin J Pain. 2005;21:
335–44.  

    5.    Leclaire R, Fortin L, Lambert R, Bergeron YM, Rossignol 
M. Radiofrequency facet joint denervation in the treatment of low 
back pain: a placebo-controlled clinical trial to assess effi cacy. 
Spine. 2001;26:1411–6.  

    6.    Buijs EJ, van Wijk RMAW, Geurts JWM, Weeseman RR, Stolker 
RJ, Groen GJ. Radiofrequency lumbar facet denervation: a com-
parative study to the reproducibility of lesion size following two 
current radiofrequency techniques. Reg Anesth Pain Med. 
2004;29:400–7.    

References



623D. Jankovic, P. Peng, Regional Nerve Blocks in Anesthesia and Pain Therapy: Traditional and Ultrasound-Guided Techniques,
DOI 10.1007/978-3-319-05131-4_48, © Springer International Publishing Switzerland 2015

     Chapter 48   

 Sacroiliac Joint       

            Philip W.H.   Peng ,  MBBS, FRCPC      
  Department of Anesthesia ,  Toronto Western Hospital, University of Toronto ,   Toronto ,  ON ,  Canada   

 e-mail: philip.peng@uhn.ca    

Contents

 Anatomy .......................................................................................  624

 Clinical Features .........................................................................  626

 Intervention .................................................................................  626

 Technique .....................................................................................  627

 Fluoroscopy-Guided Technique ..............................................  627

 Ultrasound-Guided Technique ................................................  629

References ....................................................................................  630

mailto:philip.peng@uhn.ca


624

    Pain from sacroiliac joint (SIJ) is an underappreciated source 
of chronic mechanical low back pain. Depending on the sam-
ple population and diagnostic criteria, SIJ accounts for an 
estimated 10–27 % of chronic mechanical low back pain [ 1 ]. 

 Immunohistological studies showed that the nociceptors in 
SIJ could be found throughout the joint capsule, ligaments, and 
to a lesser extent subchondral bone. Injury to any of these intra-
articular or extra-articular structures can lead to pain [ 2 ,  3 ]. 
Among intra-articular etiologies, arthritis and spondyloarthrop-
athies are the two most common causes. Spondyloarthropathies 
may also associate with extra- articular source of pain such as 
ligamentous, muscular injuries, and enthesopathy. 

    Anatomy 

 The SIJ is a diarthrodial joint, consisting of two surfaces held 
together by fi brous capsule. The anterior third of the joint 
surface between the sacrum and ilium is a true synovial joint 
while the rest of the joint is comprised of an intricate set of lig-
amentous connections (Figs.  48.1  and  48.2 ). The stability of 
the SIJ is fi rmly supported with ligaments that limit the mobil-
ity of the joint. These include the anterior sacroiliac ligament, 
dorsal sacroiliac ligament, sacrospinous ligament, sacrotuber-
ous ligament, and interosseous ligaments (Fig.  48.3 ) [ 4 ,  5 ].    

 The innervation of the SIJ is complex. The posterior joint 
is better understood and more relevant for treatment pur-
poses. A recent detailed anatomical study revealed that the 
SIJ was innervated by the posterior sacral network, which is 
100 % contributed by S1–S2, 88 % by S3, 8 % by L5, and 
4 % by S4 [ 6 ].  

Articular

Anterior

  Fig. 48.1    Lateral view of the sacroiliac joint with the synovial surface 
( blue ) and the ligamentous (lig) area. In the ligamentous area, the joint 
surfaces are connected with an intricate set of ligamentous connection 
(Reproduced with permission of Philip Peng Educational Series)       
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a

c d

b

  Fig. 48.2    Schematic    and CT scan pictures of the upper and lower sac-
roiliac joint (SIJ). ( a ) In the upper half of the SIJ, the ilium is seen as a 
prominent bony structure from the posterior SIJ surface. ( b ) 
Corresponding CT scan. ( c ) In the lower half of the SIJ, the ilium is 

seen fl at from the posterior joint surface. The synovial portion is indi-
cated with  black arrow heads . ( d ) Corresponding CT scan (Reproduced 
with permission of Philip Peng Educational Series)       

1

2

3

45

  Fig. 48.3    Anatomy. ( 1 ) Posterior superior iliac spine, ( 2 ) iliolumbar 
ligament, ( 3 ) dorsal sacroiliac ligament, ( 4 ) sacrotuberous ligament, ( 5 ) 
sacrospinous ligament (Reproduced with permission from Dr. Danilo 
Jankovic)       
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    Clinical Features 

 Fortin et al. performed contrast injection and provocative test 
in volunteers and patients in an attempt to identify an SI pain 
pattern. He found that patients with SIJ pain present with 
buttock pain extending into the posterolateral thigh [ 7 ,  8 ]. 
Compared with other source of back pain (e.g., facetogenic 
and discogenic), patients with SIJ pain are more likely to 
report lateral pain rather than central pain [ 9 ,  10 ], pain radia-
tion into the groin [ 11 ], unilateral pain, pain arising from 
sitting, and absence of lumbar pain [ 12 ]. 

 Controversy exists whether medical history or physical 
examination maneuvers were reliable in the diagnosis of SIJ 
pain (Slipman, Dreyfuss, Laslett) [ 13 – 15 ]. Szadek et al. per-
formed a systematic review and concluded that three positive 
provocation tests had signifi cant discriminative power (diag-
nostic odds ratio: 17.16) for diagnosing SIJ pain using the 
reference standard of two positive blocks [ 16 ]. 

 Thus, the presence of three or more positive provocative 
tests appears to have reasonable sensitivity and specifi city in 
identifying those individuals who will positively respond to 
diagnostic SIJ injections [ 4 ].  

    Intervention 

 Interventional procedures to SIJ include injection to SIJ 
(intra-articular or extra-articular) and radiofrequency lesion-
ing of the lateral branches of sacral nerves. The last one will 
be out of the scope of this chapter. 

 In determining the types of articular block (intra-articular 
or extra-articular), several factors need to be considered: the 
clinical evidence supporting a putative diagnosis, the evi-
dence supporting the treatment and any anatomical consider-
ations that may affect the decision-making process (e.g., 
spondyloarthropathy or multiple previously failed interven-
tions) [ 17 ]. In elderly, the source of pain is usually related to 
arthritis (intra-articular pathology), while in young, active 
people, the SIJ pain is more related to the soft tissue struc-
tures (i.e., ligaments and muscles) that comprise the SI artic-
ulation (extra-articular pathology). As discussed previously, 
immunohistological studies suggest that the source of noci-
ception can come from the SIJ capsule, surrounding liga-
ments and subchondral bone. Depending on the patient, both 
intra-articular and extra-articular injections may provide 
benefi t. 

 Literature on periarticular injection with local anesthetic 
and steroid includes two controlled trials [ 18 ,  19 ], one on 
patients with seronegative spondyloarthropathy and the other 
on patients with nonspondyloarthropathic SIJ pain. Both 
supported the analgesic effi cacy of extra-articular injection 
up to 2 months. For intra-articular injections, there is only 
one controlled trial supporting analgesic effi cacy for spondy-
loarthropathy and anecdotal evidence for a benefi cial effect 
in nonspondyloarthropathy SIJ pain [ 4 ].  
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    Technique 

 With landmark guidance, the success rate ranged from 12 to 
22 % [ 20 ,  21 ]. Fluoroscopic (FL) guidance is commonly 
used to improve accuracy of this procedure, and more 
recently, computed tomography (CT), magnetic resonance 
imaging (MRI), and ultrasound have also been utilized. This 
chapter will discuss the technique with fl uoroscopy and 
ultrasound guidance. 

    Fluoroscopy-Guided Technique 

 The patient is placed in prone position. The C-arm is placed 
initially in neutral position. The target point is the infe-
rior, posterior aspect of the joint, approximately 1–2 cm 
cephalad of the most inferior end [ 22 ]. In this view, both 
anterior and posterior joint lines are seen and the posterior 
joint line is usually the more medial one (Fig.  48.4 ). The 

C-arm is rotated and adjusted until the medial cortical line 
of the medial silhouette is maximally crisp, which coin-
cides with the beam directed into the posterior opening 
of the inferior joint space (Fig.  48.5 ). Usually, this view 
is obtained with 5–20° of contralateral rotation. A 22- or 
25-gauge spinal needle is used and directed toward ini-
tially to the sacrum fi rst to appreciate the depth required. 
Once the bone is contacted, the needle is redirected toward 
the joint line. The operator should note the depth of the 
initial contact so that the needle should not penetrate a 
few more millimeters deeper than this depth (Fig.  48.6 ). 
Once the needle has entered the joint space, 0.3–0.5 mL 
of contrast is injected. In posteroanterior view, the con-
trast material should be seen traveling rostral along the 
joint (Fig.  48.7 ). A lateral X-ray should be used to con-
fi rm the needle position (Fig.  48.8 ). The joint volume in 
asymptomatic individual is approximately 1.6 mL but is 
about 1.08 mL in patients requiring SIJ injection. Thus, 
the injectate is usually 1 mL.       

  Fig. 48.4    Straight posteroanterior X-ray of the sacroiliac joint. In this 
view, both anterior ( black arrows ) and posterior joint ( white arrows ) 
lines are seen. The posterior joint line ( white arrows ) is usually the 
more medial one (Reproduced with permission of Philip Peng 
Educational Series)       

  Fig. 48.5    Contralateral    oblique X-ray of the sacroiliac joint. The ante-
rior and posterior joint lines aligned to form a crisp silhouette of the 
joint (Reproduced with permission of Philip Peng Educational Series)       
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  Fig. 48.6    Insertion    of needle into the sacroiliac joint (SIJ). The needle 
is slightly bended by a swap forceps and the site of angulation was at 
the entrance of SIJ and the needle inside the SIJ was only a few milli-
meters in length (Reproduced with permission of Philip Peng 
Educational Series)       

  Fig. 48.7    Injection    of contrast showed the contrast traveling in the ros-
tral direction ( white arrow heads ) (Reproduced with permission of 
Philip Peng Educational Series)       

  Fig. 48.8    Lateral view of the sacroiliac joint. The needle was marked 
by  black arrows . The lower perimeter of the joint space was marked by 
the  white arrows  (Reproduced with permission of Philip Peng 
Educational Series)       
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    Ultrasound-Guided Technique 

 The target is the lowest 1 cm of the SIJ. The typical profi le of 
the upper SIJ reveals a prominent ilium and dorsal sacroiliac 
ligament (Fig.  48.9 ). When the ultrasound probe is at the 
lowest portion of the SIJ, the ilium will become “fl at” and the 
SIJ appear lateral to the lateral crest (Fig.  48.10 ). The needle 
can be inserted out-of-plane or in-plane. If in-plane tech-
nique is chosen, the author suggests a few steps to facilitate 
the needle insertion. First, the needle is made curve at the 

end. Second, the needle is inserted from medial to lateral. 
Third, the ultrasound probe is tilted away from midline 
(Fig.  48.11 ). In this case, more gel is added to the medial 
aspect of the probe to improve the contact with the sacrum. 
With these preparatory steps, the needle is inserted from 
medial to lateral aiming at the tip of the lateral crest 
(Fig.  48.12 ). Once the needle passes the lateral crest, the 
needle is rotated so that the tip is curved toward the SIJ. If the 
needle is inside the joint, real-time imaging will not show 
any movement of injectate.          

  Fig. 48.11    Sonography    of the lower sacroiliac joint (SIJ) similar to 
Fig.  48.10  but the ultrasound probe was tilted toward the midline to 
allow a steeper angle of the needle. The probe position was indicated in 
the insert in the lower right corner. The SIJ was indicated by the  bold 
arrow  (Reproduced with permission of Philip Peng Educational Series)       

  Fig. 48.9    Sonography of the upper sacroiliac joint (SIJ). The probe 
position was indicated in the insertion in the lower right corner. The SIJ 
was indicated by the  bold arrow . Note the prominence of the ilium. ***    
dorsal sacroiliac ligament (Reproduced with permission of Philip Peng 
Educational Series)       

  Fig. 48.10    Sonography of the lower sacroiliac joint (SIJ). The probe posi-
tion was indicated in the  insert  in the  lower right corner . The SIJ was indi-
cated by the  bold arrow , which is typically lateral to the lateral crest. Note 
the fl at appearance of the ilium. The S2 foramen was indicated by the  line 
arrows  (Reproduced with permission of Philip Peng Educational Series)       

  Fig. 48.12    Sonography of the lower sacroiliac joint (SIJ) with the 
needle ( line arrows ) inserting in-plane in a medial to lateral direction. 
The SIJ was indicated by the  bold arrow  (Reproduced with permission 
of Philip Peng Educational Series)       

 

 

 

 

Technique



630

   References 

    1.    Hansen HC, McKenzie-Brown AM, Cohen SP, Swicegood JR, 
Colson JD, Manchikanti L. Sacroiliac joint interventions: a system-
atic review. Pain Physician. 2007;10:165–84.  

    2.    Szadek KM, Hoogland PV, Zuurmond WW, de Lange JJ, Perez 
RS. Nociceptive nerve fi bers in the sacroiliac joint in humans. Reg 
Anesth Pain Med. 2008;33:36–43.  

    3.    Szadek KM, Hoogland PV, Zuurmond WW, De Lange JJ, Perez 
RS. Possible nociceptive structures in the sacroiliac joint carti-
lage: an immunohistochemical study. Clin Anat. 2010;23:
192–8.  

      4.    Cohen SP, Chen Y, Neufeld NJ. Sacroiliac joint pain: a comprehen-
sive review of epidemiology, diagnosis and treatment. Expert Rev 
Neurother. 2013;13:99–116.  

    5.    Foley BS, Buschbacher RM. Sacroiliac joint pain: anatomy, biome-
chanics, diagnosis, and treatment. Am J Phys Med Rehabil. 
2006;85:997–1006.  

    6.    Roberts S, Burnham R, Ravichandiran K, Agur A, Loh E. Cadaveric 
study of sacroiliac joint innervation: implications for diagnostic 
blocks and radiofrequency ablation. Reg Anesth Pain Med. 
2014;39:456–64.  

    7.    Fortin JD, Dwyer AP, West S, Pier J. Sacroiliac joint: pain referral 
maps upon applying a new injection/arthrography technique. Part I: 
asymptomatic volunteers. Spine. 1994;19:1475–82.  

    8.    Fortin JD, Aprill CN, Ponthieux B, Pier J. Sacroiliac joint: 
pain referral maps upon applying a new injection/arthrography 
 technique. Part II: Clinical evaluation. Spine. 1994;19:
1483–9.  

    9.    Depalma MJ, Ketchum JM, Trussell BS, Saullo TR, Slipman 
CW. Does the location of low back pain predict its source? PM R. 
2011;3:33–9.  

    10.    Laslett M. Evidence-based diagnosis and treatment of the painful 
sacroiliac joint. J Man Manip Ther. 2008;16:142–52.  

    11.    Schwarzer AC, Aprill CN, Bogduk N. The sacroiliac joint in 
chronic low back pain. Spine. 1995;20:31–7.  

    12.    Young S, Aprill C, Laslett M. Correlation of clinical examination 
characteristics with three sources of chronic low back pain. Spine 
J. 2003;3:460–5.  

    13.    Dreyfuss P, Michaelsen M, Pauza K, McLarty J, Bogduk N. The 
value of medical history and physical examination in diagnosing 
sacroiliac joint pain. Spine. 1996;21:2594–602.  

   14.    Slipman CW, Sterenfeld EB, Chou LH, Herzog R, Vresilovic 
E. The predictive value of provocative sacroiliac joint stress maneu-
vers in the diagnosis of sacroiliac joint syndrome. Arch Phys Med 
Rehabil. 1998;79:288–92.  

    15.    Laslett M, Aprill CN, McDonald B, Young SB. Diagnosis of sacro-
iliac joint pain: validity of individual provocation tests and compos-
ites of tests. Man Ther. 2005;10:207–18.  

    16.    Szadek KM, van der Wurff P, van Tulder MW, Zuurmond WW, 
Perez RS. Diagnostic validity of criteria for sacroiliac joint pain: a 
systematic review. J Pain. 2009;10:354–68.  

    17.   Boswell MV, Trescot AM, Datta S et al.; American Society of 
Interventional Pain Physicians. Interventional techniques: evidence- 
based practice guidelines in the management of chronic spinal pain. 
Pain Physician. 2007;10:7–111.  

    18.    Luukkainen R, Nissilä M, Asikainen E, et al. Periarticular cortico-
steroid treatment of the sacroiliac joint in patients with seronegative 
spondyloarthropathy. Clin Exp Rheumatol. 1999;17:88–90.  

    19.    Luukkainen RK, Wennerstrand PV, Kautiainen HH, Sanila MT, 
Asikainen EL. Effi cacy of periarticular corticosteroid treatment of 
the sacroiliac joint in non-spondyloarthropathic patients with 
chronic low back pain in the region of the sacroiliac joint. Clin Exp 
Rheumatol. 2002;20:52–4.  

    20.    Rosenberg JM, Quint TJ, de Rosayro AM. Computerized tomo-
graphic localization of clinically-guided sacroiliac joint injections. 
Clin J Pain. 2000;16:18–21.  

    21.    Hansen HC. Is fl uoroscopy necessary for sacroiliac joint injections? 
Pain Physician. 2003;6:155–8.  

    22.    ISIS. Sacroiliac joint access. In: Bogduk N, editor. Practice guide-
lines for spinal diagnostic and treatment procedures. 2nd ed. San 
Francisco: ISIS; 2013.    

Chapter 48 Sacroiliac Joint



631D. Jankovic, P. Peng, Regional Nerve Blocks in Anesthesia and Pain Therapy: Traditional and Ultrasound-Guided Techniques,
DOI 10.1007/978-3-319-05131-4_49, © Springer International Publishing Switzerland 2015

    Chapter 49   

 Sacral Nerve Root Block      

        Danilo   Jankovic ,  MD       
  Director of Pain Management Centre DGS – Cologne – Huerth ,   Luxemburger Str. 323-325 ,  50354   Cologne – Huerth ,  Germany   

 e-mail: danilo@jankovic1.de   

Contents

 Defi nition ......................................................................................  632

 Anatomy .......................................................................................  632

 Indications ...................................................................................  634

 Surgical ....................................................................................  634

 Diagnostic ................................................................................  634

 Therapeutic ..............................................................................  634

 Contraindications ........................................................................  635

 Absolute ..................................................................................  635

 Relative ....................................................................................  635

 Procedure .....................................................................................  635

 Preparations .............................................................................  635

 Transformal S1 Nerve Root Block .............................................  635

Materials ..................................................................................  635

Patient Position ........................................................................  635

Technique ................................................................................  636

 S2 to S4 Nerve Root Block ..........................................................  637

Materials ..................................................................................  637

Patient Positioning ...................................................................  637

 Puncture-Relevant Anatomy ...................................................  637

 Localization .............................................................................  638

 Injection ...................................................................................  639

 Electrostimulation ...................................................................  639

 Dosage ..........................................................................................  639

 Therapeutic ..............................................................................  639

 Important Notes for Outpatients ...............................................  639

 Complications ..............................................................................  639

Suggested Reading ......................................................................  639

mailto:danilo@jankovic1.de


632

          Defi nition 

 A paravertebral blockade of the sacral nerves in the region of 
the nerve exit points in the area of the sacral foramina.  

    Anatomy 

 The sacrum is wedge-shaped and consists of fi ve fused verte-
brae. Dorsally, it has a convex surface, with the median sacral 
crest projecting in the middle of it. Between the median and 
lateral sacral crests, there are four sacral foramina (the  pos-
terior sacral foramina ), through which the dorsal branches 
of the sacral spinal nerves emerge. The anterior view shows 
a concave surface. In addition to the transverse lines, the 
large anterior foramina are seen (the  anterior pelvic sacral 
foramina ), through which the primary anterior sacral nerves 
emerge (cf. Chap.   40    ). 

 The  lumbosacral trunk  (part of L4 and L5) and the 
 S1–S3 ventral branches  combine on the anterior sur-
face of the piriformis muscle to form the  sacral plexus  
(Figs.  49.1  and  49.2 ). From the plexus, direct branches 
are given off to the muscles in the pelvic region: to the 
piriformis, the gemelli, the obturator internus, and the 
quadratus femoris.   

 The  sacral canal  contains the fi ve paired sacral nerves. 
They course caudally and exit through the sacral foramina.

•    The  sciatic nerve  arises from the ventral branches of spi-
nal nerves L4–S3 (cf. Chaps.   60    ,   61    ).  

•   The  superior gluteal nerve  (L4–S1) supplies the gluteus 
medius and gluteus minimus muscles.  

•   The  inferior gluteal nerve  (L5–S2) supplies the gluteus 
maximus.  

•   The  posterior cutaneous nerve of the thigh  (S1–S3) is a 
purely sensory nerve and gives off branches to the lower 
edge of the buttocks (the inferior clunial nerves) and to 
the perineal region (perineal branches).  

•   The  pudendal nerve  (S2–S5) leaves the pelvis through the 
infrapiriform foramen, courses dorsally round the ischial 
spine, and passes through the lesser sciatic foramen into 
the ischiorectal fossa. In the fossa, it courses along the 
lateral wall in the pudendal canal to below the symphysis 
and with its terminal branch to the dorsal side of the penis 
or clitoris. Numerous branches are given off in the puden-
dal canal (cf. Chap.   56    ):

 –    The  inferior rectal nerves , which may also arise directly 
from sacral nerves S2–S4, provide the motor supply to 
the external anal sphincter and sensory supply to the 
perianal skin and the lower two thirds of the anal canal.  

 –   The  perineal nerves  are involved in the innervation of 
the external anal sphincter muscles and bulbospongio-
sus, ischiocavernosus, and superfi cial transverse peri-
neal muscles.  

 –   The  muscular branches  (S3, S4) supply the levator ani 
and coccygeal muscles.  

 –   The urinary bladder, urethra, and external genitalia are 
mainly innervated by nerves from S2 to S4.       

 The external genitalia, bladder, and rectal orifi ce are bor-
der areas between the autonomic smooth muscles and volun-
tary striated muscles. Autonomic and somatomotor fi bers are 
therefore intertwined in them.  
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  Fig. 49.1    Anatomic specimen. Lateral view of the lumbosacral plexus. 
( 1 ) Lumbosacral plexus from segments L5 to S3, ( 2 ) sacrospinal liga-
ment, ( 3 ) sacrum (Reproduced with permission from D. Jankovic)       
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  Fig. 49.2    Anatomic specimen. Sacrum, ventral view. ( 1 ) Sacral plexus, 
( 2 ) anterior sacral foramina, ( 3 ) sympathetic trunk (Reproduced with 
permission from D. Jankovic)       
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    Indications 

    Surgical 

 None.  

    Diagnostic 

     1.    For differentiation between pain states in the lower 
extremities (localization of the affected segment in cases 
of lumbosacral radiculopathy), suprapubic region, and 
around the perineum.   

   2.    Bladder dysfunction (bladder sphincter spasm in spinal 
cord injuries—provided that cystometry has confi rmed 
there is good tone in the bladder muscles).   

   3.    The S1 nerve root block is commonly performed for diag-
nostic block in patients with radicular pain of uncertain 
contribution from lumbosacral nerve root (selective spi-
nal nerve root block).      

    Therapeutic 

     1.    Treatment of bladder sphincter spasm (see above).   
   2.    Sciatic pain with transforaminal S1 nerve root injection.   
   3.    Neurolytic blockade: to support pain treatment in malig-

nant processes (pelvis, perineum, or suprapubic pain) as 
an alternative to intrathecal neurolysis (with less severe 
incontinence effects or motor dysfunction).   

   4.    Bladder dysfunction. The musculature of the inferior 
urinary tract has parasympathetic, sympathetic, and 
somatic innervation. The motor innervation of the detru-
sor muscle is via parasympathetic efferents, the motor 
neurons of which are closely adjacent to the (somatic) 
anterior horn cells of the pudendal nerve and originate 

from the second to fourth sacral segments. The pregan-
glionic parasympathetic neurons course as the pelvic 
nerve to the pelvic plexus, from which they reach the 
bladder wall. Preganglionic efferents arise from seg-
ments T11–L2, pass through the sympathetic trunk, and 
then form the hypogastric nerve. From the latter, 
branches course to the pelvic nerve and together with it 
form the pelvic plexus. Postganglionic sympathetic 
fi bers mainly innervate the bladder neck region. The stri-
ated external urethral sphincter and the pelvic fl oor mus-
cles are supplied by the somatic pudendal nerve (S2–S4). 
Sensory impulses are derived from stretching and pain 
stimuli in the bladder and are conducted both via the pel-
vic nerve and also the hypogastric nerve. The pudendal 
nerve also has afferent functions and conducts signals 
from the urethra that convey the sensation of urinary 
fl ow, as well as proprioceptive impulses from the pelvic 
fl oor muscles. The sacral micturition center ensures uri-
nation without residual urine (muscular urination con-
trol, S2–S4).   

   5.    Bladder emptying after paraplegia. When the spinal cord 
is severed above the sacral medulla, refl ex emptying is no 
longer observed after bladder fi lling in either animals or 
humans (spinal shock), and the urinary bladder becomes 
fl accid and atonic for a period of days to weeks. In the 
chronic state, this phase gradually shifts to the refl ex 
bladder phase, in which minor bladder fi lling leads to 
refl ex contraction of the bladder detrusor and frequent 
urination. The refl ex arc has a spinal course. The motor 
neurons to the external urethral sphincter no longer have 
refl ex inhibition, but instead refl ex stimulation. This leads 
to detrusor–sphincter dyssynergia. Paraplegic patients 
can learn bladder emptying control. If cystometric exami-
nations show good bladder tone in paraplegic patients, a 
transsacral blockade of the second and third sacral nerves 
bilaterally can trigger sphincter spasm.       
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    Contraindications 

    Absolute 

     1.    When declined by the patient   
   2.    Coagulation disturbances and anticoagulant treatment   
   3.    Local infections (skin diseases) at the injection site      

    Relative 

 Obesity.   

    Procedure 

    Preparations 

 Check that the emergency equipment is complete and in 
working order; sterile precautions; and intravenous access, 
ECG monitoring, pulse oximetry, intubation kit, ventilation 
facilities, and emergency drugs. 

 An information discussion with the patient is absolutely 
necessary.   

    Transformal S1 Nerve Root Block 

   Materials 

•     Fluoroscopy  
•   Needles: fi ne 26-G needle, 25 mm long for local anesthesia

   An 80-mm-long 22-G spinal needle curved at the tip     
•   Syringes: 2, 5, and 10 mL  
•   Local anesthetics, steroid (methylprednisolone or triam-

cinolone 40 mg or dexamethasone 10 mg)  
•   Contrast for spinal injection (Omnipaque® or 

Isovue300/370)  
•   Disinfectant, swabs, compresses, sterile gloves, and 

fenestrated drapes     

   Patient Position 

 The puncture procedure is carried out with the patient in the 
prone position, with a cushion under the pelvis (Fig.  49.3 ).   

  Fig. 49.3    Abdominal positioning with a cushion under the pelvis 
(Reproduced with permission from D. Jankovic)       
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   Technique 

 The target point is the superior lateral aspect of S1 neural 
foramen on the caudal border of the S1 pedicle (Fig.  49.4 ). 
To locate this target, the fi rst step is to locate the S1 foramen 
and superimpose the anterior and posterior S1 foramen. This 
can be achieved by rotating an image intensifi er in cephalo-
caudad and occasionally ipsilateral oblique direction.  

 The needle punctures the skin directly over the target with the 
needle curve facing lateral and superior border of the foramen. 
The needle therefore passes in an inferior to superior and lateral 
to medial trajectory, with the attempt to contact the bone of the 
superolateral border of the S1 foramen. This maneuver is to 

ensure the practitioner to appreciate the depth of the foramen. 
Upon bony contact, the needle is rotated medially to “walk off” 
the bone. Once the needle is through the dorsal aspect of the fora-
men, the needle is then rotated with curve toward the superolat-
eral aspect of the foramen and advanced no more than a few 
millimeters. A lateral view is obtained to ensure the needle tip 
well within the S1 foramen but not ventral to the fl oor of sacral 
canal. Confi rmation of needle placement is made by injecting 
contrast (0.25–0.5 mL) during lateral and AP fl uoroscopic visual-
ization. Presence of vascular uptake is detected by either real-time 
fl uoroscopy or digital subtraction angiography. Once the needle 
position is satisfactory, a mixture of 2 mL of local anesthetic and 
1 mL of steroid is administered.   

a

b c

  Fig. 49.4    ( a ) Radiograph of lumbosacral spine without label. ( b ) The 
pedicle of S1 was indicated by a solid line on the radiograph on the 
 right side . Caudal to this, the dorsal silhouette of the S1 foramen was 
indicated by the complete smaller circle and the ventral silhouette by 
the larger incomplete circle. ( c ) The C-arm was rotated to give ipsilat-

eral oblique view. In this view, the dorsal silhouette of the S1 foramen 
was much better appreciated. ( d ) A 22-gauge spinal needle was inserted 
to the lateral and cephalad aspect of the S1 foramen as indicated by the 
 arrow  (Reproduced with permission from Philip Peng Education 
Series)       
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    S2 to S4 Nerve Root Block 

 This blockade should be carried out by experienced anesthe-
tists or under their supervision. 

   Materials 

•     Needles: fi ne 26-G needle, 25 mm long for local 
anesthesia
   An 80-mm-long 22-G spinal needle     

•   Electrostimulation: nerve stimulator  
•   22-G (15°) 80-mm stimulating needle with injection tub-

ing syringes: 2, 5, and 10 mL    

 Local anesthetics, disinfectant, swabs, compresses, sterile 
gloves, and fenestrated drapes  

   Patient Positioning (Fig.  49.3 ) 

 The puncture procedure is usually carried out with the patient 
in the abdominal position, with a cushion under the pelvis 
and legs spread so that the heels are rotated outward with the 
toes pointing inward. 

 A swab is placed in the gluteal sulcus to protect the anal 
and perineal area from disinfectants (cf. Chap.   44    ).  

    Puncture-Relevant Anatomy 

 The sacral bone is deformed in 20–25 % of the patients, with 
the sacral foramina not running parallel to the sacral crest. 

 The distance to the  skin  and  sacral periosteum  in the 
region of S2 depends on the anatomy and ranges from 1.3 cm 
in slim patients to up to 5 cm in obese patients [ 4 ] (Fig.  49.5 ).  

 The diameter of the sacrum declines from cranial to cau-
dal. It needs to be borne in mind that due to the sacrum’s 
concave surface, its distance from the skin surface declines 
from cranial (S1, S2) to caudal (S3, S4). The length of needle 
required varies correspondingly (8–10 cm in the area of S1 to 
5 cm in the area of S4). 

 The distance between the anterior and posterior sacral 
foramina (transforaminal canal) declines from S1 (approx. 
2.5 cm at S1, 1.3–2.0 cm at S2) to caudal as far as S4 by 
approximately 0.5 cm for each additional foramen (Fig.  49.6 ).  

  Fig. 49.5    Due to the sacrum’s concave surface, the distance to the skin 
surface declines from cranial (S1, S2) to caudal (S3, S4) (Reproduced 
with permission from D. Jankovic)       
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  Fig. 49.6    Anatomic specimen. Sagittal section. ( 1 ) Sacral canal, ( 2 ) 
posterior sacral foramen, ( 3 ) anterior sacral foramen, ( 4 ) intervertebral 
disk The distance between the anterior and posterior sacral foramina 
declines from S1 caudally to S4 by approximately 0.5 cm for each addi-
tional foramen (Reproduced with permission from D. Jankovic)       
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     Localization 

     1.    Localization and marking of the sacral cornua   
   2.    Palpation of the posterior superior iliac spines. The sec-

ond sacral foramina are located approximately 1.0–1.5 cm 
(depending on anatomy) caudal and medial to the poste-
rior superior iliac spines (Fig.  49.7 ).    

   3.    The fourth sacral foramina are located approximately 
1 cm lateral and 1 cm caudal to the sacral cornua.   

   4.    The third sacral foramen is located in the middle between 
sacral foramina 2 and 4.   

   5.    The fi fth sacral nerve does not enter through a foramen, 
but below the sacral cornu on the corresponding side, 
approximately 2 cm caudal to the fourth foramen.   

   6.    The connecting line between sacral foramina 2 and 4 
courses almost parallel to the median sacral crest. The 
sacral foramina are located at a distance of approximately 
2 cm from one another.       

During the puncture procedure, it is absolutely neces-
sary to observe the following:

•    Strict asepsis.  
•   The operator should stand on the side being blocked.  
•   The line connecting the two second sacral foramina 

marks the level of the dural sac in most patients 
(epidural/subarachnoid injection!) (Fig.  49.8 ).  

•   The S2 sacral foramen is easier to locate, so that the 
blockade can be started there.  

•   Using electrical nerve stimulation increases the 
success rate with the blockade.  

•   Due to the variability of sacral anatomy, carrying 
out the procedure with fl uoroscopic guidance is 
recommended.  

•   No neurolytics should be administered before the 
needle position has been checked fl uorographically 
with an image converter.  

•   Frequent aspiration and fractionated injections.  
•   Cardiovascular monitoring.  
•   Verbal monitoring.  
•   Motor weakness in the leg must always be antici-

pated. This should be explained to patients.    

  Fig. 49.7    Localization. ( 1 ) Median sacral crest, ( 2 ) sacral cornu, ( 3 ) 
posterior sacral foramina S1–S4, ( 4 ) sacral hiatus, ( 5 ) sacral canal. The 
second sacral foramina are located approximately 1.0–1.5 cm caudal 
and medial to the superior posterior iliac spines. The fourth sacral 
foramina are located approximately 1 cm lateral and 1 cm caudal to the 
sacral cornua (Reproduced with permission from D. Jankovic)       

  Fig. 49.8    Clinically relevant anatomy, dorsal view. ( 1 ) Posterior supe-
rior iliac spine, ( 2 ) sacrum; ( 3 ) spinal ganglia in the sacral canal, opened 
on one side; ( 4 ) sacral foramina; ( 5 ) terminal fi lum of the cauda equina; 
( 6 ) sacral plexus; ( 7 ) sacral hiatus (Reproduced with permission from 
D. Jankovic)       
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    Injection 

 The puncture procedure is started at the second sacral fora-
men. After this, sacral foramina 3 and 4 are punctured. 

 Following local anesthesia at the injection site, a 6–10-cm- 
long 22-G spinal needle is introduced vertically to the skin 
surface until there is contact with the periosteum (Fig.  49.9 ). 
The needle is withdrawn slightly, and the needle length is 
corrected until the corresponding foramen is located (“hunt 
and peck”). The needle is then advanced through the dorsal 
foramen up to the ventral foramen by approximately 2 cm 
(S2) to 0.5–1.0 cm (S4).  

 As soon as paresthesia is triggered (depending on the 
foramen, in the leg, penis/vagina, perineum, buttocks, or rec-
tum), the needle is minimally withdrawn. Following aspira-
tion (blood, cerebrospinal fl uid), fractionated injection of the 
local anesthetic is carried out. 

     Electrostimulation 

 The skin is incised at the puncture site using a hemostylet, to 
make it easier to introduce the needle. The electrostimula-
tion needle is advanced vertical to the examination table. 
Stimulation current of 1–2 mA and 2 Hz is selected with 
a stimulation period of 0.1 ms. When the relevant sacral 
nerve has been localized, the stimulation current is 
reduced to 0.3–0.5 mA. After aspiration, fractionated 
administration of a local anesthetic is carried out 
(Fig.  49.9 ).   

    Dosage 

    Therapeutic 

 1–2 mL of local anesthetic per sacral foramen—e.g., ropiva-
caine 0.2–0.375 %, mixed with glucocorticoid if appropriate.   

    Important Notes for Outpatients 

 Long-lasting block can occur (even after administration of 
low-dose local anesthetics, e.g., 0.125 % bupivacaine or 
0.2 % ropivacaine). The blocked leg can give way even 
10–18 h after the injection. The patient must therefore use 
walking aids during this period.  

    Complications 

     1.    Subarachnoid or epidural injection   
   2.    Intravascular injection, with toxic reactions (cf. Chap.   1    )   
   3.    Hematoma formation   
   4.    Infection   
   5.    Bowel and urinary incontinence is theoretically possible   
   6.    Breakage of puncture needles         
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  Fig. 49.9    Puncture in the area of the second sacral foramen 
(Reproduced with permission from D. Jankovic)       
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      Percutaneous insertion of a fl exible fi berscope into the epi-
dural cavity for diagnostic and therapeutic purposes began in 
the late 1980s. The procedure is known as epiduroscopy and 
is defi ned for purposes of this communication as direct visu-
alization of the lumbosacral epidural cavity with a percuta-
neously inserted fi beroptic device that has a channel through 
which instruments can be inserted and fl uids plus medication 
can be injected. The target population is patients with lumbar 
or sacral nerve radicular pain and/or low back pain who are 
not candidates for surgery, who have failed back surgery syn-
drome, or who have not obtained sustained benefi t from 
more conservative therapy such as single epidural steroid 
injection. Patients who present to us for epiduroscopy gener-
ally have failed back surgery syndrome, spinal canal steno-
sis, neuroforamen stenosis, degenerative disc disease, or 
nonremarkable CT/MRI. 

 The objectives of epiduroscopy are (1) to gain informa-
tion by direct visual inspection that contributes to documen-
tation of pathological processes responsible for low back 
pain and/or radicular pain and (2) to do therapeutic interven-
tions under direct visual control to relieve pain. Our goals in 
doing epiduroscopy are to better localize and defi ne pathol-
ogy causing pain, narrow therapeutic options, focus treat-
ment, and assist in establishing a long-term prognosis [ 2 ,  9 , 
 24 ]. General indications for epiduroscopy (spinal canal epi-
duroscopy) presented in a consensus paper [ 22 ] by an inter-
national group of experts are:

    1.    Observation of pathology and anatomy   
   2.    Direct drug application   
   3.    Direct lysis of scarring (with medication, blunt dissec-

tion, laser, and other instruments)   
   4.    Placement of catheter and electrode systems (epidural, 

subarachnoid)   
   5.    An adjunct to minimally invasive surgery    

  Reviews by Helm et al. [ 11 ] and Kallewaard et al. [ 14 ] 
summarize fi ndings of recent literature surveys. Helm et al. 
focused their systematic review on literature related to the 
use of endoscopic adhesiolysis in post-lumbar surgery syn-
drome. Of 21 studies identifi ed, 1 randomized controlled 
trial and 5 observational studies met inclusion criteria for 
evaluation. The authors concluded that the evidence is fair 
that spinal endoscopy is effective in the treatment of post- 
lumbar surgery syndrome. 

 Kallewaard et al. reviewed literature dealing with epidur-
oscopy for patient with lumbosacral radicular pain. They 
identifi ed one prospective double-blind randomized con-
trolled trial, nine prospective studies, and three retrospective 
studies that yielded positive results after epiduroscopy in 

terms of pain scores and functional status. Most studies 
included patients with failed back surgery syndrome, one 
study included patients with degenerative lumbar spinal 
canal stenosis, and one study included patients with sciatica. 
The authors concluded that there is reasonable evidence for 
short-term and long-term effects in patients with chronic 
radicular pain due to failed back surgery syndrome. 

 Literature reports claim that visualization of pathological 
tissue and observation of targeted drug administration via 
epiduroscopy result in substantial and prolonged pain relief 
[ 6 ]. The authors of some studies reported that adhesions 
unreported by MRI can be identifi ed by epiduroscopy. 
Manchikanti et al. [ 15 ] concluded that endoscopic adhesioly-
sis with the administration of corticosteroids is also a safe 
and possibly cost-effective technique for relief of chronic 
intractable pain failing to respond to other modalities of 
treatments. There are many reports showing that epiduros-
copy is a safe procedure if precautions are taken, e.g., to limit 
the rate and volume of fl uid injected during the procedure 
[ 7 ,  11 ,  12 ,  15 ,  16 ,  18 – 21 ,  23 ]. 

 Epiduroscopy equipment continues to be improved. 
Increased clarity of visualization and experience enhances 
the ability to recognize structures. According to Helm et al., 
changing the focal length of the scope from infi nity to 6 mm 
markedly improved visualization [ 11 ]. Nevertheless, the 
objective of fi nding a bulging disc or a diseased nerve root, 
as is often the case, may seldom be a realistic expectation. 
On the other hand, information may be obtained by evaluat-
ing more readily identifi able tissues such as dura, perios-
teum, fat and scar tissue, and blood vessels. By assessing 
these structures relative to other clinical fi ndings and treat-
ment outcomes, we believe advancement has been made in 
the interpretation of epiduroscopy fi ndings [ 4 ]. 

 Like many therapeutic approaches, epiduroscopy does 
not meet high evidence-based standards demonstrating effi -
cacy. What became clear as we began prospective investiga-
tion of epiduroscopy outcome is that there is considerable 
variability in pathology observed in patients who are candi-
dates for epidural neurolysis and epiduroscopy. We hypoth-
esize that the signifi cance of this variability with respect to 
treatment outcome must be determined to aid in the design of 
adequately powered outcome studies. 

 Results of a literature search conducted in November 
2005 retrieved 729 references to the word “epiduroscopy.” A 
similar search done in January 2015 retrieved 17,700 list-
ings, refl ecting an increasing awareness and interest in epi-
duroscopy. The references to epiduroscopy can be classifi ed 
as advertisements, published articles, and third-party payer 
policies. There is signifi cant redundancy. 
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    Fiberoptic Images of the Epidural Space 

 Interpreting images obtained through spinal endoscopy is 
not easy. Most of the diffi culties can be understood if one 
realizes that the study of structures in the epidural cavity is 
done through a small tube. Images of only a fraction of the 
epidural cavity can be obtained at a time. A larger spatial 
context depends on a sequence of images obtained by maneu-
vering the scope in the area of interest. Since anatomical 
landmarks are sparse, fl uoroscopic orientation, using ante-
rior/posterior or lateral views, is needed to place these images 
in a larger anatomical context. 

 Landmarks such as the fi lum terminale, dura, and pedi-
cles are useful in the orientation of the scope. Another limit-
ing factor is cross-sectional size of the epidural cavity. The 
spinal canal is largely occupied by the dural sac and epidural 
fat. The remaining space is limited. Expected structures such 
as discs, disc herniations, and compressed nerve roots are 
diffi cult to see. In addition, an intervertebral disc is partially 
covered by the posterior longitudinal ligament, which in turn 
is covered by epidural fat obscuring the disc almost com-
pletely. A large disc herniation may be present but shows 
itself as an irregular fi brotic mass that is diffi cult to pene-
trate, rather than a smooth disc bulge. Nerve roots are visible 
(just next to the pedicle); however, they are easily missed if 
not actively sought. Once a nerve root is identifi ed, it may 
supply only limited information. The question arises: what 
does one look for? In order to answer this question, images 
of the tissues and structures as seen, not as expected, through 
epiduroscopy will be discussed. Abnormalities of the epi-
dural cavity are most easily understood by the absence of 

expected tissues and by the presence of abnormal tissues at 
these sites. 

 When the scope enters the normal epidural space, one 
usually observes epidural fat. On advancement of the scope, 
multiple small blood vessels can be seen traversing the epi-
dural space. 

 The fi lum terminale can be seen in the midline. The scope 
advances most easily in the dorsal epidural cavity, which 
consists of lamina and ligamentum fl avum. Ligaments (plica 
mediana dorsalis) may connect the posterior wall of the spi-
nal canal to the dura. The scope can be easily passed across 
the midline most of the time. Most laterally, the pedicle is 
relatively easy to identify by its smooth rounded shape. So is 
the medial aspect of the pars superior to the facet joint. The 
nerve roots are variable in size and are recognized by a char-
acteristic blood vessel on their surface. The roots can be fol-
lowed medial than inferior to the pedicle. The scope can 
often be placed through the neuroforamen into the 
 paraspinous space. In fact, our best treatment results are 
obtained when we are able to pass the scope tip along the 
cephalid border of the pedicle through the neuroforamen. 
The nerve root is small relative to the large neuroforamen, 
and abundant epidural fat in the neuroforamen, continuous 
with extra spinal fat, makes the nerve root sometimes hard to 
fi nd. The disc should be found superior to the pedicle but is 
hard to identify. The indentations of the dura and posterior 
longitudinal ligaments, between nerve root sleeves, are large 
and allow inspection of the anterior epidural cavity or at least 
the lateral part of it. If no pathology obstructs the advance-
ment of the scope and it is long enough, the entire lumbosa-
cral epidural cavity can be investigated in this fashion.  

Fiberoptic Images of the Epidural Space
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    Fat Tissue 

 Fat tissue is derived from mesenchyme and may serve as a buf-
fer between the hard spinal wall and the more delicate neural 
structures in the spine. It differs from subcutaneous fat by the 
relative absence of connective tissue. The presence of fat may be 
a marker for adequate regional perfusion and lack of pathologi-
cal (infl ammatory) processes. It is most easily recognized by its 
color. It is white yellow to yellow brown and globular in appear-
ance and can be easily penetrated with the scope (Fig.  50.1 ). It 
seems most abundantly present in the lateral recesses and the 

neural foramina and less so in the dorsal epidural space except 
for the sacral epidural space which is often completely fi lled 
with fat. Absence of fat may be the results of fat atrophy associ-
ated with the normal aging process or, more likely, as the result 
of an infl ammatory process and local ischemia. Its absence may 
play an important role in the pathophysiology of back pain, 
since epidural fat plays a role in the mechanical buffering of the 
thecal sac with fl exion and extension.  

 Whether fat tissue differentiates in an alternative direction 
(i.e., fi brous tissue) to noxious stimuli or is replaced by 
abnormal pathological tissue is not known.  

  Fig. 50.1    Rt L5—normal 
peridural fat (With permission 
from James Heavner)       
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    Vasculature 

 Arteries and veins traverse the epidural space. Arteries usu-
ally are small and clear. Veins usually are transparent and 
may be diffi cult to differentiate from adhesions. Arteries are 
easily recognizable by their pulsating behavior. Obviously, 
in the absence of fat, the number of visible vessels will 
increase. However, this may also be part of an infl ammatory 
response. Abnormal vasculature is recognized by its 

increased density and chaotic orientation in areas of pathol-
ogy (Fig.  50.2 ). Since these vessels are dilated, they contain 
more blood and make a strikingly purple-red appearance. 
Obstruction to venous blood fl ow leads to dilated, tortuous 
vessels, not only on an affected nerve root but at any site that 
is involved in the pathology. During epiduroscopy, some 
bleeding from ruptured vessels may occur; however, these 
vessels are often small and bleeding seems relatively 
insignifi cant.   

  Fig. 50.2    Rt L4—
hypervascularity, engorged 
vessels with Grade 1 fi brosis 
(With permission from James 
Heavner)       
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    Infl ammation 

 Infl ammatory changes are common and may be part of the nor-
mal aging process. They can be found diffusely throughout the 
epidural space and do not seem to lead to clinical symptoms. 
Infl amed tissue is recognized by an ink/purple color (Fig.  50.3 ). 
It is diffuse and heterogeneous. It is the result of hyperemia 
and is associated with increased vasculature, exudates, and 

fi brosis (Fig.  50.4 ). If the area of infl ammation is extensive or 
is located near the nerve root, maneuvering the scope is pain-
ful. Fragility of blood vessels in infl amed areas causes the tis-
sues to bleed on the slightest touch with the scope. In some 
patients, infl ammation is diffusely present in the entire lumbo-
sacral epidural space. Total epidural fat is diminished or absent. 
The periosteum and dura are hyperemic, and maneuvering of 
the scope is painful and causes diffuse bleeding.    

  Fig. 50.3    Rt L5—active 
infl ammation (With permission 
from James Heavner)       
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  Fig. 50.4    L5 midline—active 
infl ammation with fi brosis (With 
permission from James Heavner)       

 

Infl ammation
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    Fibrosis 

 One of the most striking images obtained through epiduros-
copy is the one of white scar. Fibrosis is most likely the result 
of direct trauma (i.e., surgery), chronic infl ammation, or 
local ischemia. 

 Independent of its cause, it is characterized by the abnor-
mal presence of homogenous white tissue. It is typically 
located in the lateral recess and the neuroforamen [ 16 ]. Since 
epidural fi brosis may play an important role in patients with 
chronic back pain and radicular pain, it is useful to grade the 
extensiveness of the epidural fi brosis [ 3 ]. 

  Fig. 50.5    Lt  L –S junction—
dense (Grade 4) avascular 
fi brosis (With permission from 
James Heavner)       

   Grade I: The fi brosis consists of strings and sheets tra-
versing the epidural space and attaching to bone or 
dura. It is often mixed with fat tissue and may be 
part of the normal aging process. It offers no resis-
tance to advancement of the scope. Grade I fi brosis 
is unlikely to cause clinical symptoms.  

  Grade II: Strings and sheets of fi brosis increase in size 
and number and form a more continuous network. 
Infl ammatory changes are often present as well. 
The fi brosis is starting to replace the epidural fat. 
There is some resistance to the scope, but the scope 

can still be advanced. Maneuvering the scope may 
be painful. It is clearly abnormal and is likely part 
of a pathological process that leads to clinical 
symptoms.  

  Grade III: Fibrosis is continuous and occupies discrete 
areas of the epidural space. There is no epidural fat 
and infl ammation may be less pronounced. The 
scope cannot be advanced in these areas and 
attempts to do so are painful.  

  Grade IV: Fibrosis is now one large dense mass that is 
continuous and occupies an anatomical region of 
the epidural space (Fig.  50.5 ). The scope cannot be 
advanced at all. It is important to recognize that epi-
dural fi brosis is associated with multiple different 
pathological processes and should be placed in the 
appropriate clinical context. For example, after back 
surgery, the dura may adhere to the walls of the spi-
nal canal and be covered by strings and sheets of 
fi brosis. In this case, the scope cannot be advanced 
due to dural adhesions. This may look like a dense 
mass of fi brosis, but it is not. Large disc herniations 
may also appear as a white irregular fi brotic (grade 
IV) mass that are impossible to penetrate with the 
scope. This may be extruded disc material or a 
fi brotic response to chronic infl ammation.    
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      Nerve Roots 

 Nerve roots are surprisingly hard to fi nd for structures that 
occupy 30 % of the neuroforamen. The S3, S4, and S5 
nerve roots are usually missed completely. This may explain 
why damage to these structures is rare. The S2 nerve root is 
easier to fi nd, as it is larger in size. The S1 nerve root can be 
found in the lateral recess of the sacral epidural space on its 
way to the sacral neuroforamen. It passes medial and infe-
rior to a bony structure equivalent to the pedicle of the lum-
bar vertebra. This is commonly the site of fi brosis and may 
explain persistent radicular pain in the S1 distribution after 
a L5/S1 fusion of the lumbar spine. The lumbar nerve roots 
can be found below and medial to the pedicle, the perpen-
dicular space. A characteristic blood vessel accompanies 
the nerve root and can be seen through the root sleeve. 
Under normal conditions, this vessel is straight; with 
pathology it becomes dilated and gives an effaced appear-
ance. A tortuous vessel may be a sign of circulatory obstruc-
tion. The nerve root sleeve itself can make a large dilated 
appearance. Touching a healthy nerve root is not painful 
although a paresthesia may be felt. However, in the case of 
pathology, touching the nerve with a scope is often very 
painful.  

    Discs, Dura, and Ligaments 

 As mentioned earlier, disc and disc material is diffi cult to 
identify. On gross examination, i.e., during surgery, the disc 
is easily identifi ed by its white almost yellow appearance in 

contrast to the darker brown vertebral bone. It is only par-
tially covered by the longitudinal ligament. The disc can 
probably be seen during epiduroscopy by placing the scope 
in the neuroforamen just superior to the pedicle; however, 
color, texture as seen through the scope, and, in addition, the 
presence of obscuring epidural fat make it diffi cult to obtain 
useful information with respect to disc pathology. A known 
disc herniation is characterized by the absence of epidural fat 
and the inability to place the scope in the neuroforamen. A 
dense white mass obstructs the advancement of the scope. 
Areas of infl ammation and fi brosis may be seen as well. One 
does not see a nice smooth, possible red disc protrusion 
(compressing a nerve root) as shown in textbook pictures. 

 The dura is recognized by its white smooth appearance. It 
may pulsate with changes in CSF pressure. Blood vessels 
can be seen on the dura as may be fi brotic structures, possi-
bly ligaments. In pathology, numerous areas of increased 
vasculature, hyperemia, and fi brosis cover the dura. These 
areas of infl ammation may be continuous with infl ammation 
that accompanies the nerve root. Manipulation of the scope 
is usually painful.  

    Peridural Membrane 

 The peridural membrane is a generally overlooked mem-
brane between the dura and bony vertebrae [ 1 ,  5 ]. We became 
aware of the membrane when doing epiduroscopy. We are 
pursuing investigation of possible signifi cant role of the 
membrane as a focus of pathology causing common low 
back pain.  

Peridural Membrane
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    Technical Aspects of Epiduroscopy 

    The Scope 

 We use an epiduroscope marketed by Karl Storz (Figs.  50.6  
and  50.7 ). The usual equipment for endoscopic procedures 
and any fl exible fi beroptic endoscope may be used as long as 
the images are of reasonable quality.    

  Fig. 50.6    Epiduroscope fl exible, 2.8 mm, 40/70 cm long marketed by 
Karl Storz Endoskope, Tüttlingen (With permission from Danilo 
Jankovic)       

  Fig. 50.7    Materials (With permission from Danilo Jankovic)       
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    The Procedure 

 At this time only one acceptable route of insertion of the 
scope, placement through the sacral hiatus is recommended 
(Figs.  50.8  and  50.9 ). With appropriate application of local 
anesthetics, the procedure can be performed without the help 
of an anesthesiologist. However, because of the nature of the 
procedure, the requirement of endoscopy, and fl uoroscopy 
equipment, we perform the procedure in the operating room 
under monitored anesthesia care. Prophylactic treatment 
with an antibiotic may be considered. The patient is put in 
the prone position in such a fashion that the lumbar lordosis 
is minimized. The sacral area is cleansed and the skin anes-
thetized; an 18-G needle is advanced through the sacral hia-
tus in the sacral epidural space. With the assistance of 
fl uoroscopy, a Seldinger technique is used to place a nine- or 
ten-French introducer in the epidural cavity.   

 Guidewire, dilator, and introducer sheet should all be kept 
below the level of S3, so as to avoid penetration of the dura 
and damage to the neural structures. To reduce procedure 
related pain, we may inject 5 ml of 0.2 % ropivacaine through 
the sheath before inserting the epiduroscope. The scope is 
then advanced into the sacral epidural cavity. In general the 
procedure can be performed with minimal trauma. 
Occasionally, the scope cannot be passed through the distal 
sacral spinal canal. Attempts to pass the scope with force will 

almost certainly result in damage of the scope and possible 
complications to the patient. Once the scope is placed in the 
sacral epidural cavity, fl uoroscopy is used to obtain the proper 
orientation. In patients with unilateral pathology, it is advis-
able to inspect the contralateral epidural cavity fi rst. This will 
provide the endoscopist with information about what the nor-
mal epidural space looks like or asymptomatic pathology 
may be identifi ed. The scope is then advanced to the region 
of pathology as predicted by the clinical exam and imaging 
studies. During the procedure, fl uoroscopy will be needed to 
confi rm the orientation of the scope. Judicious amount of iso-
tonic fl uids is infused through the working channel. These 
fl uids will dilate the epidural space and make visualization of 
the epidural tissues possible. Limits to the amount and rate of 
fl uids injected are not known. Increase in pressure will be 
dependent on the rate of injection and the compliance of the 
system. Since the neuroforamen provide a continuous exit 
route for injected fl uids, thus signifi cant amounts of fl uids 
can be injected without signifi cant consequences. In patients 
with pathology, such as extensive epidural fi brosis, rapid 
injections may lead to pressure waves in the epidural and 
subarachnoid space that may lead to severe complications 
[ 7 ]. We plan to inject no more than 60 ml although much 
larger amounts have been injected. Pain between the scapu-
lae or in the neck and headache are warning symptoms that 
signal pressure is increasing to dangerous level.   

  Fig. 50.8    Puncture of the caudal epidural space (With permission from 
Danilo Jankovic)       

  Fig. 50.9    Inspection of the epidural space (With permission from 
Danilo Jankovic)       
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    Treatment of Radicular Pain Using 
Epiduroscopy 

    Targeted Drug Delivery 

 When an area of pathology is identifi ed, treating the abnor-
mality by local drug injection through the working channel 
of the scope may be attempted. The objectives of such an 
injection in the treatment of radiating pain include the reduc-
tion or prevention of infl ammatory lesions adjacent to the 
nerve root and reduction or prevention of epidural fi brosis 
through chemical adhesiolysis. Placement of glucocortico-
steroids at a site of infl ammation may have an advantage 
over injection in the epidural cavity through more standard 
methods. In addition, the nerve root is small relative to the 
size of the neuroforamen, and the epidural cavity is largely 
patent near the nerve root.  

    Mechanical Adhesiolysis 

 One of the most impressive images through epiduroscopy is 
that one of epidural fi brosis. Indeed, epidural scarring has 
been implicated in failed back surgery and chronic radicular 
pain. The exact mechanism by which fi brosis may cause neu-
ropathic pain is unclear, but local ischemia may play a role. 
Removal of perineural fi brosis may lead to improved local 
circulation and decrease of neuropathic symptoms. Multiple 
attempts to remove fi brosis or methods to prevent the buildup 
of epidural scar after surgery have been attempted with vari-
able success. Several investigators have reported on attempts 
to decompress nerve roots using epiduroscopy. Multiple 
mechanisms by which this may be achieved may play a role. 
Advancement of the scope in areas of fi brosis may have a 
mechanical lytic effect on fi brosis. Obviously, the effect will 
be more pronounced in areas of light fi brosis (grade I or II) 
than in dense epidural scarring (grade III and IV). Placement 
of the scope in the space between the nerve root and pedicle 
may be an area of interest as infl ammatory material seems to 
accumulate here and fi brosis is not too extensive. Signifi cant 
amounts of normal saline are used to dilate the epidural 
space in order to obtain images. These normal saline injec-
tions in relatively closed compartments may lead to build up 
of pressure and result in effective adhesiolysis. Forceful 
injections with saline, contrast material, hyaluronidase, and 
other drugs have been studied. Outcomes of these injections 
have been variable. The effectiveness of these forceful injec-
tions on radicular pain is most likely highly dependent on the 
precise placement of the scope in the neuroforamen at the 
site of the pathology. Experience suggests that with precise 
placement of the scope, improvement of the epidurogram, 
i.e., improved patency of the nerve root in the neuroforamen 
and lateral recess, is associated with clinical improvement. 

Several studies support this notion. Of course these kind of 
observations need to be substantiated by more rigorously 
controlled studies. More involved techniques such as the use 
of fi beroptic LASER in the ablation of fi brous material have 
been studied [ 13 ]. This might be helpful but we have reserva-
tions about doing it.  

    Combined Adhesiolysis and Targeted Drug 
Delivery 

 There are an increasing number of studies that report on the 
effectiveness of epiduroscopy in the treatment of chronic 
radicular pain. In general, these studies use a combination of 
drug delivery and mechanical adhesiolysis. Corticosteroids 
are injection with local anesthetics. A mixture of clonidine, 
hyaluronidase, and hypertonic saline may be injected in 
addition to variable amounts of saline to dilate the epidural 
space. The emphasis is on fl uoroscopic guidance of the scope 
to the area of the pathology. Very little description of epi-
dural pathology as observed through the scope is provided, 
i.e., in these studies the scope is mainly used as a tool for 
targeted drug delivery, and the exact target is not always 
clear.  

    Indications and Contraindications 

 Precise guidelines with respect to indications and contraindi-
cations for epiduroscopy are becoming better defi ned as our 
experience with the procedure increases. 

 Epiduroscopy is indicated in patients with radicular 
symptoms, which do not respond to epidural steroid 
 injections or surgical intervention. For example, this may be 
in symptomatic patients with minimal changes on lumbar 
MRI who have a temporary response to epidural steroid 
injections only. Or this may be a patient who has had a surgi-
cal nerve root decompression with or without fusion with 
persistent radicular pain. In addition, patients with low back 
pain without radicular symptoms, who have responded to 
epidural steroid injections in the past, may benefi t from fur-
ther investigation of the epidural cavity. 

 As any other invasive procedure, epiduroscopy is contra-
indicated in patients with systemic infections, in patients 
with regional infection at the site of insertion, and in patients 
with bleeding disorders. The caudal area is prone to contami-
nation, and the tract to the sacral hiatus may be a port of 
entry to the spinal canal. A prophylactic dose with antibiot-
ics (e.g., ceftriaxone, ciprofl oxacin) is recommended. 
Neurological defi cit is a relative contraindication since most 
of the patients will have neurological abnormalities. Since 
decompression of the sacral nerve roots may lead to improved 
bladder and bowel function, neurogenic incontinence should 
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not be an absolute contraindication to the procedure. The 
nerve roots of S2–S5 are small and diffi cult to fi nd in the 
epidural space; damage is unlikely but not impossible. Prior 
urodynamic evaluation in patients with symptoms of neuro-
genic bladder will provide a baseline status. 

 Anatomic abnormalities of the sacrum may preclude 
placement of the scope but is often feasible with fl uoro-
scopic guidance. However, resistance to scope placement 
may lead to scope damage and complications. Interestingly, 
the distorted anatomy seen with Tarlov’s cysts does not seem 
to interfere with epiduroscopy. Complication may arise from 
increased epidural and intracranial pressure with the infu-
sion of dilating fl uids in the epidural space. Therefore epidu-
roscopy in patients with increased intracranial pressure is 
contraindicated. Signifi cant resistance to injection of fl uids 
may indicate low compliance of the epidural space and 
forms a relative contraindication. Locally increased pressure 
may lead to circulatory abnormalities associated with com-
partment syndrome, with potentially devastating neurologi-
cal consequences. Since signifi cant amounts of contrast 
material may be used during epiduroscopy, impaired kidney 
function, particularly in the elderly, and caution is advised in 
its use.  

    Complications 

 Complications of epiduroscopy are similar to other spinal 
procedures and include infection, bleeding with hematoma 
formation, and drug reactions [ 8 ,  10 ,  17 ]. Some complica-
tions are specifi c to epiduroscopy. Trauma to the sacral hia-
tus and canal may occur but can be minimized with proper 
technique. Such trauma may result in persistent pain after the 
procedure. Infection may lead to a fi stula or abscess. Any 
sign of infection at the puncture site should therefore be 
treated aggressively. Manipulation of the scope in the epi-
dural spinal canal may lead to direct damage to neural struc-
tures or to circulatory compromise of these structures. In 
particular, this may occur in a region of pathology when 
injected drugs loculate and the extramural pressure increases 
suffi ciently to jeopardize local blood fl ow. In addition the 
dura may be punctured by the scope, especially in areas of 
pathology. Gentle manipulation of the scope and use of direct 
vision may prevent this from happening. The dura is surpris-
ingly resilient to puncture by the scope. On occasion, the 
dural sac extends far into the sacral epidural space. Aspiration 
of CSF and the typical appearance of the subarachnoid space 
on fi rst inspection will show that entry occurred and will pre-
vent the epiduroscopist from causing damage to neural 
structures. 

 Persistent CSF leak has been reported; however, compli-
cations from this may be limited since the sacral epidural 
space is not a closed space. 

 One of the more feared complications of epiduroscopy is 
visual disturbance [ 8 ]. Rapid epidural infusion generating a 
pressure gradient may explain disruption of retinal circula-
tion and result retinal hemorrhages. Avoiding infusion 
 pressures and signifi cant pressure changes may prevent these 
complications. Advancement of a scope through a too nar-
row sacral epidural canal at the hiatus may damage the scope 
to the point of breakage of the scope requiring surgical 
removal. If signifi cant resistance to the scope is encountered, 
the procedure should be aborted.      
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         Introduction 

 Percutaneous epidural neuroplasty (epidural neurolysis, epi-
dural adhesiolysis) is a form of interventional pain treatment 
that was fi rst described in 1989 [ 17 ]. The method is used at 
all levels of the spine to treat neuraxial pain conditions or 
radiculopathies, or both, as well as certain forms of cervico-
genic headache. 

 Over the years since the technique was introduced, it has 
been used in many parts of the world on thousands of people. 
When performed by properly trained personnel using appro-
priate equipment, epidural neuroplasty is widely recognized 
to be safe, effective, and cost-effective [ 2 ,  5 ,  8 ,  9 ]. Various 
modifi cations of the original technique have been tried 
(equipment and drugs, including various doses and vol-
umes). However, all modifi cations have been based on the 
original ideas that lead to the introduction of percutaneous 
epidural neuroplasty. Perhaps the biggest gains have been in 
understanding the scope of potential complications and how 
to avoid or mitigate them [ 16 ]. 

 Originally introduced as a 3-day procedure with one infu-
sion given on each of 3 sequential days, we now give the 
three infusions in 2 days. The effi cacy of a 1-day treatment 
has been documented [ 11 ]. The focus of this chapter is on the 
2-day caudal neuroplasty procedure most commonly per-
formed at our institution. 

 The development of this procedure and its acceptance 
were promoted by the following factors: (a) information 
regarding the importance of epidural and intervertebral 

structural changes and their role in the development of back 
pain and radicular pain, (b) better understanding of the struc-
tures involved in the origin of pain in the epidural space and 
its surroundings, (c) data on the type and location of pain 
arising due to stimulation of certain pathological structures 
in the epidural space and its vicinity, (d) the development of 
reliable percutaneous puncture techniques to access the epi-
dural space, (e) recognition of epidurography as a valuable 
method of diagnosis and treatment, (f) clear guidelines and 
theoretical justifi cations for the procedure and the drugs 
used, (g) evidence of the effectiveness of the treatment, and 
(h) USCPT code provided for the procedure. 

 The aims in percutaneous epidural neuroplasty are:

    1.    To diagnose pathological changes in the epidural space 
(e.g., epidural fi brosis) that may prevent administered 
drugs from reaching areas where there is pathology. 
Radiographic contrast media is used to identify the fi lling 
defects.   

   2.    To remove all pathological obstructions and scar tissue. 
For this purpose, physiological saline mixed with hyal-
uronidase is applied to the scar tissue.   

   3.    To determine whether the pathological obstructions caus-
ing pain have been removed after a procedure. 
Radiographic contrast media is again injected for this 
purpose.   

   4.    To administer drugs directly to the area of pathology to 
relieve or reduce pain (local anesthetics, steroids, and 
hypertonic saline).      
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    The Origins of Back Pain and Sciatica 

 When conducting surgery under local anesthesia in the lum-
bar spine, Kuslich et al. [ 6 ] found that sciatica could be trig-
gered by irritation of swollen, overextended, or compressed 
nerve roots. By contrast, back pain could be triggered by 
stimulation of various tissues in the lumbar region—most 
frequently in the outer layer of the anulus fi brosus and poste-
rior longitudinal ligament. Roffe [ 19 ] showed that both of 
these structures are richly supplied with nerves connected to 
the CNS via meningeal branches (sinuvertebral nerves) 
(Fig.  51.1 ). By contrast, stimulation of the capsule of the 
facet joints rarely caused back pain and never caused sensi-
tivity in the synovial bursa or cartilaginous surfaces. In 
patients who had previously undergone a laminectomy, there 
were always one or more areas of marked perineural fi brosis. 
It was never the scar tissue itself that was sensitive; instead, 
there was often marked irritability in the nerve root. It is sus-
pected that the scar tissue immobilizes the nerve root and 
thereby favors the development of pain when the nerve root 
is subject to traction or pressure.  

 Kusslich et al. concluded that “Sciatica can only be caused 
by direct pressure or traction on an infl amed, stretched, or 
compressed nerve root. No other tissue in the spine is able to 
trigger pain in the leg.” 

 However, nerve roots are exposed not only to mechanical 
effects but also to proinfl ammatory material from degener-
ated intervertebral disks or facet joints [ 14 ].  

6
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1 2

  Fig. 51.1    One half of a cross-section through the spinal cord, showing 
the innervation. As described in the text, the sinuvertebral nerve sup-
plies the anulus fi brosis and the posterior longitudinal ligament—two 
structures that play an important role in the development of back pain. 
( 1 ) Facet, ( 2 ) posterior primary ramus, ( 3 ) anterior ramus, ( 4 ) sinuver-
tebral nerve, ( 5 ) sympathetic, ( 6 ) root, ( 7 ) nucleus, ( 8 ) anulus (With 
permission from Danilo Jankovic)       
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    Lower Level for Pressure (Fig.  51.2 ) 

    The effects of pressure exerted on the nerves depend on 
whether the pressure is high or low. High pressure can pro-
duce direct mechanical effects on the nerve tissue and can 
distort the nerve fi bers, shift the nodes of Ranvier, or press in 
the paranodal myelin sheath. Lower pressures lead to tissue 
changes caused by a reduction in the blood supply to the 
nerve tissue. In animal experiments, it has been found that 
when infl ation of a balloon attached to the spinal cord makes 
the pressure on the cauda equina equivalent to arterial pres-
sure, blood fl ow in the cauda equina is interrupted [ 14 ]. Even 
a pressure of 5–10 mmHg interrupts venous blood fl ow in 
some small veins, while a pressure of 10 mmHg reduces the 
transport of nutrients to the nerve roots by 20–30 %. 
Compression can also cause changes in the permeability or 
transmural pressure conditions in the endoneurial capillaries 
in the nerve roots and can lead to edema formation (in the 
animal experiment, e.g., this occurred after 2 min of com-
pression at 50 mmHg). 

 Intraneural edema due to chronic nerve injury is associ-
ated with the development of neural fi brosis, which may con-
tribute to the very slow rate of symptomatic improvement 
observed in some patients with nerve compression. 

 Compression of spinal nerves at 10 mmHg for 2 h by two 
adjacent balloons (to simulate the clinical conditions occur-
ring in multiple nerve compression) reduced neural conduc-
tion and led to a reduction in the recorded amplitudes of 
action potentials by ca. 65 %. By contrast, compression by a 

single balloon at 50 mmHg for 2 h did not alter the amplitude 
of the action potentials. A pressure of 10 mmHg (with 
incomplete blockage of small veins) only appears to be capa-
ble of causing changes in nerve function if the spinal nerve 
roots are compressed into two segments [ 14 ]. Intervertebral 
disk prolapses or protrusions can cause higher levels of com-
pression pressure than central spinal stenosis.  

Mechanical irritation
(pressure, traction)

Chemical irritation
(nucleus pulposus)

Intraneural inflammation
(ischemia, edema, fibrosis, demyelinization)

Functional changes

Loss of nerve function
(muscle weakness,

sensory disturbances)

Pain due to
hyperexcitability
(ectopic impulse

generation)

  Fig. 51.2    Mechanical and chemical stimulants trigger the develop-
ment of neuraxial pain and radiculopathy, as well as cervicogenic head-
ache [ 12 ]       
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    Chemical Irritation (Fig.  51.2 ) 

 Some chemical substances have been identifi ed in the 
nucleus pulposus that can lead to irritation of neighboring 
structures if tears in the anulus fi brosus lead to them being 
released into the vertebral canal. These substances, which 
can cause infl ammation of nerve roots and meninges, include 
lactic acid, glycoprotein, cytokines, and histamine. In addi-
tion, it is considered theoretically possible that components 
of the nucleus pulposus can act as foreign proteins and trig-
ger an autoimmune reaction. This type of chemically caused 
irritation can arise without any compression by an interverte-
bral disk.  

    Structural Changes 

 Intervertebral disk anomalies can manifest as degenerative 
changes, protrusion, or herniation. Constriction of the inter-
vertebral space due to disk injury is often associated with 
osteophyte formation and arthrosis of the facet joints, which 
can lead to increased pressure on the spinal nerves. Stretching 
of the posterior longitudinal ligament by protruding interver-
tebral disks initially leads to localized back pain, while more 
severe protrusions also cause pressure on neighboring nerve 
roots and can lead to radicular pain.  

Structural Changes
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    Theoretical Considerations 

 In patients with chronic neuraxial pain and/or radiculopathy 
or cervicogenic headache, one or more of the following path-
ological changes may be present (Fig  51.2 ):

•    Infl ammation  
•   Edema  
•   Fibrosis  
•   Venous engorgement  
•   Mechanical pressure on:

 –    Posterior longitudinal ligament  
 –   Anulus fi brosus  
 –   Spinal nerve     

•   Reduced or absent nutrient supply to the spinal nerves or 
nerve roots  

•   Central sensitization    

 The infl ammatory tissue changes can activate nocicep-
tors or axons that conduct nociceptive information to the 
CNS. Equally, owing to infl ammation, nociceptors or noci-
ceptive axons may react more sensitively to mechanical 
stimuli. This type of mechanical irritation may be triggered 
either by pressure stress, as described above, or may be 
caused by movement-dependent stretching due to entrap-
ment of spinal nerves or nerve roots by fi brous tissue. 

 Most experience with neuroplasty has been gathered in 
the treatment of chronic pain conditions. The patients prob-
ably have both peripheral and central changes (e.g., central 
sensitization) contributing jointly to the chronic pain 
condition. 

 It is therefore theoretically justifi able to treat back pain 
with or without radiculopathy by local administration of 
drugs. Possible forms of treatment include:

•    Anti-infl ammatory drugs (e.g., corticosteroids).  
•   Drugs that reduce edema formation (e.g., hypertonic 

saline 10 %, hyaluronidase, and corticosteroids).  

•   Local anesthetics to block the nerve fi bers that conduct 
pain information to the CNS (hypertonic saline also has a 
local anesthetic effect).  

•   Addition of hyaluronidase to remove scar tissue. This 
makes it possible for the drug being used to reach the tar-
get tissue.    

 Figure  51.3  shows the selection criteria for patients who 
are candidates for percutaneous epidural neuroplasty; nonin-
vasive, conservative treatment methods should be attempted 
fi rst. Our technique is described in Table  51.1 . Table  51.2  
lists the most frequently used injection solutions. 

All conservative treatment options exhausted

Presence of pathological changes in the facet joints,
intervertebral disks or sympathetic nerve

Disagnostic
block

Radiofrequency
lesion

Presence
of spinal

or radicular
pain

Neuroplasty

  Fig. 51.3    Algorithm for the treatment of neuraxial pain and radicu-
lopathy, as well as cervicogenic headache. Neuroplasty is considered 
when conservative forms of treatment have proved to be ineffective and 
the appropriate diagnosis is confi rmed       
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        Techniques of Cervical Epidural Neuroplasty 

    Caudal Access Route 

    Procedure 
   Careful Information Discussion 
with the Patient Before the Block 
 Full prior information for the patient is mandatory. The 
patient should be informed about all of the potential compli-
cations that can occur during and after the procedure (e.g., 
epidural hematoma, epidural abscess, numbness in the 
extremities, rectal or bladder emptying disturbances, paraly-
ses, infection, sexual dysfunction, shearing of the epidural 
catheter, etc.).  

   Materials 
 See Chap.   47     on epidural caudal anesthesia. 

 16-G or 15-G RX Coudé needles—fl uoropolymer-coated 
epidural catheter made of stainless steel with a spiral tip 
TunL Kath or TunL-XL (stiffer); Epimed International, Inc., 
Irving, Texas, USA).  

   Preparations 
 See chapter on epidural caudal anesthesia. 

 Intravenous access is required in order to treat potential 
adverse events (e.g., total spinal anesthesia, subdural injec-
tion, intravascular injection, etc.), as well as to administer 
analgesia and sedation during the procedure and antibiotics 
postoperatively. 

 Analgesia and sedation are recommended before the 
procedure (e.g., 1–2 mg midazolam + 25–50 μg fentanyl), 
as the injection is usually painful in patients with epidural 
adhesions. The injection pain is probably caused by 
stretching of the nerve roots affected, and it spreads in the 
corresponding cutaneous innervation area. The patient 
should not receive deep sedation. The patient needs to be 
capable of cooperating during the procedure to ensure that 
any signs of spinal cord compression are not overlooked. 
(The patient has to be able to move the extremity affected 
and report any weakness or paralysis during the 
procedure.) 

   Table 51.1    Overview of neuroplasty   

  In the operating room:  
    1. Placement of the epidural needle 
    2. Injection of contrast and imaging of its spread (epidurogram) 
    3.  If there is a fi lling defect in the area in which the pain is 

located, introduction of a Racz catheter into the fi lling defect 
(scar) 

    4.  Repeat contrast injection to ensure that the contrast is now 
also spreading in the area of the fi lling defect 

    5.  Injection of preservative-free saline, with or without 
hyaluronidase 

    6. Injection of local anesthetic and corticosteroids 
    7. Secure the catheter 
  In the recovery room:  
    8.  30 min after the injection of a mixture of steroids and local 

anesthetic, infusion of 10 mL hypertonic saline (10 %) over 
30 min 

  On the ward:  
    9.  On the following day, inject local anesthetic followed 30 min 

later by hypertonic saline (10 %) twice with a 6–8 h interval 
between injections 

   10. The epidural catheter is removed after the fi nal treatment 

        Table 51.2    Injected solutions according to the spinal cord section 
(volume in mL) in the injection sequence   

 Solution  Cervical  Thoracic  Lumbar  Caudal 

 Iohexol  2–3  4–6  10  10 
 Iohexol  1–2  2–3  3  3 
 Saline 0.9 % + 1,500 IU 
hyaluronidase 

 4–6  6–8  10  10 

 Ropivacaine 
0.2 % + corticosteroid a  (test 
dose) 

 2  2  3  3 

 Ropivacaine 
0.2 % + corticosteroid a  

 2–4  4–6  7  7 

 Hypertonic saline  4–6  6–8  10  10 
 Saline 0.9 %  2  2  2  2 
 Then, on each of the 2 following days: 
   Ropivacaine 

0.2 % + corticosteroid 
(test dose) 

 2  2  3  3 

   Ropivacaine 0.2 %  4  6  7  7 
   Hypertonic saline  4–6  6–8  10  10 
   Saline 0.9 %  2  2  2  2 

   a 4 mg dexamethasone or 40 mg methylprednisolone or triamcinolone  
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 All procedures are conducted under fl uoroscopic guid-
ance, using a C-arm with a storage function in pulse mode 
(reduced radiation exposure). Fluoroscopic guidance opti-
mizes the results of the procedure (correct needle position-
ing, easier identifi cation of the defect, ability to check the 
spread of the contrast, and correct positioning of the cathe-
ter). The usual protective measures for staff are obligatory.  

   Selection of Drugs 
   Radiographic Contrast Media 
 To exclude inadvertent subarachnoid injection, a water- 
soluble, nonionic contrast medium, i.e., iohexol 240, is used. 
In our experience, the presence of epidural adhesions 
increases the risk of subarachnoid injections. Subarachnoid 
injection of a contrast medium that is not water soluble can 
lead to serious complications (spinal cord irritation, spinal 
cramp or clonus, arachnoiditis, paralysis, and death).  

   Local Anesthetic 
 For example, 0.2 % ropivacaine.  

   Corticosteroids 
 The choice of the corticosteroid to be used (Table  51.2 ) 
mainly depends on which agents are available. Long-acting 
steroid emulsions have a particle size of ca. 20 μm and it is 
therefore not possible to inject them through bacterial fi lters.  

   Hypertonic Saline (10 %) 
 The local anesthetic effect of hypertonic saline is used to 
prolong the intended pain relief so that the patient can receive 

physiotherapy twice a day. The osmotic action of hypertonic 
saline reduces edema.  

   Antibiotics 
 Thirty minute before the start of the procedure, 1 g ceftriaxone 
(Rocephin) is administered intravenously. During the hospital 
stay, the same dose is administered every 24 h. Patients who 
are allergic to penicillin receive 500 mg ciprofl oxacin 
(Ciprobay) or levofl oxacin orally 1 h before the procedure, as 
well as over the following 5 days (500 mg cephalexin or cip-
rofl oxacin every 12 h or 500 mg levofl oxacin every 12 h).    

    Technique 
   Patient Position 
 The patient is placed in the prone position on the fl uoroscopy 
table.  

   Landmarks 
 The sacral region is prepared and covered with sterile drapes, 
and the sacral cornua and sacral hiatus are palpated. The 
puncture site is located in the gluteal cleft  opposite the 
affected side , approximately 1 cm lateral to and 2.5 cm below 
the sacral hiatus. From this point, it is easier to guide the 
needle and catheter toward the affected side. The lateral 
access reduces the risk of the needle or catheter penetrating 
the dural sac or subdural space.  

   Local Anesthesia 
 The puncture site is anesthetized by injecting locally 1 % 
lidocaine.  
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   Puncture 
 After skin puncture with an 18-gauge A-bevel needle, an epi-
dural needle (preferably a 16-G or 15-G RX-Coudé needle; 
Fig.  51.4 ) is introduced into the sacral hiatus.  

 Tuohy needles should not be used. 
 The needle is advanced until the tip is caudal to the S3 

foramen. Lateral fl uoroscopy is used to check that the nee-
dle is positioned inside the osseous canal. This radiographic 
check is particularly important when there are unusual ana-
tomical features in the sacral bone. Anteroposterior radiog-

raphy is used to check that the needle tip is directed toward 
the affected side. A check is then made for escaping fl uid 
(CSF or blood), and an aspiration test is performed. After a 
negative aspiration test, 10 mL iohexol (Omnipaque 240) is 
injected under fl uoroscopic guidance. When injected into 
the epidural space, the contrast forms a  Christmas-tree-
shaped distribution pattern . The presence of epidural adhe-
sions prevents the contrast from spreading in this 
characteristic pattern, with the affected nerve roots being 
omitted.  

  Fig. 51.4    Materials. 16-G or 
15-G RX Coudé needles; 
fl uoropolymer-coated epidural 
catheters made of stainless steel 
with spiral tip (TunL Kath, 
Epimed International, Inc., 
Irving, Texas, USA)       

 

Techniques of Cervical Epidural Neuroplasty



664

   Problem Situations 
   Subarachnoid Needle Location 
 If the puncture needle is in a subarachnoid location, the con-
trast medium spreads in a central and cranial direction. If it is 
in a subdural position, the contrast spreads in a similar fash-
ion but not as far as with a subarachnoid injection. Despite 
this, the contours of the nerve roots and dura are visible, since 
the contrast spreads into the less-resistant subdural space. 

 Injection of a local anesthetic into the subarachnoid or 
subdural space leads to a motor block that is much stronger 
and has a much faster onset of effect than injection into the 
epidural space.  

   Aspiration of Blood 
 When blood is aspirated, the needle position should be care-
fully corrected until no more blood is aspirated.  

   Aspiration of CSF 
 If CSF is aspirated, it is best to halt the procedure and repeat 
it on the following day.  

   Allergic Reactions 
 If a patient has an allergic reaction following iodine- 
containing contrast agent injection, treat as needed with cor-
ticosteroid and antihistamine.   

   Introducing the Epidural Catheter (Fig.  51.5 ) 
    Radiopaque catheters with soft tips are used to inject local 
anesthetics, corticosteroids, and hypertonic saline as 
described below. A fl uoropolymer-coated epidural catheter 
made of stainless steel, with a spiral tip (Tun L Kath) or a 
less-fl exible TunL-XL Kath (Fig.  51.4 ), is introduced into 
the adhesions through the needle. The beveled side of the 
needle should be directed toward the ventrolateral side of the 
caudal canal, since this position—together with a 15–30° 
bend about 2.5 cm below the catheter tip—makes it easier 
for the catheter tip to reach the desired anterolateral position 
and reduces the risk of catheter shearing. As the epidural 
adhesions are usually irregularly distributed, several correc-
tions of the catheter position may be needed to achieve the 
correct position of the catheter in the desired area. For this 
reason, it is recommended to use a 16-G or 15-G RX Coudé 
epidural needle to facilitate making necessary corrections of 
the position of the catheter tip. Tuohy epidural needles 
should not be used.  

a b

  Fig. 51.5     (a ,  b ) Radiographs of a patient with “failed back surgery 
syndrome” and bilateral sciatica in the region of L2–L5. The pain was 
more severe on the right than on the left. ( a ) Epidurogram at the start of 
the procedure. The contrast has not spread beyond the sacroiliac joint, 

and a fi lling defect is seen on the right. ( b ) After catheter placement and 
injection of the solutions (see text). The tips of two catheters were 
placed in the intervertebral spaces in L4–L5 and L5–S1       
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   Contrast Injection 
 After the catheter tip has been placed in the correct position 
and after a negative aspiration test, contrast is injected again 
(Table  51.2 ). Previously recognizable fi lling defects along 
the targeted spinal nerves or nerve roots should now fi ll. 

   Injection of Hyaluronidase 
 After negative aspiration, slowly inject 1,500 units of animal- 
derived hyaluronidase or 200 units of human recombinant 
hyaluronidase dissolved in 10 mL of preservative-free 0.9 % 
saline [ 15 ]. This will further open previous fi lling defects.   

   Injection of the Local Anesthetic and Corticosteroid 
 Following a repeated aspiration test, 0.2 % ropivacaine and 
40 mg triamcinolone acetate is now injected through the 
catheter (Table  51.2 ). The areas in which epidural adhesions 
had developed and were dissolved should be documented.  

   Injection of Hypertonic Saline 
 30 min later, after a negative aspiration test, the patient is 
placed in the lateral decubitus position on the painful side for 
20–30 min. Next, 10 mL of a hypertonic saline solution 
(10 %) is injected epidurally via an infusion pump over 
15–30 min. The indwelling catheter is then rinsed with 0.9 % 
saline (Table  51.2 ). Hypertonic saline has a reversible weakly 
anesthetic effect and reduces edema formation in previously 
scarred or infl amed nerve roots. However, the injection of 
hypertonic solutions into the epidural space is extremely 
painful if no local anesthetic has been administered before-
hand. Consequently, if the hypertonic saline spreads beyond 
the segment in which local anesthesia was previously 
applied, it is possible that the patient may experience extreme 
pain requiring intravenous administration of sedatives or an 
additional epidural dose of local anesthetic. However, the 
pain rarely lasts for more than 5 min. 

 If iodine-containing radiographic contrast is not used 
when the patient has a known history of allergy, the proce-
dure is carried out in the same way without it. To exclude a 
subarachnoid or subdural position of the needle or catheter, a 
test dose of local anesthetic is administered. In this case, the 
patient experiences pain in the skin area corresponding to the 
scarred epidural region. As the catheter is advanced, resis-
tance is felt when contact is made with adhesions. It is neces-
sary to advance the catheter slowly to avoid entering the 
subarachnoid or subdural space.  

   After the Procedure 
   Securing the Catheter 
 When the procedure has been completed, the catheter is 
fi rmly secured with a skin suture. The exit point is gener-
ously covered with antibiotic ointment (triple combination) 
and covered with two slit compresses (5 × 5 cm). Benzoin 
tincture is spread on the surrounding skin. A Tegaderm trans-

parent dressing (10 × 12 cm) is placed over the site. Finally, 
four strips of a porous elastic Hypafi x plaster are applied, so 
the patient cannot “sweat off” the plaster. 

 An injection syringe adapter and a bacterial fi lter are 
attached to the catheter. The free end of the catheter is 
attached to the patient’s side. During the hospital stay, pro-
phylactic antibiotic treatment continues to be administered 
to prevent bacterial colonization (which is favored by steroid 
administration). After discharge, antibiotics are prescribed 
for a further 5 days.   

   Technique for Subsequent Injections 
 The indwelling catheter remains in place through the next 
post-op day. A second and third hypertonic saline infusion 
are done on post-op day one with 6–8 h between infusions. 
After each negative aspiration test and administration of a 
test dose, as described above, a local anesthetic is injected 
and then after ca. 30 min hypertonic 10 % saline is slowly 
infused. About 10 min after the third injection, the catheter 
is removed and sterile dressing applied. The patient is dis-
charged home with 5 days of oral cephalexin at 500 mg 
twice a day or oral levofl oxacin (Levaquin) at 500 mg once 
a day for penicillin-allergic patients. Clinic follow-up is in 
30 days. The patient should keep the insertion site as dry as 
possible for as long as the catheter is in place. We also 
recommend our patients keep the area dry for a further 
48 h after removal of the catheter to reduce the risk of 
infection. 

 Epidural adhesiolysis usually leads to a signifi cant 
improvement in pain symptoms and motor function. After 
this, it is important to start intensive physiotherapy in order 
to improve muscle strength and muscle tone. We recommend 
neural fl ossing exercises that were designed to mobilize 
nerve roots by “sliding” them in and out of the neurofora-
men. These exercises are done three to four times per day for 
a few months after the procedure [ 3 ]. 

 Due to their size, existing epidural adhesions cannot 
always be fully dissolved. The procedure can be repeated if 
necessary. A 3-month pause is recommended between each 
treatment (due to the steroids used). During this period, 
intense physiotherapy must be administered with targeted 
muscle training.    

    Percutaneous Epidural Neuroplasty 
in the Cervical, Thoracic, and Lumbar Regions 

 The technique and volumes of fl uid used have to be modifi ed 
for percutaneous epidural neuroplasty in the cervical, tho-
racic, and lumbar regions. These modifi cations are necessary 
to ensure that the needle is located in the epidural space and 
to avoid compression of the spinal cord during subsequent 
injections.   
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    Technique of Cervical Epidural Neuroplasty 

 The patient is placed in the left lateral position on the fl uo-
roscopy table. The “3D” technique (direction, depth, direc-
tion) is used. 

    Cervical Placement of the Epidural Catheter 
Using the 3D Technique 

    Preoperative 
•     Examine the patient and identify the puncture area.  
•   Order laboratory tests to assess the usual parameters that 

are important when doing neuraxial blocks.     

    Intraoperative 
•     Place the patient in the left lateral position.  
•   Prepare and drape the needle insertion site.  
•   Puncture site: T1–T2 or T2–T3.  
•   Access: paramedian, 1 cm or less lateral to the midline, 

one intervertebral space below the planned epidural 
access.  

•   Epidural puncture with a 16-G or 15-G RX Coudé 
needle.  

•   Anteroposterior fl uoroscopy to assess the puncture 
 d irection.  

•   Lateral fl uoroscopy to assess the injection  d epth.  
•   Anteroposterior fl uoroscopy to assess again and if neces-

sary correct the puncture  d irection.  
•   Advance the needle to the base of the spinous process. 

The injection depth corresponds to the position of the 
lamina of the vertebral arch in the vicinity of the posterior 
epidural space. This technique has been improved with 
the advent of the RX Coudé 2 needle, which has a second 
interlocking stylet that protrudes slightly beyond the tip 
of the needle and functions to push the dura away from 
the needle tip as it is turned 180° cephalad.  

•   Remove the stylet.  
•   Attach a pulsator syringe (low friction) fi lled with 4 mL 

0.9 % NaCl and 2 mL air.  
•   Identify the epidural space using the loss-of-resistance 

technique.  
•   Position the needle in the midline.  
•   Inject 1–2 mL radiographic contrast (for the cervical 

epidurogram).  

•   Introduce the catheter through the epidural needle in the 
direction of the targeted nerve root in the lateral epidural 
space. Anterolateral positioning of the catheter is 
 important because the nociceptors are concentrated in the 
anterolateral space. Repeated aspiration is important.  

•   Inject 1,500 IU hyaluronidase mixed with 4–6 mL NaCl 
0.9 %.  

•   Inject local anesthetic and corticosteroid (incremental 
volume of 2–3 mL).  

•   Remove the needle under fl uoroscopic guidance.  
•   Attach a bacterial fi lter.  
•   Secure the catheter with a skin suture; an antibacterial and 

antimycotic ointment is applied, followed by a dressing.     

    Postoperative (Recovery Room) 
•     Carefully monitor the patient for at least 30 min after the 

procedure, checking the spread of the anesthesia to 
exclude the ever-present risk of inadvertent subarachnoid 
or subdural injection.  

•   Administer 6 mL of hypertonic 10 % saline through the 
epidural catheter using an infusion pump.  

•   Rinse the catheter with 2 mL of preservative-free 0.9 % 
saline.     

    On the Following Postoperative Day 
(Pain Treatment Unit) 
•     The second and third infusions are performed at the same 

interval as for caudal infusion.  
•   Do an aspiration test before injection.  
•   Inject a test dose of 2 mL 0.2 % ropivacaine through the 

catheter. After 5 min—after excluding a subarachnoid or 
subdural injection—a further 4 mL 0.2 % ropivacaine is 
administered.  

•   Wait 20 min.  
•   Infuse 6 mL hypertonic 10 % saline using an infusion 

pump, over 30 min.  
•   Rinse the catheter with 2 mL 0.9 % saline.  
•   Remove the catheter.    

 The patient must be informed about the risk of infection 
(e.g., meningitis that may develop 2–4 weeks after the proce-
dure, as the injected corticosteroids have a long-lasting effect). 

 Larkin et al. [ 7 ] described a technique of epidural steroid 
injection in which the catheter is used as a monopolar stimu-
lation electrode for better localization of the cause of the pain.    
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    Percutaneous Thoracic Epidural Neuroplasty 

 A paramedian access route is also used for catheterization of 
the thoracic epidural space (percutaneous thoracic neuro-
plasty). The procedure is carried out in the same sequence of 
steps as that described for lumbosacral and cervical neuro-
plasty. The dosages for the drugs injected are listed in 
Table  51.2 . 

    Placement of the Catheter in the Anterior 
Epidural Space or in an Intervertebral Foramen 

 Drugs that are injected into the posterior or posterolateral 
epidural space do not reach possible pathological changes in 
the intervertebral foramina or anterior epidural space. It may 
therefore be necessary to place the catheter in these areas. 
The catheter’s direction is checked (a) by introducing the 
R-K epidural needle or SCA catheter introducer in the target 
direction and (b) by bending the catheter tip to make it easier 
to guide the catheter in the desired direction. The transfo-
raminal approach, which is not discussed in this chapter, may 
be necessary to reach target sites.   

    Complications 

 The potential side effects and complications of percutaneous 
epidural neuroplasty include:

•    Inadvertent subarachnoid or subdural injection of local 
anesthetics or hypertonic 10 % saline. A subarachnoid 
injection of hypertonic saline can lead to cardiac arrhyth-
mia, paralyses, or loss of sphincter function.  

•   Epidural abscess (see Chap.   41    ).  
•   Epidural hematoma (see Chap.   41    ).  
•   Paralyses.  
•   Disturbances of bladder or rectal function.  
•   Infections (corticosteroid administration leads to immune 

suppression, with the resulting risk of infection; strictly 
aseptic conditions should therefore be observed).  

•   Catheter shearing.    

 It is possible in some circumstances for loculation to occur 
if injections are made into a confi ned space within the epi-
dural space. This is easily recognized by patients reporting 
pain when injection is made and by confi ned distribution 
of radiopaque contrast. Loculation is associated with a sub-
stantial increase in epidural pressure, which can lead to local 
damage or even—when the pressure is transferred via the sub-
arachnoid space—to injury to the central nervous system [ 18 ]. 

    Undiagnosed Neurogenic Bladder and Rectal 
Disturbances 

 The problem of preoperatively unrecognized neurogenic 
bladder disturbances in patients with “failed back surgery 
syndrome” or spinal cord injuries led to distrust both of 
 practicing physicians and of the technique. It is therefore 
important to perform and document the necessary urological 
examinations before neuroplasty. This prevents previously 
existent micturition disturbances or rectal disturbances from 
being incorrectly attributed to injury after a neuroplasty pro-
cedure has been done. This type of examination is particu-
larly important in patients with constrictive arachnoiditis, as 
this not infrequently leads to disturbances of rectal and blad-
der function and of sexual function as well in men.  

    Spinal Cord Compression 

 As discussed above, all injections should be slow. Fast injec-
tions into the epidural space can in some circumstances cre-
ate a strong increase in CSF pressure, with the risk of cerebral 
hemorrhage, visual disturbances, headache, and disturbances 
of the blood supply to the spinal cord.  

Complications
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    Infection 

 Patients are informed that epidural infections can occur in 
the fi rst 2–6 weeks after the procedure—both due to the pro-
cedure itself and due to the steroid-related immunosuppres-
sion it involves. Until proved otherwise, any occurrence of 
nausea, vomiting, stiffness in the neck, severe pain, weak-
ness, numbness, or paralysis must therefore be regarded as 
due to the procedure and correspondingly treated. 

 Patients should be advised to contact the physician who 
did the procedure, or their general practitioner, immediately 
if any of these symptoms arise. Appropriate inpatient treat-
ment must be immediately instituted (see Chap.   41    ). No 
cases of epidural abscess have been observed so far in the 
patients we have treated. However, due to the potentially 
extremely serious sequelae of unrecognized and untreated 
epidural abscesses, extreme attentiveness and careful patient 
information are indispensable.  

    Hyaluronidase Hypersensitivity 

 In a follow-up study by Moore [ 13 ] including 1,520 patients 
who underwent epidural hyaluronidase administration, hyal-
uronidase hypersensitivity was observed in 3 % of the 
patients. The fact that this 3 % incidence was not observed 
with the technique described here may possibly be due to the 
injection of a corticosteroid in the same site at which the 
hyaluronidase was injected. The steroid remains in the epi-
dural space for longer than the hyaluronidase and may pro-
vide protection against allergic reactions. 

 The reduction in the incidence of treatment-resistant pain 
conditions obtained with this procedure entirely justifi es the 
use of hyaluronidase; however, very careful attention must 
be given to any signs of hypersensitivity.   

    Experience at the Texas Tech University 
Health Sciences Center (TTUHSC) 

 At our center, the epidural adhesiolysis technique described 
here has been performed on thousands of patients. Only a 
few complications were observed. Subarachnoid or subdural 
injection of the local anesthetic is extremely rare. Two of the 
patients developed meningitis after epidural adhesiolysis and 
were quickly and effectively treated with antibiotics. No 
cases of paralysis were observed in any of the patients; one 
patient developed transient motor weakness (caudal access). 
There were no signifi cant, longer-lasting cases of rectal dys-
function, although a few patients developed mild micturition 
or defecation disturbances during the fi rst 2 weeks after the 
procedure. There was a report of transient numbness in the 
perineal area, which resolved again after 1–2 months. There 
was 1 case of bladder dysfunction (urinary retention) lasting 
3 years after the hypertonic saline spread subdural during the 
fi rst infusion. The urinary retention resolved on its own after 
3 years of intermittent in and out catheterization.  
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    Additional Aspects 

 This chapter describes a procedure involving a 3-day course 
of injection treatment based on the results of a randomized, 
prospective double-blind study [ 4 ]. However, Manchikanti 
et al. [ 11 ] have shown that 1-day treatments are also effec-
tive. The pain reduction is more persistent, however, when 
more frequent and repeated injections are done [ 10 ]. There is 
evidence that the epidural neuroplasty procedure is also suit-
able for pain treatment in cases of spinal canal stenosis. 
Previously disturbed motor function also improves after 
treatment in some patients [ 12 ]. 

 Based on fi ndings of a systematic literature review, 
Chopra et al. [ 1 ] concluded that the evidence of effectiveness 
of percutaneous adhesiolysis is moderate to strong.  

    Summary 

 Percutaneous epidural neuroplasty is an interventional pro-
cedure in the treatment of pain caused by structures in the 
epidural space or its vicinity and in the intervertebral foram-
ina in all segments of the spine. Adequate scientifi c justifi ca-
tion for the procedure appears to be provided by the current 
state of knowledge regarding the pathogenesis of back pain 
and radiculopathy. To ensure the safety of the procedure and 
achieve the best possible results, it is recommended that the 
details of the procedure described here (regarding technique 
and patient selection) should be followed precisely.     

Summary
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       Defi nition 

    Injection of a local anesthetic or neurolytic in the region of 
the celiac plexus.  

    Anatomy (Figs.  52.1 ,  52.2 , and  52.3 ) 

      The celiac plexus is the largest of the three large sympathetic 
plexuses (cardiac plexus, thorax; celiac plexus, abdomen; 
hypogastric plexus, pelvis). 

 It receives its primary innervation from the preganglionic 
splanchnic nerves (greater splanchnic nerve T5–10, lesser 
splanchnic nerve T10–11, and least splanchnic nerve T11–
12), the postganglionic fi bers of which, after synapsing in the 
celiac ganglion, radiate to the associated plexus and inner-
vate most of the abdominal organs. This large network, with 
a diameter of about 50 mm, surrounds the origins of the 
celiac artery and superior mesenteric artery and extends lat-
erally as far as the adrenal glands, upward as far as the aortic 
hiatus, and downward as far as the root of the renal artery. It 
lies on the initial part of the abdominal aorta, at the level of 
the fi rst lumbar vertebra, anterior to the medial crus of the 
diaphragm. 

 The most important roots of the celiac plexus are the 
splanchnic nerves, the abdominal branches of the vagus 
nerves, and several branches of the last thoracic ganglion and 
two highest lumbar ganglia. Cranially, the celiac plexus is 
connected to the thoracic aortic plexus, and caudally it con-
tinues into the abdominal aortic plexus. A paired celiac gan-
glion forms the basis for the celiac plexus although up to fi ve 
ganglia may be involved. 

 The left ganglion lies closer to the midline and partly on 
the aorta, while the right one (ventrolateral to the vena cava) 
lies slightly more to the side in the area of the fi ssure 
between the medial and lateral crura of the diaphragm. The 
two ganglia are connected to one another. With closer 
approximation and fusion, the double ganglion takes on a 
ring shape, which is also known as the solar ganglion (solar 
plexus). 

 The smaller superior mesenteric ganglion and aorticore-
nal ganglion are associated with the celiac ganglion. 

 The lesser splanchnic nerve usually enters the latter 
 ganglion, while the greater splanchnic nerve passes to the 
posterior surface of the lateral part of the celiac ganglion. 

The phrenic ganglion is a third, unpaired, ganglion. The fol-
lowing, sometimes paired and sometimes unpaired, second-
ary (associated) plexuses emerge from the celiac plexus:

•    Paired (phrenic plexus, suprarenal plexus, renal plexus, 
and spermatic plexus)  

•   Unpaired (superior gastric plexus, hepatic plexus, splenic 
plexus, and superior mesenteric plexus)     
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  Fig. 52.1    Anatomy. ( 1 ) Celiac plexus, ( 2 ) aorta, ( 3 ) inferior vena cava, 
( 4 ) pancreas, ( 5 ) renal plexus, ( 6 ) abdominal aortic plexus, ( 7 ) inferior 
mesenteric ganglion, ( 8 ) inferior mesenteric plexus, ( 9 ) superior hypo-
gastric plexus, ( 10 ) inferior hypogastric plexus (Reproduced with per-
mission from Danilo Jankovic)       
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  Fig 52.2    Transversal section through abdomen at the level of the fi rst 
lumbar vertebra. ( 1 ) Celiac plexus with celiac ganglion, ( 2 ) spinal gan-
glion, ( 3 ) cauda equina, ( 4 ) medulla renalis, ( 5 ) aorta, ( 6 ) inferior vena 
cava, ( 7 ) psoas muscle, ( 8 ) quadratus lumborum muscle, ( 9 ) erector 
spinae muscle, ( 10 ) liver (Reproduced with permission from Danilo 
Jankovic)       
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  Fig. 52.3    ( 1 ) Sympathetic trunk (underneath: greater and minor 
splanchnic nerves), ( 2 ) celiac plexus (underneath: superior mesenteric 
artery and renal artery), ( 3 ) vertebral body of the fi rst lumbar vertebra 
with rami communicantes albi, ( 4 ) lumbar plexus (Reproduced with 
permission from Danilo Jankovic)       

  

Anatomy
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    Indications 

    Diagnostic 

 Differential diagnosis of pain in the abdominal region (vis-
ceral, epigastric, or cardiac pain).  

    Prognostic 

 In upper abdominal cancer pain, before a neurolytic block.  

    Therapeutic 

     1.    Relief of upper abdominal pain (pancreas, stomach)   
   2.    Treatment of the dumping syndrome   
   3.    Injection of neurolytics as palliation measure in malig-

nant intra-abdominal disease-related pain (pancreas, 
stomach)       

    Contraindications 

     1.    Anticoagulant treatment   
   2.    Infections and skin diseases in the injection area   
   3.    Hypovolemia   
   4.    General debility   
   5.    Injection of a neurolytic without precise identifi cation of 

the needle position (with guidance by CT or image 
intensifi er)      

    Fluoroscopic Guided Procedure 

 This block should be carried out by very experienced anes-
thetists. Full information for the patient is mandatory. 

    Preparations 

 Check that the emergency equipment is complete and in 
working order: sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, and emergency medication.  

    Materials 

 Fine 26-G needle for local anesthesia. 20–22-G spinal nee-
dle, 0.7 (0.9) 120 mm (150 mm). Syringes: 2, 10 and 
10 mL. Disinfectant, swabs, compresses, sterile gloves and 
drape, and fl at, fi rm pillow.  

    Patient Positioning 

     1.    Prone position: supported with a pillow in the mid- 
abdomen (to relieve lumbar lordosis). The patient’s arms 
are dangling, with the head lying to the side. The patient 
breathes with the mouth open, to reduce tension in the 
back muscles. This position is preferable.   

   2.    Lateral decubitus position, with support under the fl ank. 
The side being blocked lies upward.      

    Location 

     1.    L4 iliac crest line (count the spinous processes 
cranially).   

   2.    L2: a parallel line is drawn about 7–8 cm lateral to the 
midline. The intersection between this line and the lower 
edge of the twelfth rib determines the level of the upper 
edge of L2.   

   3.    T12–L1 is located in the midline and joined with dots to 
the lower edge of the twelfth rib. This produces a triangle, 
the equal sides of which provide basic guidance for the 
needle direction (Fig.  52.4 ).      

 Skin prep, generous local anesthetic infi ltration of the 
injection channel, covering with a sterile drape, drawing up 
the local anesthetic, checking the patency of the injection 
needle. 

During the injection, the following points must be 
observed:

    1.    Bilateral injection is usually unnecessary depend-
ing on the spread of the contrast agent.   

   2.    The operator performing the injection must stand 
on the side being blocked.   

   3.    In most patients, the distance between the skin and 
the celiac plexus is about 9–11 cm.   

   4.    Superfi cial bone contact (after 3–5 cm) indicates 
contact with the transverse process and requires 
cephalocaudad redirection.   

   5.    Paresthesias during the introduction of the needle 
arise due to stimulation of the lumbar somatic 
nerves.   

   6.    There is a risk of perforating the dural cuff (epi-
dural or subarachnoid injection).   

   7.    If the patient coughs, it indicates pleural irritation 
or injury. The procedure should be halted.   

   8.    Aspirate frequently and inject on an incremental 
basis.   

   9.    The method of choice when administering neuro-
lytics is CT-guided injection.    
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      Injection Technique (Dorsal, Retrocrural) 

     1.    About 7–8 cm lateral to the midline (lower edge of the 
twelfth rib), at an angle of 45° to the skin surface and 
directed slightly cranially, the injection needle is 
advanced toward the L1 vertebra (Fig.  52.5 ).  

 Bone contact is usually made at a depth of about 
7–9 cm (Figs.  52.6  and  52.8 ).    

   2.    The depth of the needle is marked visually.   
   3.    The needle is withdrawn to lie subcutaneously.   
   4.    The needle is then redirected at a steeper angle of 60° to 

the skin surface, so that it can just slide past the lateral 
edge of the L1 vertebra (Figs.  52.7  and  52.8 ).     

   5.    The needle introduced on the left (the side of the aorta) 
can then be carefully advanced a further 1.5–2 cm 
deeper.   

   6.    After the needle is positioned in the periaortic space, 
pulsations are transmitted via the needle shaft to the fi n-
gertips. The needle introduced on the right side can be 
advanced in a similar fashion or slightly deeper (2–3 cm) 
(Figs.  52.8  and  52.10 ).   

   7.    The end of the needle must be observed for spontaneous 
backfl ow of liquid (blood, CSF, urine?).   

   8.    Aspiration test at all four levels.   
   9.    Test dose of the local anesthetic.   
   10.    Resistance-free incremental injection of a local 

anesthetic.     

It is now the standard procedure to carry out this injec-
tion with guidance using a radiographic image intensi-
fi er or computed tomography (CT).

  Fig. 52.4    Location (Reproduced with permission from Danilo 
Jankovic)       
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  Fig. 52.8    Path of the needle to the celiac plexus.  Diagram : ( a ) contact 
with the L1 vertebra, ( b ) introduction of the needle at a steeper angle of 
60° to the skin surface. ( 1 ) L1 vertebra, ( 2 ) aorta, ( 3 ) celiac plexus, ( 4 ) 
inferior vena cava (Reproduced with permission from Danilo Jankovic)       

  Fig. 52.7    Redirection of the needle at an angle of 60° to the skin sur-
face (Reproduced with permission from Danilo Jankovic)       

  Fig. 52.5    Introducing the injection needle at an angle of about 45° to 
the skin surface (Reproduced with permission from Danilo Jankovic)       

  Fig. 52.6    Bone contact with the L1 vertebra. After visual marking of 
the depth, the needle is withdrawn back to the subcutis (Reproduced 
with permission from Danilo Jankovic)       
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       Ultrasound-Guided Procedure 

     Preparations 

 See above.  

    Materials 

 Fine 26-G needle for local anesthesia. 20–22-G Chiba nee-
dle, 0.7 (0.9) 120 mm (150 mm). Syringes: 2, 5 and 
10 mL. Chloraprep, sterile ultrasound gel, sterile gloves, and 
drape. 

      Patient Positioning 

 Patient is positioned supine, standard monitors are applied 
and an intravenous line started. Intravenous antibiotic is 
administered 30 min prior to start usually Ancef 1 g. Skin    
prep, generous local anesthetic infi ltration of the injection 
channel, covering with a sterile drape. Drawing up the local 
anesthetic, checking the patency of the injection needle.  

    Scout Scan 

     1.    The scanning sequence starts with an axial view just 
beneath the xiphoid to identify the aorta, inferior vena 
cava, and vertebral body (Fig.  52.9a ).    

   2.    Subsequently the transducer is rotated sagittal to obtain a 
longitudinal view of the aorta (Fig.  52.9b ).   

   3.    By scanning further caudad, the celiac trunk and its bifur-
cation into hepatic and splenic arteries and then the supe-
rior mesenteric artery may be identifi ed using color fl ow 
Doppler (Fig.  52.9c ).The target is just above the celiac 
trunk and between the trunk and the superior mesenteric 
artery.   

   4.    Prior to local anesthetic/neurolytic injection, it is always 
a good practice to inject saline and watch the spread real 
time (Fig.  52.9d ).     

Only anesthetists well experienced in ultrasound-
guided pain interventions should carry out this block. 
Ultrasound- guided anterior approach is ideal in per-
sons who are unable to lay prone.

The needle length may be chosen after scout scanning 
to determine the location and depth to the target.

During the injection, the following points must be 
observed:

    1.    In-plane or out-of-plane approach may be used 
depending on operator preference.   

   2.    For an out-of-plane approach, the needle is 
advanced from the middle of the broad side of the 
transducer. Hydrolocalization is used to facilitate 
needle tip identifi cation.   

   3.    For an in-plane approach, the needle is advanced 
from the short end of the transducer approximately 
1–2 cm away from the transducer. Both approaches 
are possible with either the short-axis view or the 
long-axis view of the target.   

   4.    The safest trajectory should be planned during the 
scout scan.   

   5.    It is usually safe to pass through the liver without 
any major complications.    

Ultrasound-Guided Procedure
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  Fig. 52.9    ( a ) Axial ultrasound image of the abdomen at the level of the 
celiac trunk ( CT ) showing the aorta, vertebral body ( VB ), liver, and 
inferior vena cava ( IVC ) (Reproduced with permission from Hariharan 
Shankar). ( b ) Longitudinal ultrasound image of the abdomen at the 
level of the celiac trunk showing the aorta, liver, and the superior mes-
enteric artery (SMA) (Reproduced with permission from Hariharan 
Shankar). ( c ) Color fl ow Doppler axial image of the abdomen at the 

level of the celiac trunk ( CT ) showing the aorta, vertebral body ( VB ), 
and portal vein ( PV ) (Reproduced with permission from Hariharan 
Shankar). ( d ) Post-injection axial ultrasound image of the abdomen 
showing the injectate spread ( arrowheads ), liver, aorta, and the verte-
bral body. The celiac trunk is not well visualized as it has been distorted 
by the injectate spread (Reproduced with permission from Hariharan 
Shankar)       
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       Neurolytic Block 

 Unilateral or bilateral injection of neurolytics (50 % ethanol) 
in the region of the celiac plexus. 

 The block should be carried out with CT guidance if pos-
sible, in order to reduce potential complications to a mini-
mum and increase accuracy. Several access routes are 
possible (Figs.  52.10  and  52.11 ).   

 A diagnostic block with local anesthetics is a prerequisite. 
This measure can only achieve the desired result if the dis-
ease is not too far advanced and is not producing additional 
neuropathic pain (e.g., extension to the epigastric nerves, 
intercostal nerves, or lumbar plexus). 

  Fig. 52.11    Ventral transhepatic CT-guided injection. Several access 
routes are possible in celiac plexus injection. In this case, the injection 
was carried out using a ventral transhepatic approach. The tip of the 
needle lies directly alongside the celiac trunk. The alcohol spreads pre-
cisely within the celiac plexus (Reproduced with permission from 
Danilo Jankovic)       

  Fig. 52.10    Dorsal CT-guided celiac plexus injection. After injection of 
contrast medium, a good spread in the area of the celiac plexus can be 
seen (Reproduced with permission from Danilo Jankovic)       
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    Effects of the Block 

     1.    Hyperthermia in the upper abdominal region (vascular 
dilation in the splanchnic region)   

   2.    Increased intestinal motility   
   3.    Pain reduction      

    Dosage 

    Diagnostic 
 20–30 mL local anesthetic—e.g., 0.5–1 % prilocaine, 
0.5–1 % mepivacaine, and 0.5–1 % lidocaine.  

    Therapeutic 
     1.    Local anesthetics 

 20–30 mL local anesthetic—e.g. 0.375–0.5 % ropiva-
caine and 0.25–0.375 % bupivacaine. A mixture with 
methylprednisolone is recommended in acute conditions.   

   2.    Neurolytics 
 25–50 mL 50 % ethanol in combination with 0.2 % 

ropivacaine or 0.125 % bupivacaine. Some authors rec-
ommend prior administration of 5 mL 2 % lidocaine to 
relieve the pain of the ethanol injection.       

    Side Effects 

 Hypotension due to sympathetic block (caution in older 
patients).  

    Complications 

    Severe 
     1.    Intravascular injections (aorta, inferior vena cava, celiac 

artery, renal artery) with toxic reactions (see Chap.   1    )   
   2.    Epidural or subarachnoid injection (see    Chap.   41     

anesthesia)   
   3.    Pneumothorax      

    Potential 
     1.    Vascular injury (hemorrhage, retroperitoneal hematoma 

formation)   
   2.    Injection into kidneys and other intra-abdominal organs   
   3.    Aortal pseudoaneurysm   
   4.    Abscess or cyst formation   
   5.    Intraosseous or psoas injection       

    Complications of Neurolytic Block 

     1.    Paraplegia   
   2.    Monoparesis, with loss of sphincter function in the rec-

tum and bladder   
   3.    Sexual dysfunction   
   4.    Diarrhea   
   5.    Retroperitoneal fi brosis   
   6.    Renal necrosis   
   7.    Chemical peritonitis   
   8.    Chemical pericarditis    
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Record and checklist
Celiac plexus block

Block no. Right Left

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

No Yes

Date:

Yes

Addition: Yes No

No Yes

Purpose of block:

Needle:

i. v. access:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

G

Patient:
Contraindications excluded:

Yes 

Yes (equipment checked)

Diagnostic

ECG

Checked

Informed

Pulse oximetry

Length cm

Therapeutic

Position: Prone Lateral recumbent Supine

Injection level: L1

Injection technique: Dorsal Ventral

X-ray image intensifier guidance CT-guided

Transducer Curved LinearUltra sound guided:

Approach: In plane Out of plane

mL %

Injection:

Local anesthetic:
(in incremental doses)

Addition to LA:

Neurolytic: mL %

No

None PainParesthesias Warmth

Patient's remarks during injection:

Nerve area:

Time of discharge:

Cold test Temperature measurement? before °C °Cafter

Objective block effect after 15 min:

Monitoring after block: < 1 h > 1 h

None Intravascular injection

None

Reduced pain

Visual analog scale

Relief of pain

Increased pain

Subarachnoid/epidural

Drop in BP

Other

Nerve injury

Pneumothorax

Complications:

Subjective effect after of the block : Duration:

Special notes:

With permission from Danilo Jankovic
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       Transversus Abdominis Plane Block 

       Defi nition 

 Transversus abdominis plane (TAP) blocks involve injecting 
local anesthetic into the neurovascular plane between the 
internal oblique and transversus abdominis muscles. The 
neurovascular plane between the internal oblique and trans-
versus abdominis muscles is known as the TAP plane, hence 
the term TAP block.  

    Background 

 The TAP block was fi rst described by Rafi  [ 1 ] and subjected 
to randomized controlled trials by McDonnell [ 2 ,  3 ]. Their 
landmark approach utilized the lumbar triangle of Petit to 
access the neurovascular plane (Fig.  53.1 ). Ultrasound tech-
niques (lateral/posterior and subcostal approaches) were 
then described and popularized by Hebbard [ 4 ,  5 ]. Based on 
our results from the International Registry of Regional 
Anesthesia (IRORA), over 99 % of TAP blocks are per-
formed using ultrasound guidance [ 6 ]. Blind TAP blocks 
lead to an unacceptable number of inadvertent needle place-
ments [ 7 ]. Knowledge of the location of the thoracolumbar 
nerves in the TAP is important for performing this 
procedure.   
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  Fig. 53.1    Lumbar triangle 
(triangle of Petit) and the 
neurovascular plane targeted for 
landmark approach to TAP 
block. ( 1 ) External oblique, ( 2 ) 
internal oblique, ( 3 ) transversus 
abdominis, ( 4 ) latissimus dorsi, 
( 5 ) serratus posterior inferior 
muscle, ( 6 ) erector spinae, ( 7 ) 
quadratus lumborum ( 8 ) psoas 
major, ( 9 ) iliac crest. Transversus 
abdominis plane is shaded 
orange (Original illustration by 
Michael Ee with permission)       
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    Anatomy 

 The anterolateral abdominal wall muscles (external oblique, 
internal oblique, and transversus abdominis) are replaced by 
a well-defi ned aponeurosis, the linea semilunaris, at the lat-
eral border of the rectus sheath (Fig.  53.2 ). This is an impor-
tant sonoanatomical landmark for performing TAP and 
rectus sheath blocks [ 8 ,  9 ]. The rectus sheath contains the 
rectus abdominis muscles, the anterior rami of the lower 
sixth thoracic nerves (T7–T12), the superior and inferior epi-
gastric vessels, and lymph vessels. It is formed by the fusion 
of the aponeuroses of the three anterolateral abdominal wall 
muscles. The abdominal wall is innervated by the T6–T11 
intercostal and T12 subcostal nerves (Fig.  53.3 ). The inter-
costal nerves exit the intervertebral foramina and enter the 
paravertebral region related to the intercostal muscles poste-
riorly. Between the midline and the anterior axillary line, 
segmental nerves T6–T9 emerge from the costal margin to 
enter the TAP. The T10 segmental nerve is located caudal to 
the costal margin (rib 10) and T11, T12, and L1 are located 
in a caudal direction, toward the iliac crest. The TAP con-
tains intercostal, subcostal, and fi rst lumbar (L1) nerves and 
blood vessels (deep circumfl ex iliac, inferior epigastric, 
superior epigastric arteries) (Fig.  53.3 ). The lateral cutane-
ous branch of the intercostal nerves divides into anterior and 
posterior cutaneous branches. The origins of the lateral cuta-
neous nerves are proximal close to the costal angle. However, 
the point at which lateral cutaneous nerves pierces muscle 
layers is more anterior at the angle of rib or midaxillary line 
[ 10 ]. The lateral cutaneous branches are signifi cant because 
they innervate much of the abdominal wall (T6–T12) and 
thorax (T1–T5). The anterior cutaneous nerve sends twigs to 
the external oblique muscle as well as skin to the lateral 
 margin of the rectus abdominis. The posterior branch runs 
backward supplying the paravertebral region as well as the 
erector spinae.   

 The iliohypogastric nerve (IHN) and ilioinguinal nerve 
(IHN) are branches of L1 and these pass laterally through the 
psoas muscle, course anterior to the quadratus lumborum and 
travel caudally toward the iliac crest on the inner surface of the 
transversus abdominis muscle. The nerves pierce the transver-
sus abdominis muscle to enter the TAP plane at variable loca-
tions (Fig.  53.4 ). They are located in the TAP for a short 
distance only. Medial to the anterior superior iliac spine, the 
IIN passes through internal oblique close to the inguinal liga-
ment [ 11 ,  12 ]. It is at this location that landmark techniques 
usually aim to locate the IIN. The IHN is usually above and 
medial to it [ 13 ]. The IIN and IHN supply the skin and mus-
cles of the pubic and inguinal region and genitalia. In sum-
mary, the IHN and IIN are located in the TAP close to the iliac 

crest and anterior  superior iliac spine [ 14 ]. Medial and inferior 
to the anterior superior iliac spine, the nerves are located 
between the internal and external oblique muscles [ 15 ].  

 The lower fi ve intercostal nerves pierce the lateral margin 
of the linea semilunaris to enter the rectus sheath 
 posterolaterally. The intercostal (T6–T9), subcostal, and L1 
nerves terminate in the rectus abdominis muscle with three 
patterns: (1) terminate simply within the muscle, (2) supply 
the muscle and then terminate as a cutaneous branch, or (3) 
pass through the muscle and terminate as a cutaneous branch 
[ 10 ]. Rozen et al. [ 16 ] noted that as the nerves approach the 
posterior surface of the rectus abdominis, a longitudinal 
branch of fi bers run craniocaudally with the deep inferior 
epigastric artery. In addition, the cutaneous branches were 
closely related to the perforating musculocutaneous vessels. 
Together T7–L1 supply the skin from the xiphoid sternum 
(T7 nerve root) to the pubic symphysis (L1 nerve root), with 
T10 nerve supplying the umbilical segment. The IHN nerve 
supplies the lowermost segment of the rectus abdominis 
muscle and overlying skin. 

 The posterior abdominal wall is composed of muscles 
bound by the thoracolumbar fascia (Fig.  53.5 ). The thoraco-
lumbar fascia is an extensive tough membranous sheet that 
envelops the muscles of the posterior abdominal wall, divid-
ing these into anterior, middle, and posterior layers. Key 
paired muscles of the posterior abdominal wall are psoas 
major, iliacus, and quadratus lumborum [ 17 ].   
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  Fig. 53.2    Cross section of abdominal wall. ( 1 ) External oblique, ( 2 ) 
internal oblique, ( 3 ) transversus abdominis, ( 4 ) transversus abdominis 
plane (shaded  orange ), ( 5 ) rectus abdominis, ( 6 ) parietal peritoneum, 
( 7 ) spinal cord, ( 8 ) ventral ramus, ( 9 ) dorsal ramus, ( 10 ) lateral cutane-
ous nerve, ( 11 ) anterior cutaneous nerve, ( 12 ) anterior branch of lateral 
cutaneous nerve, ( 13 ) posterior branch of lateral cutaneous nerve; linea 
semilunaris ( orange-dotted lines ) (Original illustration by Michael Ee 
with permission)       
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  Fig. 53.3    Nerves and vessels 
within transversus abdominis 
plane. ( 1 ) Deep circumfl ex iliac 
artery, ( 2 ) superior epigastric 
artery, ( 3 ) inferior epigastric 
artery (Original illustration by 
Michael Ee with permission)       
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  Fig. 53.4    Course of subcostal, iliohypogastric, and ilioinguinal 
nerves. ( 1 ) External oblique, ( 2 ) internal oblique, ( 3 ) transversus 
abdominis, ( 4 ) quadratus lumborum; anterior superior iliac spine 
(ASIS); subcostal nerve ( yellow ); iliohypogastric nerve ( blue ); 
ilioinguinal nerve ( green ); diaphragmatic crura ( black outline ) 
(Original illustration by Michael Ee with permission)       
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  Fig 53.5    Thoracolumbar fascia and relationship to posterior and lat-
eral abdominal wall muscles. ( 1 ) External oblique, ( 2 ) internal oblique, 
( 3 ) transversus abdominis, ( 4 ) latissimus dorsi, ( 5 ) serratus posterior 

inferior muscle, ( 6 ) erector spinae, ( 7 ) quadratus lumborum, ( 8 ) psoas 
major, ( 9 ) iliac crest (Original illustration by Michael Ee with 
permission)       
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    Indications 

    Surgical 
 TAP blocks have provided surgical anesthesia in high-risk 
patients for abdominal wall hernia repair, emergency lapa-
rotomy [ 18 ,  19 ], and elective Cesarean delivery [ 20 ]. The 
site of block insertion can be modifi ed according to the antic-
ipated site of surgical incision [ 21 ]. Despite these case 
reports, TAP blocks are rarely used for surgical anesthesia.  

    Therapeutic 
 Most commonly, TAP blocks are used as one component of 
multimodal postoperative analgesic technique. They have 
been effective following colorectal surgery [ 3 ], appendicec-

tomy [ 22 ], cholecystectomy, prostatectomy, Cesarean sec-
tion [ 23 ], gynecological surgery [ 24 ], hernia repair, and renal 
transplantation [ 25 ]. The TAP block is well described fol-
lowing pediatric surgery [ 26 ,  27 ] providing analgesia follow-
ing ambulatory surgery including hernia repair [ 28 ]. A 
systematic review of studies has demonstrated clinically sig-
nifi cant reductions of postoperative opioid requirements and 
pain [ 29 ]. In addition to reduced opioid-related side effects 
[ 30 ], TAP blocks have reduced postoperative opioid con-
sumption in laparoscopic colorectal surgery [ 31 ]. A sum-
mary of current evidence is provided in Table  53.1 . 
Continuous TAP blockade has been used for treatment of 
chronic pain [ 32 ], for complex traumatic pelvic fractures 
[ 33 ] and for rescue analgesia [ 34 ].

   Table 53.1    Effi cacy of TAP blocks reported in randomized controlled trials   

 Publication  Surgical procedure   N   Local anesthetic dosage  Comparator  Effect of TAP block on primary outcome 
 El-Dawlatly 
(2009) [ 35 ] 

 Laparoscopic 
cholecystectomy 

 42  15 ml 0.5 % bupivacaine 
bilaterally ( n  = 21) 

 No TAP ( n  = 21)  Decrease in PCA morphine use in PACU 
and ward 1st 24 h 

 Niraj (2009) 
 [ 36 ] 

 Open 
appendicectomy 

 52  20 ml 0.5 % bupivacaine 
unilaterally ( n  = 26) 

 No TAP ( n  = 26)  Reduced morphine use and reduced VAS 
score (at rest and cough) in 1st 24 h. 
Decreased PONV at 30 min but not at 24 h 

    Jankovic 
(2009*) 
 [ 37 ] 

 Renal transplant 
recipients 

 40  20 ml 0.375 % 
levobupivacaine then 0.15 % 
bupivacaine 10 ml/h ( n  = 7) 

 No TAP ( n  = 33)  TAP block reduced morphine requirement 
and duration of PCA use. No difference in 
pain scores 

 Griffi ths (2010) 
 [ 24 ] 

 Gynecological 
cancer surgery 

 65  20 ml 0.5 % ropivacaine 
bilaterally ( n  = 32) 

 Normal saline 
placebo ( n  = 33) 

 No signifi cant difference in opioid use 

 Mukhtar (2010) 
 [ 38 ] 

 Renal transplant 
recipients 

 20  20 ml 0.5 % bupivacaine 
unilaterally ( n  = 10) 

 No TAP ( n  = 10)  Decrease in morphine use. Decrease in 
pain up to 12 h. Less sedation up to 6 h. 
Lower PONV scores up to 6 h 

 Ra (2010) 
 [ 39 ] 

 Laparoscopic 
cholecystectomy 

 54  30 ml 0.25 % compared with 
30 ml 0.5 % levobupivacaine 
bilaterally ( n  = 18, 18) 

 Normal saline 
placebo ( n  = 18) 

 In TAP groups: decrease in i.v. opioid use 
and pain up to 24 h. No difference between 
0.25 % and 0.5 % levobupivacaine 

 Conaghan 
(2010) 
 [ 40 ] 

 Laparoscopic 
colorectal surgery 

 74  20 ml of 0.25 % 
levobupivacaine bilaterally 
( n  = 40) 

 No TAP ( n  = 34)  Decrease in i.v. opioid use. Decreased 
length of hospital stay 

 Milan (2011) 
 [ 41 ] 

 Liver transplant  34  20 ml 0.5 % levobupivacaine 
bilaterally ( n  = 17) 

 No TAP ( n  = 17)  Reduced morphine consumption and 
median pain scores 

 Aniskevich 
(2011) a  
 [ 42 ] 

 Pancreas transplant  1  20 ml 0.5 % ropivacaine 
bilaterally 

 n/a  Successful use of TAP block for 
postoperative rescue analgesia in chronic 
opioid user 

 Bharti (2011) 
 [ 43 ] 

 Colorectal surgery  40  20 ml 0.25 % bupivacaine 
bilaterally ( n  = 20) 

 Normal saline 
placebo ( n  = 20) 

 Decreased morphine use and rest and 
dynamic pain. Reduced sedation in TAP 
group (0 to 6 h). Improved patient 
satisfaction 

 Atim (2011) 
 [ 44 ] 

 Hysterectomy  55  20 ml 0.25 % bupivacaine 
bilaterally ( n  = 18) 

 Normal saline 
placebo ( n  = 18) 
and local wound 
infi ltration 0.25 % 
bupivacaine 
( n  = 19) 

 Reduced pain compared to both placebo 
and local infi ltration 

 Sandeman 
(2011) 
 [ 26 ] 

 Pediatric 
 Laparoscopic 
appendicectomy 

 87  0.5 ml/kg 0.2 % ropivacaine 
bilaterally ( n  = 42) 

 Local infi ltration 
to port sites only 
( n  = 45) 

 No clinically important benefi t 

 Niraj (2011) 
 [ 45 ] 

 Open hepatectomy 
and renal surgery 

 62  Bilateral TAP catheter 
( n  = 29), 1 mg/kg 0.375 % 
bupivacaine 

 Epidural ( n  = 33)  No difference in pain scores and PONV 

(continued)
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(continued)

Table 53.1 (continued)

 Publication  Surgical procedure   N   Local anesthetic dosage  Comparator  Effect of TAP block on primary outcome 
 Melnikov 
(2011) 
 [ 46 ] 

 Major 
gynecological 
surgery for cancer 

 58  0.375 ml/kg 0.25 % 
bupivacaine with 5 mcg/ml 
adrenaline bilaterally ( n  = 19) 

 Bilateral thoracic 
paravertebral 
block ( n  = 19) 

 No difference in pain scores and PONV 

 Kadam (2011) 
 [ 47 ] 

 Major abdominal 
surgery 

 20  15 ml 0.5 % ropivacaine with 
continuous infusion 0.2 % 
ropivacaine bilaterally 
( n  = 10) 

 No TAP ( n  = 10)  Reduced pain scores and fentanyl 
consumption 

 Petersen 
(2012) 
 [ 48 ] 

 Laparoscopic 
cholecystectomy 

 74  20 ml 0.5 % ropivacaine 
bilaterally ( n  = 37) 

 Normal saline 
placebo ( n  = 37) 

 Some reduction in VAS scores for pain on 
coughing and slightly less opioid 
requirement 

 Tan (2012) 
 [ 49 ] 

 Cesarean section  40  20 ml 0.25 % 
levobupivacaine bilaterally 
( n  = 20) 

 No block ( n  = 20)  Reduction morphine consumption, 
increased patient satisfaction 

 Tolchard 
(2012) 
 [ 50 ] 

 Laparoscopic 
cholecystectomy 

 43  1 mg/kg bupivacaine 
unilaterally ( n  = 21) 

 Local infi ltration 
to port sites only 
( n  = 22) 

 Reduced VAS scores and fentanyl 
requirement in PACU 

 Walter (2013) 
 [ 31 ] 

 Laparoscopic 
colorectal 
 surgery 

 68  20 ml 0.2 % levobupivacaine 
bilaterally ( n  = 33) 

 No TAP ( n  = 35)  Reduced opioid use 1st 24 h 

 Albrecht 
(2013) 
 [ 51 ] 

 Laparoscopic 
 gastric-bypass 
surgery 

 70  30 ml 0.25 % bupivacaine 
with adrenaline bilaterally 
( n  = 35) 

 Local infi ltration 
to port sites only 
( n  = 35) 

 No difference in opioid consumption 
during 1st 24 h. Rates of PONV equivocal 

 Sinha (2013) 
 [ 52 ] 

 Laparoscopic 
bariatric surgery 

 100  20 ml 0.375 % ropivacaine 
bilaterally 
 ( n  = 50) 

 No TAP ( n  = 50)  Reduced opioid requirements and VAS 
scores 

 Sahin (2013) 
 [ 53 ] 

 Pediatric inguinal 
hernia repair 

 57  0.25 % levobupivacaine 
0.5 ml/kg unilaterally ( n  = 29) 

 Wound infi ltration 
( n  = 28) 

 Reduced pain, prolonged effect 

 Wu (2013) 
 [ 54 ] 

 Radical 
gastrectomy 

 82  20 ml 0.375 % ropivacaine 
bilaterally ( n  = 27) 

 Thoracic epidural 
( n  = 29), GA only 
( n  = 26) 

 TAP reduced opioid consumption than 
GA alone; equivocal pain scores. Thoracic 
epidural less opioid consumption than 
TAP block; equivocal pain scores 

 Parikh (2013) 
 [ 55 ] 

 Donor 
nephrectomy 

 60  25 ml 0.375 % bupivacaine 
unilaterally ( n  = 30) 

 Placebo control 
with saline 
( n  = 30) 

 Reduced tramadol consumption in the 1st 
24 h 

 Gasanova 
(2013) 
 [ 56 ] 

 Total abdominal 
hysterectomy 

 74  Group 1, 20 ml 0.5 % 
bupivacaine bilaterally 
( n  = 25) with multimodal 
analgesia; Group 2, TAP 
block only ( n  = 24) 

 Group 3, 
multimodal 
analgesia only, no 
TAP block 
( n  = 25) 

 Pain on coughing less variable where TAP 
block was combined with multimodal 
analgesia. No difference in pain at rest 

 Sivapurapu 
(2013) 
 [ 57 ] 

 Lower abdominal 
gynecological 
surgery 

 52  0.3 ml/kg 0.25 % bupivacaine 
bilaterally ( n  = 26) 

 Direct wound 
infi ltration 
( n  = 26) 

 Reduced VAS and increased time to 
request fi rst rescue analgesia 

 Gomez-Rios 
(2014) b  
 [ 58 ] 

 Major 
gynecological and 
obstetric surgery 

 6  Continuous infusion of 
0.125 % levobupivacaine 
2 ml/h bilaterally for 50 h 

 n/a  Reduced opioid requirements and 
improved postoperative mobility 

 Niraj (2014) 
 [ 59 ] 

 Laparoscopic 
cholecystectomy 

 61  Four-quadrant TAP block 
2.5 mg/kg 0.375 % 
levobupivacaine plus 
continuous infusion 0.25 % 
levobupivacaine ( n  = 30) 

 Epidural ( n  = 31)  No difference between groups in VAS 
scores at rest or with coughing 

 Aniskevich 
(2014) 
 [ 60 ] 

 Laparoscopic 
assisted 
nephrectomy 

 21  20 ml 0.5 % ropivacaine, 
lateral approach bilaterally 
( n  = 10) 

 Placebo saline 
control ( n  = 11) 

 Reduced opioid requirements and lower 
pain scores at 24 h 

 Mckeen 
(2014) 
 [ 61 ] 

 Post-Cesarean 
delivery 

 74  Spinal anesthetic and post-op 
US-guided TAP, low-dose 
ropivacaine ( n  = 35) 

 Control ( n  = 39)  No statistically signifi cant difference in 
pain scores, sedation, or opioid 
consumption 

 Soltani (2014) 
 [ 25 ] 

 Renal transplant 
recipients 

 44  Post-induction under US 
guidance 
 15 ml 0.25 % bupivacaine 
and adrenaline ( n  = 22) 

 Placebo control 
with saline 
( n  = 22) 

 Decreased morphine consumption and 
lower pain scores in 1st 24 h. Reduced 
intraoperative fentanyl consumption in 
TAP group 

 Transversus Abdominis Plane Block
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        Contraindications 

 Infections and skin diseases in the injection area 
 Surgical dressings obstructing access 
 Patient refusal  

    Advantages/Disadvantages 

 TAP blocks reduce side effects associated with epidural or 
opioid analgesia failure rate and need for re-siting of block 
or catheter. 

 Inadequate analgesic coverage for visceral pain.  

    Procedure 

    Preparation 
 As with all regional anesthesia procedures, requirements 
include emergency equipment, monitoring, and assistance.  

    Materials and Disposables 
 We recommend a 38–50-mm intermediate frequency probe 
for adult patients. 

 Sterile ultrasound probe cover and gel for all procedures. 
 Routine disposables including fenestrated drape and 

dressings. 
 21- or 18-gauge short-bevel needles for single-injection 

or continuous catheter techniques, respectively, 100–150- 
mm needle required for in-plane technique 

 20–30 ml of local anesthetic for block (see section on 
 Local Anesthetic Dosage ,  Volume, and Spread )  

    Patient Positioning 
 Supine however consider lateral or lateral tilt for more poste-
rior approach  

Table 53.1 (continued)

 Publication  Surgical procedure   N   Local anesthetic dosage  Comparator  Effect of TAP block on primary outcome 
 Calle (2014) 
 [ 62 ] 

 Laparoscopic 
hysterectomy 

 197  Bilateral with 0.25 % 
bupivacaine 

 Placebo control 
with saline 

 No difference in opioid requirements at 
24, 48, 72 h postoperatively 

 Marais (2014) 
 [ 63 ] 

 Open total 
abdominal 
hysterectomy 

 30  20 ml 0.25 % bupivacaine 
bilaterally ( n  = 15) 

 Placebo control 
with saline 
( n  = 15) 

 Reduced PCA morphine use 

 Chandon 
(2014) 
 [ 64 ] 

 Post-Cesarean 
analgesia 

 65  20 ml 0.375 % 
levobupivacaine bilaterally 
( n  = 36) 

 Continuous 
wound infusion 
( n  = 29) 

 No difference in rest and dynamic pain 
scores between groups. Study terminated 
early due to generalized seizure in 1 
patient in TAP group 

 Bhatacharjee 
(2014) 
 [ 65 ] 

 Total abdominal 
hysterectomy 

 90  1 ml/kg 0.25 % bupivacaine 
bilaterally ( n  = 45) 

 Placebo control 
with saline 
( n  = 45) 

 Lower rest and dynamic VAS scores in 
immediate postoperative period 

 Heil (2014) 
 [ 66 ] 

 Hernia surgery  20  20 ml 0.5 % ropivacaine 
bolus plus continuous 
infusion 0.2 % ropivacaine 
( n  = 10) 

 Placebo control 
with saline 
infusion ( n  = 10) 

 No signifi cant difference in dynamic pain 
scores on postoperative day 1 

 De Oliveira Jr 
(2014) 
 [ 67 ] 

 Laparoscopic 
gastric banding 

 19  20 ml 0.5 % ropivacaine 
bilaterally ( n  = 10) 

 Placebo control 
with saline ( n  = 9) 

 Improved quality of postoperative 
recovery and reduced opioid use 

   * Retrospective audit,  a case report,  b case series.  PACU  post anesthetic care unit,  VAS  visual analog scale,  PCA  patient-controlled analgesia,  PONV  
postoperative nausea and vomiting,  n/a  not applicable,  i.v.  intravenous  
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    Ergonomics 
 We suggest positioning the ultrasound machine on the oppo-
site side of the patient to the proceduralist, so that he/she 
directly faces the screen. We suggest fi rst scanning by iden-
tifying the rectus abdominis muscles, then the linea semilu-
naris aponeurosis (separating the rectus abdominis from the 
three anterolateral abdominal wall muscles), and then the 
anterolateral muscles (Fig.  53.6 ). Dynamic scanning from 
medial to lateral or vice versa helps with correct identifi ca-
tion of muscle layers (Fig.  53.7 ). In many patients, the rectus 

abdominis muscle is displaced further away from the midline 
than expected. To identify the TAP, it is useful to appreciate: 
(1) the transversus abdominis muscle may appear hypoechoic, 
and (2) the transverse abdominis muscle passes under the 
rectus abdominis close to the xiphisternum. Therefore, scan-
ning in the upper part of the abdomen toward the midline is 
very helpful in locating the transverse abdominis muscle. 
Injecting between the rectus abdominis and transverse 
abdominis muscles close to the xiphisternum may increase 
the likelihood of anesthetizing T6–8 segmental nerves.    

  Fig. 53.6    Linea semilunaris under ultrasound. Linea semilunaris 
( white arrow ), rectus abdominis ( RA ), internal oblique ( IO ), transversus 
abdominis ( TA ), transversus abdominis plane ( bold white arrow )       

  Fig. 53.7    Identifi cation of muscle layers under ultrasound. External 
oblique ( EO ), internal oblique ( IO ), transversus abdominis ( TA ), perito-
neal cavity ( PC ), transversus abdominis plane ( bold white arrow )       

  

 Transversus Abdominis Plane Block
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    Injection Technique: General Comments 
 For a single-shot technique, sterile gloves should be worn 
and skin asepsis adhered to. For continuous catheter tech-
nique, we recommend a full aseptic technique (gown, gloves, 
and facemask). Needle imaging can be improved by separat-
ing the initial needle entry point through the skin from the 
probe by about 5 cm and heel–toe the probe (rocking probe 
in its long axis). Particular vigilance must be taken to always 
keep the needle tip in view, especially with the use of longer 
needles.   

    Specifi c Approaches 

    Subcostal TAP Block 
 The transversus abdominis muscle is located posterior to the 
rectus abdominis muscle close to the xiphoid process. The 
segmental nerves are located in this plane, but T6–T8 may 
only have a short course between the transversus abdominis 
and the rectus abdominis muscles. The nerves may, after a 
short distance beyond the costal margin, penetrate the poste-
rior rectus sheath and rectus muscle; therefore, the injection 
close to the costal margin may improve anesthesia [ 68 ]. For 
a subcostal approach, the authors’ preferred needle trajectory 
is from anteromedial to posterolateral using an in-plane tech-
nique with the needle trajectory parallel to the costal margin 
(Fig.  53.8 ). Beginning at the transversus–rectus abdominis 
interface medially near the xiphoid process, an incremental 
injection of 3–5 ml of local anesthetic can then extend the 
hydrodissection posterolaterally [ 69 ] (Fig.  53.9 ).    

  Fig. 53.8    Injection    technique for subcostal TAP block       

  Fig. 53.9    Endpoint for TAP block under ultrasound guidance. 
Subcutaneous tissue ( SC ), external oblique ( EO ), internal oblique ( IO ), 
transversus abdominis ( TA ). Note hydrodissection around needle tip       
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    Lateral TAP Block 
 The ultrasound probe is positioned in the mid-to-anterior 
axillary line between the iliac crest and the costal margin 
(Fig.  53.10 ). In many patients, the distance between these two 
landmarks is small, so the exact position (between the iliac 
crest and costal margin) probably does not matter. An in-
plane technique with the needle directed anterior to posterior 
(toward the midaxillary line) is straightforward. Incremental 
injections, hydrodissection, and then needle advancement are 
similar to the subcostal technique. Placing the probe closer to 
the iliac crest may improve coverage of L1.    

    Local Anesthetic Dosage, Volume, and Spread 

    Dosage 
 Optimal volumes and concentrations of local anesthetics for 
use in TAP block have yet to be determined. The area of 
spread is related to the total volume of injectate used, rather 
than concentration. A balance must be found between 
achieving optimal spread of sensory anesthesia and avoiding 
toxicity. It is the author’s practice to use approximately ropi-
vacaine 3–3.5 mg/kg as the total dose received by the patient 
diluted to 20–30 ml for each side. Caution should be applied 
in pregnant patients, where smaller doses should be consid-
ered. If using a catheter technique, a starting infusion rate of 
5 ml/h of ropivacaine 0.2 % may be used, with subsequent 
increase to 7 ml/h following a 10-ml bolus [ 5 ].  

  Fig. 53.10    Injection technique for lateral TAP block       

 

 Transversus Abdominis Plane Block



696

    Distribution 
 Descriptions of the extent of sensory blockade achieved with 
TAP have been inconsistent. Landmark techniques appear to 
produce wider sensory blockade than ultrasound techniques. 
The reason for this is unclear; however, Carney has hypoth-
esized that this may be due to posterior spread of local anes-
thetic cephalad and caudad within the paravertebral space 
with landmark technique [ 68 ]. In contrast, visualization of 
the needle tip under ultrasound guidance allows precise 
deposition of local anesthetic within the TAP plane, resulting 
in anterior spread of anesthesia [ 68 ]. Boerglum et al. [ 70 ] 
compared the spread of blockade using low (15 ml) and high 
volumes (30 ml) of local anesthetic for the lateral and sub-
costal approaches and reported that each approach has sepa-
rate and distinct boundaries as seen on magnetic resonance 
imaging (Fig.  53.11 ). Lee et al. demonstrated the upper limit 
of sensory blockade to be T8 (lower limit T11) with the 
 subcostal approach compared to an upper limit of T10 (lower 
limit T12) with the lateral approach [ 21 ]. Therefore, it would 
appear that specifi c approaches may be targeted to the type 
of abdominal surgery—subcostal for upper abdominal sur-
gery, lateral for lower abdominal surgery (Fig.  53.11 ) [ 21 ]. 
Sensory blockade of the entire anterior abdomen (T6-T12) 
may be obtained with dual subcostal and lateral injections 
performed bilaterally [ 70 ].    

    Side Effects and Complications 

 Accidental puncture of abdominal viscera has been reported 
using the landmark technique and with ultrasound guidance. 
Intraperitoneal injection, bowel and fl ank hematoma [ 71 ], 
local anesthetic toxicity manifesting as generalized convul-
sions [ 64 ,  72 ], intravascular injection, and block failure have 
been reported. With the use of continuous catheter tech-
niques, the risk of leakage, fi lter disconnection, and dis-
lodgement of the catheter are possible [ 47 ].   

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

  Fig. 53.11    Spread of sensory blockade with TAP block. In  orange , 
sensory blockade obtained with subcostal TAP demonstrated by Lee 
et al. (2010); in  blue , sensory blockade obtained with lateral TAP dem-
onstrated by Lee et al. (2010); in  red , sensory blockade obtained with 
combined dual lateral and subcostal injections by Boerglum et al. 
(2012). Note greater spread of sensory blockade with dual versus single 
injections in the study by Boerglum et al. (Original illustration by 
Michael Ee with permission)       
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    Rectus Sheath Block 

 The rectus sheath block has been used effectively following 
incisional and umbilical hernia repair in children, Cesarean 
section (when midline incision is used), and laparoscopy. 
The rectus sheath block aims to block the terminal branches 
of segmental nerves T6–L1. Anteriorly, the rectus sheath is 
tough and fi brous from the xiphisternum to the pubis. 
Posteriorly, it is well-defi ned and identifi able cephalad to the 
level of the umbilicus and inferiorly fades into the transver-
salis fascia. The posterior rectus sheath has been described as 
a “backboard” for injecting local anesthetics [ 73 ]. 

    Materials and Disposables 

 Similar as for TAP block  

    Patient Positioning 

 Supine  

    Ultrasound-Guided Technique 

 Identifying the linea semilunaris on the lateral border of the 
rectus abdominis muscle as for the subcostal approach is 
useful. The transducer is then slid medially to locate the rec-
tus abdominis. The layers of the rectus sheath are readily 
identifi ed with ultrasound with transverse scanning of the 
rectus abdominis and either out-of-plane or in-plane needle 
imaging techniques. The target for deposition of a local anes-
thetic bolus is between the posterior rectus sheath and 
 posterior rectus muscle. In a training study, ultrasound tech-
niques signifi cantly improved the accuracy of needle place-
ment compared with landmark technique [ 73 ]. 
Ultrasound-guided rectus sheath catheters have been 
described using an in-plane technique [ 74 ].  

    Side Effects and Complications 

 Local anesthetic toxicity, block failure, and localized hemor-
rhage are possible as in TAP blocks. Higher risk of abdomi-
nal viscera puncture may be associated with diffi culty 
visualizing the posterior rectus sheath especially below the 
umbilicus—a problem that appears to be alleviated with 
ultrasound guidance.   

    Ilioinguinal–Iliohypogastric Nerve Block 

 IIN and IHN blocks are commonly performed blocks suit-
able for anesthesia/analgesia for infraumbilical procedures 
such as hernia repair. More recently, they have also been 
found to be effective in the treatment of persistent post- 
herniorrhaphy pain [ 75 ]. They can and are typically per-
formed “blind”; however, previously reported failure rates 
may be between 10 and 25 % [ 76 ]. This may be improved 
with ultrasound guidance. A study comparing the use of 
landmark-based IIN/IHN nerve blocks with ultrasound- 
guided TAP blocks in ambulatory open inguinal hernia repair 
found the latter to provide superior analgesia with reduction 
in pain scores and opioid use [ 28 ]. 

    Materials and Disposables 

 Similar as for TAP and rectus sheath blocks  

    Patient Positioning 

 Supine  

    Ultrasound-Guided Technique 

 The TAP and IIN and IHN nerves within it can be identifi ed 
using sonography close to the anterior superior iliac spine. 
The nerves may be visualized as fl at, ovoid-shaped struc-
tures, and the deep circumfl ex artery can serve as a useful 
landmark [ 13 ,  77 ]. Compared to the TAP and rectus sheath 
blocks, smaller volumes of local anesthetic may be used 
here, e.g., 10–12 ml. Even with ultrasound guidance, the IIN 
and IHN nerves are often blocked together due to spread of 
local anesthetic [ 78 ].  

    Side Effects and Complications 

 As with TAP and rectus sheath blocks, side effects and com-
plications are related to local anesthetic toxicity, block fail-
ure, vessel puncture, and visceral organ injury. Cases of 
bowel perforation have been reported in children [ 79 ].   

 Ilioinguinal–Iliohypogastric Nerve Block
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    Quadratus Lumborum Block 

    Defi nition 

 Local anesthetic is deposited within close proximity to the 
quadratus lumborum muscle in the lower lumbar region of 
the trunk [ 80 ]. The local anesthetic potentially spreads crani-
ally along the muscle, posterior to the arcuate ligaments of 
the diaphragm, and reaches the thoracoabdominal nerves 
(T6–T12) as they traverse the lower thoracic paravertebral 
space [ 68 ].  

    Background 

 The quadratus lumborum block (QLB) is a novel technique. 
Reports of its clinical use in the peer-reviewed literature are 
limited to abstracts from scientifi c meetings [ 81 ] and case 
reports [ 82 ,  83 ]. As such, the safety profi le and effectiveness 
of the QLB is unknown. QLB was fi rst described by Blanco 
in 2007 [ 80 ]. It can be thought of as a posterior extension of 
an ultrasound-guided TAP block. The aim is to position the 
needle tip at the lateral border of quadratus lumborum, where 
it intersects with the aponeurosis of transversus abdominis. 
Local anesthetic may be placed along the anterolateral bor-
der or the posterior border of quadratus lumborum. Care 
must be taken to stay superfi cial to the transversalis fascia. 
The transmuscular approach was described by Boerglum 
et al. in 2013 [ 84 ]. It differs from the original description in 
terms of patient positioning, sonoanatomy, needle trajectory, 
and target site for local anesthetic deposition. Nevertheless, 
the aim is still to deposit local anesthetic along the anterior 
border of quadratus lumborum to achieve cranial spread to 
the paravertebral space.  

    Anatomy 

 Quadratus lumborum is a posterior abdominal wall muscle. 
It originates from the iliac crest and inserts onto the trans-
verse processes of the fi rst four lumbar vertebrae (L1–L4) 
and the inferior border of the twelfth rib (T12) (Fig.  53.4 ). It 
is thick at the lower lumbar level and tapers off cranially as 
its medial fi bers insert into the vertebral column, which is 
why it is best imaged at the level of L4. The characteristic 
sonoanatomy for the transmuscular approach is that of a 
shamrock. The stem of the shamrock is the transverse pro-
cess of L4, and the leaves are the paraspinal muscles, quadra-
tus lumborum, and psoas major (Fig.  53.12 ). The “Shamrock 
sign” was originally described with reference to performing 
an ultrasound-guided psoas compartment block (lumbar 
plexus block) [ 85 ]; however, it has also been adopted for the 
transmuscular approach to quadratus lumborum [ 84 ].   

a b

  Fig. 53.12    Sonoanatomy of “Shamrock sign.” ( a ) Raw sonogram, ( b ) overlying annotations outlining relevant structures.  A  anterior,  P  posterior       
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    Indications 

 Surgical specifi c indications for QLB await results of ran-
domized controlled trials.  

    Contraindications 

 Infection and skin diseases in the injecting area 
 Poor sonoanatomical localization of structure  

    Advantages/Disadvantages 

 The QLB has the potential to reduce opioid requirements and 
therefore opioid-related side effects. It has a relatively long 
onset time (30 min).  

    Procedure 

    Preparation 
 As with all regional anesthesia procedures, requirements 
include emergency equipment, monitoring, and assistance.  

    Materials and Disposables 
 Ultrasound machine with curvilinear probe (an intermediate 
frequency probe may suffi ce in very thin patients) 

 Sterile ultrasound probe cover and sterile ultrasound gel 
 100–150-mm short-bevel needle for single-injection 

block 
 20–30 ml of local anesthetic (e.g., 20–30 ml of 0.5 % 

ropivacaine)  

    Patient Positioning 
 For the transmuscular approach, the patient lies in the lateral 
position with the side that is to be blocked uppermost. 

 The proceduralist sits or stands behind the patient such 
that his/her nondominant hand will be scanning the lateral 
abdominal wall.  

 Quadratus Lumborum Block
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    Technique: Transmuscular Approach 
 Ultrasound machine is placed on the opposite side of the 
patient to the proceduralist. 

 Place the curvilinear probe in the midaxillary line just 
cephalad to the iliac crest (Fig.  53.13 ).  

 Scan anteriorly to identify the three muscles of the ante-
rior abdominal wall (transversus abdominis, internal oblique, 
and external oblique). The transversus abdominis typically 
tapers to form a hyperechoic aponeurosis that passes poste-
rior to quadratus lumborum. Caudad angulation of the probe 
may help accentuate quadratus lumborum. 

 Continue to scan posteriorly until the “Shamrock sign” is 
imaged. 

 Position the needle such that it enters the skin posterior to 
the ultrasound probe and passes in-plane lateral to the para-
spinal muscles, lateral to the transverse process of L4, and 
through quadratus lumborum. The target site for injection is 
the plane between quadratus lumborum and psoas major 
(Fig.  53.14 ).  

 Inject a 1–2-ml test dose to confi rm correct needle-tip 
position, followed by 20–30 ml of 0.5 % ropivacaine.   

  Fig. 53.13    Injection technique for quadratus lumborum block. Spine 
( black line ), iliac crest ( purple-dotted line )       

  Fig. 53.14    Target site for deposition of local anesthetic under ultra-
sound guidance for transmuscular approach to quadratus lumborum 
block. Note the deposition of local anesthetic between quadratus lum-
borum and psoas major, above the transversalis fascia       
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    Side Effects 

 Advancement of the needle through psoas major into the ret-
roperitoneum could potentially cause hemorrhage or renal 
injury. It is therefore important to only embark on the trans-
muscular approach when sonoanatomy is favorable such that 
psoas major is imaged anterior to quadratus lumborum.   

    Transversalis Fascia Block 

    Defi nition 

 Local anesthetic is deposited between the transversus 
abdominis muscle and underlying transversalis fascia adja-
cent to the quadratus lumborum muscle. Target nerves are 
the T12 subcostal nerve and the iliohypogastric and ilioin-
guinal nerves (L1).  

    Background 

 The transversalis fascia plane block was fi rst described by 
Hebbard in 2009 [ 86 ]. It shares similarities with the standard 
ultrasound-guided TAP block and the QLB with regards to 
sonoanatomy and needle trajectory. It is a novel technique 
which may have a role for postoperative analgesia following 
iliac crest bone graft harvest [ 87 ].  

    Anatomy 

 The transversalis fascia lies deep to transversus abdominis and 
continues posteromedially to cover the anterior surface of qua-
dratus lumborum. The subcostal nerve, iliohypogastric nerve, 
and ilioinguinal nerves originate within the body of psoas 
major as part of the lumbar plexus (Fig.  53.4 ). They emerge 
from the lateral border of psoas major and travel across the 
anterior surface of quadratus lumborum before piercing trans-
versus abdominis to course within the TAP plane. Because the 
iliohypogastric and ilioinguinal nerves course within the TAP 
plane for such a short and variable length, the L1 dermatomes 
are not reliably or consistently blocked as part of a standard 
ultrasound-guided TAP block. Sonoanatomy for the transver-
salis fascia plane block overlaps with the lateral ultrasound-
guided TAP block and the QLB. The key difference is that the 
target site for needle-tip position and local anesthetic deposi-
tion is immediately beneath the transversus abdominis muscle 
but more anterior to quadratus lumborum muscle.  

    Indications 

 Regional analgesia for surgeries that involve primarily L1 
dermatome (e.g., iliac crest bone graft harvest, inguinal 
herniorrhaphy)  

    Contraindications 

 Infection and skin diseases in the injecting area 
 Poor sonoanatomical localization of structure  

 Transversalis Fascia Block
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    Advantages/Disadvantages 

 The transversalis fascia plane block may reduce opioid 
requirements and therefore opioid-related side effects. The 
main disadvantage is the relatively small area anesthetized 
(limited to the T12/L1 dermatome); however, it may be com-
bined with a TAP block technique to extend anesthesia more 
cephalad than T12.  

    Procedure 

    Preparation 
 As with all regional anesthesia procedures, requirements 
include emergency equipment, monitoring, and assistance.  

    Materials and Disposables 
 Ultrasound machine with curvilinear probe (an intermediate 
frequency probe may suffi cient in very thin patients) 

 Sterile ultrasound probe cover 
 Sterile ultrasound gel 
 100–150-mm short-bevel needle for single-injection 

block 
 20 ml of local anesthetic (e.g., 20 ml of 0.5 % 

ropivacaine)  

    Patient Positioning 
 The patient lies in the lateral position with the side that is to 
be blocked uppermost. 

 The proceduralist sits or stands in front of the patient such 
that his/her nondominant hand will be scanning the lateral 
abdominal wall.  

    Technique 
 Ultrasound machine is placed on the opposite side of the 
patient to the proceduralist. 

 Place the curvilinear probe in the midaxillary line just 
cephalad to the iliac crest (Fig.  53.15 ).  

 Scan anteriorly to identify the three muscles of the ante-
rior abdominal wall (transversus abdominis, internal oblique, 
and external oblique). The transversus abdominis typically 
tapers to form a hyperechoic aponeurosis that passes poste-
rior to quadratus lumborum. 

 Continue to scan posteriorly such that there are no solid 
organs (e.g., kidney, liver) or viscera deep to the transversus 
abdominis that may be injured with the needle. 

 Position the needle such that it enters the skin anterior to 
the ultrasound probe and passes in-plane posterolateral 
through the three lateral abdominal muscles. 

 The target site for injection should be in the plane between 
the transversus abdominis muscle and the transversalis fascia 
anterolateral to quadratus lumborum (Fig.  53.16 ).  

 Inject a 1–2-ml test dose to confi rm correct needle-tip 
position, followed by 20 ml of 0.5 % ropivacaine.  

  Fig. 53.15    Injection technique for transversalis fascia block. Iliac crest 
( purple-dotted line )       
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    Side Effects 
 There is a theoretical risk of perforating solid organs (e.g., 
kidney, liver) or viscera if the needle passes beyond the 
transversalis fascia. This risk is mitigated against by posi-
tioning the patient lateral (rather than supine) and perform-
ing the block as posteriorly and as caudad as possible.       

  Fig. 53.16    Target site for deposition of local anesthetic under ultra-
sound guidance for transversalis fascia block. Note the deposition of 
local anesthetic between transversus abdominis and transversalis 
fascia       

 

 Transversalis Fascia Block
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       The ilioinguinal (II), iliohypogastric (IH), and genitofemoral 
(GF) nerves are the primary nerves providing sensory inner-
vation to the skin bordering between the thigh and abdomen. 
Therefore, they have been collectively called “border nerves” 
[ 1 ,  2 ]. 

    Anatomy 

 The II and IH nerves originate from the anterior rami of T12 
and L1 nerve roots, emerging near the lateral border of the 
psoas major muscle. These two nerves extend diagonally 
toward the crest of the ilium (Fig.  54.1 ).  

 The IH nerve pierces the transversus abdominis muscle 
above the iliac crest, midway between the iliac crest and the 
twelfth rib. The II nerve runs caudally and parallel to the IH 
nerve. Here, both nerves can be found consistently (90 %) 
between the transversus abdominis and internal oblique 
muscles [ 2 ,  3 ]. Terminal branches of the IH nerve perforate 
the external oblique muscle aponeurosis approximately 4 cm 
lateral to the midline to supply the skin over the lower por-
tion of the rectus abdominis [ 2 ,  3 ]. The IH nerve also pro-
vides sensory innervation to the skin above the tensor fasciae 
latae through a lateral cutaneous branch. Terminal branches 
of the II nerve enter the inguinal canal through the deep 
inguinal ring; it may lie upon the cremaster muscle and fas-
cial layer of the spermatic cord in men or round ligament in 
women [ 4 ,  5 ]. Here, the II nerve is often accompanied by the 
genital branch of the GF nerve, and wide variations in the 
course of these nerves within the inguinal canal have been 
documented [ 6 – 9 ]. The terminal sensory branches may 
innervate the skin of the mons pubis, inner thigh, inguinal 
crease, and anterior surface of the scrotum or anterior one 
third of the labia (Fig.  54.2 ).  

 The GF nerve originates from the fi rst and second lumbar 
nerve roots (Fig.  54.1 ). It emerges on the anterior surface of 
the psoas muscle either as a single trunk or separate genital 
and femoral branches [ 6 ]. The femoral branch passes later-
ally over the external iliac artery and then penetrates the fas-
cia lata to enter the femoral sheath. Terminal branches 
provide cutaneous innervation to the femoral triangle [ 7 ]. 
The genital branch will also cross in front of the external 

iliac artery but then passes through the ventral aspect of the 
internal ring of the inguinal canal (Fig.  54.1 ). Anatomical 
studies describe this branch as running between the cremas-
teric and internal spermatic fascia, incorporating with the 
cremasteric fascia, or lying outside of the spermatic cord [ 5 , 
 7 ,  8 ]. Terminal sensory branches may innervate the scrotum 
and possibly the upper, inner, and medial thigh [ 5 ]. 

 However, the main concept to remember when dealing 
with the “border nerves” is the high rate of variability they 
are associated with. Anatomical studies highlight this vari-
ability, which has been reported with respect to their origin 
and spinal contribution [ 10 ], communication between 
nerves, penetration of fascial layers, branching patterns, 
and dominance patterns [ 2 ]; in some cases, one of the 
nerves may be entirely absent [ 9 ]. Although the general 
anatomy of the IH and II nerves has been well documented 
in standard anatomy textbooks, recent studies related to 
nerve injury during surgery or based on cadaver dissections 
were able to identify multiple and different spinal nerves 
contributing to the formation of these nerves. The II and IH 
nerves mainly originate from the T12 and L1 nerve roots, 
but a contribution from T11 to L3 exists in a minority of 
patients [ 10 ]. 

 The most consistent anatomical location for the II and IH 
nerves to perforate the abdominal muscular layers is lateral 
and superior to the anterior superior iliac spine, where they 
run between the transversus abdominis and internal oblique 
muscular layers, even though the distance from the ASIS to 
the point the nerves enter the fascial layer can widely vary 
[ 11 ,  12 ]. 

 As well, communication between the GF, IH, and II 
nerves (as well as the lateral femoral cutaneous nerve) is 
common and results in sensory overlap. Finally, the sites at 
which the II and IH nerves pierce the abdominal wall muscle 
layers are signifi cantly variable [ 13 ]. 

 Special considerations are needed for pediatric patients. 
Anatomically, pediatric patients have varying II and IH 
nerves compared with adults; anatomical results from adults 
cannot be downscaled to infants and children, in whom the 
iliohypogastric and ilioinguinal nerves lie closer to the ASIS 
than originally thought [ 14 ], and differences have been noted 
according to different age groups [ 15 ].  
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    Existing Technique for Neural Blockade 

 As discussed above, there is a high degree of anatomic vari-
ability in not only the course of the nerves but also their 
branching patterns, areas of penetration of the fascial layers, 
and dominance patterns [ 2 ]. By far, the most consistent loca-
tion of the II and IH nerves is lateral and superior to the 
ASIS, where the nerves are found between the transversus 
abdominis and internal oblique muscular layers in nearly 
90 % of the cases [ 16 ,  17 ]. While most of the anatomic varia-
tions occur medial to the ASIS, virtually all landmark-guided 
injection techniques described in the literature are performed 
in the anterior abdominal wall [ 2 ,  3 ,  18 ]. 

 Because the existing landmark-based techniques rely on 
blind infi ltration of local anesthetic through different layers, 
the risk of complications are well understandable: these 
include inadvertent femoral nerve block [ 14 ,  19 ], colonic 
puncture [ 20 ,  21 ], and vascular injury [ 22 ]. Nevertheless, 
block failure is still an important matter of concern, and fail-
ure rate of the blind technique lies in the range of 10–40 % 
[ 14 ,  23 ]. This is attributed to the potential for injecting local 
anesthetics into the wrong abdominal plane [ 23 ], and in some 
situation, it leads to injection inside the peritoneum [ 24 ]. 

 As well, the conventional description of the blockade of 
the genital branch of the GF nerve is mainly a “blind” tech-
nique [ 25 ,  26 ] and relies on the pubic tubercle, inguinal liga-
ment, inguinal crease, and femoral artery as landmarks. One 
involves infi ltration of local anesthetic immediately lateral to 
the pubic tubercle caudal to the inguinal ligament [ 25 ]. In 
another method, a needle is inserted into the inguinal canal to 
block the genital branch [ 26 ]. The blind techniques described 
are essentially infi ltration techniques and rely on high vol-
umes of local anesthetic for consistent results. Although the 
basis of this landmark is not clear, the needle is likely directed 
toward the spermatic cord, and important structures of the 
spermatic cord (testicular artery and vas deferens) or the 
peritoneum are at risk.  

  Fig. 54.1    Schematic diagram showing the pathway of the ilioinguinal, 
iliohypogastric, and genitofemoral nerve.  GFN  genitofemoral nerve 
(Reproduced with permission from Philip Peng Educational Series)       

Iliohypogastic nerve

Anterior scrotal nerve

Ilioinguinal nerve

Femoral branch of
genitofemoral nerve

Femoral nerve

Obturator nerve

Lateral cutaneous
nerve of thigh

Dorsal nerve of penis
(pudendal nerve)

  Fig. 54.2    Cutaneous innervation of the ilioinguinal region (Reproduced 
with permission from Dr. Danilo Jankovic)       
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    Ultrasound-Guided Injection Technique 

 Advantages of ultrasound guidance include the identifi cation 
of muscular and fascial layers (including structures lying 
deeper to the peritoneum), the visualization of needle’s tra-
jectory and spread of injectate, and the detection of vascular 
structures. Ultrasound helps physicians to overcome the 
wide anatomic variability associated with the structures in 
this area, helping to identify the nerves themselves, or the 
plane they lie within. Ultrasound guidance has demonstrated 
to improve accuracy in the injection of local anesthetics, 
with less risk of inadvertent injections in the wrong fascial 
plane [ 24 ], reduced amount of local anesthetics used for 
anesthesia, and lower consumption of systemic pain medica-
tions compared to landmark techniques [ 23 ,  27 ]. 

 The IH and II nerves are superfi cial nerves, best viewed 
with a linear probe of high frequency (6–13 MHz). In very 
obese patient, a linear medium-frequency probe may be use-
ful. Most of clinical studies or reports used ASIS as landmark, 
and the position of the probe was above ASIS and moved 
along the line joining the ASIS and umbilicus. This approach 
carries some limitation: when the probe is placed too near to 
ASIS, the external oblique muscle layer may be missed; when 
the probe is too far away from the ASIS (the “bone shadow of 
iliac crest” not in the scan), the nerve seen in between the 
transversus abdominis and internal oblique muscular layers is 
likely the 12th intercostal nerve or subcostal nerve instead. 

 The recommended area for ultrasound scanning of II and 
IH nerves is lateral and superior to the anterior superior iliac 
spine (Fig.  54.3 ), because the two nerves are detectable in 
this area in 90 % of the cases. The probe is placed cranial and 
three fi ngerbreadths lateral to the ASIS with the transducer 
perpendicular to the inguinal ligament and its lateral end in 
contact with the iliac crest (Fig.  54.3 ). At this position, the 
iliac crest will appear as a hyperechoic structure adjacent to 
which will appear the three muscular layers of the abdominal 
wall (Figs.  54.4  and  54.5 ). Below the transversus abdominis, 
peristaltic movements of the bowel may be detected. Once 
the muscular layers are identifi ed, the II and IH nerves will be 
found in the split fascial plane between the internal oblique 
and transversus abdominis muscle layers. Both nerves should 
be within 1.5 cm of the iliac crest at this site, with the II nerve 
closer to the iliac crest [ 28 ]. The nerves are usually in close 
proximity to each other [ 9 ] and located on the “upsloping” 
split fascia close to the iliac crest. In some cases, the nerves 
may run approximately 1 cm apart. The deep circumfl ex iliac 
artery which is close to the two nerves in the same fascial 
layer can be revealed with the use of color Doppler (Fig.  54.6 ). 
A neural structure within the fascial split may also be seen 
medial and on the fl at part of the internal oblique and trans-
versus abdominis muscle junction: this is the subcostal nerve, 
and if mistaken for the II and IH nerves, the nerve blockade 
will result in aberrant distribution of anesthesia.     

 In some patients (those with previous surgery, multiple 
childbirth) or when the procedure is performed by inexperi-
enced practitioners, either the II and IH or the fascia split is 
diffi cult to visualize; in these cases, the target will be the 
fascial plane between the internal oblique and transverse 
abdominal muscles [ 29 ]. 

 Both out-of-plane and in-plane techniques can be used and 
have been described [ 28 ,  30 ]. As the two nerves run very 
closely within the fascial plane (sometimes as a common 
trunk) and frequently overlap in sensory innervation, a selec-
tive block of one of the two nerves has recently been demon-
strated to be very diffi cult to realize, even in experienced hands 
and injecting minimal volumes of local anesthetics [ 31 ]. 

 Ultrasound-guided blockade of the genital branch of the GF 
nerve has been described in several review articles [ 2 ,  3 ,  18 ,  32 ]. 
The genital branch is diffi cult to visualize directly unless a high-
frequency probe (up to 18 MHz) is used. Furthermore, the GF 
nerve can be found within or outside the spermatic cord. Thus, 
the most reliable method is to infi ltrate the inguinal canal and 
deposit the injectate both inside and outside the spermatic cord 
[ 2 ,  3 ]. The patient is placed in a supine position, and surface 
anatomy of the ASIS, inguinal ligament, and femoral artery is 
established. A linear ultrasound transducer of high frequency 
(6–13 MHz) is placed over the femoral artery along its long axis 
(Fig.  54.2 ). The transducer is moved cephalad over the artery, 
which starts to descend at a steep angle toward the inguinal liga-
ment. At this point, the femoral artery transitions to become the 
external iliac artery and runs in a retroperitoneal plane 
(Fig.  54.7 ). Once the external iliac artery is identifi ed, the ingui-
nal canal can be viewed superfi cial to the vessel as an oval, soft 
tissue structure (Fig.  54.7 ). This will contain the spermatic cord 
in men and the round ligament in women. The canal is then 
scanned medially, so that the fi nal ultrasound probe position is 
approximately one fi ngerbreadth away from the pubic tubercle. 
In males, testicular arteries may be identifi ed in the spermatic 
cord as pulsatile structures and confi rmed with the use of color 
Doppler (Fig.  54.8 ). Vessels may be accentuated by asking the 
patient to cough or perform a Valsalva maneuver, which 
increases blood fl ow through the pampiniformis plexus. The vas 
deferens may also be identifi ed as a thick, tubular structure.   

 An in-plane or out-of-plane technique may be used. With an 
out-of-plane technique, the needle approaches the inguinal 
canal from the lateral aspect of the probe. Hydrodissection with 
saline should be utilized to confi rm adequate spread within the 
inguinal canal or within the cord. The absence of any observed 
spread is indicative of intravascular injection or loss of needle 
tip visualization. Given the anatomic variability of the genital 
branch of the GF nerve, local anesthetic is injected within and 
outside of the spermatic cord in men; in women, local anes-
thetic is injected around the round ligament only. In males, the 
local anesthetic should not contain epinephrine so as to avoid 
vasoconstriction of the testicular arteries. Steroid can be added 
for the management of chronic pain syndromes.  
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  Fig. 54.3    Similar view as in Fig.  54.3 . In addition to the ilioinguinal 
( solid arrowhead ) and iliohypogastric (*) nerves, a third nerve appears 
and is usually mistaken as the ilioinguinal nerve but is much further 
from the iliac crest. It is the subcostal nerve (12th intercostal nerve) 
indicated by  line arrow .  EO  external oblique muscle,  IO  internal 
oblique muscle,  TA  transversus abdominis muscle,  PE  peritoneum, 
(Reproduced with permission from Philip Peng Educational Series)       

  Fig. 54.4    Figure showing the three layers of the muscles and the fas-
cial split ( white line arrows ) with the ilioinguinal and iliohypogastric 
nerves inside.  Solid triangles  outline the iliac crest.  EO  external oblique 
muscle,  IO  internal oblique muscle,  TA  transversus abdominis muscle, 
 IL  iliacus (Reproduced with permission from Philip Peng Educational 
Series),  Lat  lateral side       
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  Fig. 54.5    Similar view as in Fig.  54.3 . In addition to the ilioinguinal 
( solid arrowhead ) iliohypogastric (*) nerves, a third nerve appears and 
is usually mistaken as the ilioinguinal nerve but is much further from 
the iliac crest. It is the subcostal nerve (12th intercostal nerve) indicated 
by  line arrow. EO  external oblique muscle,  IO  internal oblique muscle, 
 TA  transversus abdominis muscle,  PE  peritoneum (Reproduced with 
permission from Philip Peng Educational Series)       

  Fig. 54.6    Similar view as in Fig.  54.3  with color Doppler. A branch of 
the deep circumfl ex iliac artery is shown in  red color. Solid arrows  out-
line the iliac crest.  F  subcutaneous fat,  EO  external oblique muscle,  IO  
internal oblique muscle,  TA  transversus abdominis muscle,  Lat  lateral 
(Reproduced with permission from Philip Peng Educational Series)       
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  Fig. 54.7    Long axis view of the femoral and external iliac artery 
showing the cross section of the spermatic cord (outlined by  solid 
arrows ) in a male patient. The  red dashed line  outlines the deep abdom-
inal fascia.  EIA  external iliac artery,  FA  femoral artery (Reproduced 
with permission from Philip Peng Educational Series)       

  Fig. 54.8    Similar view as in Fig.  54.6  with color Doppler showing the 
vessels inside the spermatic cord (Reproduced with permission from 
Philip Peng Educational Series)       
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    Clinical Application 

 Blocks of the border nerves have been used both in the surgi-
cal and nonsurgical settings. 

 II and IH local anesthetic nerve blocks provide analgesia 
for operations involving the region between the thigh and 
abdomen. Ultrasound-guided block of II and IH nerves can 
be used as part of a multimodal analgesic regimen after 
Cesarean section or surgeries including a lower abdominal 
transverse incision (in all cases in which the surgical incision 
crosses the midline, a bilateral block is needed) [ 33 ,  34 ]. 
Furthermore, its clinical usefulness has been proven also for 
inguinal hernia repair in both adult [ 35 ] and pediatric patients 
[ 27 ,  36 – 38 ]. Only a little clinical benefi t has been described 
with the addition of a GF nerve block to II and IH nerve 
block for hernia repair [ 39 ]. 

 These nerves are also prone to injury during open appen-
dectomy incisions, inguinal herniorraphies, low transverse 
incisions (e.g., Pfannenstiel incision), and trocar insertion 
for laparoscopic surgery of the abdomen and pelvis [ 13 ,  40 –
 43 ]. When II or IH nerves are involved, the pain is in the 
lower abdominal wall and sometimes radiates to the genital 
area. The clinician has to differentiate this from the visceral 
pain, which is deep sited and poorly localized. A sensory 
change with objective signs is sometimes present. Other 
physical signs include a discrete tender spot, abnormal pain 
sensitivity (allodynia and hyperalgesia), and Tinel’s sign. 
When the GF nerve is involved, the patient usually presents 
with groin pain that may extend to the scrotum or the testicle 
in men, the labia majora in women, and the medial aspect of 
the thigh. Cremasteric refl ex may be absent. Most of the 
patient has a previous history of surgery, and only a small 
number of them have no previous history of trauma. 

 Accurate neural block of the “border nerves” can be used 
for pain relief in these patients or assist in understanding the 
etiology of chronic inguinal pain, even if the specifi c contri-
bution of each of the nerves is often diffi cult to determine 
because of the abovementioned anatomic variability and the 
frequent overlapping in sensory innervation [ 31 ,  44 ]. 

 II and IH nerve block is useful for the treatment of groin 
pain, like chronic pain syndromes after hernia repair [ 45 ]. 
Ultrasound-guided block of the genital branch of the GF 
nerve has been described for chronic pain relief in the groin 
area after surgery [ 46 ], and ultrasound-guided pulsed radio-
frequency has been used for effective treatment of severe 
orchialgia [ 47 ]. However, one should be cautious about the 
application of radiofrequency technique as the genital branch 
of the GF nerve is not usually visualized. Ultrasound-guided 
blockade of the femoral branch of the GF nerve has also been 
described, and cryoanalgesia of the femoral branch of the GF 
nerve was performed [ 48 ].     
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        Introduction 

 Piriformis syndrome (PS) is caused by prolonged or exces-
sive contraction of the piriformis muscle (PM). Because of 
the close proximity to the sciatic nerve, PS is associated with 
pain in the buttocks, hips, and lower limbs [ 1 – 10 ]. 

 Pain due to PS can have a signifi cant impact on a patient’s 
functional activities and quality of life. Anesthesiologists are 
commonly involved in the management of this group of 
patients, due to their expertise in interventional procedures 
and pain medicine. This chapter is intended to provide a nar-
rative review of the history, epidemiology, etiology, anatomy, 
clinical presentation, and management of this pain syn-
drome, with an emphasis on the roles and techniques of piri-
formis muscle injection.  

    Background and Epidemiology 

 Yeoman (1928) was the fi rst to ascribe sciatic pain to PS 
[ 11 ]. Beginning with Mixter and Barr’s classic article (1934) 
[ 12 ], the cause of sciatica and buttock pain was increasingly 
attributed to the lumbar spine. Although PS is still regarded 
as an interesting cause of sciatica in the literature, it is given 
a low priority in the differential diagnosis of back–buttocks–
leg pain in clinical practice [ 6 ,  13 ,  14 ]. With a few excep-
tions, the literature only includes isolated case reports 
[ 14 – 16 ]. There are many structures in this region that can 
produce the classic symptoms of PS, and many synonyms for 
the condition are used in the literature, such as “deep gluteal 
syndrome” and “pelvic outlet syndrome” [ 17 ]. By analogy 
with other entrapment neuropathies (such as carpal tunnel 
syndrome), this clinical picture could also be correctly 
termed “infrapiriform foramen syndrome” [ 18 ]. 

 Recent developments in diagnosis and successful treat-
ment based on newer diagnostic methods suggest that PS is 
not rare [ 19 ]. Although there is no reliable measure of the 
prevalence of PS, it has been suggested that PS is responsible 
for 5–6 % of cases of sciatica [ 6 ,  18 ,  20 ]. Taking a conserva-
tive estimate of new cases of low back pain and sciatica at 40 
million annually, the incidence of PS would be 2.4 million 
per year [ 21 ,  22 ]. In the majority of cases, PS occurs in 
middle- aged patients (mean age 38 years) [ 23 ]. The ratio of 
female to male patients with PS has been reported as 6:1 [ 4 ].  

Chapter 55 Injection for Piriformis Syndrome



719

    Anatomy 

 The piriformis muscle (Latin:  pirum,  pear;  forma,  shape) 
was named by the Flemish anatomist Adriaan van der 
Spieghel (Spigelius) (1578–1625). Originating from the 
anterior surface of the sacrum between the fi rst and fourth 
sacral foramina, the PM passes through the greater sciatic 
foramen and inserts on the upper edge of the greater trochan-
ter. The greater sciatic foramen is a rigid opening formed 
anteriorly and superiorly by the ilium, posteriorly by the 
sacrotuberous ligament, and inferiorly by the sacrospinous 
ligament (Fig.  55.1 ). The PM is the only muscle that courses 
transversely through the greater sciatic notch, and it is the 
key landmark to all the important nerves and vessels that 
pass from the pelvis to the gluteal region, such as the sciatic 
nerve, the pudendal nerve and artery, and the superior and 
inferior gluteal arteries and nerves (Figs.  55.2  and  55.3 ).    

 The function of the PM in the non-weight-bearing limb is 
lateral rotation of the thigh with the hip extended and abduc-
tion when the hip is fi xed at 90°. In weight-bearing activities, 
the piriformis restrains vigorous or excessive medial rotation 
of the thigh [ 7 ,  9 ,  14 ,  18 ]. The other short lateral rotators of 

the thigh at the hip (the superior gemellus, obturator inter-
nus, inferior gemellus, and quadratus femoris muscle), lying 
distal to the PM, may cause symptoms in PS (especially the 
obturator internus muscle, which is partly an intrapelvic 
muscle and partly a hip muscle) [ 7 ,  24 ]. The hamstring mus-
cles may also cause symptoms through activation and per-
petuation of trigger points (anatomic attachments of the three 
hamstring muscles to the ischial tuberosity) [ 7 ,  25 ]. The 
innervations of PM are usually derived from the fi rst and sec-
ond sacral nerves. The sciatic nerve arises from the ventral 
branches of the spinal nerves, from L4 to S3. Exiting from 
the pelvic cavity at the lower edge of the PM, its trunk mea-
sures 16–20 mm in breadth at its origin; runs between the 
ischial tuberosity and the greater trochanter; turns downward 
over the gemelli, the obturator internus tendon, and the qua-
dratus femoris muscle, which separate it from the hip joint; 
and leaves the buttock to enter the thigh beneath the lower 
border of the gluteus maximus [ 26 ]. This is the region where 
the course of the sciatic nerve is intimately related to the PM 
and short rotators of the hip. There are six routes by which 
portions of the sciatic nerve may exit the pelvis, and these are 
illustrated in Fig.  55.4  [ 7 ,  13 ,  27 – 30 ].   
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  Fig. 55.1    An anatomic preparation ( anterior view ) seen from the 
inside of the pelvis in midsagittal view, showing the muscle attachment 
inside the sacrum, usually located between the fi rst and fourth anterior 
sacral foramina. ( 1 ) Piriformis muscle, ( 2 ) sacrospinous ligament, ( 3 ) 
sacrotuberous ligament, ( 4 ) sacrum (Reproduced with permission from 
Danilo Jankovic)       
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  Fig. 55.2    The piriformis muscle ( 1 ) and neighboring muscles, nerves, 
and vessels: ( 2 ) gluteus minimus, ( 3 ) gluteus medius, ( 4 ) gluteus maxi-
mus, ( 5 ) quadratus femoris, ( 6 ) superior gluteal nerve, ( 7 ) inferior glu-
teal nerve, ( 8 ) posterior cutaneous femoral nerve, ( 9 ) superior gluteal 
artery, ( 10 ) inferior gluteal artery and vein, ( 11 ) internal pudendal 
artery (Reproduced with permission from Danilo Jankovic)       
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  Fig. 55.3    ( a ) Posterior view of the piriformis muscle ( 1 ) and sciatic 
nerve ( 2 ). ( b ) High separation of the sciatic nerve ( 1 ): the common 
peroneal nerve courses through the piriformis and the tibial nerve 
through the infrapiriform foramen, ( 2 ) the piriformis muscle with the 
gluteal inferior nerve, ( 3 ) the greater trochanter, ( 4 ) quadratus femoris, 
( 5 ) sacrotuberous ligament, ( 6 ) the pudendal nerve in the ischiorectal 
fossa (Reproduced with permission from Danilo Jankovic)       
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  Fig. 55.4    The     six routes  by which portions of the sciatic nerve may exit the pelvis (Reproduced with permission from Philip Peng Educational 
Series).  SN  sciatic nerve;  PM  piriformis muscle       
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    Pathophysiology and Etiology 

 There are two components that contribute to the clinical pre-
sentation: somatic and neuropathic. The  somatic component  
underlying PS is a myofascial pain syndrome caused by con-
traction of the PM [ 2 ,  7 ,  14 ,  31 ,  32 ]. Piriformis syndrome 
rarely presents as a single-muscle pain syndrome [ 7 ]. Trigger 
points in the PM are most likely to be associated with trigger 
points in adjacent synergists, such as the posterior part of the 
gluteus minimus muscle, the gluteus maximus muscle, three 
of the lateral rotator group muscles (two gemelli and the 
obturator internus muscle), the levator ani, and the coccyg-
eus muscles [ 7 ,  33 ,  34 ]. The  neuropathic component  refers to 
the compression or irritation of the sciatic nerve as it courses 
through the infrapiriform foramen [ 5 ,  9 ,  14 ,  20 ,  35 – 39 ]. In 
addition, irritation and compression of the neighboring 
nerves and vessels (superior gluteal artery, inferior gluteal 
artery, internal pudendal artery; Figs.  55.2  and  55.5 ) can give 
rise to pain, with a classic distribution pattern [ 7 ].  

 A number of etiological factors that may account for the 
presence of PS have been described (Table  55.1 ) [ 3 – 5 ,  7 , 
 13 – 15 ,  18 ,  20 ,  23 ,  33 – 35 ,  40 – 59 ]. In most patients, there is 
no identifi able cause.

   Previous gluteal trauma can cause sciatica-like pain [ 23 , 
 35 ]. This is probably the most common cause of PS [ 13 ,  23 , 

 35 ]. The trauma may be direct (low back or buttocks) [ 35 ] or 
indirect (unusual stretching of the lumbosacral and/or hip 
muscles through athletic or other strenuous activities), lead-
ing to infl ammation, spasm, hypertrophy, and eventual con-
traction of the muscle [ 13 ,  23 ,  35 ]. Certain anatomic variants, 
such as double piriformis, and course variants of the sciatic 
nerve, posterior cutaneous femoral, inferior gluteal nerve, 
and superior gluteal nerve [ 4 ,  5 ,  7 ,  14 ,  15 ,  30 ,  40 ,  41 ,  60 ] can 
predispose to PS through two kinds of entrapment: entrap-
ment between the piriformis muscle and the rim of the 
greater sciatic foramen and entrapment within the muscle. 
The fi rst kind of entrapment has been well documented dur-
ing surgery for the sciatic nerve and other surrounding neu-
rovascular structures (superior gluteal, inferior gluteal, and 
pudendal nerves and vessels). The second kind of entrap-
ment is depicted in Figs.  55.3b ,  55.4 , and  55.5 , which 
depends on variations in the way in which the sciatic nerve 
passes through the piriformis muscle [ 7 ,  27 ,  30 ,  36 ,  44 ,  61 ]. 

 Some authors have considered that  hypertrophy and 
spasm of the PM  [ 14 ,  18 ,  43 ,  44 ] is one of the most frequent 
myotonic refl exes in lumbar osteochondrosis [ 7 ,  62 ]. 
Previous spine surgery may cause scarring or arachnoiditis 
around the nerve roots, decrease the excursion of the sacral 
plexus, and predispose the nerve to a piriformis contraction 
effect.  

   Table 55.1    Etiology of piriformis syndrome   

 Gluteal trauma in the sacroiliac or gluteal areas (possibly several 
years previously) [ 13 ,  23 ,  35 ] 
 Predisposing anatomic variants [ 4 ,  5 ,  7 ,  14 ,  15 ,  40 ,  41 ] 
 Myofascial trigger points [ 7 ,  20 ,  33 ,  34 ,  42 ] 
 Hypertrophy and spasm of the piriformis muscle [ 14 ,  18 ,  43 – 45 ] 
 Secondary to laminectomy [ 13 ,  33 ,  34 ,  43 ,  46 – 50 ] 
 Abscess [ 51 ], hematoma [ 52 ,  53 ], myositis [ 54 ], bursitis of the 
piriformis muscle [ 55 ], neoplasms in the area of the infrapiriform 
foramen [ 56 ], colorectal carcinoma [ 57 ], neurinoma of the sciatic 
nerve [ 18 ], episacroiliac lipoma [ 50 ] 
 Intragluteal injection [ 58 ] 
 Femoral nailing [ 18 ] 
 Myositis ossifi cans of the piriformis muscle [ 3 ,  59 ] 
 Klippel–Trénaunay syndrome [ 18 ] 
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  Fig. 55.5    ( a ) The right gluteal area. The gluteal inferior nerve, with the 
dorsal branches of the posterior femoral cutaneous nerve ( 1 ) and the 
common peroneal nerve ( 2 ), courses through the piriformis muscle ( 4 ) 
(intrapiriform foramen), ( 3)  tibial nerve; pir, piriformis muscle; med, 
gluteus medius; max, gluteus maximus. ( b ) The right gluteal area. The 
gluteal inferior nerve ( 1 ) courses through the piriformis muscle. The 
common peroneal nerve ( 4 ) runs partly through the intrapiriform fora-

men, with a small portion passing through the infrapiriform foramen. 
( c ) The left gluteal area. The inferior gluteal nerve ( 1 ) courses through 
the piriform muscle and the infrapiriform foramen. ( d ) The right gluteal 
area. The inferior gluteal nerve ( 1 ) and common peroneal nerve ( 4 ) exit 
the pelvis through the intrapiriform foramen [ 61 ] (Reproduced with 
permission from Danilo Jankovic)       
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    Differential Diagnosis 

 The presence of PS is frequently overlooked; the differential 
diagnosis is presented in Table  55.2  [ 3 ,  4 ,  7 ,  9 ,  14 ,  18 ,  41 ,  45 , 
 51 ,  62 – 67 ].

   Table 55.2    Differential diagnosis of the piriformis syndrome   

 Dysfunction, lesion, and infl ammation of sacroiliac joint [ 3 ,  7 ,  9 , 
 63 ,  64 ] 
 Pseudoaneurysm in the inferior gluteal artery following gynecologic 
surgery [ 4 ,  65 ] 
 Thrombosis of the iliac vein [ 18 ,  51 ,  65 ] 
 Painful vascular compression syndrome of the sciatic nerve, caused 
by gluteal varicosities [ 6 ] 
 Herniated intervertebral disc [ 67 ] 
 Post-laminectomy syndrome or coccygodynia [ 18 ,  41 ] 
 Pseudoradicular S1 syndrome [ 45 ] 
 Posterior facet syndrome at L4–5 or L5–S1 [ 63 ] 
 Unrecognized pelvic fractures [ 14 ] 
 Lumbar osteochondrosis [ 7 ,  62 ] 
 Undiagnosed renal stones [ 14 ] 
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       Clinical Evaluation 

    Clinical Presentation 

 Three specifi c conditions may contribute to PS: myofascial 
pain referred from trigger points in the PM, nerve and vascu-
lar entrapment by the PM at the greater sciatic foramen, and 
dysfunction of the sacroiliac joint. 

 Myofascial pain syndrome in the PM is well recognized [ 7 , 
 20 ,  33 ,  34 ,  50 ,  64 ,  68 ,  69 ]. Additional pain referred from trig-
ger points in the adjacent members of the lateral rotator group 
or gluteal muscles may be diffi cult to distinguish from pain 
originating in the piriformis trigger points. PS is often charac-
terized by bizarre and initially apparently unconnected symp-
toms [ 7 ,  70 ]. Gluteal pain is reported to be observed in 97.9 % 
of cases [ 71 ]. Patients report pain (and paresthesias) in the 
small of the back, groin, perineum, buttocks, hip, back of 
the thigh (81.9 %) [ 71 ], calf (59 %) [ 71 ], foot, and also in the 
rectum (during defecation) and in the area of the coccyx. Low 
back pain is reported to be observed in 18.1 % of cases [ 43 , 
 71 ]. Some authors have suspected that contraction of the PM 
is an often overlooked cause of coccygodynia [ 13 ,  28 ,  41 ]. 
Edwards [ 72 ] and Retzlaff et al. [ 9 ] have described the syn-
drome as “neuritis of the branches of the sciatic nerve,” while 
TePoorten suspected involvement of the peroneal nerve [ 73 ]. 
Swelling in the affected leg and disturbances of sexual func-
tion are observed (dyspareunia in women, 13–100 % [ 74 ], and 
disturbances of potency in men are very often present as 
accompanying symptoms) [ 4 ,  7 ,  74 ]. When the common pero-
neal nerve is involved, there may be  paresthesia of the poste-
rior surface of the upper leg and some portions of the lower 
leg supplied by this nerve [ 23 ,  45 ,  75 – 77 ]. Dysfunction of the 
sacroiliac joint has been considered a common and important 
component of PS [ 9 ,  63 ,  64 ]. Displacement of the sacroiliac 
joint may interact with myofascial trigger points in the PM to 
establish a self-sustaining condition. Sustained tension in the 
muscle caused by the trigger points may maintain displace-
ment of the joint [ 63 ], and the dysfunction induced by the 
joint displacement apparently perpetuates piriformis trigger 
points. In this situation, both conditions must be corrected [ 7 ]. 

 However, true neurologic fi ndings are not usually present 
in PS, and sensory defi cits may be completely absent [ 3 ,  5 ,  14 , 
 33 ,  34 ,  64 ]. There is no gold standard in diagnosing PS. The 
physical examination may reveal several of the following 
well-described signs (Table  55.3 ) [ 13 ,  71 ]. External palpation 
of the  piriformis line  can be used to elicit trigger- point tender-
ness through a relaxed gluteus maximus muscle. The patient 
is placed in the Sims position. The line overlies the superior 
border of the PM and extends from immediately above the 
greater trochanter to the cephalic border of the greater sciatic 
foramen at the sacrum [ 7 ,  13 ]. The line is divided into equal 
thirds. The fully rendered thumb presses on the point of maxi-
mum trigger-point tenderness, which is usually found just lat-
eral to the junction of the middle and last thirds of the line. A 
positive test is reported to be observed in 59–92 % [ 13 ,  71 ,  74 ] 

of the patients. The  piriformis sign,  which presents as tonic 
external rotation of the affected lower extremity, is reported to 
be observed in 38.5 % of the patients [ 13 ]. The medial end of 
the PM should be palpated within the pelvis by  rectal or vagi-
nal examination  (this test is positive in almost 100 % of the 
patients) [ 7 ,  13 ,  41 ,  73 ,  78 ,  79 ]. Rectal or pelvic examination 
may reveal a tender, palpable, sausage-shaped mass along the 
lateral pelvic wall.  Freiberg’s sign  involves pain on passive, 
forced internal rotation of the hip in the supine position, 
thought to result from passive stretching of the PM and pres-
sure on the sciatic nerve at the sacrospinous ligament 
(Fig.  55.1 ) [ 13 ,  14 ,  19 ,  67 ]. This test is positive in 56.2 % of 
the patients (32–63 %) [ 71 ,  74 ].  Pace’s sign  [ 33 ,  34 ] consists 
of pain and weakness on resisted abduction and external rota-
tion of the thigh in a sitting position [ 13 ,  33 ]. A positive test is 
reported to occur in 46.5 % of the patients (30–74 %) [ 71 ,  74 ]. 
 Lasègue’s sign  involves pain on the affected side on voluntary 
adduction, fl exion, and internal rotation [ 80 ].  Beatty’s maneu-
ver  [ 1 ,  37 ] is an active test that involves elevation of the fl exed 
leg on the painful side while the patient lies on the asymptom-
atic side. Abducting the thigh to raise the knee off the table 
elicits deep buttock pain in patients with PS but back and leg 
pain in those with lumbar disc disease. The  Hughes test  [ 81 ] 
may be also positive in PS (external isometric rotation of the 
affected lower extremity following maximal internal rotation). 
 Gluteal atrophy  may be present, depending on the duration of 
the condition. When there is abnormality of the PM, gluteal 
atrophy may be observed because of the close proximity and 
involvement of the fi rst and internal rotation second sacral 
nerves [ 13 ,  33 ,  35 ,  45 ]. Examining the patient in the supine 
position sometimes reveals apparent  shortening of the limb on 
the affected side  (this is due to contracture of the piriformis 
muscle) [ 7 ,  45 ,  73 ]. In the most severe cases, the patient will 
be unable to lie or stand comfortably, and changes in position 
will not relieve the pain. Intense pain will occur when the 
patient sits or squats (39–95 %) [ 74 ].  Sacroiliac tenderness  is 
reported to be observed in 38.5 % of the patients [ 13 ]. The 
buttock on the same side as the PM lesion is sensitive to touch 
or palpation [ 9 ]. Criticism of the use of these signs has focused 
on the fact that they lack critical evaluation [ 68 ].

   Table 55.3    Diagnostic maneuvers useful in the evaluation of pirifor-
mis syndrome   

 Maneuver  Sign  Cause of pain 
 Frequency of positive 
physical sign 

  n   %  Ref. 

 Freiberg  Buttock 
pain 

 Stretching of 
the PM 

 81  56.2  [ 71 ] 

 Piriformis line  Buttock 
pain 

 Contraction 
of the PM 

 118  81.9  [ 71 ] 

 24  92.3  [ 13 ] 
 Pace  Buttock 

pain 
 Contraction 
of the PM 

 67  46.5  [ 71 ] 

 Rectal or 
vaginal 
examination 

 Reproduction 
of sciatic pain 

 26  100  [ 13 ] 

 Clinical Evaluation
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       Electrophysiological Tests 

 The role of unprovoked electrophysiological tests (in an ana-
tomical position) is minimal. However, the diagnostic value 
of such tests can be improved by stressing the muscle in  fl ex-
ion, adduction,  and  internal rotation  (the FAIR test). The test 
compares posterior tibial and peroneal H refl exes elicited in 
the anatomic position with H refl exes obtained in fl exion, 
adduction, and internal rotation (normal mean prolongation: 
0.01 ± 0.62 ms). A prolongation in the FAIR test of 1.86 ms 
is an electrophysiological criterion for diagnosing PS [ 14 , 
 82 ]. The test correlates well with visual analog scale esti-
mates of pain [ 14 ,  15 ,  19 ,  71 ,  83 ,  84 ]. Somatosensory evoked 
cortical potentials are also reported to objectivize sensory 
abnormalities of innervation [ 14 ,  85 ].  

    Imaging Modalities 

 Plain pelvic radiography can only identify calcifi cation of 
the PM or its tendon in exceptional circumstances [ 14 ,  42 ]. 
Involvement of the PM in sciatic neuropathy has been sup-
ported by evidence from computed tomography (CT), mag-
netic resonance imaging (MRI) (Fig.  55.6 ) [ 62 ,  68 ,  86 – 90 ], 
scintigraphy [ 75 ], and ultrasound [ 38 ,  91 ]. However, if PS is 
suspected, a CT examination of the pelvis should certainly 
be conducted in order to detect side-to-side differences in the 
PM or other causes of the narrowing of the infrapiriform 
foramen [ 30 ,  92 ,  93 ]. If uncertainties remain, an MRI exami-
nation of the sciatic nerve and its vicinity—particularly with 
regard to structural changes in the PM—is indicated [ 94 ]. 
The newly introduced neuroradiological technique of mag-
netic resonance neurography, alongside established imaging 
methods such as MRI for evaluating unexplained chronic 
sciatica, has led to the identifi cation of various changes relat-
ing to the piriformis muscle and sciatic nerve which have 
been further demonstrated with surgical exploration [ 30 ].   

  Fig. 55.6    A normal magnetic resonance image of the piriformis mus-
cle ( P ) and sciatic nerve ( NI ) (Reproduced with permission from Danilo 
Jankovic)       
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    Diagnostic Injection with Local Anesthetics 
and Steroids 

 Although piriformis muscle injection has not been compared 
with other diagnostic tests, it is a widely used method of 
establishing the diagnosis after initial evaluation [ 13 ,  33 ,  34 ]. 
Anesthesiologists are often involved in managing this group 
of patients, due to their expertise in administering diagnostic 
and therapeutic blocks. The utility of diagnostic injection is 
based on anecdotal and expert experience.   

    Management of Piriformis Syndrome 

    General 

 Piriformis syndrome causing sciatica usually responds to 
conservative treatments, including physical therapy; lifestyle 
modifi cation; symptomatic relief of muscle and nerve pain 
with nonsteroidal anti-infl ammatory agents, tricyclic antide-
pressants, muscle relaxants, and neuropathic pain agents 
such as gabapentin, pregabalin, and carbamazepine [ 95 ]; and 
psychotherapy. When patients fail to respond to simple con-
servative therapy, interventional modalities are considered. 
In rare circumstances surgical release of the piriformis mus-
cle has been described for diffi cult cases of PS, but this is 
occasionally accompanied by morbidity.  

    Noninvasive Techniques 

 There is a paucity of controlled trials examining the effec-
tiveness of the management modalities. 

    Physical Therapy 
 If etiologically treatable causes of PS have been ruled out, 
behavioral and physical therapy should be the fi rst step. With 
regard to physical therapy, relaxation exercises for the pelvic 
fl oor muscles, stretching exercises for the gluteal muscles, 
massage of the PM, and exercises to mobilize the sacroiliac 
articulation and lumbar spine should be performed [ 14 ]. The 
primary consideration in treating PS with osteopathic manip-
ulation is that the method used must relieve the contracture 
of the affected musculature and reduce connective-tissue 
adhesions in the area [ 9 ]. Osteopathic physicians use numer-
ous methods of treatment [ 23 ,  72 ], and physical therapy 
methods are well documented [ 4 ,  5 ,  7 ,  19 – 21 ,  40 ,  41 ,  43 ,  64 , 
 79 ,  96 ]. Other recommended techniques include intermittent 

cold with stretching [ 7 ,  34 ,  79 ], internal transrectal or trans-
vaginal massage of the muscle [ 41 ,  68 ], ischemic compres-
sion with a tennis ball [ 7 ,  41 ], ultrasound application [ 7 ,  20 ], 
shortwave diathermy in conjunction with a full course of 
physical therapy [ 97 ], self-stretching of the muscle [ 7 ], cor-
rective actions (e.g., for lower limb length differences) [ 7 , 
 20 ], postural and activity stress reduction, and avoidance of 
prolonged immobilization of the affected lower limb when 
driving vehicles for long distances. If a Morton foot structure 
(mediolateral rocking foot) is present, it should be identifi ed 
and corrected [ 7 ]. In general, physical therapy is performed 
only as part of multimodal therapy. Criticism of these meth-
ods has focused on the lack of critical evaluation.  

    Treatment with Focused Shock Waves 
 Focused shock waves have been successfully used for some 
15 years now for common orthopedic indications [ 91 ,  98 –
 102 ]. Although the biological mechanism of action is not yet 
fully understood, shock-wave therapy is being used success-
fully to improve the blood supply and metabolic processes 
[ 103 – 107 ]. Focused shock waves, as a unique method, make 
it possible to locate deep trigger points in gluteal muscles 
and to provoke referred trigger-point pain. The treatment of 
trigger points in the piriformis muscle with focused shock 
waves is a new and promising noninvasive method [ 108 ] as a 
part of multimodal therapy.   

    Piriformis Muscle Injection 

 Piriformis muscle injection with local anesthetics and corti-
costeroids is usually offered to patients as part of multimodal 
therapy. Although the optimal frequency and dosage have 
not been well examined, the procedure may be repeated up to 
three to fi ve times if required. Optimal results are achieved 
by injecting botulinum toxin into the PM. The muscle can be 
targeted by landmark-based or image-guided techniques. 

 Various techniques have been described to help localize 
the piriformis muscle. These include imaging techniques 
such as ultrasound, CT, and fl uoroscopy to guide the needle 
to the vicinity of the muscle and electrophysiological tech-
niques such as electromyography and nerve stimulation to 
confi rm activation of the piriformis muscle or sciatic nerve. 
Physicians often use combinations of one component from 
each technique to improve the accuracy of needle placement 
[ 43 ,  80 ,  109 ]. With the increasing popularity of ultrasound 
for intervention, the ultrasound-guided technique will be 
described in details.  
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    Transgluteal Techniques 

•      Fan-shaped “blind infi ltration”  of the trigger points in 
the piriformis muscle, located by transrectal (transvagi-
nal) palpation [ 33 ], or injection while externally palpating 
the “sausage-shaped” muscle when palpation is possible 
[ 13 ]. With all these blind approaches, the depth of needle 
insertion is determined subjectively and relies on judg-
ment and expertise.  

•    Transgluteal technique using a nerve stimulator  [ 47 , 
 110 ]. One can take advantage of the close anatomic rela-
tionship of the piriformis muscle to the sciatic nerve and 
use a nerve stimulator to position the needle just posterior 
to the nerve at the level of the piriformis muscle [ 47 ]. The 
patient is placed in a lateral decubitus position. A line is 
drawn between the posterior superior iliac spine (PSIS) 
and the ischial tuberosity. The needle insertion point lies 
approximately 6 cm caudad to the PSIS on this line (para-
sacral approach). The insulated needle is inserted at this 
point and advanced in a sagittal plane until sciatic nerve 
stimulation is observed with a current of less than 
2 mA. The needle is then withdrawn slightly until the 
twitching completely disappears. Occasionally, it is nec-
essary to inject laterally in a blind fashion as well, to treat 
a trigger point in the lateral portion of the muscle.  

•    Injection of the piriformis muscle under fl uoroscopic 
guidance.  CT scanners and electromyography machines 
are not widely available to interventional physicians, and 
a fl uoroscopy-guided technique is commonly used. 
Fluoroscopy displays bony landmarks such as the sacrum 
or sacroiliac joint but not the piriformis muscle itself. The 
target is the belly of the piriformis muscle in the sciatic 
notch, which can be approximated by measuring 2 cm lat-
eral and 1 cm caudal to the sacroiliac joint [ 43 ] or 1 cm 
lateral to the S2–S3 sacral border [ 111 ]. The depth of the 
needle can be estimated using two methods. Firstly, the 

needle can be directed toward the lateral border of the 
sacrum at the S2–S3 level. Once bony contact has been 
made, the needle is redirected 1 cm away from the sacrum 
and advanced 1 cm deep. Radiographic contrast is then 
injected to show a characteristic intrapiriformis contrast 
pattern, which suggests needle placement within the piri-
formis muscle (Fig.  55.7 ) [ 111 ,  112 ]. Secondly, electro-
myography (with gluteus maximus and piriformis muscle 
contraction) and nerve stimulation (with a motor response 
to sciatic nerve stimulation) have been used to position 
the needle in the piriformis muscle [ 80 ].      

  Fig. 55.7    Radiographic contrast image outlining the piriformis muscle 
( arrows ) (Reproduced with permission from Philip Peng Educational 
Series)       
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    Ultrasound-Guided Injection 

 The target for injection is the piriformis muscle, which is a 
soft tissue. Although both CT and ultrasound allow direct 
visualization of the piriformis muscle, ultrasound is regarded 
as an attractive and affordable imaging technique, as it allows 
real-time imaging of needle insertion toward the target with-
out exposing the patient to radiation [ 109 ]. There have been 
many reports of ultrasound-guided piriformis muscle injec-
tion that describe similar techniques with minor variations 
[ 27 ,  38 ,  86 ,  111 ,  113 ,  114 ]. The accuracy of needle place-
ment with ultrasound was recently validated in a cadaver 
study, suggesting an accuracy of 95 % [ 111 ]. 

    Sonoanatomy [ 109 ,  114 ] 
 The key for locating the PM is the greater sciatic notch 
(Fig.  55.8a ). The patient is placed in the prone position. The 
ultrasound probe is placed just lateral to the posterior superior 
iliac spine (PSIS), revealing a hyperechoic bone shadow from 
the ilium (Fig.  55.8b ). The ultrasound probe is then moved in 
the caudal direction toward the sciatic notch. At this level, the 
hyperechoic shadow of the bone will disappear from the medial 
aspect and two muscle layers will be visible—the gluteus max-
imus and the piriformis. The piriformis muscle can be better 
visualized by rotating the hip externally and internally with the 
knee fl exed. This movement allows gliding of the piriformis 
muscle in real time and helps the practitioner distinguish the 
PM from the gluteus muscle (Fig.  55.8c ). The ultrasound scan 
should also demonstrate the presence of the sciatic nerve, infe-
rior gluteal artery, and pelvic cavity, which are deep to the piri-
formis muscle (Fig.  55.8c, d ).   
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  Fig. 55.8    ( a ) Posterior view of the pelvis, showing the piriformis mus-
cle and surrounding structures. The gluteus maximus muscle has been 
transected to show the deeper structures. It should be noted that the 
sciatic nerve typically emerges caudal to the piriformis muscle in 
the greater sciatic notch. ( b ) Ultrasonography of the ilium cephalad to 
the greater sciatic notch. The position of the ultrasound probe ( dark 
rectangle ) is indicated in the insert. The ilium appears as a hyperechoic 
line. PSIS, posterior superior iliac spine. ( c ) Ultrasound of the greater 
sciatic notch, with the position of the ultrasound probe indicated in the 

insert ( dark rectangle ). The sciatic nerve is seen as a structure deep to 
the piriformis muscle, indicated by the arrows.  GM  gluteus maximus 
muscle,  PE  peritoneum,  Pi  piriformis muscle. ( d ) Ultrasonography of 
the sciatic notch as in  c , with Doppler imaging. The inferior gluteal 
artery is seen adjacent to the sciatic nerve, and the superior gluteal 
artery is located between the gluteus maximus ( GM ) and piriformis 
muscle ( Pi ).  A  artery,  V  vein (Reproduced with permission from Philip 
Peng Educational Series)         
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    Injection Technique 
 The needle is inserted from medial to lateral using an in- 
plane technique. Due to anatomic anomalies of the sciatic 
nerve within and below the piriformis muscle, a practitioner 
with limited experience with ultrasound-guided injection is 
advised to perform the needle insertion with the nerve stimu-
lator, to prevent unintentional injection in the vicinity of the 
sciatic nerve. The stimulating current is usually set at 
1 mA. Either a 3.5-in 22-G spinal needle or an 80-mm insu-
lated needle is usually suffi cient, but a longer needle is 
required for patients with a high body mass index. A very 
small amount of normal saline (<0.5 mL) is injected to 
 confi rm the intramuscular location of the needle (hydroloca-
tion). The author (P.P) usually chooses a small volume 
(1–1.5 mL) of injectate, whether it is botulinum toxin or a 
mixture of local anesthetic with steroid. It is not uncommon 
for sciatic nerve stimulation to be observed when the needle 
is advanced through the muscle.   

    Limitations of the Various Injection 
Techniques 

 Given the proximity of the piriformis muscle to the pel-
vic cavity, sciatic nerve, and inferior gluteal artery 
(Figs.  55.2  and  55.8c, d ), landmark-based infi ltration is not 
recommended. 

 Frequently, the  landmark-based  technique is accom-
panied with an electrophysiological stimulation method, 
such as the use of a nerve stimulator [ 47 ,  48 ,  110 ] or elec-
tromyography [ 80 ,  82 ,  96 ]; however, there are limitations 
with localization method that use electrophysiological tech-
niques. The premise in these techniques is that the close 
proximity of the needle to the muscle or nerve will reli-
ably produce a brisk motor unit action potential or muscle 
contraction. Although this concept has  not  been validated 
for the electromyography- guided technique, the needle-to-
nerve proximity relationship in nerve stimulation has been 
examined [ 115 ]. Several studies using in vivo models have 
shown that the minimum stimulating current may not reli-
ably refl ect the distance of the needle tip from the nerve 
[ 116 – 119 ]. Furthermore, the nerve stimulation technique 
cannot reliably differentiate whether the needle tip is within 
the muscle or lying in plane between muscles (an important 
consideration when botulinum toxin is being injected). Both 
electrophysiological approaches neither allow direct visual-
ization of the muscle nor ensure accurate positioning of the 
needle within the PM [ 109 ]. 

 Localization of the piriformis muscle using the 
 fl uoroscopy- assisted   contrast injection technique has also 
been examined. A cadaver study showed that the accuracy of 
this method was only 30 %, with most of the needle tip being 
positioned in the gluteus maximus muscle [ 111 ]. This is not 

surprising given the fact that the fl uoroscopy technique does 
not allow direct visualization of the soft tissue. 

  Ultrasound  and  computer tomography (CT)  have the 
advantage of allowing direct visualization of the piriformis 
muscle. The reliability of the ultrasound-guided method has 
been confi rmed in a cadaver study [ 111 ]. Compared with a 
CT-guided technique, ultrasound is much more affordable 
and accessible. The ultrasound-guided technique also offers 
the additional advantages of avoiding radiation exposure and 
real-time injection [ 109 ]. In the experience of one of the 
present authors (P.P.), it is not uncommon for the patient to 
react when the practitioner injects the medication into the 
muscle. The pressure sensation on injection may elicit glu-
teus muscle contraction, which can displace the needle tip 
from the piriformis muscle. This is particularly the case if the 
patient has developed piriformis atrophy with repeated injec-
tions of botulinum toxin. Real-time surveillance of the 
spread of the injectate can ensure that the needle is posi-
tioned within the muscle throughout the injection 
procedure.  

    Injection Solution 

 Mixing the local anesthetic solution with 20–40 mg of a 
long-acting corticosteroid (e.g., long-acting methylpredniso-
lone) is also recommended. Experience shows that long- 
acting local anesthetics do not provide any substantial 
advantages over short-acting agents [ 7 ,  13 ,  110 ]. In addition 
to the anti-infl ammatory properties, steroids also have 
membrane- stabilizing properties, by suppressing transmis-
sion in unmyelinated C fi bers and inhibiting ectopic dis-
charge from the experimentally created neuroma [ 120 ,  121 ]. 
It should be pointed out to the patient that spreading of the 
local anesthetic (particularly with a long-acting agent) in the 
region of the sciatic nerve can lead to the leg suddenly giving 
away later (written information should be provided for 
outpatients).  

    Response to Injections 

 The response to injections can be immediate but may be of 
short duration. Benzon et al. [ 43 ] reported that 16 of 19 
patients responded to piriformis muscle injections over a 
short-term follow-up period of 3 months. However, the 
majority of these patients had associated diagnoses, includ-
ing herniated discs, spinal stenosis, failed back surgery syn-
drome, and complex regional pain syndrome. Filler et al. 
[ 46 ] reported on 46 patients who received local anesthetic 
injections. Sixteen percent had sustained pain relief for peri-
ods ranging from 8 months to 6 years; 8 % had 2–4 months 
of relief but required a second injection; 37 % had 2–4 
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months of relief but experienced recurrence after a second 
injection; 24 % of the patients benefi ted for only 2 weeks; 
and 16 % experienced no benefi t. Recent reports have 
focused on botulinum toxin injections.  

    Botulinum Toxin Injections in PS [ 14 ,  21 ,  31 ,  37 , 
 48 ,  77 ,  90 ,  93 ,  96 ,  112 ,  122 ] 

 Botulinum toxin type A is one of the seven immunologically 
distinct serotypes (A–G) of neurotoxin produced by 
 Clostridium botulinum.  Botulinum toxin type A inhibits the 
release of acetylcholine from peripheral cholinergic, motor, 
and autonomic nerve endings. After it reaches the nerve ter-
minals at a neuromuscular junction, botulinum toxin type A 
functionally denervates muscle fi bers and causes fl accid 
paralysis [ 77 ]. Initial clinical use of botulinum toxin type A 
was limited to the treatment of strabismus and blepharo-
spasm associated with dystonia. However, botulinum toxin 
type A is now regarded as the treatment of choice for hemi-
facial spasms, spasmodic torticollis (cervical dystonia), oro-
mandibular dystonia, laryngeal dystonia, and pediatric 
cerebral palsy. It has also been benefi cial in many other con-
ditions, including myofascial pain syndrome, focal hyperhi-
drosis, tremors, achalasia, tension-type headaches, and 
PS. Botulinum toxin type A can be administered with fl uoro-
scopic, electromyelographic, CT, or MRI guidance. The rec-
ommended dose of botulinum toxin type A in PS is usually 
100–200 units [ 2 ,  14 ,  21 ,  37 ,  77 ]. 

 In summary, the indications, techniques, dosages, moni-
toring, and location vary signifi cantly. This variability limits 
any comparison of studies and treatment groups. There is a 
lack of double-blind, randomized, controlled trials. More 
controlled studies are needed in order to determine the num-
ber of nerve blocks required in chronic pain therapy and to 
establish selection criteria for patients who are suitable for 
nerve blocks in pain therapy. The effi cacy of nerve blocks 
depends on the stage of development of chronic pain.  

    Surgical Treatment 

 Surgical intervention should be considered when nonsurgical 
treatment has failed and the symptoms are becoming intrac-
table and disabling. There is a lack of literature on surgical 
treatment for PS. 

 Division of the piriformis muscle is intended only to 
relieve intractable sciatic pain in well-selected patients and 
cannot cure or alleviate any other neurological defi cit such as 

refl ex changes, muscular weakness, or sensory losses [ 49 ]. 
Classic indications for surgical treatment include abscess, 
neoplasms, hematoma [ 5 ,  23 ,  35 ,  45 ,  46 ], and painful vascu-
lar compression of the sciatic nerve caused by gluteal vari-
cosities, etc. [ 66 ]. Since the introduction of botulinum toxin 
therapy, however, surgical interventions have rarely been 
necessary in patients with PS. Surgical severance of the piri-
formis muscle or its tendon and neurolysis of the constricting 
tissue around the nerve may be considered [ 23 ,  35 ,  44 ,  49 , 
 70 ]. Severance of the tendon is not always successful [ 84 ]. 
Indrevekam and Sudmann reported on a series of 19 patients 
with PS who were treated using tenotomy [ 123 ], and Filler 
et al. reported the results of surgical treatment for PS in 64 
patients (82 % with good results) [ 46 ]. In 78 documented 
operations, the treatment was described as successful in two 
thirds of the cases but showed no benefi t in one third [ 71 ]. 
The technical details of surgical treatment are beyond the 
scope of this review.   

    Conclusion 

 PS continues to be a controversial diagnosis for sciatic 
pain. In view of the distribution of the nerves and blood 
vessels that accompany the piriformis muscle through the 
greater sciatic foramen, it is understandable why contrac-
ture of a single muscle, the piriformis, can have such 
widespread effects. The diagnosis is mainly made on clin-
ical grounds. Piriformis syndrome is associated with pain 
(and paresthesias) in the buttocks, hips, and lower limbs. 
Electrophysiological testing and nerve blocks play impor-
tant roles when the diagnosis is uncertain. Clinicians 
should be aware that there are many etiological factors 
involved, which it may be possible to modify or treat. 
Most patients respond to conservative measures, includ-
ing nerve blocks. Anesthesiologists are commonly 
involved in the management of PS, due to their expertise 
in pain management and in carrying out nerve blocks. 
Injections of local anesthetics, steroids, and botulinum 
toxin into the piriformis muscle can serve both diagnostic 
and therapeutic purposes. The practitioner should be 
familiar with variations in the anatomy and the limitations 
of landmark-based techniques. An ultrasound- guided 
injection technique has recently been described, which 
offers improved accuracy in the nerve blockade. This 
technique has been shown to have both diagnostic and 
therapeutic value in the treatment of PS. The results of 
surgical treatment for PS are disappointing. Optimizing 
the therapeutic approach requires an interdisciplinary 
evaluation of treatment.     
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          Introduction 

    The pudendal nerve is a branch of the sacral plexus, originat-
ing from the ventral rami of S2, 3, and 4 nerve roots. It pro-
vides sensory innervation to the skin of the perineum and 
mucosa of the anal canal. It also provides motor control of 
the external anal sphincter, urethral sphincter, and perineal 
musculature [ 1 – 6 ]. 

 Blockade of the pudendal nerve has been used to facilitate 
anesthesia and analgesia for surgical procedures involving 
the perineum. Blockade can also aid in the diagnosis and 
therapy of pelvic pain syndromes, specifi cally pudendal 
neuralgia. 

 A range of nerve block techniques have been described 
from landmark-guided approaches to the use of magnetic 
resonance neurography (MRN).  

    Pudendal Nerve Anatomy 

 Once the pudendal nerve is formed from its nerve roots, it 
briefl y exits the pelvis to enter the gluteal region, beneath the 
piriformis muscle via the infrapiriform notch (Figs.  56.1 , 
 56.2 , and  56.3 ). The nerve will then course between the 
sacrospinous and sacrotuberous ligaments, adjacent to the 
ischial spine. It reenters the pelvis through the lesser sciatic 
foramen to continue its course anteriorly through a fascial 
tunnel formed along the medial border of the obturator inter-
nus muscle known as Alcock’s canal. The nerve provides 
three branches to innervate the perineum along its path that 
include the inferior rectal nerve, perineal branch, and dorsal 
branch.    

 The anatomical course of the pudendal nerve has been the 
subject of numerous investigations, and studies continue to 
report novel anatomic variations. These studies challenge the 
originally held belief of the pudendal nerve as a singular 
nerve with a consistent pathway through the pelvis. In con-
trast, this nerve can be quite complex with a number of well- 
described variations. Knowledge of these variances can aid 
in the appropriate management of patients requiring inter-
vention through nerve blockade or surgery. 

  Fig. 56.1    Posterior view of pelvis, showing the piriformis muscle and 
the neurovascular bundle deep to it. The pudendal nerve and artery run 
between the sacrospinous and sacrotuberous ligaments (Reproduced 
with permission from Philip Peng Educational Series)       
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    Nerve Roots 

 The ventral rami of S2, 3, and 4 commonly form the puden-
dal nerve, yet contributions from S1 and S5 nerve roots have 
been documented [ 4 ,  6 – 10 ]. 

 Frequently, the L4 nerve root of the lumbosacral plexus is 
divided between the lumbar and sacral plexuses, acting as a 
boundary root. On occasion, the L3 or L5 nerve root may 
serve as the boundary root, leading to a shift in the nerve 
roots composition of the plexus involving upper or lower 
nerve roots or prefi xed or postfi xed plexus, respectively. 
These alterations could infl uence nerve root contributions to 
pudendal nerve formation. This is exemplifi ed in an ana-
tomic study of 20 adult cadaveric specimens that sought to 
clarify the nerve root formation of the pudendal nerve in 
these plexus variations [ 11 ]. 

 Of 20 cadaveric specimens, 9 normal lumbosacral plex-
uses were found, in which the S2 and S3 nerve roots con-
tributed to pudendal nerve formation. In 8 prefi xed plexuses, 
S1 and S2 nerve roots predominated the formation of the 
nerve, while in the postfi xed plexus type, S3 and S4 nerve 
roots predominated nerve formation. Overall, the S2 nerve 
root participated in pudendal nerve formation in 17 of 20 
cases [ 11 ]. 

 A separate anatomical investigation by O’Brichere 
revealed that the S2 and S4 nerve roots are major contribu-
tors to formation of the pudendal nerve [ 10 ]. Conversely, 
Robert et al. discovered that the pudendal nerve is usually 
formed by S3, with contributions from S2 and 4 [ 8 ]. Clearly, 
variation in pudendal nerve formation is common. This can 
infl uence the success of interventions aimed to affect puden-
dal nerve function at the level of the nerve roots.  

Sacrospinous ligament

Inferior rectal N.

Alcock’s canal

Perineal branch of pudendal N
Dorsal nerve of penis/clitoris

  Fig. 56.2    Pudendal nerve is seen arising from S2–S4 and exiting pel-
vis to enter gluteal region through the greater sciatic foramen. The 
nerve gives rise to the inferior rectal nerve, perineal nerve, and the dor-
sal nerve of the penis or clitoris. The inferior rectal nerve branches from 
the pudendal nerve prior to Alcock’s canal.  N  nerve (Reproduced with 
permission from Philip Peng Educational Series)       

  Fig. 56.3    Anatomic specimen. ( 1 ) Pudendal nerve and pudendal ves-
sels in the ischiorectal fossa, ( 2 ) sacrotuberous ligament, ( 3 ) sciatic 
nerve (With permission from Dr. Danilo Jankovic)       
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    Nerve Trunks 

 The notion that foundational nerve roots consistently com-
bine to form a single pudendal nerve is mistaken. In fact, 
much of what has been described in anatomical studies 
reveals that contributing nerve roots may either combine to 
form a single pudendal nerve or form between two and three 
“trunks,” which may or may not combine to form the 
 pudendal nerve and its terminal branches (inferior rectal, 
perineal, and dorsal branches) [ 9 ]. 

 The frequency of occurrences of trunk types within the 
gluteal region has been investigated in several anatomical 
studies [ 2 – 4 ,  9 ,  10 ,  12 – 16 ]. Although separate research 
groups propose different classifi cation schemes of the trunks, 
some generalizations can be drawn. The occurrence of the 
pudendal nerve as a single common trunk has been reported 
with the most frequency, occurring between 29 and 96 % of 
anatomical dissections. The occurrence as two trunks has 
been reported between 4 and 45.5 % and that of three trunks 
between 6 and 19.5 % in the literature [ 3 ].  

    Morphology and Anatomical Relationships 
at the Ischial Spine 

 A comprehensive knowledge of the nerve’s anatomy at the 
level of the ischial spine is important when performing 
pudendal nerve blocks. This is a possible site of pudendal 
nerve entrapment and an accessible area for pudendal nerve 
blockade through either blind or image-guided approaches. 

 After exiting the pelvis from the infrapiriform notch, the 
pudendal nerve crosses over the posterior aspect of either the 
sacrospinous ligament or the ischial spine. Pirro et al. stud-
ied the pudendal nerves of 20 cadaveric specimens and 
observed that the nerve crosses the sacrospinous ligament in 
80 % of cases, while in 15 % of cases it crossed the ischial 
spine. The remaining specimens contained multi-trunked 
nerves crossing both the ischial spine and the sacrospinous 
ligament [ 3 ]. 

 The relationship of the pudendal artery to the nerve has 
also been examined. In 80 % of cases, the pudendal nerve lay 
medial to the artery, while in 10 % of cases, the nerve lay 
lateral to the artery. Remaining anatomical relationships 
observed include having the artery lie between two trunks, 
and in 7.5 % of cases, the artery crossed the nerve [ 3 ]. 
Knowledge of the pudendal nerve’s position relative to the 
pudendal artery is useful when using ultrasound to guide 
neural blockade as the nerve itself is typically not easily 
visualized through a transgluteal approach. Identifi cation of 
the artery as a pulsatile structure or via Doppler imaging can 
help clarify the most likely location of the nerve. 

 The pudendal nerve’s mean diameter at the level of the 
ischial spine has been reported between 2 and 6 mm [ 3 ].  

    Nerve Branches 

 The pudendal nerve divides into three branches: the inferior 
rectal branch, the perineal branch, and the dorsal nerve of the 
penis/clitoris (Fig.  56.4a, b ) [ 17 ].  

 The inferior rectal branch descends from its origin in the 
pelvis to occupy the lower half of the ischiorectal fossa. It 
further subdivides into cutaneous branches, which supply 
sensory innervation to the anal canal and the skin around the 
anus. Sensory innervation may also include the skin of the 
scrotum. The inferior rectal branch provides the main motor 
innervation to the external anal sphincter, and investigations 
have also documented occasional motor innervation to the 
levator ani muscle as well, through an “accessory rectal 
nerve” [ 6 ,  18 ]. The inferior rectal branch has been observed 
to pierce through the sacrospinous ligament as it proceeds to 
the ischiorectal fossa, which can be a possible site of entrap-
ment [ 2 ]. 

 The perineal branch of the pudendal nerve divides into 
superfi cial and deep branches. The superfi cial branch pro-
vides sensory innervation through the posterior scrotal/pos-
terior labial nerve, which contributes to the innervation of 
the posterior aspect of the scrotum or labia majora [ 9 ]. This 
branch may join the sensory branches of inferior rectal 
branch [ 17 ]. The deep branch supplies motor innervation to 
the muscles of the pelvic fl oor and the deep perineal pouch. 
The external urethral sphincter receives voluntary innerva-
tion from this branch. Other muscles that receive motor 
innervation include the transverse perinei, bulbospongiosus, 
and ischiocavernosus muscles [ 19 ,  20 ]. Motor innervation 
has also been reported to include the anterior part of the 
external anal sphincter and the levator ani muscle [ 20 ]. 

 The dorsal nerve of the penis or clitoris is the fi nal branch 
of the pudendal nerve. It supplies the erectile tissue of the 
corpus cavernosum and of the crus penis/clitoris. This branch 
supplies sensory innervation to the skin over the dorsal and 
lateral aspects of the penis and clitoris [ 9 ].  
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    Alcock’s Canal 

 Distal to the sacrotuberous and sacrospinous ligaments, the 
pudendal nerve reenters the pelvis through the lesser sciatic 
foramen and enters Alcock’s canal [ 21 ]. This canal lies 
medial to the obturator internus muscle and is formed by a 
splitting of the muscle’s fascia into a medial and lateral layer. 
The medial layer covers the pudendal neurovascular bundle 
and fuses below with obturator fascia. The lateral layer is 
continuous with the obturator fascia [ 5 ]. The length of the 
canal has been measured from 1.4 to 1.8 cm in adults, ending 
at a distance of 2–3 cm from the inferior border of the sym-
physis pubis [ 5 ]. The canal has been described to lie 2.5–
4.5 cm from the inferior border of the ischial tuberosity. 

 Early anatomical studies report that the pudendal nerve 
and its branches course together through Alcock’s canal and 
exit by piercing its fascial walls [ 5 ,  21 ]. As described by 
Shafi k et al., the dorsal and perineal branches of the puden-
dal nerve exit the canal by piercing the obturator fascia at the 
canal’s distal end [ 5 ]. The inferior rectal nerve showed some 
variation in that it either did not enter the canal or entered the 
canal, but then pierced the proximal aspect of the canal to 
enter the ischioanal fossa. 

 A more recent cadaveric study has challenged the previ-
ous anatomical descriptions of Alcock’s canal. Furtmuller 
et al. performed dissections of 12 formalin-embedded cadav-
ers, using a medial intrapelvic approach to map the course of 
the pudendal nerve and its branches [ 9 ]. Contrary to the clas-
sical description of the exiting pattern of the perineal and 
dorsal branches, they found that these branches do not exit 
the canal together at its distal end. Instead, it was discovered 
that the dorsal branch of the pudendal nerve exited 15–18 mm 
more anterior along the inferior pubic ramus than the peri-
neal branch did, with its own distinct second exit from the 
canal. Furthermore, the dorsal nerve branch was found to 
take a higher course within the pelvis than the perineal 
branch. Rather than exiting the pelvis at the base of the uro-
genital diaphragm, the dorsal branch typically exited 12 mm 
lateral to the pubic symphysis in the parasymphyseal space 
[ 9 ]. This higher course of the dorsal nerve extends this 
branch in a horizontal fashion from the ischial spine to the 
parasymphyseal space, traveling separately from the perineal 
branch in the most superior aspect of Alcock’s canal.  

a

b

  Fig. 56.4    ( a ) Anatomy. ( 1 ) Pudendal nerve, ( 2 ) inferior rectal nerves, 
( 3 ) perineal nerves, ( 4 ) internal pudendal artery, ( 5 ) internal pudendal 
veins,( 6 ) inferior rectal artery, ( 7 ) ischiorectal fossa, ( 8 ) vaginal orifi ce, 
( 9 ) ischial tuberosity, ( 10 ) gluteus maximus muscle, ( 11 ) anus. ( b ) Skin 
innervations area of the pudendal nerve ( red ), ilioinguinal and genito-
femoral nerves ( blue ), and obturator nerve ( green ) (With permission 
from Dr. Danilo Jankovic)       
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    Urogenital Diaphragm 

 The dorsal branch of the pudendal nerve pierces through the 
superior fascia of the urogenital diaphragm once it reaches 
the inferior pubic ramus. Beyond this point, the nerve travels 
in a pouch that is defi ned by the crus of the penis/clitoris 
anteriorly and inferiorly. The inferior pubic ramus forms the 
posterior and superior border. The branch may then pierce 
either the inferior fascia of the urogenital diaphragm or 
pierce above the inferior transverse pubic ligament. Once 
exited the pelvis at this point, the nerve travels anterior to the 
pubic bone in a groove known as the “sulcus nervi dorsalis 
penis/clitoris.” It then defl ects ventrally to innervate the penis 
or clitoris [ 9 ,  22 ].   

    Indications 

    Surgical Anesthesia and Analgesia 

 There have been a number of investigations evaluating the 
utility of this block for hemorrhoidectomy, as the postopera-
tive pain of this procedure can be very severe [ 23 – 29 ]. 
Pudendal nerve blockade has been found to confer substan-
tial benefi ts for pain control over other types of analgesia, 
such as neuraxial blocks, general anesthesia, or nonspecifi c 
local anesthetic infi ltration to the soft tissues of the perineum 
[ 23 ,  24 ,  26 ,  29 ]. Additionally, the use of this block is associ-
ated with reduced length of patient stay in hospital, reduced 
oral analgesic consumption, and improved patient satisfac-
tion over other methods of analgesia [ 23 ,  24 ,  28 ,  29 ]. Urinary 
retention after hemorrhoidectomy is a common and undesir-
able side effect of anal surgery, as well as with neuraxial 
anesthetic techniques [ 30 ,  31 ]. The use of pudendal nerve 
blockade has been shown to signifi cantly reduce this particu-
lar postoperative complication [ 26 ,  28 ,  32 ]. 

 The evaluation of benefi ts of pudendal nerve blockade has 
also been investigated for urological procedures such as 
penile prosthesis surgery [ 33 ,  34 ], hypospadias repair, and 
circumcision in pediatric population [ 35 ,  36 ], prostate biopsy 
[ 37 – 39 ], and placement of prostate HDR brachytherapy [ 40 ]. 

 The use of pudendal nerve blockade has been described 
for gynecologic surgical procedures such as placement of 
suburethral tape and colpoperineorrhaphy [ 41 ,  42 ], yet 
reports of its use are not as robust as for its use in obstetrical 
practice. Pudendal nerve blockade, however, has not proven 
useful to reduce pain after transvaginal pelvic reconstructive 
surgery [ 43 ].  

    Obstetrical Anesthesia and Analgesia 

 The use of pudendal nerve blockade during labor has typi-
cally been reserved for the second stage of labor. During this 
stage, pain is experienced in the perineum and becomes 
somatic, innervated by the S2 to S4 nerve roots and the 
pudendal nerves. 

 Pudendal nerve block was likely more commonly used 
prior to the introduction of epidural anesthesia techniques. 
However, it can still be employed when neuraxial techniques 
are contraindicated or if sacral sparring occurs during epi-
dural catheter use. This nerve block has been described for 
facilitating instrumented deliveries, episiotomies, repair of 
perineal tears, and McDonald cerclages for incompetent cer-
vices [ 44 – 48 ].  

    Pudendal Neuralgia 

 Pudendal neuralgia is an uncommon cause of perineal pain 
that may result from compression of the nerve or its trunks 
along its course through the pelvis. Patients will typically 
describe pain in the perineal area that can include the clitoris, 
penis, vulva, and perianal area. This may be accompanied by 
a foreign body sensation within the vagina or rectum. Sitting 
on a fl at surface, which transfers pressure from the soft tis-
sues within the perineum to the pudendal nerve, may exacer-
bate pain. Conversely, pain may be relieved by standing or 
sitting on a toilet seat, which relieves that pressure [ 49 ]. 

 Diagnosis of this pelvic pain syndrome is challenging, 
given the lack of a commonly accepted diagnostic test. To 
assist in identifi cation of the subset of pudendal neuralgia- 
pudendal entrapment neuropathy (PNE), the Nantes criteria 
have been proposed which list clinical inclusion and exclu-
sion criteria. Essential criteria include: (1) pain in the ana-
tomical territory of the pudendal nerve, (2) symptoms 
worsened by sitting, (3) patient is not woken at night by pain, 
(4) no objective sensory loss on clinical examination, and 5) 
positive anesthetic pudendal nerve block [ 50 ]. 

 Pudendal nerve blockade may satisfy the last essential 
Nantes criterion if the pain is relieved for the duration of the 
local anesthetic. However, as described in the original arti-
cle, a positive diagnostic block may not be specifi c for 
pudendal neuralgia, as alternative causes of the perineal pain 
will be anesthetized if they are situated within the nerve’s 
territory. The typical clinical practice is to inject both local 
anesthetic and steroid around the nerve. For patient with 
entrapment neuropathy, the duration of relief will be expected 
to outlast the effect of local anesthetic. 

 A negative diagnostic block may not rule out pudendal 
neuralgia if the nerve is anesthetized distal to the site of 
entrapment. For example, one may not achieve pain relief 
through a block performed at Alcock’s canal when the site of 
entrapment is more proximal at the ischial spine [ 50 ].   
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    Block Techniques 

    Transvaginal Technique 

 The pudendal nerve can be blocked transvaginally through a 
“blind” technique using the ischial spine as an anatomical 
landmark (Fig.  56.5 ). To perform the block, the distal end of 
an introducer is used to guide the needle toward the pudendal 
nerve, which allows for infi ltrating needles to be advanced 
1.0–1.5 cm beyond their distal openings. Introducers 
described in the literature include the Iowa trumpet or Kobak 
needle and needle guide [ 51 ].  

 The introducer is fi rst placed against the vaginal mucosa, 
inferior to the ischial spine. In obstetrical anesthesia 
 literature, the guide is to be held parallel to the delivery table 
[ 51 ]. The needle is advanced into the vaginal mucosa and 
1 mL of local anesthetic is infi ltrated. The needle is then 
advanced further until contact is made with the sacrospinous 
ligament, where another 3 mL of local anesthetic is injected. 
Care should be taken at this point to fi rst aspirate for blood to 
help exclude intravascular injection prior to injection as the 
pudendal vessels will be in close proximity. The needle is 
then passed through the ligament into the loose areolar tissue 
posterior to it, where another 3 mL of local anesthetic is 
deposited prior to aspiration. These steps are then repeated, 
but with the introducer placed superior to the ischial spine so 
as to ensure adequate spread around the pudendal nerve [ 52 ].  

    Transperineal Technique 

 This approach has been described in the literature together 
with the use of nerve stimulation and has mainly focused on 
providing analgesia for either perineal surgical procedures or 
for management of pudendal neuralgia. 

 The techniques described commonly include stimulation 
of the pudendal nerve adjacent to the ischial spine to elicit a 
contraction of the external anal sphincter and perineal mus-
cles. The ischial spine can be localized by palpation of the 
ischial spine by inserting a fi nger through the vagina or rec-
tum. Once this anatomical landmark is identifi ed, a needle is 
guided to this point through the skin overlying the ischiorec-
tal fossa (Fig.  56.6 ). The skin entry point can vary between 
descriptions. However, maintaining anal sphincter and peri-
neal muscle contraction while diminishing the stimulating 
current to 0.5–0.6 mA is typically used to optimize the fi nal 
needle tip position [ 25 ,  27 ,  53 ].  

 It should be noted that anal sphincter contraction alone 
might not be suffi cient for a satisfactory pudendal nerve 
block, as this may indicate that only the inferior rectal nerve 
branch is being stimulated. Contraction of the pelvic fl oor 
muscles is more desirable as it indicates that the perineal 
branch is also being stimulated, signifying that the pudendal 
nerve itself, rather than individual branches, is being 
contacted.  

  Fig. 56.5    Transvaginal access. ( 1 ) Ischial spine, ( 2 ) sacrospinous liga-
ment, ( 3 ) pudendal nerve (With permission from Dr. Danilo Jankovic)       

  Fig. 56.6    Transperineal access. Rectal palpation of the ischial spine 
with the index fi nger. The needle is introduced into the ischiorectal 
fossa (With permission from Dr. Danilo Jankovic)       
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    Transgluteal Approach 

    Fluoroscopic Guided 
 Blockade of the nerve is accomplished by targeting the nerve 
within the gluteal region as it courses adjacent to the ischial 
spine (Fig.  56.7 ).  

 Patients are placed in a prone position. A fl uoroscope is 
then positioned over the targeted side of blockade to obtain 
an oblique view 5-20° to the side to be blocked. This view 
exposes the ischial spine more clearly, avoiding the overlap-
ping with the pelvic brim [ 54 ,  55 ]. Once the ischial spine is 
identifi ed, a skin entry point on the buttock is marked at the 
tip of the ischial spine. After skin infi ltration with local anes-
thetic is achieved, a spinal needle can be advanced, coaxial 
to the fl uoroscopic beam, until it contacts the bony surface of 
the spine. At this juncture, a lateral fl uoroscopic view can be 
obtained to confi rm appropriate needle depth and contact 
with the spine. Once satisfi ed, 1 mL of contrast medium can 
be injected to confi rm appropriate soft tissue spread [ 54 ,  55 ]. 
Once complete, injection of the chosen solution can take 
place. 

 Contrast spread patterns described include spread in an 
irregular or round pattern at the tip of the ischial spine. 
Additionally, spread can occur along the ipsilateral obturator 
internus muscle, sacrotuberous ligament, or sacrospinous 
ligament. Investigators have not described any particular cor-
relation between pattern of spread and success of sensory 
blockade [ 54 ].  

    Ultrasound Guided 
 The use of an ultrasound-guided approach to block the 
pudendal nerve has been described in the literature [ 12 ,  14 , 
 56 ,  57 ]. The use of ultrasound allows for the visualization of 
soft tissues, needle advancement, and live spread of injectate 
around the target structures. The target at the level of ischial 
spine is the interligamentous plane, which is defi ned by soft 
tissue, not bony, landmark. 

 This technique has been validated using sensory change 
as endpoint [ 56 ] and compared against the use of the fl uoro-
scopic guided approach in a randomized trial [ 57 ]. The use of 
ultrasound has proven to be as accurate as the use of fl uoros-
copy, yet ultrasound guidance requires more procedure time. 

 Patients are placed in a prone position, and a curvilinear 
transducer with a low frequency (2–5 MHz) is required 
because of greater tissue depths. The transducer is fi rst posi-
tioned over the ilium at the level of posterior superior iliac 
spine (PSIS). The ilium appears as a straight, hyperechoic 
line descending laterally (Figs.  56.8  and  56.9 ). As scanning 
continues caudally at the level of greater sciatic notch, the 
hyperechoic line of the ilium starts to regress from the medial 
aspect of the screen. The lateral aspect of the ultrasound 
screen transitions to a curved hyperechoic line revealing the 
posterior aspect of the acetabulum. At this point, two muscu-
lar layers can be identifi ed: the gluteus maximus and the piri-
formis muscles.   

 Moving the probe in the caudal direction to the ischial 
spine reveals four changes in sonographic image: the curved 

  Fig. 56.7    Fluoroscopy guided pudendal nerve block.  FH  femoral 
head,  Lat  lateral,  IS  tip of the ischial spine (Reproduced with permis-
sion from Philip Peng Educational Series)       
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posterior portion of the acetabulum transitions to the straight 
ischial spine, disappearance of the piriformis muscle, appear-
ance of a dense hyperechoic line extending medially from the 
ischial spine, and appearance of the pudendal artery. The most 
likely location of the pudendal nerve is medial to this artery, 
and careful scanning may reveal its fascicular structure. 

 Once the anatomy is identifi ed as best possible, a needle 
is advanced medial to the probe at a steep angle, using an 
in- plane approach. Owing to the steep angle of needle 
advancement, the needle insertion point should be 2 cm away 
from the probe. Movement of the tissues or spread of injec-
tate may be used to act as surrogate markers for locating the 
needle tip position. 

 The needle will eventually pierce through the sacrotuber-
ous ligament, which may provide sturdy resistance to 
advancement. One may feel a “pop” sensation as the needle 
passes through. At this juncture, injection can begin under 
direct ultrasound visualization. Ideally, spread of the injec-
tate is medial to the pudendal artery and is contained between 
the sacrotuberous and sacrospinous ligaments. If the injec-
tate does not follow this pattern, the needle can be reposi-
tioned. There is no investigation on the optimal injectate. 
The authors preferred plain bupivacaine (to avoid jeopardiz-
ing circulation to the entrapped nerve) and steroid, e.g., 4 mL 
0.25 % bupivacaine and 40 mg Depo-Medrol®.  

C

B

A

  Fig. 56.8    Three positions of the ultrasound probe: ( A ) the ilium at the 
level of the posterior superior iliac spine, ( B ) at the level of the greater 
sciatic notch, and ( C ) at the level of the ischial spine (Reproduced with 
permission from Philip Peng Educational Series)       
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a c

db

  Fig. 56.9    ( a ) Ultrasound image at probe position A. ( b ) Ultrasound 
image at probe position B.  Line arrows  indicate the ischium, which is 
curved as it forms the posterior portion of the acetabulum. ( c ) Ultrasound 
image at probe position C. ( d ) Color-fl ow Doppler to show pudendal 

artery.  GM  gluteus maximus,  IS  ischial spine,  PA  pudendal artery,  PF  
piriformis muscle,  PN  pudendal nerve,  PSIS  posterior superior iliac 
spine,  ScN  sciatic nerve,  SSL  sacrospinous ligament (Reprinted with 
permission from Philip Peng Educational Series)       
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    CT Guided 
 This technique is more resource intensive compared to previ-
ously described methods. However, the advantage in using 
CT lies in its ability to more clearly defi ne the anatomy of the 
pelvis. Use of CT scanning can not only block the pudendal 
nerve at the ischial spine, but also within Alcock’s canal 
which other previously described techniques cannot accom-
plish owing to the canal’s depth within the pelvis. 

 To perform a block at the level of the ischial spine, patients 
are placed in a prone position. Scanning can be performed 
using 2.5–5-mm-thick scans of the pelvis from the acetabu-
lar roof to the pubic symphysis. This can provide identifi ca-
tion of the ischial spine, sacrotuberous and sacrospinous 
ligaments, pudendal bundle, and the falciform ligament of 
the sacrotuberous ligament [ 58 – 61 ]. Needles are passed 
transgluteally toward the caudal portion of the ischial spine, 
near the pudendal neurovascular bundle. One may feel the 
tip of the needle traverse the sacrotuberous ligament. Once 
the needle tip is in satisfactory position, contrast is injected 
to confi rm appropriate spread. Ideally, contrast will surround 
the pudendal bundle between the sacrotuberous and sacro-
spinous ligaments. Once this is confi rmed, the pudendal 
block can be performed [ 58 – 61 ]. 

 To block the pudendal nerve within Alcock’s canal, CT 
scanning is performed at the level of the pubic symphysis, 
which allows visualization of the obturator internus muscle 
inferior to the ischial spine. The pudendal neurovascular 
bundle can be identifi ed on the medial aspect of the obturator 
internus muscle. A needle is passed in a transgluteal approach 
and placed in the fatty tissue immediately lateral to the obtu-
rator fascia. Contrast is injected to visualize the pudendal 
nerve at the entrance of Alcock’s canal [ 58 – 61 ].  

    MRI Guided 
 Pudendal nerve blockade through magnetic resonance neu-
rography (MRN) has been described [ 63 – 65 ]. As with 
CT-guided techniques, using MRI is resource intensive 
which limits it use. However, the advantage again lies with 
excellent tissue resolution to image the target nerve for accu-
rate needle placement and injection. MRI also allows for the 
visualization of oblique needle paths through the use of mul-
tiplanar imaging capabilities [ 64 ]. Studies using MRN for 
pudendal nerve blockade have been limited to the diagnosis 
and therapy of chronic pelvic pain syndromes. 

 MRN can be especially useful to block the pudendal 
nerve within Alcock’s canal, if clinically indicated [ 64 ]. The 
sensitivity of MRI at 1.5 T can allow operators to identify if 
an injection to Alcock’s canal occurred inside or outside of 
the canal. If the injectate were seen to spread medial to the 
canal, it would be unlikely that the nerve was appropriately 
anesthetized, as the obturator internus fascia would protect 
the nerve from any drug effects. As such, the needle can be 
repositioned to facilitate a successful block. 

   Equipment and Solutions 
 Reports describing the use of pudendal nerve blockade have 
tremendous variability in the types and volumes of injectates 
used. Needle types are also inconsistent, but typically depend 
on the type of guidance employed to perform the block (e.g., 
transvaginal with introducer, ultrasound, or MRN). 

 Table  56.1  provides a brief survey of needle types and 
injectates used to perform pudendal nerve blocks according 
to the approach used.
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   Table 56.1    Technical details of various approaches of pudendal nerve blockade   

 Approach  Indication  Needle gauge and type  Injectate 

 Transvaginal  Obstetrical analgesia  22-gauge, 150-mm needle
via tubular introducer 

 9 mL 1 % lidocaine [ 52 ] 

 Obstetrical analgesia  Not specifi ed  20 mL 1 % lidocaine [ 66 ] 
 Obstetrical analgesia  Not specifi ed  20 mL 1 % mepivacaine [ 67 ] 
 Obstetrical analgesia  Not specifi ed  5 mL 2 % prilocaine [ 44 ] 

 Transperineal  Coloperineorrhaphy  100-mm stimulating needle  10 mL 0.25 % bupivacaine [ 42 ] 
 Episiotomy analgesia  100-mm stimulating needle  15 mL 0.75 % ropivacaine [ 47 ] 
 Chronic pelvic pain
and anorectal surgery 

 22-gauge, 100-mm
stimulating needle 

 5 mL 0.25 % bupivacaine [ 53 ] 

 Transrectal ultrasound
guided prostate biopsy 

 22-gauge spinal needle  10 mL 1 % prilocaine [ 38 ] 

 Transgluteal fl uoroscopy  Chronic perineal pain  25-gauge, 3.5″ spinal needle  3 mL 0.38 % ropivacaine
and 20 mg triamcinolone [ 54 ] 

 Transgluteal ultrasound  Pudendal neuralgia  22-gauge, 120-mm insulated
stimulating needle 

 5 mL 0.25 % bupivacaine in
1:200,000 epinephrine and 40 mg
methylprednisolone [ 68 ] 

 Transgluteal CT  Pudendal neuralgia  22-gauge spinal needle  4 mL 1 % lidocaine and 1 mL
triamcinolone [ 62 ] 

 Pudendal neuralgia  22-gauge spinal needle  1 mL 2 % lidocaine and 1 mL
methylprednisolone [ 59 ] 

 Pudendal neuralgia  22-gauge spinal needle  3 mL 0.25 % bupivacaine and 1 mL
of 40 mg/mL methylprednisolone [ 60 ] 

 Transgluteal MRI  Pudendal neuralgia  20-gauge, 100-mm
MRI Chiba needle 

 1.5 mL of 0.25 mL triamcinolone 40
and 1.25 mL 0.5 % bupivacaine [ 65 ] 
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          Complications 

 When performing pudendal nerve blockade for obstetrical 
anesthesia, the most frequently observed complication 
reported has been block failure [ 51 ]. When used during the 
second stage of labor, failure rates of the block have ranged 
from 10 to 50 % in the literature [ 45 ]. This may be due to 
failure of the local anesthetic to reach the nerve or improper 
timing of the block placement. If the block is placed as the 
fetal head is crowning, nerve blockade may not be effective 
in time for an episiotomy and may only be fully established 
in time for the repair [ 51 ]. 

 Other more common complications can include unin-
tended blockade of adjacent nerves. If pudendal nerve 
blockade is performed at the ischial spine, local anesthetic 
spread to the sciatic nerve may lead to sensory and motor 
blockade of the lower limb [ 57 ,  60 ]. Depending on the 
patient setting, this could lead to delays in ambulation, risk 
of falls, or delayed discharge from hospital or clinic. 
A randomized controlled study comparing fl uoroscopic 
and ultrasound- guided pudendal nerve blockade through a 
transgluteal approach revealed an incidence of sciatic 
nerve sensory loss in 7/23 fl uoroscopic guided procedures 
and 3/23 ultrasound- guided procedures. Motor weakness 
in the form of foot drop was noted in two patients for each 
group [ 57 ]. 

 The posterior femoral cutaneous nerve is another nerve in 
close proximity to the pudendal nerve at the level of the 
ischial spine that also provides sensory innervation to the 
perineum. If a pudendal nerve blockade is being used to 
assist in the diagnosis of a pelvic pain syndrome, local anes-
thetic spread to the posterior femoral cutaneous nerve may 
lead to false-positive results [ 64 ]. 

 The pudendal nerve provides motor innervation to the 
urethral sphincter and external anal sphincter, and loss of 
muscle tone may lead to temporary incontinence of bladder 

or bowel function. In the study comparing fl uoroscopic to 
ultrasound-guided techniques of pudendal nerve blockade, 
only one patient of 23 experienced bladder incontinence with 
bilateral pudendal nerve blockade [ 57 ]. Although this may 
be an infrequent occurrence, patients should be made aware 
of this possibility. 

 Practitioners and patients should also be made aware of 
the uncommon, yet serious complications that are possible 
through pudendal nerve blockade. When used for labor anal-
gesia, cases of fetal distress and neonatal local anesthetic 
toxicity have been documented. Presentations of the neo-
nates with local anesthetic toxicity have included hypotonia, 
apnea, bradycardia, cyanosis, prolonged QT interval, and 
seizure activity [ 69 ,  70 ]. Factors that may increase the risk of 
this event include fetal ion trapping in the presence of acido-
sis and increased local anesthetic vascular uptake from the 
perineum during labor [ 69 ,  70 ]. 

 Introduction of infection after transvaginal blocks for 
labor analgesia has been reported due to seeding of bacteria 
into soft tissues from vaginal mucosa. This can lead to seri-
ous morbidity and mortality, with two deaths having been 
reported in the literature [ 71 ,  72 ]. Abscess formation has 
been reported posterior to the hip joint, into the gluteal mus-
culature, or the retropsoal space [ 71 ]. Of note, authors of 
these reports have highlighted the risk of delays in diagnosis 
as the clinical presentation can be initially confused with 
normal postpartum pain from sacroiliac joint strain or tro-
chanteric bursitis [ 52 ,  71 ,  73 ]. 

 The formation of signifi cant hematoma after pudendal 
artery puncture has also been described in the literature in 
conjunction with infection [ 52 ,  73 ]. After blind infi ltration 
for labor analgesia, an infected retroperitoneal hematoma 
along the iliac and psoas muscles has been reported, which 
extended from the midpelvis to the infrarenal fossa [ 73 ]. 
Infection rather than blood loss was the principal concern in 
this case, however.     
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     Anatomy [ 1 – 3 ] 

 The superior hypogastric plexus (alternatively referred to as 
plexus hypogastricus and presacral nerve) constitutes the 
most caudal of the great plexuses of the sympathetic nervous 
system (Fig.  57.1 ). The superior hypogastric plexus repre-
sents the pelvic extension of the abdominal sympathetic ner-
vous system. Its (preganglionic) cells of origin are located 
chiefl y in the lower thoracic and upper two lumbar levels of 
intermediolateral column of the spinal cord.  

 Axonal fi bers exit these regions as a white rami commu-
nicantes to synapse in the paravertebral lumbar sympathetic 
chain and preaortic ganglia and plexuses. Postganglionic 
fi bers emerge from these regions and, together with contribu-
tions from the parasympathetic sacral ganglia, form the 
superior hypogastric plexus. 

 The superior hypogastric plexus is a bilateral retroperito-
neal structure situated at the level of the lower third of the L5 
vertebral body and the upper third of the S1 vertebral body, 
at the sacral promontory and close to the bifurcation of the 
common iliac vessels (Fig.  57.2a, b ). The superior hypogas-
tric plexus divides into the right and left hypogastric nerves, 
which descend lateral to the sigmoid colon and rectosigmoid 
junction to reach the two inferior hypogastric plexuses. The 
inferior hypogastric plexus is a bilateral structure situated on 
either side of the rectum, the lower portion of the bladder, 
and the prostate and seminal vesicles (in males) or the uter-
ine cervix and vaginal fornices (in females) (Fig.  57.4 ).  

  Fig. 57.1    Anatomy. ( 1 ) Celiac plexus, ( 2 ) superior hypogastric plexus, 
( 3 ) inferior hypogastric plexus (With permission from Danilo Jankovic)       

a

b

  Fig. 57.2    ( a ) Hypogastric plexus. Transverse anatomic section through 
the spine at L4/5 level revealing the hypogastric plexus, vertebrae, and 
associated structures. ( 1 ) Psoas muscle, ( 2 ) iliacus muscle, ( 3 ) bifurca-
tion iliac vessels, ( 4 ) hypogastric plexus, ( 5 ) articulatio intervertebralis, 
( 6 ) cauda equina (With permission from Danilo Jankovic). ( b ) 
Transverse anatomic section. ( 1 ) Hypogastric plexus ( 2 ) sacrum, ( 3 ) 
sacral canal, ( 4 ) sacroiliac joint, ( 5 ) iliopsoas muscle, ( 6 ) lumbar plexus 
(With permission from Danilo Jankovic)       
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 At the level of the pelvic inlet, the lumbar part of the sym-
pathetic trunk becomes the sacral part of the sympathetic 
trunk. This lies behind the parietal peritoneum and the rec-
tum in the parietal pelvic fascia and on the ventral surface 
of the sacrum immediately medial to the sacral foramina, 
with the vessels and nerves that course through them. The 
sacral part of the sympathetic trunk consists of three (but 
sometimes four or fi ve) sacral ganglia, which have connec-
tions with the contralateral ganglia. From the two (or three) 
cranial ganglia emerge (two or three) sacral splanchnic 
nerves, with efferent (usually postganglionic) and afferent 

fi bers to the inferior hypogastric plexus. The two sacral sym-
pathetic trunks approach closer to each other caudally and 
join to form the ganglion impar (Walther ganglion), which is 
located in front of the coccyx (Fig.  57.3a, b ). White rami 
communicantes are absent, but gray rami communicantes 
with postganglionic sympathetic fi bers course from each of 
the sacral ganglia to the corresponding spinal nerves in the 
sacrococcygeal region. Along with branches of the sacrococ-
cygeal plexus, these fi bers reach vessels, sweat glands, erec-
tor muscles of the hair, cross-striated muscles, bones, and 
joints (Fig.  57.4 ).    

a b

  Fig. 57.3    ( a ) Ventral surface of the sacrococcygeal joint. ( 1 ) Ganglion impar (Walther’s ganglion) (With permission from Danilo Jankovic). ( b ) 
( 1 ) Ganglion impar, ( 2 ) lumbosacral plexus, ( 3 ) sacral sympathetic trunk (With permission from Danilo Jankovic)       
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     Superior Hypogastric Plexus Block 

 Injection of a local anesthetic or neurolytic in the region of 
the hypogastric plexus (pelvis region), one of the three large 
sympathetic plexuses. 

    Indications [ 4 – 10 ] 

    Diagnostic and Prognostic 
     1.    Pelvic pain that has been unresponsive to more conserva-

tive interventions.   
   2.    A diagnostic superior hypogastric plexus block may help 

distinguish between pelvic pain of visceral and somatic 
origin because it innervates only the pelvic viscera and 
vasculature; referred pain emanating from somatic struc-
tures will be unaffected.      

    Therapeutic 
     1.    Neurolysis of the plexus to produce long-lasting pain 

relief in patients with pelvic cancer (cervical, proximal 
vaginal, uterine, ovarian testicular, prostatic, and rectal 
cancers)   

   2.    Pain of oncologic origin (pain and tenesmus due to radia-
tion injury and rectal anastomosis)   

   3.    In patients with distal colonic or rectal infl ammatory 
bowel disease   

   4.    Penile pain after transurethral resection of the prostate   
   5.    Chronic pelvic pain in the presence of endometriosis       

    Contraindications 

     1.    Anticoagulant treatment   
   2.    Infections and skin diseases in the injection area      

    Procedure 

 This block should only be carried out by experienced anes-
thetists, or under their supervision. Full information should 
be given to the patient.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order; sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

  Fig. 57.4    Sacral ganglia and sacral plexus. ( 1 ) Ganglion impar, ( 2 ) 
pudendal nerve, ( 3 ) prostatic plexus, ( 4 ) rectal plexus, ( 5 ) ventral part of 
the inferior hypogastric plexus, ( 6 ) sacral plexus, ( 7 ) ganglion of the 
sympathetic trunk, ( 8 ) lumbosacral ganglion of the sympathetic trunk 
(With permission from Danilo Jankovic)       
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    Materials 

 Fine 26-G needle, 25 mm long, for local anesthesia. 
Atraumatic 22-G needle, 0.7 × 120–140 mm (15°) with 
injection lead or spinal needle, 0.7 (0.9) × 120–140 mm 
(150 mm), 20–22-G syringes: 2, 5, and 10 mL. Disinfectant, 
swabs, compresses, sterile gloves and drape, fl at, and fi rm 
pillow.  

    Patient Positioning 

 Prone position on a radiographic imaging table: support with 
a pillow in the lower abdomen (to eliminate lumbar lordo-
sis). The patient’s arms should be dangling. The patient 
should breathe with the mouth open, to reduce tension in the 
back muscles. This position is preferable, particularly when 
the block is carried out under radiographic control using an 
image intensifi er.  

    Landmarks (Fig.  57.2a, b ) 

     1.    The location of L4–L5 interspace is approximated by pal-
pation of the iliac crests and spinous processes and is then 
verifi ed by fl uoroscopy.   

   2.    Skin wheals are raised 5–7 cm bilateral to the midline at 
the level of L4–L5 interspace.     
 Disinfection, generous local anesthetic infi ltration of the 

injection channel, covering with a sterile drape, drawing up 
the local anesthetic, and testing the patency of the injection 
needle. 

      Injection Technique [ 4 – 6 ] 

     1.    A short-beveled needle with a depth marker is inserted 
through one of the skin wheals with the needle bevel 
directed toward the midline. From a position perpendicu-
lar in all planes to the skin, the needle is oriented about 
30° caudad and 45° medial, so that its tip is directed 
toward the anterolateral aspect of the bottom of the L5 
vertebral body. 

  The iliac crest and the transverse process of L5, which 
is sometimes enlarged, are potential barriers to needle 
passage. If the transverse process of L5 is encountered 
during advancement of the needle, the needle is with-
drawn to the subcutaneous tissue and is redirected slightly 
caudad or cephalad.   

   2.    The needle is readvanced until the body of the L5 vertebra 
is encountered or until its tip is observed fl uoroscopically 
to lie at its anterolateral aspect, at the depth of approxi-
mately 10–12.5 cm. If the vertebral body is encountered, 
gentle effort may be made to further advance the needle.   

   3.    If this effort is unsuccessful, the needle is withdrawn and, 
without altering its cephalocaudal orientation, is redi-
rected in a slightly less medial plane so that its tip is 
“walked off” the vertebral body. The needle tip is 
advanced about 1 cm past the depth at which contact with 
the body occurred, at which point a loss of resistance or 
“pop” may be felt, indicating that the needle tip has tra-
versed the anterior fascial boundary of the ipsilateral 
psoas muscle and lies in the retroperitoneal space 
(Figs.  57.5 ,  57.6 , and  57.7 ).    

  A false loss of resistance can occur when the needle is 
positioned superfi cially between the psoas muscle and the 
quadratus lumborum muscle, leading to inadvertent block 
of the lumbar somatic nerves, with consequent numbness 
of the lower extremity during the period of effect of the 
local anesthetic. Injection of a neurolytic into this area 
without prior radiographic control of the position can 
have fatal consequences.

      4.    The contralateral needle is inserted in a similar manner, 
using the trajectory and the depth of the fi rst needle as a 
rough guide.      

During the injection, the following points must be 
observed:
    1.    The person carrying out the injection must stand on 

the side being blocked.   
   2.    Usually, the injection point should not be located 

more than 8 cm lateral to the midline and no more 
than 5 cm medial to it (the lateral side of the verte-
bra is more diffi cult to reach).   

   3.    Paresthesias occur relatively frequently during 
introduction of the needle and indicate irritation of 
the lumbar somatic nerves.   

   4.    There is a risk of perforating the dural cuff if the 
injection is made too far medially (epidural or sub-
arachnoid injection).   

   5.    Aspirate frequently and inject incrementally.   
   6.    No neurolytics should be administered without pre-

cise confi rmation of the needle position using 
radiographic control with an image intensifi er.    

Superior Hypogastric Plexus Block
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  Fig. 57.7    Oblique radiograph of the lumbosacral junction. The spinal 
needle (indicated by the  arrow ) was inserted with transdiscal technique 
evident with the end-on view. Thus, only one needle inserted was 
required as this technique allowed the needle to reach the anterior 
aspect of lumbosacral junction (With permission from Philip Peng)       

  Fig. 57.5    Anteroposterior radiograph of the lumbosacral junction. The 
needle was seen inserted to the anterior aspect of the lumbosacral junc-
tion with contrast confi rmation (With permission from Philip Peng)       

  Fig. 57.6    Lateral radiograph of the lumbosacral junction. The contrast 
was outlined by the line  arrows  (With permission from Philip Peng)       
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    Confi rming the Correct Needle Position 

     1.    Biplanar fl uoroscopy is used during needle passage and to 
verify needle placement. Anteroposterior views should 
demonstrate the needle tips’ locations at the level near the 
junction of the L5 and S1 vertebral bodies, and lateral 
views confi rm placement of the needle tip just beyond the 
vertebral body’s anterolateral margin (Figs.  57.5 ,  57.6 , 
and  57.7 ).   

   2.    The injection of 3–4 mL of water-soluble contrast medium 
through each needle is recommended to further verify 
accuracy of placement and an absence of spread in the 
vertebral column.   

   3.    After careful aspiration testing at all levels, resistance- 
free incremental injection of the local anesthetic is carried 
out.     

      Alternative Modifi ed Approaches 

      Dosage [ 6 – 9 ] 

    Diagnostic 
 5–8 mL of local anesthetic with contrast medium through 
each needle—e.g., 0.5 prilocaine, 0.5 % mepivacaine, and 
0.5 % lidocaine  

    Therapeutic 
    10 mL local anesthetic per needle (in the two-needle 

technique)—e.g., 0.2–0.375 % ropivacaine, and 0.25 % 
bupivacaine (0.25 % levobupivacaine)  

  Neurolytics  
  6–8 mL of 10 % aqueous phenol injected through each 

needle      

    Complications 

    Severe 
     1.    Intravascular injection (proximity of the bifurcation of 

the common iliac vessels) with toxic reactions with local 
anesthetic or phenol toxicity or hematoma formation   

   2.    Epidural or subarachnoid injection (less likely)      

    Potential 
     1.    Retroperitoneal hemorrhage   
   2.    Hemorrhage in the psoas area (with subsequent pain in 

the thigh and transient weakness in the quadriceps 
muscle)   

   3.    Somatic nerve injury   
   4.    Intraosseous or psoas injection   
   5.    Visceral puncture (renal or ureteral injury accompanied 

by hematuria)   
   6.    Bowel and uterus puncture   
   7.    Back pain   
   8.    Perforation of an intervertebral disc       

    Complications of Neurolytic Block 

     1.    Injury of the lumbar somatic nerves   
   2.    Ureteral stricture         

Intravascular injection, with a risk of subsequent 
hemorrhage and hematoma formation, is possible 
because of the proximity of the bifurcation of the com-
mon iliac vessels.

•    Coaxial fl uoroscopic imaging technique (“coaxial 
view,” “tunnel view,” “bull’s-eye view” [ 11 ]  

•   Single-needle posterior approach with computed 
tomography guidance [ 12 ]  

•   Transdiscal approach with fl uoroscopic guidance 
[ 13 ,  14 ] (Fig.  57.7 )   
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Record and checklist
Superior Hypogastric Plexus Block

Block no. Right Left

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

No Yes

Date:

Yes μg/mg 

Addition: Yes No

No Yes

Purpose of block:

Needle:

i. v. access:

Monitoring:

Ventilation facilities:
Emergency equipment (drugs):

G

Patient:

Yes 

Yes (equipment checked)

Diagnostic

ECG

Checked

Informed (what to do after block) 

Pulse oximetry

Length cm

Therapeutic

Position: Prone Lateral recumbent

Injection level: L

Injection technique: X-ray image intensifier CT-guided

Loss of resistance

mL %

Injection:
Local anesthetic:
(in incremental doses)

Addition to LA:

Neurolytic: mL %

No

None PainParesthesias Warmth

Patient's remarks during injection:

Nerve area:

Time of discharge:

Motor/sensory status checked:

Cold test Temperature measurement right °C °Cleft

Segments affected: L

Objective block effect after 15 min:

Monitoring after block:      < 1 h         > 1 h

None Intravascular injection

None

Reduced pain Relief of pain

Increased pain

Subarachnoid/epidural Drop in BP

Other

Complications:

Subjective effect of the block : Duration:

Special notes:

With permission from Danilo Jankovic
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         Ganglion Impar (Walther Ganglion) Block 

 Injection of a local anesthetic or neurolytic into the region of 
the most inferior (unpaired) ganglion of the sympathetic 
trunk, on the ventral side of the sacrococcygeal joint 

    Indications [ 15 – 17 ] 

    Diagnostic 
     1.    Differential diagnosis of pain in the anorectal and peri-

neal region 
 Prognostic   

   2.    In cancer pain, before a neurolytic block      

    Therapeutic 
     1.    Pain conditions in the anorectal and perineal region   
   2.    Injection of neurolytic agents as a palliative measure in 

malignant processes (rectum, cervix of the uterus, 
perineum, bladder, endometrium)       

    Contraindications 

     1.    Anticoagulant treatment   
   2.    Infections and skin diseases in the injection area   
   3.    Advanced rectal carcinoma (causing blockage of the 

access route to the ganglion impar)      

    Procedure 

 This block should be carried out by experienced anesthetists. 
Full information for the patient is mandatory. Neurolytic 
agents should never be administered without precise local-
ization of the needle position using radiographic guidance 
with an image intensifi er. The method of choice is CT-guided 
injection.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order; sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

    Materials 

 A fi ne 26-G needle for local anesthesia. A stable 70–80-mm- 
long 20–22-G needle. The needle shaft curves in a sickle 
shape (Fig.  57.8 ), so that the needle can pass atraumatically 
to the ventral surface of the sacrococcygeal joint. For intra-
discal approach: 25-G spinal (Whitacre) needle with 
introducer.   

  Fig. 57.8    70–80-mm-long 20–22-G needle. The needle shaft is bent to 
form a sickle shape (With permission from Danilo Jankovic)       
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    Patient Positioning 

 Prone or alternatively lateral recumbent  

    Localization 

 Palpation of the tip of the coccyx or sacrococcygeal joint. 
Disinfection, generous local anesthetic infi ltration of the 
needle channel, covering with a sterile drape, drawing up the 
local anesthetic. The patency of the previously bent injection 
needle should be checked.  

    Injection Technique [ 15 – 18 ] 

     1.    Approximately 3 cm laterally from the median sacral 
crest, thorough local anesthesia of the needle channel to a 
depth of ca. 3–4 cm is administered. After the onset of the 
local anesthetic effect, the sickle-shaped injection needle 
is introduced in a slightly cranial direction, toward the 
ventral surface of the sacrococcygeal joint (Fig.  57.9a, b ).    

   2.    Confi rming the correct needle position. Fluoroscopy is 
used during needle passage and to verify needle place-
ment. Retroperitoneal location of the needle is verifi ed by 
observation of the spread of 2 mL of water-soluble con-
trast medium, which typically assumes a smooth- 
margined confi guration resembling an apostrophe in the 
lateral plane (Fig.  57.10 ).    

   3.    After an intravascular position of the needle (aspiration of 
blood) has been excluded, as well as an intrarectal posi-
tion (aspiration of air), and after aspiration, incremental 
injection of the local anesthetic is carried out. 
 Transdiscal approach.     
 The procedure will be performed under sterile conditions 

with fl uoroscopic guidance. The patient lies in the prone 
position with a pillow beneath the iliac crest. 

 The needle is inserted via the sacrococcygeal disc space. 
The puncture needle is initiated by the introducer needle 
through the skin, and then a 25-G spinal (Whitacre) needle is 
inserted through the introducer to minimize the risk of disci-
tis. Retroperitoneal positioning of the needle is verifi ed by 
observation of the spread of 2 mL of water-soluble contrast 
medium (Fig.  57.11 ).   
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a

b

  Fig. 57.9    ( a ) Introduction of the sickle-shaped curved injection needle 
in a slightly cranial direction toward the ventral surface of the sacrococ-
cygeal joint (With permission from Danilo Jankovic). ( b ) In the skele-
ton (With permission from Danilo Jankovic)       

  Fig. 57.10    Lateral radiograph of sacrum and the sacrococcygeal junc-
tion. The sacrum and coccyx were outlined by  dotted  line, and the nee-
dle was indicated by line  arrows  (With permission from Philip Peng)       

  Fig. 57.11    Ganglion impar injection. The needle was inserted via the 
sacrococcygeal disc space. The puncture needle was initiated by the 
introducer needle through the skin, and then a 25-G spinal (Whitacre) 
needle was inserted through the introduced needle to minimize the risk 
of discitis. The needle position was further confi rmed, with contrast 
(With permission from Philip Peng)       
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    Dosage [ 15 – 18 ] 

    Diagnostic 
 5–10 mL local anesthetic—e.g., 1 % prilocaine or 1 % 
mepivacaine  

    Therapeutic 
     1.    Local anesthetics: 5–10 mL local anesthetic—e.g., ropi-

vacaine 0.2–0.375 % mixed with 40 mg triamcinolone   
   2.    Neurolytics: 4–6 mL 10 % phenol       

    Complications 

     1.    Intravascular injection   
   2.    Rectal perforation

    3.    Subperiosteal position (becomes evident due to high 
resistance and severe pain during the injection)       

   4.    Needle breakage (strong needles should be used)   
   5.    Epidural/subarachnoidal   
   6.    Infection (sterile precautions)    
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Record and checklist
Ganglion impar block

Block no. Right Left

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

No Yes

Date:

Yes

No Yes

Purpose of block:

Needle:

i. v. access:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

G

Patient:
Contraindications excluded:

Yes 

Yes (equipment checked)

Diagnostic

ECG

Checked

Informed 

Pulse oximetry

Length cm, curved

Therapeutic

Position: Prone

Sacrococcygeal joint

Lateral recumbent

Injection level:
Injection technique: X-ray image intensifier guidance CT-guided

mL %

Injection:
Local anesthetic:
(in incremental doses)

Addition to LA:

Neurolytic: mL %

No

None PainParesthesias Warmth

Patient's remarks during injection:

Nerve area:

Time of discharge:

Cold test Temperature measurement  before °C °Cafter

Objective block effect after 15 min:

Monitoring after block:      <1 h       >1 h

None Intravascular injection

None

Reduced pain

Visual analog scale

Relief of pain

Increased pain

Subperiosteal position Rectal perforation

Infection Coccygeal pain

Complications:

Subjective effect of the block : Duration:

Special notes:

With permission from Danilo Jankovic
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    Before the established popularity of epidural anesthesia for 
labor and delivery, paracervical block was one of the most 
frequently used regional techniques administered for analge-
sia during the fi rst stage of labor (see Chap.   42    , Neuraxial 
anesthesia in obstetrics). 

    Anatomy 

 Pain from the uterus passes in sequence through uterine 
plexus, the pelvic ganglia and plexus, the hypogastric 
nerve, the superior hypogastric plexus, the lumbar and 

lower thoracic sympathetic chain, and the white rami com-
municantes, associated with the eleventh and twelfth 
nerves. Then, the pain stimuli pass through the posterior 
roots of these spinal nerves (T11 and T12) to enter the spi-
nal cord (Figs.  58.1  and  58.2 ). Frankenhauser’s ganglion, 
which contents all the visceral sensory nerve fi bers from 
the uterus, cervix, and upper vagina, is located in the lateral 
fornix of the upper vaginal canal. It is that ganglion or 
plexus of nerves that is blocked by a paracervical block.    

  Fig. 58.1    Anatomy. ( 1 ) Aorta and inferior vena cava, ( 2 ) superior 
hypogastric plexus, ( 3 ) pelvic (inferior hypogastric plexus), ( 4 ) lumbo-
sacral sympathetic ganglia ( 5 ) lumbosacral plexus (Reproduced with 
permission from Danilo Jankovic)       

Th 10

Th 11

Th 12

L1

S2

S3
S4
S5

  Fig. 58.2    Peripheral pain pathways during labor (Reproduced with 
permission from Danilo Jankovic)       
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    Indications 

 Paracervical block has a limited role in modern obstetric 
practice, except in cases where central neural blockade is not 
feasible or is unavailable. 

    Surgical 

     1.    Bilateral block may be used for dilatation of the cervix 
and uterine curettage.   

   2.    Occasionally, it may be combined with pudendal nerve 
block and local infi ltration to perform a vaginal 
hysterectomy.      

    Vaginal Delivery 

 Bilateral paracervical block alleviates the pain of the fi rst 
stage of labor, and this is the most frequent use of this block. 

      Therapeutic 

     1.    Relief of severe dysmenorrhea   
   2.    Endometritis and parametritis      

    Diagnostic 

 Differentiation of severe dysmenorrhea from other similar 
complaints which may be associated with menstruation.   

    Materials 

 The IOWA trumpet, Kobak instrument, is used as a guide for 
the placement of the needle (20-gauge, 12–14 cm needle) 
(S. Chap.   56    , Pudendal nerve block).  

    Technique 

 Paracervical and uterosacral blocks are identical procedures 
and the local anesthetic solution bathes the same plexus and 
ganglia. If the solution is deposited at the 3 and 9 o’clock 
positions, the block is termed paracervical, and if the solu-
tion is deposited at the 4 and 8 o’clock positions, the block is 
termed uterosacral (Fig.  58.4 ). The pelvic (inferior hypogas-
tric) ganglia and plexus are anesthetized when this block is 
performed.  

    Position and Landmarks 

 The patient is placed in the supine position with her legs 
apart and partially in the lithotomy position. The injection is 
made in the lateral fornices of the vagina. 

Avoid: in prematurity, fetal distress, and uteroplacental 
insuffi ciency.

    1.    Vaginal examination should be performed immedi-
ately before the block to determine the precise posi-
tion of the presenting part.   

   2.    Maternal and fetal vital signs should be determined 
immediately before the block.    

Position and Landmarks
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      Procedure 

     1.    The needle is introduced through the submucosa into the 
lateral vaginal fornix (Fig.  58.3 ).  

 The guide, with needle tip protected, is directed into 
the lateral fornices between 3 and 4 o’clock and between 
8 and 9 o’clock, by the index and middle fi ngers, so that 
the tip of the guide does not depress the vaginal mucosa 
excessively and to determine the precise location of the 
needle and to protect the vaginal tissues and the fetal pre-
senting part from inadvertent puncture by the advancing 
needle (Fig.  58.4 ).    

   2.    The needle is then introduced into the uterosacral ligament. 
 The needle should be inserted with a guard (e.g., an 

Iowa Trumpet) so that the needle point cannot protrude 
beyond the guard for more than 5–7 mm. This maneuver 
prevents inadvertent intravascular injection and also pre-
vents damage to the fetal presenting part.   

   3.    After careful aspiration at various levels (blood), the local 
anesthetic is injected on an incremental basis. Approximately 
5–10 ml of the chosen local anesthetic should be used in 
each fornix for satisfactory paracervical block.   

   4.    The needle is removed, the guide redirected to the other 
side of the cervix, and the injection repeated.      

  Fig. 58.4    The guide, with the 
needle tip protected, is directed 
into the lateral fornices between 
3 and 4 o’clock and between 8 
and 9 o’clock. ( 1 ) Vaginal fornix, 
( 2 ) ostium uteri (Reproduced 
with permission from Danilo 
Jankovic)       

  Fig. 58.3    The needle is introduced through the submucosa into the 
lateral vaginal fornix. ( 1 ) Lateral vaginal fornix, ( 2 ) ostium uteri, 
( 3 ) uterine artery, ( 4 ) round ligament of uterus (Reproduced with 
permission from Danilo Jankovic)       
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    Dosage 

 The duration of the analgesia will vary with the local anes-
thetic, its concentration, and the total dose used:

•    0. 25 % bupivacaine provides 90–150 min of analgesia.  
•   1 % mepivacaine provides 90–150 min of analgesia.  
•   1 % procaine or 2 % chloroprocaine provides 40–50 min 

of analgesia.    

      Complications 

     1.    Systemic toxic reactions (see Chap.   1    ).   
   2.    Fetal distress, bradycardia, fetal acidosis, neonatal 

depression, and low Apgar scores. Paracervical injection 
may lead to high levels of local anesthetics in the fetus; up 
to 70 % of fetuses will have arrhythmias (principally bra-
dycardia) within 10 min of injection. 

 Fetal deaths from bupivacaine cardiotoxicity have also 
been reported.   

   3.    Block of the sciatic nerve, neuritis of the sciatic nerves, or 
both. They may be a result of the needle being inserted 
further than 1. 5 cm beyond the vaginal mucosa, the use 
of great volume of local anesthetic solution, or a combi-
nation of these.   

   4.    Hematoma of the parametrium. This occurs from trauma 
to a blood vessel during execution of the block. Finally, 
uterine artery hematoma, cervical abscess, and uterine 
trauma have been reported.   

   5.    Injections have occasionally been made directly into the 
fetal scalp.     
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When performing a paracervical block, fetal heart rate 
and maternal uterine contractions should be monitored 
immediately preceding and for some time following 
the block.

A transient decrease in intensity and/or frequency of 
uterine contractions could be associated with the local 
anesthetic, especially when epinephrine is used to per-
form the block.
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         Anatomy of the Lumbar Plexus, Sacral 
Plexus, and Coccygeal Plexus [ 1 – 5 ] 

    Danilo     Jankovic         

 These plexuses, closely related to one another, are formed by 
the ventral branches of the lumbar, sacral, and coccygeal spi-
nal nerves (Figs.  59.1 ,  59.2 ,  59.3 ,  59.4 , and  59.5 ).      

 The lumbar plexus lies in front of the transverse processes 
of the lumbar vertebrae. It mainly arises from the ventral 
branches, the fi rst three lumbar nerves, most of the fourth 
lumbar nerve, and the twelfth thoracic nerve (subcostal 
nerve). 

 The most important branches of the plexus are located 
in a fascial compartment that is enclosed (“sandwiched”) by 
the quadratus lumborum, psoas major, and iliacus muscles. 
The fi rst lumbar nerve, which contains a branch from the 
twelfth thoracic nerve, divides into an upper branch (iliohy-
pogastric nerve and ilioinguinal nerve) and a lower branch 
(genitofemoral nerve). 

 Most of the second, third, and parts of the fourth lumbar 
nerves form ventral branches, from which the femoral nerve 
and obturator nerve branch off. The lateral femoral cutane-
ous nerve is formed from fi bers of the ventral branches of 
L2/L3. 

 The caudal parts of the ventral branches of L4 and L5 
combine to form the lumbosacral trunk. Together with the 
ventral branches of the fi rst three sacral nerves and the upper 
part of the ventral branch of the fourth sacral nerve, the lum-
bosacral trunk forms the sacral plexus, the largest branch of 
which is the sciatic nerve. The lumbar plexus is also con-
nected with the lumbar part of the sympathetic nervous sys-
tem via two or three long communicating branches. The 
thickness of the ventral branches of the lumbar nerves 
increases markedly from the fi rst to the fi fth nerve (L1 has a 

diameter of ca. 2.5 mm, L2 is already ca. 4 mm, L3 and L4 
are ca. 6 mm, and L5 is as large as 7 mm). 

 The coccygeal plexus arises from the lower part of the 
ventral branches of the fourth and fi fth sacral nerves, as well 
as the coccygeal nerves.  
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  Fig. 59.1    Anatomy: lumbar plexus, sacral plexus, and coccygeal 
plexus. ( 1 ) Lumbar plexus, ( 2 ) lumbosacral trunk, ( 3 ) sympathetic 
trunk, ( 4 ) sacral plexus, ( 5 ) lateral femoral cutaneous nerve, ( 6 ) femoral 
nerve, ( 7 ) obturator nerve, ( 8 ) iliohypogastric nerve, ( 9 ) ilioinguinal 
nerve, ( 10 ) subcostal nerve, ( 11 ) quadratus lumborum muscle, ( 12 ) 
psoas major muscle, ( 13 ) iliacus muscle, ( 14 ) genitofemoral nerve 
(Reproduced with permission from Danilo Jankovic)       
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  Fig. 59.2    Lumbar plexus. Transversal dissection. ( 1 ) 
Lumbar plexus, ( 2 ) os sacrum, ( 3 ) intervertebral disc, 
( 4 ) left external iliac artery, ( 5 ) iliopsoas muscle, ( 6 ) 
left external iliac vein (Reproduced with permission 
from Danilo Jankovic)       
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  Fig. 59.4    Lumbosacral plexus. Dorsal view. ( 1 ) Lumbar plexus, ( 2 ) 
lumbosacral plexus, ( 3 ) sacral plexus (Reproduced with permission 
from Danilo Jankovic)       
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  Fig. 59.3    Lumbosacral plexus. Ventral view. ( 1 ) Lumbar plexus, ( 2 ) lum-
bosacral trunk, ( 3 ) sacral plexus, ( 4 ) medial sacral artery: left and right side: 
sympathetic trunk (Reproduced with permission from Danilo Jankovic)       
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    Lumbar Plexus Blocks 

 Two techniques are described that belong to the standard 
methods for blocking the lumbar plexus:
    1.    The caudal (ventral) psoas compartment block (“three-in- 

one” inguinal femoral paravascular block)   
   2.    The cranial (dorsal) psoas compartment block      

2

1

3

  Fig. 59.5    Anatomy. Medial sagittal dissection. ( 1 ) Lumbosacral 
plexus, ( 2 ) iliopsoas muscle with femoral nerve, ( 3 ) obturator nerve 
(Reproduced with permission from Danilo Jankovic)       
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    Inguinal Femoral Nerve Block 
(“Three-in- One” Block) 

    Danilo     Jankovic     

    Introduction 

 The concept underlying lumbar plexus blocks is that the 
course of the neural network from the transverse processes to 
the inguinal ligament lies within a perivascular and perineu-
ral space. Like the epidural space, this space limits the spread 
of the local anesthetic and conducts it to the various nerves. 

 The initial description of the 3-in-1 block (an infero- anterior 
approach to the femoral, lateral femoral cutaneous, and obtura-
tor nerve) was published by Winnie et al. in 1973 involving a 
small number of patients. The authors postulated that a block 
of the entire lumbar plexus can be accomplished by a single 
perivascular injection slightly distal to the inguinal ligament. 
Consequently, a single injection should result in anesthesia of 
the femoral, the lateral femoral cutaneous, and obturator 
nerves (Figs.  59.6 ,  59.7 , and  59.8 ). Winnie et al. suggested that 
the underlying mechanism of this regional anesthetic tech-
nique should be a cephalad distribution of the local anesthetic 
along the fascial layer. Within the connective tissue and neural 
sheath, the concentration and the volume of the local anes-
thetic determine the extent of the block’s spread [ 6 – 8 ].    

 This hypothesis, however, was never confi rmed clinically. 
Moreover, an MRI study clarifi ed the spread of local anes-
thetic after an inguinal injection of local anesthetic lateral to 
the femoral artery and concluded that the distribution of 
local anesthetic follows a lateral and slightly medial direc-
tion but never a cephalad direction. One of the main pro-
posed advantages of the 3-in-1 block was the ability to 
achieve block of the obturator nerve using this approach. In 
clinical practice, however, the obturator nerve (posterior 
branch) was never been shown to be anesthetized effectively 
using this approach [ 9 – 13 ]. Capdevila et al. reported that the 
local anesthetic used in 3-in-1 blocks spreads under the fas-
cia iliaca but rarely to the lumbar plexus. Both techniques 
resulted in poor blocks of the obturator nerve [ 14 ].  

  Fig. 59.6    Anatomy: femoral nerve, lateral femoral cutaneous nerve, 
and obturator nerve. ( 1 ) Lateral femoral cutaneous nerve, ( 2 ) femoral 
nerve, ( 3 ) saphenous nerve, ( 4 ) obturator nerve, ( 5 ) psoas major muscle 
(Reproduced with permission from Danilo Jankovic)       
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  Fig. 59.7    ( 1 ) Femoral nerve ( yellow ), ( 2 ) lateral cutaneous femoral 
nerve ( blue ), ( 3 ) obturator nerve ( green ). In clinical practice, the obtura-
tor nerve (posterior branch) was never been shown to be anesthetized 
effectively (Reproduced with permission from Danilo Jankovic)       

6 4 7 1 9
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  Fig. 59.8    Transversal dissection. 
( 1 ) Femoral vein, ( 2 ) femoral 
artery, ( 3 ) femoral nerve, ( 4 ) 
lateral cutaneous femoral nerve, 
( 5 ) obturator nerve with vasa 
obturatoria, ( 6 ) sartorius muscle, 
( 7 ) fascia lata, ( 8 ) sciatic nerve, 
( 9 ) vesica urinaria, ( 10 ) rectum 
(Reproduced with permission 
from Danilo Jankovic)       
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    Functional Anatomy 

 The  femoral nerve  divides slightly distal to the inguinal liga-
ment in several branches, which is the rationale for the nerve 
block needle to be inserted close to the distal ligament when 
performing the 3-in-1 block. The femoral nerve supplies 
motor branches to the quadriceps femoris, sartorius, and pec-
tineus muscles, and its sensory branch (saphenous nerve) 
innervates the anteromedial side of the lower leg down to the 
medial ankle. Both the obturator nerve and the lateral femo-
ral cutaneous nerve divide at variable levels from the femoral 
nerve (Figs.  59.6 ,  59.7 , and  59.8 ). 

 The  lateral femoral cutaneous nerve  arises from the ventral 
branches of the L2 and L3 spinal nerves, passing lateral to the 
psoas muscle and then to the iliacus muscle. Covered by the 
fascia iliaca, it then runs to the region of the anterior superior 
iliac spine. It passes under the inguinal ligament and under the 
deep circumfl ex iliac artery and enters the thigh, where it lies 
under the superfi cial sheet of the fascia and divides into a 
thicker descending branch and a smaller posterior branch, 
which penetrate the fascia separately. The posterior branch 
runs posteriorly over the tensor fascia lata muscle and reaches 
the gluteal region. The anterior branch runs 3–5 cm below the 
inguinal ligament and then downwards along the anterior sur-
face of the vastus lateralis muscle as far as the lateral knee area, 
where it sends off lateral branches (Figs.  59.6 ,  59.7 , and  59.8 ). 

 The  obturator nerve  arises from the ventral branches of 
the L2–L4 spinal nerves. 

 The trunk runs downwards along the medial edge of the 
psoas muscle, passing behind the common iliac vessels to 
reach the pelvis and the obturator canal. Within the canal, it 
divides into its two end branches—the anterior and posterior 
branches. It provides the motor supply for the obturator exter-
nus muscle and the adductors of the thigh, sends off branches 
to the hip and knee joints and to the femur, and provides the 
sensory supply for a highly variable cutaneous area on the 
inside of the thigh and lower leg (Figs.  59.6 ,  59.7 , and  59.8 ).  

    Advantages 

     1.    Suitable for postoperative or post-traumatic analgesia and 
for therapeutic blocks   

   2.    Suitable for patients in whom a unilateral block is 
desired—particularly in outpatient procedures      

    Disadvantages 

     1.    Success is unpredictable.   
   2.    Larger amounts of local anesthetic are necessary (particu-

larly if the sciatic nerve is also being blocked).   
   3.    The likelihood of systemic toxicity is increased.   
   4.    Longer onset times have to be expected (surgical 

indications).   
   5.    Despite larger amounts of local anesthetic, not all nerves 

in the plexus are blocked (e.g., the obturator nerve and 
lateral femoral cutaneous nerve).   

   6.    For surgical procedures with ischemia or a tourniquet, 
neuraxial anesthesia is preferable.      

    Indications 

    Surgical [ 19 – 22 ] 
     1.    Superfi cial surgical interventions in the innervated area: 

wound care, skin grafts, and muscle biopsies [ 17 ]   
   2.    Analgesia for positioning for neuraxial block anesthesia 

in femoral neck fractures   
   3.    Performing surgical interventions in the area of the lower 

extremity in ischemia or tourniquet, in combination with 
sciatic nerve block [ 15 ,  16 ] 

 Larger volumes of local anesthetic have to be used 
here (toxicity!).   

   4.    Outpatient procedures      

    Therapeutic 
     1.    Postoperative pain therapy (e.g., after femoral neck, fem-

oral shaft, tibial and patellar fractures, knee joint opera-
tions) [ 18 ]   

   2.    Post-traumatic pain   
   3.    Postoperative neurolysis or nerve reimplantations for 

better innervation   
   4.    Early mobilization after hip or knee joint operations   
   5.    Arterial occlusive disease and poor perfusion in the 

lower extremities   
   6.    Complex regional pain syndrome (CRPS) types I and II   
   7.    Postamputation pain   
   8.    Edema in the leg after radiotherapy   
   9.    Diabetic polyneuropathy   
   10.    Knee joint arthritis   
   11.    Elimination of adductor spasm in paraplegic patients      

Inguinal Femoral Nerve Block (“Three-in- One” Block) 
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    Block Series 
 A series of six to eight blocks is recommended. When there 
is evidence of improvement in the symptoms, additional 
blocks can also be carried out.  

    Prophylactic 
     1.    Postoperative analgesia   
   2.    Prophylaxis against postamputation pain   
   3.    Prophylaxis against complex regional pain syndrome 

(CRPS)       

    Contraindications 

    Specifi c 
     1.    Infections (e.g., osteomyelitis, pyoderma) or malignant 

diseases in the inguinal region   
   2.    Local hematoma   
   3.    Anticoagulant treatment   
   4.    Distorted anatomy (due to prior surgical interventions or 

trauma to the inguinal and thigh region)      

    Relative 
 The decision should be taken after carefully weighing up the 
risks and benefi ts:
    1.    Hemorrhagic diathesis   
   2.    Stable central nervous system disorders   
   3.    Local nerve injury (when it is diffi cult to determine 

whether the cause is surgical or anesthetic)   
   4.    Contralateral nerve paresis   
   5.    Patients with a femoral bypass       

    Procedure 

 This block should be carried out by experienced anesthetists 
or under their supervision. Full information for the patient is 
mandatory.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

    Materials 

 Fine 26-G needle, 25-mm long, for local anesthesia. 
 Peripheral nerve stimulator. 

    Single-Shot Technique 
 50 (80)-mm-long atraumatic 22-G (15°) short-bevel insulated 
stimulating needle with injection lead (“immobile needle”).  

    Continuous Technique* 
 Peripheral nerve stimulator. 

 Catheter kit (including a 50-80-mm 18-G (15°)) stimulat-
ing needle and catheter 0.45 × 0.85 × 400 mm or Tuohy set: 
52 (102)-mm-long 18-G Tuohy needle with catheter. 

 Syringes: 2 and 20 mL. 
 Local anesthetics, disinfectant, swabs, compresses, sterile 

gloves, and drape. 

       Patient Positioning 

 Supine, with the thigh slightly abducted. The patient’s ipsi-
lateral hand lies under the head. The person carrying out the 
injection must stand on the side being blocked.  

    Landmarks 

     1.    The femoral artery is palpated 1–2 cm distal to the inguinal 
ligament. It is held between the spread index and middle 
fi nger. The injection point lies about 1–1.5 cm laterally.   

   2.    Skin prep, subcutaneous local anesthesia, sterile drapes; 
draw up local anesthetic into 20-mL syringes, check 
patency of injection needles and functioning of nerve 
stimulator, and attach electrodes.   

   3.    Preliminary puncture with a large needle or stylet.     

*If technical diffi culties arise, the catheter and 
Tuohy needle must always be removed simultaneously. 
A catheter must never be removed through the Tuohy 
needle (as the catheter may shear!).

The quadriceps femoris muscle and the patella must 
be observed throughout the procedure.
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      Injection Technique 

    Single-Injection Technique 
     1.    The injection is carried out in a cranial direction at an 

angle of about 30–40° to the skin surface, almost parallel 
to the course of the femoral artery. 

 Stimulation current of 1–2 mA at 2 Hz is selected with 
a stimulus duration of 0.1 ms (Fig.  59.9 ). Usually, the 
nerve is at the depth of 12+/−4 mm.    

   2.    The needle is advanced until contractions of the quadri-
ceps femoris muscle and patellar movements become vis-
ible (“dancing patella”). Contractions of the sartorius 
muscle alone suggest incorrect positioning and are inad-
equate (Fig.  59.10 ).    

   3.    Do not advance the needle further! 
 The stimulation current is reduced to 0.2–

0.3 mA. Slight twitching suggests that the stimulation 
needle is in the immediate vicinity of the nerve.   

   4.    Aspiration test.   
   5.    Test dose of 3 mL local anesthetic (e.g., 1 % prilocaine). 

During the injection, the twitching slowly disappears.   
   6.    Incremental injection of a local anesthetic (injection–

aspiration after each 3–4 mL).   
   7.    After the injection, compression massage of the injection 

area is carried out and then fl exing of the thigh for about 
1 min (Fig.  59.11 ).    

   8.    Careful cardiovascular monitoring.     

During the injection, distal compression should be 
applied with the fi nger to encourage proximal spread 
of the local anesthetic.

  Fig. 59.10    Note the contractions of the quadriceps femoris muscle and 
patellar movements. ( 1 ) Sartorius muscle, ( 2 ) rectus femoris muscle, 
( 3 ) vastus lateralis muscle, ( 4 ) vastus medialis muscle (Reproduced 
with permission from Danilo Jankovic)       

  Fig. 59.11    After the injection: fl exing the thigh for about 1 min 
(Reproduced with permission from Danilo Jankovic)       

  Fig. 59.9    Injection. Cranial direction, at an angle of about 30–40° to 
the skin surface (Reproduced with permission from Danilo Jankovic)       
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       Distribution of Anesthesia 

 To produce complete anesthesia in the leg, it should be 
combined with a sciatic nerve block (Figs.  59.12  and  59.13 ) 
[ 15 ,  16 ].   

  Fig. 59.12    The neural areas most frequently blocked after administra-
tion of a “three-in-one” block (Reproduced with permission from 
Danilo Jankovic)       

Femoral nerve, 
lateral femoral cutaneous 
nerve, obturator nerve

Sciatic nerve

  Fig. 59.13    Comparison of the innervation areas of the femoral nerve, 
lateral femoral cutaneous nerve, and obturator nerve ( blue ) with the 
innervation area of the sciatic nerve ( red ) (Reproduced with permission 
from Danilo Jankovic)       
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    Continuous Technique 
 Either nonstimulating (conventional) or stimulating cathe-
ters can be used. The site is located in the same way as 
described for the unilateral technique. The injection is car-
ried out about 2–2.5 cm below the inguinal ligament and 
1–1.5 cm lateral to the femoral artery and in a cranial direc-
tion at an angle of about 30–40°. Using the Seldinger tech-
nique, the catheter is advanced at least 10 cm deep into the 
fascial compartment. An aspiration test, administration of a 
test dose, fi xation of the catheter, and placement of a bacte-
rial fi lter then follow. After aspirating again, the local anes-
thetic is given on an incremental basis.   

    Dosage 

    Surgical 
     1.    15–20 mL—single-injection femoral nerve block   
   2.    40–50 mL local anesthetic—e.g., 0.5–0.75 % ropiva-

caine, 0.5 % bupivacaine (0.5 % levobupivacaine), 1 % 
prilocaine, and 1 % mepivacaine     
 A combination of local anesthetics with longer-term and 

medium-term effect has proved particularly valuable for sur-
gical indications—e.g., 1 % prilocaine (20 mL) + 0.5 to 
0.75 % ropivacaine (20 mL) or 1 % prilocaine (20 mL) + 0.25 
to 0.5 % bupivacaine (0.25–0.5 % levobupivacaine; 20 mL).  

    Therapeutic 
 10–15 mL local anesthetic—e.g., 0.2–0.375 % ropivacaine, 
0.125–0.25 % bupivacaine (0.125–0.25 % levobupivacaine).   

    Important Notes for Outpatients 

 Long-lasting block can occur (even after administration of 
low-dose local anesthetics—e.g., 0.125 % bupivacaine or 
0.2 % ropivacaine). The blocked leg can give way even 10–18 h 
after the injection. The patient must therefore use walking aids 
during this period. The same rules apply to the treatment of 
postamputation pain. During the period of effect of the local 
anesthetic, the patient should not wear a prosthesis. 

     Continuous Technique [ 23 ,  24 ] 
  Test dose : 3–5 mL 1 % prilocaine (1 % mepivacaine). 

  Bolus administration : 30 mL. 
 0.5–0.75 % ropivacaine or 0.25–0.5 % bupivacaine.  

    Maintenance Dose 
 Intermittent administration. 

 15–20 mL of local anesthetic every 4–6 h (0.5–0.75 % 
ropivacaine or 0.25–0.5 % bupivacaine) after a prior test dose. 

 Reduction of the dose and/or adjustment of the interval, 
depending on the clinical picture.  

    Continuous Infusion 
 Infusion of the local anesthetic via the catheter should be started 
30–60 min after the bolus dose. A test dose is obligatory. 

 Ropivacaine: 0.2–0.375 %  16–14 mL/h 

 1 (max. 37.5 mg/h) 

 Levobupivacaine: 0.125–0.25 %  18–15 mL/h 

 Bupivacaine: 0.125 %  10–14 mL/h 

 Bupivacaine: 0.25 %  18–10 mL/h 

   If necessary, the infusion can be supplemented with bolus 
doses of 5–10 mL 0.5–0.75 % ropivacaine (0.25–0.5 % bupi-
vacaine or 0.25 % levobupivacaine). 

       Complications 

     1.    Nerve injuries (see Chap.   5    ) 
 Traumatic nerve injury is a rare complication of this 

technique. It can occur as a result of the use of sharp 
needles (due to nerve puncture), intraneural or micro-
vascular injury (hematoma and its sequelae), prolonged 
ischemia, as well as toxic effects of intraneurally 
injected local anesthetic (see Chap.   5    ). Probable effects 
of intraneural injection include a transient neurological 
defi cit (unexpectedly prolonged block, lasting up to 
10 days). A suspicion of intraneural needle positioning 
arises if there is strong twitching even at low levels of 
stimulation current (e.g., 0.2 mA) and if there is no ces-
sation of the twitching after administration of the test 
dose. The local anesthetic may also be diffi cult to inject. 
Correction of the needle position is essential.   

   2.    Intravascular injection (see Chap.   1    )   
   3.    CNS intoxication (see Chap.   1    )   
   4.    Infection in the injection area (continuous techniques)   
   5.    Hematoma formation (note the obligatory prophylactic 

compression)    

A record must be kept of patient information and 
consent.

Individual adjustment of the dosage and period of 
treatment is essential.

Inguinal Femoral Nerve Block (“Three-in- One” Block) 
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Record and checklist

Lumbosacral plexus and individual nerves in the plexus

Block no. Right Left

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

No

Date:

Injection:

Local anesthetic:

Nerve area:

Addition to LA

(in incremental doses)

Yes

No Yes

Purpose of block:

Needle:

i.v. access:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

G Other15°

Patient: Informed (behavior after block)

Yes

Yes (equipment checked)

ECG Pulse oximetry

30°

Diagnostic

Location technique: Electrostimulation Other

Surgical

Length cm

Therapeutic

Checked

Approach: In-plane Out of plane

mL

%

Plexus (nerve): Located Aspiration test Test dose

Ultrasound- guided Transducer Linear Curved

Inguinal “3-in-one" block

Sciatic nerve

Dorsal psoas compartmt. block

Obturator nerve Ilioinguinal nerve / hypogastric nerve

Sciatic nerve Femoral nerve Lateral cutaneous nerve of thigh

Injection: Inguinal “3-in-one” block Dorsal psoas compartment block

Position: Prone Lateral recumbent Sims-Position Sitting

mL Femoral nerve

mg/mg

Obturator nerve Ilioinguinal nerve/hypogastric nerve

Lateral cutaneous nerve of

thigh

mL

mL

mL

mL mLmL

None Paresthesias Warmth Pain (intraneural position?)

Patient’s remarks during injection:

Objective block effect after 15 min:
Cold test Temperature measurement before after

Sensorimotor function checked

°C °C

Sensory Motor

Time of discharge:

< 1 h > 1 hMonitoring after block:

None

Complications:

Subjective effects of the block:

Hematoma Neurological complications Other

Duration:

Intravascular injection Signs of intoxication

None Increased pain Reduced pain Relief of pain

Special notes:

With permission from Danilo Jankovic

VISUAL ANALOG SCALE
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         Psoas Compartment Block 
(Cheyen Approach) 

    Danilo     Jankovic         

 The psoas compartment block represents a cranial and dor-
sal paravertebral access route to the lumbar plexus. The con-
cept is to block the closely juxtaposed branches of the 
lumbar plexus and parts of the sacral plexus by injecting 
local anesthetic through a high-access route to the plexus 
(L4–L5) (see lumbar plexus anatomy). When the quality of 
the block is good, the area of distribution is comparable with 

that of the “three-in-one” block (see “3-in-1” femoral nerve 
block; Figs.  59.12  and  59.13 ). The most important branches 
of the plexus are located in a fascial compartment that is 
enclosed (“sandwiched”) by the quadratus lumborum, psoas 
major, and iliacus muscles (Figs.  59.14  and  59.15 ). The fol-
lowing nerves are affected: lateral femoral cutaneous nerve, 
femoral nerve, genitofemoral nerve, obturator nerve, and 
parts of the sciatic and posterior femoral cutaneous nerve. A 
combination of this block with block of the sciatic nerve is 
necessary to achieve complete anesthesia of the lower 
extremity.   

  Fig. 59.14    Anatomy. 
Transversal dissection on the 
level of the L3/L4. ( 1 ) Erector 
spinae muscle, ( 2 ) transverse 
process, ( 3 ) quadratus 
lumborum muscle, ( 4 ) psoas 
major muscle, ( 5 ) lumbar 
plexus (Reproduced with 
permission from Danilo 
Jankovic)       
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    Advantages 

     1.    Better block quality in comparison with the “three-in- 
one” block.   

   2.    Suitable for patients in whom a unilateral block is desired, 
particularly in outpatient procedures.   

   3.    The method is suitable for postoperative and post- 
traumatic analgesia and for therapeutic blocks.      

    Disadvantages 

     1.    Success of the block is unpredictable.   
   2.    Larger quantities of local anesthetic are needed (particu-

larly if the sciatic nerve is also being anesthetized).   
   3.    There is an increased likelihood of systemic toxicity. 

 Because the placement of the needle is in the deep 
muscles, the potential for systemic toxicity is greater than 
it is with more superfi cial techniques.   

   4.    The proximity of the lumbar nerve roots to the epidural 
space also carries risk of the epidural spread of the local 
anesthetics.   

   5.    Slower onset must be expected (surgical indications).   
   6.    For surgical procedures with ischemia or tourniquet, 

neuraxial anesthesia is preferable.      

    Indications 

    Surgical [ 27 ,  28 ] 
     1.    As a continuous or single-shot block for all surgical proce-

dures in the region of the lower extremity but in combina-
tion with a block of the sciatic nerve. A need for larger 
volumes of local anesthetics must be expected (toxicity!).   

   2.    Outpatient procedures.      

    Therapeutic 
     1.    Postoperative and post-traumatic pain therapy   
   2.    Early mobilization after hip and knee operations   
   3.    Arterial occlusive disease and poor perfusion of the lower 

extremities   
   4.    Complex regional pain syndrome (CRPS), types I and II   
   5.    Postsurgical neurolysis or nerve reimplantations for bet-

ter innervation   
   6.    Edema after radiotherapy   

  Fig. 59.15    Lumbosacral plexus. Median sagittal dissection. ( 1 ) 
Lumbosacral plexus at the level of L5–S3 segment, ( 2 ) iliopsoas muscle 
with femoral nerve, ( 3 ) obturator nerve (Reproduced with permission 
from Danilo Jankovic)       

 

Chapter 59 Lumbar Plexus and Femoral Nerve Block. Traditional and Ultrasound Guided Techniques



789

   7.    Postamputation pain   
   8.    Diabetic polyneuropathy   
   9.    Tumors and metastases in the hip joint and pelvis      

    Block Series 
 A series of six to eight blocks is recommended. When there 
is evidence of improvement in the symptoms, additional 
blocks can also be carried out.  

    Prophylactic 
     1.    Postoperative analgesia   
   2.    Prophylaxis against postamputation pain   
   3.    Prophylaxis against complex regional pain syndrome       

    Contraindications 

    Specifi c 
     1.    Infection or hematoma in the injection area   
   2.    Anticoagulant treatment   
   3.    Lesion in the nerves to be stimulated distal to the injec-

tion site      

    Relative 
 The decision should be taken after carefully weighing up the 
risks and benefi ts:
    1.    Hemorrhagic diathesis   
   2.    Stable systemic neurological diseases   
   3.    Local nerve injury (when there is doubt whether the fault 

lies with the surgeon or anesthesiologist)   
   4.    Contralateral nerve paresis       

    Procedure 

 This block should be carried out by experienced anesthetists 
or under their supervision. Full information for the patient is 
mandatory.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

    Materials 

 Fine 26-G needle, 25-mm long, for local anesthesia. 

    Electrostimulation Technique 
 Peripheral nerve stimulator. 

 120-mm-long short-bevel insulated atraumatic 22-G nee-
dle (15°) with injection lead (“immobile needle”).  

    Continuous Technique* 
 Tuohy set: 1.3 × 102 (152)-mm-long 18-G Tuohy insulated 
needle with catheter or 18-G (15°) insulated stimulating nee-
dle (1.3 × 110 mm with catheter). 

 Syringes: 2 and 20 mL. 
 Local anesthetics, disinfectant, swabs, compresses, sterile 

gloves, and drape. 

       Patient Positioning 

 Lateral decubitus or sitting, as in the position for neuraxial 
anesthesia; legs drawn up, with the leg being blocked on 
top.  

*If technical diffi culties arise, the catheter and Tuohy 
puncture needle are always removed simultaneously. 
A catheter must never be withdrawn through a Tuohy 
puncture needle that remains in place (because of cath-
eter shearing).

Psoas Compartment Block (Cheyen Approach) 
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    Landmarks 

 The iliac crest and the midline of the spinous process are 
located. From the intersection between these (L4 spinous 
process), a line is drawn 3 cm caudally, and from the end of 
it, another line is drawn 5 cm laterally as far as the medial 
edge of the iliac crest and marked as the injection point 
(Fig.  59.16 ).  

 Skin prep, local anesthesia, sterile draping, drawing up 
the local anesthetic into 20-mL syringes, checking the 
patency of the injection needle and functioning of the nerve 
stimulator, and attaching the electrodes. 

 Preliminary puncture with a large needle or stylet. 

      Injection Technique [ 29 – 31 ] 

    Single-Injection Technique 
     1.    The palpating hand should be fi rmly pressed and anchored 

against the paraspinal muscles to facilitate the needle 
insertion and redirection of the needle when necessary.   

   2.    Introduce an electrostimulation needle perpendicular to 
the skin surface until bone contact is made with the trans-
verse process of L5 (Figs.  59.17a  and  59.18 ).   

 The location of the transverse process is very impor-
tant. The lumbar plexus is situated at the depth of 8.35 cm 
in average in males (6.1–10.1 cm) and 7.1 cm in average 
in females (5.7–9.3 cm). The distance from the skin to the 
transverse process is variable and depends from the anat-
omy. The distance between the transverse process and the 
lumbar plexus is relatively constant (app. 2 cm) [ 32 ]. 

 It is then withdrawn slightly and advanced further cra-
nially, past the transverse process (Figs.  59.17b  and 
 59.18 ). Stimulation current of 1,5 mA at 2 Hz is selected 
with a stimulus duration of 0.1 ms.   

   3.    Advance the needle further until contractions of the quad-
riceps femoris muscle become visible (usually at the 
depth of 6–8 cm).   

   4.    Reduce the stimulation current to 0.5–1.0 mA. If contrac-
tions of the muscle are still visible at this level of current, 
the needle is in the correct position.   

   5.    Do the aspiration test.   
   6.    Test dose 3–5 mL of a local anesthetic.   
   7.    Inject the local anesthetic incrementally (injection–aspi-

ration after each 3–4 mL).   
   8.    Do cardiovascular monitoring carefully.      

The quadriceps femoris muscle must be observed 
throughout the procedure.

  Fig. 59.16    Location (Reproduced with permission from Danilo 
Jankovic)       
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a b

  Fig. 59.17    ( a ) The injection needle is introduced perpendicular to the 
skin surface until bone contact is made with the transverse process of 
L5 (reproduced with permission from Danilo Jankovic). ( b ) The injec-

tion needle is advanced until contractions of the quadriceps femoris 
muscle become visible (Reproduced with permission from Danilo 
Jankovic)       

  Fig. 59.18    Diagram: ( a ) contact with the transverse process of L5; ( b ) 
the needle is advanced past the transverse process until contractions of 
the quadriceps femoris muscle become visible. ( 1 ) Erector spinae mus-
cle, ( 2 ) quadratus lumborum muscle, ( 3 ) psoas muscle (Reproduced 
with permission from Danilo Jankovic)       
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    Continuous Technique [ 32 – 34 ] 
 The needle is attached to the nerve stimulator and to a syringe 
with local anesthetic. 

 A Tuohy, continuous block needle is inserted at the per-
pendicular angle to the skin and advanced until the quadri-
ceps twitch response is obtained at 0.5–1.0 mA current. At 
this point, after aspiration test and injection of test dose, the 
initial volume of local anesthetic is injected (e.g.,15–25 mL), 
and the catheter is advanced ca. 8–10 cm beyond the needle 
tip into the fascial compartment. The needle is then with-
drawn back to the skin level, while the catheter is simulta-
neously advanced. The opening of the needle should be 
oriented cephalad before threading the catheter. This 
method prevents inadvertent removal of the catheter and 
intravascular and intrathecal placement by negative aspira-
tion test.   

    Dosage 

    Surgical 
 40–50 mL local anesthetic—e.g., 1 % prilocaine (20–
30 mL) + 0.5 to 0.75 % ropivacaine (20 mL); 1 % prilocaine 
(20–30 mL) + 0.25 to 0.5 % bupivacaine (0.25–0.5 % levobu-
pivacaine; 20 mL).  

    Therapeutic 
 10–20 mL local anesthetic—e.g., 0.2–0.375 % ropivacaine, 
0.125–0.25 % bupivacaine (0.125–0.25 % levobupivacaine). 

       Continuous Technique 

  Test dose:  3–5 mL 1 % prilocaine (1 % mepivacaine). 
  Bolus administration:  30 mL. 
 0.5–0.75 % ropivacaine or 0.25–0.5 % bupivacaine. 

    Maintenance Dose 
 Intermittent administration. 

 15–20 mL of local anesthetic every 4–6 h (0.5–0.75 % 
ropivacaine or 0.25–0.5 % bupivacaine) after a prior test dose. 

 Reduction of the dose and/or adjustment of the interval, 
depending on the clinical picture.  

    Continuous Infusion 
 Infusion of the local anesthetic via the catheter should be started 
30–60 min after the bolus dose. A test dose is obligatory. 

 Ropivacaine: 0.2–0.375 %  16–14 mL/h 

 1 (max. 37.5 mg/h) 

 Levobupivacaine: 0.125–0.25 %  18–15 mL/h 

 Bupivacaine: 0.125 %  10–14 mL/h 

 Bupivacaine: 0.25 %  18–10 mL/h 

   If necessary, the infusion can be supplemented with bolus 
doses of 5–10 mL 0.5–0.75 % ropivacaine (0.25–0.5 % bupi-
vacaine or 0.25 % levobupivacaine). 

       Complications 

     1.    Nerve injury (extremely rare) (see Chap.   5    , neurological 
complications..).   

   2.    Intravascular injection   
   3.    Local anesthetic toxicity [ 35 ,  36 ] (see Chap.   1    )   
   4.    Subarachnoid or epidural injection with the potential risk 

of high neuraxial anesthesia [ 37 ,  38 ] (see Chap.   41    , neur-
axial anesthesia)   

   5.    Hypotension   
   6.    Iliopsoas or renal hematoma formation [ 39 – 41 ]   
   7.    Pneumatocoele [ 42 ]   
   8.    Intra-abdominal injuries   
   9.    Post-injection pain due to spasm in the lumbar paraverte-

bral musculature       

Important Notes for Outpatients (See “3-in-1” block)

Individual adjustment of the dosage and period of 
treatment is essential.
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    Ultrasound-Guided Femoral Nerve Block 

    Jens     Kessler      

 The femoral nerve is the largest branch of the lumbar plexus 
and is located superfi cial to the iliopsoas muscle and deep to 
the fascia iliaca as a key landmark [ 44 ] inside a triangular 
shape [ 45 ] (Fig.  59.19 ). Close to its medial side, another two 
important landmarks can be detected: the femoral artery and 
the femoral vein. The differentiation of the hypoechoic mus-
cle and the hyperechoic nerve is easy, whereas the differen-
tiation of the hyperechoic borders of the nerve and the also 
hyperechoic fascia layers on top can be diffi cult. Tilting the 
probe to direct the ultrasound beam perpendicular to the 
femoral nerve infl uences its visibility due to anisotropic 
effects [ 51 ].  

 Textbooks describe these landmarks to be consistent, but 
there are also anatomic variations shown in literature [ 47 , 
 49 ]. It is therefore important to compress the underlying ves-
sels with the ultrasound transducer to differentiate between 
the artery and the vein. Furthermore, the correct position of 
the transducer for a femoral nerve block can be defi ned by 
scanning cephalad along the inguinal crease to the inguinal 
ligament (between the anterior superior iliac spine and the 
pubic tubercle) until the profunda femoris artery disappears 
and the branches of the femoral nerve are visible as a hyper-
echoic fl attened oval structure next to the common femoral 
artery. 

 Figure  59.20  also shows an inguinal lymph node which is 
common in this region. Due to its central hyperechoic 
appearance, it is sometimes interpreted to be a part of a 
nerve. By scanning proximally and distally, the lymph node 
disappears, whereas the continuous structure of a nerve can 
be traced.  

 There are two important artifacts which can infl uence the 
block procedure of the femoral nerve (Fig.  59.21 ).  

 The “lateral shadowing” can delete important information 
of the ultrasound picture and is also able to imitate the pro-
funda femoris artery. The “dorsal enhancement” is able to 
cause confusion by simulating a nonexisting part of the fem-
oral nerve. 

 The femoral nerve block provides anesthesia and analge-
sia in areas supplying the femoral, lateral femoral cutaneous, 
infrapatellar, and saphenous nerves and also provides motor 
innervation to the quadriceps, pectineus, and sartorius mus-
cles. In combination with a proximal sciatic nerve block, it 
provides complete analgesia below the knee joint. The 
patient is placed supine with the leg in the neutral position. 
After skin disinfection and appropriate covering of the trans-
ducer (Fig.  59.22 ) to maintain sterility, the transducer is 
placed along the inguinal region to detect the sonoanatomy 
with its typical landmarks.  

 The block needle can be inserted either in an out-of-plane 
(Fig.  59.22 ) or an in-plane (Fig.  59.23 ) approach by using a 
short-axis imaging.  

 Only for the insertion of a catheter, it has been shown that 
a long-axis in-plane approach results in a slightly faster onset 
of sensory anesthesia [ 48 ]. To reduce the incidence of nee-
dle–nerve contacts during femoral nerve blocks, the equally 
effective in-plane approach is recommended in the latest lit-
erature [ 50 ]. Due to lack of evidence, other authors suggest 
that for ultrasound-guided femoral catheter placement in a 
short-axis nerve imaging, operators should use the needle–
probe alignment technique with which they are most familiar 
[ 46 ]. These recommendations support the fi ndings by 
Michael Barrington describing quality-compromising behav-
ior (QCB) types, especially QCB 1, the advancement of 
needles while not being visualized [ 43 ]. 

 The ultrasound transducer should be a linear probe with a 
higher frequency (10–14 MHz) to be able to detect the super-
fi cial structures in high resolution. In patients with a higher 
body mass index, it can be necessary to use a low-frequency 
(2–5 MHz) curved array probe to achieve a better tissue 
penetration. 

 There are several studies investigating the optimum dose 
of the local anesthetic used for the block procedure [ 53 ,  54 ]. 
It depends on the type and concentration of the used medica-
tion. Some authors recommend to inject the local anesthetic 
around the nerve to achieve the well-known doughnut sign, 
but to date there is no evidence for clinical advantage to 
attempting to deposit LA circumferential to the femoral nerve 
relative to depositing it either above or below the nerve [ 52 ].  

Ultrasound-Guided Femoral Nerve Block
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a b

  Fig. 59.19    ( a ) Femoral nerve ( N ) in the inguinal crease, femoral artery ( A ), and femoral vein ( V ) as landmarks. ( b ) Color Doppler as a confi rma-
tion method (With permission from Jens Kessler)       

  Fig. 59.20    Inguinal lymph node as artifact (With permission from Jens 
Kessler)       

  Fig. 59.21    Artifacts. Lateral shadowing ( red circle ); dorsal enhancement ( yellow circle ) (With permission from Jens Kessler)       
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    Ultrasound Imaging 
for Lumbar Plexus Blocks 

    Jens     Kessler      and     Andrew     T.     Gray       

    Background and Methods 

 Indications for lumbar plexus block include surgery on the 
hip, femur, or knee. The patient position for the procedure 
can be supine, lateral decubitus (with the block side up), or 
prone. Of these positions, prone with a pillow under the 
abdomen is the most stable way to scan the lumbar plexus 
and paravertebral anatomy. Curved arrays will provide a 
broader view than linear arrays but have less scan line den-
sity as a function of depth. Because of the depth of the 
lumbar plexus and the attenuation of soft tissue, a low-
frequency transducer (3–7 MHz) is recommended for 
imaging.  

    Level of the Block Procedure 

 The usual level of the block procedure is at L4–5 intertrans-
verse space. More cephalad levels are not commonly 
approached because the lower poles of the kidneys extend to 
L3 and the psoas muscle is smaller in its mediolateral and 
anteroposterior diameters [ 3 ,  55 ]. Although approach to lum-
bar plexus block at L2–3 has been described [ 56 ], kidney 
injuries have been reported at or near this level [ 39 ]. During 
inspiration the kidneys will descend to a low position, with 
the lower pole of the right kidney slightly inferior to that of 
the left. These observations emphasize the importance of 
accurate level determination. 

 To establish the level of the block procedure, transverse 
process echoes can be traced from the sacrum upward [ 3 ]. 
The height of the intertransverse space averages 25 mm in 
the lumbar region, with the distance from L5 to S1 mark-
edly smaller (about 13 mm). The lumbar roots average from 
5 to 7 cm in mediolateral diameter in adults and exit the 
neuraxis at an angle of about 40° relative to the sagittal 
plane [ 57 ].  

  Fig. 59.22    Clinical setting with ergonomic positioning of the equip-
ment for a femoral nerve block with an out-of-plane approach and a 
short-axis imaging (With permission from Jens Kessler)       

  Fig. 59.23    The in-plane approach with an echogenic needle; the ingui-
nal ligament and the anterior superior iliac spine are marked (With per-
mission from Jens Kessler)       
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    Depth 

 A signifi cant problem with lumbar plexus block is how far to 
advance the needle. If the bone is not contacted and motor 
response not elicited, then there is a serious question of 
whether the needle is lateral to the transverse process or has 
advanced through the psoas muscle deep to the lumbar 
plexus. An additional concern is that the block needle is close 
to midline, risking epidural or subarachnoid placement. 

 The depth of the lumbar plexus ranges from 60 to 100 mm 
in adults of normal body habitus [ 32 ]. This broad range of 
values has led to development of anatomic rules for estimat-
ing the position of the lumbar plexus. The lumbar plexus is 
approximately 2 cm deep to the transverse process of L4 off 
its caudal edge (median value 18 mm for adults of either gen-
der; [ 58 ]). Therefore, if the transverse process is contacted 
with the block needle, this can be used to walk off the caudal 
edge of the bone. Analogously, for thoracic paravertebral 
blocks, it is imperative to locate the transverse process before 
advancing the needle any further to prevent inadvertent pleu-
ral puncture [ 59 ]. Another anatomic rule is for needle 
advancement that the lumbar plexus is located at the junction 
of the posterior third and anterior two thirds of the psoas 
muscle [ 55 ]. The lumbar nerve roots that contribute to the 
lumbar plexus lie 5–6 mm deep to the intertransverse liga-
ment [ 59 ]. If an online technique is utilized (scanning during 
needle placement and injection), it is important to observe 
layering of the injection deep to the transverse process to be 
sure it is deep to the intertransverse muscles.  

    Ultrasound Imaging of Paravertebral Anatomy 

 Just as practitioners of midline or paramedian techniques are 
familiar with the anatomy of the spinous processes, the prac-
titioners of paravertebral and lumbar plexus blocks must be 
familiar with the anatomy of the transverse processes. 
Because the transverse processes cannot be palpated, estima-
tion of their location is inherently more diffi cult. Furthermore, 
patient positioning can substantially change the relation and 
distances of these deep structures. 

 Similar to the way in which sonography can be used to 
estimate the depth and interspace for neuraxial blocks, ultra-
sound can be used to facilitate lumbar plexus block by iden-
tifying acoustic windows around bony structures. Paramedian 
longitudinal imaging planes are preferred for visualization of 
neuraxial structures [ 60 ]. Analogous imaging planes can be 
utilized for paravertebral structures [ 61 ]. 

 Ultrasound can be used to estimate the depth and lateral 
extent of the transverse process for lumbar plexus block 
(Figs.  59.24  and  59.25 ). The bone shadow of the transverse 
process can be recognized by the bright refl ection and distal 
extinction of the sound wave [ 3 ]. High receiver gain can help 
identify the bone shadows deep to the posterior surface of the 
transverse processes. From a practical standpoint, the easiest 
structure to identify is the lateral tip of the transverse process 
(the bone shadow that disappears laterally).   

 Direct imaging of the psoas muscle with ultrasound is 
consistently possible [ 62 ]. The normal muscle has echogenic 
fascial planes that may contain the lumbar plexus [ 31 ,  62 ]. 
The cephalad extent of the origin of the psoas muscle is nor-
mally at the T12 vertebral level. 

 The use of online sonography to guide lumbar plexus 
blocks can be diffi cult for several reasons. First, direct nerve 
imaging has only been consistently reported in pediatric 
patients less than 30 kg [ 63 ]. It has not been possible to visu-
alize the lumbar plexus itself in adults because of the limited 
resolution of 3–7 MHz transducers. Second, the steep angle 
that the block needle must take to approach the lumbar 
plexus (close to perpendicular to the skin) results in poor 
needle tip visibility because backscatter rather than specular 
refl ections are received by the ultrasound transducer [ 64 ]. 
Third, the manual dexterity and sterile precautions required 
for online use adds complexity without much benefi t for this 
procedure. For these reasons, we generally prefer an offl ine 
imaging approach (scanning prior to needle placement) to 
estimate and mark the position of the transverse process and 
psoas muscle (Fig.  59.26 ).   
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  Fig. 59.24    External photograph illustrating the approximate position 
of the ultrasound transducer for imaging prior to lumbar plexus block. 
In this example, the tip of the transverse process will be imaged in 
short-axis view to estimate the position and depth of the lumbar plexus       

  Fig. 59.25    Ultrasound image of the transverse process of L4 and L5 and the underlying psoas muscle. This sonogram was obtained with a curved 
3.5 MHz transducer (Logiq 400 CL, General Electric). Depth markers are 1 cm apart       

  Fig. 59.26    Offl ine puncture with a nerve stimulation needle lateral to 
the tip of the transverse process of L5 after ultrasound scanning       
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    Anatomic Variation and Limitations 

 Ultrasound imaging may be of benefi t in guiding lumbar 
plexus blocks in patients with scoliosis, as it has been for 
neuraxial anesthetics [ 65 – 67 ]. However, the paravertebral 
anatomy of these patients has not been formally studied. The 
accuracy of ultrasonography in correctly identifying lumbar 
interspace levels is in the 71–76 % range for patients under-
going MRI to evaluate the lumbar spine [ 68 ,  69 ]. Lumbosacral 
transitional vertebrae are relatively common. An MRI study 
of 200 patients revealed 24 transitional vertebrae (15 cases 
of sacralization of L5 and nine cases of lumbarization of S1; 
[ 70 ]). Transitional vertebrae are associated with abnormal 
transverse process morphology, including complete or par-
tial fusion to the sacrum [ 71 ]. Near the cephalad end of the 
lumbar region, it is common to have 11 pairs of ribs in the 
absence of associated anomalies; this situation occurs in 
5–8 % of normal individuals [ 72 ]. These anatomic variations 
place limitations on the ability of any imaging modality to 
absolutely determine levels for block procedures.  

    Block Assessment 

 Lumbar plexus blocks can be assessed by testing sensation 
over the medial (L4), middle (L5), and lateral (S1) foot. 
Block of the contralateral side indicates neuraxial distribu-
tion of local anesthetic.  

    Risks 

 Risks of lumbar plexus block include incomplete block [ 73 ], 
inadvertent neuraxial block [ 32 ,  74 ], systemic toxicity [ 35 , 
 75 ], bleeding [ 41 ,  57 ,  76 ,  77 ], infection, and nerve injury. 

 The failure rate of single-injection posterior lumbar 
plexus blocks is approximately 7 %, depending on the distri-
bution evaluated [ 73 ]. Similarly, paravertebral block failures 
have been reported to be as high as 10 % [ 78 ,  79 ]. 

 There is a substantial incidence of inadvertent neuraxial 
block with lumbar plexus procedures. In particular, epidural 
spread from lumbar plexus injection has been recognized as 
a relatively common event (about 6.5 % of lumbar plexus 
blocks; [ 32 ]). More medial approaches to lumbar plexus 
block are associated with higher incidence of epidural dis-
tributions [ 31 ]. Subarachnoid blocks also are possible [ 74 ]. 

 Because lumbar plexus block usually involves high- 
volume injection through a needle in fi xed position, systemic 
toxicity can be a signifi cant issue. Manifestations of sys-
temic toxicity have included seizures and cardiac arrest [ 35 , 
 75 ]. These concerning outcomes have emphasized the impor-
tance of incremental injection and intermittent aspiration. 

 Serious bleeding complications with lumbar plexus 
blocks include renal subcapsular hematoma and psoas hema-
toma with resultant lumbar plexopathy [ 39 ,  76 ]. Several 

cases of delayed retroperitoneal hematoma have been 
reported after lumbar plexus block when anticoagulation was 
initiated after the block procedure [ 41 ,  77 ]. These cases have 
generated concern as to whether lumbar plexus block is indi-
cated when anticoagulation is anticipated in the postopera-
tive period. 

 The systemic toxicity of local anesthetics is probably 
reduced with ultrasound guidance. The reasons include 
lower volumes of local anesthetic solutions and less vascular 
punctures, and in the event that intravascular injections do 
occur, they are easily recognized with sonography [ 80 ,  81 ]. 
The dynamic feedback from ultrasound during online needle 
placement and injection also may infl uence this risk. Because 
less vascular punctures have been reported when ultrasound 
imaging is utilized, presumably less bleeding complications 
occur. Aberrant distributions of injected local anesthetic 
should be recognized and less likely with low volumes of 
local anesthetic injection. However, with offl ine technique 
the injections will not be visualized and therefore the usual 
precautions for intravascular injection are mandatory. 

 Although the use of ultrasound imaging for lumbar plexus 
block is new, complications already have been reported. 
Subarachnoid placement of a catheter intended for lumbar 
plexus anesthesia occurred when ultrasound imaging and 
nerve stimulation were combined for guidance [ 37 ]. Events 
such as this emphasize limitations with these approaches and 
underscore the continued need for clinical awareness of 
potential complications.  

    Alternatives 

 Lumbar plexus block has compared favorably to other anes-
thetic techniques. Lumbar plexus blocks reduce pain and 
blood loss after major lower extremity procedures compared 
with general anesthesia alone [ 82 ]. Lumbar plexus anesthe-
sia has several advantages over spinal or epidural anesthesia, 
including less hypotension, urinary retention, and bleeding 
issues. Lumbar plexus block provides more extensive anes-
thesia than femoral block, although for some surgical proce-
dures, posterior lumbar plexus blocks offer no advantages 
over three-in-one femoral blocks [ 83 ].  

    Conclusion 

 Ultrasound imaging can be used to guide lumbar plexus 
block in identifying the transverse processes and psoas 
muscle. Although direct nerve imaging can be used for 
guidance for other regional block procedures, this is not 
routinely possible for the lumbar plexus in adults. 
Ultrasound imaging of bony and muscular landmarks 
may be especially useful for patients with spinal defor-
mities or obesity, although suboptimal imaging can 
sometimes be encountered. It is not clear at this time if 
sonographic guidance, which is relatively new, will 
reduce the risks of lumbar plexus block. However, this 
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technology has shown tremendous promise for improv-
ing effi cacy of block procedures and may improve 
safety.      
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         Anatomy 

 The sciatic nerve is the largest peripheral nerve in the human 
body and is a branch of the lumbosacral plexus formed by the 
L4, L5 lumbar nerves and the ventral rami of S1–3 sacral 
nerves [ 30 ] (Fig.  60.1 ). The proximal portion of the sciatic 
nerve runs deep in the gluteal region between the gluteus 
maximus muscle posteriorly and the quadratus femoris, obtu-
rator internus, and gemelli muscles anteriorly [ 18 ] and is 
accompanied by the posterior femoral cutaneous nerve and 
the inferior gluteal artery. The sciatic nerve exits the pelvis 
through the greater sciatic notch, below the piriformis mus-
cle, descending between the ischial tuberosity and greater 
trochanter of the femur [ 26 ]. The sciatic nerve then runs along 

the posterior thigh, anterior to the biceps femoris muscle, and 
bifurcates into the common peroneal nerve and tibial nerve in 
the distal third of the femur [ 14 ]. The level at which the sci-
atic nerve bifurcates is variable and may occur at anywhere 
between the piriformis muscle and the popliteal fossa [ 27 ].  

 The sciatic nerve provides sensory and motor innervation 
to the lower extremity. Its articular branches innervate the 
hip joint through the posterior capsule, the posterior knee 
joint, and the ankle joint [ 14 ,  18 ,  26 ]. Its muscular branches 
innervate muscles in the gluteal area (gluteus maximus, 
medius, and minimus muscles) and the thigh (adductor mag-
nus, long and short heads of biceps femoris, semitendinosus, 
semimembranosus). Distally, the sciatic nerve provides 
innervation to the leg, ankle, and foot.  

Branches of the lumbosacral plexus

Lumbosacral trunk

Superior gluteol
nerve

Inferrior gluteal
nerve

Nerve to
quadratus femoris

Obturator
internus

Pudendal
nerve

L4

L5

S1

S2

S3

S4

S5

C1

Posterior cutaneous
nerve of thigh

Sciatic nerve

  Fig. 60.1    Lumbosacral plexus 
(Figures are reproduced with 
permission of   www.USRA.ca    )       
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    Ultrasound-Guided Block Technique 

 This chapter will limit the description of ultrasound-guided 
sciatic nerve block techniques to approaches in the gluteal, 
infragluteal, and the proximal thigh regions. 

             Gluteal Approach 

    Patient Positioning 
     (a)    Place the patient in the semiprone (Sims) position with 

the hip and knee fl exed and the operative side up.   
   (b)    Identify the greater trochanter (GT) of the femur, the 

posterior superior iliac spine (PSIS), and the sacral hia-
tus (SH) (Fig.  60.2 ).       

    Sonographic Imaging 
     (c)    Sterilize the skin and scan with a low-frequency curvi-

linear 2–5-MHz ultrasound transducer covered by a 
sterile adhesive dressing.   

   (d)    Place the transducer in the transverse plane on the but-
tock at approximately the level of the ischial 
tuberosity.   

   (e)    Optimize the machine setting to capture a short-axis 
view of the sciatic nerve. A depth >4 cm is usually 
required.   

   (f)    Start by moving the transducer cephalad from the ischial 
tuberosity level to identify the internal bony landmark 
ischial bone which casts a wide bony acoustic shadow. 
The most medial aspect of this bone is the ischial spine.   

   (g)    Often another bony landmark, the greater trochanter or 
the hip joint, is seen lateral to the ischial bone.   

   (h)    Next locate the muscular landmarks, the gluteus maxi-
mus muscle (the outer muscle layer) and the superior 
and inferior gemellus muscles (the inner muscle layers) 
that are all superfi cial and posterior to the ischial bone.   

   (i)    The sciatic nerve is expected to be visualized deep 
(anterior) to the gluteus maximus muscle layer and 
superfi cial (posterior) to the superior and inferior 
gemellus muscles as well as the ischial bone.   

   (j)    The sciatic nerve in the gluteal region is usually hyper-
echoic (bright), wide and thin in the cross-sectional 
(short-axis) view (Fig.  60.3 ).    

   (k)    The pulsatile inferior gluteal artery is often visualized 
in close proximity to the sciatic nerve in this region. Use 
color Doppler to confi rm.   

   (l)    It may also be possible to locate the internal pudendal 
vessels (artery and vein) near the ischial spine that are 
signifi cantly medial to the sciatic nerve.   

   (m)    Scan the nerve proximally and distally to follow its 
course and confi rm its identity in both the short-axis and 
long-axis views.        Fig. 60.2    Gluteal approach surface landmarks.  GT  greater trochanter 

of the femur,  PSIS  posterior superior iliac spine,  SH  sacral hiatus 
(Figures are reproduced with permission of   www.USRA.ca    )       

  Fig. 60.3    Gluteal approach sonographic appearance.  Arrow  desig-
nates sciatic nerve.  IB  ischial bone,  GMM  gluteus maximus muscle 
(Figures are reproduced with permission of   www.USRA.ca    )       
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             Needling 
     (n)    Ultrasound-guided gluteal sciatic nerve block is consid-

ered an advanced block technique.   
   (o)    The gluteal sciatic nerve block is amenable to both in- 

plane (IP) and out-of-plane (OOP) approaches. One may 
prefer the OOP approach for blocking this nerve in this 
deep location because the block needle travels the short-
est skin to nerve distance. Also, the OOP approach is 
often used for catheter insertion. For single-shot injec-
tion, following local anesthetic skin infi ltration, an 
80–100-mm 22G insulated block needle is inserted often 
under combined ultrasound and nerve stimulation guid-
ance because ultrasound alone may not always visualize 
accurately the needle tip or nerve location. After obtain-
ing a satisfactory ultrasound and nerve stimulation 
response endpoint, a bolus of local anesthetic, 15–20 mL, 
is injected incrementally for postoperative analgesia. A 
dilute bupivacaine (0.25 % or less) or ropivacaine (0.5 % 
or less) solution is the local anesthetic of choice to 
achieve analgesia without a prolonged foot drop.   

   (p)    For the IP approach, the block needle is advanced in a 
lateral-to-medial direction through the gluteus maximus 
muscle, along the long axis of the transducer, in the 
plane of the ultrasound beam. This allows needle visual-
ization in real-time during needle advancement.   

   (q)    The technical challenge with this block often relates to 
needle-tip visualization which is hampered by the steep 
angle of needle insertion. Hydrolocation, i.e., injecting 
small volumes of local anesthetic (1–2 mL) is recom-
mended to serve as a surrogate marker of the needle-tip 
position.   

   (r)    Another technical challenge is to visualize the nerve in 
short axis since it may appear thin and wide. In this case, 
it is helpful to rotate the transducer 90° to locate the nerve 
in the long-axis view which can show a hyperechoic lon-
gitudinal structure running cephalad and caudad.   

   (s)    Electrical nerve stimulation to elicit twitches in the mus-
cle groups innervated by the tibial nerve and/or peroneal 
nerve further confi rms needle-to-nerve contact.   

   (t)    The ideal endpoint for local anesthetic injection is to 
achieve a circumferential spread pattern around the sciatic 
nerve. Needle-tip position may be adjusted as needed to 
achieve this endpoint. However, it is not always practical 
or possible to deposit local anesthetic deep to the nerve 
and one must be cautious to avoid multiple needle attempts 
and the potential risk of needle trauma to the nerve.   

   (u)    For the OOP approach, the sciatic nerve image is aligned at 
the midpoint of the transducer and the block needle is 
inserted inferior to the transducer to reach the nerve target.   

   (v)    Needle visualization: As in the section “ Gluteal 
approach ” subsection “ Needling ” q, above.   

   (w)    Electric stimulation: As in the section “ Gluteal 
approach ” subsection “ Needling ” s, above.   

   (x)    Injection endpoint: As in the section “ Gluteal approach ” 
subsection “ Needling ” t, above.       

    Subgluteal Approach 

   Patient Positioning 
     (a)    Place the patient in the semiprone (Sims) position with 

the hip and knee fl exed and the operative side up.   
   (b)    Identify the GT of the femur and the ischial tuberosity 

(IT) (Fig.  60.4 ).       

  Fig. 60.4    Infragluteal approach surface landmarks.  GT  greater tro-
chanter of the femur,  IT  ischial tuberosity (Figures are reproduced with 
permission of   www.USRA.ca    )       
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   Sonographic Imaging 
     (c)    Sterilize the skin and scan with a low-frequency curvi-

linear 2–5-MHz ultrasound transducer covered by a ster-
ile adhesive dressing.   

   (d)    Place the transducer oblique over the subgluteal region 
of the buttock to capture a cross-sectional view of the 
sciatic nerve.   

   (e)    Optimize the machine setting to proper depth; 3–4 cm is 
often required.   

   (f)    Identify the internal bony landmarks, the greater tro-
chanter (GT) laterally, and the ischial tuberosity (IT) 
medially.   

   (g)    Identify the muscular landmarks, the gluteus maximus 
muscle (GMM), the outer muscle layer, and the quadra-
tus femoris muscle (QFM), the inner muscle layer.   

   (h)    The sciatic nerve often appears hyperechoic and ellipti-
cal in the subgluteal region. It is expected to be visual-
ized in the fascial plane between the GMM and the QFM 
(Fig.  60.5 ).    

   (i)    The sciatic nerve is also expected to be found between 
the GT laterally and IT medially.   

   (j)    Scan the nerve proximally and distally to follow its 
course and confi rm its identity.   

   (k)    If nerve visualization is diffi cult in the short axis, it is 
helpful to turn the patient prone and scan to visualize the 
sciatic nerve in long axis.      

   Needling 
     (l)    Ultrasound-guided subgluteal sciatic nerve block is 

considered an intermediate level block technique. The 
sciatic nerve in this region is often less deep compared 
to the gluteal and proximal thigh regions.   

   (m)    The subgluteal sciatic nerve block is amenable to both 
in-plane and out-of-plane approaches. The block 
requires a shorter needle, e.g., a 50- or 80-mm 22G 
insulated block needle, and a total volume of 15–20-mL 
volume of local anesthetic is used for postoperative 
analgesia.   

   (n)    Visualization of the sciatic nerve in this region can also 
be challenging because of the required depth of beam 
penetration and the attenuation of ultrasound energy by 
the overlying adipose tissue layers.   

   (o)    Needle visualization: as in the section “ Gluteal 
approach ” subsection “ Needling ” q, above.   

   (p)    Electric stimulation: as in the section “ Gluteal approach ” 
subsection “ Needling ” s, above.   

   (q)    Injection endpoint: as in the section “ Gluteal approach ” 
subsection “ Needling ” t, above. Exercise caution to 
avoid multiple needle attempts and potential nerve 
trauma.       

  Fig. 60.5    Infragluteal approach sonographic appearance.  GMM  glu-
teus maximus muscle,  GT  greater trochanter of the femur,  IT  ischial 
tuberosity,  QFM  quadratus femoris muscle. The sciatic nerve is 
indicated by the  arrow  (Figures are reproduced with permission of 
  www.USRA.ca    )       
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    Proximal Thigh (Anterior) Approach 

   Patient Positioning 
     (a)    Place the patient supine with the hip externally rotated 

and the hip and knee slightly fl exed (Fig.  60.6 ).    
   (b)    The sciatic nerve in the proximal thigh is expected to lie 

between the medial thigh compartment containing the 
adductor muscles (adductor longus, brevis, and magnus 
muscles) and the posterior thigh compartment contain-
ing the biceps femoris muscle.      

   Sonographic Imaging 
     (c)    Sterilize the skin and scan with a low-frequency curvi-

linear 2–5-MHz ultrasound transducer covered by a 
sterile adhesive dressing.   

   (d)    Place the transducer transverse over the proximal thigh, 
approximately 8 cm from the inguinal crease, to capture 
a cross-sectional view of the sciatic nerve (Fig.  60.6 ).   

   (e)    Optimize the machine setting and focus to a depth usu-
ally >6 cm.   

   (f)    Identify the femur, a bony landmark that casts a curved 
hyperechoic outline and an underlying acoustic shadow.   

   (g)    When scanned more proximally (cephalad), the femur 
bone shadow changes from curved to a fl at surface. This 
represents the lesser trochanter of the femur. Aim to visu-
alize the sciatic nerve caudad to the lesser trochanter.   

   (h)    Identify the muscular landmarks, the anterior compart-
ment group of muscles (adductor muscles) medially and 
the muscle in the posterior compartment of the thigh, 
biceps femoris muscle more distally, and the gluteus 
maximus muscle (GMM) more proximally.   

   (i)    Identify the sciatic nerve that is posterior to the femur 
(i.e., the sciatic nerve image is situated farther away 
from the skin than the femur). The nerve is also between 
the adductor muscle group and the posterior GMM 
(more proximally) or the BFM (more distally).   

   (j)    Viewed in short axis, the sciatic nerve in the proximal 
thigh often appears hyperechoic and elliptical (Fig.  60.7 ).    

   (k)    If the femoral bone shadow obstructs the view of the 
sciatic nerve, move the transducer more medially. In 
essence, the transducer is now positioned in an antero-
posterior direction because the hip is externally rotated. 
The sciatic nerve is visualized posterior to the femur.   

   (l)    Scan the nerve proximally and distally to follow its 
course and confi rm its identity.   

   (m)    The sciatic nerve in the proximal thigh may be diffi cult 
to visualize because of the required depth of ultrasound 
beam penetration and the requirement for lower- 
frequency transducer.      

  Fig. 60.6    Anterior approach surface landmarks (Figures are repro-
duced with permission of   www.USRA.ca    )       

  Fig. 60.7    Anterior approach sonographic appearance.  AMM  adductor 
magnus muscles,  GMM  gluteus maximus muscle,  F  femur. The sciatic 
nerve is indicated by the  arrow  (Figures are reproduced with permis-
sion of   www.USRA.ca    )       
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   Needling 
     (n)    Ultrasound-guided sciatic nerve block in the proximal 

thigh is considered an advanced block technique because 
of the required depth of needle insertion.   

   (o)    The sciatic nerve block in this region is amenable to both 
in-plane and out-of-plane approaches and follows the 
same skin sterilization procedure and local anesthetic 
injection volume. A long needle, e.g., a 80–120-mm 
22-G insulated block needle is required depending on 
the size of the thigh.   

   (p)    For the in-plane approach, the needle is advanced in a 
medial-to-lateral, anterior-to-posterior direction, along 
the long axis of the transducer, in the plane of the ultra-
sound beam.   

   (q)    With the hip externally rotated, the femoral neurovascu-
lar bundle is now situated laterally and is far away from 
the path of needle insertion thus unlikely unintentional 
vascular puncture.   

   (r)    Needle visualization: as in the section “ Gluteal approach ” 
subsection “ Needling ” q, above. As steep angle is 
required for needle insertion, needle-tip and shaft visual-
ization is very challenging.   

   (s)    Electric stimulation: as in the section “ Gluteal approach ” 
subsection “ Needling ” s, above.   

   (t)    Injection endpoint: as in the section “ Gluteal approach ” 
subsection “ Needling ” t, above.   

   (u)    For the out-of-plane approach, the sciatic nerve is 
aligned at the midpoint of the transducer and the needle 
is also inserted inferior to the probe.   

   (v)    Similar approach to follow needle-tip position (tissue 
movement and hydrolocation), to confi rm needle-to- 
nerve contact (electrical stimulation), and to inject local 
anesthetic is recommended as for IP approach.        

    Clinical Utility 

 The proximal sciatic nerve block (SNB) can provide analge-
sic benefi ts following several orthopedic procedures, includ-
ing hip arthroplasty [ 6 ], below knee amputation [ 10 ], as well 
as foot and ankle surgery [ 12 ]. Nonetheless, it is most com-
monly used in the setting of total knee arthroplasty (TKA) 
[ 3 ], in combination with femoral nerve block. Though a few 
observational studies suggested that SNB effectively treats 
posterior knee pain following TKA [ 5 ,  28 ], evidence sup-
porting the routine administration of SNB has been weak [ 2 , 
 21 ], and the question of whether SNB should routinely be 
added to femoral nerve block remains unanswered [ 1 ,  17 ]. 
However, additional relevant trials have been published 
recently [ 8 ,  9 ,  15 ,  19 ,  23 – 25 ,  29 ,  31 ], enabling further 
attempts at answering this question. This section of the chap-
ter will quantitatively examine the evidence supporting the 
use of SNB in TKA. 

 We systematically reviewed the literature to investigate 
whether single-shot SNB reduces rest pain at 6 h postopera-
tively. This time point limits the effect of heterogeneity of 
the treatment effect introduced by using local anesthetics of 
varying doses and durations of action in the trials reviewed. 
Furthermore, this time point has been frequently selected to 
assess analgesic outcomes in trials evaluating analgesic 
effects of nerve blocks following TKA [ 2 ,  11 ,  13 ,  21 ]. We 
also assessed the cumulative opioid medications consumed 
during the 0–12-h interval postoperatively. For the purpose 
of this chapter, pain was measured on a visual analog scale 
(VAS; 10-cm scale where 0 = no pain, 10 = worst pain), while 
all opioid medications consumed during the fi rst 12 h post-
operatively were converted into equianalgesic doses of intra-
venous (IV) morphine [ 7 ]. 

Clinical Utility
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 A total of fi ve randomized controlled trials published 
between 1998 and 2014 addressed this question [ 4 ,  9 ,  16 ,  23 , 
 29 ]. Data relating to a total of 256 patients were available for 
analysis: 129 patients in the SNB group and 127 in the control 
group. Both groups received femoral nerve block. Data relating 
to postoperative rest pain at 6 h were available from four trials 
[ 4 ,  16 ,  23 ,  29 ]. Compared to control, SNB reduced rest pain 
VAS scores at 6 h postoperatively by 1.38 cm [−2.48, −0.27] 
( P  = 0.01) (Fig.  60.8 ). Additionally, data relating to postopera-
tive morphine equivalent consumption during the 0–12-h inter-
val were available from four trials [ 4 ,  16 ,  23 ,  29 ]. Compared to 
control, SNB reduced the postoperative IV morphine equiva-
lent consumption by 7.32 mg [−14.09, −0.54], ( P  = 0.03) dur-
ing the 0–12-h interval postoperatively (Fig.  60.9 ).   

 This quantitative review of evidence suggests that adding 
single-shot SNB to a femoral nerve block improves analge-
sia following TKA by reducing rest pain severity for at least 
6 h and decreasing the 0–12-h postoperative opioid con-
sumption. These results contradict earlier evidence pro-
vided by two meta-analyses [ 21 ,  13 ], as well as two 
systematic reviews [ 2 ,  11 ], which concluded that adding 
SNB to femoral nerve block in patients undergoing TKA 
was not associated with additional benefi ts. Though not 
included in this analysis, using a catheter-based infusion 
seems to prolong the SNB benefi ts observed [ 22 ,  20 ]. 
Despite these benefi ts, earlier concerns regarding SNB-
related injury, surgical injury, and delayed mobilization still 
apply [ 1 ,  17 ].     
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  Fig. 60.8    Rest pain at 6-h forest plot. The sample size, mean, standard 
deviations, and the pooled estimates of the mean difference are shown. 
The 95 % CIs are shown as  lines  for individual studies and as  diamonds  

for pooled estimates (Figures are reproduced with permission of   www.
USRA.ca    )       
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       Traditional Techniques 

     1.     Classic dorsal transgluteal technique (Labat technique)    
   2.     Proximal thigh (anterior technique)    
   3.     Subgluteal block      

    Defi nition 

 Block of the largest of the four nerves supplying the leg at 
the lower end of the lumbosacral plexus, after it exits from 
the greater sciatic foramen or infrapiriform foramen.  

    Anatomy 

 The sciatic nerve arises from the ventral branches of the spi-
nal nerves from L4 to S3. Exiting from the pelvic cavity at 
the lower edge of the piriformis muscle (in about 2 % of indi-
viduals, the nerve pierces the piriformis) (Fig.  61.1b ), its 
16–20-mm-thick trunk runs between the ischial tuberosity 
and the greater trochanter; turns downward over the gemelli, 
the obturator internus tendon, and the quadratus femoris, 
which separate it from the hip joint; and leaves the buttock to 
enter the thigh beneath the lower border of the gluteus maxi-
mus (Figs.  61.1a, b  and  61.2 ).   

a b
  Fig. 61.1    Anatomy of the 
sciatic nerve. ( a ) ( 1 ) Sciatic 
nerve, ( 2 ) posterior femoral 
cutaneous nerve, ( 3 ) piriformis 
muscle, ( 4 ) tibial nerve, ( 5 ) 
common peroneal (fi bular) nerve 
(Reproduced with permission 
from Danilo Jankovic). ( b ) ( 1 ) 
Sciatic nerve, ( 2 ) posterior 
cutaneous femoris nerve, ( 3 ) 
infrapiriform foramen with 
sciatic nerve and gluteal inferior 
nerve,( 4 ) piriformis muscle 
(Reproduced with permission 
from Danilo Jankovic)       
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 Distal to this, the nerve lies on the posterior surface of the 
adductor magnus muscle, where it is covered by the fl exor 
muscle originating from the ischial tuberosity and thus 
extends as far as the popliteal fossa (Fig.  61.2 ). Here it lies 
slightly laterally and above the popliteal vein and artery, with 
thick popliteal fascia overlying it. At the proximal end of the 
popliteal fossa, the nerve usually divides into the thicker 
tibial nerve, which continues the trunk and the smaller com-
mon peroneal (fi bular) nerve (Fig.  61.1 ). 

 The sensory branches of the nerve innervate the dorsal 
thigh, the dorsolateral lower leg, and lateral half of the foot, 
the hip, and knee joint, as well as the femur. 

 Its muscular branches are responsible for supplying the 
biceps femoris, semimembranosus, semitendinosus, and 
adductor magnus muscles.  

    Indications 

    Surgical 
•     Superfi cial procedures in the innervated area.  
•   Carrying out surgical procedures in the region of the 

lower extremity under tourniquet, but in combination 
with a block of the lumbar plexus (“three-in-one” block or 
dorsal psoas compartment block). A need for larger vol-
umes of local anesthetics must be expected (toxicity!).     

    Therapeutic 
 An isolated block of the sciatic nerve is rarely indicated. A 
combination with block of the lumbar plexus or femoral 
nerve is recommended.  

    Block Series 
 A series of six to eight blocks is recommended. When there 
is evidence of improvement in the symptoms, additional 
blocks can also be carried out.   

    Contraindications 

    Specifi c 
•     Infection or hematoma in the injection area  
•   Anticoagulant treatment  
•   Lesion in the nerves to be blocked distal to the injection 

site     

    Relative 
 The decision should be taken after carefully weighing up the 
risks and benefi ts:

•    Hemorrhagic diathesis  
•   Stable central nervous system diseases  
•   Local nerve injury      

  Fig. 61.2    Transversal dissection. ( 1 ) Sciatic nerve, ( 2 ) femur, ( 3 ) vas-
tus lateralis muscle ( 4 ) vastus intermedius muscle, ( 5 ) rectus femoris 
muscle, ( 6 ) semimembranosus muscle, ( 7 ) semitendinosus muscle, ( 8 ) 
adductor brevis muscle, ( 9 ) adductor magnus muscle, ( 10 ) gluteus max-
imus muscle (Reproduced with permission from Danilo Jankovic)       
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    Procedure 

 This block should be carried out by experienced anesthetists 
or under their supervision. Full prior information for the 
patient is mandatory.  

    Preparations 

 Check that the emergency equipment is complete and in 
working order. Sterile precautions, intravenous access, ECG 
monitoring, pulse oximetry, intubation kit, ventilation facili-
ties, emergency medication.  

    Materials 

 Peripheral nerve stimulator 

    Single-Shot Technique 
    Fine 26-G needle, 25 mm long, for local anesthesia.  
  80–100 mm long (120–150 mm for ventral access), short- 

bevel insulated stimulating atraumatic 22-G needle (15°) 
with injection lead (“immobile needle”)     

    Continuous Technique 
    Tuohy set: 102-mm-long 18-G Tuohy needle with catheter 

Catheter kit: 18-G needle (80–110 mm, 15°) with 
catheter.  

  Syringes: 2, 10, and 20 mL.  
  Local anesthetics, disinfectant, swabs, compresses, sterile 

gloves, and drape.       

    Classic Dorsal Transgluteal Technique 
(Labat Technique) 

    Patient Positioning (Fig.  61.3a ) 

    Lateral decubitus, with the leg being blocked on top (Sims 
position). 

 The upper leg is bent at the hip and knee joints and the 
upper knee lies on the table. The lower leg is straight.  

    Landmarks (Fig.  61.3b ) 

 The important landmarks are: the greater trochanter and pos-
terior superior iliac spine (and/or sacral hiatus). The greater 
trochanter and posterior superior iliac spine are located. From 
the midpoint of the connecting line, a line is drawn medially 
and the injection point is marked at 5 cm (Labat line). 

 To check this, another line connecting the greater trochan-
ter and the sacral hiatus is bisected (Winnie line). The two 
points should coincide. 

 Skin prep, local anesthesia, sterile draping, drawing up 
local anesthetic into a 20-mL syringe, checking patency of 
the injection needle and correct functioning of the nerve 
stimulator, attaching the electrodes. 

 Preliminary puncture with a large needle or stylet. 

During the procedure, the biceps femoris, semimem-
branosus and semitendinosus muscles, and the foot 
must be observed.
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a b

  Fig. 61.3    ( a ) Classic dorsal transgluteal technique (positioning) 
(Reproduced with permission from Danilo Jankovic). ( b ) Landmarks. 
( 1 ) Posterior superior iliac spine, ( 2 ) greater trochanter, ( 3 ) sacral hia-

tus, ( 4 ) ischial tuberosity, ( 5 ) sciatic nerve (Reproduced with permis-
sion from Danilo Jankovic)       
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      Injection Technique 

     1.    The injection needle is introduced perpendicular to the 
skin surface (Fig.  61.4 ).  

 Stimulation current of 1 mA at 2 Hz is selected with 
a stimulus duration of 0.1 ms.   

   2.    After about 1–4 cm, there should be direct stimulation of 
the gluteus maximus muscle.   

   3.    At a depth of about 5 cm, contractions of the biceps 
femoris, semimembranosus and semitendinosus mus-
cles are produced (Fig.  61.5 ).    

  Fig. 61.4    The injection needle is introduced perpendicular to the skin 
surface (Reproduced with permission from Danilo Jankovic)       

  Fig. 61.5    Sequence of muscle contractions. ( 1 ) Gluteus maximus 
muscle; ( 2 ) semitendinosus muscle, semimembranosus muscle, biceps 
femoris muscle; ( 3 ) plantar/dorsal fl exion of the foot (Reproduced with 
permission from Danilo Jankovic)       
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   4.    After the needle is advanced further, at a depth of about 
6–8 cm, there is plantar and dorsal fl exion of the foot as 
a response to the stimulus from the tibial or peroneal 
part of the sciatic nerve.   

   5.    Do not advance the needle any further.   
   6.    The stimulation current is reduced to 0.3 mA. Slight 

twitching suggests that the needle is positioned in the 
immediate vicinity of the nerve.   

   7.    Aspiration test.   
   8.    Test dose of 3-mL local anesthetic (e.g., 1 % lidocaine, 

mepivacaine, or prilocaine). During the injection, the 
twitching should slowly disappear.   

   9.    Incremental injection of a local anesthetic (injection–
aspiration after each 3–4 mL).   

   10.    Careful cardiovascular monitoring. 
 The area of anesthesia is shown in Fig.  61.6 .       

    Problem Situations 

•     Bone contact at a depth of 8 cm without visible twitching. 
The injection needle should be withdrawn and the direc-
tion should be altered laterally.  

•   Intraneural positioning:    

 The following signs suggest intraneural positioning of the 
injection needle:

 –    Strong twitching (even at a stimulant current of 0.2 mA).  
 –   No disappearance of the twitching during injection of a 

test dose.  
 –   High resistance and severe pain during the injection.  
 –   The injection must be stopped immediately and the nee-

dle must be withdrawn.    

    Continuous Technique 
 The injection is carried out as in the single-shot technique. 

 An 18-G Tuohy needle 102 mm long and a short-bevel 
stimulating atraumatic needle 110 mm long are usually used 
as stimulation needles. After correct stimulation and aspira-
tion, a test dose is injected. The catheter is then advanced ca. 
3 cm beyond the end of the container, and the stimulation 
needle is slowly withdrawn, while the thumb and index fi n-
ger of the left hand simultaneously hold the catheter at the 
injection site. A bacterial fi lter is then placed, and the cathe-
ter is fi xed with a skin suture and dressing.    

    Anterior Approach 

    Patient Positioning 

 A supine position that is comfortable for the patient, with 
slight outward rotation of the leg being blocked.  

  Fig. 61.6    Cutaneous innervated area of the sciatic nerve (Reproduced 
with permission from Danilo Jankovic)       

 

Anterior Approach
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    Landmarks 

 Important landmarks are the anterior superior iliac spine, 
pubic tubercle, and greater trochanter. Two lines are drawn 
for orientation:

•    A line connecting the anterior superior iliac spine with the 
pubic tubercle, which is marked into thirds.  

•   A second line parallel to the fi rst, from the greater tro-
chanter across the thigh.    

 A perpendicular line is drawn from the intersection of the 
medial and central third of the upper inguinal ligament line 
to the parallel line and marked as the injection point 
(Fig.  61.7a, b ).   

a b

  Fig. 61.7    ( a ) Anterior    approach. Location (diagram). ( 1 ) Anterior 
superior iliac spine, ( 2 ) greater trochanter, ( 3 ) injection site, ( 4 ) pubic 
tubercle, ( 5 ) sciatic nerve (Reproduced with permission from Danilo 

Jankovic). ( b ) Location (in patient) (Reproduced with permission from 
Danilo Jankovic)       
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    Injection Technique 

 A 22-G (15°) short-bevel insulated stimulating atraumatic 
needle 120–150 mm long, with an injection lead, is advanced 
perpendicular to the skin until bone contact is made with the 
femur. The needle is then withdrawn slightly and introduced 
about 5 cm deeper, past the medial border of the femur. 

 The correct needle position is confi rmed when paresthe-
sias or twitches are produced during electrostimulation. 
After aspiration and administration of a test dose, incremen-
tal injection of a local anesthetic is carried out.   

    Subgluteal Access Route (Di Benedetto–
Borghi Approach) 

 Battista Borghi 

 The subgluteal block of the sciatic nerve has the advantage 
over the classic posterior transgluteal technique in that it is 
less stressful to the patient during the procedure, as the sci-
atic nerve has a more superfi cial course in the subgluteal 
region than in the gluteal region. This access route also 
makes it easier to place and fi x a catheter for postoperative 
analgesia. 

    Procedure       

    Patient Positioning 

 Lateral decubitus, with the leg being blocked on top (Sims 
position; Fig.  61.3a ).  

Subgluteal Access Route (Di Benedetto–Borghi Approach)
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    Landmarks 

 From the midpoint of a line connecting the greater trochanter 
and the ischial tuberosity, a second line is drawn to the upper 
edge of the popliteal fossa (known as the “sciatic line”). The 
injection site is located ca. 3–4 cm caudal to this (Fig.  61.8 ). 
If the patient is lying in the Sims position, for easier guid-
ance, one can palpate a groove along this line between the 
semitendinosus muscle and the biceps femoris muscle,  

      Preparations 

 Skin prep, local anesthesia, sterile draping, drawing up local 
anesthetic, checking the patency of the injection needle and 
correct functioning of the nerve stimulator, attaching the 
electrodes.  

    Injection 

 Preliminary puncture with a large needle or stylet. 

  An injection needle ca. 50 (80) mm long is introduced 
perpendicular to the skin (Fig.  61.9a ). Stimulation current is 
applied at 1–1.5 mA at 2 Hz with a stimulus duration 0.1 ms. 
At a depth of ca. 4 cm, plantar fl exion and dorsifl exion of the 
foot occur in response to the stimulation of the tibial or pero-
neal parts of the sciatic nerve. The needle should not be 
advanced any further. The stimulation current is reduced to 
0.3 mA. Slight twitching indicates that the stimulation nee-
dle is located in the immediate vicinity of the nerve. After an 
aspiration test, a test dose (e.g. 3 mL 1 % prilocaine) is 
injected and incremental injection of the local anesthetic 
follows.  

In this technique, the distance between the skin and the 
sciatic nerve is shorter (4.7 cm) than in Labat’s classic 
transgluteal access route (6.7 cm). During the procedure, the biceps femoris, semimem-

branosus and semitendinosus muscles, and the foot 
must be observed.

  Fig. 61.8    Subgluteal approach. Landmarks.  GT  greater trochanter,  TI  
ischial tuberosity,  LS  sciatic line,  TMBF  tendon of the biceps femoris 
muscle (Reproduced with permission from Battista Borghi)       
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a b

c

  Fig. 61.9    ( a ) Introducing the needle (Reproduced with permission from Battista Borghi). ( b ) Introducing the catheter (Reproduced with permis-
sion from Battista Borghi). ( c ) Fixing the catheter and placing a bacterial fi lter (Reproduced with permission from Battista Borghi)       

 

Subgluteal Access Route (Di Benedetto–Borghi Approach)
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    Continuous Subgluteal Block of the Sciatic Nerve 
 After skin prep, an adhesive sterile transparent drape with a 
hole is applied.

  Materials 

  Tuohy continuous set: 52 (102)-mm-long 18-G Tuohy nee-
dle with a catheter  

  Catheter kit: 18-G short-bevel insulated atraumatic needle 
80–110 mm (15°) long with a catheter      

    Injection 

 The injection is carried out as in the single-shot technique. 
After injection of 5 mL 0.9 % saline, the catheter is intro-
duced through the already positioned needle. The catheter is 
advanced ca. 3–4 cm beyond the end of the needle or cannula 
(Fig.  61.9b ). After removal of the needle or cannula, fi xing 
of the catheter and placement of a bacterial fi lter (Fig.  61.9c ), 
after careful aspiration, and injection of a test dose, bolus 
administration of the local anesthetic is  carried out.  

    Dosage 

    Surgical 
 30–40-mL local anesthetic – e.g., 0.5–0.75 % ropivacaine, 
0.5 % bupivacaine (0.5 % levobupivacaine), 1 % prilocaine, 
1 % mepivacaine. 

 A combination of long-duration and medium-duration 
local anesthetics has proved particularly useful for surgical 
indications.  

    Continuous Administration 
    0.2–0.375 % ropivacaine  
  5–15 mL/h (max. 37.5 mg/h)  
  Alternatively, as a bolus dose: 0.2–0.375 % ropivacaine, 

10–30 mL     

    Subgluteal Access 
    Patient-controlled analgesia (PCA): baseline rate of 4 mL/h 

0.4 % ropivacaine, 0.25 % levobupivacaine, and 0.25 % 
bupivacaine  

  Bolus dose of 2 mL  
  Lockout time 10 min     

    Therapeutic 
 10–20-mL local anesthetic – e.g., 0.2–0.375 % ropivacaine, 
0.125–0.25 % bupivacaine   

    Complications 

 Complications are rare, but possible:

•    Nerve injury,  
•   Intravascular injection  
•   CNS toxicity  
•   Infection in the area of the injection  
•   Hematoma formation    
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Record and checklist
Lumbosacral plexus and individual nerves in the plexus

Block no. Right Left

Name:

Diagnosis:

Premedication:

Neurological abnormalities:

No

Date:

Injection:

Local anesthetic:

Nerve area:

Addition to LA

(in incremental doses)

Yes

No Yes

Purpose of block:

Needle:

i.v. access:

Monitoring:

Ventilation facilities:

Emergency equipment (drugs):

G Other15°

Patient: Informed (behavior after block)

Yes

Yes (equipment checked)

ECG Pulse oximetry

30°

Diagnostic

Location technique: Electrostimulation Other

Surgical

Length cm

Therapeutic

Checked

Approach: In-plane Out of plane

mL

%

Plexus (nerve): Located Aspiration test Test dose

Ultrasound- guided Transducer Linear Curved

Inguinal “3-in-one" block

Sciatic nerve

Dorsal psoas compartmt. block

Obturator nerve Ilioinguinal nerve / hypogastric nerve

Sciatic nerve Femoral nerve Lateral cutaneous nerve of thigh

Injection: Inguinal “3-in-one” block Dorsal psoas compartment block

Position: Prone Lateral recumbent Sims-Position Sitting

mL Femoral nerve

mg/mg

Obturator nerve Ilioinguinal nerve/hypogastric nerve

Lateral cutaneous nerve of

thigh

mL

mL

mL

mL mLmL

None Paresthesias Warmth Pain (intraneural position?)

Patient’s remarks during injection:

Objective block effect after 15 min:
Cold test Temperature measurement before after

Sensorimotor function checked

°C °C

Sensory Motor

Time of discharge:

< 1 h > 1 hMonitoring after block:

None

Complications:

Subjective effects of the block:

Hematoma Neurological complications Other

Duration:

Intravascular injection Signs of intoxication

None Increased pain Reduced pain Relief of pain

Special notes:

With permission from Danilo Jankovic
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          Introduction 

 The popliteal sciatic nerve block is a well-established and 
popular technique of peripheral nerve blockade in the lower 
limb. It is a versatile block in that it may be performed in 
varying patient positions (prone, lateral, or supine) and using 
different approaches (lateral to medial, posterior to anterior). 
The landmark-guided technique uses neurostimulation to 
locate the nerves and is both effective and easy to perform. 
The advent of ultrasound imaging though has both revolu-
tionized our approach to the popliteal sciatic nerve block [ 1 ] 
and enhanced our understanding of neural anatomy. In par-
ticular, the concept of a paraneural sheath in this region is 
now well accepted [ 2 ,  3 ] and has changed the way we think 
about “intraneural” and “extraneural” injections [ 4 ].  

    Indications 

•     Anesthesia or analgesia of the lower limb below the knee, 
except the medial aspect of the calf/ankle/foot which is 
supplied by the saphenous nerve  

•   Anesthesia or analgesia of the posterior aspect of the knee  
•   Notes

 –    The primary advantage over a more proximal sciatic 
nerve block is preservation of the ability to fl ex at the 
knee, which allows more mobility, e.g., ambulation 
with crutches.  

 –   If immediate postoperative ambulation is anticipated, 
the patient will require a surgical boot or cast to over-
come the issue of foot drop.  

 –   The popliteal block must be combined with a saphe-
nous nerve block for complete sensory block of the 
lower leg and foot.  

 –   Additional provisions for anesthesia will have to be 
made if a thigh tourniquet is to be used during surgery, 
i.e., general anesthesia or neuraxial block.  

 –   Heel protection with soft padding during the duration 
of the block is essential to avoid the development of a 
pressure sore.        

    Contraindications 

•     Absolute
 –    There are no absolute contraindications specifi c to this 

block. Generic contraindications such as patient 
refusal, allergy to local anesthetics, and local infection 
at the site of injection apply as usual.     

•   Relative
 –    Preexisting neuropathy in the distribution of the sciatic 

nerve.  
 –   Traumatic injuries of the lower leg where there is a 

concern of compartment syndrome. This may be over-
come by adequate postoperative monitoring for clini-
cal features of compartment syndrome other than 
patient-reported pain.  

 –   Coagulation abnormalities are not a signifi cant con-
traindication. The use of ultrasound should prevent 
vascular puncture. There are no major blood vessels 
in the immediate vicinity of the target nerves (the 
popliteal artery and vein are usually more than 2 cm 
anterior to the nerves at the level of injection) that 
are at risk during the landmark-guided approach. It 
can however be a deep block that traverses muscle 
(biceps femoris) when performed at the mid-thigh 
level.       
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     Clinical Anatomy of the Sciatic Nerve 
in the Popliteal Fossa 

 The sciatic nerve (L4, 5, S1–3) is the largest nerve in the body 
and exits the pelvis as a structure consisting of two nerve 
bundles: the more medially placed tibial nerve and the com-
mon peroneal (fi bular) nerve lying laterally. These two bun-
dles are enclosed within a common paraneural sheath [ 3 ,  5 ]. 
At its origin, it is broad and fl at, but as it passes peripherally, 
it becomes more rounded. The branching of this sciatic nerve 
bundle into the two separate nerves occurs at a variable loca-
tion during its course in the posterior aspect of the thigh, but 
it has usually occurred within 8–10 cm of the popliteal crease. 

 The popliteal fossa is a closely packed compartment 
through which all of the nerves and vessels pass from the 
thigh to the leg posteriorly. The biceps femoris muscle 
forms the upper lateral border. The upper medial border is 
formed by the muscle of semimembranosus and by the ten-
don of the semitendinosus (Anatomy Fig.  62.1 ). Appearing 
from between the biceps femoris and semimembranosus 
are the two heads of gastrocnemius, which form the lower 
medial and lateral muscular borders of the fossa. Within the 
popliteal fossa are the popliteal artery (which terminates as 
the anterior and posterior tibial arteries), popliteal vein, 
and the tibial and common peroneal nerves (Anatomy 
Fig.  62.2 ).   

  Fig. 62.1    Tibial and common peroneal (fi bular) nerve in the popliteal 
area. ( 1 ) Iliotibial tract, ( 2 ) biceps femoris muscle, ( 3 ) semimembrano-
sus muscle, ( 4 ) semitendinosus muscle, ( 5 ) gracilis muscle, ( 6 ) sarto-
rius muscle, ( 7 ) gastrocnemius muscle, ( 8 ) common peroneal(fi bular) 
nerve, ( 9 ) tibial nerve, ( 10 ) lateral sural cutaneous nerve (originates 
from peroneal nerve), ( 11 ) medial sural cutaneous nerve (originates 
from tibial nerve) (With permission from Danilo Jankovic)       

  Fig. 62.2    Tibial and common peroneal (fi bular) nerve in the popliteal 
fossa. ( 1 ) Tibial nerve, ( 2 ) common peroneal (fi bular) nerve, ( 3 ) popli-
teal artery, ( 4 ) popliteal vein (With permission from Danilo Jankovic)       
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    Tibial Nerve 

 The tibial nerve is the larger of the two sciatic divisions, 
being almost twice as thick as the common peroneal (fi bular) 
nerve. It traverses the popliteal fossa lying posterior and 
slightly lateral to the popliteal vessels. 

 It then passes between the two heads of the gastrocnemius 
muscle to the upper edge of the soleus muscle, giving off the 
medial sural cutaneous nerve which unites with the lateral 
sural cutaneous nerve (a branch of the common peroneal 
nerve) to form the sural nerve. The tibial nerve continues 
distally between the posterior tibial muscle and the soleus 
muscle and runs together with the posterior tibial artery 
through the calf musculature, between the medial malleolus 
and the calcaneus, and to the medial side of the foot joint 
(Anatomy Fig.  62.3 ). It divides into its two end branches, the 
medial and lateral plantar nerves, behind the medial malleo-
lus. These pass under the fl exor retinaculum to the sole of the 
foot and provide it with its sensory innervation.   

    Common Peroneal (Fibular) Nerve 

 After separating from the tibial nerve, the common peroneal 
(fi bular) nerve runs along the medial edge of the biceps fem-
oris muscle over the lateral head of the gastrocnemius mus-
cle to the lateral angle of the popliteal fossa. At the neck of 
the fi bula, it passes to the lateral surface of the bone. Before 
entering the peroneus longus muscle, which originates here, 
it divides into the superfi cial peroneal nerve (which is mainly 
sensory innervation of the foot) and the deep peroneal nerve 
(mainly motor innervation of the foot). 

 Up to the point at which it divides, its small branches sup-
ply the short head of the biceps femoris muscle, the lateral 
and posterior parts of the joint capsule, and the tibiofi bular 
joint. 

 The common peroneal nerve also gives off the lateral 
sural cutaneous nerve (Anatomy Fig.  62.1 ). The anterior 
branch of the lateral sural cutaneous nerve runs subcutane-
ously on the lateral surface of the lower leg as far as the lat-
eral malleolus and supplies sensory innervation to the 
posterior and lateral aspects of the lower leg. Its posterior 
branch unites with the medial sural cutaneous nerve (branch 
of the tibial nerve) in the middle of the lower leg to form the 
sural nerve, although it can also occasionally continue as a 
separate branch as far as the lateral malleolus.   

  Fig. 62.3    The course of the tibial nerve through the leg and foot. It 
runs with the posterior tibial artery through the calf to lie behind the 
medial malleolus, where it divides into the medial and lateral plantar 
nerves. ( 1 ) Tibial nerve, ( 2 ) posterior tibial vein, ( 3 ) posterior tibial 
artery, ( 4 ) gastrocnemius muscle (With permission from Danilo 
Jankovic)       
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    Sonoanatomy of the Sciatic Nerve 
in the Popliteal Fossa 

 The sciatic nerve is imaged by placing the ultrasound probe 
in a transverse orientation on the posterior aspect of the 
patient’s leg, in the popliteal fossa (Sonoanatomy Figs.  62.4  
and  62.5 ). It is recommended that a systematic scan be per-
formed starting at the level of the popliteal skin crease (where 
structures are most superfi cial) and moving proximally or 
cephalad (the traceback approach) [ 6 ]. On the lateral aspect 
of the image, the muscle bulk is made up of biceps femoris, 
and medially, the muscles of semitendinosus and semimem-

branosus (Sonoanatomy Fig.  62.6 ). The popliteal vessels are 
identifi ed as dark hypoechoic circular structures and can be 
distinguished by the fact that the artery is pulsatile and the 
vein is compressible. Color Doppler can also be used for 
additional confi rmation (Sonoanatomy Fig.  62.7 ). The 
hyperechoic tibial nerve is located superfi cial (posterior) to 
the popliteal vessels and is most commonly lateral to the 
vein. As the probe is moved proximally, the smaller common 
peroneal (fi bular) nerve will be seen to move from the lateral 
aspect of the thigh toward the midline to join the tibial nerve 
to form the sciatic nerve within a common (paraneural) 
sheath (Sonoanatomy Fig.  62.8 ).      

  Fig. 62.4    Ultrasound probe position in the popliteal fossa with the 
patient in the supine position (With permission from Dr. Ki Jinn Chin)       

  Fig. 62.5    Ultrasound probe position in the popliteal fossa with the 
patient in the prone position (With permission from Dr. Ki Jinn Chin)       
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  Fig. 62.6    Transverse view of the popliteal fossa and associated struc-
tures. The tibial nerve ( TN ) is located superfi cial to the popliteal artery 
( PA ) and vein ( PV ). The common peroneal nerve ( CPN ) is visible lat-
eral to the tibial nerve.  BFM  biceps femoris muscle,  STM  semimembra-
nosus muscle,  SMM  semimembranosus muscle (With permission from 
Dr. Ki Jinn Chin)       

  Fig. 62.7    Color Doppler may be used to help identify the popliteal 
vein ( upper image ) and artery ( lower image ) (With permission from 
Dr. Ki Jinn Chin)        
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a b

c d

  Fig. 62.8    Scanning the sciatic nerve in the popliteal fossa from distal 
to proximal using the traceback method. The positions of the ultrasound 
in Figs.  a  to    d  correspond to the positions indicated in the fi gure on the 
right side. The tibial nerve (nerve on the  right side ) and common pero-

neal nerve (nerve on the  left side ) of the sciatic nerve will be seen to 
approach each other and join within a common sheath (With permis-
sion from Dr. Ki Jinn Chin)       
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    Clinical Pearls for Optimal Imaging 
of the Popliteal Sciatic Nerve 

•     The neural structures are often more laterally positioned 
in the popliteal fossa than initially anticipated; bear this in 
mind with initial probe placement.  

•   Use color Doppler to identify the popliteal vessels. Use 
minimal pressure initially to ensure that the popliteal vein 
is not occluded.  

•   The traceback method allows you to identify the point at 
which the common peroneal (fi bular) nerve unites with 
the tibial nerve to form the common sciatic nerve. 
Blockade at this point is ideal.  

•   The tibial and common peroneal (fi bular) nerves rarely lie 
in a parallel plane to the skin surface and are therefore 
usually poorly visible if the ultrasound probe is placed 
perpendicular to the skin surface. The probe will need to 
be tilted (often in a plantar direction) to a varying degree 
to increase the echogenicity and visibility of the nerves (a 
phenomenon known as anisotropy).      

    Technique: Landmark-Guided Approach 
(Single Shot) 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation  
•   Sterile gloves and drapes  
•   Short-beveled 22-G block needle with extension tubing

 –    50–80 mm (posterior approach)  
 –   80–100-mm needle (lateral approach)     

•   Local anesthetic of choice in 10- or 20-ml syringes  
•   Lidocaine 1–2 % in 3-ml syringe with a 25–27-G hypoder-

mic needle for skin infi ltration (at operator’s discretion)  
•   Equipment and supplies for managing life-threatening 

acute complications, including intralipid for local 
 anesthetic systemic toxicity  

•   Drugs for intravenous sedation during the block 
(at operator’s discretion)     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the 

insensate limb and managing the transition to systemic 
analgesia.  

•   Establish intravenous access, supplemental oxygen 
 delivery, and standard monitors (ECG, noninvasive blood 
pressure, pulse oximetry).  

•   Perform a time-out to confi rm patient identity and site and 
side of surgery.     

    Block Performance 

 There are two main landmark-guided approaches that may 
be used.

    1.    The posterior popliteal block   
   2.    The lateral popliteal block     

    Landmark-Guided Popliteal Nerve Block: Posterior 
Approach 
   Patient Position 
•     The patient is placed prone with little to no fl exion at the 

knees and in a neutral position—internal or external rota-
tion at the hips should be avoided. This is done by placing 
a small soft roll under the ankles or by allowing the feet to 
dangle off the foot of the bed.  

•   A right-handed operator should always stand on the left 
side of the patient, to allow use of the dominant hand for 
needling, and vice versa.     
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   Surface Landmarks 
•     Different methods of determining the appropriate needle 

insertion point have been described [ 7 ], but all are based 
upon the principle of targeting the sciatic nerve in the 
mid-thigh, proximal to its bifurcation into tibial and pero-
neal nerves.  

•   The modifi ed intertendinous approach [ 7 ] (LMG 
Fig.  62.9 ): 
 –    Palpate the upper (cephalad) borders of the popliteal 

fossa, which are formed by the tendons and muscle 
bellies of the semimembranosus and semitendinosus 
(medial) and the biceps femoris (lateral). Identifi cation 
of these landmarks can be facilitated by asking the 
patient to fl ex their knee against resistance.  

 –   Trace the borders to where they meet at the apex of the 
popliteal fossa—this is the site of needle insertion.     

•   Alternative method (LMG Fig.  62.9 ):
 –    Draw a transverse line between the lateral and medial 

epicondyles of the femur and mark its midpoint.  
 –   From a point 1 cm lateral to the midpoint of this fi rst 

line, draw a second line perpendicular to the fi rst one, 
extending 5–7 cm in a cephalad direction—this is the 
site of needle insertion.        

  Fig. 62.9    Surface landmarks for the posterior approach to the popliteal 
nerve block. A transverse line between the lateral and medial epicon-
dyles of the femur (corresponding approximately to the popliteal 
crease) is drawn and its midpoint marked. The upper borders of the 
popliteal fossa, formed by semimembranosus ( SM ), semitendinosus 
( ST ), and biceps femoris ( BF ) muscles, are palpated and marked. There 
are two possible insertion points: (1) at the apex of the popliteal fossa 
(the modifi ed intertendinous approach) or (2) at a point 5–7 cm cepha-
lad and 1 cm lateral to the midpoint of the transverse line between 
femoral epicondyles (With permission from Danilo Jankovic)       
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   Needle Insertion and Injection Technique 
•     Disinfect the skin, drape the area appropriately, prime the 

block needle and tubing with local anesthetic solution, 
and attach a nerve stimulator at an initial current setting of 
1–2 mA, pulse duration of 0.1–0.3 ms, and frequency of 
1–2 Hz.  

•   Fixing the skin over the skin insertion point with the sec-
ond and third fi ngers of the nondominant hand, insert a 
50–80-mm block needle at a 45–60° angle in a cephalad 
direction and parallel to the long axis of the leg (LMG 
Fig.  62.10 ).   

•   Advance the needle slowly and steadily until plantar fl ex-
ion and inversion (tibial nerve, medial aspect of sciatic 
nerve) or dorsifl exion and eversion (peroneal nerve, lat-
eral aspect) of the foot is obtained at a current threshold of 
0.3–0.5 mA.  

•   Incremental injection of local anesthetic is performed 
with intermittent aspiration to exclude intravascular 
injection.  

•   If no motor response is obtained despite inserting the nee-
dle to its full depth, the needle should be withdrawn to the 
skin and redirected in a slightly medial or lateral 
direction.      

    Landmark-Guided Popliteal Nerve Block: Lateral 
Approach 
   Patient Position 
•     The patient is placed supine; the knee may be slightly 

fl exed by placing a soft roll underneath it.  
•   The operator stands on the side of the patient that is to be 

blocked.     

  Fig. 62.10    Needle insertion in the surface landmark-guided posterior 
approach to the popliteal nerve block. The needle is advanced at 45–60° 
angle in a cephalad direction until an appropriate motor response is 
obtained at 0.3–0.5 mA       
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   Surface Landmarks (LMG Fig.  62.11 ) 

•        The groove between the lateral (posterior) edge of vastus 
lateralis and biceps femoris is identifi ed; this can be 
accentuated by asking the patient to extend the knee 
against resistance.  

•   A point in the groove 7 cm proximal to the lateral femoral 
epicondyle is marked—this is the initial needle insertion 
point. Alternatively, a point 8 cm proximal to the popliteal 
crease in the groove can also be used.     

  Fig. 62.11    Surface landmarks for the lateral approach to the popliteal 
nerve block. The intermuscular groove between vastus lateralis ( VL ) 
and biceps femoris ( BF ) muscles is palpated. The needle insertion point 
( red circle ) is in this groove, either 7 cm proximal to the lateral femoral 
epicondyle or 8 cm proximal to the popliteal crease       
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   Needle Insertion and Injection Technique 
•     Disinfect the skin, drape the area appropriately, prime the 

block needle and tubing with local anesthetic solution, 
and attach a nerve stimulator at an initial current setting of 
1.5 mA, pulse duration of 0.1–0.3 ms, and frequency of 
1–2 Hz.  

•   Fixing the skin over the skin insertion point with the sec-
ond and third fi ngers of the nondominant hand, insert an 
80–100-mm block needle perpendicular to the skin in the 
horizontal plane (LMG Fig.  62.12 ).   

•   Advance the needle slowly and steadily until the femur is 
contacted. The depth of insertion is noted—the sciatic 
nerve is expected to lie 1–2 cm deeper, posterior to the 
femur (LMG Fig.  62.13 ).   

a

b

  Fig. 62.12    Needle insertion in the surface landmark-guided lateral 
approach to the popliteal nerve block. The needle is initially advanced 
perpendicular to the skin to contact the femur ( a ) and the depth noted. 
The needle is then withdrawn to the skin and redirected posteriorly 
under the femur ( b ) until an appropriate motor response is obtained at 
0.3–0.5 mA (With permission from Danilo Jankovic)       

  Fig. 62.13    MRI cross section of the thigh indicating the lateral 
approach to the sciatic nerve. The needle is initially advanced perpen-
dicular to the skin to contact the femur, before being redirected posteri-
orly at approximately 30° angle to reach the sciatic nerve.  BF  biceps 
femoris,  RF  rectus femoris,  SM  semimembranosus,  ST  semitendinosus, 
 VI  vastus intermedius,  VL  vastus lateralis,  VM  vastus medialis       
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•   The needle is then withdrawn to the skin and redirected 
approximately 30° posteriorly (downward) and advanced 
posteriorly to (under) the femur until plantar fl exion and 
inversion (tibial nerve, medial aspect of sciatic nerve) or 
dorsifl exion and eversion (peroneal nerve, lateral aspect) of 
the foot is obtained at a current threshold of 0.2–0.5 mA.  

•   Biceps femoris twitches should not be accepted as they 
may represent local muscle stimulation. If the appropriate 
motor response is not obtained within 2 cm of cessation of 
the biceps femoris twitches, it is likely that the nerve has 
been missed and the needle should be withdrawn and 
redirected at a shallower or steeper angle.  

•   Once an appropriate distal motor response has been 
obtained, incremental injection of local anesthetic is per-
formed with intermittent aspiration to exclude intravascu-
lar injection.       

    Continuous Nerve Block Technique 

 This is identical to the single-shot technique except that a 
peripheral nerve block catheter kit is used instead. Either the 
posterior or lateral approach may be used, although the 
authors favor the posterior approach as the catheter is more 
likely to advance within the paraneural sheath along the long 
axis of the nerve. 

 The introducer needle is advanced as described above 
until the desired motor response is obtained. If a stimulating 
catheter is being used, 5–10 ml of 5 % dextrose solution can 
be injected through the introducer needle to distend the para-
neural sheath. This should also result in augmentation of the 
motor response. Injection of other solutions will abolish the 
motor response. 

 The catheter is then advanced 3–5 cm beyond the tip of 
the introducer needle, looking to maintain a motor response 
from the sciatic nerve at current thresholds of at least 0.2 mA 
and up to 0.8–1 mA. The needle is then withdrawn and the 
catheter fi xed in place in the usual manner.   

    Technique: Ultrasound-Guided Approach 
(Single Shot) 

    Required Supplies and Equipment 

•     Disinfectant solution and swabs for skin preparation  
•   Sterile gloves, drapes, and ultrasound probe cover  
•   Linear 38–50-mm, high-frequency ultrasound probe (at 

least 7–13 MHz) and machine  
•   Nerve stimulator (at operator’s discretion)  
•   Short-beveled 22-G block needle with extension tubing

 –    50–80 mm (posterior approach)  
 –   80–100-mm needle (lateral approach)     

•   Local anesthetic of choice in 10- or 20-ml syringes  
•   Lidocaine 1–2 % in a 3-ml syringe with a 25–27-G hypo-

dermic needle for skin infi ltration (at operator’s 
discretion)  

•   Equipment and supplies for managing life-threatening 
acute complications, including intralipid for local anes-
thetic systemic toxicity (LAST)  

•   Drugs for intravenous sedation during the block (at opera-
tor’s discretion)     

    Preparation of Patient 

•     Obtain informed consent for the block.  
•   Explain expected clinical course including care of the 

insensate limb and managing the transition to systemic 
analgesia.  

•   Establish intravenous access, supplemental oxygen deliv-
ery, and monitoring (ECG, noninvasive blood pressure, 
pulse oximetry).  

•   Perform time-out to confi rm patient identity and site and 
side of surgery.     

    Block Performance 

    Patient Position 
 The patient may be placed in 1 of 3 positions:

    1.    Prone position   
   2.    Supine position   
   3.    Lateral position    

•    The prone position is probably the most ergonomic one 
for the operator. The patient is placed prone with little to 
no fl exion at the knees and in a neutral position—internal 
or external rotation at the hips should be avoided. This is 
done by placing a small soft roll under the ankles or by 
allowing the feet to dangle off the foot of the bed.  

•   The supine position is useful if there are hindrances to turn-
ing the patient prone (morbid obesity, leg in a plaster cast, 
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etc.). To allow probe access to the popliteal fossa, the lower 
leg may be elevated by placing a roll or other support (e.g., 
a padded Mayo stand) underneath the calf. The leg may 
also be simply fl exed at the knee, in which case access can 
be further improved by slight internal rotation at the hip.  

•   The lateral decubitus position is a third alternative to the 
prone and supine positions. The operative leg should be 
uppermost and extended at the knee, with padding (e.g., a 
small pillow) placed between the knees for comfort.  

•   Regardless of patient position, attention should be paid to 
ergonomics to ensure the operator, needle, and machine 
are aligned to minimize unnecessary movements during 
the procedure.     

    Probe Position and Image Optimization 
•     Place the probe in a transverse orientation above the 

 popliteal crease to obtain a short-axis view of the  popliteal 
fossa.  

•   Select appropriate depth of fi eld (normally up to 5 cm), 
gain, and focus.  

•   Ensure the orientation marker is correctly positioned.  
•   Use the traceback method described previously to obtain 

a transverse, short-axis view of the sciatic nerve just distal 
to its bifurcation.  

•   Note that with the patient in the supine position, the ultra-
sound image and needle movements will appear inverted 
or “upside down” on the screen relative to the actual 
patient position. The orientation of the image on the 
screen can also be inverted using the machine settings to 
compensate for this, or the operator may choose to men-
tally compensate when redirecting the needle.     

    Needle Insertion and Injection Technique 
•     Disinfect the skin, drape the area appropriately, apply the 

cover to the ultrasound probe, prime the block needle and 
tubing with local anesthetic solution, and, if being used, 
attach a nerve stimulator at an initial current setting of 
0.5–6 mA, pulse duration 0.1–0.3 ms, and frequency of 
1–2 Hz.  

•   The needle can be inserted either in-plane or out-of-plane 
to the ultrasound probe and beam (see below).  

•   If a nerve stimulator is to be used, there should be no 
twitches elicited below 0.2 mA. This helps to exclude 
intraneural needle placement. It may not be necessary to 
reposition the needle just to obtain a minimum current 
threshold (<0.5 mA) if the injectate is clearly observed to 
spread within the paraneural sheath and around the nerves.  

•   The nerves should be carefully observed during injection 
to exclude intraneural injection, which is indicated by an 
increase in their cross-sectional area.    

   Out-of-Plane Needling Technique 
•     The out-of-plane approach may be used with the patient 

in either the prone or lateral position.  
•   Insert the needle perpendicular to the ultrasound probe 

and parallel to the long axis of the nerve (USG Fig.  62.14 ).   

  Fig. 62.14    Out-of-plane needle insertion in the popliteal nerve block 
with the patient in the prone position. As the needle is inserted progres-
sively deeper, the probe must be scanned proximally to track the needle tip 
(With permission from Dr. Ki Jinn Chin)       
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•   The needle can be challenging to visualize with this 
 technique, and at best, it will appear in short axis on the 
screen as a white dot (USG Fig.  62.15 ). However, prog-
ress of the needle tip can usually be easily tracked by tis-
sue movement as it penetrates the various layers.   

•   Care must be taken to distinguish between the shaft and 
the tip of the needle. To aid needle tip identifi cation, small 
“side-to-side” or “jiggling” movements can be made and 
the resultant tissue movement observed to identify the tip.  

•   Small aliquots (0.5–1 ml) of fl uid (5 % dextrose if neuro-
stimulation is being used as it preserves the motor response) 
can be injected to “hydrolocate” the tip of the needle.  

•   The aim is to place the needle tip within the paraneural 
sheath and between the tibial and common peroneal 
 (fi bular) nerves and to observe spread of local anesthetic 
within the sheath. Do not aim directly for the neural 
 structures. Local anesthetic spread within the sheath 
should be observed (USG Fig.  62.15 ).     

  Fig. 62.15    Transverse short-axis view of the common peroneal nerve 
( CPN ) and tibial nerve ( TN ) in the popliteal fossa. The needle has been 
inserted out of plane to the probe and the tip is within the paraneural 
sheath ( dashed arrows ). Injected local anesthetic has distended the 
sheath and has begun to spread around the nerves, outlining them and 
increasing their visibility (With permission from Dr. Ki Jinn Chin)       
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   In-Plane Needling Technique 
•     The in-plane approach may be used with the patient in 

either the prone (USG Fig.  62.16 ), lateral, or supine (USG 
Fig.  62.17 ) position.    

•   The needle is inserted from the lateral aspect of the 
patient’s thigh, either immediately adjacent to the probe 
(USG Fig.  62.16a ) or in the intermuscular groove between 
the biceps femoris and vastus lateralis (USG Fig.  62.16b ). 
The second approach may allow better needle visualiza-
tion as the shaft will be perpendicular to the ultrasound 
beam.  

•   It is essential to constantly visualize the tip of the needle 
as it advances, and small sliding movements of the probe 
should be made as needed to ensure needle-beam 
alignment.  

•   The aim is to place the needle tip within the paraneural 
sheath and between the tibial and common peroneal (fi bu-
lar) nerves and to observe spread of local anesthetic 
within the sheath. Do not aim directly for the neural struc-
tures. Local anesthetic spread within the sheath should be 
observed (USG Fig.  62.18 ).       a

b

  Fig. 62.16    In-plane needle insertion in the popliteal nerve block with 
the patient in prone position. The needle may be inserted ( a ) immediately 
adjacent to the probe or ( b ) in the intermuscular groove between the 
vastus lateralis and biceps femoris. The second approach maximizes 
needle visibility as the shaft will be perpendicular to the ultrasound beam 
(With permission from Dr. Ki Jinn Chin)       

  Fig. 62.17    In-plane needle insertion in the popliteal nerve block with 
the patient in the supine position. The knee has been fl exed and rotated 
slightly inward to facilitate probe placement (With permission from 
Dr. Ki Jinn Chin)       

  Fig. 62.18    Transverse short-axis view of the common peroneal nerve 
( CPN ) and tibial nerve ( TN ) in the popliteal fossa. The needle has been 
inserted in-plane to the probe, and the tip is within the paraneural sheath 
( dashed arrows ) and between the two nerves. Injected local anesthetic 
is spreading within the paraneural sheath and beginning to outline the 
nerves (With permission from Dr. Ki Jinn Chin)       
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    Continuous Nerve Block Technique 
 There are three possible approaches for siting a catheter in 
the popliteal fossa under ultrasound guidance [ 8 ]. 

 These are:

    1.    Needle in plane with the nerve viewed in the short axis   
   2.    Needle out of plane with the nerve viewed in the short 

axis   
   3.    Needle in plane with the nerve viewed in the long axis     

 Even after considerable mastery of ultrasound-guided 
regional anesthesia, it is a challenge to maintain in-plane 
visualization of the needle, nerve, and catheter during the 
procedure [ 8 ,  9 ], so the authors do not recommend using the 
third approach for catheter insertion. 

   Needle in Plane with Nerve Viewed in Short Axis 
 This is identical to the single-shot in-plane technique 
except that a peripheral nerve block catheter kit is used 
instead. Either the posterior or lateral approach may be 
used. 

 The introducer needle is advanced as described above, 
and an initial bolus of either local anesthetic or 5 % dextrose 
solution can be used to distend the paraneural sheath. The 
catheter is then advanced through the introducer needle no 
more than 2–3 cm beyond the tip. The introducer needle is 
then withdrawn. Local anesthetic injection is observed 

through the catheter under ultrasound guidance, and the 
catheter can then be withdrawn slightly if required to achieve 
the optimal position. 

 The catheter is fi xed in place in the usual manner.  

   Needle Out of Plane with Nerve Viewed in Short Axis 
 This is identical to the single-shot out-of-plane technique 
except that a peripheral nerve block catheter kit is used 
instead. Either the posterior or lateral approach may be used, 
though technically, it may be easier to perform with the 
patient in the prone position. This is the authors’ preferred 
technique as the catheter can be advanced further within the 
paraneural sheath along the long axis of the nerve, which 
reduces the risk of dislodgement. 

 The introducer needle is advanced as described above and 
an initial bolus of either local anesthetic or 5 % dextrose 
solution can be used to distend the paraneural sheath. The 
catheter is then advanced through the introducer needle 
3–5 cm beyond the tip. Local anesthetic injection is observed 
through the catheter under ultrasound guidance to confi rm 
optimal position. If necessary, in addition, a proximal scan 
should be able to confi rm perineural catheter placement. The 
introducer needle is withdrawn and the catheter is fi xed in 
place in the usual manner. 

 The areas of cutaneous innervation of the individual 
nerves discussed in this chapter are illustrated in Fig.  62.19 .     

Medial sural cutaneous nerve
(tibial nerve)
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Common
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cutaneous nerve
(sural nerve)

Lateral sural cutaneous nerve
(common peroneal nerve)

Intermediate dorsal cutaneous
nerve
(superficial peroneal nerve)

Lateral dorsal cutaneous nerve
(sural nerve)  Fig. 62.19    Sensory innervation 

areas in the lower leg 
(Reproduced with permission 
from Danilo Jankovic)       
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    Local Anesthetic Dosages 

    Single-Shot Block 
•     A volume of 30–40 ml (0.4–0.5 ml/kg) is generally rec-

ommended for the landmark-guided approach to popliteal 
nerve block [ 7 ,  10 ].  

•   The choice of local anesthetic and concentration depends 
on the desired speed of onset and duration. Commonly 
used local anesthetics include:
 –    A 1:1 mixture of an intermediate-acting local anes-

thetic (e.g., 2 % mepivacaine or lidocaine) and a long- 
acting local anesthetic (e.g., 0.5 % bupivacaine), which 
will have a faster onset than bupivacaine alone and a 
longer duration than lidocaine alone.  

 –   0.25–0.5 % bupivacaine.  
 –   0.5–0.75 % ropivacaine.     

•   Epinephrine may be added in a concentration of 2.5 mcg/
ml as a marker of intravascular injection and to reduce 
systemic vascular absorption.     

    Continuous Popliteal Sciatic Nerve Block 
•     0.2–0.4 % ropivacaine at 4–8 ml/h [ 11 ].  
•   0.125–0.25 % bupivacaine at 4–8 ml/h.  
•   PCA boluses of 2–5 ml may be added if this function is 

available on the infusion pump [ 11 ,  12 ].  
•   Both infusion rates and bolus volumes should be titrated 

to achieve the optimal balance between adequate analge-
sia and an excessively dense sensory and motor block.      

    Complications and Adverse Effects 

•     Complications associated with popliteal nerve block are 
uncommon.  

•   Potential complications are similar to that of any periph-
eral nerve block and include:
 –    Local bruising and pain at the site of needle insertion  
 –   Hematoma formation  
 –   Intravascular injection  
 –   Local anesthetic systemic toxicity (LAST)  
 –   Neurologic injury and defi cit     

•   Patients should be counseled on appropriate care of the 
insensate limb, and in particular the heel should be pro-
tected against pressure injury.         
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         Introduction 

 The adductor canal block (ACB), or more precisely the 
saphenous nerve block in the adductor canal, is a regional 
technique that capitalizes on the anatomic relationship of 
branches of the femoral nerve as they course through the 
adductor canal in order to achieve anesthesia and analgesia 
for lower extremity surgery. While the technique itself is not 
new, the reported analgesic effect and motor-sparing benefi t 
of this block for surgical procedures about the knee has 
recently drawn much attention. 

    Indications 

 Blocking the saphenous nerve as it travels within the adduc-
tor canal may be used in combination with a sciatic nerve 
block to complement anesthesia for various procedures of 
the lower leg. As previously mentioned, the ACB also has 
shown promise in providing anesthesia and analgesia in a 
similar fashion to the traditional femoral nerve block for 
open and arthroscopic procedures on the knee. Either a 
single- shot or continuous technique may be used.  

    Contraindications 

 Relative contraindications for ACB may include prior sur-
gery at the thigh (i.e., vascular or skin grafts), local infection, 
tumor, or preexisting neuropathy.  

    Anatomy (Fig.  63.1a–d ) 

    The adductor canal (canalis adductorius, Hunter’s canal, 
subsartorial canal) is a musculoaponeurotic tunnel in the 
middle third of the thigh, extending from the distal apex of 
the femoral triangle—defi ned by the crossing of the medial 
margin of the adductor longus muscle and the medial margin 
of the sartorius muscle—to the adductor hiatus, an opening 
in the adductor magnus [ 1 ,  2 ]. The muscular boundaries of 
the canal are the sartorius (anterior), vastus medialis (antero-
lateral), and adductor longus/magnus (posteromedial). The 
vastoadductor membrane, which varies in thickness, is a 
continuum of the aponeurotic roof of the canal that covers 
the distal part of the canal [ 3 ]. The canal contains the femoral 
artery and vein, the descending genicular artery and muscu-
lar branches of the femoral artery, the nerve to the vastus 
medialis, and the saphenous nerve. 

 The saphenous nerve is the largest and longest branch of 
the femoral nerve. It is a pure sensory nerve of the medial leg 
distal to the knee and arises from the posterior division of the 
femoral nerve. It courses lateral to the femoral artery in the 
proximal thigh, along the roof of the adductor canal, and 
then crosses anteriorly over the femoral artery to lie medial 
to it in the distal aspect of the canal [ 4 ]. The saphenous nerve 
enters the adductor canal after most of the motor branches of 
the femoral nerve have divided. The exception is the nerve to 
the vastus medialis, a motor nerve that travels with the saphe-
nous nerve in the adductor canal under the sartorius muscle 
and anterolateral to the femoral artery [ 5 ,  6 ]. 

 After entering the adductor canal, the saphenous nerve 
can divide either within the canal or distally in the subsarto-
rial fat [ 7 ]. It gives off the infrapatellar branch and other 
cutaneous branches, which may anastomose with cutaneous 
branches from the obturator nerve and medial cutaneous 
nerve of the thigh to form a subsartorial plexus [ 7 – 9 ]. The 
infrapatellar branch can either run parallel to the saphenous 
nerve or pierce the distal part of the sartorius muscle. The 
saphenous nerve consistently emerges into the subcutaneous 
tissue between the tendons of the sartorius and gracilis mus-
cles [ 10 ,  11 ]. The saphenous nerve travels with the saphe-
nous branch of the descending genicular artery just beneath 
the sartorius muscle [ 12 – 14 ]. This occurs where the femoral 
artery descends through the adductor hiatus into the popliteal 
fossa. 

 The posterior articular branch of the obturator nerve 
either enters the distal part of the adductor canal or pene-
trates the adductor magnus muscle on its way to the posterior 
knee capsule in the popliteal fossa [ 7 – 9 ,  15 ]. This nerve 
branch may contribute to the analgesic effect of the adductor 
canal block for knee surgery. However, the course of the 
nerve in the distal thigh and its relation to the adductor canal 
varies, and the nerve may not have any meaningful clinical 
role following saphenous nerve blocks in the adductor canal. 

 Key Points 

•     Not a defi nitive anesthetic (part of multimodal 
analgesia).  

•   Provides better disposition than femoral block (but 
can still cause some impairment in motor strength).  

•   Optimal location along the adductor canal in the 
thigh is still yet to be established.  

•   Femoral nerve block may be a more shallow alter-
native in morbidly obese patients.  

•   Questions remain and will be the subject of future 
clinical research on the ACB.    
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  Fig. 63.1    ( a ) Dissection of front of thigh and adductor region. ( 1 ) 
Femoral nerve, ( 2 ) femoral artery and vein, ( 3 ) adductor longus muscle, 
( 4 ) saphenous nerve, ( 5 ) adductor magnus muscle, ( 6 ) vastoadductor 
membrane and adductor canal with saphenous nerve and femoral artery 
and vein, ( 7 ) vastus medialis muscle, ( 8 ) vastus lateralis muscle, ( 9 ) 
sartorius muscle (With permission from Danilo Jankovic). ( b ) Cross- 
sectional depiction of the thigh. ( 1 ) Vastus lateralis muscle, ( 2 ) femur, 
( 3 ) biceps femoris (short head), ( 4 ) biceps femoris (long head), ( 5 ) sci-
atic nerve, ( 6 ) adductor muscles, ( 7 ) femoral artery–nerve, ( 8 ) vastoad-

ductor membrane, ( 9 ) saphenous nerve, ( 10 ) sartorius muscle, ( 11 ) 
vastus medialis muscle (With permission from Danilo Jankovic). ( c ) 
Depiction of medial thigh. ( 1 ) Lateral femoral cutaneous nerve, ( 2 ) 
femoral nerve, ( 3 ) saphenous nerve, ( 4 ) obturator nerve, ( 5 ) psoas 
major muscle, ( 6 ) vastus medialis muscle, ( 7 ) adductor longus muscle 
(With permission from Danilo Jankovic). ( d ) Medial view of cadaveric 
thigh. ( 1 ) Saphenous nerve (infrapatellar branch), ( 2 ) superior medial 
and inferior medial genicular arteries (With permission from Danilo 
Jankovic)       
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 Only a few of the nerves of the subsartorial plexus, spe-
cifi cally the saphenous nerve, infrapatellar nerve, and the 
nerve to the vastus medialis muscle, can be identifi ed with 
ultrasound imaging. It is unclear to what extent all the plexus 
or just the saphenous nerve and its branches are involved in 
adductor canal block.  

    Landmarks 

 Based on the aforementioned anatomical defi nition of the 
adductor canal, identifi cation by external surface landmarks 
can prove misleading. To assume that a position halfway 
between the base of the patella and the anterior superior iliac 
spine is within the canal can be erroneous and may mislead 
clinicians to choose a needle entry site proximal to the 
entrance of the canal within the femoral triangle [ 2 ]. Rather, 
the adductor canal may be reliably identifi ed using sono-
graphic landmarks (vastoadductor membrane, sartorius mus-
cle, adductor longus muscle, vastus medialis muscle, and 
femoral vessels; Fig.  63.2 ).  
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  Fig. 63.2    Serial sonograms 
demonstrating adductor canal 
block. Panel ( a ) baseline 
sonogram prior to injection 
(pre-scan). The saphenous nerve 
( long yellow arrow ) lies deep to 
the sartorius muscle ( SM ) and 
hyperechoic vastoadductor 
membrane ( white arrow ) and is 
adjacent to the superfi cial 
femoral artery ( SFA ); adductor 
longus muscle ( AL ). Panel ( b ) 
in-plane approach to adductor 
canal block (the needle is shown 
with  white arrowheads ). Panel 
( c ) distributions after injection 
tracked distally in the thigh 
demonstrating local anesthetic 
surrounding the saphenous ( long 
yellow arrow ) and infrapatellar 
( short yellow arrow ) nerves. 
 VM  vastus medialis       
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 A high-frequency linear ultrasound probe is placed on the 
medial aspect of the thigh using a transverse plane of imag-
ing. The saphenous nerve can be identifi ed in its short axis as 
it courses alongside the femoral artery in the adductor canal. 
As it travels distally in the thigh, the femoral artery, which 
appears immediately posterior to the sartorius muscle, even-
tually “dives” deep and moves away from the muscle plane 
of the sartorius toward the posterior aspect of the thigh where 
it becomes the popliteal artery [ 4 ]. This point is considered 
to be the adductor hiatus and the distal extent of the adductor 
canal.  

    Equipment 

 A standard regional anesthesia tray may include the 
following:

•    Ultrasound machine with linear transducer (8–14 MHz), 
sterile cover, and acoustic coupling gel  

•   A 38-mm 25-gauge needle for skin infi ltration  
•   A syringe containing 5–15 mL of local anesthetic  
•   A 50–70 mm, 22-gauge echogenic needle  
•   Sterile gloves  
•   A standard nerve catheter tray prepared with needle, cath-

eter, and sterile drape (for continuous technique).      

    Suggested Block Technique 

 After placement of routine monitors, peripheral venous 
access, and sedation (if required), the patient is positioned 
supine with the operative leg slightly fl exed at the knee and 
externally rotated; this will facilitate coverage of the saphe-
nous nerve and superfi cial femoral artery by the sartorius 
muscle (Fig.  63.3 ). Sterile skin preparation should always 
occur prior to block.  

 As previously mentioned, ultrasound can be used to guide 
the saphenous nerve block in the adductor canal and any-
where along its course. The choice of approach may be 
somewhat arbitrary—although too proximal, an approach 
can anesthetize motor branches of the femoral nerve, while 
too distal an approach may theoretically risk paresthesia, 
nerve puncture, or nerve entrapment [ 16 – 19 ]. Despite much 
debate regarding the anatomy and nomenclature of the 
adductor canal, present clinical studies have failed to show 
signifi cant differences when comparing various locations and 
approaches to these regional blocks in the thigh [ 16 ,  20 ,  21 ]. 

 A myriad of techniques have been proposed based on 
external vs. internal landmarks, nerve stimulation vs. ultra-
sound, and the amount of total local anesthetic used [ 2 ,  4 ,  16 ]. 
While debate and clinical research is ongoing, this section 
presents a safe and effective approach for blocking the saphe-
nous nerve in the adductor canal. 

  Fig. 63.3    External photography showing ultrasound-guided, in-plane 
approach to adductor canal block in the thigh (Photograph courtesy of 
Adam B. Collins, MD)       
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    Single Injection 

 Place the ultrasound machine on the opposite side of the bed 
so that the block site and display are both in front of the 
operator. Perform the ACB with the sartorius muscle viewed 
in short axis while advancing the needle in the plane of imag-
ing. The needle approach is from the anterior side at a level 
sonographically determined within the adductor canal, typi-
cally with the superfi cial femoral artery directly in the mid-
point and deep to the sartorius muscle (Figs.  63.2  and  63.4 ). 
Because of the relatively steep angle of insertion through the 
sartorius muscle, an echogenic needle is typically selected 
with this approach [ 3 ]. This steep approach may prove prob-
lematic in the morbidly obese patient, in which case the fem-
oral nerve block may be a shallower alternative. However, as 
long as the echogenic vastoadductor membrane is visualized 
sonographically under the posterior border of the sartorius 
muscle, success can usually be achieved with this block. 

 Once through skin and the subcutaneous tissues, the nee-
dle is placed through the sartorius muscle to enter the plane 

deep to the muscle (i.e., transsartorial approach; Fig.  63.4 ). 
There may be a loss of resistance as the needle tip crosses the 
vastoadductor membrane. Local anesthetic is injected within 
this plane, adjacent to the femoral artery. While the bevel of 
the needle initially faces the transducer to improve needle-tip 
visibility, rotating it 180° (bevel down) and advancing the 
needle just above the artery can extend distribution of local 
anesthetic under the sartorius muscle [ 3 ].  

 Another approach to the saphenous nerve involves 
advancing the needle in plane, with a short-axis view, through 
the superfi cial part of the vastus medialis muscle in a lateral-
to- medial direction deep to the sartorius muscle and vastoad-
ductor membrane. This may provide improved needle-tip 
visibility and minimize vascular puncture. The needle tip is 
then placed next to the saphenous nerve and local anesthetic 
injected [ 3 ]. 

 While much of the clinical pharmacology of injection 
volume in relation to onset, duration, and degree of motor 
blockade is still under investigation, volumes of 5–15 mL are 
commonly used for the single-shot ACB.  
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  Fig. 63.4    Serial sonograms 
demonstrating in-plane approach 
to adductor canal block deep to 
the sartorius muscle ( SM ). Panel 
( a ) needle tip in plane for block 
injection ( white arrowheads ). 
Panel ( b ) long- axis view of the 
saphenous nerve ( SN ,  long 
yellow arrows ) after injection 
demonstrating local anesthetic 
tracking along the nerve course 
in the thigh       
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    Continuous Technique 

 The continuous technique is similar to the single-injection 
approach. After dilation of the adductor canal with sterile 
saline or local anesthetic, advance the catheter 1–3 cm 
beyond the needle tip posterior to the nerve under direct 
ultrasound visualization (if possible). Withdraw the needle 
carefully while gently advancing the catheter to prevent 
recoil of the catheter from the insertion site. Catheter tip 
position may be assessed by injecting 0.5 mL of air via the 
catheter under ultrasound imaging [ 22 ]. The catheter should 
then be secured either by tunneling or applying a biocompat-
ible tissue adhesive and occlusive adhesive dressing. 

 If the catheter is placed preoperatively, there should be 
communication with the surgical team regarding the location 
of the catheter, as a more distal approach may lie within the 
planned sterile surgical fi eld or underneath the thigh tourni-
quet. The presence of a continuous catheter under the pressure 
of a tourniquet may cause pressure damage to the nerves, 
although this notion has not yet been tested by formal research. 
There is no formal study to support the belief that a tourniquet 
increases the incidence of catheter dislodgement, and observa-
tions may actually show that a thigh tourniquet reinforces the 
security of the catheter [ 23 ]. There is also concern that, given 
intraoperative manipulation of the knee, catheters placed pre-
operatively may be at risk for migration or dislodgement out 
of the adductor canal. Neither catheter type (rigid stimulating 
vs. fl exible) vs. nor subcutaneous  tunneling has shown to have 
an effect on migration within the canal [ 24 ].  

    Block Assessment 

 There are several sonographic signs of an effective 
ACB. Imaging should demonstrate the distribution of 
hypoechoic local anesthetic solution around the saphenous 
nerve in short- and long-axis views (Fig.  63.5 ). Specifi cally, 
the injectate should spread in a semilunar fashion on the 
anteromedial aspect of the femoral artery and saphenous 
nerve with displacement of the artery. If, upon injection, the 
sartorius muscle is lifted before the femoral artery is dis-
placed, then the needle tip is likely intramuscular and 
should be repositioned. Finally, the saphenous nerve should 
appear more hyperechoic following the injection because 
of acoustic enhancement from the hypoechoic local anes-
thetic solution [ 3 ].  

 Clinically, the medial leg and foot will show signs of 
cutaneous anesthesia, with the distal extent of sensory block-
ade usually reaching the base of the great toe [ 25 ]. As the 
nerve to the vastus medialis muscle lies within the adductor 
canal, there may be a component of motor weakness associ-
ated with a successful ACB, though this was shown to be 
 clinically insignifi cant in healthy volunteers receiving the 
ACB [ 26 ].  
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  Fig. 63.5    Sonogram showing nerves to the vastus medialis ( VM ) 
( short yellow arrows ) entering this muscle together with a correspond-
ing small artery ( short red arrow ) that arises from the superfi cial femo-

ral artery ( SFA ). The saphenous nerve ( long yellow arrow ) lies deep to 
the sartorius muscle ( SM )       
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    Patient Disposition 

 Although motor nerves to the vastus medialis muscle lie 
within the adductor canal, human volunteer studies have 
shown that adductor canal blocks spare quadriceps motor 
strength to a much greater degree than femoral blocks [ 26 , 
 27 ]. This quadriceps strength advantage may extend to the 
clinical setting after total knee arthroplasty [ 28 ]. Ambulation 
advantages have also been observed with the ACB [ 29 – 31 ]. 
Despite such promise, there exists the potential for proximal 
spread of local anesthetic to the common femoral nerve, even 
with small volumes, resulting in clinically signifi cant quadri-
ceps weakness [ 17 ]. Moreover, isolated quadriceps weakness 
may occur from nerve injury or compression, surgical 
trauma, pain, compartment syndrome, or muscle injury. The 
potential for quadriceps weakness following the ACB, even 
if reduced compared to a femoral nerve block, necessitates 
careful postoperative monitoring with fall precautions.   

    Choice of Local Anesthetic 

    Single Injection 

 The choice of the type and concentration of local anesthetic 
for the ACB, as with other regional blocks, should be based 
on whether it is planned for surgical anesthesia or post-op 
analgesia, as well as the duration required. An example for 
surgical anesthesia would be 0.5 % ropivacaine or bupiva-
caine, whereas a lesser concentration (i.e., 0.25 %) may be 
used when the goal is for postoperative analgesia. While the 
optimal volume is still debated, 5–15 mL of local anesthetic 
is commonly used.  

    Continuous Technique 

 Like for the single-injection technique, the optimal dose of 
local anesthetic solution to maintain a continuous adductor 
canal block has not yet been determined. A dilute solution of 
long-acting local anesthetic, such as 0.2 % ropivacaine or 
0.125 % bupivacaine, is commonly used, with rates of 
4–8 mL/h.   

    Complications 

 As with other nerve blocks, hematoma, vascular puncture, 
nerve injury, and infection are potential complications with 
ACB. Because of the proximity of the saphenous nerve to the 

femoral artery, there is an inherent risk of vascular puncture 
when advancing the needle tip toward the nerve. Also, it is 
theoretically possible to place the needle tip through or into 
one or more of the nerve branches within the adductor canal. 
However, because these nerve branches are small and easily 
displaced in the soft tissue, this risk appears to be low in 
clinical practice [ 3 ].  

    Considerations 

 Rising concerns over quadriceps weakness and fall risk—a 
source of complications and costs for patients and health 
 systems—have prompted a shift at some institutions from 
femoral nerve blockade to the ACB [ 32 – 34 ]. This shift is 
bolstered by recent research suggesting comparable analge-
sia with less motor weakness to a femoral blockade, and 
superior analgesia when compared to no block, for surgical 
procedures of the knee including TKA and knee arthroscopy 
(i.e., ACL repair, meniscectomy) [ 35 ]. Preliminary research 
also shows further systems benefi ts, with a decreased pro-
vider workload with implementation of ACB for TKA path-
ways when compared to femoral nerve catheters [ 36 ]. 

 Table  63.1  presents further questions for consideration 
and research regarding the role of ACB for surgical proce-
dures of the knee. Such questions may need to be addressed 
prior to supporting a universal change from femoral nerve 
blockade to ACB for these patients.

   Proponents of the ACB support incorporating this block 
in their TKA pathways, even if it does not provide enough 
analgesia per se. They argue that many institutions follow an 
integrated multimodal analgesic protocol, as defi ned by the 
American Society of Anesthesiologists, whereby two or 
more analgesic modalities with different mechanisms of 
action are used to provide superior analgesia and minimize 
side effects and adverse events [ 37 ]. Similarly, adding the 
ACB to a protocol of local infi ltration analgesia further 
improves pain scores and ambulation in this setting [ 38 ].  

   Table 63.1    Considerations and areas for further investigation   

 Role of multimodal analgesia 
 Local infi ltration analgesia 
 Strength vs. mobility (ambulation) 
 Ideal location to inject 
 Ideal volume to inject 
 Delayed weakness 
 Fall risk 
 Placement of the block relative to thigh tourniquet 
 Tunneled vs. non-tunneled catheters 
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    Summary 

 By understanding the anatomic relationships within the 
thigh, the ultrasound-guided ACB is a relatively easy block 
to perform for surgical procedures of the lower extremity 
below the knee when combined with a sciatic nerve block. 
The ACB has also shown promise in providing a similar 
degree of analgesia for surgical procedures of the knee while 
offering a motor-sparing benefi t as compared to the femoral 
nerve block. While further research is necessary to answer 
outstanding questions about this block’s potential for knee 
procedures, such as total knee arthroplasty, the ultrasound- 
guided ACB offers the potential to spare the major motor 
branches of the femoral nerve and reliably anesthetize its 
major sensory branch, the saphenous nerve.     
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    The lateral femoral cutaneous nerve (LFCN) originates from 
the dorsal divisions of the second and third lumbar nerve 
roots (Fig.  64.1 ). It provides sensory innervation to the ante-
rior and lateral aspects of the thigh to the level of the knee 
(Fig.  64.2 ). Neural blockade of LFCN may be useful for sur-
gical procedures involving the thigh such as skin grafting, 
but more commonly a LFCN block is used in the diagnosis 
and treatment of meralgia paresthetica [ 1 ]. There is a great 
deal of variability in the appearance and course of the LFCN, 
and thus ultrasonography is helpful in the performance of 
neural blockade [ 2 ].   

Lateral
femoral
cutaneous
nerve

Iliacus

Tensor
fascia
lata

Sartorius

  Fig. 64.1    Schematic diagram showing the pathway of a typical course 
of lateral femoral cutaneous nerve. Note that the nerve courses beneath 
the inguinal ligament and runs superfi cially to the sartorius muscle and 
then in between this muscle and tensor fascia lata muscle (Reproduced 
with permission from Philip Peng Educational Series)       

  Fig. 64.2    Dermatome of lateral femoral cutaneous nerve (Reproduced 
with permission from Danilo Jankovic)       
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    Anatomy 

 After forming near the lumbar spine, the LFCN emerges 
from the lateral border of the psoas major muscle and crosses 
the iliacus muscle obliquely under the fascia iliaca 
(Fig.  64.3 ). Before it reaches the level of the anterior supe-
rior iliac spine (ASIS), it crosses under the deep circumfl ex 
artery [ 3 ,  4 ].  

 The LFCN usually emerges from under the inguinal liga-
ment (IL) medial to the ASIS at a variable distance (average 
29 mm; range 0–73 mm) [ 3 ,  5 – 7 ]. In patients with meralgia 
paresthetica, however, a recent study using high-resolution 
ultrasonography revealed the nerve to be closer than normal 
patients to the ASIS, with a mean distance of 5.2 mm (SD 
4.6 mm) [ 6 ]. A few anatomical variations that one should 

bear in mind in scanning the LFCN: it may course over or 
through the IL rather than under it, it may branch before 
crossing the IL in up to 28 % of cases, and it may pass over 
or posterior the ASIS in 4–29 % of cadavers [ 8 ,  9 ]. The aver-
age diameter of LFCN was found to be 3.2 ± 0.7 mm [ 4 ] 
although there is no established normal value for cross- 
sectional area. 

 Once the LFCN passes under the IL, it usually enters the 
thigh superfi cial to the sartorius muscle confi ned by the fas-
cia lata, although in 22 % of cases the LFCN may pass 
through the sartorius muscle [ 4 ] or at times medial to it [ 8 ]. 
Thereafter the LFCN is visualized in a plane between the 
tensor fascia lata muscle and the sartorius muscle. It will nor-
mally divide into an anterior and a posterior branch and will 
pierce the fascia lata in order to innervate the skin.  

Fascia lata

Lateral femoral
cutaneous nerve

Fascia iliaca

Inguinal ligament

Genitofemoral nerve

Femoral nerve

Femoral A
Femoral V

Pectineus
muscle

Psoas
muscle

Iliacus
muscle

Sartorius
muscle

  Fig. 64.3    Nerves at the inguinal 
area (Reproduced with 
permission from Philip Peng 
Educational Series)       
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    Sonoanatomy 

 The LFCN can be diffi cult to visualize with ultrasound since 
it is a small nerve, is often surrounded by connective tissue, 
and has a variable anatomic course. It may appear round or 
oval shaped and may be hyperechoic or hypoechoic or have 
a mixed pattern (Fig.  64.4 ). In many cases of meralgia pares-
thetica, a portion of the nerve will appear enlarged or swollen 
(pseudoneuroma) although this can be an incidental fi nding 
in the occasional normal patient (Fig.  64.5 ) [ 6 ]. In order to 

locate the LFCN accurately, high-resolution ultrasonography 
(HRUS) with 18 MHz high-frequency probes has been uti-
lized [ 6 ,  7 ]. The LFCN is best visualized inferior to the ASIS 
in a connective tissue plane between the sartorius and tensor 
fascia lata. However, in order to achieve therapeutic relief of 
meralgia paresthetica, it is important to block the LFCN as 
close to the IL as possible, which is often considered the 
source of irritation or compression of the nerve. Thus it is 
important to dynamically scan a wide area when performing 
a LFCN block.    

a

b

  Fig. 64.4    Ultrasonographic picture showing different morphology of 
the lateral femoral cutaneous nerve (LFCN). It can be in form of hyper-
echoic or honeycomb appearance as indicated by  line arrows  in fi gure 
( a ). The fascia is indicated by  bold arrows  ( FL  fascia lata,  FI  fascia 
iliaca); the ilium is indicated by  solid arrowheads ;  SAR  sartorius mus-

cle;  ASIS  anterior superior iliac spine. The LFCN may branch into 
smaller nerves and appears as hypoechoic structures ( solid line arrows ) 
in fi gure ( b ) (Reproduced with permission from Philip Peng Educational 
Series)       
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    Ultrasound-Guided Block Technique 

 The patient is placed supine and the ASIS and the inguinal 
ligament are palpated. A high-frequency linear array 
(6–13 MHz) ultrasound probe is transversely placed with the 
lateral end of the probe revealing the bony shadow of the 
ASIS. It is oriented with the medial end slightly angled infe-
riorly, thus displaying the long axis of the IL. The probe is 
then moved caudally and the sartorius muscle will be seen as 
a small triangular-shaped muscle that enlarges as the scan 
proceeds away from the ASIS. 

 At some point along this dynamic scan, the small LFCN 
may be seen in a short-axis view, deep to the fascia lata and 
superfi cial to the sartorius muscle. If it is diffi cult to visualize 
the nerve near the ASIS, one can look for the LFCN 
 superfi cially in the connective tissue and adipose-fi lled plane 
formed by the fascia lata between the tensor fascia lata mus-
cle and the sartorius. The LFCN can then be traced proxi-
mally back to the ASIS–IL region. To assist ultrasonographic 
confi rmation of the nerve, it is helpful to hydrodissect the 
connective tissue plane surrounding the structure with small 
0.5 cc aliquots of normal saline. If electrical stimulation of 
the LFCN is desired to confi rm sensory paresthesia prior to 
injection [ 10 ,  11 ], then a 5 % dextrose solution is used 
instead of normal saline. To facilitate the nerve location 
before the scanning, a transdermal nerve stimulator may be 
used [ 12 ]. 

 Once the LFCN has been identifi ed in the short axis near 
the ASIS, a needle can be advanced in-plane with the ultra-
sound probe (Fig.  64.6 ). Alternatively, the needle may be 
placed in an out-of-plane approach from caudal to cephalad. 
The depth to the target can be measured and a 25-G 1.5-in. 
needle is often suffi cient. Prior to any injection, color 
Doppler imaging is utilized to insure blood vessels are 
avoided. For a LFCN block, 3–5 cc of injectate is satisfac-
tory. For the treatment of meralgia paresthetica, 40 mg of 
methylprednisolone is added [ 13 ,  2 ]. The injectate can easily 
be visualized on real-time ultrasound scanning, and this can 
help one determine how much volume to use to accomplish 
circumferential and proximal spread toward the desired 
ASIS–IL location.  

 A similar ultrasonographic technique to localize the 
LFCN has been used successfully in the treatment of meral-
gia paresthetica with pulsed radiofrequency [ 14 ,  15 ].     

  Fig. 64.5    The ultrasound appearance of the LFCN in a patient with 
meralgia paresthetica. The nerve appears large and swollen, embedded 
in the adipose tissue in the grove formed by the tensor fascia lata (TFL) 
and sartorius (SAR) (Reproduced with permission from Philip Peng 
Educational Series)       
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    The obturator nerve originates from the anterior divisions of 
the L2–4 ventral rami and innervates most of the adductor 
muscles. Furthermore it sends articular branches to the knee 
joint and innervates a small dermatome on the medial side of 
the knee with a high variability [ 1 ]. When the obturator nerve 
enters the medial aspect of the thigh, it divides into very thin 
and fl at divisions which are named after their anatomical 
relation to the adductor brevis muscle: the anterior division 
of the obturator muscle runs in between the adductor longus 
and brevis muscle, and the posterior division runs in between 
the adductor brevis and magnus muscle. 

 The sonographic imaging of these small branches is only 
possible because of the difference in echogenicity between 
the hypoechoic muscles and the hyperechoic, bright white 
appearance of the nervous structures [ 6 ] (Fig.  65.1 ).  

 Indications for an obturator nerve block are the suppres-
sion of the adductor refl ex for transurethral lateral bladder 
wall resections [ 4 ], adjunct to femoral nerve blocks for post-
operative pain management of the medial knee joint [ 7 ] and 
the treatment of adductor spasm. 

 The block is performed in supine position with slight 
abduction of the hip and external rotation of the thigh. After 
skin disinfection and appropriate covering of the transducer 
(Fig.  65.2 ) to maintain sterility, the transducer is placed in 
the medial thigh to visualize the obturator divisions and the 
adductor brevis muscle in a short-axis view. It is also possi-
ble to start with the femoral nerve, artery, and—by compres-
sion—vein, moving medially and slightly caudal to the 
pectineus and the adductor muscles.  

 Color Doppler can help detecting the adjacent obturator 
arteries to avoid hemorrhage due to unintentional vessel 
puncture. Both divisions should be blocked separately, 
beginning with the posterior division. In case of inadequate 
visualization of both divisions, the local anesthetic can be 
injected between the three adductor muscles [ 3 ,  5 ]. 

 A linear transducer with a higher frequency would be 
appropriate for this kind of nerve block. Both out-of-plane 
[ 2 ] and in-plane approaches are possible to inject the local 
anesthetic around the divisions by using only one needle 
insertion point.    

  Fig. 65.1    Anterior and posterior divisions of the obturator nerve 
between the adductor muscles ( ALM  adductor longus muscle,  ABM  
adductor brevis muscle,  AMM  adductor magnus muscle) (With permis-
sion from Jens Kessler)       

  Fig. 65.2    Out-of-plane approach to obturator nerve block in the medial 
thigh (With permission from Jens Kessler)       

 

 

Chapter 65 Obturator Nerve



861

   References 

    1.    Bouaziz H, Vial F, Jochum D, Macalou D, Heck M, Meuret P, Braun 
M, Laxenaire MC. An evaluation of the cutaneous distribution after 
obturator nerve block. Anesth Analg. 2002;94(2):445–9, table of 
contents.  

    2.    Ishiyama T, Kotoda M, Asano N, Ikemoto K, Masamune T, 
Matsukawa T. Ultrasound-guided out-of-plane obturator nerve 
block. Anaesthesia. 2013;68(10):1074–5. doi:  10.1111/
anae.12432    .  

    3.    Lee SH, Jeong CW, Lee HJ, Yoon MH, Kim WM. Ultrasound guided 
obturator nerve block: a single interfascial injection technique. J 
Anesth. 2011;25(6):923–6. doi:  10.1007/s00540-011-1228-y    .  

    4.    Manassero A, Bossolasco M, Ugues S, Palmisano S, De Bonis U, 
Coletta G. Ultrasound-guided obturator nerve block: interfascial 

injection versus a neurostimulation-assisted technique. Reg Anesth 
Pain Med. 2012;37(1):67–71. doi:  10.1097/AAP.0b013e31823e77d5    .  

    5.    Sinha SK, Abrams JH, Houle TT, Weller RS. Ultrasound-guided 
obturator nerve block: an interfascial injection approach without 
nerve stimulation. Reg Anesth Pain Med. 2009;34(3):261–4. 
doi:  10.1097/AAP.0b013e3181a32c4d    .  

    6.    Soong J, Schafhalter-Zoppoth I, Gray AT. Sonographic imaging of 
the obturator nerve for regional block. Reg Anesth Pain Med. 
2007;32(2):146–51. doi:  10.1016/j.rapm.2006.10.012    .  

    7.    Westergaard B, Jensen K, Lenz K, Bendtsen TF, Vazin M, Tanggaard 
K, Worm BS, Krogsgaard M, Borglum J. A randomised controlled 
trial of ultrasound-guided blockade of the saphenous nerve and the 
posterior branch of the obturator nerve for postoperative analgesia 
after day-case knee arthroscopy. Anaesthesia. 2014;69(12):1337–
44. doi:  10.1111/anae.12794    .    

References

http://dx.doi.org/10.1111/anae.12794
http://dx.doi.org/10.1016/j.rapm.2006.10.012
http://dx.doi.org/10.1097/AAP.0b013e3181a32c4d
http://dx.doi.org/10.1097/AAP.0b013e31823e77d5
http://dx.doi.org/10.1007/s00540-011-1228-y
http://dx.doi.org/10.1111/anae.12432
http://dx.doi.org/10.1111/anae.12432


863D. Jankovic, P. Peng, Regional Nerve Blocks in Anesthesia and Pain Therapy: Traditional and Ultrasound-Guided Techniques,
DOI 10.1007/978-3-319-05131-4_66, © Springer International Publishing Switzerland 2015

 Dosage and Local Anesthetic for Landmark Technique .........  873

Tibial Nerve and Deep Peroneal Nerve ............................. 873

 Sural Nerve, Superfi cial Peroneal Nerve, 

Saphenous Nerve ............................................................... 873

 Ultrasound-Guided Technique ................................................  873

Tibial Nerve ....................................................................... 873

 Deep Peroneal Nerve ......................................................... 873

 Superfi cial Peroneal Nerve ................................................ 874

 Sural Nerve ........................................................................ 874

 Saphenous Nerve ............................................................... 874

Suggested Reading ......................................................................  874

     Chapter 66   

 Peripheral Nerve Block in the Ankle 
Joint Region      

                  Philip   W.H.   Peng   ,  MBBS, FRCPC  
  Department of Anesthesia ,  University of Toronto ,   McL 2-405 Toronto Western Hospital, 

399 Bathurst Street ,  Toronto ,  ON ,  M5T 2S8 ,  Canada   

 e-mail: philip.peng@uhn.ca     

Contents

 Anatomy .......................................................................................  864

 Tibial Nerve .............................................................................  864

 Superfi cial Peroneal (Fibular) Nerve  ......................................  865

 Deep Peroneal (Fibular) Nerve ................................................  866

 Sural Nerve ..............................................................................  866

 Saphenous Nerve .....................................................................  866

 Sonoanatomy ...............................................................................  867

 Tibial Nerve .............................................................................  867

 Superfi cial Peroneal (Fibular) Nerve .......................................  868

 Deep Peroneal (Fibular) Nerve ................................................  869

 Sural Nerve ..............................................................................  869

 Saphenous Nerve .....................................................................  870

 Preparation for the Block ...........................................................  870

 Landmark-Guided Technique ..................................................  870

Tibial Nerve ....................................................................... 871

 Deep Peroneal Nerve ......................................................... 872

 Sural Nerve and Superfi cial Peroneal Nerve ..................... 872

 Saphenous Nerve ............................................................... 873

mailto:philip.peng@uhn.ca


864

    This refers to the blockade of the following nerves: tibial 
nerve, sural nerve, saphenous nerve, and superfi cial and deep 
peroneal (fi bular) nerves. 

    Anatomy 

    Tibial Nerve (Fig.  66.1a, b ) 

    The tibial nerve in the ankle region is the direct continuation 
of the tibial nerve distal to the bifurcation of the sciatic nerve 
in the popliteal fossa. The nerve descends through the calf 
sandwiched between gastrocnemius/soleus and the deep 
fl exors. It reaches the distal lower leg posterior to the medial 
malleolus running deep to the fl exor retinaculum and is usu-
ally posterior to the artery. It gives off medial calcaneal 
branches to the heel and divides into its two end branches, 
the medial and lateral plantar nerves, which pass to the sole 
of the foot and provide it with its sensory supply.  

a

b

  Fig. 66.1    ( a ) Tibial nerve. ( 1 ) Tibial nerve, ( 2 ) medial plantar nerve, 
( 3 ) lateral plantar nerve, ( 4 ) calcaneal branches (With permission from 
Danilo Jankovic). ( b ) Tibial nerve – sole of the foot. ( 1 ) Medial plantar 
nerve, ( 2 ) lateral plantar nerve, ( 3 ) medial calcaneal branches, ( 4 ) pos-
terior tibial artery (With permission from Danilo Jankovic)       
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    Superfi cial Peroneal (Fibular) Nerve 
(Figs.  66.2  and  66.3 ) 

     This nerve arises from the common peroneal (fi bular) 
nerve, runs through the peroneus longus muscle, and 
extends between the peroneus longus and brevis muscles. 
In the distal half of the leg, the nerve is sandwiched 
between peroneus brevis and extensor digitorum longus in 

the intermuscular septum that separates the anterior and 
lateral compartments of the leg and gradually ascends into 
a superfi cial location before eventually piercing the crural 
fascia. Subcutaneously, or still at the subfascial level, it 
divides into the thicker medial dorsal cutaneous nerve and 
the smaller intermediate dorsal cutaneous nerve, providing 
the sensory supply for the skin on the back of the foot 
and the toes.  

  Fig. 66.2    Common, superfi cial, and deep peroneal (fi bular) nerve and 
sural nerve. Cutaneous innervation areas of the back of the foot (lat-
eral). ( 1 ) Superfi cial peroneal (fi bular) nerve, ( 2 ) deep peroneal (fi bular) 
nerve, ( 3 ) dorsalis pedis artery, ( 4 ) sural nerve, ( 5 ) lateral malleolus 
(With permission from Danilo Jankovic)       

  Fig. 66.3    Cutaneous innervation areas in the region of the back of the 
foot (from the front). ( 1 ) Superfi cial peroneal (fi bular) nerve, ( 2 ) deep 
peroneal (fi bular) nerve, ( 3 ) saphenous nerve, ( 4 ) lateral dorsal cutane-
ous nerve (sural nerve), ( 5 ) lateral malleolus (With permission from 
Danilo Jankovic)       
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    Deep Peroneal (Fibular) Nerve (Figs.  66.2 ,  66.3 , 
and  66.4 ) 

    This nerve runs between the tibialis anterior muscle and the 
extensor hallucis longus muscle in the direction of the ankle, 
where it divides into a medial and a lateral end branch. The 
medial end branch continues in the same direction as 
the nerve trunk and passes with the dorsalis pedis artery to 
the fi rst interosseous space, crossing under the tendon of the 
extensor hallucis brevis muscle to the distal end of the inter-
osseous space. Here it joins with a strand of the superfi cial 
peroneal nerve and divides into the end branches for the fac-
ing sides of the dorsal surfaces of the fi rst and second toes. 
The lateral end branch turns laterally and supplies the exten-
sor digitorum brevis muscle, sending off three interosseous 
nerves.  

    Sural Nerve (Figs.  66.2  and  66.3 ) 

 The medial sural cutaneous nerve arises in the proximal part 
of the popliteal fossa, runs down between the two heads of 
the gastrocnemius muscle, and joins the peroneal communi-
cating branch (lateral sural nerve) to form the sural nerve. 
Accompanied by the small saphenous vein, the sural nerve 
runs behind the lateral malleolus and is contained within the 
same superfi cial fascial sheath. It passes as the lateral dorsal 
cutaneous nerve along the lateral side of the foot, where it 
gives off a connecting branch to the intermediate dorsal cuta-
neous nerve and ends as the dorsalis digiti minimi nerve on 
the lateral edge of the dorsum of the small toe. 

 Behind the lateral malleolus, it sends off branches (the 
lateral calcaneal branches) to the skin there and at the heel. 
The branches for the lateral side of the ankle, for the anterior 
capsular wall, and for the tarsal sinus originate proximal to 
the malleolus.  

    Saphenous Nerve (Fig.  66.3 ) 

 Below the knee, it runs along the tibial surface close to the 
great saphenous vein. Its relationship to the saphenous vein 
is inconstant, and the nerve may be either posterior or ante-
rior to the vein. A common fascia has been described that 
envelops both the vein and the nerve in the distal third of the 
calf. At the level of the lower leg, the saphenous nerve 
courses along the medial side of and anterior to the medial 
malleolus and sends off branches to the skin of the medial 
side of the foot. It usually ends in the metatarsal area, with-
out reaching the big toe.   

  Fig. 66.4    ( 1 ) Tibial nerve, ( 2 ) deep peroneal nerve (With permission 
from Danilo Jankovic)       

 

Chapter 66 Peripheral Nerve Block in the Ankle Joint Region 



867

    Sonoanatomy 

 As all the fi ve ankle nerves are superfi cial nerves, linear 
high-frequency ultrasound probe is used. 

    Tibial Nerve (Fig.  66.5 ) 

    The patient is in the supine position with hip in external rota-
tion, so that the medial side of the ankle is facing upward. 
The ultrasound probe is placed in a transverse orientation 

just proximal to the prominence of the medial malleolus. The 
main landmark is the posterior tibial artery and is usually 
accompanied by two venae comitantes. The tibial nerve is a 
round hyperechoic structure usually posterior to the artery 
and rest on the fascia of fl exor hallucis longus. By extending 
and fl exing the big toe, the tibial nerve can be seen moving 
up and down, a maneuver to help identifying the tibial nerve.  

  Fig. 66.5    Sonography of the tibial nerve at the level of medial malleo-
lus. The fl exor retinaculum is indicated by the  block arrows . From ante-
rior to posterior, the structures are tibialis posterior tendon ( TP ), fl exor 
digitorum longus tendon and muscle ( FDL ), posterior tibial artery ( A ) 
and veins ( V ), tibial nerve ( TN ), and fl exor hallucis longus ( FHL ). 
Please note the tibial nerve is usually seen resting on the fascia overly-
ing FHL ( line arrows ). The tendon of the FHL ( * ) is deep to the fascia 
and should not be mistaken as the tibial nerve (Reproduced with per-
mission from Philip Peng Educational Series)       
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    Superfi cial Peroneal (Fibular) Nerve (Fig.  66.6 ) 

    With the patient in the supine position, the knee is fl exed and 
the hip rotated inward, to make the lateral aspect of the leg 
accessible. The probe is placed in a transverse orientation on 
the lateral aspect of the lower one third of the leg above the 
subcutaneous part of the fi bula. The superfi cial peroneal 

nerve is visible as a small triangular hyperechoic structure in 
the intermuscular septum between the peroneus brevis and 
extensor digitorum longus muscles just deep to the crural 
fascia. Its identity can be confi rmed by sliding the probe dis-
tally and observing the nerve rise through the crural fascia to 
eventually lie above it in a superfi cial location.  

a

b

c

  Fig. 66.6    Sonography of the 
superfi cial peroneal (fi bula) 
nerve (SPN) at three different 
levels in the distal third of the 
leg. ( a ) At the level where the 
fi bula is covered by peroneus 
brevis. At this level, the SPN is 
seen in the intermuscular septum 
between peroneus brevis and 
extensor digitorum longus deep 
to the crural fascia. ( b ) 
Advancing the ultrasound probe 
in the distal direction reveals the 
SPN embedded within the crural 
fascia. ( c ) Moving the probe 
further distally shows the SPN 
superfi cial to the crural fascia 
(Reproduced with permission 
from Philip Peng Educational 
Series)       
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    Deep Peroneal (Fibular) Nerve (Fig.  66.7 ) 

    The patient is placed in supine position with the leg in a neu-
tral position. Place the probe in a transverse orientation on 
the anterior surface of the ankle at the intermalleolar line 
(that is proximal to the ankle joint). The landmark is the 
anterior tibial/dorsalis pedis artery, which is usually deep to 
the extensor hallucis longus. The deep peroneal nerve is 
sometimes, but not always, visible as a small hyperechoic 
structure lateral to the artery in the same tissue plane. It is not 
essential to visualize the nerve to perform this block; the 
main reason to visualize it is so as to avoid inadvertently 
piercing it with the block needle.  

    Sural Nerve (Fig.  66.8 ) 

    The patient is placed in lateral position with the knee fl exed. 
The probe is placed in a transverse orientation across the 
groove between the lower fi bula and Achilles tendon with 
minimal pressure to avoid compression of the lesser saphe-
nous vein. Both the vein and the nerve are contained with the 
fascial plane between the fi bula and Achilles tendon. The 
sural nerve is a small hyperechoic round structure lying adja-
cent to the lesser saphenous vein in the same fascial subcuta-
neous plane. If the nerve is not visible, local anesthetic may 
be injected around the vein.  

  Fig. 66.7    Sonography of deep peroneal (fi bula) nerve at the low tibial 
nerve. The nerve is seen lateral to the dorsalis pedis artery which is deep 
to the extensor hallucis longus ( EHL ) (Reproduced with permission 
from Philip Peng Educational Series)       

  Fig. 66.8    Sonography of the sural nerve (indicated by  line arrows ). It 
is accompanied by the lesser saphenous vein and both are located within 
the fascia plane ( block arrows ) posterior to the peroneus brevis muscle 
(Reproduced with permission from Philip Peng Educational Series)       
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    Saphenous Nerve (Fig.  66.9 ) 

    The position is the same as that for tibial nerve scanning. The 
probe is placed gently just proximal to the medial malleolus 
in the approximate location of the greater saphenous vein. 
The vein is the primary landmark. The saphenous nerve, 
which is a small hyperechoic structure, is not always clearly 
visible and does not have a constant relationship to the vein. 
However, the saphenous vein indicates the plane where the 
saphenous nerve is.   

    Preparation for the Block 

 Before performing the procedure, full prior information for 
the patient is mandatory. Since the location of nerves is 
superfi cial, a 30-mm 25-G needle should be suffi cient. The 
procedure is performed with sterile technique. 

    Landmark-Guided Technique 

 Care must be taken to avoid nerve injury, as paresthesias are 
not available as a warning sign here. 

  Fig. 66.9    Sonography of the saphenous nerve ( line arrows ). It lies 
within the same fascia plane with the greater saphenous vein 
(Reproduced with permission from Philip Peng Educational Series)       
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    Tibial Nerve 
 Patient Positioning 

 Prone, with a pillow under the ankle (or the patient may 
be seated) 

 Landmarks 
 Medial malleolus, posterior tibial artery 
 Injection Technique (Fig.  66.4 ,  66.10 , and  66.11 )   
 Lateral to the palpated pulse of the posterior tibial artery, 

a fi ne 25-G needle, 30 mm long, is introduced at a right angle 
to the posterior side of the tibia and just posterior to the 

 posterior tibial artery. After paresthesias are elicited and after 
a negative aspiration test, 5 mL of local anesthetic is injected. 
If paresthesias cannot be elicited, then after reaching the pos-
terior tibia, the needle is withdrawn for about 1 cm, and 
5–10 mL of local anesthetic is injected. 

 Another technique is to carry out perpendicular puncture 
of the skin at the level of the medial malleolus, dorsal and 
then ventral to the posterior tibial artery, and to distribute the 
total dose of local anesthetic in two equal halves on each 
side.  

  Fig. 66.10    Tibial nerve ( 1 ) ( red needle ) and posterior tibial artery 
( red ), ( 2 ) saphenous nerve ( black needle ) (With permission from Danilo 
Jankovic)       

  Fig. 66.11    Tibial nerve ( 1 ) ( red needle ) and ( 2 ) sural nerve ( green 
needle ) (With permission from Danilo Jankovic)       
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    Deep Peroneal Nerve 
 Patient Positioning 

 Supine or sitting 
 Landmarks 
 Dorsalis pedis artery, proximal back of the foot 
 Injection Technique (Fig.  66.4  and  66.12 )  
 A fi ne 25-G injection needle, 30 mm long, is introduced 

perpendicular to the skin surface; 5 mL of the local anes-
thetic is injected on each side, fi rst lateral to the artery and 
then medial to it.  

    Sural Nerve and Superfi cial Peroneal Nerve 
 Patient Positioning 

 Supine or sitting 
 Landmarks 
 Lateral malleolus 
 Injection Technique (Figs.  66.13  and  66.8 )  
 About 10 cm above the lateral malleolus, parallel to the 

upper ankle, fan-shaped subcutaneous infi ltration of the 
Achilles tendon is carried out as far as the edge of the tibia, 
using about 10 mL of local anesthetic.  

  Fig. 66.12    Deep peroneal (fi bular) nerve. ( 1 ) Dorsalis pedis artery 
(With permission from Danilo Jankovic)       

  Fig. 66.13    ( 1 ) Superfi cial peroneal (fi bular) nerve ( blue needle ) and 
( 2 ) sural nerve ( green needle ) (With permission from Danilo Jankovic)       

  

Chapter 66 Peripheral Nerve Block in the Ankle Joint Region 



873

    Saphenous Nerve 
 Patient Positioning 

 Supine or sitting 
 Landmarks 
 Medial malleolus 
 Injection Technique (Fig.  66.10 ) 
 About 10 cm above the medial malleolus, 5–10 mL of 

local anesthetic is injected subcutaneously around the long 
saphenous vein and, in a fan-shaped fashion, in a mediolat-
eral direction. 

 The cutaneous innervation areas of the individual nerves 
are shown in Fig.  66.14 .    

    Dosage and Local Anesthetic for Landmark 
Technique 

    Tibial Nerve and Deep Peroneal Nerve 
 5–10 mL of local anesthetic  

    Sural Nerve , Superfi cial Peroneal Nerve , 
Saphenous Nerve  
 10 (15)–20 mL of local anesthetic (subcutaneous fan-shaped 
infi ltration) 

 Local Anesthetics 
 0.5–0.75 % ropivacaine, 0.25–0.5 % bupivacaine (0.25–

0.5 % levobupivacaine), 1 % prilocaine, and 1 % 
mepivacaine   

    Ultrasound-Guided Technique 

    Tibial Nerve 
 Both in-plane and out-of-plane needle approach to the nerve 
are feasible. The nerve lies within a fascial sheath, and inject-
ing the local anesthetic within this sheath will produce a 
characteristic circumferential spread of local anesthetic 
around the nerve. Eight to ten milliliter of local anesthetic is 
suffi cient to produce a good block.  

    Deep Peroneal Nerve 
 The key landmark is the artery and it is not essential to visu-
alize the nerve to perform this block. An in-plane or out-of- 
plane needle approach may be used, although out-of-plane 
allows a more direct needle entry for a superfi cial nerve. The 
needle tip should be directed to either side of the artery, and 
local anesthetic should be injected to distend the plane in 
which the artery lies. Three mL of local anesthetic is suffi -
cient for a good block.  

Deep peroneal 
nerve

Tibial nerve

Sural nerve

Saphenous
nerve

  Fig. 66.14    Cutaneous innervation areas in the region of the sole of the 
foot (With permission from Danilo Jankovic)       
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    Superfi cial Peroneal Nerve 
 The nerve can be blocked where it lies under the crural fascia 
using either an in-plane or out-of-plane approach. In-plane 
approach is preferred as it allows easier entry into the narrow 
fascial plane. Five milliliter of local anesthetic should be suf-
fi cient to establish a good block.  

    Sural Nerve 
 If the nerve is not visible, local anesthetic may be injected 
around the vein. Even if both are not visible, local anesthetic 
can be injected into the fascial plane between Achilles ten-
don and peroneus tendon. The nerve may be approached 
using an in-plane or out-of-plane technique, taking care not 
to pierce the nerve itself. Five milliliter of local anesthetic is 
injected in the fascial plane of the nerve.  

    Saphenous Nerve 
 The vein is the primary landmark and light pressure from the 
ultrasound probe should be applied. To enhance the visual-
ization of the vein, a tourniquet around the calf can be used. 

The saphenous nerve, which is a small hyperechoic struc-
ture, is not always clearly visible and does not have a  constant 
relationship to the vein. However, it refl ects the plane that the 
local anesthetic infi ltration should be directed. The volume 
of local anesthetic is 3–5 mL.       
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    Pain in the hip region can be a manifestation of a broad range 
of intra-articular or extra-articular pathologies. The two 
common pain conditions referred to an anesthesiologist for 
intervention are osteoarthritis of the hip and greater trochan-
teric pain syndrome (GTPS). 

 Intra-articular hip injection is mainly considered for pain 
related to osteoarthritis, rheumatoid arthritis, and acetabular 
labral tears. Although radiographic evidence of osteoarthritis 
of the hip is present in about 5 % of the population over 65 
years old, not all patients are symptomatic. Patients indicated 
for intra-articular injection are those with moderate to severe 
pain and disability, with poor response to conservative man-
agement and those nonsurgical candidate either because of 
age or comorbidity. Injected medications may include corti-
costeroids, local anesthetics, and viscosupplements. 

 The accuracies of the landmark-based technique for intra- 
articular hip injection range from 52 to 80 %. In addition, the 
risk of piercing the femoral nerve from the “blind” anterior 
approach has been reported as high as 27 %. In contrast, the 
accuracy of ultrasound-guided injection has been validated 
with contrast-enhanced fl uoroscopy or computed tomogra-
phy scan, which showed the accuracy of 97–100 %. 

 The analgesic effectiveness of intra-articular hip steroid 
injection has been examined in fi ve randomized controlled 
trials (RCTs) and all injections were performed under image 
guidance (fl uoroscopy-3; ultrasound-2). Four are positive tri-
als with improvement in pain and functions. Current data 
from available RCTs and other uncontrolled studies demon-
strates strong evidence that steroid injection can provide a 
short-term reduction in pain. 

 GTPS affects approximately 18 % of the adults in com-
munity settings and is more common in female. In the past, 

the pain over the trochanteric area was termed as trochanteric 
bursitis. Current literature suggests that the etiology of pain 
is similar to rotator cuff disease of the shoulder. It is now 
believed that tendinopathy of the gluteus medius and/or glu-
teus minimus plays an important role. Both MRI and ultra-
sound are very useful for the evaluation of the gluteal 
tendinopathy, tendon tears, or presence of bursitis. Thus, 
injection for GTPS is directed to peritendon space of the glu-
teus medius or minimus tendons. 

 Literature on the GTPS injection reveals that the injection 
technique used is predominately landmark-based with nee-
dle directed to the “bursa.” Multiple case series have been 
published examining the effect of injection as the primary 
treatment modality. The quality of the studies is poor and 
most of the studies did not use the visual analog pain scale 
(VAS) as outcome measure. Subjective improvement and 
achieving a return to the patient’s baseline activity level 
ranged from 49 to 100 %. 

 One randomized trial examined a fl uoroscopic-guided 
against “blind” injection without any placebo or nontreat-
ment control. Both groups were comparable in outcomes 
(>30 % reduction in VAS score and >50 % with positive 
global perceived effects) at 3-month assessment. A prag-
matic, multicenter, open label, randomized clinical trial eval-
uated the effect of corticosteroid injections compared with 
expectant treatment (usual care) in patients with GTPS in a 
primary care setting. They found a superior outcome in the 
injection group at 3-month follow-up (number needed to 
treat = 5). The injection group is superior in both pain scores 
(rest and with activity) and Western Ontario and McMaster 
osteoarthritis index (WOMAC) pain and function scores. 
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    Anatomy 

 The hip is a synovial “ball-and-socket” joint formed by the 
articulation of the femoral head and the acetabulum. The 
depth and surface of the acetabular cavity is augmented by 
the acetabular labrum, a fi brocartilaginous ring attached 
directly to the rim of the acetabulum (Fig.  67.1 ). At any posi-
tion of hip motion, approximately 40 % of the articular sur-
face of the femoral head is covered by the acetabulum. The 
stability to the hip joint attributes to the strong joint capsule 
and several powerful para-articular ligaments (Figs.  67.2  and 

 67.3 ). The capsule covers the outer surface of the labrum and 
insert distally to the intertrochanteric region and posterior 
aspect of the femoral neck (Fig.  67.4 ). The anterior joint cap-
sule is composed of two layers, anterior and posterior, that 
are separated by the anterior recess of the joint space 
(Fig.  67.5 ). Each layer is lined by only a minute synovial 
membrane. The anterior layer runs caudally and inserts on 
the intertrochanteric line where it blends with the periosteum. 
Many fi bers are refl ected upward, covering the femoral neck, 
to form the posterior layer of the joint capsule, which ends at 
the caudal edge of the articular cartilage of the femoral head.      

  Fig. 67.1    This fi gure shows the hip joint and the labrum (left) and the 
ligaments in the anterior hip joint (Reproduced with permission from 
Philip Peng Educational Series)       

  Fig. 67.2    Ligaments of the hip joint (ventral view). ( 1 ) Iliofemoral 
ligament, ( 2 ) pubofemoral ligament, ( 3 ) articular capsule, ( 4 ) anterior 
inferior iliac spine (Reproduced with permission from Danilo Jankovic)       

  Fig. 67.3    Ligaments of the hip joint (dorsal view). ( 1 ) Ischiofemoral 
ligament, ( 2 ) orbicular zone, ( 3 ) iliofemoral ligament, ( 4 ) acetabular 
labrum (Reproduced with permission from Danilo Jankovic)       
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  Fig. 67.4    Dissection through the hip joint. ( 1 ) Orbicular zone, 
( 2 ) acetabular labrum, ( 3 ) articular cartilage, ( 4 ) os coxae, ( 5 ) cavum 
articulare, ( 6 ) ligament of head of femur, ( 7 ) transverse acetabular 
ligament, ( 8 ) joint capsule, ( 9 ) tuber ischiadicum (Reproduced with 
permission from Danilo Jankovic)       

  Fig. 67.5    Figure shows the anterior synovial recess ( *** ). Under 
normal circumstances, the amount of synovial fl uid in the recess is 
kept at a minimum. This fi gure shows a hip with effusion for 
demonstration (Reproduced with permission from Philip Peng 
Educational Series)       
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 The capsule is reinforced by the extracapsular hip liga-
ments: iliofemoral, ischiofemoral, and pubofemoral liga-
ments (Figs.  67.2  and  67.3 ). In the anterior hip regions, the 
structures from medial to lateral are pectineus muscle, femo-
ral neurovascular bundle, iliopsoas muscle and tendon, rec-
tus femoris, and sartorius muscle (Figs.  67.6 ,  67.7 ,  67.8 , and 
 67.9 ).     

  Fig. 67.6    Muscles ( M ) around hip joint. The femoral head and neck (in 
 dotted line ) and the schematic of femoral neurovascular bundle are 
shown here for reference.  V  femoral vein,  A  femoral artery,  N  femoral 
nerve (Reproduced with permission from Philip Peng Educational 
Series)       

  Fig. 67.7    Frontal dissection through the pelvis. ( 1 ) Obturator internus 
muscle, ( 2 ) iliacus muscle, ( 3 ) gluteus minimus muscle, ( 4 ) gluteus 
medius muscle, ( 5 ) gluteus maximus muscle, ( 6 ) greater trochanter, ( 7 ) 
obturator externus muscle, ( 8 ) iliopsoas muscle, ( 9 ) pectineus muscle, 
( 10 ) deep femoral artery, ( 11 ) vastus lateralis muscle, ( 12 ) adductor bre-
vis muscle, ( 13 ) pubic bone (inferior ramus), ( 14 ) medial femoral cir-
cumfl ex artery, ( 15 ) iliofemoral ligament, ( 16 ) acetabular labrum, ( 17 ) 
ligament of head of femur (Reproduced with permission from Danilo 
Jankovic)       

  Fig. 67.8    Transversal dissection through the hip joint. ( 1 ) Femoral 
vein, ( 2 ) femoral artery, ( 3 ) femoral nerve, ( 4 ) sartorius muscle, ( 5 ) rec-
tus femoris muscle, ( 6 ) tensor fasciae latae muscle, ( 7 ) iliopsoas mus-
cle, ( 8 ) obturator nerves with vasa obturatoria, ( 9 ) greater trochanter, 
( 10 ) ischial spine, ( 11 ) sciatic nerve, ( 12 ) rectum, ( 13 ) bladder, ( 14 ) 
neck of the femur, ( 15 ) orbicular zone, ( 16 ) fovea capitis, ( 17 ) ligamen-
tum of head of femur, ( 18 ) acetabular labrum, ( 19 ) pubic bone, ( 20 ) 
pectineus muscle (Reproduced with permission from Danilo Jankovic)       

  Fig. 67.9    Transversal dissection. ( 1 ) Sartorius muscle, ( 2 ) rectus fem-
oris muscle, ( 3 ) tensor fasciae latae muscle, ( 4 ) iliofemoral ligament, 
( 5 ) vastus lateralis muscle, ( 6 ) iliotibial tractus, ( 7 ) gluteus maximus 
muscle, ( 8 ) iliopsoas muscle, ( 9 ) sciatic nerve (Reproduced with per-
mission from Danilo Jankovic)       
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 The greater trochanter (GT) comprises of four facets: 
anterior, lateral, superoposterior, and posterior (Fig.  67.10 ). 
The anterior and posterior tendons of the gluteus medius 
insert into the lateral and superoposterior facets respectively. 
The tendon of the gluteus minimus inserts into the anterior 
facet. The muscles in the lateral region are divided into two 
layers. The superfi cial layer comprises the tensor fascia lata, 
and gluteus maximus muscle with the triangular interval 
between these two muscles is fi lled with fascia lata 
(Fig.  67.11 ). The iliotibial (IT) tract is a thickening of the 
fascia lata commencing at the level of greater trochanter, 
where three quarter of gluteus maximus muscle and tensor 

fascia lata are inserted into it. The deep layer comprises of 
gluteus medius and minimus muscle. Three bursae are 
described consistently in this region (Fig.  67.12 ), namely, the 
subgluteus maximus bursa (SMaB), the submedius bursa 
(SMeB), and the subminimus bursa (SMiB). The function of 
the bursae is to serve as a cushion against friction between 
tendons and fascia lata. The tendons of gluteus minimus and 
medius can be considered as the rotator cuffs of the hip joint 
with the IT band and fascia lata as the coracoacromial arch. 
In both situations, the tendons are covered with bursa against 
friction.     
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a

c

b

  Fig. 67.10    Figure shows the four facets of great trochanter (Reproduced with permission from Philip Peng Educational Series)       
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Fascia over
gluteus medius

Gluteus maximus

Tensor fascia
latae

Iliotiibial tract

  Fig. 67.11    Figure shows the muscles and fascia in the lateral hip 
region (Reproduced with permission from Philip Peng Educational 
Series)       

 

Chapter 67 Hip: Intra-articular and Trochanteric Bursitis Injections



885

  Fig. 67.12    ( a – e ) Figures show the bursae in the lateral hip region layer 
by layer. Figure b is a close up of Figure a.  A  superfi cial subgluteal 
maximus bursa,  B  deep subgluteal maximus bursa,  C  secondary deep 

subgluteal maximus bursa,  D  gluteofemoral bursa,  M  muscle 
(Reproduced with permission from Philip Peng Educational Series)           

Gluteus
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Fig. 67.12 (continued)

Chapter 67 Hip: Intra-articular and Trochanteric Bursitis Injections



887

    Sonoanatomy 

 The details of the hip joint cannot be visualized by ultra-
sound. However, the anterior region of the hip, including the 
anterior acetabulum, labrum, femoral head, and neck as well 
as the anterior recess, can be revealed with ultrasound. The 
anterior recess is of particular importance for intra-articular 
injection as it communicates with hip joint. The technique 
for revealing the anterior recess of hip joint is anterior 
oblique sagittal technique, that is, the probe position is 
aligned with the axis of the femoral neck. Both curvilinear 

and linear probe can be used, but the author prefers a curvi-
linear probe. The patient is placed in supine position with the 
hip in neutral position. The fi rst scan is to locate the femoral 
neurovascular bundle in the infrainguinal region. The femo-
ral head and acetabulum can usually be seen underneath the 
iliopsoas muscle and its tendon (Fig.  67.13a ). The probe is 
then rotated to align with the femoral neck such that the fol-
lowing structures can be defi ned: femoral head, neck, joint 
capsule, and anterior recess (Fig.  67.13b ). The target for 
intra-articular injection of the hip is the junction of femoral 
head and neck inside the anterior recess.  

a

b

  Fig. 67.13    ( a ) Sonoanatomy of 
the infrainguinal hip region. The 
position of the transducer is 
shown in the insert.  A  femoral 
artery,  V  femoral vein. ( b ) 
Sonoanatomy of the anterior hip 
region when the transducer is 
placed in the long axis of the 
femoral neck. The  arrow heads  
indicate the anterior recess. The 
position of the transducer is 
shown in the insert (Reproduced 
with permission from Philip Peng 
Educational Series)       
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 The targets for injection for GTPS are the tendons of glu-
teus medius or gluteus minimus. A linear probe is used and 
the patient is placed in lateral position with the affected side 
in the nondependent position. The greater trochanter is 
scanned in short axis. The junction between the anterior and 
lateral facet is usually well demarcated by the sharp boney 

edge (Fig.  67.14 ). Moving the probe to the anterior facet 
reveals the gluteus minimus tendon (Fig.  67.15 ). When the 
probe is moved over the lateral facet and then turned 90 °  to 
obtain a long axis view of the lateral facet, the following 
structures should be seen in this view: greater trochanter, fas-
cia lata, and tendon of gluteus medius (Fig.  67.16 ).     

  Fig. 67.14    Ultrasonography 
shows the junction ( * ) between 
the anterior and lateral facets of 
the greater trochanter ( dotted 
line ). The position of the 
transducer is shown in the insert 
(Reproduced with permission 
from Philip Peng Educational 
Series)       

  Fig. 67.15    Ultrasonography 
shows the gluteus medius tendon 
in short axis. The position of the 
transducer is shown in the insert. 
 Dotted arrow  shows the needle 
insertion path (Reproduced with 
permission from Philip Peng 
Educational Series)       
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  Fig. 67.16    Ultrasonography 
shows the subgluteal maximus 
bursa. Note that the axis of the 
transducer is aligned with the 
long axis of the iliotibial band as 
shown in the insert (Reproduced 
with permission from Philip Peng 
Educational Series)       

 

 Sonoanatomy



890

    Injection Technique 

    Intra-articular Injection 

 The anterior recess of hip joint is revealed with anterior 
oblique sagittal technique. A 3.5-in. 22-G needle is inserted 
in plane from lateral to medial direction to the junction of 
femoral head and neck. Before the needle insertion, it is 
advisable to obtain a Doppler scan to “scout” the vessel in 
the vicinity of the needle path to avoid inadvertent vessel 
injury. The volume of injectate is 5 mL, either local anes-
thetic with steroid (40 mg DepoMedrol) or hyaluronic acid.  

    GTPS Injection 

 For the peritendinous injection of the gluteus medius, a long 
axis scan of the gluteus medius tendon with the insertion to 
the lateral facet of the greater trochanter is required. A 3.5- in. 
22-G needle is inserted in plane from cephalad to caudal 
direction aiming at the space between the fascia lata and the 
gluteus medius tendon. The volume of injectate is 5 mL, with 
local anesthetic with steroid (40 mg DepoMedrol). For the 
peritendinous injection of the gluteus minimus, the probe is 
placed over the anterior facet and the tendon is viewed in 
short axis. A 3.5-in. 22-G needle is inserted in plane from 
lateral to medial direction directing toward either the super-
fi cial or deep aspects of the tendon. The volume of injectate 
is 5 mL, either local anesthetic with steroid (40 mg 
DepoMedrol).   

    Complication 

 Potential complications of hip injection are similar to that of 
other intra-articular injections: increase in pain, hematoma, 
infection, and systematic effect of steroids. In particular, 
there is a concern about the increase in risk of infection fol-
lowing hip arthroplasty in patients who received hip injec-
tion prior to arthroplasty. Four retrospective studies have 
examined the increased infection risk of intra-articular hip 
injection to subsequent hip replacement. The earliest publi-
cation revealed that the rates of superfi cial and deep infection 
were 30 and 10 % compared with 7.5 and 0 % of the matched 
cohort (the group without prior steroid injection of hip). 
However, subsequent three publications did not confi rm the 
increased risk from intra-articular injection. One paper sug-
gested an interval of less than 6 weeks between the injection 
and hip replacement is a risk factor for deep infection. 

 The adverse effect injection for GRPS is minimal. The 
patient may experience tenderness in the injection sites but 
of short term.     
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       Clinical Relevant Anatomy 

    Knee Joint [ 1 ,  3 ,  5 ,  7 ] 

 The knee joint (Fig.  68.1 ), the largest joint in the human 
body, is a hinge joint that allows bending and stretching. The 
femoral condyles and tibial condyles are parts of the joint. 
The knee joint space includes the space between and around 
the condyles, includes the femoropatellar joint behind the 
patella superiorly, and then communicates freely with the 
suprapatellar bursa between the tendon of the quadratus fem-
oris muscle and the femur. The fl accid, soft capsule is thin 
anteriorly and laterally and is strengthened by ligaments. In 
the anterior capsular wall, the patella – a large sesamoid 
bone – is embedded in the tendon of the quadriceps femoris 
muscle.   

    Ligaments in the Knee Joint [ 3 ,  7 ] 

 The stability of the knee is mainly maintained by various 
knee ligaments. The patellar ligament is a continuation of the 
quadriceps ligament and passes from the patella to the tibial 
tuberosity. The lateral patellar retinaculum is formed from 
fi bers of the vastus lateralis and rectus femoris muscles, and 
fi bers from the iliotibial tract also radiate into it. The medial 
patellar retinaculum mainly arises from fi bers from the vas-
tus medialis (Figs.  68.2  and  68.3 ).   

 The collateral ligaments prevent overextension of the 
knee joint, as well as abduction and adduction. The broad 
collateral tibial ligament stretches between the medial con-
dyles of the femur and the tibia and is fi rmly adherent to the 
medial meniscus. The round fi bular collateral ligament is not 
fi rmly attached to the joint capsule (Figs.  68.2  and  68.3 ). 

  Fig. 68.1    Knee joint area (Reproduced with permission from Danilo 
Jankovic)       
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  Fig. 68.2    ( 1 ) Patella, ( 2 ) ligamentum patellae, ( 3 ) medial patellar reti-
naculum, ( 4 ) vastus medialis muscle, ( 5 ) lateral patellar retinaculum, 
( 6 ) vastus lateralis muscle, ( 7 ) tendon of the rectus femoris muscle, ( 8 ) 
tibial collateral ligament, ( 9 ) fi bular collateral ligament, ( 10 ) head of 
fi bula, ( 11 ) tibial tubercle (Reproduced with permission from Danilo 
Jankovic)       
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 The cruciate ligaments (anterior and posterior) serve to 
maintain contact during rotational movements (Figs.  68.2  
and  68.3 ). The menisci (lateral and medial) consist of con-
nective tissue with abundant collagenous fi brous material 
and embedded cartilage-like cells (Fig.  68.3 ). 

 The infrapatellar fat pad (Hoffa’s fat pad) forms the ante-
rior part of the medial septum, which together with the 
infrapatellar synovial plica and cruciate ligaments separates 
the femorotibial joints from one another. From the medial 
and lateral margin of the articular surface of the patella, the 
synovial membrane forms twofold — the alar folds – which 
project inside the joint and cover the fat pad (Fig.  68.4 ).   

    Vascular Supply and Innervation 
of the Knee Joint [ 7 ] 

 The vascular anastomosis for the knee joint is formed by the 
terminal branches of ten vessels:

•    From above: from the lateral circumfl ex femoral artery 
(descending branch) and the descending genicular artery 
from the femoral artery.  

•   At the level of the joint: fi ve branches are contributed 
from the popliteal artery.  

•   From below: three branches of leg arteries, from the ante-
rior and posterior tibial arteries and from the fi bular artery.    

 The above arteries are accompanied by the veins with the 
same names (Fig.  68.5a–d ).  

 The innervation of the knee joint is provided by numerous 
nerves: joint branches from the femoral nerve reach the knee 
via neural branches supplying the vastus muscles and via the 
saphenous nerve, via articular branches from the posterior 
branch of the obturator nerve, and via articular branches 
from the sciatic nerve (tibial and common fi bular [peroneal] 
nerves) (Figs.  68.5a–d  and  68.6 ).    
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  Fig. 68.3    ( 1 ) Articular surface of the patella, ( 2 ) ligamentum patellae, 
( 3 ) medial meniscus, ( 4 ) lateral meniscus, ( 5 ) anterior cruciate liga-
ment, ( 6 ) posterior cruciate ligament, ( 7 ) medial epicondyle, ( 8 ) lateral 
epicondyle, ( 9 ) fi bular collateral ligament (lateral ligament), ( 10 ) tibial 
collateral ligament (lateral ligament) (Reproduced with permission 
from Danilo Jankovic)       
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  Fig. 68.4    ( 1 ) Suprapatellar bursa, ( 2 ) corpus adiposum suprapatellare, 
( 3 ) patella, ( 4 ) prepatellar bursa, ( 5 ) synovial fold, ( 6 ) infrapatellar fat 
pad (Hoffa’s fat pad), ( 7 ) infrapatellar bursa, ( 8 ) ligamentum patellae, 
( 9 ) tibia, ( 10 ) posterior cruciate ligament, ( 11 ) anterior cruciate liga-
ment, ( 12 ) articular capsule, ( 13 ) lateral epicondyle (Reproduced with 
permission from Danilo Jankovic)       
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  Fig. 68.5    ( a – d ) Vascular supply and innervation of the knee joint. ( a ) 
Anterior view. ( 1 ) Femoral nerve, ( 2 ) obturator nerve, ( 3 ) saphenous 
nerve, ( 4 ) femoral artery, ( 5 ) lateral femoral circumfl ex artery(descending 
branch), ( 6 ) descending genicular artery, ( 7 ) articular branch, ( 8 ) supe-
rior medial genicular artery, ( 9 ) inferior medial genicular artery, ( 10 ) 

rete patellae. ( b ) Medial view. ( 1 ) Tibial nerve, ( 2 ) posterior tibial artery 
and vein. ( c ) Antero-lateral view. ( 1 ) Common peroneal (fi bular) nerve, 
( 2 ) anterior tibial artery. ( d ) Popliteal fossa. ( 1 ) Tibial nerve, ( 2 ) com-
mon peroneal (fi bular) nerve, ( 3 ) popliteal artery and vein (Reproduced 
with permission from Danilo Jankovic)       
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  Fig. 68.6    Knee joint. Cutaneous 
innervation area. ( 1 ) Femoral 
nerve, ( 2 ) obturator nerve, ( 3 ) 
common peroneal (fi bular) nerve, 
( 4 ) saphenous nerve, ( 5 ) tibial 
nerve (Reproduced with 
permission from Danilo 
Jankovic)       
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    Sonoanatomy 

 When examining the knee joint, the patient is placed in 
supine position with the knee slightly fl exed 20°–30° on a 
bolster to keep the quadriceps tendon taut [ 8 ,  9 ]. A high- 
frequency (6–12 MHz) linear transducer is usually used. The 
target is the suprapatellar bursa, which communicates with 
the knee joint and can be revealed by placing the ultrasound 

probe just above the patella in long axis with the quadriceps 
tendon (Fig.  68.7a–c ). The suprapatellar bursa appears as a 
thin hypoechoic line between the suprapatellar and prefemo-
ral fat pads. Voluntary contraction of the quadriceps may 
help identify smaller effusions. The medial and lateral 
recesses may be examined in a transverse view by the side of 
the patella (Fig.  68.8 ).   

  Fig. 68.7    ( a – c ) ( a ) Sonogram of 
the suprapatellar view of the 
normal knee. The insert showed 
the position of the patient and the 
ultrasound probe. ( b ) Sonogram 
of the details of quadriceps 
tendon ( QT ). ( c ) Sonogram of 
the suprapatellar view of a 
patient with knee effusion. Note 
the presence of effusion fl uid 
fi lling the space between 
prefemoral fat pad and quadri-
ceps tendon.  SPFP  suprapatellar 
fat pad,  PFFP  prefemoral fat 
pad,  P  patella,  F  femur,  **  
indicates the suprapatellar recess 
(Reproduced with permission 
from Dr. Philip Peng from Philip 
Peng Educational Series)         

a
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cFig. 68.7 (continued)
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  Fig. 68.8    ( a ,  c ) Pictures showed the position of the ultrasound probes 
and the manipulation of the patella by the examiner. The patella was 
pushed to the medial and lateral sides respectively in ( a ,  c ). The respec-
tive sonograms ( b ,  d ) showed the medial and lateral views respectively. 

 MFC  medial femoral condyle,  LFC  lateral femoral condyle,  stars  indi-
cated the Hoffa fat pad,  chain of trapezoid  indicated the cartilage 
(Reproduced with permission from Dr. Philip Peng from Philip Peng 
Educational Series)       
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    Indications and Contraindications 

 The main indication for intra-articular injection is the osteo-
arthritis of the knee which effi cacy has been examined in 
multiple systematic reviews and guidelines [ 10 – 13 ]. The 
patient reports gradually arising or sudden-onset pain and 
swelling of the knee. The pain may be ventral and/or dorsal, 
as the knee is in the area of dermatomes L3/4 and S1/2. The 
symptoms are exacerbated by weight-bearing activities, and 
after resting phases, the knee joint may stiffen. Swelling and 
synovial thickening are palpable at the physical examination. 
There is a capsular-pattern movement restriction, with fl ex-
ion being more severely restricted than extension. 

 Similar to other intra-articular injection, knee injection is 
contraindicated in patients with infections and skin diseases 
in the puncture area as well as those receiving anticoagulant 
treatment.  

    Procedure 

    Landmark-Based Technique 

 There are various techniques for intra-articular knee joint 
injections. Two techniques will be discussed. 

 The fi rst one is through medial access [ 2 ,  4 ,  6 ,  7 ], in which 
the patient is placed in supine position with the knee bent by 
approximately 45° using a knee roll. In this position, the 
knee joint is well opened at the front and the accessory patel-
lar ligaments are not particularly tensed passively. The 
patella is pushed laterally with the thumb and raised slightly. 
A 23-G  2 3

8  
 -inch needle is introduced almost horizontally 

at the transition from the middle to the lower third of the 
patella. The trajectory of the needle is directed toward the 
intercondylar fossa so that the needle is slid into the joint. 
The joint space is reached after 3–5 cm (depending on the 
anatomy). Following aspiration, the injection is carried out, 
and this must only be done if there is no resistance (Fig.  68.9 ). 
If there is greater injection resistance (infrapatellar fat pad or 
cruciate ligaments), the direction must be corrected. The 
injection can also be carried out in the same way lateral to 
the patellar ligament.  

 Procedure
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  Fig. 68.9    Knee joint injection. Medial access. Transition from the 
middle to lower third of the patella (medially or laterally) (reproduced 
with permission from Danilo Jankovic)       
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  Fig. 68.10    Knee joint injection. Ventromedial access. Sitting position. 
The lower leg is hanging in a relaxed position. The needle is introduced 
at the angle of approximately 60° (in a slightly medial direction) 
(Reproduced with permission from Danilo Jankovic)       

 Another approach is through ventromedial access. The 
patient is seated on the examination table, with the lower leg 
hanging in a relaxed position. There is a fossula medial to the 
patellar ligament and lateral to the medial condyle of the 
femur. The needle is introduced into the fossula at an angle 
of approximately 60° (in a slightly medial direction toward 
the intercondylar eminence) (Fig.  68.10 ).   

    Ultrasound-Guided Approach [ 9 – 17 ] 

 Pooled data on the accuracy rates of landmark-based versus 
ultrasound guidance techniques are 77.8 % and 95.8 % 
respectively. In performing landmark-guided injection, the 
presence of an effusion, not the presence of loss of resis-
tance, greatly enhances the accuracy. This was refl ected by a 
cadaver study examining the reasons for the failure of the 
landmark-based injection, and most of the inaccuracies were 
due to the injection into the Hoffa’s fat pad (81 %). 

 Suprapatellar approach is described here, in which the 
patient is placed in supine position with the knee slightly 
fl exed and supported. Following sterile preparation, the 
ultrasound probe is placed over junction of the quadriceps 
tendon and patella to reveal the suprapatellar recess (SPR) 
(Fig.  68.10 ). In the situation when the synovial fl uid is scant, 
a couple of maneuvers can be used to augment the SPR. One 
is to ask the patient to perform isometric contraction of the 
quadriceps and the other is to apply pressure in the parapatel-
lar space to squeeze the synovial fl uid to the SPR. Once the 
SPR is seen, the ultrasound probe is rotated 90° above the 
patella. This maneuver allows the needle to puncture the reti-
naculum instead, thus avoiding needle trauma to the quadri-
ceps tendon (   Fig.  68.11 ).   

 A 20- or 22-G needle is inserted from lateral to medial 
in-plane toward the SPR. Alternatively, the ultrasound probe 
is rotated 45° with the cephalad end directed to the lateral 
side (superolateral position). In the presence of effusion, 
aspiration of synovial fl uid should always be considered.  

 

 Procedure
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  Fig. 68.11    Picture showed the injection technique. The ultrasound 
probe is placed between the patella and quadriceps tendon initially and 
then turn 90° upon visualization of the suprapatellar recess. The needle 
is then approached from lateral to medial to avoid puncturing the quad-

riceps tendon. The needle is indicated by the  arrowheads  and the supra-
patellar recess by  asterisks  ( **** ).  R  retinaculum,  Q  quadriceps tendon, 
 F  femur (Reproduced with permission from Dr. Philip Peng from Philip 
Peng Educational Series)       
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    Dosage 

 The volume of injectate is a mixture of 5 mL of corticoste-
roid and local anesthetic (40 mg methylprednisolone or 
 triamcinolone diluted in 5 mL of local anesthetic) or hyal-
uronic acid.   

    Side Effects and Complications 

•     Infection (prophylaxis: extremely strict asepsis).  
•   A temporary increase in pain may occur in approximately 

25 % of the patients (who should be informed about this).  
•   Hematoma formation (lateral access).        
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       Anatomy [ 1 – 3 ] 

 The bones of the foot are divided into the tarsus, metatarsus, 
and toes (Fig.  69.1a, b ). The tarsus consists of seven bones 
(tarsal bones): the talus, calcaneus, navicular, and cuboid 

bones, and three cuneiform bones. The metatarsus consists 
of the fi ve metatarsal bones. The toes are formed by the pha-
langes. A distinction is made in the foot joints between the 
upper ankle joint (the talocrural joint) and the lower ankle 
joint (subtalar and talocalcaneonavicular joints) (Fig.  69.2 ).   

a b

  Fig. 69.1    ( a ) Foot skeleton. Dorsal view.( 1 ) Calcaneus, ( 2 ) talus, ( 3 ) 
trochlea tali, ( 4 ) navicular bone, ( 5 ) cuboid bone, ( 6 ) cuneiform bone, 
( 7 ) metatarsal bones, ( 8 ) phalanges (Reproduced with permission from 
Danilo Jankovic). ( b ) Foot skeleton. Lateral view. ( 1 ) calcaneus, ( 2 ) 

tuber calcaneus, ( 3 ) talus, ( 4 ) sinus tarsi, ( 5 ) navicular bone, ( 6 ) cunei-
form bones, ( 7 ) cuboid bone, ( 8 ) subtalar joint, ( 9 ) talocalcaneonavicu-
lar joint (Reproduced with permission from Danilo Jankovic)       
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 The joint surfaces of the talocrural joint are formed by the 
malleolar mortise (mortise joint) at the trochlea of the talus, 
with its superior facet and medial and lateral malleolar fac-
ets. The ligaments of the upper ankle joint are the medial 
collateral ligament (deltoid ligament), anterior talofi bular 
ligament, posterior talofi bular ligament, and calcaneofi bular 
ligament (Figs.  69.3  and  69.4a, b ).   

 The lower ankle joint consists of two separate joints – the 
subtalar joint, which forms the posterior part of the lower 
ankle joint, and the talocalcaneonavicular joint, which forms 
the anterior part of it. These two separate joints act together. 
The joint surfaces in the subtalar joint are formed by the talus 
and calcaneus (Figs.  69.3  and  69.4a, b ). 

  Fig. 69.2    ( 1 ) Tibia, ( 2 ) fi bula, ( 3 ) posterior talofi bular ligament, ( 4 ) 
talocrural joint, ( 5 ) subtalar joint, ( 6 ) deltoid ligament, ( 7 ) talocalca-
neus ligament, ( 8 ) talonavicular ligament, ( 9 ) bifurcated ligament, ( 10 ) 
calcaneocuboid ligament, ( 11 ) cuneonavicular ligament, ( 12 ) tarso-
metatarsal ligament, ( 13 ) metatarsophalangeal ligament, ( 14 ) articulati-
ones digiti (Reproduced with permission from Danilo Jankovic)        

  Fig. 69.3    Foot joints. Lateral view. ( 1 ) Anterior tibiofi bular joint, ( 2 ) 
anterior talofi bular ligament, ( 3 ) lateral malleolus, ( 4 ) medial malleo-
lus, ( 5 ) talocrural joint, ( 6 ) deltoid ligament (medial collateral liga-
ment), ( 7 ) talonavicular ligament, ( 8 ) bifurcated ligament, ( 9 ) 
calcaneofi bular ligament, ( 10 ) talocalcanean ligament, ( 11 ) interosse-
ous talocalcaneal ligament, ( 12 ) dorsal tarsometatarsal ligaments, ( 13 ) 
articular capsule, ( 14 ) collateral ligaments (Reproduced with permis-
sion from Danilo Jankovic)       
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a b

  Fig. 69.4    ( a ) A Foot joints. Dorsal view. ( 1 ) Fibula, ( 2 ) tibia, ( 3 ) pos-
terior tibiofi bular ligament, ( 4 ) talus, ( 5 ) posterior talofi bular ligament, 
( 6 ) calcaneofi bular ligament, ( 7 ) subtalar joint, ( 8 ) calcaneus, ( 9 ) poste-
rior talocalcaneal joint, ( 10 ) deltoid ligament (Reproduced with permis-

sion from Danilo Jankovic). ( b ) Ankle joint. Lateral view. ( 1 ) Lateral 
malleolus, ( 2 ) peroneal muscles, ( 3 ) tuberosity of the metatarsal bone 5. 
With tendon of the peroneus brevis and tertius muscle (Reproduced 
with permission from Danilo Jankovic)       
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 The vascular supply to the ankle is from branches of the 
 posterior tibial artery  (the medial and lateral plantar arter-
ies) and from the  anterior tibial artery  (the dorsalis pedis 

artery). The ankle is innervated from the  tibial nerve  (lateral 
and medial plantar nerves and calcaneal branches) and from 
the  deep fi bular (peroneal) nerve  (Fig.  69.5a–c ).   

a b c

  Fig. 69.5    ( a ) Foot. Vascular supply and innervation. ( 1 ) Tibial nerve, 
( 2 ) medial plantar nerve, ( 3 ) lateral plantar nerve, ( 4 ) calcaneal 
branches, ( 5 ) posterior tibial artery, ( 6 ) posterior tibial vein (Reproduced 
with permission from Danilo Jankovic). ( b ) Cutaneous innervation 
areas of the back of the foot. Lateral view. ( 1 ) Superfi cial 
peroneal(fi bular) nerve, ( 2 ) deep peroneal(fi bular) nerve, ( 3 ) anterior 

tibial artery, ( 4 ) sural nerve, ( 5 ) lateral malleolus (Reproduced with per-
mission from Danilo Jankovic). ( c ) Cutaneous innervation areas in the 
region of the back of the foot (from the front). ( 1 ) Superfi cial peroneal 
(fi bular) nerve, ( 2 ) deep peroneal (fi bular) nerve, ( 3 ) saphenous nerve, 
( 4 ) sural nerve, ( 5 ) lateral malleolus, ( 6 ) medial malleolus (Reproduced 
with permission from Danilo Jankovic)       
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    Sonoanatomy [ 4 – 6 ] 

 For tibiotalar or talocrural joint, the target is the anterior tib-
iotalar recess between the tibialis anterior tendon and medial 
malleolus (Fig.  69.6 ). The patient is placed in supine position 
with the knee fl exed 90° and the foot fl at on the table or in 

semi-recumbent with the ankle in a plantar-fl exed position. A 
linear (8–12 MHz) ultrasound probe is placed over the tibi-
alis anterior tendon fi rst. By moving the probe to the medial 
direction, the fat pad in the anterior recess of the tibiotalar 
joint is revealed (Fig.  69.7 ).   

  Fig. 69.6    Joint recess for tibiotalar joint and subtalar joint (Reproduced 
with permission from Philip Peng Educational Series)       

  Fig. 69.7    Sonogram of the 
anterior aspect of tibiotalar joint. 
The inserts on the left side show 
the position of the ultrasound 
probe ( orange rectangle ) 
(Reproduced with permission 
from Philip Peng Educational 
Series)       
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 For subtalar joint, the joint space can be revealed with 
either medial or lateral approach. The author-preferred 
approach is the lateral approach. The patient is placed in lat-
eral position (injection side as nondependent side) and a 
small pillow is placed on the medial aspect of ankle. A linear 

(8–12 MHz) ultrasound probe is placed anterior to lateral 
malleolus right on sinus tarsi (Fig.  69.8 ). The probe is then 
moved and tilted in posterior direction to reveal the subtalar 
joint (Fig.  69.9 ).    

  Fig. 69.8    Sonogram of sinus 
tarsi (Reproduced with permis-
sion from Philip Peng 
Educational Series)       

  Fig. 69.9    Sonogram of the 
lateral aspect of posterior 
subtalar joint. The inserts show 
the position of the ultrasound 
probe. The probe position is 
similar to that of sinus tarsi but 
moved and tilted toward the 
lateral malleolus (Reproduced 
with permission from Philip Peng 
Educational Series)       
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    Indications and Contraindications 

 The main indication is osteoarthritis, especially posttrau-
matic. Arthrosis of the ankle joint is rare in the absence of a 
causative factor (e.g., fracture, instability, or posture-related 
joint strain). The patient reports local pain and swelling in 
the ankle region. The examination reveals capsular-pattern 
movement restriction, with plantar fl exion more severely 
restricted than dorsal fl exion. Contraindications are similar 
to other joint injections, such as infection in the skin around 
the joint area and in patients who are taking anticoagulants.  

    Procedure [ 7 – 11 ] 

 Literature supports that ultrasound-guided ankle injections 
are much more accurate than that with landmark guidance 
alone. In one cadaver study, the investigators directly com-
pared the accuracy of ultrasound with landmark-guided 
injection in tibiotalar joint. The accuracies were 100 % and 
85 % respectively. In a validation study, the accuracy of sub-
talar joint under ultrasound guidance was 100 %. Ultrasound 
should be utilized when a defi nitive diagnosis needs to be 
established or hyaluronic acid is being utilized. 

 For tibiotalar or talocrural joint, the target is the anterior 
tibiotalar recess between tibialis anterior tendon and medial 
malleolus. The patient position and the ultrasound probe are 
described in the sonoanatomy section. Both in-plane and 
out-of-plane techniques have been described. 

 For out-of-plane technique, ultrasound probe is placed 
over the extensor hallucis longus and a 1.5-in. 25-G needle is 
inserted medial to the tibialis anterior tendon into the ante-
rior recess. The injectate should be seen spread deep to the 
fat fad. In the presence of joint effusion, one should consider 
a larger gauge needle for aspiration. A total volume of 
3–5 mL of injectate is suffi cient, either a mixture of local 
anesthetic with steroid (2 % lidocaine and 40 mg depoMe-
drol) or a commercial available hyaluronic acid solution 
(Fig.  69.10 ). For in-plane technique, the ultrasound probe is 
fi rst placed over the tibialis anterior tendon fi rst. The probe is 
moved slightly in medial direction to reveal the anterior joint 
recess. A 3.5-in. 22-G needle is inserted in-plane deep to the 
fat pad (Fig.  69.11 ).   
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  Fig. 69.10    Sonogram shows out-of-plane needle insertion for tibiotalar joint. The  line arrows  indicate the needle path. The insert shows the 
anatomy and the ultrasound probe position (Reproduced with permission from Philip Peng Educational Series)       

  Fig. 69.11    Sonogram shows in-plane needle insertion for tibiotalar joint. The insert shows the anatomy and the ultrasound probe position 
(Reproduced with permission from Philip Peng Educational Series)       
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 For subtalar joint, the approach used is lateral approach to 
the posterior subtalar joint. Once the subtalar joint is 
 visualized, a 1.5-in. 25-G needle in inserted out-of-plane 
from posterior to anterior direction (Figs.  69.12  and  69.13 ). 

A total volume of 1–2 mL of either a mixture of local anes-
thetic with steroid (2 % lidocaine and 20 mg depoMedrol) or 
a commercial available hyaluronic acid solution is 
suffi cient.    

  Fig. 69.12    Sonogram shows out-of-plane needle insertion for subtalar joint. The insert shows the anatomy and the ultrasound probe position. The 
 line arrows  indicate the needle path (Reproduced with permission from Philip Peng Educational Series)       

  Fig. 69.13    Sonogram shows the pooling of injectate ( * ) following 
injection (Reproduced with permission from Philip Peng Educational 
Series)       
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    Side Effects and Complications 

•     Infection (prophylaxis: extremely strict asepsis).  
•   Injury to cartilage or bone.  
•   A temporary increase in pain may occur in approximately 

25 % of the patients (who should be informed about this).  
•   Hematoma formation.        
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       Intra-articular Injection into the Hallux 
Metatarsophalangeal Joint 

    Anatomy [ 1 – 3 ] 

 The metatarsophalangeal and interphalangeal joints in the 
foot are divided into the basal, medial, and terminal joints. 
The basal joints are ball-and-socket joints in shape, and their 
functioning is restricted by collateral ligaments. The medial 
and terminal joints have the shape of pure hinge joints (gin-
glymus, cylindric joint) (Fig.  70.1 ). The metatarso- phalangeal 
joint connects to metatarsosesamoid articulations, which can 
be the source of hallucal sesamoid pain [ 4 ].   

    Indications 

•     Rheumatology (rheumatoid arthritis, gouty arthritis)  
•   Orthopedics (hallux rigidus, hallux valgus, pain in the 

metatarsophalangeal joint of the hallux, hallucal sesa-
moid pain)     

    Procedure 

    Patient Positioning 
 Supine position with fl exed knee joint, or sitting (with the 
foot placed on a small footstool).  

    Materials 
 Sterile precautions, fi ne 25-mm-long 26-G needle, swabs, 
compresses, tuberculin syringe, local anesthetic, glucocorti-
coid if needed  

    Strict Asepsis 
 Thorough and broad skin disinfection, drying and covering 
of the injection site with a fenestrated drape. Local anesthe-
sia (skin infi ltration)   

D. J.

3

214

  Fig. 70.1    ( 1 ) Joint capsule of the metatarsophalangeal joint, ( 2 ) cap-
sule of the articulatio hallucis ( 3 ) metatarsophalangeal joint,( 4 ) collat-
eral ligaments (Reproduced with permission from Dr. Danilo Jankovic)       
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    Injection Techniques 

    Landmark Based [ 1 ,  5 ,  6 ] 
 The articular space can be palpated during movement of the 
large toe (Fig.  70.2 ). The needle is introduced horizontal to 
the surface of the skin between the head of metatarsal I and 
the base of the proximal phalanx of the great toe (Fig.  70.2 ). 
The depth of injection is 0.5–1.0 cm. The injection must only 
be carried out when there is no resistance.   

    Ultrasound Guidance 
 The accuracy of landmark-guided technique is at best 65 %, 
while the accuracy for ultrasound guidance is 100 % [ 4 ,  7 – 9 ]. 
A linear probe with a small footprint (6–13 MHz) is used and 
applied to the dorsal aspect of metatarsophalangeal joint just 
medial to the extensor hallucis longus tendon (Fig.  70.3 ). The 
needle is introduced out-of-plane from medial to lateral [ 4 ]. 
A successful injection will result in spread of the injectate to 
the fi rst metatarsophalangeal joint recess.    

  Fig. 70.2    Metatarsophalangeal joint. Injection. The needle is intro-
duced horizontal to the surface of the skin between the head of metatar-
sal I and the base of the proximal phalanx of the great toe (Reproduced 
with permission from Dr. Danilo Jankovic)       

  Fig. 70.3    Sonography of the long axis view of the fi rst metatarsopha-
langeal joint (MTPJ). The ultrasound probe position was indicated in 
the insert in the left lower corner. The MTPJ was indicated by the  bold 

arrow. 1st PP  fi rst proximal phalanx,  1st MT  fi rst metatarsal, ** meta-
tarsophalangeal joint recess (Reproduced with permission from Philip 
Peng Educational Series)       
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    Dosage 

 1.0–1.5 mL local anesthetic — e.g., 0.5–0.75 % ropivacaine 
(mixed with 20 mg methylprednisolone if appropriate)  

    Side Effects and Complications 

•     Infection (prophylaxis: strictest possible asepsis)  
•   Injury to cartilage or bone  
•   A temporary increase in pain may occur in approximately 

25 % of the patients (who should be informed about this  
•   Hematoma formation      

    Injections of the Morton’s Neuroma 

 In  1935, Dudley Morton  described two structural variants of 
the foot skeleton that are regularly found either individually 
or together in patients who report metatarsalgia [ 6 ,  10 – 12 ].

•    The most frequent variant was hypermobility of metatar-
sal I (in the tarsometatarsal joint) with simultaneously 
slack long plantar ligaments. The hypermobility of  meta-
tarsal I  overstrains the  tibialis posterior  and  fl exor digito-
rum longus  muscles.  

•   The second variant involved a metatarsal I that was rela-
tively too short (occurring in approximately 40 % of the 
population). This leads to overstraining of the  peroneus 
longus  and more rarely of the peroneus brevis muscles 
[ 6 ,  10 ].    

 Metatarsalgia is not an anatomic diagnosis. Primary 
metatarsalgia can be triggered by the following factors: 
static, congenital, hallux valgus, or surgical procedures. 
Secondary metatarsalgia can be provoked by trauma, sesa-
moiditis, or neurogenic diseases [ 6 ,  10 ]. 

  Morton’s neuroma is a  pain syndrome in the sole of the 
foot due to pressure injury or formation of a fusiform pseu-
doneuroma on a  digital nerve  (sensory branch of the tibial 
nerve) in the region of the second, third, or fourth interdigital 
space (Fig.  70.4 ). This involves neuralgiform, often burning 
pain on the sole of the foot, usually in the region of the head 
of the third and fourth metatarsal bone and in the correspond-
ing two toes — initially during walking and later also at rest. 
In addition, there is often local pressure and compression 
pain in the corresponding bones. Physical examination 
shows a click when the metatarsal heads are squeezed 
together (Mulder’s sign) [ 13 ,  14 ].  Muscular dysfunction  due 
to a Morton anomaly in the foot can affect the vastus media-
lis, gluteus medius, and gluteus minimus in addition to the 
fi bularis muscles [ 6 ,  10 – 12 ].  
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    Procedure 

    Patient Positioning 
 Supine position with knee extended and the foot is supported 
with a pillow [ 13 ,  15 ,  16 ].  

    Materials 
 Sterile precautions, fi ne 25-mm long 26-G needle, swabs, 
compresses, 3 mL or tuberculin syringe, local anesthetic, 
glucocorticoid, or neurolytic agents as necessary (phenol or 
alcohol) [ 17 ]  

    Strict Asepsis 
 Thorough and broad skin disinfection, drying and covering 
of the injection site with a fenestrated drape. Local anesthe-
sia (skin infi ltration)   

  Fig. 70.4    Sole of the foot (tibial nerve). ( 1 ) Medial plantar nerve, 
( 2 ) lateral plantar nerve, ( 3 ) joint capsule of the metatarsophalangeal 
joint with connecting plantar digital nerves (Reproduced with permis-
sion from Danilo Jankovic)       
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    Injection Technique 

 A linear probe (6–13 MHz) is applied to the metatarsal heads 
over the lateral aspect of the foot to reveal the 4th and 5th 
metatarsal heads. The probe is then moved to the medial 
direction with the 3rd and 4th metatarsal heads in the center 
of the screen. With the assistant squeezing the metatarsal, the 
neuroma will appear as a hypoechoic structures (Fig.  70.5 ). 
The needle is inserted as out-of-plane to deposit the 1–2 mL 
of local anesthetic and steroids around the neuroma 
(Fig.  70.6 ). If an intraneural phenolysis is performed, the 
needle is inserted into the neuroma and a small amount 
(increment of 0.1 mL up to 0.4 mL) neurolytic agent can be 
injected. Real-time ultrasound scanning is important to avoid 
the spilling of the agents to the surrounding tissue.    

    Dosage 

 1 – 2 mL e.g., 0.5–0.75 % ropivacaine, mixed with methyl-
prednisolone 20 mg 

 0.2–0.4 mL for neurolytic agent  

    Complications 

 See above. 
 If neurolytic agent is injected, the potential risk is increase 

in pain locally due to the spilling of agent.      

  Fig. 70.5    Sonography of the Morton’s neuroma. Short axis view of the 
forefoot when the ultrasound probe was applied over the metatarsal heads 
on the plantar surface of the foot. The upper fi gure showed the neuroma 
( line arrows ) as a hypoechoic structure between the 3rd and 4th metatar-
sals (MT) at the resting state. On squeezing the metatarsal heads together 
(Mulder test), the neuroma was squeezed out of the metatarsal heads 
(Reproduced with permission from Philip Peng Educational Series)       

  Fig. 70.6    Sonography of the Morton’s neuroma ( line arrows ) follow-
ing the hydrodissection with local anesthetic ( ** ). The picture is the 
short axis view of the forefoot when the ultrasound probe was applied 
over the metatarsal heads on the plantar surface of foot. MT-metatarsal 
(Reproduced with permission from Philip Peng Educational Series)       
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       Background 

 The brachial plexus (Fig.  71.1 ) is derived from the ventral 
rami of C5–T1 (with occasional contributions from C4 and 
T2). After leaving the intervertebral foramina, the roots travel 
between the anterior and middle scalene muscles, where they 
become three trunks (upper, middle, and lower). The trunks 
then emerge from the scalene muscles and lay cephaloposte-
rior to the subclavian artery as they cross the base of the pos-
terior triangle of neck. Each trunk forms anterior and posterior 
divisions as they pass over the lateral border of the fi rst rib. At 
the apex of axilla, these divisions unite to form three cords, 
which are named according to their relative positions to the 
axillary artery (lateral, medial, and posterior). After leaving 
the axilla, the cords give rise to terminal branches which sup-
ply the muscles and skin of the upper limb.  

 In children, upper limb blocks are performed under gen-
eral anesthesia or heavy sedation, although in cooperative 
and older children, it may be possible to perform these blocks 
awake or under light sedation. Since monitoring paresthesia 
is precluded by general anesthesia/heavy sedation or the 
child is too young to verbalize paresthesia, the use of nerve 
stimulation is essential for localization of nerve and avoiding 
intraneural injection. In addition, ultrasound allows direct 
visualization of the needle and neural structures and has fur-
ther improved the success rate and safety of regional blocks 
in children. 

 Several approaches for brachial plexus block have been 
described, namely, interscalene, supraclavicular, infracla-
vicular, and axillary. Blockade of a single peripheral nerve 
is possible distal to the axilla. Different approaches should 

be used depending on the site of the surgery. For example, 
interscalene block provides the best coverage for shoul-
der surgery, while more distal techniques are indicated for 
surgery of the forearm and hand. General complications of 
brachial plexus block include infection at the needle inser-
tion site, bleeding/hematoma formation, nerve injury, and 
local anesthetic toxicity. For more proximal blocks (e.g., 
interscalene), specifi c complications, such as phrenic nerve 
palsy, Horner’s syndrome, recurrent laryngeal nerve palsy, 
epidural/intrathecal injection, and vertebral artery injection 
can occur. Pneumothorax is also a potential complication 
with supraclavicular and infraclavicular blocks; however, 
the increasing use of ultrasound has lowered the risk of these 
complications signifi cantly.  

  Fig. 71.1    Anatomy of the brachial plexus.  A  anterior divisions,  P  pos-
terior divisions       
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    Interscalene Block 

    Introduction, Indications, and Complications 

 The interscalene block targets the roots and proximal trunks 
of the brachial plexus between the anterior and middle sca-
lene muscles at the level of the cricoid cartilage (C6) 
(Fig.  71.2 ). It is indicated for surgery of the shoulder and 
upper arm since it reliably anesthetizes the axillary and mus-
culocutaneous nerves, although the hand and fi ngers are 
often spared. Phrenic nerve block is a major complication in 
infants and young children due to greater dependence on dia-
phragmatic function. Other risks include vertebral artery 
puncture and injection, epidural or intrathecal injection, 
Horner’s syndrome, recurrent laryngeal nerve blockade, and 
hematoma formation in the neck due to arterial or venous 
puncture. A combined nerve stimulation and ultrasound- 
guided approach should be used to minimize complications.   

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The patient is placed with the head turned approximately 45° 
away from the side to be blocked. For parascalene block, a 
rolled towel is placed underneath the shoulders. The skin is 
cleaned with antiseptic solution. If ultrasound guidance is 
used, prepare the probe surface by applying a sterile adhe-
sive dressing. 

 A 50-mm, 22-G insulated short-beveled needle is used. 
Recommended local anesthetics are 0.125–0.25 % bupiva-
caine or 0.1–0.2 % ropivacaine. Using 0.25 % bupivacaine at 
0.2–0.3 mL/kg is a reasonable option for this block. The 
duration of sensory block averages 15 ± 4.5 h, independent of 
the type and concentration of the local anesthetic used. 
Epinephrine 1:200,000 may be added to detect intravascular 
injection.  

    Nerve Stimulation Technique 

 Different approaches have been described for this block. For 
interscalene approach, the point of needle insertion is at the 
level of cricoid cartilage (C6) within the interscalene groove 
(Fig.  71.2 ). The interscalene groove is located between the 
anterior and middle scalene muscles posterior to the lateral 
border of the sternocleidomastoid muscle (SCM), slightly 
above the point where the sternal and clavicular heads of the 
SCM separate. The line between the point of needle insertion 
and the cricoid cartilage should cross the Chassaignac’s 
tubercle (anterior tubercle of the transverse process of the C6 
vertebra), which can be felt easily. The needle is inserted at 
60° to skin and directed medially, posteriorly, and caudally 
to prevent inadvertent puncture of the vertebral artery or epi-
dural/intrathecal space. The initial current is set at 0.8–
1.0 mA (2 Hz, 100–300 μs) and then gradually reduced to a 
threshold current of 0.2–0.4 mA (0.1–0.2 ms) after eliciting 
appropriate motor responses. Response at a current >0.4 mA 
indicates that the needle is too far away from the plexus; a 
current ≤0.2 mA signifi es intraneural placement. 

 Another approach to this block is the parascalene approach 
[ 1 ]. A line is drawn between the midpoint of clavicle and the 
Chassaignac’s tubercle. The needle is inserted two thirds of 
the way down this line and advanced posteriorly until 
twitches are seen. The risk of vascular puncture, Horner’s 
syndrome, and phrenic nerve block is lower with this tech-
nique, but the external jugular vein may be penetrated.  

  Fig. 71.2    Patient positioning and surface landmarks for interscalene 
brachial plexus block       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) hockey stick or linear trans-
ducer probe is suitable for this block. The probe is placed on 
the neck in an axial oblique view at the level of the cricoid 
cartilage (C6) (Fig.  71.3 ). The anechoic great vessels (com-
mon carotid artery and internal jugular vein) and the overly-
ing triangular-shaped sternocleidomastoid muscle are 
identifi ed fi rst. If necessary, color Doppler can be used to 
locate the vessels. Move the probe proximally and distally to 
identify the roots/trunks of the brachial plexus (which com-
monly seen as three round or oval-shaped hypoechoic struc-
tures) in the interscalene groove between the anterior and 
middle scalene muscles. Occasionally, the vertebral artery 
can be seen deep to the plexus and anterior to the C6 trans-
verse process. Extra caution should be exercised not to con-
fuse the artery with a nerve and inject into it. Visualization of 
the neural structures can be diffi cult in small children, so a 
“traceback” approach is recommended. In the traceback 
approach, the probe is placed in a coronal oblique plane at 

the upper border of the clavicle. The brachial plexus at this 
point appears as “a bunch of grapes,” superolateral to the 
subclavian artery. The plexus is then traced back to the inter-
scalene region by scanning in a cephalad direction (Fig.  71.4 ).   

 The needle is inserted either in-plane or out-of-plane, 
although the in-plane approach is preferred to ensure visual-
ization of the needle, thereby minimizing the risk of compli-
cations. For the in-plane approach, the needle is inserted in a 
lateral-to-medial fashion into the interscalene groove. When 
using the out-of-plane approach, the plexus is centered in the 
middle of the screen, and the needle is inserted cranial to the 
probe at the midline. Direct the needle tip, which appears as 
bright dot on the screen, in a “walk-down” manner (see Ref. 
[ 1 ]) in proximity to the nerves. Nerve structures can be con-
fi rmed by nerve stimulation. A test dose with D5W is useful 
to visualize the spread and confi rm nerve localization. After 
negative aspiration for blood or CSF, local anesthetic is 
deposited to achieve good spread surrounding the nerves 
within the interscalene groove. The depth should be less than 
1–2 cm, even in teenage adolescents.   

  Fig. 71.3    Ultrasound image of 
the brachial plexus at the 
interscalene groove.  EJV  external 
jugular vein,  SCM  
sternocleidomastoid muscle  SAM  
scalenus anterior muscle  SMM  
scalenus medius muscle,  VA  
vertebral artery,  BP  brachial 
plexus,  C7  C7 vertebra       
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  Fig. 71.4    Ultrasound traceback approach for interscalene block.  SAM  scalenus anterior muscle; arrowheads show location of brachial plexus       
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    Supraclavicular Block 

    Introduction, Indications, and Complications 

 This block targets the trunks and/or divisions of the brachial 
plexus where they are located cephaloposterior to the subcla-
vian artery above the fi rst rib (Fig.  71.5 ). The rapid onset of 
this block offers the most reliable blockade of the brachial 
plexus for anesthesia and analgesia of the entire upper 
extremity, especially the elbow, forearm, and hand. Because 
of the high risk of pneumothorax due to the proximity of the 
apex of the lung to the brachial plexus, an ultrasound-guided 
approach is strongly recommended.   

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The head of the patient is turned to the contralateral side. The 
arm is placed on the side, and the shoulder is pushed back-
ward on to the mattress and down toward the feet (Fig.  71.5 ). 
The skin is cleaned with antiseptic solution. If the ultrasound 
approach is used, prepare the probe surface by applying a 
sterile adhesive dressing. 

 A 50-mm, 22-G insulated needle is used. Depth of inser-
tion is related to the age and weight of the patient in a non-
linear manner. For a 10-kg child, the depth of insertion is 
about 10 mm. For every 10 kg increase in weight, the depth 
of insertion increases 3 mm until the child reaches 50 kg. 
After that, advance 1 mm for every 10 kg increase in weight. 
The maximum depth should not exceed 35 mm. The required 
depth of penetration is usually less than 1 cm for children 
and 1–2 cm for teenagers. 

 Recommended local anesthetics are 0.25–0.5 % bupi-
vacaine, 0.2 % ropivacaine, and 2 % lidocaine. Blockade 
at this level can be achieved with volumes as low as 
0.15–0.2 mL/ kg.  

    Nerve Stimulation Technique 

 The needle insertion point is located 1 cm above the mid-
point of the clavicle posterolateral to the subclavian artery. 
The subclavian artery pulsation serves as the landmark for 
localization of the plexus. The current is initially set at 
0.8 mA (2 Hz, 100–300 μs) and then gradually reduced to a 
threshold current of 0.2–0.4 mA (0.1–0.2 ms) after obtaining 
appropriate response. Motor response at a current ≤0.2 mA 
indicates intraneural placement, and the needle should be 
withdrawn. The spread of local anesthetic solution in chil-
dren may be greater than for adults since, in children, the 
fascia adheres less to the nerve trunks. This increases the 
likelihood of a successful block with any motor response.  

  Fig. 71.5    Patient positioning and surface landmarks for supraclavicu-
lar brachial plexus block.  X  indicates the point of needle entry       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) hockey stick probe is ideal for 
small children. For older and/or obese children, a small foot-
print curved array probe (8-5 MHz) is a better option. The 
probe is fi rst placed in a coronal oblique plane at the lateral 
end of the upper border of the clavicle. It is then moved 
medially until the subclavian artery is seen. The subclavian 
artery is anechoic, hypodense, pulsatile, and round; its iden-
tity can be confi rmed by color Doppler. The plexus is located 
superior and lateral to the artery above the fi rst rib and 
appears as a “bunch of grapes” outlined by a hyperechoic 
fascia sheath (Fig.  71.6 ). Below the artery, the fi rst rib 
appears as a hyperechoic structure with a hypoechoic 

 acoustic shadow, while the lung pleura is accompanied by a 
hyperechoic shadow due to air artifacts.  

 The needle is inserted immediately above the clavicle in a 
lateral-to-medial direction at a shallow angle. An in-plane 
approach is strongly recommended to ensure visualization of 
the needle tip at all times so as to minimize the risks of pneu-
mothorax and vascular puncture. A test dose of D5W is used 
to visualize the spread and confi rm nerve localization. Local 
anesthetic is fi rst deposited into the “corner pocket” (the cor-
ner between the subclavian artery and the fi rst rib). This way, 
the plexus is often lifted up and away from the pleura so as to 
reduce the chance of pleural puncture upon subsequent injec-
tion. The needle may then be repositioned to achieve good 
local anesthetic spread around the nerves within the fascia.   

  Fig. 71.6    Ultrasound image of 
the brachial plexus at the 
supraclavicular level.  BP  brachial 
plexus,  SAM  scalenus anterior 
muscle,  SA  subclavian artery       
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    Infraclavicular Block 

    Introduction, Indications, and Complications 

 This block targets the cords of the brachial plexus where they 
surround the axillary artery. In this region, the three cords are 
arranged around the artery in the following manner: lateral 
cord cephalad, posterior cord posterior, and medial cord cau-
dad. This block is indicated for surgery on the upper arm, 
elbow, forearm, and hand. Continuous infusion of local anes-
thetic via an infraclavicular catheter provides excellent post-
operative analgesia for major upper limb surgery and is 
preferred over supraclavicular and axillary catheters because 
of ease of placement and securement.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 A pillow is placed underneath the patient’s shoulder. The 
elbow is fl exed with the hand resting on the abdomen or with 
the arm resting at the side. Alternatively, the arm can be 
abducted and externally rotated with the elbow fl exed. This 
maneuver has the advantage of stretching the cords and 
bringing them closer to the surface, enhancing the ultrasono-
graphic appearance as well as facilitating local anesthetic 
spread. The skin is cleaned with antiseptic solution. If ultra-
sound guidance is used, prepare the probe surface by apply-
ing a sterile adhesive dressing. 

 A 50-mm, 22-G needle is commonly used for this block. 
An insulated needle should be chosen if nerve stimulation is 
used. The depth of penetration is usually within 2–3 cm at a 
lateral location inferior to the coracoid process. 
Recommended local anesthetic doses are 0.5 mL/kg of 0.2–
0.5 % ropivacaine or 0.25–0.5 % bupivacaine. Concentrations 
may need to be reduced in very small children to obtain a 
volume of at least 5 mL for this block.  

    Nerve Stimulation Technique 

 A lateral approach is recommended where the point of 
needle insertion is approximately 0.5–1 cm inferior and 
slightly medial to the coracoid process (Fig.  71.7 ). At this 
point, the pleura is further away so the risk of pneumotho-
rax is lower compared to a more medial injection site. The 
needle is advanced in a vertical direction until distal motor 
response (hand or wrist fl exion) is obtained. The current is 
initially set at 0.8 mA (2 Hz, 100–300 μs) and then gradu-
ally reduced to a threshold current of 0.2–0.4 mA. Twitching 
of the pectoralis muscles indicates the needle is too shal-
low, while bone (rib) contact means it is too deep, and 
appropriate needle adjustment should be made. Careful 
aspiration is crucial to rule out pneumothorax or arterial/
venous puncture.   

  Fig. 71.7    Patient positioning and surface landmarks for infraclavicu-
lar brachial plexus block       
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    Ultrasound-Guided Technique 

 A small footprint linear array transducer (13-6 MHz fre-
quency) is ideal for young children. In older or larger chil-
dren, a curved array transducer (8-5 MHz frequency) is 
desirable to allow greater depth of penetration. 

 A lateral block location is recommended. The probe is 
placed in a parasagittal plane below and slightly medial to 
the coracoid process. Scan medially and laterally to locate 
the axillary neurovascular bundle, which sits underneath the 
pectoralis major and minor muscles (Fig.  71.8 ). The axillary 
artery can be identifi ed as a round or oval-shaped pulsatile 

structure. The axillary vein is almost always medial and 
 caudad to the artery and is irregularly shaped. Color Doppler 
can be used to identify the vessel in cases of doubt. At this 
point, the cords, which are seen as hyperechoic oval struc-
tures, can be found posterolateral to the artery. The medial 
cord may be diffi cult to identify because it may be hidden 
between the axillary artery and vein and can be posterior or 
even slightly cephalad to the artery.  

 If a medial approach is to be used, the probe is positioned 
at the midpoint of the line between the anterior acromion and 
jugular notch. It is important to maintain the pleura and nee-
dle in view at all times during the time of needle insertion. 

  Fig. 71.8    Ultrasound image of 
the brachial plexus at the 
infraclavicular level at a lateral 
scanning location.  AV  axillary 
vein,  AA  axillary artery,  L  
lateral cord,  M  medial cord,  P  
posterior cord       
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The pleura usually appears as a hypoechoic cavity outlined 
by a hyperechoic line and is often located proximal to the 
vessels and plexus (Fig.  71.9 ).  

 Both in-plane and out-of-plane approaches can be used for 
this block. The in-plane approach is strongly recommended, 
especially when a more medial block location is chosen, 
because it allows visualization of the needle tip and shaft, 
thereby minimizing the risk of pleural puncture. The needle is 
inserted at the cephalad end of the probe at a 45–60° angle to 
the skin and advanced caudally. The needle is then directed to 
the posterior cord, and local anesthetic is deposited around it. 
This often results in a “U-shaped” spread around the artery and 
hence complete blockade of the plexus. If the spread is deemed 
inadequate, a further dose of local anesthetic is deposited as the 
needle is withdrawn to the lateral cord position. Another 

 injection between the artery and the vein may be needed to 
ensure blockade of the medial cord. Nerve stimulation offers 
additional confi rmation of the neural structure and is recom-
mended. A test dose of D5W prior to injection of local anes-
thetic can visualize spread and confi rm nerve localization. 

 Occasionally, the out-of-plane approach is required when 
there is not enough space for the in-plane needle insertion 
between the probe and the clavicle, especially in very small 
children. This approach also has the advantage of a reduced 
length of needle path for better patient comfort if the block is 
to be performed on a conscious child. A 45° angled needle 
insertion is used so that the distances between the needle inser-
tion point, probe, and brachial plexus are equal (i.e., forming a 
right-angled triangle). The needle then “walks down” to reach 
the posterior cord while the needle tip is being tracked.   

  Fig. 71.9    Ultrasound image of 
the brachial plexus at the 
infraclavicular level at a medial 
scanning location.  AV  axillary 
vein,  AA  axillary artery,  L  lateral 
cord,  M  medial cord,  P  posterior 
cord       
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    Axillary Block 

    Introduction, Indications, and Complications 

 This block targets the terminal branches of the brachial 
plexus (median, ulnar, radial, and musculocutaneous 
nerves) where they are in close relation to the axillary 
artery at the apex of axilla. The musculocutaneous nerve 
often leaves the plexus proximal to this point and travels 
between the biceps and coracobrachialis muscles; there-
fore, it must be blocked with a separate injection. Axillary 
block is indicated in surgery of the elbow, forearm, wrist, 
or hand. Traditionally, this block has been considered safer 
than blocks at more proximal locations because it is free 
from the pleura, vertebral artery, and phrenic nerve. 
However, hematoma formation causing nerve compression 
can occur occasionally in children. When performed blind, 
the success rate of this block is only 70–80 % [ 2 ], but the 
use of ultrasound, especially when combining with nerve 
stimulation, can improve nerve localization and hence the 
success rate signifi cantly.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The arm of the patient is abducted 70–80° and externally 
rotated. The skin is cleaned with antiseptic solution. If ultra-
sound is used, prepare the probe surface by applying a sterile 
adhesive dressing. 

 A 50-mm, 22-G insulated needle is typically used. The 
recommended dose of local anesthetic for an ultrasound- 
guided technique is 0.2–0.3 mL/kg of 0.25–0.5 % bupiva-
caine, ropivacaine, or levobupivacaine and 0.5–1.0 mL for 
the musculocutaneous nerve. Higher volumes are needed if 
nerve stimulation is used.  

    Nerve Stimulation Technique 

 The axillary artery is fi rst palpated at the apex of axilla. The nee-
dle is introduced at an approximately 45° angle to the skin at the 
upper edge of the axillary artery, pointing cephalad toward the 
midpoint of clavicle (Fig.  71.10 ). Advance the needle until a 
“pop” or “give” is felt as the needle enters the neurovascular 
sheath. Pulsations in the needle indicate that the needle tip is in 
immediate vicinity of the artery. An initial current is applied at 
0.8 mA (2 Hz, 100 μs) and then gradually reduced to a threshold 
current of 0.4 mA (0.1 ms) after obtaining a distal motor response 
in the hand, wrist, or forearm. Local anesthetic is deposited after 
careful aspiration to rule out any intra-arterial/intravenous place-
ment. A second injection can be made at the lower edge of the 
artery in a similar fashion (“two-puncture technique”).  

 To block the musculocutaneous nerve, direct the needle 
(using the same needle insertion site) toward the belly of the 
coracobrachialis muscle and inject local anesthetic. Elbow 
fl exion can be elicited if nerve simulation is used. 

 If a tourniquet is required for the surgery, the intercosto-
brachial nerve should be blocked; this can be done by subcu-
taneous injection of local anesthetic across the medial surface 
of the upper arm.  

  Fig. 71.10    Patient positioning and surface landmarks for axillary 
block of the brachial plexus       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is suitable for 
this block. In small children, a small footprint (“hockey 
stick”) probe is desirable. The probe is placed in a transverse 
plane along the axillary crease and scanned as proximally as 
possible to obtain the best transverse view of the neurovascu-
lar bundle surrounded by the biceps brachii, coracobrachia-
lis, and triceps muscles. The anechoic axillary artery can be 
identifi ed as a pulsatile circular structure, while the anechoic 
axillary vein(s) is irregular in shape, compressible, and usu-
ally more superfi cial. The nerves, which appear as round- or 
oval-shaped structures with a honeycomb-like appearance, 
are situated around the artery (Fig.  71.11 ). The median nerve 
can be found between the artery and biceps brachii muscle 
and is located superfi cial to the artery. The ulnar nerve lies 
between the artery and the triceps muscle and is also superfi -
cial to the artery. The radial nerve is deep to the artery at the 
midline and can sometimes be diffi cult to locate. The muscu-
locutaneous nerve, whose appearance can vary from round 
or oval to fl at, can usually be found in the plane between the 
biceps and the coracobrachialis muscles. If necessary, each 

of these terminal branches can be traced distally for confi r-
mation. The use of nerve stimulation can also help identify 
individual nerves according to the corresponding motor 
responses.  

 The needle is inserted either in-plane or out-of-plane in 
relation to the probe. Commonly, multiple injections and 
needle redirections are required to ensure circumferential 
spread of local anesthetic around each individual nerve. 
For the in-plane approach, the needle is inserted at an acute 
angle (20–30°) to the skin in a superior-to-inferior direc-
tion in parallel to the long axis of the probe. The needle is 
initially directed underneath the artery to reach the radial 
nerve. It is recommended to block the radial nerve fi rst to 
minimize image distortion from the spread of local anes-
thetic. After that, the needle is withdrawn and redirected to 
deposit local anesthetic around the ulnar and the median 
nerves. A test dose with D5W is useful to visualize the 
spread and confi rm nerve localization prior to injection of 
local anesthetic. If an out-of-plane approach is used, the 
needle is inserted approximately 1 cm away from the mid-
point of the probe at a 30–45° angle from the skin to reach 
the nerves.   

  Fig. 71.11    Ultrasound image of 
the brachial plexus at the axilla. 
 AV  axillary vein,  AA  axillary 
artery,  CB  coracobrachialis,  U  
ulnar nerve,  R  radial nerve,  M  
median nerve       
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    Distal Nerve Block of the Upper Extremity 

 Individual peripheral nerve blocks of the upper extremity 
can be used as rescue blocks to supplement incomplete bra-
chial plexus blocks. Occasionally, they are performed to pro-
vide anesthesia for surgical procedures which involve a 
territory supplied by a single peripheral nerve or to prolong 
postoperative analgesia. 

    Median Nerve 

    Introduction, Indications, and Complications 
 The median nerve innervates muscles which produce fl exion 
and opposition of the thumb, middle, and index fi ngers, as 
well as pronation and fl exion of the wrist. The nerve is derived 
from the lateral and medial cords, carrying fi bers from all 
roots (C5–T1). Distal to the axilla, it descends lateral to the 
brachial artery in the upper arm. It then crosses over to lie 
medial to the artery at the mid-humeral level. At the antecubi-
tal fossa, the nerve remains medial to the brachial artery 
(Fig.  71.12 ) and anterior to the brachialis muscle. After that, it 
pierces through bicipital aponeurosis to enter the forearm to 
supply all the muscles in the anterior compartment except the 
fl exor carpi ulnaris and the medial half of the fl exor digitorum 
profundus. At the wrist, it passes deep to the fl exor retinacu-
lum near the midline, lying between the fl exor carpi radialis 
tendon and the palmaris longus tendon, before entering the 

hand to supply the thenar muscles and lateral two lumbricals. 
The cutaneous branches supply the palmar aspects of fi rst 
three digits and the lateral half of the fourth digit.   

    Patient Positioning, Preparation, Equipment, 
and Dosage 
 The arm is rested on an arm board with the elbow slightly 
fl exed. Prepare the skin and, if ultrasound is used, the probe. 
A 50-mm short-beveled needle (insulated if using nerve 
stimulation) should be used. A volume of 1–3 mL of 0.25–
0.5 % ropivacaine or bupivacaine is adequate for this block.  

  Fig. 71.12    Surface anatomy and landmarks for median nerve block       
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    Nerve Stimulation Technique 
 The needle is inserted immediately medial to the brachial 
artery at the antecubital fossa (Fig.  71.12 ). Advance slowly 
until appropriate motor responses are observed (fl exion in 
the lateral three digits, wrist fl exion, or forearm pronation). 
The nerve should be superfi cial to the skin.  

    Ultrasound-Guided Technique 
 A high-frequency (13-6 MHz), small footprint (“hockey 
stick”) probe should be used. The probe is placed in the 

axial plane medial to the biceps tendon at or near the ante-
cubital fossa. The nerve, which appears as oval-peanut 
shaped and is often larger than the artery, should be seen 
lying medially to the brachial artery (Fig.  71.13 ). Both in-
plane and out-of- plane approaches can be used. When 
using the in-plane approach, the needle is inserted medial 
to the probe to reduce the chance of puncturing the bra-
chial artery. A test dose of D5W to observe the spread is 
recommended before local anesthetic is deposited around 
the nerve.    

  Fig. 71.13    Ultrasound image 
of the median nerve at the 
antecubital fossa.  BA  brachial 
artery,  M  median nerve       
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    Ulnar Nerve 

    Introduction, Indications, and Complications 
 The ulnar nerve innervates muscles that produce fl exion of 
the fourth and fi fth fi ngers and ulnar deviation of wrist. It is 
derived from the medial cord, carrying fi bers from roots C7 
to T1. Distal to the axilla, the ulnar nerve descends medial to 
the brachial artery in the upper arm before passing posterior 
to the medial epicondyle in the condylar groove. The nerve 
then courses anteriorly in the forearm, lying on the surface of 
fl exor digitorum profundus, deep to the fl exor digitorum 
superfi cialis, and lateral to the fl exor carpi ulnaris, to supply 
the fl exor carpi ulnaris and medial half of the fl exor digito-
rum profundus. The nerve runs medial to the ulnar artery, 
approaching the artery at the mid-forearm (Fig.  71.14 ). At 
the wrist, the nerve crosses superfi cial to the fl exor retinacu-
lum, between the ulnar artery (laterally) and the fl exor carpi 
ulnaris tendon (medially), to supply all intrinsic muscles of 
hand except the thenar muscles and the lateral two lumbri-
cals. The cutaneous branches supply the dorsal and palmar 
aspects of the fi fth and the medial half the fourth fi nger.   

    Patient Positioning, Preparation, Equipment, 
and Dosage 
 The elbow is fl exed with the shoulder externally rotated and 
the forearm supinated. Prepare the skin and, if ultrasound is 
used, the probe. A 50-mm short-beveled needle (insulated if 
using nerve stimulation) should be used. A volume of 
1–3 mL of 0.25–0.5 % ropivacaine or bupivacaine is ade-
quate for this block.  

    Nerve Stimulation Technique 
 The needle is inserted 45° to the skin, 1–3 cm distal (or alter-
natively, 2–3 cm proximal) to the condylar groove between 
the medial epicondyle and olecranon process, pointing prox-
imally in the direction of the groove. Advance slowly until 
appropriate motor responses are observed (fl exion of the 
fourth and fi fth fi ngers and/or ulnar deviation of the wrist). 
The nerve should be superfi cial at this point.  

    Ultrasound-Guided Technique 
 A high-frequency (13-6 MHz), small footprint (“hockey 
stick”) probe should be used. The probe is placed in the axial 
plane across the fl exor carpi ulnaris muscle on the forearm. 
The nerve, which appears as oval or round shape, should be 
seen lying medially to the ulnar artery (Fig.  71.15 ). Its loca-
tion can be confi rmed by scanning up and down the forearm 
to observe the nerve and the artery approaching each other at 
the mid-forearm. Both in-plane and out-of-plane approaches 
can be used. It is best to target the nerve when it separates 
from the artery to minimize the risk of arterial puncture dur-
ing needle insertion. A test dose of D5W to observe the 
spread is recommended before local anesthetic is deposited 
around the nerve.      Fig. 71.14    Surface anatomy and landmarks for ulnar nerve block       

  Fig. 71.15    Ultrasound image of 
the ulnar nerve in the forearm. 
 UA  ulnar artery,  U  ulnar nerve       
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    Radial Nerve 

    Introduction, Indications, and Complications 
 The radial nerve innervates muscles that produce extension 
of the wrist and fi ngers. The nerve is derived from the poste-
rior cord, carrying fi bers from roots C5 to C8. After leaving 
the axilla, the nerve runs between two heads of the triceps 
muscle. It then travels in the radial groove of the humerus, 
posteromedial to the deep brachial artery. As it approaches 
the elbow, it crosses over the lateral epicondyle to enter the 
anterior compartment of the forearm, where it runs between 
the brachialis and brachioradialis muscles. The nerve divides 
into deep (motor) and superfi cial (sensory) branches as it 
passes in front of the lateral epicondyle. The motor branches 
supply the muscles of the posterior compartments of the arm 
and forearm, while the cutaneous branches supply the poste-
rior arm and forearm as well as the dorsum of the hand 
except the medial and dorsal aspects of the lateral three and 
a half fi ngers up to the distal interphalangeal crease.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 
 The arm is placed slightly abducted with the elbow fl exed 
approximately 30°. Prepare the skin and, if ultrasound is used, 
the probe. A 50-mm short-beveled needle (insulated if using 
nerve stimulation) should be used. A volume of 1–3 mL of 0.25–
0.5 % ropivacaine or bupivacaine is adequate for this block.  

    Nerve Stimulation Technique 
 The needle is inserted in the groove between the biceps 
brachii tendon and the brachioradialis muscle at the inter-
condylar line, pointing cephalad (Fig.  71.16 ). Advance 
the needle until appropriate motor response(s) (extension 
of the wrist and fi ngers) is observed. The nerve is usually 
superfi cial.   

  Fig. 71.16    Surface anatomy and landmarks for radial nerve block       
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    Ultrasound-Guided Technique 
 A high-frequency (13-6 MHz), small footprint (“hockey 
stick”) probe should be used. With the probe placed in the 
axial plane on the arm, the block can be performed at more 
proximal or distal locations. Proximally, the nerve can be 
located in the radial groove at the posterior humerus, where 
it travels with the deep brachial artery (Fig.  71.17 ). Distally, 
the nerve can be found in the groove between the biceps bra-
chii tendon and the brachioradialis muscle at the lateral 
aspect of the distal upper arm (at the level of the supracondylar 

ridge). It can be confi rmed by scanning further downward to 
look for where the nerve splits into two branches.  

 Both in-plane and out-of-plane approaches can be used. 
With an in-plane approach, the needle is inserted in an anterior- 
to-posterior direction to avoid puncturing the deep brachial 
artery. The out-of-plane approach causes less discomfort and 
is recommended in awake patients. The needle is inserted a 
small distance away from the midpoint of the probe, directing 
cephalad. A test dose of D5W to observe the spread is helpful 
before depositing local anesthetic around the nerve.       

  Fig. 71.17    Ultrasound image 
of the location of the radial 
nerve.  R  radial nerve,  DBA  
deep brachial (profunda 
brachii) artery       
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       Femoral Nerve Block 

    Introduction, Indications, and Complications 

 The femoral nerve is a mixed sensory and motor nerve. The 
motor fi bers supply the quadriceps femoris, sartorius, and 
pectineus muscles, while the sensory fi bers innervate the 
anterior thigh and medial aspect of the knee and lower leg. 
The nerve is formed from the posterior divisions of the L2–
L4 roots. After emerging at the lateral border of psoas, it 
descends between the psoas and iliacus muscles underneath 
the fascia iliaca and runs beneath the inguinal ligament into 
the thigh, lateral to the femoral sheath. 

 Femoral nerve block is a relatively safe and easy block 
that is performed commonly in children. It is indicated in the 
management of femoral fracture, providing pain relief and 
muscle relaxation to facilitate transport, examination, and 
manipulation of the fracture. It also offers postoperative 
analgesia for surgery on the knee and quadriceps tendon. 
Occasionally, it is used to provide surgical anesthesia for 
muscle biopsy and skin grafting of the anterior thigh. 
Complete anesthesia below the mid-thigh can be achieved if 
it is performed in combination with a sciatic nerve block.  

    Patient Positioning, Preparation, 
Equipment, and Dosage 

 The patient lies supine and the leg is slightly externally 
rotated. The skin is cleaned with antiseptic solution. If ultra-
sound is used, prepare the probe surface by applying a sterile 
adhesive dressing. 

 A 50-mm, 22-G short-beveled needle is used. An insulated 
needle should be chosen if nerve stimulation is used. The    recom-
mended local anesthetic dose is 0.2–0.5 mL/kg of 0.25 % bupi-
vacaine or 0.2 % ropivacaine without exceeding the toxic dose 
limits (2 mg/kg for bupivacaine and 3–4 mg/kg for ropivacaine 
without epinephrine). The dose for the femoral block should be 
decreased if an additional sciatic nerve block is planned.  

    Nerve Stimulation Technique 

 The point of needle insertion is approximately 0.5–1 cm 
lateral to the femoral artery at the inguinal crease (which is 
about 0.5–1 cm below the inguinal ligament) (Fig.  72.1 ). 
This insertion point may vary according to the age and 
weight of the child. The needle is inserted at 30–45° to the 
skin, pointing cephalad. Advance the needle until “patellar 
twitch” (contraction of quadriceps femoris muscle) is 
obtained. The current is initially set at 0.8–1 mA (1 Hz, 
0.1–0.2 ms) and then gradually reduced to a threshold cur-
rent of 0.5 mA. Currents less than 0.3 mA indicate intra-
neural placement, and the needle should be withdrawn 
slightly. As the needle is advanced, two “pops” or “gives” 
can be felt as the needle passes through the fascia lata and 
fascia iliaca, respectively. Local anesthetic is injected after 
the second “pop” following negative aspiration. Depending 
on the age and size of the patient, the depth of insertion is 
usually around 0.5–1 cm.   

  Fig. 72.1    Surface anatomy and landmarks for femoral nerve block       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is suitable for this 
block. In small children, a small footprint (“hockey stick”) 
probe is desirable. The probe is placed in a transverse plane 
along the inguinal crease to obtain a transverse view of the 
femoral artery and the vein (Fig.  72.2 ). The nerve, which often 
appears oval or triangular shaped, is located lateral to the fem-
oral artery and just underneath the hyperechoic fascia iliaca. 
Color Doppler may be used to identify the vessels. The femo-
ral artery is anechoic, circular, and pulsatile, whereas the fem-
oral vein is more irregular in shape, compressible, and located 
medial to the artery. If localization of the nerve is diffi cult, 
scan distally to look for the profunda femoris artery and trace 
it proximally to the point where it joins the femoral artery. The 
femoral nerve is usually found lateral to the artery.  

 Both in-plane and out-of-plane techniques can be used. For 
the in-plane approach, the needle is inserted at the lateral edge 
of the probe and angled medially to reach the nerve. Two 
“pops” or “gives” are felt as the needle penetrates the fascia lata 
and fascia iliaca. When using the out-of-plane approach, the 
nerve is centered in the middle of the screen, and the needle is 
inserted at 0.5–1 cm away from the midpoint of the caudad 
edge of the probe at 45° to the skin. The needle then “walks 
down” to reach the nerve while maintaining the needle tip in 
view. A test dose of D5W can visualize spread and confi rm 
nerve localization prior to injection of local anesthetic.   

    Lateral Cutaneous Nerve Block 

    Introduction, Indications, and Complications 

 The lateral cutaneous nerve of the thigh is a pure sensory 
nerve that innervates the lateral thigh up to the knee. It 
arises from the posterior branches of the L2 and L3 
roots. After emerging from the lateral border of the psoas 
muscle, the nerve runs obliquely towards the anterior 
superior iliac spine (ASIS) beneath the fascia iliaca. It 
then passes underneath the inguinal ligament at a point 
approximately one fingerbreadth medial to the ASIS and 
then enters the thigh deep to the fascia lata, where it 
divides into anterior and posterior branches to supply the 
skin of the lateral thigh. 

 This block is indicated for procedures involving the 
lateral thigh, for example, muscle biopsy, skin grafting, 
and hip or femur operations with lateral incisions. Very 
often, it is performed in conjunction with femoral and 
sciatic nerve blocks for upper thigh surgery. Occasionally, 
it is used to diagnose meralgia paresthetica, a condition 
that presents with pain and numbness of the outer thigh 
as a result of the entrapment of the lateral cutaneous 
nerve of the thigh.  

  Fig. 72.2    Ultrasound image of 
major anatomical structures 
surrounding the femoral nerve. 
 F  femoral nerve,  FA  femoral 
artery,  FV  femoral vein       
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    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies supine with the leg externally rotated. Clean the 
skin with antiseptic solution. If ultrasound is used, prepare the 
probe surface by applying a sterile adhesive dressing. 

 A 50-mm, 22-G short-beveled needle is used. Local anes-
thetics of choice are 0.25 % bupivacaine and 0.2 % ropivacaine. 
A volume of 1–3 mL (up to a maximum of 10 mL) is 
adequate.  

    Landmark Technique 

 Nerve stimulation is not used for this block since the nerve is 
purely sensory and monitoring paresthesia is often impossi-
ble for children. The point of needle insertion for the land-
mark technique is approximately 0.5–1 cm (depending on 
the age and size of the child) medial to the ASIS and below 
the inguinal ligament. Advance the needle until a “pop” is 
felt as the fascia lata is penetrated. Local anesthetic is depos-
ited at this point.  

    Ultrasound-Guided Technique 

 A small footprint (“hockey stick”) high-frequency 
(13-6 MHz) probe is used. The probe is placed in a trans-
verse plane along the inguinal crease with the lateral end 
over the ASIS. The nerve, which is often oval shaped, is 
usually seen 0.5–1 cm medial and inferior to the ASIS, 
between the fascia lata and fascia iliaca (Fig.  72.3 ). The 
nerve is superfi cial and can be diffi cult to identify. The 
hyperechoic nerve will be better visualized after injection 
of hypoechoic D5W or local anesthetic, which expands the 
fascial plane.  

 Both in-plane and out-of-plane techniques can be used. 
For the in-plane approach, the needle is inserted in either a 
lateral-to-medial or medial-to-lateral direction. When using 
the out-of-plane approach, the nerve is centered in the mid-
dle of the screen, and the needle is inserted 1 cm away from 
the caudad edge of the probe at 45° to the skin. The needle 
then “walks down” to reach the nerve between the fascial 
planes while maintaining the needle tip in view. A test dose 
of D5W can visualize spread and confi rm nerve localization 
prior to injection of local anesthetic.   

  Fig. 72.3    Ultrasound image 
of the lateral femoral cutaneous 
nerve ( LFCN ) between the 
fascia lata and fascia iliaca. 
 ASIS  anterior superior iliac 
spine,  SM  sartorius muscle, 
 IM  iliacus muscle       
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    Obturator Nerve Block 

    Introduction, Indications, and Complications 

 The obturator nerve is a mixed sensory and motor nerve. The 
motor fi bers supply the adductor muscles (adductor longus, 
adductor brevis, adductor magnus, and gracilis). The sensory 
fi bers innervate the medial thigh and the hip and knee joints. 
The nerve is derived from anterior divisions of the L2–L4 
roots. After emerging from the inner border of the psoas, the 
nerve descends medially and posteriorly in the pelvis, close 
to the lateral wall of the bladder. The nerve exits the pelvis 
via the obturator foramen, splitting into anterior and poste-
rior branches which enter the thigh. The anterior branch runs 
between the adductor longus and adductor brevis, supplying 
the adductor muscles, the hip joint, and the skin of the medial 
thigh. The posterior branch travels between the adductor bre-
vis and adductor magnus, supplying the adductors and the 
knee joint. 

 Indications for obturator nerve block include relieving 
adductor spasm and treatment of pain in the hip and knee 
when combined with femoral block. Several approaches 
have been described to block the obturator nerve, for exam-
ple, the psoas compartment block, iliaca compartment block, 
and the 3-in-1 block. The success rates of these approaches 
vary, and some approaches can be diffi cult to perform. Also, 
accidental puncture of the obturator arteries is a potentially 
life- threatening complication. The use of ultrasound allows 
isolated blockade of the nerve with increased success and 
safety and is highly recommended.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The leg is externally rotated and the knee slightly fl exed to 
expose the medial thigh. The skin is cleaned with antiseptic 
solution. Prepare the probe surface by applying a sterile 
adhesive dressing if ultrasound is used. 

 A 50-mm, 22-G insulated needle is used. Choices of local 
anesthetic include 0.25 % bupivacaine and 0.2 % ropiva-
caine. Usually, a volume of 0.25 mL/kg (maximum 10 mL) 
is required for each interfascial plane. The depth is approxi-
mately 4–6 cm.  

    Nerve Stimulation Technique 

 The point of needle insertion is 0.5–1 cm (depending on the 
age and size of the child) lateral and caudal to the pubic tuber-
cle (Fig.  72.4 ), where the nerve just passes underneath the 
inguinal ligament before bifurcation. Advance the needle until 
it contacts the superior pubic ramus and then walk the needle 
off the inferior border of the superior pubic ramus to enter the 
obturator foramen. Redirect the needle laterally and cephalad 
and advance slowly until twitches of the adductor muscles are 
observed. The initial current is set at 0.8–1 mA (1 Hz, 0.1–
0.2 ms) and decreased slowly to a threshold current of 
0.5 mA. Local anesthetic is deposited after careful aspiration.   

  Fig. 72.4    Surface anatomy for obturator nerve block       

 

Obturator Nerve Block



952

    Ultrasound-Guided Technique 

 A 13-6 MHz linear probe is suitable for this block. The probe 
is placed in a transverse plane below the inguinal crease 
(around 2–3 cm inferior to the inguinal ligament) (Fig.  72.5 ). 
After locating the femoral vessels, scan medially to identify 
the pectineus muscle which is medial to the femoral vein. 
The three adductor muscles (adductor longus, adductor bre-
vis, and adductor magnus, from superfi cial to deep) can be 
found medial to the pectineus. As the branches of the obtura-
tor nerve are usually too small to be seen, the aim for this 
technique is to perform two fascial blocks (injection between 
the fascial planes through which the branches pass).  

 An in-plane approach is recommended. The needle is 
inserted at the lateral edge of the probe and angled medially 
to fi rst reach the hyperechoic fascial plane (which contains 
the anterior branch of the obturator nerve) between the 
adductor brevis and adductor magnus. Half of the local 
 anesthetic is deposited here. After that, the needle is advanced 
further into the deeper plane (which contains the posterior 
branch) between the adductor brevis and adductor longus, 
and the rest of the drug is injected. A test dose with D5W 
prior to injection of local anesthetic is useful to visualize 
spread and confi rm position of the needle tip. Attention 
should be paid not to puncture the femoral and circumfl ex 
vessels.   

    Saphenous Nerve Block 

    Introduction, Indications, and Complications 

 The saphenous nerve is a purely sensory nerve which inner-
vates the medial aspect of the lower leg and foot. It is the 
terminal branch of the femoral nerve and takes its origin 
from the L3–L4 roots. Together with the femoral artery, the 
saphenous nerve travels through the adductor canal in the 
mid to lower thigh, where it lies underneath the sartorius 
muscle. The nerve then emerges subcutaneously just below 
the knee and runs along the medial side of the lower leg, 
accompanied by the saphenous vein anterolaterally. 

 This block is indicated for operations on the medial 
aspects of the lower leg and foot. When combined with a 
sciatic nerve block, it provides complete blockade of the 
whole lower leg and foot for major foot and ankle surgery.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The leg is externally rotated with the knee slightly fl exed to 
expose the medial thigh. The skin is cleaned with antiseptic 
solution. Prepare the probe surface by applying a sterile 
adhesive dressing if ultrasound is used. 

  Fig. 72.5    Ultrasound image 
of the adductor muscles and 
anterior ( AO ) and posterior 
( PO ) obturator nerves       
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 A 50-mm, 22-G needle is used. Alternatively, a 20-G 
Tuohy pediatric epidural needle is also suitable for this 
block. The recommended local anesthetic dose is 0.15–
0.25 mL/kg (maximum 10 mL) of 0.25 % bupivacaine or 
0.2 % ropivacaine. Too much volume can increase the intra-
compartment pressure (especially for adductor canal block), 
resulting in nerve injury, and is not recommended.  

    Landmark Technique 

 Nerve stimulation is not used for this block since the nerve is 
purely sensory, and monitoring paresthesia is often impossi-
ble in children. 

 Different locations have been described to block the saphe-
nous nerve [ 1 ,  2 ], including a fi eld block around the tibial 
tuberosity, but the success rates vary due to signifi cant branch-
ing of the nerve below the knee. The transsartorial approach 
has shown to be the most effective approach for this block. The 
point of needle insertion is one fi ngerbreadth above the patella 
on the sartorius muscle at the medial side of the lower thigh 

(Fig.  72.6 ). Direct the needle 45° caudally into the sartorius 
muscle and advance slowly until a “pop” or give is felt as the 
needle passes through the sartorius fascia (usually at a depth of 
1–2 cm, depending on the age and size of the child).   

  Fig. 72.6    Surface anatomy for saphenous nerve block. The  X  indicates 
the site of needle insertion for the landmark-guided approach       
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    Ultrasound-Guided Technique 

 Similar to the landmark technique, various approaches have 
been suggested for blocking the saphenous nerve using ultra-
sound, including the paravenous approaches (either at the 
level of the proximal tibia or ankle) and the adductor canal 
block [ 3 – 6 ]. The latter offers more reliable blockade, not 
only because the landmark—the femoral artery—is easier to 
visualize, but less branching occurs at a more proximal 
location. 

 A 13-6 MHz linear probe is used. The probe is placed in 
a transverse plane over the anteromedial surface of the mid 
to lower thigh to obtain a transverse view of the femoral 
artery underneath the sartorius muscle (Fig.  72.7 ). Trace the 

artery distally to the point just before it starts to descend pos-
teriorly to form the popliteal artery. At this point, the vastus 
medialis is lateral to the artery, and the adductor magus is 
medial. The nerve, which is often too small to be seen, usu-
ally lays anterolateral to the artery in the fascial plane 
between the sartorius and the vastus medialis. Beneath the 
vastoadductor membrane, the nerve crosses the descending 
genicular artery to lie medial to the artery.  

 An in-plane approach is commonly performed for this 
block. The needle is inserted in a lateral-to-medial direction 
and directed to the medial side of the femoral artery in the 
fascial plane between the artery and the sartorius muscle. A 
test dose of D5W can expand the fascial plane and confi rm 
needle-tip location prior to injection of local anesthetic.   

  Fig. 72.7    Ultrasound image 
showing the saphenous nerve 
in the adductor canal. Often, 
the probe is moved distally 
until the femoral artery is 
further away from the nerve.  S  
saphenous nerve,  FA  femoral 
artery,  FV  femoral vein       
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  Fig. 72.8    Surface anatomy of the posterior gluteal approach for sciatic 
nerve block       

    Sciatic Nerve Block 

    Introduction, Indications, and Complications 

 The sciatic nerve is the largest peripheral nerve in the body. 
Derived from the L4–S3 roots, it exits the pelvis along with 
the posterior cutaneous nerve of the thigh via the greater sci-
atic foramen underneath the piriformis. It then passes mid-
way between the greater trochanter of the femur and ischial 
tuberosity and descends along the back of the thigh. 
Proximally, the nerve lies deep to the gluteus maximus, after 
which it lies underneath the long head of the biceps femoris 
muscle. In the distal thigh, the nerve divides into the tibial 
nerve medially and common peroneal nerve laterally. The 
sciatic nerve supplies the posterior aspect of thigh, the ham-
string muscles, the entire lower leg (except the territory sup-
plied by the saphenous nerve), as well as the hip and knee 
joints. 

 Blockade of the sciatic nerve can be achieved proximally 
or distally depending on the site of the surgery and is com-
monly performed together with a femoral/saphenous block 
to provide anesthesia or analgesia for surgery on the knee, 
lower leg, and foot. Although nerve stimulation and 
ultrasound- guided techniques are described individually, it is 
strongly recommended that both techniques be used in 
 combination for more accurate localization of the nerve and 
better monitoring for intraneural injection.   

    Posterior Gluteal (LABAT) Approach 

 This approach aims to block the sciatic nerve proximally at 
the gluteal region. This can be technically diffi cult since the 
nerve lies deep in the muscles. 

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies in the lateral decubitus position with the hip 
and knee fl exed. Clean the skin with antiseptic solution. 
Prepare the ultrasound probe surface by applying a sterile 
adhesive dressing. 

 A 50–100-mm, 22-G needle is used. Choices of local anes-
thetic are 0.2 % ropivacaine, 0.25 % bupivacaine, and 0.25 % 
levobupivacaine. Lower concentrations should be used in chil-
dren aged less than six. A volume of 0.25–0.5 mL/kg (without 
exceeding the toxic dose limit) is recommended. Needle inser-
tion depth is approximately 1 mm per kg for a child 20–40 kg.  

    Nerve Stimulation Technique 

 A line is drawn between the greater trochanter and the poste-
rior superior iliac spine. A perpendicular line is drawn from 
the midpoint of the fi rst line to intersect a third line drawn 
between the greater trochanter and the sacral hiatus (Fig.  72.8 ). 
The needle is inserted at the point of intersection perpendicu-
larly to the skin and advanced until (a) twitches of the ham-
string or calf muscles, (b) plantar fl exion/inversion of the 
ankle, or (c) extension of the toes are observed. Twitches in the 
foot and toes indicate stimulation of the tibial or common 
peroneal nerves (rather than the proximal branches) and are 
preferred. The initial current is set at 1–1.5 mA (2 Hz, 0.1–
0.2 ms) and then gradually reduced to a threshold current of 
0.4 mA. Local anesthetic is injected after negative aspiration.   
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is used for small 
children. For older and/or obese children, a curved-array 
low-frequency (5-2 MHz) probe is preferred. The probe is 
placed fi rmly on the gluteal region to obtain the best trans-
verse view of the sciatic nerve (Fig.  72.9 ). The nerve, which 
is hyperechoic and appears wide and fl at in this view, is situ-
ated underneath the large gluteus maximus muscle and 
superfi cial to the ischial bone. If there is diffi culty in 
 recognizing the nerve, locate it in the subgluteal region and 
trace proximally.  

 Both in-plane and out-of-plane approaches can be used. 
For the in-plane approach, the needle is inserted from the lat-
eral edge of the probe and directed medially to reach the nerve. 
When using the out-of-plane approach, center the nerve in the 
middle of the screen, and insert the needle caudal to the probe 
at a steep angle. In both approaches, extra attention should be 
paid to avoid puncturing the inferior gluteal artery (adjacent to 
the nerve) or the internal pudendal vessels (adjacent to the 
ischial spine). A test dose of D5W can visualize spread and 
confi rm nerve localization. Local anesthetic is injected after 
negative aspiration. For an optimal block, aim for a hypoechoic 
local anesthetic fl uid collection around the hyperechoic nerve.   

  Fig. 72.9    Ultrasound image of 
posterior gluteal sciatic nerve 
block location.  S  sciatic nerve, 
 IGA  inferior subgluteal artery       

 

Chapter 72 Pediatric Peripheral Nerve Block: Lower Limb



957

    Infragluteal/Subgluteal Approach 

 This approach aims to block the nerve at the subgluteal 
region. 

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies in the lateral decubitus position with the hip 
and knee fl exed. Clean the skin with antiseptic solution. 
Prepare the ultrasound probe surface by applying a sterile 
adhesive dressing. 

 A 50–100-mm, 22-G needle is suitable for this block. 
Similar to the previous approach, the recommended local 
anesthetic dose is 0.25–0.5 mL/kg (without exceeding the 
toxic dose limit) of 0.2 % ropivacaine, 0.25 % bupivacaine, 
or 0.25 % levobupivacaine.  

    Nerve Stimulation Technique 

 The point of needle insertion is the midpoint between the 
greater trochanter and the ischial tuberosity (Fig.  72.10 ). The 
needle is inserted perpendicularly to the skin and advanced 
until twitches of the hamstring, calf muscles, ankle, or toes 
are observed. The current is initially set at 1–1.5 mA and 
then slowly reduced. Local anesthetic is deposited when a 
threshold current of 0.4 mA (2 Hz, 0.1–0.2 ms) is reached. A 
loss of resistance may be felt when the needle punctures the 
common sheath of the sciatic nerve.   

  Fig. 72.10    Surface anatomy for subgluteal approach to sciatic nerve 
block       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is used for small 
children. For older and/or obese children, a curved-array low-
frequency (5-2 MHz) probe is preferred. The probe is placed 
on the subgluteal region to obtain a transverse view of the 
hyperechoic, elliptical nerve lying between the greater trochanter 
(laterally) and the ischial tuberosity (medially) (Fig.  72.11 ). In 
young children, the bony landmarks may be relatively 
hypoechoic and not very distinct on ultrasound. If diffi culty is 
encountered in recognition of the nerve, it can fi rst be located 
in the popliteal fossa and then traced proximally. Both in-plane 
and out-of-plane approaches can be used. Local anesthetic is 
injected after negative aspiration and a test dose of D5W.    

    Anterior Approach 

 Ultrasound-guided anterior sciatic nerve block has been 
described for adults [ 7 ,  8 ] and is indicated for use with 
patients that cannot be positioned laterally. Anterior sciatic 
nerve blocks are not normally carried out in children since 
pediatric patients are usually under general anesthesia and 
can therefore be turned or positioned to allow an approach 
with a shorter needle depth.  

  Fig. 72.11    Ultrasound image 
subgluteal sciatic nerve block 
location.  S  sciatic nerve,  ISA  
inferior subgluteal artery,  QF  
quadratus femoris muscle       
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    Popliteal Approach 

 This approach aims to block the nerve at a superfi cial level in 
the popliteal fossa just before the bifurcation. This is the 
most commonly performed approach to the sciatic block for 
surgery on the lower leg and foot. 

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies in the lateral or prone position with the knee 
extended. The foot is kept off the bed if nerve stimulation is 
used. The skin is cleaned with antiseptic solution. Prepare 
the ultrasound probe surface by applying a sterile adhesive 
dressing. 

 A 50-mm, 22-G short-beveled block needle is used. The 
recommended local anesthetic dose is 0.25–0.5 mL/kg (with-
out exceeding the toxic dose limit) of 0.2 % ropivacaine, 
0.25 % bupivacaine, or 0.25 % levobupivacaine.  

    Nerve Stimulation Technique 

 The popliteal fossa is bordered superolaterally by the 
biceps femoris, superomedially by the semimembranosus 
and semitendinosus, and inferiorly by the medial and lat-
eral heads of the gastrocnemius (Fig.  72.12 ). It is divided 
by the popliteal crease in the middle, creating the superior 
and inferior triangles of the popliteal fossa. The sciatic 
nerve runs lateral and superfi cial to the popliteal vessels 
and then branches into tibial nerve (medially) and common 
peroneal nerve (laterally) near the upper apex of the fossa. 
According to an age- related formula [ 9 ], the nerve bifur-
cates at a mean distance of 4.1 cm ± 0.8 cm in children 
under 8 years and at 5.8 cm ± 1.3 cm in children older than 

8 years. Some studies have shown that this age-related dis-
tance is not consistent and found wide variability in the 
location of the bifurcation point [ 10 ]. Thus, the use of 
nerve stimulation together with ultrasound guidance is rec-
ommended to obtain a higher success rate of blocking the 
sciatic nerve before it divides or blocking the individual 
nerves distal to the bifurcation.  

 The point of needle insertion is midpoint between the 
semimembranosus and semitendinosus tendons and the 
biceps femoris tendon in the superior popliteal triangle, 
immediately lateral to the popliteal pulse, with the distance 
from the popliteal cease according to the weight of the 
child: 1 cm if <10 kg, 2 cm if 10–20 kg, etc. [ 11 ]. Introduce 
the needle at 45° to the skin, pointing cephalad. With an 
initial current of 1 mA, the needle is advanced slowly until 
twitches in the foot and toes (especially tibial nerve 
response) are observed. A “pop” or give may be felt as the 
needle penetrates the popliteal membrane. Local anesthetic 
is deposited after aspiration when a threshold current of 
0.4 mA is reached.  

  Fig. 72.12    Surface anatomy of the popliteal fossa       
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    Ultrasound-Guided Technique 

 A small footprint (“hockey stick”) high-frequency (13-6 MHz) 
probe is used. The probe is placed in a  transverse plane along 
the popliteal cease to identify the popliteal vessels (color 
Doppler can be used). The tibial and common peroneal 
nerves, which are hyperechoic and appear round or oval, are 
usually seen superfi cial and lateral to the popliteal vessels 
(Fig.  72.13 ). Scan proximally to observe the two nerves con-
verging to become the sciatic nerve. Both in-plane and out-of-
plane approaches can be used, although the out-of- plane 
approach is preferred. The probe is placed at the bifurcation 
point with the nerve in the center of the screen. Insert the 
needle 45° to the skin and caudal to the probe. The distance 
between the probe and needle insertion point should be the 
same as the distance between the nerve and skin surface; the 
needle can then be “walked down” to reach the nerve while 
keeping the needle tip in view. Local anesthetic is deposited 
after negative aspiration. For optimal blockade, aim for a cir-
cumferential spread around both branches of the sciatic nerve.    

    Ankle Blocks 

    Introduction, Indications, and Complications 

 Five nerves supply the foot: the posterior tibial, deep 
peroneal, superfi cial peroneal, sural, and saphenous 
nerves. The fi rst four are derived from the sciatic nerve, 
while the saphenous is from the femoral nerve. The poste-
rior tibial nerve is responsible for plantar fl exion and cuta-
neous sensation of the sole of the foot. The deep peroneal 
nerve is responsible for ankle and toe extension and cuta-
neous sensation of the web space between the fi rst and 
second toes. The other three nerves are mainly sensory: 
the superfi cial peroneal nerve innervates the dorsum of 
the foot (except the area supplied by the deep peroneal), 
the sural innervates the heel and lateral malleolus, and the 
saphenous innervates the anteromedial aspect. Blocking 
some or all of the nerves is commonly performed for foot 
and toe surgery.  

  Fig. 72.13    Ultrasound image of 
the popliteal sciatic nerve block 
location.  T  tibial nerve,  CP  
common peroneal nerve,  PA  
popliteal artery       
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    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The foot is raised and supported on a pillow. The skin is 
cleaned with antiseptic solution. If ultrasound is used, pre-
pare the probe surface by applying a sterile adhesive 
dressing. 

 A 50-mm, 25–27-G short-beveled or hypodermic needle 
is suitable for these blocks. The recommended local anes-
thetic dose is 0.1 mL/kg of 0.25 % bupivacaine or 0.2 % ropi-
vacaine (a volume of 1–3 mL is usually adequate for each 
block). Epinephrine should not be added because of the pres-
ence of end arteries.  

    Nerve Stimulation Technique 

 Among the fi ve nerves that supply the foot, only the poste-
rior tibial and deep peroneal have motor fi bers. Since the oth-
ers are sensory, nerve stimulation is usually not necessary. 

    Posterior Tibial Nerve 
 The needle is inserted immediately posterior to the posterior 
tibial pulse (Fig.  72.14 ), which is about midway between the 
medial malleolus and the medial border of the Achilles ten-
don. With an initial current of 0.8 mA (2 Hz, 0.1–0.3 ms), the 
needle is advanced until plantar fl exion of the toes is 
observed. Local anesthetic is injected after aspiration when a 
threshold current of 0.4 mA is reached.   

    Deep Peroneal Nerve 
 The needle is inserted perpendicular to the skin with a slight 
anterior tilt at the mid-foot, lateral to the extensor hallucis 
longus tendon and immediately lateral to the anterior tibial 
pulse (Fig.  72.15 ). Observe for toe extension upon nerve 
stimulation. Local anesthetic is deposited when twitches are 
seen at a current of 0.4 mA.   

    Superfi cial Peroneal Nerve 
 Local anesthetic is infi ltrated subcutaneously along the line 
between the malleoli.  

    Saphenous Nerve 
 Local anesthetic is infi ltrated subcutaneously above and 
anterior to the medial malleolus.  

    Sural Nerve 
 The needle is inserted midway between the lateral malleolus 
and the Achilles tendon.   

    Ultrasound-Guided Technique 

 While the more superfi cial nerves (superfi cial peroneal, 
sural, and saphenous) can be blocked reliably using the land-
mark technique, blockade of the deeper nerves (posterior 
tibial and deep peroneal) can be facilitated by the use of 
ultrasound. A high-frequency (13-6 MHz) small footprint 
“hockey stick” transducer is preferred. 

  Fig. 72.14    Surface anatomy and landmarks for posterior tibial nerve 
block       

  Fig. 72.15    Surface anatomy and landmarks for deep peroneal nerve 
block       
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    Posterior Tibial Nerve 
 The probe is placed in a transverse plane posterior to medial 
malleolus to locate the posterior tibial artery (color Doppler 
can be used). The nerve, which is round or oval with a hon-
eycomb appearance, is found posterior and deep to the artery 
(Fig.  72.16 ). Local anesthetic is deposited at the point before 
it divides into the medial and lateral plantar nerves.   

    Deep Peroneal Nerve 
 The probe is placed in a transverse plane on the dorsum of 
the foot along the line between the malleoli to locate the deep 
anterior tibial artery (color Doppler can be used). The nerve, 
which is small and may be diffi cult to visualize, is found 
lateral to the artery (Fig.  72.17 ).  

  Fig. 72.17    Ultrasound image of major anatomical structures surrounding the deep peroneal nerve.  ATA  anterior tibial artery,  DP  deep peroneal 
nerve       

  Fig. 72.16    Ultrasound image 
of major anatomical structures 
surrounding the tibial nerve       
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 Although both in-plane and out-of-plane techniques can 
be used for these blocks, the out-of-plane approach is often 
easier due to the limited space at the ankle. A “donut sign” 
upon injection of local anesthetic indicates good circumfer-
ential spread around the nerve.       
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       Lumbar Plexus Block 

    Introduction, Indications, and Complications 

 The lumbar plexus is formed by the ventral rami of the lum-
bar roots L1–L4 with contributions from T12. The plexus is 
embedded in the substance of the psoas muscle. From there, 
the anterior and posterior divisions reunite and emerge as 
individual branches of nerves: ilioinguinal and iliohypogas-
tric (L1), genitofemoral (L1 and L2), lateral cutaneous nerve 
of the thigh (L2 and L3), obturator (anterior divisions of L2, 
L3, and L4), and femoral (posterior divisions of L2, L3, and 
L4). Deposition of local anesthetic in the fascial plane within 
the psoas muscle produces blockade of the lower limb in the 
distribution of these nerves, i.e., the anterolateral and medial 
thigh, the knee, and the medial aspect of the lower leg. 

 This block, also known as psoas sheath block, is indicated 
for surgery in the distribution of the lumbar plexus (e.g., 
groin and anterolateral thigh). When combined with a sciatic 
nerve block, the entire leg can be anesthetized. It is espe-
cially useful in patients contraindicated to neuraxial block. 
However, it is a complex block with potential serious com-
plications, including retroperitoneal hematoma, perforation 
of retroperitoneal structures, systemic toxicity, and uninten-
tional epidural/intrathecal injection. The use of this block 
should be well justifi ed, especially when simpler and safer 
alternatives are present. A combined approach with nerve 
stimulation and ultrasound guidance can improve accuracy 
and safety, especially for older children.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies in the lateral position with hips and knees 
fl exed. The skin is cleaned with antiseptic solution. Prepare 
the probe surface by applying a sterile adhesive dressing if 
an ultrasound approach is used. 

 A 50-mm, 22–25-G, short-beveled needle is used. The 
recommended local anesthetic dose is 0.2–0.5 mL/kg of 
0.25 % bupivacaine or 0.2 % ropivacaine (without exceeding 
the toxic limit).  

    Nerve Stimulation Technique 

 Winnie’s approach [ 1 ] describes the point of needle insertion 
as the intersection of the intercristal line (a line joining the 
upper borders of the iliac crests) and a line parallel to the 
midline and crossing the ipsilateral posterior superior iliac 
spine (PSIS) (Fig.  73.1 ).  

 The needle is inserted perpendicularly to the skin and 
advanced slowly until twitches of the quadriceps muscle 
are observed. The initial current is set at 1–2 mA (2 Hz) and 
then gradually reduced. Local anesthetic is injected after 
negative aspiration when the threshold current of 0.5 mA is 
reached. The skin-to-plexus distance correlates with weight 
for children aged 3–12 years old and ranging from 1.24 to 
1.74 mm/kg [ 2 ].  

  Fig. 73.1    Surface anatomy for lumbar plexus block       
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    Ultrasound-Guided Technique 

 A 13-6 MHz linear “hockey stick” probe is commonly used 
for infants and young children. A lower-frequency (5-2 MHz) 
curved array probe is required for deeper penetration in older 
children. The probe is placed longitudinally just lateral to the 
midline to identify the sacrum. Scan proximally to locate the 
L5 transverse process and the L4/L5 interspace. From there, 
the probe is rotated 90° to obtain a transverse view of the 
spinous process, the erector spinae muscle (superfi cial and 
lateral to the spinous process), and the quadratus lumborum 
muscle (lateral and deep to the erector spinae muscle) 
(Fig.  73.2 ). The psoas muscle, which appears slightly 
hypoechoic with multiple hyperechogenic striations within 
(i.e., a “starry night” appearance), is located deep to the qua-
dratus lumborum muscle, and the plexus can be found in the 
muscle belly of the psoas. The nerves often appear as 
hypoechoic “dots” surrounded by hyperechoic connective 
tissue. Note that the lower pole of the kidney is usually found 
at L2/L3 level in adolescents and can reach as low as L4/
L5 in young children.  

 If the probe is placed longitudinally to view the transverse 
processes of L3/L4/L5, the psoas muscle can be seen through 
the acoustic window between the transverse processes, deep 
to the erector spinae muscle. The plexus lies within the pos-
terior third of the psoas. 

 The transverse processes and the plexus may be diffi cult to 
visualize in older children because of the greater depth and 
poorer differentiation between muscles and nerves. It may be 
necessary to switch between transverse and longitudinal 
scanning to survey the area. Occasionally, the more superfi -
cial L3/L4 interspace can be used for better resolution. 

 Both in-plane and out-of-plane approaches can be used. 
When using the in-plane approach, the probe is placed longi-
tudinally. The needle is inserted from the inferior end of the 
probe and directed cephalad to reach the psoas muscle 
between the L4 and L5 transverse processes. For the out-of- 
plane approach, the probe is placed in a transverse plane at 
L4/L5 interspace. The needle is introduced at 45–60° to the 
skin, 1 cm from the caudad end of the probe. Walk the needle 
down to reach the plexus while keeping the needle tip in 
view. Confi rm the plexus using nerve stimulation. 

 For the “offl ine” technique, the lateral edges of the L4 and 
L5 transverse processes are marked, and the depth to trans-
verse process is noted during the pre-procedural scan. The 
needle is inserted perpendicularly to the skin to a depth 
approximately 1 cm beyond the recorded depth of the trans-
verse process. Locate the plexus using nerve stimulation. 

 In all cases, avoid directing the needle medially, which may 
result in unintentional epidural/intrathecal injection. Local 
anesthetic is injected after negative aspiration. A “fl ow-like” 
pattern within the psoas compartment may be seen.   

  Fig. 73.2    Ultrasound image 
of major anatomical structures 
in the lumbar plexus.  S  spinous 
process,  L  lamina,  A  articular 
process,  T  transverse process, 
 P  psoas muscle       
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    Paravertebral Block 

    Introduction, Indications, and Complications 

 The paravertebral space is a wedge-shaped region on either 
side of the vertebral column which contains the spinal nerves 
as they exit the intervertebral foramina. In the thoracic 
region, the paravertebral space is bounded medially by the 
vertebral body, intervertebral disc and foramen, and spinous 
processes; anterolaterally by the parietal pleura; and posteri-
orly by the anterior surface of the transverse process and 
superior costotransverse ligament. In the lumbar region, the 
space is bounded anteriorly by the psoas muscle. The para-
vertebral space communicates medially with the epidural 
space and, in the thoracic region, laterally with the intercos-
tal space. By depositing local anesthetic into the paraverte-
bral space, the spinal nerves on the operative side can be 
anesthetized, producing ipsilateral somatic and sympathetic 
blockade similar to a “unilateral epidural,” although true epi-
dural spread is possible due to the extension of the dural cuff. 
In addition to single-injection blocks, catheters can be placed 
to provide analgesia by continuous infusion. 

 This block is indicated for unilateral surgical procedures. 
For thoracic paravertebral block, it is commonly performed 
for breast and renal surgery, thoracotomy, and pain manage-
ment for rib fractures, whereas lumbar paravertebral block is 
used in lower limb surgeries. It is an advanced block with 
potential serious complications, including total spinal anes-
thesia and, in the case of thoracic blocks, pneumothorax. The 
use of ultrasound has the advantages of improving the accu-
racy of needle placement and visualizing spread, while at the 
same time minimizing inadvertent puncture of the pleura or 
neuraxial structures.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 Under general anesthesia or heavy sedation to avoid any 
movement, the child lies in the prone or lateral decubitus 
position with the back assuming a kyphotic posture. The skin 
is cleaned with antiseptic solution. Prepare the probe surface 
by applying a sterile adhesive dressing if the ultrasound 
approach is used. 

 A 22-G, 50-mm insulated needle is commonly used. 
Alternatively, an epidural set with an 18–22 G Tuohy nee-
dle can be used if seeking loss of resistance. Choices of 
local anesthetic include 0.125–0.25 % bupivacaine. A vol-
ume of 0.5 mL/kg with or without epinephrine (without 
exceeding the toxic dose) is required to cover a vertical 
spread of 4–5 vertebral levels. A smaller volume of 0.1 mL/
kg should be used if blocks are performed individually at 
each level.  

    Landmark Technique 

 Palpate for the spinous processes in the midline. Locate the 
bony landmarks: T7 vertebra at the tip of the scapula, C7 ver-
tebra with the most prominent spinous process, L4 vertebra on 
the intercristal line (L5/S1 for neonates), and S1 on the line 
between two PSIS (Fig.  73.3 ). Mark the spinous processes on 
the skin. Next, locate and mark the transverse processes which 
are 1–2.5 cm lateral to the spinous processes, depending on 
the child’s age (see equation    below). In the thoracic region, the 
transverse processes are generally located at one intervertebral 
space higher than the corresponding spinous process because 
of the inferior angulation of the spinous processes. In the lum-
bar region, the transverse processes are located lateral to the 
corresponding spinous process.  

 The needle is inserted perpendicularly to the skin to contact 
the transverse process. The depth of the transverse process is 
noted. Redirect the needle 10° superiorly or inferiorly to walk 
off the transverse process and advance slightly deeper (to a 
maximum of 1 cm). Angle the needle slightly medially to 
minimize risk of puncturing the lung (excessive medial angu-
lation may result in intraforaminal injection and should be 
avoided). A “give,” indicating a loss of resistance, is felt as the 
needle punctures the costotransverse ligament. When using 
the epidural set, loss of resistance to air or D5W can be elic-
ited. The depth of the paravertebral space has been found to 
correlate with the patient’s body weight. Formulae determin-
ing the distance of the thoracic paravertebral space from the 
skin and the spinous process have been developed [ 3 ]:

•    Depth to epidural space (mm) = 0.48 × body weight (kg) + 18.7  
•   Distance from midline (spinous process) (mm) = 0.12 × body 

weight (kg) + 10.2    

 The lumbar paravertebral block is technically similar to 
the thoracic paravertebral block. However, injection at each 
level is recommended for effective coverage since the verti-
cal spread of local anesthetic is limited at the lumbar level.  

  Fig. 73.3    Surface anatomy for thoracic paravertebral block       
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    Nerve Stimulation Technique 

 Nerve stimulation for paravertebral block has been 
reported but is not commonly used for nerve localization. 
If nerve stimulation is used, a current of 1.5–3 mA is 
applied after the needle is introduced. Advance the needle 
slowly until appropriate motor responses (twitches in the 
ipsilateral thoracic/abdominal wall for thoracic paraverte-
bral block or twitches in the ipsilateral quadriceps muscle 
for lumbar paravertebral block) are observed. The current 
is then decreased gradually, and local anesthetic is injected 
when a threshold current of 0.4–0.6 mA is reached. 
Bilateral motor responses indicate possible intrathecal/
subdural placement or epidural placement when higher-
threshold currents are reached.  

    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is used. Both 
“offl ine” and real-time scanning can be used. The “offl ine” 
approach involves performing a pre-procedural scan to locate 
the point of needle insertion, depth of the paravertebral space, 
and needle trajectory prior to needling. The real-time approach 
involves performing needle insertion under real- time ultra-
sound guidance and is more commonly used nowadays. Similar 
to adults, the visibility of the paravertebral space is limited in 
children older than 3 years old because of the small acoustic 
window that results from ossifi cation of bony elements. 

 The probe is placed in the transverse plane in the midline 
to identify the spinous process and laminae with hyperechoic 
outline and acoustic shadowing (Fig.  73.4  for thoracic; 

  Fig. 73.4    Ultrasound image of 
transverse view at T9–T10.  S  
spinous process,  L  lamina,  T  
transverse process       
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Fig.  73.2  for lumbar). Locate the transverse process laterally. 
The lateral distance and depth of the transverse process are 
noted. Rotate the probe to the midline longitudinal plane to 
again look for the spinous processes. Scan laterally to iden-
tify the lamina, articular processes, and transverse processes 
(and ribs in the thoracic region) from medial to lateral. For 
thoracic region, the transverse processes appear as short rect-
angular structures with hyperechoic outlines and acoustic 
shadowing, as compared to the overlapping lines for lamina 
and “lumps” for articular processes (Fig.  73.5 ). The ribs 
often have a roundish outline instead of rectangular. The 
pleura appears as a hyperechoic line under the ribs. In the 
thoracic region, the paravertebral space can be found deep to 
the transverse processes between the intercostal muscle and 
parietal pleura. In the lumbar region, the lumbar plexus lies 
in the “psoas compartment” between the psoas major and 

quadratus lumborum muscles. The depth to parietal pleura 
(for thoracic paravertebral) or psoas major (for lumbar para-
vertebral) is noted.   

 Both in-plane and out-of-plane approaches can be used 
for blocks under real-time ultrasound guidance. If possi-
ble, the probe should be placed in the longitudinal plane 
when using the in-plane approach and the transverse plane 
when using the out-of-plane approach to avoid excessive 
medial angulation of the needle. Local anesthetic is 
deposited into the paravertebral space after negative aspi-
ration for blood or air. For thoracic paravertebral blocks, 
the pleura will appear to be pushed down by the hypoechoic 
local anesthetic. For lumbar paravertebral block, the 
injectate is seen posterior to the psoas. Vertical spread 
(especially thoracic paravertebral block) to other levels 
can be seen.   

  Fig. 73.5    Ultrasound image of 
midline longitudinal view at 
T9–T10.  TP  transverse process, 
 P  paravertebral space       
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    Intercostal Block 

    Introduction, Indications, and Complications 

 After emerging from the intervertebral foramina, the thoracic 
spinal nerves divide into dorsal and ventral rami. The former 
supply the paravertebral region, while the latter give rise to 
intercostal nerves. There are 11 pairs of intercostal nerves 
(T1–T11) and one pair of subcostal nerves (T12). An intercos-
tal nerve runs initially between the parietal pleura and the 
intercostal membrane and then passes through the membrane 
near the angle of the rib, travelling between the innermost and 
internal intercostal muscles. The nerve gives rise to the lateral 
cutaneous branch (which innervates the lateral trunk) near the 
midaxillary line and terminates as the anterior cutaneous 
branch (which innervates the anterior trunk) anteriorly. Within 
the intercostal space, the nerve travels in the costal groove 
underneath the intercostal vein and artery. 

 This block is used in pain management for rib fractures, 
thoracotomies, hepatobiliary and gastric surgery, and minor 
procedures such as chest tube insertion. Systemic toxicity is 
a potential risk, especially if multiple blocks are performed, 
since systemic absorption can be signifi cant in the intercostal 
region. Pneumothorax is another possible complication.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child lies in a lateral decubitus position. The prone posi-
tion is preferred for bilateral block. The    arms are extended 
forward so that the scapulae move laterally away from mid-
line. The skin is cleaned with antiseptic solution. Prepare the 
probe surface by applying a sterile adhesive dressing if an 
ultrasound approach is used. 

 A 50-mm, 22–24-G short-beveled needle can be used. 
Extension tubing is attached to the needle to minimize move-
ment of the needle upon respiration. Choices of local anesthetic 
include 0.25–1 % lidocaine and 0.125–0.25 % bupivacaine, 
depending on the required duration of action. A volume of 
0.5–1 mL of local anesthetic is usually adequate for each level. 
More diluted solution should be used for small children to avoid 
overdose. Epinephrine 1:400,000 (with a maximum dose of 
4 μg/kg) can be added to decrease systemic absorption.  

    Landmark Technique 

 Similar to paravertebral block, nerve stimulation is not com-
monly used for nerve localization. Depending on the loca-
tion of the incision (or area of injury for fracture ribs), 
determine the level of the block. Multiple blocks at consecu-
tive levels are usually needed for effective analgesia. 

 The midaxillary line runs longitudinally from the axilla. 
The posterior axillary line runs midway between the midax-
illary line and the spinous processes. The lower border of the 
rib marks the needle insertion site for the nerve of the same 
level. The point of needle insertion is at the inferior border of 
the rib at the posterior axillary line (Fig.  73.6 ). With the fi n-
gers of one hand retracting the skin up and over the rib, the 
needle is inserted at a 20° cephalad angle with the bevel fac-
ing cephalad. Advance the needle slowly until it contacts the 
bone. Withdraw the needle slightly and walk off the inferior 
border of the rib. Apply a constant pressure to the syringe. A 
sudden loss of resistance can be felt when the needle enters 
the intercostal space. Local anesthetic is injected after nega-
tive aspiration for blood and air.   

    Nerve Stimulation Technique 

 Not commonly used for this block.  

  Fig. 73.6    Surface anatomy for intercostal nerve block (posterior 
approach)       
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    Ultrasound-Guided Technique 

 A high-frequency (13-6 MHz) linear probe is used. The 
probe is placed along the mid- or posterior axillary line to 
obtain a cross-sectional view of two ribs with the intercos-
tal muscle layers and pleura in between (Fig.  73.7 ). The 
ribs have a hyperechoic outline with acoustic shadowing, 
while the pleura is distinguished by its sliding movement 
with respiration and the hypoechoic pleural cavity under-
neath. The intercostal vessels, which are situated between 
internal and innermost intercostal muscles, can be identi-
fi ed on color Doppler. The intercostal nerve is found next to 
the vessels.  

 Both in-plane and out-of-plane approaches can be 
used. For the in-plane approach, the needle is introduced 
at the inferior end of the probe and directed cephalad to 
the nerve between the internal and innermost intercostal 
muscles. For the out-of-plane approach, the needle is 
inserted at the inferior border of the rib to reach the nerve. 
Local anesthetic is injected following aspiration and 
injection of a test dose of D5W to visualize the spread 
which will expand the fascial plane.   

    Rectus Sheath Block 

    Introduction, Indications, and Complications 

 The rectus sheath is formed from the aponeuroses of the 
three abdominal muscles—external oblique, internal 
oblique, and transversus abdominis—and encloses the rec-
tus abdominis muscles. The left and right sheaths join at the 
linea alba in the midline. Above the arcuate line, the rectus 
muscles sit on the posterior rectus sheath derived from the 
aponeurosis of the internal oblique and transversus abdomi-
nis. Below the arcuate line, the posterior rectus sheath ter-
minates and all three aponeuroses pass superfi cial to the 
rectus muscles. The lower seven intercostal nerves (T6–
T12), together with the L1 nerve, innervate the anterior 
abdominal wall. The nerves course anteriorly, lying between 
the internal oblique and transversus abdominis muscles, and 
enter the rectus sheath at the posterolateral edge of the rec-
tus abdominis muscle. They then penetrate through the mus-
cle anteriorly to supply the skin. 

 This block is indicated for midline abdominal incisions 
(e.g., epigastric and umbilical hernia repair). By placing 

  Fig. 73.7    Ultrasound image of the intercostal space.  P  pleura       
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local anesthetic between the rectus muscle and the poste-
rior rectus sheath bilaterally, the paraumbilical area can be 
anesthetized. Although not discussed here, an umbilical 
nerve block can be performed for umbilical hernia repair 
[ 4 ]. Potential complications include peritoneal puncture 
and puncture of inferior epigastric vessels causing hema-
toma. The use of ultrasound can reduce these risks and is 
recommended.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 With the child in supine position, the skin is cleaned with 
antiseptic solution. Prepare the probe surface by applying 
a sterile adhesive dressing if an ultrasound approach is 
used. 

 A 50-mm, 22-G short-beveled needle is used. Choices of 
local anesthetic include 0.2 % ropivacaine and 0.25–0.5 % 
bupivacaine. For children aged up to 7 years, 0.2 mL/kg 
0.2 % ropivacaine should be used. For older children, 0.2–
0.3 mL/kg 0.5 % levobupivacaine is required. The depth of 
the posterior sheath is usually less than 1 cm.  

    Landmark Technique 

 The point of needle insertion is at the lateral edge of the rec-
tus abdominis muscle at the level of the umbilicus (Fig.  73.8 ). 
The needle is inserted at 60° to the skin, pointing medially. 
Advance the needle slowly until a “pop” or give is felt, 
 indicating a loss of resistance as the needle pierces the ante-
rior rectus sheath. Local anesthetic is deposited after aspira-
tion. The block is repeated on the other side.   

  Fig. 73.8    Surface anatomy for rectus sheath block       
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    Nerve Stimulation Technique 

 Nerve stimulation is rarely performed with these blocks.  

    Ultrasound-Guided Technique 

 A linear (13-6 MHz) probe is used for a penetration depth of 
a few cm, depending on the child’s age. The probe is placed 
in a transverse plane on the anterior abdominal wall to fi rst 
obtain the view of the three muscle layers: external oblique, 
internal oblique, and transversus abdominis (Fig.  73.9 ). Scan 
medially to identify the rectus muscle, which is oval shaped 
and enveloped by the hyperechoic rectus sheath. The muscle 
lies medial to the internal oblique on the same plane. Color 

Doppler can be used to visualize the inferior epigastric ves-
sels which run through the rectus muscle. The target site for 
local anesthetic is the plane between the rectus muscle and 
the posterior rectus sheath (the nerve is too small to be seen).  

 An in-plane approach is preferred. The needle is inserted 
in a lateral-to-medial direction and directed to the plane 
between the rectus muscle and the posterior rectus sheath 
[ 5 ]. Avoid entering the belly of the rectus muscle (which 
contains the inferior epigastric vessels) by approaching 
from the lateral side of the muscle. A test dose of D5W is 
injected to confi rm needle-tip position and visualize spread. 
Local anesthetic is deposited after negative aspiration. To 
achieve optimal blockade, the block can be performed at the 
upper and lower ends of the incision bilaterally (i.e., a total 
of four blocks).   

  Fig. 73.9    Ultrasound image 
of the abdominal wall and 
rectus sheath.  PRS  posterior 
rectus sheath,  RA  rectus 
abdominis muscle       
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    Transversus Abdominis Plane (TAP) Block 

    Introduction, Indications, and Complications 

 The transversus abdominis plane (TAP) is the fascial plane 
between the internal oblique and transversus abdominis 
muscles in the anterior abdominal wall. It is traversed by the 
lower seven intercostal nerves (T6–T12) and the L1 nerve, 
which innervate the anterior abdominal wall. Deposition of 
local anesthetic in this plane results in unilateral blockade of 
the skin, muscle, and parietal peritoneum of the anterior 
abdominal wall. This block is indicated for treatment of post-
operative pain for various abdominal and pelvic surgeries 
and is an alternative to epidural analgesia in children with 
contraindications to neuraxial block. It may also substitute 
ilioinguinal and iliohypogastric block since blockade of the 
L1 nerve can be achieved.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 The child can be either supine or lateral, although a more 
posterior approach permits a more proximal block location 
for better results. Clean the skin with antiseptic solution. 
Prepare the probe surface by applying a sterile adhesive 
dressing if an ultrasound approach is used. 

 A 50-mm, 22-G short-beveled needle is used. The recom-
mended local anesthetic dose is 0.2–0.3 mL/kg of 0.25 % 
bupivacaine or 0.2 % ropivacaine on each side (up to a maxi-
mum of 3 mg/kg).  

    Landmark Technique 

 The triangle of Petit—an area at the lateral abdominal wall 
bounded anteriorly by the external oblique, posteriorly by 
the latissimus dorsi, and inferiorly by the iliac crest—is iden-
tifi ed (Fig.  73.10 ). The internal oblique muscle forms the 
fl oor of this triangle, so it is the only area of the abdominal 
wall where this muscle can be localized directly. Since pal-
pation of the triangle of Petit in an anesthetized child can be 
diffi cult, an ultrasound-guided block may be a better option.  

 The point of needle insertion is in the triangle at the point 
just anterior to the attachment of the latissimus dorsi to the 
external lip of the iliac crest [ 6 ]. The needle is introduced 
perpendicularly to the skin. Walk off the iliac crest when the 
needle contacts bone. Advance slowly until a “pop” or give 
is felt as the needle penetrates the internal oblique muscle to 
enter the TAP. Local anesthetic is injected after negative 
aspiration. The block is repeated on the other side for a mid-
line or transverse incision.  

  Fig. 73.10    Surface anatomy for transversus abdominis plane block       
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    Nerve Stimulation Technique 

 Nerve stimulation is not used for these blocks.  

    Ultrasound-Guided Technique 

 A linear (13-6 MHz) probe is used for a penetration depth of 
a few cm. Occasionally, a curved probe is needed for obese 
patients. The probe is placed in a transverse plane on the 
midaxillary line, between the costal margin and the iliac crest, 
to visualize the three muscle layers separated by the hyper-
echoic fascia: external oblique, internal oblique, and transver-
sus abdominis (Fig.  73.11 ). The internal oblique is the widest 

muscle layer, while the transversus abdominis is the thinnest. 
The peritoneum and bowel are seen underneath the transver-
salis fascia deep to the transversus abdominis.  

 Both in-plane and out-of-plane approaches can be used. 
For the in-plane approach, the needle can be inserted in a 
medial-to-lateral or lateral-to-medial direction to reach the 
TAP. A “pop” or give can be felt as the needle passes through 
the fascial plane. Local anesthetic is deposited after negative 
aspiration and following injection of a test dose of D5W to 
visualize spread and confi rm needle-tip position. When 
using an out-of-plane approach, the needle is introduced at 
the cephalad edge of the probe and directed caudally [ 7 ]. The 
needle then “walks down” to reach the TAP while keeping 
the needle tip in view.   

  Fig. 73.11    Ultrasound images 
of the abdominal muscles and 
transversus abdominis plane. 
 EO  external oblique,  IO  
internal oblique,  TA  transversus 
abdominis muscle       
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    Ilioinguinal and Iliohypogastric Nerve Blocks 

    Introduction, Indications, and Complications 

 The ilioinguinal and iliohypogastric nerves are derived from 
the anterior division of the L1 nerve root. At or near the level 
of the anterior superior iliac spine (ASIS), the nerves pierce 
the transversus abdominis to lie between it and the internal 
oblique muscle in the transversus abdominis plane (TAP). 
The iliohypogastric nerve runs within the TAP plane to sup-
ply the inguinal region, while the ilioinguinal nerve travels 
anteroinferiorly and pierces the internal oblique muscle at 
the superfi cial inguinal ring to supply the root of the penis, 
scrotum, and a small area of the medial thigh below the 
inguinal ligament. 

 These blocks are commonly indicated for inguinal opera-
tions; however, they are inadequate to provide surgical anes-
thesia for hernia repair per se because they do not cover areas 
innervated by the genitofemoral nerve and contralateral 
branches. In addition, the spermatic cord and peritoneum are 
not anesthetized. Alternatively, a TAP block can be per-
formed to block the nerves proximally.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 With the child lying supine, the skin is cleaned with anti-
septic solution. If an ultrasound approach is used, pre-
pare the probe surface by applying a sterile adhesive 
dressing. 

 A 50-mm, 22–27-G short-beveled needle is used. 
Recommended local anesthetics are 0.25 % bupivacaine and 
0.5 % bupivacaine with a volume of 0.3–0.5 mL/kg (or 
0.2 mL/kg into each fascial plane if the nerves are not 
visible).  

    Landmark Technique 

 The classical description of needle insertion is 0.5–2 cm 
medial and 0.5–2 cm below the ASIS (Fig.  73.12 ). Distance to 
ASIS varies depending on the age and size of the child. The 
needle is introduced perpendicular to the skin and advanced 
slowly. Two “clicks” are felt as the needle passes through the 
external and internal oblique muscles (often, only one “click” 
is felt). Following negative aspiration, local anesthetic is 
deposited after the fi rst “click” (between the external oblique 
and the internal oblique muscles) and second “click” (between 
the internal oblique and transversus abdominis). Inject local 
anesthetic from cephalad to caudad in a fan-like pattern. Upon 
withdrawal of the needle, 0.5–1 mL of local anesthetic is 
deposited subcutaneously. Alternatively, the needle can be 
inserted at 45° angle to the midline at 2.5 mm from the ASIS 
on a line between the ASIS and the umbilicus (Fig.  73.12 ) [ 8 ]. 
However, it is important to point out that, in our practice, we 
prefer to stay as close to the ASIS as possible (one fi nger-
breadth of patient’s index fi nger size).   

  Fig. 73.12    Surface anatomy for ilioinguinal nerve block.  ASIS  anterior 
superior iliac spine       
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    Nerve Stimulation Technique 

 Nerve stimulation is rarely performed with these blocks.  

    Ultrasound-Guided Technique 

 A linear (13-6 MHz) probe is commonly used. In older/obese 
children, a curved probe may be necessary. The probe is 
placed just medial to the ASIS, in an oblique plane parallel 
to a line joining the ASIS and the umbilicus (Fig.  73.13 ). The 
three muscle layers (external oblique, internal oblique, and 
transversus abdominis) are identifi ed. The peristalsis of the 
bowel can be seen underneath the peritoneum. The ilioingui-
nal and iliohypogastric nerves, which are often seen side by 
side as hyperechoic ovals, can be found either in the fascial 
plane between the external and internal oblique muscles or 

between the internal oblique and transversus abdominis. The 
deep circumfl ex iliac artery (as identifi ed on color Doppler) 
often lies adjacent to the nerves in the same plane.  

 Both in-plane and out-of-plane approaches can be used. 
For the in-plane approach, the needle is introduced in a 
medial-to-lateral direction at the medial end of the probe and 
angled laterally to reach the nerves at a shallow angle. 
“Clicks” can be felt as the needle passes through the fascial 
layers. If the nerves are not seen well, a fascial block can be 
performed to deposit local anesthetic at the two fascial planes 
that carry the nerves. A test dose with D5W prior to injection 
of local anesthetic is useful in visualizing spread as well as 
confi rming the position of the needle tip. When using the out-
of-plane approach, the needle is inserted at 45° to the skin at 
the same distance as the depth of the nerves and “walked 
down” to reach the target while keeping the needle tip in 
view. Local anesthetic is deposited after negative aspiration.   

  Fig. 73.13    Ultrasound images 
of the ilioinguinal and 
iliohypogastric nerves and 
major landmarks.  EO  external 
oblique,  IO  internal oblique, 
 TA  transversus abdominis 
muscle,  Il  ilioinguinal nerve,  Ih  
iliohypogastric nerve,  ASIS  
anterior superior iliac spine       
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    Epidural Anesthesia 

    Lumbar and Thoracic Epidural Anesthesia 

    Introduction, Indications, and Complications 
 Several age-specifi c differences exist between adult and 
pediatric patients in terms of anatomy. The conus medullaris 
ends at a lower level in younger children (L2–L3 in infants, 
L1–L2 in 1-year-olds) compared to adults (T12–L2) [ 9 ]. 
Likewise, the dural sac terminates at a more caudad position 
in neonates and infants (S3) compared to adults (S1). The 
sacrum is incompletely ossifi ed, and the sacral intervertebral 
spaces can be felt. The epidural space is loosely packed, 
allowing an epidural catheter to be threaded cranially to the 
thoracic level easily from lumbar or caudal approaches. The 
depth to epidural space is approximately 1 cm in neonates. 

 In children, performing an epidural block is technically 
more diffi cult because the landmarks and the distance 
between tissue planes are smaller. Also, the procedure often 
has to be performed under general anesthesia or heavy seda-
tion, rendering monitoring for sensory warning signs of spi-
nal cord placement impossible, further increasing the risk of 
spinal cord injury. Nowadays, the use of nerve stimulation 
and ultrasound allows better localization of the epidural 
space, improving the success rate and safety of epidural 
insertion. However, the use of ultrasound is limited for chil-
dren over 1 year old because visualization of the epidural 
space is diffi cult. Therefore, placement of a thoracic epi-
dural catheter via the direct thoracic approach is rarely per-
formed. A safer way to block the thoracic dermatomes is to 
insert an epidural catheter at the lumbar or caudal level and 
thread it to the thoracic level under guidance of the epidural 
stimulation test. 

 Epidural anesthesia is indicated for treatment of postop-
erative pain in major surgery involving the thorax, abdomen, 
pelvis, and lower limb. Occasionally, it is used to provide 
surgical anesthesia. Although both single-injection and con-
tinuous catheter techniques can be used, the continuous cath-
eter technique offers prolonged postoperative analgesia and 
is more commonly performed. Contraindications of epidural 
insertion include patient refusal, deranged coagulation, local 
infection or septicemia, uncorrected hypovolemia, and raised 
intracranial pressure.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 
 The child lies in the lateral position. A sitting position can be 
adopted if the child is awake and cooperative. Clean the skin 
with antiseptic solution. Prepare the probe surface by applying 
a sterile adhesive dressing if an ultrasound approach is used. 

 The size of the Tuohy needle and syringe is chosen 
according to the size of the child. A 50-mm, 19-G Tuohy 
needle is used for smaller children, while an 18-G needle is 

suitable for larger children. The recommended local anes-
thetic dose is 0.5–1 mL/kg of 0.25 % bupivacaine or 0.5 % 
ropivacaine as a loading dose.    Otherwise, the commonly 
used infusion rate for neonates is 0.2 mL/kg and for infants 
and children is 0.4 mL/kg per hour with 0.1 % bupivacaine 
plus 1 μg/mL fentanyl.  

    Landmark Technique 
 Palpate the spinous processes along the midline (two sepa-
rate bony landmarks may be felt in infants because the neural 
arches are incompletely fused). Locate the bony landmarks: 
T7 vertebra at the tip of the scapula, C7 vertebra with the 
most prominent spinous process, L4 vertebra on the inter-
cristal line (for older children) (Fig.  73.3 ), and S2 on the line 
between two PSISs (Fig.  73.1 ). Use these landmarks to iden-
tify the target intervertebral space. 

 Both median and paramedian approaches can be used. The 
median approach is typically used in the lumbar region, while 
the paramedian approach is commonly performed for thoracic 
epidurals since the median approach requires an acute inser-
tion angle due to the angle of the spines. The paramedian tech-
nique in the thoracic region requires a higher skill level and is 
more diffi cult to master. The technique involves inserting the 
Tuohy needle 1–2 fi ngerbreadths (patient’s fi nger) lateral to 
the spinous process. The needle is advanced perpendicularly 
to the skin until it contacts the lamina and is then angled 15° 
medially. From there, the needle is redirected cephalad and 
“walked off” the lamina slowly into the epidural space. 

 Loss of resistance to either air or saline can be used to 
identify the epidural space. Identifi cation of the epidural 
space is more diffi cult in infants because the ligamentum fl a-
vum is soft and therefore less resistant. Alternatively, the 
hanging drop technique can be used to identify the space but 
it is less accurate in sedated patients in a lateral position. 
Catheter placement is confi rmed by the electrical epidural 
stimulation test. Local anesthetic is injected after negative 
aspiration for blood and cerebrospinal fl uid (CSF). If in 
doubt of intravascular placement, administer a test dose of 
epinephrine (0.5 μg/kg) and observe for specifi c ECG 
changes (i.e., >25 % increase in T wave or ST segment 
changes, irrespective of chosen lead). For lumbar epidurals, 
the distance from the skin to the epidural space can be esti-
mated as 1 mm/kg or [10 + (age in years × 2)] mm.  

    Epidural Stimulation Test and ECG Monitoring 
Technique 
 The epidural stimulation test (Tsui test) [ 10 ] can confi rm epi-
dural catheter placement and has a positive predictive value 
of 80–100 %. The test allows guidance of catheters to an 
appropriate position within two segmental levels. Moreover, 
it is useful for detecting intrathecal, subdural, or intravascular 
catheter placement. Additionally, the test can be applied on 
epidural needles to confi rm correct needle placement [ 11 ]. 
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 The test is based on the current versus nerve–distance 
relationship. By stimulating the spinal nerve roots via the 
epidural stimulating catheter, motor responses observed 
upon a current of 1–10 mA indicate that the epidural catheter 
tip is within 1–2 cm from the nerve roots. The location of the 
motor responses (upper limbs, trunk, or lower limbs) also 
represents the segmental level of the catheter tip. Twitches 
upon a current of <1 mA signifi es the tip is either abutting a 
nerve root or is in the intrathecal or subdural space. To 
exclude intravascular placement, a test dose of local anes-
thetic is injected. Motor response intensity observed at the 
same current indicates intravascular injection. 

 To perform the test, connect the epidural stimulating cath-
eter to a nerve stimulator via an electrode adaptor such as 
Johans ECG adaptor. Prime the catheter and adaptor with 
normal saline. The grounding anode is attached to the child’s 
body surface (upper limbs for lumbar epidurals and lower 
limbs for thoracic), while the cathode is connected to the 
metal hub of the adaptor. The nerve stimulator is initially set 
to a frequency of 2 Hz and a pulse width of 0.2 ms. Increase 
the current slowly (up to 10 mA for lumbar and caudal cath-
eters and 17 mA for thoracic catheters) until motor responses 
of the corresponding segment are observed, confi rming epi-
dural placement. Interpretations of various responses to the 
test are shown in Table  73.1 .

   The ECG monitoring technique is used to confi rm cathe-
ter tip position for paralyzed patients or when local anesthet-
ics have been given via the epidural catheter [ 12 ]. Firstly, 
attach left-leg and left-arm ECG leads according to their 
standard positions. Next, place the right-arm lead on the 
child’s back at the target segmental level and obtain a refer-
ence ECG waveform. Then, the right-arm lead is attached to 
the metal hub of the electrode adaptor to obtain the epidural 
ECG waveform. Compare the amplitude of epidural ECG to 
that of the reference ECG. The amplitudes of the two wave-
forms will be similar if the tip of the epidural catheter is 
within two vertebral spaces of the target segmental level. It is 
important to note that this technique cannot detect intrathe-
cal or intravascular catheter placement.  

    Ultrasound-Guided Technique 
 The use of ultrasound allows evaluation of the location, 
depth, and direction to the epidural space to guide epidural 
needle insertion. This reduces the number of puncture 
attempts and improves safety. In the pediatric population, 
neuraxial structures are better visualized in children up to 
3 months of age. 

 A low-frequency (5-2 MHz) probe is usually required for 
deeper penetration. Different structures can be viewed with 
different ultrasound scanning planes. The lower lumbar 
region has the largest acoustic window compared to high 
lumbar or thoracic regions. Flexing the spine helps to open 
the acoustic window for better visualization of neuraxial 
structures. Common scan planes are:

•    Transverse scan (Fig.  73.14a ): The spinous process and the 
lamina appear as an inverted “V” with hypoechoic shad-
ows. In young children, the hyperechoic dura containing 
anechoic CSF can be visualized inside the spinal canal. The 
cauda equina may appear as fi brillar structure. In the tho-
racic region, the hypoechoic spinal cord may be seen.   

•   Paramedian longitudinal scan (Fig.  73.14b ): The lamina 
and the facet are identifi ed with intervertebral spaces in 
between. Within the intervertebral spaces, the hyper-
echoic dura can be found with underlying anechoic 
CSF. The ligamentum fl avum, which marks the epidural 
space, may be seen on the dorsal aspect of dura. This scan 
plane provides the best acoustic window with good visi-
bility of the dura.  

•   Midline longitudinal scan (Fig.  73.14c ): The spinous pro-
cesses are seen with interspinous spaces. In the thoracic 
region, the long spinous processes obscure the acoustic 
window through the interspinous spaces.    

 Both “offl ine” (pre-procedural) scanning and real-time 
approaches can be used. Pre-procedural scanning can be 
used to locate the point of needle insertion, depth of epidural 
space, and needle trajectory prior to needling. 

 When performing “offl ine” scanning, both transverse 
paramedian and longitudinal paramedian scanning can be 

    Table 73.1    Motor responses and currents associated with catheter location during electrical epidural stimulation test   

 Catheter location  Current  Motor response 

  Subcutaneous   N/A  No motor response 
  Subdural   <1 mA  Bilateral (many segments) 
  Subarachnoid   <1 mA  Unilateral or bilateral 
  Epidural space  
 Non-intravascular  1–15 mA (threshold increases upon local 

anesthetic injection) a  
 Unilateral or bilateral 

 Intravascular  1–15 mA (no change in threshold upon local 
anesthetic injection) 

 Unilateral or bilateral 

 Against nerve root  <1 mA  Unilateral 

   a These currents are more reliable for caudal and lumbar placement; thoracic placement may require higher upper limits (e.g., 17 mA). Lower 
threshold limits apply to both catheter and needle placement  
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helpful to survey the anatomy. The neuraxial anatomy is 
evaluated, and the location and depth of the epidural space 
is assessed. The    rule of thumb is that if the dura is seen, the 
depth of the epidural space is slightly less than the skin-to- 
dura distance, and if only the lamina is seen, the depth of the 
epidural space is slightly greater than skin-to-lamina 
distance. 

 For the real-time approach, the probe is placed (ideally by 
an assistant; alternatively, an automotive device can be used) 
in the longitudinal paramedian plane. The needle is inserted 

at the midline. The needle (midline) and probe (paramedian) 
are out-of-plane, so only the needle tip may be visualized. 
Advance the needle while feeling for loss of resistance. The 
needle may be seen piercing through the ligamentum fl avum. 
To confi rm the correct placement of the needle into the 
 epidural space, look for dural movement and widening of the 
epidural space upon injection of saline. Introduce the cathe-
ter once needle position is confi rmed. The tip of the catheter 
may be identifi ed indirectly by dural movement and directly 
by local anesthetic spread.   

a

b

c

  Fig. 73.14    Sonographic 
appearance of the lumbar spine 
in a 10-year-old. ( a ) Transverse 
view; ( b ) paramedian 
longitudinal view; ( c ) midline 
   longitudinal view.  PV  
paravertebral muscles,  IL  
intraspinous ligament,  IS  
intrathecal space,  DM  dura mater, 
 VB  vertebral body,  L  lamina       
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    Caudal Epidural Anesthesia 

    Introduction, Indications, and Complications 
 Caudal epidurals can be performed either as single-injection 
blocks or as a means to thread a catheter to a more cranial 
location. Single-injection caudal blocks will anesthetize the 
lumbar and sacral regions; indications include urogenital and 
lower limb surgeries. Penetration of the sacral hiatus and 
sacrococcygeal membrane (indicated by a “pop”) is a reli-
able indicator of correct placement.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 
 The patient is placed in the lateral position. Clean the skin 
with antiseptic solution. Prepare the probe surface by apply-
ing a sterile adhesive dressing if an ultrasound approach is 
used. If nerve stimulation is being used, an insulated 22 G 
needle will be required. The recommended local anesthetic 
dose is 0.5–1 mL/kg of 0.25 % bupivacaine or 0.5 % ropiva-
caine as a single injection. The infusion rate is similar to 
lumbar and thoracic epidural (see above). 

 The iliac crests and posterior superior iliac spines are 
identified. In older children, the median sacral crest and 
sacral hiatus may also be identified. The sacral hiatus is 
at the midpoint between the sacral cornua, which can be 
palpated ~5 cm above the tip of the coccyx (Fig.  73.15 ).   

    Nerve Stimulation Technique 
 The nerve stimulator should be set to a low frequency 
(1–2 Hz) and pulse width (0.1–0.2 ms). Insert the needle 
perpendicular to the skin at the level of the sacral cornua. 
As the needle is advanced, a distinct “pop” or give is felt, 
indicating entry into the caudal epidural space. The current 
is increased until contraction of the anal sphincter (S2–S4) 
is seen. The threshold current will generally be between 1 
and 15 mA (Table  73.1 ) [ 13 ]. Incorrect motor responses, 
such as localized twitches in the gluteal or back muscles, 
and higher currents (>8 mA) are suggestive of subcutane-
ous needle-tip placement. Following negative CSF aspira-
tion, a test dose of epinephrine (0.5 μg/kg) should be 
delivered to identify inadvertent intravascular placement; 
this will appear as distinct ECG changes (i.e., >25 % T 
wave or ST segment increase). Other indicators of incor-
rect needle placement include  subcutaneous bulging or 
resistance upon injection of local anesthetic.  

    Ultrasound-Guided Technique 
 Linear probes can be used for most patients. For older 
patients, curvilinear array probes with lower frequencies 
may provide better views in older or obese patients. 
Small footprint (“hockey stick”) probes can be used in 
smaller patients. 

 For most patients, scanning should begin with a 
13-6 MHz linear probe in a short-axis, transverse view 
at the S5 level. This will allow visualization of the sacral 
cornua, dorsal surface of the sacrum, posterior sacrococ-
cygeal ligament, and sacral hiatus. Following skin punc-
ture, the probe is rotated 90° to obtain a longitudinal 
(long-axis) view between the cornua. This will facilitate 
an in-plane view of needle trajectory toward the sacro-
coccygeal ligament. The distinctive “pop” will indicate 
needle entry into the epidural space. Rotate the probe to 
a transverse view to show the needle in short axis (dot 
on the screen) between the sacrococcygeal ligament and 
pelvic (ventral) surface of the sacrum. Limited ossifi ca-
tion in young infants (<1 year old) will allow a 13-6 MHz 
linear probe to be placed over the mid-sacral level; longi-
tudinal views will allow visualization of needle trajectory. 
Neuraxial structures at the level of the sacral hiatus appear 
as follows:  Fig. 73.15    Surface landmarks for caudal epidural needle insertion       
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•    Transverse view (Fig.  73.16a ): The sacral cornua appear 
as hyperechoic, inverted U-shaped structures. Two hyper-
echoic bands deep to and between the cornua are the pos-
terior sacrococcygeal membrane and dorsum of the pelvic 
surface of the sacrum. Between these two structures lies 
the hypoechoic sacral hiatus.   

•   Longitudinal view (Fig.  73.16b ): The sacrococcygeal 
ligament is angled caudally and appears broad, hyper-
echoic, and linear. The dorsal surface of the sacrum, 
deep and cephalad to the ligament, is hyperechoic, 
while the dorsum of the ventral sacral surface is dark at 

the bottom of the image with a hypoechogenic region 
(sacral hiatus) between the sacrococcygeal ligament 
and sacral bone.    

 Upon injection, local anesthetic will appear as an expan-
sion of hypoechogenicity and will also cause movement of 
the dura. There is a risk of dural puncture when performing 
caudal epidurals. The “Whoosh” [ 14 ] and “Swoosh” [ 15 ] 
tests, electrical stimulation [ 16 ], and Doppler imaging [ 17 ] 
can be used to determine whether injection is in the intrathe-
cal or epidural space.    

a

b

  Fig. 73.16    Sonographic appearance of the sacral region. ( a ) Transverse view; ( b ) longitudinal view.  C  sacral cornu,  SH  sacral hiatus,  PSL  poste-
rior sacrococcygeal ligament       
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    Spinal Anesthesia 

    Introduction, Indications, and Complications 

 In the pediatric population, spinal anesthesia is used primar-
ily to avoid complications and risks associated with general 
anesthesia. Spinal blocks are generally performed in neo-
nates or small infants, especially preterm babies with a his-
tory of apnea, bradycardia, and/or chronic lung disease who 
would otherwise receive a general anesthetic. Spinal block-
ade offers some important advantages over other forms of 
anesthesia, including avoidance of airway manipulation, 
rapid onset, and speedy postoperative recovery. Despite 
being used mostly in infants, spinal anesthesia can be admin-
istered to pediatric patients of all ages for a wide range of 
surgical procedures [ 18 ]. 

 In pediatric patients, the depth to the subarachnoid 
space is signifi cantly reduced in younger children; esti-
mates of this depth increase from 10 to 15 mm at birth to 
20, 25, and >30 mm at 3, 5, and 10 years old, respectively 
[ 19 – 21 ]. Finally, CSF volume is greater in infants com-
pared to adults (4 mL/kg vs. 2 mL/kg), and, in infants, a 
greater proportion of CSF is in the spinal canal [ 22 ]. These 
differences may explain observations of shorter duration 
of action of spinal anesthetics in infants despite large anes-
thetic doses. 

 Spinal blocks are used primarily for lower abdominal, 
urologic, and lower extremity surgery. Important consider-
ations to keep in mind include:
    1.    Coagulation status: Neonates and infants less than 1 year 

old do not have the necessary clinical history to reveal 
coagulation insuffi ciency. Before performing spinal anes-
thesia on an ex-preterm neonate, it is recommended to 
obtain coagulation status; test results should be compared 
to age-specifi c ranges [ 23 ].   

   2.    Surgery duration: When used as a sole, single-injection 
anesthetic, spinal block will last up to approximately 
90 min. If surgery is anticipated to last more than 1 h, 
supplementary sedation or general anesthetic may be 
required.     
 Absolute contraindications to spinal block in children 

include patient/parental refusal, confi rmed or suspected 
coagulopathy, local or systemic infection, hypovolemia, and 
increased intracranial pressure. Other contraindications are 
spinal abnormalities, degeneration or disease affecting the 
central nervous system, and presence of ventriculoperitoneal 
shunts or intrathecal catheters. 

 The most common complications of pediatric spinal anes-
thesia are need for multiple attempts, sensory/motor block 
failure requiring supplementary anesthetic, and anesthesia 
wearing off before surgery is complete. Less common com-
plications include bleeding or hematoma, infection, allergic 
reaction, local anesthetic toxicity, cardiovascular problems, 
and nerve injury. When tetracaine is used, there is a risk of 
methemoglobinemia.  

    Patient Positioning, Preparation, Equipment, 
and Dosage 

 Thirty minutes before the spinal block is given, topicalize the 
skin using  e utectic  m ixture  l ocal  a nesthetic (EMLA) cream 
(2.5 % each lidocaine and prilocaine) can be applied 1 h 
prior to the procedure. The topicalizing agent may be cov-
ered with a Tegaderm® dressing. Intravenous (i.v.) access 
should be established before proceeding with the spinal to 
(a) avoid delay or complications arising from diffi culty gain-
ing vascular access, (b) allow premedication with atropine 
(10 μg/kg) prior to administering the spinal, and (c) facilitate 
easier management of unforeseen complications of the spi-
nal, including high/total spinal or profound apnea. 

 The patient may be placed in a lateral decubitus or sitting 
position, depending on the anesthesiologist’s preference. 
A trained assistant will be needed to help in both cases.
    1.    Lateral position: With the patient’s legs fl exed at the knees 

and hips, the neck and shoulders are fl exed forward gently 
while maintaining an open airway. The fl exed position 
allows palpation of bony landmarks and “opens” the spine, 
allowing easier access to the area between the spinous pro-
cesses. The lateral position may aid in creating a better 
fl exed position in an awake infant or sedated older child.   

   2.    Sitting position: The assistant holds the patient in a sitting 
position, keeping the patient’s hips fl exed and head fl exed for-
ward. Cooperative older children may assume the sitting posi-
tion themselves with support from the assistant. The sitting 
position is advantageous since it increases CSF pressure in the 
lumbar spine, improving CSF fl ow through the spinal needle.     
 Three important landmarks are identifi ed (Fig.  73.17 ):       

 Fig. 73.17    Surface landmarks for spinal anesthesia. Positions of the 
conus medullaris and intercristal line are shown for infants less than 
1 year old ( blue ) and children over 1 year old ( red )  
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•    Spinous processes: Used to locate midline and assess for 
abnormalities in spinal curvature. Because of delayed 
fusion, the spinous process may be palpated as two adja-
cent bony structures in neonates and infants.  

•   Iliac crests: The intercristal line crosses the L5–S1 inter-
space in neonates and infants less than 1 year old and the 
L4–L5 interspace in children older than 1 year.  

•   Shoulders: Both shoulders should remain square to the 
bed, ensuring proper trunk fl exion and alignment of the 
thoracic and lumbar spine.    

 Although various spinal needles are available in pediatric sizes, 
a 25-mm, 25-G pencil-point needle is recommended. Alternatively, 
a 38-mm, 22-G Quincke spinal needle may be used. An introducer 
is not necessary in neonates and younger infants. 

 Intrathecal drugs that have been used for spinal anes-
thesia in the pediatric population include bupivacaine, tet-
racaine, ropivacaine, and levobupivacaine. These drugs 
may be used as sole anesthetics or combined with seda-
tives or general anesthesia. The most common local anes-
thetics for pediatric spinal block are bupivacaine and 
tetracaine. A dose of 0.4–1.0 mg/kg of either drug will 
provide adequate surgical anesthesia. In our experience, a 
1 mg/kg (= 0.2 mL/kg) dose of preservative-free plain 
bupivacaine 0.5 % will provide 60 min of surgical anesthe-
sia for inguinal hernia repair. Commonly used adjuvants 
include morphine, fentanyl, clonidine, epinephrine, neo-
stigmine, and dextrose. Table  73.2  contains a list of sug-
gested local anesthetics and adjuvants.

   Table 73.2    Common local anesthetics and adjuvants for pediatric spinal anesthesia   

  Local anesthetic    Dose  
 Bupivacaine  0.3–1.0 mg/kg 
 Tetracaine  0.4–1.0 mg/kg 
  Additives    Dose  
 Epinephrine (extend block duration)  0.01 mL/kg of 1:100,000 diluted solution (epinephrine washout of a tuberculin syringe may 

be preferred to standard intrathecal dose) 
 Clonidine (extend block duration)  1 μg/kg 
 Morphine (pain control)  5 μg/kg for postoperative analgesia in general pediatric procedures (e.g., scoliosis repair) 

 10 μg/kg for cardiac surgical patients who will be ventilated postoperatively 
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       Landmark Technique 

 As with all regional blocks, observe strict aseptic tech-
nique. Place an absorbent pad between the warming blan-
ket and the patient; this will absorb any fl uids resulting 
from a post- block bowel movement. After sterilizing the 
skin, a sterile, clear plastic drape is used to cover the injec-
tion area. It is recommended that the anesthesiologist be 
seated for stability and enhanced dexterity when perform-
ing a spinal on an awake patient in the lateral decubitus 
position. If skin has not been topicalized with EMLA 
cream, the skin may be infi ltrated with a 27–30-G needle 
and 1 % lidocaine prior to inserting the spinal needle. For 
lumbar puncture, use a midline approach with a short, 
25–27-G styletted spinal needle. Upon puncture of the 
dura, a distinctive “pop” may or may not be felt since, in 
children, the ligamentum fl avum is soft. The stylet should 
be removed occasionally to examine for CSF fl ow. Although 
initial CSF may contain some blood, the fl uid should be 
clear before injecting anesthetic. A 1-mL syringe can be 
used to inject slowly (e.g., over a 15–20-s period). The bar-
botage method should be avoided since it may cause high 
levels of motor block. After the block has been adminis-
tered, avoid elevating the patient’s legs or trunk over their 
head. If a rapidly rising block level is observed, place the 
patient in the reverse Trendelenburg position to avoid fur-
ther cranial spread of local anesthetic. 

 Sensory and motor assessment can be diffi cult in pediatric 
patients, particularly neonates, small children, and sedated 
patients. For infants, a cold stimulus (e.g., ice in a glove) can 
be used. A Bromage score [ 24 ] can usually be obtained for 
children over 2 years of age.  

    Ultrasound-Guided Technique 

 Sonographic assessment of neuraxial structures is not abso-
lutely necessary; however, “offl ine” pre-procedural trans-
verse and longitudinal views offer the following benefi ts:
    1.    Lumbar and sacral levels can be identifi ed prior to dural 

puncture.   
   2.    Spinous processes can be identifi ed, enabling optimal 

needle trajectory to be estimated.   
   3.    Position of the conus medullaris can be determined.   
   4.    Depth to subarachnoid space can be estimated, as can the 

distance between the skin and dura (this distance can be 
narrow (6–8 mm) in neonates and infants [ 19 ]).   

   5.    Real-time color-fl ow Doppler may be used to distinguish 
epidural and intrathecal injection [ 17 ].     
 In infants and younger children, a high-frequency 

(13-6 MHz) probe can be used to obtain excellent resolu-
tion; in adolescents, neuraxial structures are deeper and 
may require that a lower-frequency probe (e.g., 5-2 MHz 
curvilinear) be used to obtain good resolution. Wide-
footprint linear- array transducers (13-6 MHz) offer good 
median or paramedian longitudinal views. Resolution will 
be best (>80 %) in children younger than 3 months and will 
decline in quality gradually to around 30–40 % by around 
8 years of age.      
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  A 
  ACJ.    See  Acromioclavicular joint (ACJ) 
   ACJ injection 

 anatomy , 298  
 dosage , 298  
 indications , 298  
 ligament , 298  
 side effects and complications , 298  
 technique , 298  

   Acoustic impedance , 30, 31, 33  
   Acromioclavicular joint (ACJ) 

 diarthrodial joint , 290  
 ligaments and capsule , 290  
 patient selection , 292  
 separation, articular surfaces , 290  
 sonoanatomy , 291  
 static and dynamic stabilizers , 290  
 ultrasound-guided procedure , 292  

   Adductor canal block (ACB) 
 block assessment , 849  
 considerations , 850  
 continuous technique , 849  
 contraindications , 844  
 equipment , 847  
 indications , 844  
 linear ultrasound probe , 847  
 local anesthetics 

 complications , 850  
 continuous technique , 850  
 single injection , 850  

 patient disposition , 850  
 posterior articular branch , 844  
 saphenous nerve , 844  
 serial sonograms , 846  
 single injection , 848  
 subsartorial plexus , 846  
 suggested block technique , 847  
 TKA and knee arthroscopy , 850  

   Airways anesthesia 
 anatomic specimen , 106, 108  
 fi beroptic intubation , 109–110  
 functional anatomy 

 median section , 106, 107  
 trigeminal nerve , 106, 107  

 hypoglossal nerve , 106, 108  
 individual nerves block , 111  
 larynx and trachea , 109  
 nasal endoscopic intubation , 110, 111  
 nerve blockades , 111  
 vagus nerve , 111–113  

   Alcock’s canal , 738, 741, 747  
   Ankle blocks 

 equipment and dosage , 961  
 indications and complications , 960  
 nerve stimulation technique 

 deep peroneal nerve , 961  
 posterior tibial nerve , 961  
 saphenous nerve , 961  
 superfi cial peroneal nerve , 961  
 sural nerve , 961  

 patient positioning and preparation , 961  
 ultrasound-guided technique 

 deep peroneal nerve , 962–963  
 posterior tibial nerve , 962  

   Anterior superior iliac spine (ASIS) 
 deep circumfl ex artery , 855  
 fascia lata and iliaca , 950  
 fascial layer , 708  
 iliohypogastric and ilioinguinal nerves , 708  
 and inguinal ligament , 857  
 oblique plane parallel , 978  
 transducer perpendicular , 710  
 transversus abdominis , 977  
 and umbilicus , 710, 977  

   ASIS.    See  Anterior superior iliac spine (ASIS) 
   Atkinson method , 102  
   Axial manual traction test , 241  
   Axillary block 

 equipment and dosage , 939  
 indications and complications , 939  
 nerve stimulation technique , 939  
 patient positioning and preparation , 939  
 ultrasound-guided technique , 940  

   Axillary brachial plexus block 
 advantages and disadvantages , 395  
 block performance , 398–399  
 continuous nerve block , 399  
 contraindications , 395  
 distribution, anesthesia , 394  
 functional anatomy 

 cadaveric dissection , 396  
 major terminal branches , 396  
 ultrasound image , 396, 397  

 needle insertion , 398  
 regional anesthesia , 394  
 surface landmark-guided approach   ( see  Surface landmark-guided 

approach, axillary plexus block) 
 ultrasound 

 complications and adverse effects , 407  
 guided approach   ( see  Ultrasound-guided approach) 

                        Index 
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 Axillary brachial plexus block ( cont .) 
 local anesthetic dosages , 407  
 long-term catheter placement , 407  
 out-of-plane approach , 407  
 patient position , 407  
 record and checklist , 408, 409  

    B 
  Back pain and sciatica , 657  
   Bilateral paracervical block , 769  
   Biplanar fl uoroscopy , 759  
   Blind techniques, SSN block 

 approach 
 lateral , 262  
 posterior , 261  
 superior , 261  

 pulsed radiofrequency lesioning, SSN , 262, 277–278  
 radiographical correlation , 262  

   “Border nerves” , 708, 714  
   Botulinum toxin injections , 732  
   Brachial plexus 

 advantages, general anesthesia , 342  
 blocks 

 interscalene   ( see  Interscalene block) 
 supraclavicular   ( see  Supraclavicular block) 

 classical blocks , 342  
 clinical procedures , 342  
 cutaneous innervation , 343, 346  
 fascicles , 343, 345  
 interscalene region , 343  
 lateral cord 

 musculocutaneous and median nerve , 343, 345  
 pectoral nerve , 343  

 medial cord 
 cutaneous innervation , 343, 346  
 median nerve , 343  
 pectoral nerve , 343  
 ulnar nerve , 343, 346  

 nerve cords regroup and separation , 343, 344  
 posterior cord 

 axillary nerve , 343, 345  
 inferior and superior subscapular nerve , 343  
 radial nerve , 343, 345  
 thoracodorsal nerve , 343, 345  

 preparing procedure , 342  
 septa , 342  
 sheath 

 extension , 343, 344  
 variation , 342  

 spinal nerve , 343  
 suprascapular and subclavian nerves , 343  
 trunks , 343  

    C 
  Calcifi c tendinitis 

 barbotage 
 single needle technique , 318  
 two needle technique , 318  

 calcium deposits , 314  
 equipment and medications , 319  
 fenestration , 316–318  
 pathophysiology and clinical presentation , 314–315  
 patient preparation , 316  
 post-procedure care and instructions , 319  
 shockwave therapy , 314  

 stages 
 calcifi c , 316  
 post-clacifi c , 316  
 precalcifi c , 316  

 subacromial (SA) bursa injection , 319  
 tendinopathy , 314  

   Cannula-electrode insertion 
 electrode positioning , 166, 167  
 fl uoroscopic visualization , 166, 167  
 metal ruler , 166  
 needle direction , 166, 167  

   Cardiovascular toxicity , 76  
   Carpal tunnel injection 

 entrapment neuropathy , 442  
 fl exor tendons, fi ngers , 442, 443  
 honeycomb appearance, median nerve , 442, 443  
 motor weakness and atrophy , 442  
 sensory distribution, median nerve , 442  
 ultrasound-guided , 442  

   Caruncular technique 
 advantages , 91  
 caruncular puncture , 91  
 complications , 91  
 disadvantages , 91  
 dosage , 91  
 inferotemporal peribulbar block , 91, 92  
 and medial canthus , 91, 92  
 peribulbar block , 91, 92  
 skull , 91, 92  

   Catheters stimulation 
 central neuraxial blocks , 63  
 peripheral nerve blocks , 62  

   Caudal access route 
 after procedure, securing catheter , 665  
 allergic reactions , 664  
 blood and CSF, aspiration of , 664  
 contrast injection , 665  
 drugs selection 

 antibiotics , 662  
 corticosteroids , 662  
 hypertonic saline (10 %) , 662  
 local anesthetic , 662  
 radiographic contrast media , 662  

 epidural adhesiolysis , 665  
 epidural catheter , 664  
 hypertonic saline injection , 665  
 indwelling catheter , 665  
 local anesthesia , 662  
 local anesthetic and corticosteroid injection , 665  
 materials , 661  
 patient position , 662  
 preparations , 661–662  
 procedure , 661  
 skin puncture , 663  
 subarachnoid needle location , 664  

   Caudal epidural anesthesia 
 equipment and dosage , 982  
 indications and complications , 982  
 nerve stimulation technique , 982  
 patient positioning and preparation , 982  
 ultrasound-guided technique , 982–983  

   Caudal epidural injections 
 anatomy , 586–587  
 complications , 593, 594  
 heterogeneous methodology , 586  
 historical development , 586  
 indications and contraindications , 588  

Index



991

 intravenous access , 588  
 post-procedure care , 593  
 prone position , 588  
 steroids , 586  
 ultrasound-guided technique 

 sacral canal , 591, 592  
 sacrum and sacrococcygeal ligament , 591  
 single-blind randomized study , 591  
 strict aseptic technique , 591  
 ultrasonography , 591  

 X-ray-guided technique , 589, 590  
   Celiac plexus 

 abdomen at level of fi rst lumbar vertebra , 674, 675  
 anatomy , 674  
 defi nition , 674  
 diagnostic, prognostic and therapeutic , 676  
 fl uoroscopic guided procedure , 676  
 sympathetic trunk , 674, 675  

   Central nervous system (CNS) 
 and cardiac toxicity , 8  
 and cardiovascular toxicity , 15  
 characteristics , 75  
 depression , 8  
 human studies , 75  
 plasma concentrations , 75  
 seizure prevention , 76  
 systemic absorption , 75  
 toxicity , 8, 372  

   Central neuraxial blockade 
 lumbar spine   ( see  Lumbar spine) 
 needle insertion , 485  
 obese patient , 494–495  
 palpation , 485  
 pre-procedural ultrasound imaging , 485  
 soft tissue window, vertebral canal , 485  
 strategies, ultrasound , 497  
 thoracic spine   ( see  Thoracic spine) 

   Cervical epidural neuroplasty, epidural catheter 
placement , 666  

   Cervical facet nerve blocks 
 anatomy 

 C4 layout , 234, 235  
 C3 nerve root, superfi cial branch , 234  
 medial branches , 234  
 semispinalis capitis muscle , 234, 235  

 chronic neck pain , 234  
 diagnosis , 234  
 technique 

 radiofrequency neurotomy , 236  
 target , 236  
 TON , 236  
 ultrasound imaging , 236  

 ultrasound-guided technique 
 C6–7 joint cleft , 237, 238  
 C7 transverse process , 237, 238  
 groove, hypoechoic structure , 237  
 in-plane/out-of-plane approach , 237  
 mastoid process , 237  
 medial branch C3 , 237, 238  
 TON , 237, 238  

   Cervical interlaminar epidural block 
 anatomy 

 C7 , 227  
 C6 level , 227  
 epidural space , 227  
 epidural veins , 227  
 spinous processes , 227  

 anesthesia and analgesia , 226  
 complications 

 glucocorticosteroid, deposits , 230  
 inadvertent injections , 230  
 injury , 230  
 respiratory function, reduction of , 230  

 contraindications 
 bridging therapy , 226  
 caution , 226  
 coagulopathies , 226  
 epidural hematoma , 226  

 indications , 226  
 technique 

 C6/C7 and C7/T1 interspace , 228  
 epidurogram , 228, 229  
 fl uoroscopy , 228, 229  
 ligamentum fl avum , 228  
 preferred prone/lateral approach , 228, 229  
 pre-syncope/syncope , 228  
 sitting approach , 228, 229  

   Cervical percutaneous facet denervation 
 anatomy 

 C2 medial branch , 248  
 dorsal and ventral roots , 248  
 lumbar facet denervation , 248  
 SMK system , 248  
 thermistor electrodes , 248  
 zygapophyseal/facet joints , 248  

 AP view, concavities , 250, 252  
 C-arm , 249  
 C2–C6 fl uoroscopic transverse view , 249, 251  
 complications and side effects , 253  
 contractions , 250  
 fl uoroscope , 249  
 23-G needles lateral approach , 253  
 indications 

 atypical facial pain , 249  
 cervicogenic headache , 249  
 contraindications , 249  
 painful facet joints , 249  
 PFD , 249  
 post-traumatic neck pain , 249  
 signs and symptoms, facet pain , 249  
 uni/bilateral pain , 249  
 upper ZA , 249  

 instructions to patients , 253  
 lesions , 250  
 materials , 249  
 medial branch/intra-articular blocks , 253  
 patient and fl uoroscope positioning , 249, 250  
 pulsed RF treatment , 253  
 RF thermocouple needle , 249, 250  
 stimulation threshold , 250  
 thermocouple electrode , 250  
 tingling feeling , 250  
 TOP XE/CXE needles , 250  
 X-oblique view, RF needles , 249, 251  

   Cervical radicular pain.    See also  Radiofrequency (RF) treatment 
 C7 level, spread of contrast medium , 242  
 contrast medium injection , 241, 242  
 decompression , 245  
 diagnosis 

 clinical tests , 241  
 neurological examination , 241  
 symptomatic treatment , 241  

 DRG , 240  
 epidural space and intravascular injection , 242  
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 Cervical radicular pain.  See also  Radiofrequency (RF) 
treatment ( cont .) 

 multidisciplinary approach , 240  
 pain relief , 242  
 pharmacological treatment and rehabilitation , 245  
 symptoms , 240  
 syndromes , 240  
 treatment 

 integrated approach , 242  
 multidisciplinary evaluation , 242  
 RF/PRF , 242  

   Cervicothoracic sympathetic trunk (CST) , 188, 192, 357, 360  
   Cheyen approach.    See  Psoas compartment block 
   Christmas-treeshaped distribution pattern , 663  
   CNS.    See  Central nervous system (CNS) 
   Coaxial fl uoroscopic imaging technique , 759  
   Coccygeal plexus , 755, 776  
   Combined adhesiolysis and targeted drug delivery , 652  
   Combined spinal and epidural anesthesia (CSE) 

 advantages , 576  
 cesarean section, dosage 

 epidural , 582  
 subarachnoid , 582  

 contraindications , 576  
 dosages , 580–582  
 history , 576  
 indications , 576  
 injection technique 

 “needle through needle” , 577–580  
 two-segment , 580  

 outpatient obstetrics, dosage 
 complications , 582  
 epidural top-up dose , 582  
 subarachnoid , 582  

 patient positioning , 576  
 preparation and materials , 576  
 procedure , 576  

   Common extensor tendon (CET) , 436, 437  
   Complex regional pain syndrome (CRPS) , 20, 188, 204, 226, 368, 

600, 731, 781, 782, 788, 789  
   Continuous interscalene block 

 anterior technique 
 catheter through Tuohy needle , 368  
 needle puncture , 368  
 patient position , 367  
 preparation , 367  
 surgical dosage , 368  
 therapeutic dosage , 368  

 Pippa technique, posterior 
 anesthesia distribution , 371  
 CNS toxicity , 372  
 dosage , 371  
 electrical nerve stimulation , 369  
 epidural/subarachnoid injection , 372  
 intravascular injection , 372  
 “loss of resistance” , 369  
 materials , 369  
 needle insertion , 370, 371  
 nerve injuries , 372  
 patient positioning , 369  
 pneumothorax , 372  
 preparation , 369  
 pressure on carotid artery , 372  
 procedure , 369  
 puncture procedure and site , 370  
 side effects , 372  
 spinous processes , 369  

 record and checklist , 373–374  
   Continuous nerve block technique 

 needle in plane , 841  
 needle out of plane , 841  

   Continuous spinal anesthesia , 524  
   CRPS.    See  Complex regional pain syndrome (CRPS) 
   CSE.    See  Combined spinal and epidural 

anesthesia (CSE) 

    D 
  Deep cervical plexus block 

 anatomy , 212, 213  
 blockade target , 217, 218  
 block series , 219  
 C2, C3 and C4 transverse processes , 217, 218  
 C3, C4 levels , 212, 213  
 complications 

 epidural/subarachnoid injection , 220  
 intravascular injection , 220  

 contraindications , 217  
 C2 to C4 transverse processes , 217  
 dosage 

 diagnosis , 219  
 surgery , 219  
 therapeutics , 219  

 Horner’s syndrome , 219  
 indications 

 diagnosis , 217  
 surgery , 217  
 therapeutics , 217  

 inferior descending cervical nerve , 212  
 injection after aspiration , 218  
 injection technique , 218–219  
 mastoid process , 217  
 materials , 217  
 muscular branches , 212  
 patient positioning , 217  
 phrenic nerve , 212  
 preparations , 217  
 procedure , 217  
 side effects , 220  
 superior cervical/cervicothoracic ganglion , 219  
 trapezius branch , 212  

   Deep peroneal (fi bular) nerve 
 anatomy , 865–866  
 sonoanatomy , 869  
 ultrasound-guided technique , 873  

   Diagnostic blocks , 20, 184, 242, 634, 681  
   Di Benedetto-Borghi approach.    See  Subgluteal access route 
   Distal nerve block 

 median nerve 
 equipment and dosage , 941  
 indications and complications , 941  
 nerve stimulation technique , 942  
 patient positioning and preparation , 941  
 ultrasound-guided technique , 942  

 radial nerve 
 equipment and dosage , 944  
 indications and complications , 944  
 nerve stimulation technique , 944  
 patient positioning and preparation , 944  
 ultrasound-guided technique , 945  

 ulnar nerve 
 equipment and dosage , 943  
 indications and complications , 943  
 nerve stimulation technique , 943  
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 patient positioning and preparation , 943  
 ultrasound-guided technique , 943  

   Dorsal root ganglion (DRG) 
 doppler scan , 183  
 injury , 71  
 RF treatment , 240, 242  
 sensory root , 458  
 vertebral artery , 182  

   Dorsal transgluteal technique 
 continuous technique , 817  
 injection technique , 815–817  
 intraneural positioning , 817  
 landmarks , 814, 815  
 patient positioning , 814, 815  

   DRG.    See  Dorsal root ganglion (DRG) 

    E 
  EDTA.    See  Ethylenediaminetetraacetic acid (EDTA) 
   Elbow.    See  PNBs, elbow 
   Elbow joint and tennis elbow injection 

 anatomy , 438, 439  
 CET , 436, 437  
 indications , 438  
 intra-articular injection , 438  
 lateral epicondylitis , 436, 437  
 musculotendinous anatomy , 436, 437  
 pain and tenderness , 436, 437  
 pathology , 436  
 symptom , 436  
 three-dimensional image , 438  
 ulna (olecranon) and humeral capitellum, hinge joint , 438  
 ultrasound-guided posterior approach , 438, 439  

   Electrical epidural stimulation , 63, 979, 980  
   Elvey’s upper limb tension test , 241  
   Endoscopic adhesiolysis , 642  
   Entrapment neuropathy , 68, 442  
   Epidural adhesiolysis , 656, 665, 668  
   Epidural anesthesia 

 caudal epidural anesthesia , 982–983  
 lumbar and thoracic epidural anesthesia , 979–981  

   Epidural block 
 assessment 

 autonomic block , 539  
 Bromage scale, motor block , 539  
 RAM test, abdominal muscles , 539  
 sensory block , 539  

 inadequate sensory block , 539  
 missed segments , 539  
 patient monitoring , 539  
 patient position , 539  

   Epidural catheter 
 cervical placement , 666  
 electrical epidural stimulation test , 64  
 epidural stimulation test and ECG monitoring , 979–980  
 epinephrine , 568  
 “failed back surgery syndrome” and bilateral sciatica , 664  
 subarachnoid injection , 576  

   Ergonomics 
 assistant position , 47  
 equipment positioning , 47  
 linea semilunaris under ultrasound , 693  
 muscle layers under ultrasound , 693  
 patient positioning , 47  
 physician positioning , 47, 48  
 TAP identifi cation , 693  

   Ethylenediaminetetraacetic acid (EDTA) , 12  

    F 
  Facet joints 

 in clinical practice , 615  
 dual neural supply , 610  
 fl uoroscopic guidance , 611  
 fl uoroscopic guided facet joint injection , 613  
 fl uoroscopic guided facet nerve block , 611–612  
 histologic studies , 610  
 systematic reviews and diagnostic accuracy studies , 610  
 ultrasound-guided facet joint block , 613–614  
 ultrasound-guided facet medial branch injection , 613–614  

   Facial nerve block 
 anatomy , 100  
 Atkinson method , 102  
 block techniques , 101  
 diplopia , 168  
 distal infi ltration block , 100  
 Nadbath-Rehmann method , 102  
 O’Brien method , 101  
 Van Lint method , 101  

   Facial pain 
 autonomic symptoms , 171  
 diagnosis , 145  
 MMPI profi le , 171–172  
 patient experiences , 171  
 radiofrequency treatment , 172  
 tension-type headache , 184  
 trigeminal neuralgia , 171, 172  

   FAIR.    See  Flexion, adduction, and internal rotation (FAIR) test 
   Femoral nerve block 

 equipment and dosage , 948  
 indications and complications , 948  
 nerve stimulation technique , 948  
 patient positioning and preparation , 948  
 ultrasound-guided technique , 949  

   Fenestration, calcifi c tendinitis 
 double needle technique , 318  
 single needle technique , 316–317  

   Fiberoptic intubation 
 benzodiazepines , 109  
 lidocaine , 109–110  
 opioids , 109  
 sedatives and analgetics , 109  

   Fibrosis 
 chronic back pain and radicular pain , 648  
 direct trauma, chronic infl ammation/local ischemia , 648  
 grades I, II, III and IV , 648  

   Flexion, adduction, and internal rotation (FAIR) test , 726  
   Fluoroscopic (FL) guidance , 627  
   Fluoroscopic-guided against “blind” injection , 878  
   Fluoroscopic guided facet joint injection , 613  
   Fluoroscopic guided facet nerve block 

 L5 dorsal rami, superior articular process of sacrum , 611, 612  
 local anesthetic infi ltration, skin , 611  
 medial branch injection , 611, 612  
 oblique radiograph, lumbar spine , 611  

   Fluoroscopic guided procedure 
 contralateral oblique X-ray , 627  
 experienced anesthetists , 676  
 injection , 676  
 injection of contrast , 627, 628  
 insertion of needle into SIJ , 627, 628  
 location , 676  
 materials , 676  
 patient positioning , 676  
 preparations , 676  
 SIJ, lateral view , 627, 628  
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 Fluoroscopic guided procedure ( cont .) 
 skin prep, generous local anesthetic infi ltration , 676  
 straight posteroanterior X-ray , 627  

   Frankenhauser’s ganglion , 768  

    G 
  Ganglion impar block 

 complications , 764  
 diagnostic and therapeutic , 761, 764  
 injection technique , 762–763  
 localization , 762  
 materials , 761  
 patient positioning , 762  
 preparations , 761  
 procedure , 761  

   Gasserian ganglion 
 anatomy , 170–171  
 complications , 176  
 electrostimulation , 173  
 facial pain , 171–172  
 indications , 176  
 intravenous access , 172  
 middle cranial fossa , 154  
 needle positioning , 172, 175  
 NeuroTherm NT1000 generator , 173  
 oval foramen , 173  
 SMK C-10 needle , 173  
 submentovertex projection , 172, 174  
 supine position , 172  

   Gasserian ganglion block 
 complications , 156  
 contraindications , 154  
 dosage , 156  
 local anesthetics , 154  
 materials , 154  
 medial edge, masseter muscle , 154, 155  
 needle insertion technique , 156  
 neurodestructive procedures , 154  
 premedication , 154  
 preparations , 154  
 procedure , 154  
 trigeminal 

 infraorbital nerve , 156, 158  
 mandibular nerve , 156, 158  
 maxillary nerve , 156, 157  
 mental nerve , 156, 158  
 ophthalmic nerve , 156, 157  
 sensory defi cit , 156  

   GHJ.    See  Glenohumeral joint (GHJ) 
   GHJ injection 

 anatomy, shoulder joint , 296  
 aseptic conditions , 296  
 dorsal access route 

 dosage , 297  
 landmarks , 297  
 technique , 297  

 ventral access route 
 dosage , 297  
 landmarks , 297  
 technique , 297  

   Glenohumeral joint (GHJ) 
 “ball-and-socket” joint , 282  
 LHB tendon , 282  
 ligaments and the joint capsule , 282  
 patient selection , 286  

 RCI , 282, 283  
 sonoanatomy 

 high-frequency linear probe , 284  
 lateral decubitus position , 284  
 LHB tendon with RCI , 284, 285  
 posterior GHJ , 284  
 spinoglenoid notch , 284, 285  

 synovial recesses , 282, 283  
 ultrasound-guided procedure 

 accuracy rates , 286  
 injection, RCI , 286–287  
 landmark guidance , 286  
 posterior approach , 286  
 rheumatology trainee and consultants , 286  

   Glossopharyngeal nerve block 
 anatomy , 121  
 blockade effects , 124  
 complications , 124  
 contraindications , 122  
 diagnostic indications , 122  
 dosage , 124  
 injection technique 

 extraoral access , 123  
 intraoral access , 123  

 mastoid process , 122  
 materials , 122  
 patient positioning , 122  
 preparations , 122  
 side effects , 124  
 therapeutic indications , 122  

   Gluteal approach 
 needling , 804  
 patient positioning , 803  
 sonographic imaging , 803  

   Gluteus maximus muscle (GMM) , 805, 806  
   GMM.    See  Gluteus maximus muscle (GMM) 

    H 
  Hip 

 anatomy 
 anterior synovial recess , 879, 880  
 bursae, lateral hip region layer , 882, 885–886  
 dissection through joint , 879, 880  
 frontal dissection through pelvis , 881  
 greater trochanter (GT) , 882, 883  
 joint and labrum , 879  
 ligaments , 879  
 muscles , 881  
 muscles and fascia lateral region , 882, 884  
 para-articular ligaments , 879  
 transversal dissection , 881  

 fl uoroscopic-guided against “blind” injection , 878  
 injection technique 

 complication , 890  
 GTPS injection , 890  
 intra-articular injection , 890  

 intra-articular hip steroid injection , 878  
 intra-articular injection , 878  
 landmark-based technique , 878  
 MRI and ultrasound , 878  
 pain in , 878  
 randomized controlled trials (RCTs) , 878  
 sonoanatomy 

 gluteus medius tendon , 888  
 greater trochanter, anterior and lateral facets junction , 888  
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 infrainguinal hip region , 887  
 subgluteal maximus bursa , 888, 889  

 visual analog pain scale (VAS) , 878  
 Western Ontario and McMaster osteoarthritis index (WOMAC) 

pain , 878  
   Horner’s syndrome 

 cervical/cervicothoracic ganglion , 219  
 cervicothoracic (stellate) ganglion , 372  
 conjunctival injection , 206  
 high spinal/epidural anesthesia , 546  
 phrenic nerve palsy , 388  

   Hyaluronidase hypersensitivity , 668  

    I 
  IBPB.    See  Interscalene brachial plexus block (IBPB) 
   Iliohypogastric nerve (IHN) blocks , 697  
   Ilioinguinal and iliohypogastric nerve blocks 

 equipment and dosage , 977  
 indications and complications , 977  
 landmark technique , 977  
 nerve stimulation technique , 978  
 patient positioning and preparation , 977  
 ultrasound-guided technique , 978  

   Ilioinguinal (II) nerve blocks 
 “border nerves” , 708  
 clinical application , 714  
 cutaneous innervation , 708, 709  
 and IIN branches , 687  
 lumbar nerve roots , 708  
 neural blockade , 709  
 pathway , 708, 709  
 pediatric patients , 708  

   Iliolumbosacral ligaments (sacroiliac joints) , 473  
   Image acquisition and processing, ultrasound technology 

 amplifi cation (gain) , 34  
 analog to digital conversion , 34  
 anechoic , 34, 35  
 hyperechoic , 34, 35  
 hypoechoic , 34, 35  
 post-processing , 34  
 time gain compensation , 34  

   Image optimization, ultrasound technology 
 color-fl ow Doppler , 42  
 compound imaging , 43  
 default pre-optimized modes , 38  
 depth , 41  
 focus , 41  
 frequency , 38  
 gain , 39  
 probe selection , 38  
 pulse-wave Doppler , 43  
 TGC , 40  
 tissue harmonic imaging , 43  

   Inferior rectal branch , 740, 741  
   Inferior rectal nerves , 632, 741  
   Inferotemporal peribulbar block 

 indications, preparation and materials , 91  
 injection technique , 91  
 patient positioning , 91  

   Infraclavicular block 
 equipment and dosage , 936  
 indications and complications , 936  
 nerve stimulation technique , 936  
 patient positioning and preparation , 936  
 ultrasound-guided technique , 937–938  

   Infraclavicular brachial plexus block 
 advantages and disadvantages , 378  
 area , 378, 379  
 arm adducted at shoulder , 378, 379  
 contraindications , 378  
 course of arm adducted, shoulder , 378–380  
 distribution , 380  
 indications , 378  
 landmark-guided continuous nerve block , 384  
 neurostimulation-guided approach   ( see  Neurostimulation-guided 

approach, infraclavicular brachial plexus block) 
 post-injection ultrasound image , 381  
 ultrasound   ( see  Ultrasound-guided approach) 

   Infragluteal/subgluteal approach, pediatric PNB 
 equipment and dosage , 957  
 nerve stimulation technique , 957  
 patient positioning and preparation , 957  
 ultrasound-guided technique , 958  

   Infraorbital nerve 
 contraindications , 138  
 diagnosis , 138  
 dosages 

 diagnostics , 140  
 surgery , 140  
 therapeutics , 140  

 extraoral injection , 138, 139  
 inferior orbital fi ssure , 134  
 intraoral injection , 138, 139  
 maxillary nerve branches , 138–140  
 patient positioning , 138  
 preparation and materials , 138  
 procedure , 138  
 side effects , 140  
 therapeutics , 138  

   Infrapiriform foramen syndrome , 718  
   Infraspinatus muscle 

 anatomic insertions , 332  
 complications , 333  
 dosage , 333  
 injection 

 caudal trigger point , 333  
 greater tuberosity, humerus , 333  
 medial trigger point , 333  

 innervation and function , 332  
 myotatic unit , 332  
 procedure , 332  
 symptoms , 332  
 trigger points , 332  

   Infrazygomatic technique 
 dosage 

 diagnosis , 146  
 surgery , 147  
 therapeutics , 147  

 injection technique , 146  
 mandibular fossa , 146  
 patient positioning , 146  

   Inguinal femoral nerve block 
 advantages , 779, 781  
 anatomy , 779  
 block series and prophylactic , 782  
 comparison of , 784  
 complications , 785  
 continuous infusion , 785  
 continuous technique , 782, 785  
 disadvantages , 781  
 dose maintenance , 785  
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 Inguinal femoral nerve block ( cont .) 
 functional anatomy , 781  
 lateral cutaneous femoral and obturator nerves , 779, 780  
 neural areas, after administration , 784  
 patient positioning , 782  
 preparations , 782  
 procedure , 782  
 quadriceps femoris muscle and patella , 782  
 record and checklist , 786  
 single-injection technique , 783  
 single-shot technique , 782  
 specifi c and relative , 782  
 surgical and therapeutic , 781, 785  
 transversal dissection , 779, 780  

   Inguinal ligament (IL) 
 circumfl ex iliac artery , 781  
 echogenic needle , 795  
 iliac crest , 710  
 meralgia paresthetica , 855  
 perivascular and perineural space , 779  
 pubic tubercle , 709  
 supine and ASIS , 857  

   Injection technique (dorsal, retrocrural) , 677–678  
   Injection technique, neuraxial blocks 

 median approach (midline) 
 advancing the guiding cannula , 519  
 direct asepsis , 518  
 landmarks , 517  
 local anesthesia , 518  
 palpation, intervertebral space , 517  
 puncture with spinal needle, subarachnoid 

space , 520  
 paramedian approach , 542  
 stylet removal 

 blood in the CSF , 521  
 CSF fl ows , 521  
 pain/paresthesias, puncture , 521  
 subarachnoid injection , 521, 522  

 subarachnoid space , 517  
 Taylor’s approach , 523  

   Intercostal block 
 equipment and dosage , 971  
 indications, and complications , 971  
 landmark technique , 971  
 nerve stimulation technique , 971  
 patient positioning and preparation , 971  
 ultrasound-guided technique , 972  

   Intercostal nerve block 
 anatomy 

 chest wall , 458, 459  
 dorsal rami , 458  
 thoracic spinal nerves , 458  

 complications , 464  
 contraindications , 461  
 effects of , 464  
 indications , 461  
 needle position with landmark technique , 460  
 procedure 

 index and middle fi ngers, left hand , 462  
 lateral position , 461  
 M mode, pleura , 463  
 needle position , 463  
 observation, injection , 462  
 preparations , 461  
 skin and needle position , 462  
 ultrasound-guided injection , 463  

 prone position , 460  
 ultrasonographic image , 460  

   Interscalene block 
 advantages and disadvantages , 351  
 anatomy , 350  
 anesthetic dosage, volume and distribution , 356  
 complications , 931  

 catheter misplacement , 357  
 cervical spinal cord injury , 357  
 contralateral spread, local anesthetics , 357  
 nerve injury , 357  
 pneumothorax , 357  
 vascular injection , 357  

 continuous technique , 364  
 contraindications , 350–351  
 documentation , 357–358  
 equipment and dosage , 931  
 ergonomics and pre-scanning 

 cervical transverse processes , 351–352  
 interscalene level , 351  
 neural structures , 351  
 transducer position , 351–353  

 indications , 350, 931  
 injection technique , 352  
 landmark and paresthesia , 350  
 location, puncture site 

 external jugular vein , 365, 366  
 interscalene groove with “rolling” 

fi ngers , 365, 366  
 knee , 365  
 palpating, clavicle and subclavian artery , 365, 366  
 turning the head , 365  

 materials and disposables , 351  
 nerve stimulation technique , 931  
 nerve stimulator , 364  
 patient position , 351, 364  
 patient positioning and preparation , 931  
 postoperative analgesia, surgery , 350  
 preparations , 351, 364  
 side effects 

 cervicothoracic sympathetic block , 357  
 dyspnea , 357  
 ipsilateral hemidiaphragmatic paralysis , 357  
 recurrent laryngeal nerve block , 357  

 ultrasound-guided approaches 
 continuous catheter techniques , 354–355  
 single-injection techniques , 352–353  

 ultrasound-guided technique , 932–933  
   Interscalene brachial plexus block (IBPB) , 267, 269  
   Intra-articular hip steroid injection , 878  
   Intra-articular injection.    See  Knee joint 
   Intraneural injection 

 brachial plexus , 70  
 fascicles , 60  
 fascicular-to-epineurial tissue , 60  
 histologic features , 71  
 intraneural-extrafascicular injections , 70  
 needle design and trauma , 74  
 nerve ischemia , 74–75  
 neurologic defi cit , 60  
 optimal current intensity , 72  
 pain , 72  
 paresthesia  vs.  nerve stimulation , 72  
 pathohistologic changes , 71  
 structural damage, fascicle(s) , 70  
 toxicity , 74  
 ultrasonographic detection , 60  
 ultrasound-guided nerve blocks , 72–73  
 ultrasound-nerve stimulation technique , 60  

   Intrathecal injection and patient management 
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 block assessment , 525  
 patient monitoring , 525  
 patient position 

 fi xation phase , 525  
 hyperbaric spinal anesthesia , 525  
 hypobaric technique , 525  
 isobaric spinal anesthesia , 525  
 measures , 525  
 prone jackknife , 525  

   Intravenous regional anesthesia (IVRA) 
 advantages and disadvantages , 416  
 areas of application , 412  
 complications , 416  
 dosage , 416  
 materials , 413  
 patient position , 414  
 pneumatic tourniquet device , 413  
 procedure , 413  
 record and checklist , 417  
 specifi c contraindications , 413  
 sterile precautions , 413  
 technical procedure 

 infl ation, tourniquet , 414, 415  
 injection, local anesthetic , 414, 415  
 intermittent defl ation , 414, 416  
 padding, tourniquet area , 414, 415  
 wrapping with an Esmarch bandage , 414, 415  

    J 
  Joint injection.    See  ACJ injection; GHJ injection 

    K 
  Knee joint 

 clinical relevant anatomy 
 femoral and tibial condyles , 894  
 ligaments , 894–895  
 vascular supply and innervation , 895–897  

 dosage , 905  
 indications and contraindications , 900  
 landmark-based technique , 900–902  
 side effects and complications , 905  
 sonoanatomy , 898–899  
 ultrasound-guided approach 

 injection technique , 902, 904  
 suprapatellar recess (SPR) , 902, 903  
 synovial fl uid, aspiration , 902  

    L 
  Landmark-guided approach 

 block performance 
 needle insertion and injection technique , 834, 836–837  
 patient position , 832  
 surface landmarks , 835  

 continuous nerve block technique , 868  
 cranial angle , 184, 185  
 occipital nerve , 184, 185  
 preparation of patient , 832  
 puncture points , 184, 185  
 supplies and equipment , 832  
 trapezius and semispinalis muscles , 184  

   Landmark-guided technique , 870–873  
   LAST.    See  Local anesthetic systemic toxicity (LAST) 
   Lateral cutaneous nerve block 

 equipment and dosage , 950  
 indications and complications , 949  

 landmark technique , 950  
 patient positioning and preparation , 950  
 ultrasound-guided technique , 950  

   Lateral femoral cutaneous nerve (LFCN) 
 dermatome , 854  
 femoral nerve , 781  
 and IL , 854  
 nerve courses , 854  
 sonoanatomy , 856, 857  
 ultrasound-guided block technique , 857, 858  
 ventral branches , 776, 781  

   Lateral TAP block , 695  
   LHB tendon.    See  Long head of biceps (LHB) tendon 
   Local anesthetics 

 long-acting , 14–15  
 medium-term , 12–14  
 short-acting , 11–12  

   Local anesthetic systemic toxicity (LAST) 
 diagnosing , 7, 8  
 intravascular marker , 9  
 prevention , 8  
 risk reduction , 8–9  
 treatment recommendations 

 dosing , 10  
 lipid emulsion therapy , 10  

 ultrasound , 9  
   Long-acting local anesthetics 

 bupivacaine (carbostesin®, marcaine®) , 6, 7, 15  
 levobupivacaine (chirocaine®) , 6, 7, 15  
 ropivacaine (naropin®) , 6, 7, 11, 14–15  

   Long head of biceps (LHB) tendon , 282, 284, 285, 303  
 anatomy , 308  
 Doppler scan, anterior circumfl ex artery , 309  
 hypoechoic structure , 309  
 patient selection , 310  
 sonogram, bicipital groove , 309  
 ultrasound-guided procedure , 310  

   Lumbar and thoracic epidural anesthesia 
 equipment and dosage , 979  
 indications and complications , 979  
 landmark technique , 979  
 patient positioning and preparation , 979  
 stimulation test and ECG monitoring 

technique , 979–980  
 ultrasound-guided technique , 980–981  

   Lumbar epidural space 
 midline approach 

 air-only technique , 530  
 aspiration and test dose injection , 531  
 bacterial fi lter placement , 533, 534  
 catheter technique , 533–534  
 conus medullaris , 527  
 doubleshooting , 534  
 hanging drop technique , 530  
 injection of 1 ml saline , 533, 534  
 landmarks , 527  
 local anethesia , 528  
 loss of resistance technique , 529  
 needle insertion , 528  
 removal, stylet and attaching low-friction syringe , 528  
 saline-only technique , 530  
 saline with an air bubble , 529  
 single-injection technique , 533  
 strict asepsis , 527  
 withdrawing the injection needle , 533  

 paramedian approach 
 indications , 535  
 procedure , 535  
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   Lumbar PFD 
 anatomical studies , 619  
 anatomic overview , 618  
 complications , 621  
 contraindications , 619  
 inferior and superior articular process , 618  
 patients, instructions , 621  
 positioning needles , 620  
 procedure , 619  
 prospective placebo-controlled studies , 621  
 side effects , 621  
 signs and symptoms , 619  
 stimulation threshold , 620  
 technical differences , 621  
 X-ray, lateral and axial views , 620  

   Lumbar plexus block 
 equipment and dosage , 966  
 indications and complications , 966  
 nerve stimulation technique , 966  
 patient positioning and preparation , 966  
 ultrasound-guided technique , 967  

   Lumbar plexus blocks.    See also  Ultrasound imaging 
 anatomy , 776  
 block procedure , 795  
 depth , 796  
 indications , 795  
 medial sagittal dissection , 776, 778  
 techniques , 778  
 transversal dissection , 776  
 ventral and dorsal views , 776, 777  

   Lumbar spine 
 anatomy , 486  
 parasagittal 

 articular and transverse processes , 489  
 oblique (PSO) , 486, 488  

 placement, ultrasound probe , 486, 487  
 pre-procedural scanning 

 parasagittal and parasagittal oblique , 492  
 patient, machine and operator position , 492  
 transverse midline interlaminar , 493  

 transverse midline 
 interlaminar , 486, 490  
 poor-quality , 494, 495  
 spinous process , 491  

   Lumbar sympathetic block 
 anatomy , 598–599  
 complications , 605  
 contraindications , 600  
 defi nition , 598  
 dosage 

 diagnostic , 605  
 neurolytics , 605  
 therapeutic , 605  

 indications , 600  
 injection technique 

 needle and transverse process , 602, 603  
 neurolytic block , 605  
 perforation , 605  
 periosteum , 602, 604  
 trunk, skin and transverse process , 602, 604  

 localization , 601  
 materials , 600  
 patient positioning , 600  
 preparations , 600  
 procedure , 600  
 record and checklist , 606  

 side effects , 605  
 vascular dilation, signs , 605  

   Lumbosacral epiduroscopy 
 classifi cation , 642  
 complications , 653  
 defi nition , 642  
 discs, dura and ligaments , 649  
 endoscopic adhesiolysis , 642  
 fat tissue , 644  
 fi beroptic images , 643  
 fi brosis , 648  
 infl ammatory changes, normal aging 

process , 646–647  
 Karl Storz Endoskope, Tüttlingen, marketed by , 650  
 locally increased pressure , 653  
 materials , 650  
 nerve roots , 649  
 neurological defi cit , 652  
 objectives , 642  
 peridural membrane , 649  
 post-lumbar surgery syndrome , 642  
 procedure , 651  
 radicular pain, treatment , 652–653  
 sacrum, anatomic abnormalities , 653  
 substantial and prolonged pain relief , 642  
 vasculature , 645  

   Lumbosacral plexus 
 anatomic specimen , 633  
 dorsal and ventral views , 777  
 lumbar and sacral plexuses , 739  
 medial sagittal dissection , 778, 788  
 sciatic nerve , 802  

    M 
  Magnetic resonance neurography (MRN) , 738, 747  
   Mandibular nerve.    See also  Mental nerve block 

(mandibular nerve) 
 block distribution , 152  
 condylar process , 151  
 contraindications , 151  
 diagnostics , 151  
 dosage 

 block series , 152  
 complications , 152  
 diagnosis , 152  
 meningeal and maxillary artery , 153  
 side effects , 152  
 surgery , 152  
 therapeutics , 152  

 injection technique , 152  
 mental blocks , 140, 141  
 patient positioning , 151  
 preparation and materials , 151  
 procedure , 151  
 sensory supply, face , 135  
 therapeutics , 151  
 trigeminal nerve , 135  

   Maxillary nerve , 134, 135  
   Mechanical adhesiolysis , 652  
   Medium-term local anesthetics 

 Emla® cr-eam , 12  
 lidocaine , 5–7, 10, 12  
 lidocaine plaster , 13  
 mepivacaine (scandicaine®, mebeverine®) , 6, 7, 10, 13  
 prilocaine (xylonest®) , 6, 7, 10, 13–14  
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   Mental nerve block (mandibular nerve) 
 contraindications , 140  
 diagnostic indications , 140  
 dosage 

 complications , 140  
 diagnostics , 140  
 side effects , 140  
 surgery , 140  
 therapeutics , 140  

 extraoral injection , 140, 141  
 intraoral injection , 140, 141  
 patient positioning , 140  
 preparation and materials , 140  
 procedure , 140  
 therapeutic indications , 140  

   Metatarsophalangeal joint (MTPJ) 
 dosage , 922  
 injection techniques 

 sonography , 921  
 ultrasound guidance , 921  

 intra-articular injection 
 anatomy , 920  
 indications , 920  
 materials , 920  
 patient positioning , 920  
 strict asepsis , 920  

 side effects and complications , 922  
   Microvascular decompression (MVD) , 172  
   Modern retrobulbar block 

 advantages , 88  
 disadvantages , 88  
 dosage , 88  
 indications , 88  
 injection technique 

 27-G, needle , 88, 90  
 surface anesthesia , 88, 90  

 materials , 88, 89  
 patient positioning , 88  
 preparation , 88  
 side effects and complications , 89  

   Morton’s neuroma injections 
 complications , 924  
 defi nition , 922  
 digital nerve , 922, 923  
 dosage , 924  
 injection technique , 924  
 materials , 923  
 metatarsalgia , 922  
 patient positioning , 923  
 strict asepsis , 923  

   MRI guided transgluteal approach , 747–748  
   MRN.    See  Magnetic resonance neurography (MRN) 
   MTPJ.    See  Metatarsophalangeal joint (MTPJ) 
   Myofascial pain syndrome , 725  

    N 
  Nadbath-Rehmann method , 102  
   Nasal block, pterygopalatine ganglion 

 application , 150  
 block series , 150  
 complications , 150  
 contraindications , 149  
 dosage , 150  
 indications , 149  
 materials , 149  

 procedure , 149  
 side effects , 150  

   Nasal endoscopic intubation , 110, 111  
   Neck compression/Spurling test , 241  
   “Nedle-through-needle” technique 

 catheter and bacterial fi lter , 579, 580  
 cesarean section 

 advantages and disadvantages , 582  
 procedure , 582  

 epidural catheter , 577, 579  
 epidural infusion , 582  
 epidural needle , 577, 578  
 epidural space and injection, test dose , 577  
 local anesthetics , 580  
 loss-of-resistance technique , 577  
 puncture site and escaping fl uid , 579, 580  
 record and checklist , 581  
 subarachnoid , 580  
 subarachnoid injection , 577, 578  

   Needling techniques, ultrasound technology 
 needle advancement 

 in-plane , 55  
 out-of-plane , 55  

 needle insertion 
 in-plane , 54  
 out-of-plane , 54  

   Nerve blocks 
 IIN and IHN , 697  
 peripheral   ( see  PNBs, elbow) 
 QLB , 698–701  
 rectus sheath block , 697  
 TAP , 686–696  
 transversalis fascia block , 701–703  

   Nerve blocks and infi ltration therapy 
 and chronic pain , 18, 19  
 clinical anesthesia , 18  
 multimodal approach , 18, 19  
 neural blockade techniques , 18  
 obstetrics , 18  
 pain therapy , 18  
 postoperative analgesia , 18, 19  
 primary care accessories 

 anesthetic machine , 23  
 emergency equipment , 21–22  
 monitoring , 23–24  
 ultrasound , 24  

 in surgery 
 rules , 20  
 therapeutic approach , 20  

 technical requirements , 20  
   Nerve roots , 649, 739  
   Nerve stimulation 

 adjustable features , 59  
 electrophysiology and practicalities , 58  
 paresthesia techniques , 58  
 patient injury , 61  
 training novices , 61  
 ultrasound era , 59  
 ultrasound-guided regional anesthesia , 58  

   Nerve trunks , 740  
   Neuraxial analgesia, obstetrics 

 anatomy, lumbar epidural space 
 pregnancy changes , 562  
 relaxin , 562  

 characteristics , 565  
 CSE technique , 568  
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 Neuraxial analgesia, obstetrics ( cont .) 
 dilute solutions , 569  
 effective pain relief , 566  
 fetal and neonatal safety , 566–567  
 fetal bradycardia , 569  
 local anesthetic pharmacology , 563  
 maternal safety , 566  
 maternal side effects , 567  
 meta-analysis , 568  
 pain pathways , 564  
 PCEA , 569  
 pharmacology 

 epinephrine , 568  
 local anesthetics , 567  
 opioids , 567–568  

 progress, labor , 567  
 proponents , 568  
 side effects and treatment 

 associated complications , 571–572  
 direct complications , 570  
 inadequate analgesia , 571  
 indirect complications , 571  
 post-dural puncture headache , 571  
 pruritus , 571  

   Neuraxial anatomy and sonoanatomy 
 CSF , 485  
 iliolumbosacral ligaments , 473  
 sacrum , 470  
 spinal cord   ( see  Spinal cord) 
 spinal ligaments , 471–472  
 spinal nerves   ( see  Spinal nerves) 
 spine and sacrum spine 

 basic shape, vertebra , 468, 469  
 processes, cervical, thoracic, and lumbar , 468, 469  
 shape , 468  
 structure , 468  

 ultrasound, central neuraxial blockade   ( see  Central neuraxial 
blockade) 

   Neurological complications, PNBs 
 acute nerve injury , 69  
 mechanical nerve injury , 70–71  
 mechanisms , 68  

   Neurolytic block 
 diagnostic and therapeutic , 682  
 dorsal CT-guided celiac plexus injection , 681  
 result , 683  
 severe and potential complications , 682  
 side effects , 682  
 ventral transhepatic CT-guided injection , 681  

   Neurostimulation-guided approach, infraclavicular brachial 
plexus block 

 coracoid (Wilson) 
 needle insertion and injection technique , 383  
 patient position , 382  
 surface landmarks , 382  

 equipment , 382  
 patient preparation , 382  
 surface landmarks , 382  
 vertical infraclavicular plexus (VIP) approach 

 needle insertion and injection technique , 
383–384  

 patient position , 383  
 surface landmarks , 383  

   Noninvasive techniques, PS 
 physical therapy , 727  
 treatment with focused shock waves , 727  

   Non-ultrasound-guided approaches, SGB 
 cervical nerve roots , 192  
 esophagus , 192  
 intravascular injection , 192  
 lateral lobes, thyroid gland , 192  
 pleura , 192  
 vascular structures , 192  

    O 
  Obstetrical anesthesia and analgesia , 742  
   Obturator nerve 

 Color Doppler , 860  
 knee joint , 860  
 linear transducer , 860  
 out-of-plane approach , 860  
 sonographic images , 860  

   Obturator nerve block 
 equipment and dosage , 951  
 indications and complications , 951  
 nerve stimulation technique , 951  
 patient positioning and preparation , 951  
 ultrasound-guided technique , 952  

   Occipital nerves 
 anatomy , 180, 181  
 auricular nerve andsternocleidomastoid muscle , 180  
 indications , 184  
 nerves supply , 180  
 semispinalis capitis muscle , 180  
 sonoanatomy 

 bifi d spinous process , 182  
 C1 lateral mass , 182, 183  
 Doppler scan , 182, 183  
 occipital artery , 182  
 probe position , 182, 183  

   Ophthalmic nerve , 134, 135  
   Orbital anatomy 

 blood supply , 82, 84  
 crystalline lens , 82  
 eye , 82, 83  
 eyelids and lacrimal apparatus , 82, 83  
 horizontal section, eyeball , 82, 84  
 muscles, nerves and vessels , 82, 84  
 sub-tenon space , 82, 85  
 tenon capsule , 82  
 trigeminal nerve , 82  

   Otic ganglion , 121, 137.     See also  Mandibular nerve 

    P 
  Pain therapy and regional anesthesia 

 allergenic potential , 10  
 block profi le , 7  
 equipotent concentrations , 7  
 examination and patient preparation , 15–16  
 incompatibility , 7  
 local anesthetic potency , 4, 6  
 long-acting local anesthetics , 14–15  
 medium-term local anesthetics , 12–14  
 physicochemical properties 

 and chemical structure , 4, 5  
 clinical signifi cance , 4, 6  

 regional block, substances selection , 7, 10, 11  
 short-acting local anesthetics , 11–12  
 side and systemic effects , 7–10  
 substance-specifi c side effects , 10  
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   Paracervical and uterosacral block 
 anatomy , 768  
 complications , 771  
 dosage , 771  
 materials , 769  
 maternal and fetal vital signs , 769  
 in modern obstetric practice , 769  
 peripheral pain pathways during labor , 768  
 procedure , 770  
 surgical , 769  
 technique , 769, 770  
 therapeutic and diagnostic , 769  
 vaginal delivery , 769  
 vaginal examination , 769  

   Paravertebral anatomy.    See  Ultrasound imaging 
   Paravertebral block 

 equipment and dosage , 968  
 indications and complications , 968  
 landmark technique , 968  
 nerve stimulation technique , 969  
 patient positioning and preparation , 968  
 ultrasound-guided technique 

 hyperechoic outlines and acoustic shadowing , 970  
 in-plane and out-of-plane approaches , 970  
 “offl ine” approach , 969  
 real-time approach , 969  
 transverse plane , 969–970  

   Patient-controlled epidural analgesia (PCEA) , 569  
   PCEA.    See  Patient-controlled epidural analgesia (PCEA) 
   Pediatric nerve blockade, trunk and neuraxial 

 epidural anesthesia , 979–983  
 ilioinguinal and iliohypogastric nerve blocks , 977–978  
 intercostal block , 971–972  
 lumbar plexus block , 966–967  
 paravertebral block , 968–970  
 rectus sheath block , 972–974  
 spinal anesthesia , 984–986  
 TAP block , 975–976  

   Pediatric peripheral nerve block 
 lower limb 

 ankle blocks , 960–963  
 anterior approach , 958  
 femoral nerve block , 948–949  
 infragluteal/subgluteal approach , 957–958  
 lateral cutaneous nerve block , 949–950  
 obturator nerve block , 951–952  
 popliteal approach , 959–960  
 posterior gluteal (LABAT) approach , 955–956  
 saphenous nerve block , 952–954  
 sciatic nerve block , 955  

 upper limb 
 axillary block , 939–940  
 brachial plexus , 930  
 complications , 930  
 distal nerve block , 941–945  
 infraclavicular block , 936–938  
 interscalene block , 931–933  
 monitoring paresthesia , 930  
 pneumothorax , 930  
 supraclavicular block , 934–935  

   Percutaneous epidural neuroplasty 
 aims , 656  
 back pain and sciatica , 657  
 caudal access route , 661–665  
 cervical , 666  
 chemical irritation , 658, 659  

 complications , 667  
 developmental factors , 656  
 hyaluronidase hypersensitivity , 668  
 infection , 668  
 injected solutions, injection sequence , 660, 661  
 lumbar, cervical and thoracic regions , 665  
 mechanical and chemical stimulants , 658  
 neuraxial pain conditions/radiculopathies , 656  
 overview of , 660, 661  
 pathological changes , 660  
 randomized, prospective double-blind study , 669  
 spinal cord compression , 667  
 structural changes , 659  
 thoracic , 667  
 treatment algorithm , 660  
 TTUHSC , 668  
 undiagnosed neurogenic bladder and rectal disturbances , 667  

   Percutaneous facet denervation (PFD).    See  Lumbar PFD 
   Peribulbar block 

 inferotemporal , 91  
 medial   ( see  Caruncular technique) 

   Peridural membrane , 649  
   Perineal branch , 740, 741  
   Perineal nerves , 632  
   Peripheral branches, trigeminal nerve 

 mandibular nerve , 140–141  
 maxillary nerve , 138–140  
 ophthalmic nerve , 136–138  
 ultrasound imaging , 142–143  

   Peripheral nerve blocks (PNBs) 
 anatomy 

 deep peroneal (fi bular) nerve , 865–866  
 saphenous nerve , 865, 866  
 superfi cial peroneal (fi bular) nerve , 865  
 sural nerve , 865, 866  
 tibial nerve , 864  

 dosage and local anesthetic, landmark technique , 873  
 intraneural injection , 72–75  
 landmark-guided technique , 870–873  
 neurological complications   ( see  Neurological complications, PNBs) 
 sonoanatomy 

 deep peroneal (fi bular) nerve , 869  
 saphenous nerve , 870  
 superfi cial peroneal (fi bular) nerve , 868  
 sural nerve , 869  
 tibial nerve , 867  

 systemic toxicity, local anesthetics 
 cardiovascular , 76  
 CNS , 75–76  

 ultrasound-guided technique 
 deep peroneal nerve , 873  
 saphenous nerve , 874  
 superfi cial peroneal nerve , 874  
 sural nerve , 874  
 tibial nerve , 873  

   Pharmacokinetics of intrathecal local anesthetics 
 barbotage , 541  
 characteristics, injected drug 

 baricity , 540  
 effect of additives , 541  
 mass of the drug , 540–541  

 determinants of duration , 541  
 injection level and speed , 541  
 long-acting agents 

 bupivacaine , 542  
 dosages , 542  
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 Pharmacokinetics of intrathecal local anesthetics ( cont .) 
 levobupivacaine , 542  
 ropivacaine , 542  
 tetracaine , 542  

 needle direction , 541  
 opioids , 543  
 patient factors , 541  
 patient position , 541  
 short-acting agents , 541  
 short-to intermediate-acting agents , 541  
 uptakes , 541  
 vasoconstrictors , 543  

   Pharmacology of neuraxial drugs 
 epidurally adminstered drugs , 543–545  
 pharmacokinetics   ( see  Pharmacokinetics of intrathecal local 

anesthetics) 
   Phrenic nerve blockade 

 anatomy , 128  
 contraindications , 129  
 dosage , 131  
 indications , 129  
 injection technique , 130  
 materials , 129  
 patient positioning , 129  
 preparations , 129  
 procedure , 129  
 scalenus anterior , 128  
 transverse section, chest , 128  
 ultrasound-guided injection technique , 130  

   Physiological effects of neuraxial block 
 cardiovascular effects , 508  
 gastrointestinal function , 508  
 genitourinary , 509  
 neuroendocrinal effects , 509  
 neurological blockade , 508  
 respiratory effects , 508  
 thermoregulation , 509  

   Piezoelectric effect , 29, 34  
   Piriformis muscle (PM) 

 function of , 719  
 hypertrophy and spasm of , 722  
 injection , 727  
 myofascial pain syndrome , 725  
 plain pelvic radiography , 726  

   Piriformis syndrome (PS) 
 anatomic preparation, inside of pelvis , 719  
 anatomic variants , 722  
 anesthesiologists , 718  
 botulinum toxin injections , 732  
 conservative treatments , 727  
 diagnostic maneuvers, evaluation of , 725  
 differential diagnosis , 722  
 electrophysiological tests , 726  
 epidemiology , 718  
 etiology of , 722, 724  
 fl uoroscopy-assisted contrast injection technique , 731  
 gluteal trauma , 722  
 hypertrophy and spasm, PM , 722  
 injection solution , 731  
 landmark-based technique , 731  
 local anesthetics and steroids, diagnostic injection with , 726  
 myofascial pain syndrome , 725  
 and neighboring muscles, nerves and vessels , 719  
 noninvasive techniques , 727  
 normal magnetic resonance imaging , 726  

 piriformis muscle and sciatic nerve , 719, 720  
 plain pelvic radiography , 725  
 PM, functions , 719  
 prolonged/excessive contraction, PM , 718  
 response to injections , 731–732  
 right and left gluteal area , 722, 723  
 sciatic nerve may exit pelvis , 719, 721  
 SJs dysfunction , 725  
 somatic and neuropathic components , 722  
 surgical treatment , 732  
 transgluteal techniques , 728  
 ultrasound and CT-guided technique , 731  
 ultrasound-guided injection , 729–731  

   PM.    See  Piriformis muscle (PM) 
   PNBs.    See  Peripheral nerve blocks (PNBs) 
   PNBs, elbow 

 indications , 426  
 lateral cutaneous, forearm 

 anatomy and sonoanatomy , 424, 425  
 procedure , 426  

 median 
 anatomy and sonoanatomy , 423, 424  
 procedure , 426  

 radial 
 anatomy and sonoanatomy , 424, 425  
 procedure , 426  

 ulnar   ( see  Ulnar nerve blocks) 
   PNBs, wrist 

 median 
 anatomy , 430, 431  
 indications , 432  
 ultrasound-guided technique , 433  

 radial 
 anatomy , 430, 431  
 indications , 432  
 ultrasound-guided technique , 433, 434  

 ulnar 
 anatomy , 430, 431  
 indications , 432  
 ultrasound-guided technique , 432  

   Popliteal approach, pediatric PNB 
 equipment and dosage , 959  
 nerve stimulation technique , 959  
 patient positioning and preparation , 959  
 ultrasound-guided technique , 960  

   Popliteal sciatic nerve block 
 clinical anatomy , 827  
 complications and adverse effects , 842  
 indications , 826  
 optimal imaging , 832  
 peroneal (fi bular) nerve , 828  
 single-shot block , 842  
 sonoanatomy 

 Color Doppler , 829, 830  
 traceback method , 829, 831  
 transverse view , 829, 830  
 ultrasound probe position , 829  

 tibial nerve , 828  
   Posterior acoustic enhancement , 44  
   Posterior gluteal (LABAT) approach, pediatric PNB 

 equipment and dosage , 955  
 indications and complications , 955  
 nerve stimulation technique , 955  
 patient positioning and preparation , 955  
 ultrasound-guided technique , 956  
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   Posterior superior iliac spine (PSIS) , 744, 803  
   Prognostic blocks , 20, 600  
   Proximal SNB 

 clinical utility 
 IV morphine equivalent consumption, 0-12-h interval , 808  
 orthopedic procedures , 807  
 rest pain at 6-h forest plot , 808  
 time point , 807  

 lumbosacral plexus , 802  
 sensory and motor innervation , 802  
 ultrasound-guided block techniques , 803–807  

   Proximal thigh (anterior) approach 
 needling , 807  
 patient positioning , 806  
 sonographic imaging , 806  

   PS.    See  Piriformis syndrome (PS) 
   PSIS.    See  Posterior superior iliac spine (PSIS) 
   Psoas compartment block 

 advantages and disadvantages , 788  
 anatomy , 787  
 block series and prophylactic , 789  
 complications , 792  
 continuous infusion , 792  
 continuous technique , 792  
 dose maintenance , 792  
 electrostimulation and continuous technique , 789  
 location , 790  
 lumbosacral plexus , 787, 788  
 patient positioning , 789  
 preparations , 789  
 procedure , 789  
 single-injection technique , 790–791  
 specifi c and relative , 789  
 surgical , 788, 792  
 therapeutic , 788–789, 792  

   Pterygopalatine.    See  Sphenopalatine ganglion (SPG) 
   Pterygopalatine (pterygomaxillary) fossa 

 contraindications , 145  
 diagnostic indications , 145  
 extraoral technique 

 complications , 147  
 maxillary artery and vein , 148  
 side effects , 147  
 Zygomatic arch , 145–146  

 injection technique , 145  
 intraoral technique , 145  
 materials , 145  
 maxillary nerve , 144  
 nerves and ganglia , 144  
 neural therapy , 145  
 neurohumoral axis , 144  
 patient positioning , 145  
 preparations , 145  
 procedure , 145  
 therapeutic dosage , 145  
 therapeutics , 145  
 trigeminal ganglion , 144  

   Pudendal nerves 
 Alcock’s canal , 741  
 anatomic specimen , 738, 739  
 anesthesia and analgesia 

 obstetrical , 742  
 surgical , 742  

 blockade of , 738  
 branches , 740  

 complications , 749  
 at ischial spine , 740  
 neuralgia , 742  
 pelvis , 738  
 roots , 739  
 sacral plexus , 738  
 S2-S4 and exiting pelvis, gluteal region , 738, 739  
 transgluteal approach , 744–748  
 transperineal technique , 743  
 transvaginal technique , 743  
 trunks , 740  
 urogenital diaphragm , 742  

   Pudendal neuralgia , 742  
   Pulsed radiofrequency (PRF).    See also  Cervical radicular pain 

 adapted delivery method , 164  
 cervical medial branch , 253  
 current , 168  
 lesioning techniques , 258  
 RF treatment   ( see  Radiofrequency (RF) treatment) 
 sphenopalatine ganglion , 169  

   Pulsed ultrasound , 30  
   Pulse repetition frequency (PRF) , 30  

    Q 
  QFM.    See  Quadratus femoris muscle (QFM) 
   QLB.    See  Quadratus lumborum block (QLB) 
   Quadratus femoris muscle (QFM) , 805  
   Quadratus lumborum block (QLB) 

 advantages/disadvantages , 699  
 anatomy , 698  
 defi nition , 698  
 materials and disposables , 699  
 patient positioning , 699  
 preparation , 699  
 quadratus lumborum positioning , 698  
 side effects , 701  
 surgical specifi c indications , 699  
 transmuscular approach , 700  

    R 
  Radicular pain treatment 

 combined adhesiolysis and targeted drug 
delivery , 652  

 mechanical adhesiolysis , 652  
 targeted drug delivery , 652  

   Radiofrequency (RF) treatment 
 cannula , 243  
 C-arm, fl uoroscopy unit , 243  
 cervical DRG , 240  
 cervical pain   ( see  Cervical radicular pain) 
 fl uoroscope , 243  
 22-G cannula , 243  
 needle insertion point , 243, 244  
 paresthesia , 243  
 PRF current , 243  
 RF-DRG AP view , 243, 244  
 side effects and complications , 245  
 temperature , 243  

   Rectus sheath block 
 equipment and dosage , 973  
 indications and complications , 972–973  
 landmark technique , 973  
 nerve stimulation technique , 974  
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 Rectus sheath block ( cont .) 
 patient positioning and preparation , 973  
 ultrasound-guided technique , 974  

   Regional anesthesia 
 indications and contraindications , 86  
 needle techniques , 87  
 ophthalmic surgical procedures , 82  
 orbital blocks , 86  
 patient’s assessment and preparation , 86–87  
 physiological pressure , 86  
 sedation and analgesia , 87  
 sub-Tenon injections , 87  

   Reverse piezoelectric effect , 29  
   Rotator cuff interval (RCI) , 282–285  
   Rotator muscles and subscapular nerve injection 

 anatomy , 323  
 clinical presentation , 322  
 complications , 328  
 dosage 

 block series , 328  
 diagnostics , 328  
 pain therapy, shoulder-arm region , 328  
 therapeutic , 328  

 frozen shoulder syndrome , 322  
 imaging modalities , 322  
 indications , 324  
 infi ltration, subscapularis muscle trigger points 

 corticosteroids , 322  
 development, frozen shoulder , 322  
 injection , 322  
 irritation and pain , 322  
 nerve block , 322  

 infraspinatus   ( see  Infraspinatus muscle) 
 injection technique 

 acromion , 326, 327  
 subscapular muscle and subscapular fossa , 326, 327  

 innervation and function , 324  
 location , 325  
 management, frozen shoulder , 322  
 materials , 324  
 position , 324  
 procedure , 324  
 side effects , 328  
 supraspinatus   ( see  Supraspinatus muscle) 
 technique , 324  
 teres minor muscle   ( see  Teres minor muscle) 

    S 
  Sacral cornua , 586  
   Sacral hiatus , 586  
   Sacral nerve root block 

 absolute and relative , 632  
 anatomic specimens , 632, 633  
 autonomic and somatomotor fi bers , 632  
 clinically relevant anatomy, dorsal view , 638  
 complications , 639  
 defi nition , 632  
 electrostimulation , 639  
 fused vertebrae , 632  
 inferior rectal and perineal nerves , 632  
 injection technique , 639  
 localization , 638  
 muscular branches , 632  
 outpatients , 639  
 puncture-relevant anatomy , 637  

 sacral canals , 632  
 S2 to S4 , 637  
 surgical, diagnostic and therapeutic , 632  
 therapeutic, dosage , 639  
 transforaminal S1 , 635–636  
 urinary bladder, urethra and external genitalia , 632  

   Sacral plexus , 776  
   Sacroiliac joint (SIJ) 

 anatomy , 624, 625  
 chronic mechanical low back pain , 624  
 clinical features , 626  
 FL guidance , 627  
 fl uoroscopy-guided technique , 627–628  
 interventional procedures , 626  
 nociceptors , 624  
 posterior joint , 624  
 with synovial surface and ligamentous area , 624  
 ultrasound-guided technique , 629  
 upper and lower , 624, 625  

   Saphenous nerve 
 anatomy , 865, 866  
 sonoanatomy , 870  
 ultrasound-guided technique , 874  

   Saphenous nerve block 
 equipment and dosage , 952–953  
 indications and complications , 952  
 landmark technique , 953  
 patient positioning and preparation , 952  
 ultrasound-guided technique , 954  

   SASDB.    See  Subacromial subdeltoid bursa (SASDB) 
   Scanning methodology, ultrasound technology 

 anatomical planes 
 axial (transverse) , 49  
 coronal , 49  
 sagittal , 49  
 transverse oblique , 49  

 scanning axis , 51  
 transducer 

 handling , 52–53  
 orientation , 50  

   Sciatica , 657  
   Sciatic nerve block (SNB) , 951.     See also  Popliteal sciatic nerve block 

 anatomy , 812  
 anterior approach 

 injection technique , 819  
 landmarks , 818  
 patient positioning , 817  

 block series , 813  
 contraindications , 813  
 defi nition , 812  
 materials , 814  
 preparations , 814  
 procedure , 814  
 proximal   ( see  Proximal SNB) 
 surgical indictions , 813  
 therapeutics , 813  
 transversal dissection , 813  

   “Shamrock sign” , 698  
   Short-acting local anesthetics 

 2-chloroprocaine , 5, 12  
 procaine (novocain®) , 5, 6, 11  
 tetracaine , 5, 12  

   Shoulder abduction test , 241  
   SIJ.    See  Sacroiliac joint (SIJ) 
   Single-injection technique , 783  
   Single-needle posterior approach , 759  
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   Sonoanatomy and injection technique, SGB 
 cervical vertebra 

 cricoid cartilage , 194  
 transverse process (TP) , 194  

 longus colli muscle , 194, 195  
   Sphenopalatine ganglion (SPG) 

 anatomy , 162  
 blockade , 164  
 cannula-electrode insertion , 166, 167  
 complications , 168  
 electrostimulation , 168  
 indications , 164  
 innervation , 162, 163  
 “inverted vase” , 162, 163  
 patient positioning and visualization , 165  
 radiofrequency lesion , 168  
 radiofrequency treatment , 168–169  
 types , 162  

   Spinal and epidural anesthesia, neuraxial blocks 
 applied anatomy 

 cervical, thoracic, and lumbar spinous processes , 502  
 dermatomal levels and surface landmarks , 507  
 epidural fat , 508  
 epidural space and arachnoid mater , 504  
 lateral and anterior epidural compartment , 507  
 length of spinal cord , 506  
 meninges , 504  
 needle insertion, midline and paramedian , 505  
 subarachnoid local anesthetics , 503  
 surface landmarks, vertebral column , 500–501  
 three-dimensional knowledge , 500  

 central neuraxial techniques , 500  
 continuous , 524  
 contraindications , 512  
 delayed complications 

 infections , 547  
 nerve injury , 547  
 PDPH , 548, 549  
 spinal/epidural hematoma , 548  
 time period , 546  

 differences, spinal and an epidural anesthetic , 509  
 early complications 

 cardiovascular , 545  
 local anesthetic toxicity , 546  
 nausea and vomiting , 545  
 subdural anesthetic , 546  
 tissue trauma and back pain , 545  
 total spinal anethetics , 546  

 epidural block   ( see  Epidural block) 
 epidural fi brosis, spine surgery , 540  
 general anesthetics , 510  
 high body mass index , 540  
 indications , 510  
 injection technique   ( see  Injection technique, neuraxial blocks) 
 location, procedure and required sensory spread of local anesthetic , 

510, 511  
 lumbar epidural   ( see  Lumbar epidural space) 
 optimal patient position 

 “jackknife” position , 516  
 lateral decubitus , 514  
 sitting , 515  

 patient management after intrathecal injection   ( see  Intrathecal 
injection and patient management) 

 patients with scoliosis , 540  
 performing an epidural anesthetic 

 needles , 526, 529  

 patient position , 526  
 preparation and materials , 526  

 pharmacology   ( see  Pharmacology of neuraxial drugs) 
 physiological effects   ( see  Physiological effects of 

neuraxial block) 
 preparation and materials , 513  
 record and checklist , 551–555  
 thoracic epidural   ( see  Thoracic epidural) 
 unilateral , 524  

   Spinal anesthesia 
 equipment and dosage , 984–985  
 indications and complications , 984  
 landmark technique , 986  
 patient positioning and preparation , 984–985  
 ultrasound-guided technique , 986  

   Spinal cord 
 arteries 

 anterior and posterior , 481, 483  
 arteria radicularis magnus , 481, 483  
 branches , 481  
 deep cervical , 481, 483  
 intercostal , 481, 483  
 radicular , 481, 482  
 veins , 481, 484  
 vertebral , 481, 483  

 cauda equina , 475, 476  
 conus medullaris , 474  
 dura mater 

 anterior and posterior nerve roots , 476  
 and arachnoid , 476–477  
 cauda equina , 477, 478  
 cerebrospinal fl uid , 477  
 cervical, thoracic and lumbar , 477, 478  
 conus medullaris , 477, 478  
 dural sac , 476  
 fi bers , 476  
 fi broelastic membrane , 476  
 neurotransmitters and neuropeptides , 476  
 sacrum , 477, 478  
 spinal pia mater , 477  
 spischarny’s terminal cystoma , 476  
 thoracic region , 476, 477  
 vascularization , 476  
 vessels , 477, 478  

 length , 474  
 meninges , 475, 476  

   Spinal cord compression , 667  
   Spinal ligaments 

 intertransverse , 471  
 ligamentum fl avum , 471, 472  
 posterior longitudinal , 471, 472  
 structure , 471  
 supraspinous , 471  

   Spinal nerves 
 anesthesia , 479  
 barachnoid space , 479  
 connectivity , 479  
 cutaneous innervation areas , 479, 480  
 dermatomes , 479, 480  
 in human , 479  
 spinal cord segments , 479, 480  
 thicker dorsal root , 479  
 ventral root , 479  

   Spine and sacrum spine 
 basic shape, vertebra , 468, 469  
 processes, cervical, thoracic, and lumbar , 468, 469  
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 Spine and sacrum spine (cont.) 
 shape , 468  
 structure , 468  

   Spinous process 
 C6 and C7 vertebra prominens , 369  
 cervical , 227  
 epidural space , 227  
 iliac crests , 757, 790  
 lumbar , 227  
 supraspinous ligaments , 471  
 thoracic , 227  

   Spondyloarthropathies , 624  
   SPR.    See  Suprapatellar recess (SPR) 
   SSNB.    See  Suprascapular nerve block (SSNB) 
   Stellate ganglion block (SGB) 

 cervical ganglion trunk , 188  
 close anatomical connections , 189  
 course, phrenic nerve , 191  
 fi bers, gray rami communicantes , 190  
 immediate vicinity , 189, 190  
 laryngeal and vagus nerve positions , 191  
 paramedian sagittal dissection , 189  
 risk, intravascular injection , 191  
 two-fi nger method , 193  

   S2 to S4 nerve root block , 637  
   Subacromial (SA) bursa injection , 319  
   Subacromial subdeltoid bursa (SASDB) 

 CAL , 302  
 infraspinatus and teres minor muscle, shoulder , 302  
 patient selection , 305  
 rotator cuff muscles , 302  
 sonoanatomy 

 hypoechoic space , 303  
 long head of biceps (LHB) tendon , 303  
 patient position , 303  
 supraspinatus tendon , 303, 304  

 subscapularis and supraspinatus muscles , 302  
 tuberosity , 302  
 ultrasound-guided procedure , 305  

   Subcostal TAP block 
 injection technique for , 694  
 under ultrasound guidance , 694  
 xiphoid process , 694  

   Subgluteal access route 
 complications , 822–823  
 dosage 

 continuous administration , 822  
 surgery , 822  
 therapeutics , 822  

 injection needle , 820–823  
 landmarks , 820  
 patient positioning , 819  
 preparations , 820  
 procedure , 819  
 sciatic nerve , 822  

   Subgluteal approach 
 needling , 805  
 patient positioning , 804  
 sonographic imaging , 805  

   Sub-tenon block 
 anatomy , 93  
 disadvantages , 93  
 dosage , 93  
 gaze, globe , 93, 94  
 indications , 93  

 inferonasal dissection , 93, 94  
 materials , 93, 94  
 surface anesthesia and speculum placement , 93  

   Superfi cial cervical plexus block 
 anatomy , 212, 213  
 clavicle , 214  
 cutaneous branches , 212  
 in-and out-of-plane approaches , 214  
 indications , 214  
 occipital nerve , 212  
 posterior and anterior branch , 212  
 sonogram 

 C4 level , 214, 216  
 C7 transverse process , 214–216  
 supraclavicular nerve , 214, 216  

 supraclavicular nerves , 212  
 transverse cervical nerve , 212  

   Superfi cial peroneal (fi bular) nerve 
 anatomy , 865  
 sonoanatomy , 868  
 ultrasound-guided technique , 874  

   Superior cervical ganglion block 
 arteries , 202, 203  
 autonomic branches , 202  
 block series , 206  
 characteristic directions , 206  
 complications 

 epidural/subarachnoid injection , 207, 208  
 intravascular injection , 206  

 contraindications , 204  
 distribution, block , 206  
 injection site marking , 205  
 materials , 204  
 needle insertion position , 205  
 neural therapy , 204  
 patient positioning , 204  
 preparations , 204  
 procedure , 204  
 side effects , 206  
 size , 202  
 therapeutic dosage , 206  
 therapeutic indications , 204  
 topographic position , 202  

   Superior hypogastric plexus block 
 anatomy , 754  
 approaches , 759  
 axonal and postganglionic fi bers , 754  
 diagnostic and prognostic , 756, 759  
 ganglion impar, lumbosacral plexus and sacral sympathetic 

trunk , 755  
 injection technique , 757  
 intravascular injection , 759  
 lumbosacral junction , 758, 759  
 materials , 757  
 neurolytic block , 759  
 patient positioning , 757  
 preparations , 756  
 procedure , 756  
 record and checklist , 760  
 sacral ganglia and sacral plexus , 754, 756  
 sacrococcygeal joint , 755  
 severe and potential complications , 759  
 sympathetic trunk , 755  
 therapeutic , 756  
 transverse anatomic section , 754  
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   Superior laryngeal nerve (SLN) block 
 anatomic specimen , 114, 115  
 complications , 114  
 indications , 114  
 injection technique , 114  
 materials , 114  
 patient position , 114  
 preparations , 114  
 procedure , 114  

   Superior transverse scapular ligament (STSL) , 258, 259  
   Supraclavicular block 

 advantages and disadvantages , 359  
 anatomy , 358  
 complications , 360  
 contraindications , 358  
 defi nition , 358  
 documentation , 360  
 equipment and dosage , 934  
 ergonomics and pre-scanning , 359  
 evidence and safety , 358  
 indications and complications , 934  
 local anesthetic dosage, volume and distribution , 359  
 materials and disposables , 359  
 nerve stimulation technique , 934  
 patient position , 359  
 patient positioning and preparation , 934  
 preparation , 359  
 side effects , 360  
 surgical indications , 358  
 ultrasound-guided technique , 359, 935  

   Supraorbital nerves 
 contraindications , 136  
 diagnosis , 136  
 injection techniques 

 anesthetizing , 137  
 complications , 138  
 diagnostics , 138  
 side effects , 138  
 surgery , 138  
 therapeutics , 138  

 materials , 137  
 palpation , 137  
 patient positioning , 137  
 preparations , 137  
 procedure , 136  
 skin preparation , 137  
 therapeutics , 136  

   Suprapatellar recess (SPR) , 902–904  
   Suprascapular nerve block (SSNB) 

 acute pain 
 arthroscopic shoulder surgery , 269  
 catheters placement , 269  
 and control , 267–268  
 IBPB , 267, 269  
 ipsilateral shoulder pain post-thoracotomy , 269  
 superior analgesia with ISB , 269  

 anatomy, suprascapular notch , 258, 260  
 blind techniques   ( see  Blind techniques, SSN block) 
 cervical nerve root , 258  
 chronic pain 

 conditions , 270–274  
 development, shoulder function , 277  
 diagnosis , 270, 274  
 reduction , 277  
 short-term pain relief , 277  

 complications , 266  
 conventional imaging , 263  
 neddle localization image , 264  
 peripheral nerve , 258  
 regional anesthesia, surgery , 277  
 STSL , 258, 259  
 substances , 265  
 suprascapular fossa , 258, 259  
 therapeutic (chronic pain) 

 adhesive capsulitis (frozen shoulder) , 275–276  
 rheumatoid arthritis and osteoarthritis , 275  
 rotator cuff tendinitis , 276  
 shoulder , 275  

 US guidance , 264  
   Supraspinatus (SS) muscle , 302–304  

 anatomical insertions , 329  
 complications , 330  
 dosage , 330  
 injection technique , 330, 331  
 innervation and function , 329  
 myotatic unit , 329  
 procedure , 329  
 symptoms , 329  
 trigger points , 329  

   Supratrochlear nerves.    See also  Supraorbital nerves 
 anesthetizing , 137  
 medial direction , 134  
 palpation , 137  

   Suprazygomatic technique 
 injection , 146  
 patent positioning , 146  
 zygomatic arch , 146  

   Sural nerve 
 anatomy , 865, 866  
 sonoanatomy , 869  
 ultrasound-guided technique , 874  

   Surface landmark-guided approach, axillary plexus block 
 needle insertion and injection technique , 398, 399  
 neurostimulation-guided technique , 398, 399  
 palpation , 398, 399  
 patient position , 398, 399  
 patient preparation , 397  
 required supplies and equipment , 397  
 transarterial double-injection , 398, 399  

   Surgical anesthesia and analgesia , 742  
   Surgical blocks , 20, 544  
   Systemic effects, local anesthetics 

 cardiac symptoms , 8  
 cardiovascular toxicity , 7, 8  
 CNS toxicity , 7, 8  
 LAST , 8–10  
 overdosing , 8  
 toxic plasma levels , 8  

    T 
  Talotibial (talocrural) and subtalar intra-articular injection 

 anatomy 
 anterior tibial artery , 911  
 deep fi bular (peroneal) nerve , 911  
 distinction, foot joints , 908, 909  
 foot skeleton , 908  
 ligaments , 909, 910  
 lower ankle joint , 909  
 malleolar mortise , 909  
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 Talotibial (talocrural) and subtalar intra-articular injection (cont.) 
 posterior tibial artery , 911  
 talus and calcaneus , 909  
 tibial nerve , 911  

 indications and contraindications , 914  
 in-plane technique , 914, 915  
 out-of-plane technique , 914–916  
 side effects and complications , 917  
 sonoanatomy 

 probe, subtalar joint , 913  
 sinus tarsi , 913  
 tibialis anterior tendon , 912  
 tibiotalar/talocrural joint , 912  

 ultrasound-guided ankle injections , 914  
 ultrasound probe , 914  

   TAP.    See  Transversus abdominis plane (TAP) blocks 
   Targeted drug delivery , 652  
   Teres minor muscle 

 anatomic insertions , 334  
 complication , 335  
 dosage , 335  
 injection technique 

 greater tuberosity, humerus , 335, 336  
 landmarks , 335  
 needle insertion, scapula , 335  

 innervation and function , 334, 335  
 myotatic unit , 334  
 procedure , 334  
 symptoms , 334  
 trigger points , 334  

   Texas Tech University Health Sciences Center (TTUHSC) , 668  
   TGC.    See  Time gain compensation (TGC) 
   Therapeutic blocks , 11, 13, 14, 20, 184, 292, 727  
   Third occipital nerve (TON) 

 C2–C3 levels , 248  
 C2–3 facet joint , 237  
 C3 nerve root , 234  
 C3 posterior branch , 180  
 ultrasound imaging , 236  

   Thoracic epidural 
 mildline approach, lower thoracic levels , 537  
 paramedian approach, upper to mid-thoracic levels , 538  
 spinous process , 536  

   Thoracic epidural neuroplasty , 667  
   Thoracic spine 

 curvilinear low-frequency probe , 495  
 PSO , 495  
 scanning, mid-thoracic 

 CT image , 496  
 paramedian sagittal , 497  
 parasagittal oblique scan , 496  
 patient, machine and operator position , 496  
 transverse midline scan , 497  

 vertebrae , 495  
   Tibial nerve 

 anatomy , 864  
 sonoanatomy , 867  
 ultrasound-guided technique , 873  

   Time gain compensation (TGC) , 34, 40, 44  
   TKA.    See  Total knee arthroplasty (TKA) 
   TON.    See  Third occipital nerve (TON) 
   Topical anesthesia 

 advantages and disadvantages , 96  
 akinesia , 95  
 anticoagulation , 95  
 intraocular pressure , 95  

 intraoperative care , 96  
 ophthalmic blocks , 95  
 retained visual sensations , 95–96  
 vasoconstrictor , 95  

   Total knee arthroplasty (TKA) , 807  
   Traditional techniques 

 continuous interscalene block   ( see  Continuous interscalene block) 
 interscalene block , 364–366  
 joint injection 

 acromioclavicular   ( see  ACJ injection) 
 glenohumeral   ( see  GHJ injection) 

   Training novices 
 hand-eye coordination , 61  
 stimulation-ultrasound technique , 61  

   Transdiscal approach , 759  
   Transforaminal S1 nerve root block 

 materials , 635  
 patient positioning , 635  
 technique , 636  

   Transgluteal approach 
 PS 

 fan-shaped “blind infi ltration” , 728  
 nerve stimulator , 728  
 PM injection under fl uoroscopic guidance , 728  

 pudendal nerves 
 CT guided , 747  
 fl uoroscopic guided , 744  
 MRI guided , 747–748  
 ultrasound guided , 744–746  

   Transperineal technique , 743  
   Transtracheal injection 

 complications , 119  
 contraindications , 119  
 cricothyroid membrane , 120  
 dosage , 119  
 indications , 119  
 procedure , 119  

   Transvaginal technique , 743  
   Transversalis fascia block 

 advantages/disadvantages , 702  
 anatomy , 701  
 defi nition , 701  
 injection technique , 702  
 local anesthetic under ultrasound guidance , 702, 703  
 materials and disposables , 702  
 patient positioning , 702  
 postoperative analgesia, role in , 701  
 preparation , 702  
 regional analgesia, surgeries , 701  
 side effects , 703  

   Transversus abdominis plane (TAP) blocks 
 advantages/disadvantages , 692  
 anterolateral abdominal wall muscles , 687  
 equipment and dosage , 975  
 ergonomics , 693  
 indications and complications , 975  
 injection technique , 694  
 intercostal, subcostal and L1 nerves , 687  
 landmark approach , 686  
 landmark technique , 975  
 lateral TAP block , 695  
 local anesthetic dosage , 695  
 local anesthetic into neurovascular plane , 686  
 materials and disposables , 692  
 nerves and vessels within , 687, 688  
 nerve stimulation technique , 976  
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 patient positioning , 692  
 patient positioning and preparation , 975  
 preparation , 692  
 in randomized controlled trials , 690–692  
 sensory blockade with, distribution , 696  
 side effects and complications , 696  
 subcostal, iliohypogastric and ilioinguinal nerves , 687, 689  
 subcostal TAP block , 694  
 surgical and therapeutic , 690  
 thoracolumbar fascia, posterior and lateral abdominal wall 

muscles , 687, 689  
 thoracolumbar nerves , 686  
 ultrasound-guided technique , 976  

   Trigeminal nerve 
 anatomy , 134–135  
 gasserian ganglion , 170–176  
 peripheral   ( see  Peripheral branches, trigeminal nerve) 
 SPG   ( see  Sphenopalatine ganglion (SPG)) 

   TTUHSC.    See  Texas Tech University Health Sciences Center 
(TTUHSC) 

   Tuohy needle 
 catheter , 364, 588  
 C7/T1 interspaces , 229  
 18-G , 577, 580, 817  
 gauges , 228, 351  

   Two-segment technique , 580–582  

    U 
  UGRA.    See  Ultrasound-guided regional anesthesia (UGRA) 
   Ulnar nerve blocks 

 anatomy , 422  
 cubital tunnel, sonogram , 422, 423  
 distal third of humerus , 422  
 mid-forearm , 422, 423  
 procedure , 426  

   Ultrasound-guided approach 
 axillary brachial plexus block 

 conjoint tendon , 403, 404  
 continuous nerve block technique , 407  
 in-plane perineural approach , 403  
 MCN , 403, 406  
 needle insertion, median nerve , 403, 404  
 out-of-plane (OOP) needle , 403  
 patient and operator position , 401  
 patient preparation , 401  
 pre-scanning and identifi cation , 401–402  
 required supplies and equipment , 401  
 ulnar nerve insertion , 403, 405  

 block performance 
 in-plane needling technique , 840  
 needle insertion and injection technique , 838–839  
 patient position , 837–868  
 probe position and image optimization , 838  

 preparation of patient , 837  
 proximal sciatic nerve block 

 gluteal approach , 803–804  
 proximal thigh (anterior) approach , 806–807  
 subgluteal approach , 804–805  

 SGB   ( see  Sonoanatomy and injection technique, SGB) 
 single-shot and continuous nerve block 

 local anesthetic dosages , 388  
 needle insertion and injection technique , 386  
 patient and operator position , 385  
 phrenic nerve palsy and Horner’s syndrome , 388  
 pneumothorax , 388  

 preparation, patients , 385  
 pre-scanning and identifi cation of anatomy , 385–386  
 record and checklist , 389  
 required supplies and equipment , 385  
 technique , 386–387  
 vascular puncture , 388  

 supplies and equipment , 837  
 transgluteal 

 anatomy , 745  
 image at probe position , 744, 746  
 sensory change , 744  
 ultrasound probe, positions of , 744, 745  

   Ultrasound-guided continuous nerve block technique , 407  
   Ultrasound-guided facet joint block , 613–614  
   Ultrasound-guided facet medial branch injection 

 spine at interlaminar space , 613, 614  
 spine at lumbosacral junction , 613  
 transverse process , 613, 614  

   Ultrasound-guided femoral nerve block 
 artifacts , 793, 794  
 equipment, femoral nerve block , 793, 795  
 femoral nerve and Color Doppler , 793, 794  
 in-plane approach with echogenic needle , 793, 795  
 QCB , 793  

   Ultrasound-guided injection technique 
 celiac plexus block , 679–680  
 IH and II nerves 

 advantages of , 710  
 ASIS , 710  
 with color Doppler , 710, 712  
 with color Doppler, vessels inside spermatic cord , 710, 713  
 femoral and external iliac artery , 710, 713  
 genital branch, GF , 710  
 hydrodissection , 710  
 IL and IH nerves , 710, 712  
 muscles and fascial split, layers , 710, 711  
 position of , 710, 711  

 IIN and IHN blocks , 697  
 PS 

 CT-guided technique , 731  
 injection technique , 731  
 sonoanatomy , 729, 730  

 rectus sheath block , 697  
 SIJs , 629  

   Ultrasound-guided regional anesthesia (UGRA) , 28  
   Ultrasound-guided superior laryngeal nerve block 

 cartilages , 116  
 injection , 118  
 sonoanatomy , 116–118  

   Ultrasound-guided technique , 184  
   Ultrasound imaging 

 anatomic variation and limitations , 798  
 block assessment , 798  
 midline/paramedian techniques , 796  
 offl ine puncture with, nerve stimulation needle , 796, 797  
 serious bleeding complications , 798  
 single-injection, failure rate of , 798  
 systemic toxicity, local anesthetics , 798  
 transverse process, L4, L5 and psoas muscle , 796, 797  
 ultrasound transducer for imaging , 796, 797  

   Ultrasound interaction, tissues 
 absorption , 31  
 acoustic impedance , 33  
 attenuation , 33  
 refl ection , 31, 32  
 refraction , 33  
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   Ultrasound technology 
 anesthesia and pain interventional procedures , 28  
 artifacts 

 acoustic enhancement and shadowing , 44  
 anisotropy , 46  
 lateral resolution , 45  
 over-gain and under-gain , 44  
 reverberation artifact , 45  

 ergonomics , 47–48  
 image acquisition and processing , 34–35  
 image optimization , 38–43  
 needling techniques , 54–55  
 resolution 

 axial , 37  
 lateral , 37  
 temporal , 37  

 scanning methodology , 49–53  
 transducer , 30, 36  
 ultrasound interaction, tissues , 31–33  
 US wave , 28, 29  

   Ultrasound transducer 
 acoustic lens , 30  
 acoustic matching layer , 30  
 backing material , 30  
 curved array probes , 36  
 holding , 52  
 linear array probe , 36  

 movements , 52, 53  
 orientation marker , 50  
 piezoelectric elements , 30  
 signposts identifying , 52  

   Unilateral spinal anesthesia , 524  
   Urogenital diaphragm , 742  

    V 
  Vagus nerve 

 anatomy , 111–113  
 cervical area , 112  

   Valsalva’s maneuver , 241, 710  
   Vertebra prominens (C7) , 227, 369, 500  
   Volatile anesthetics (sevofl urane) , 76  

    W 
  Walther Ganglion block.    See  Ganglion impar block 

    Z 
  Zygapophyseal (ZA) joint.    See also  Cervical percutaneous 

facet denervation 
 cervical intervertebral disc , 240  
 inferior articular process , 618  
 L5–S1 , 610         
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