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Peripheral Nerve Blocks  
Current issues in regional anesthesia include: 1. Choice of technique: ultrasound (US), peripheral nerve 

stimulator (PNS), or paresthesia. 2. The appropriate milliamperage (mA) and nerve response to accept when 
performing regional techniques with a PNS (Can we be going too low?);  3. Superficial stimulation as a guide to 
nerve location; 4. Choice of regional blocks for procedures below the elbow; 5. Choice of regional blocks for 
postoperative pain relief; 6. Whether to perform blocks in anesthetized patients; and 7.Treatment of local anesthetic 
systemic toxicity (LAST). 
              
Ultrasound Guided Regional Anesthesia- 
             The ultrasound approach to performing regional techniques is quickly gaining in popularity with advocates 
favoring the ability to visualize the needle, nerves,  and adjacent vascular structures and muscles in real time during 
performance of the block. (1-3) When using ultrasound it is important to know the anatomy of the patient, the 
terminology involved, and the pitfalls that one can encounter. Reflection of ultrasound waves back to the probe 
indicates the characteristic of the substance that is being scanned. Fluid filled vessels and cysts do not reflect the 
ultrasound wave, are seen as black objects on the screen and referred to as anechoic structures. Some reflection, as 
from nerves and soft tissue are noted as grey structures and are referred to as hypoechoic, and strong reflection of 
ultrasound waves from objects such as bones and needles are noted as white structures and referred to as 
hyperechoic. The more parallel or less steep of an angle the needle is to the probe as it is advanced, the greater the 
reflection of sound waves back to the probe and the better visualization of the needle. As the angle of needle 
insertion increases, some sound waves from the needle are not reflected back to the probe and the ultrasound image 
is not as hyperechoic. To avoid too steep an insertion angle, the object to be blocked should be in the middle of the 
screen and not closer. If the needle is advanced along the long axis of the ultrasound probe, the block is being 
performed “in-plane” and the whole shaft of the needle should be visualized. With this technique, as with all 
techniques, it is important to note the needletip, and in the in-plane approach the whole needle, especially the tip 
should be seen. If the needle crosses the probe’s long axis, by being advanced perpendicular to it, the technique is 
called the out of plane approach. The important needle reflection to be noted is the point at which the reflection 
starts to be seen as the needle is advanced as this is the needletip. If the needle is advanced further, a reflection is 
still noted as the shaft of the needle will also reflect sound waves, but the exact location of the needletip cannot be 
verified and one cannot be certain where the injection is occurring. The ultrasound approach to the infraclavicular 
area is performed at a point just medial to the coracoid process. The pulsating axillary artery and surrounding cords 
of the brachial plexus can be visualized. Figure A-1 demonstrates the plane that the ultrasound probe cuts and figure 
A-2 shows the path that the needle takes to the plexus from its insertion point just below the clavicle (from Popovic 
et al ref 1). The needle is advanced into the area of the lateral cord, and as local anesthetic is injected, the medication 
can be seen to surround the vessel.  Additional injections can be made either near the medial or the posterior cords.     
 
 
 
 
 
 
 
 
 
 
 
 
 
                                              Figure A-1                                                                   Figure- A-2 
                                                                                                               
The ultrasound view of the interscalene area  (B-1 and B-2) demonstrates the circular trunks of the brachial plexus 
as structures with hyperechoic rims and hypoechoic centers surrounded by the anterior and middle scalene muscles.   
The carotid and internal jugular can also be noted. 
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                                                 Figure B-1                                                      Figure B-2 

For lower extremity surgery, lumbar plexus blocks can be used for procedures in the distribution of the 
femoral, obturator, and lateral femoral cutaneous nerves. Fractured hip repair, femoral shaft surgery, and other 
anterior femur surgery are amenable to this block. Femoral nerve and lateral femoral cutaneous nerve blocks can be 
used for femoral neck fractures requiring cannulated pinning. Combined femoral and sciatic nerve blocks are 
effective for procedures on the knee or distal to the knee. Postoperative pain relief after knee surgery can be 
obtained with a femoral nerve block or a fascia iliaca block. In addition to single injection nerve blocks, catheters 
may be used to provide postoperative pain relief by a continuous infusion of local anesthetic. 

One block that does not utilize the nerve stimulator technique is the fascia iliaca block.(4) This block is 
performed in a location that is between the femoral nerve and the lateral femoral cutaneous nerve so the chance of 
nerve damage or inadvertent arterial or venous puncture is diminished. The block is performed in the following 
manner. A line is drawn from the anterior superior iliac spine to the pubic tubercle and divided into thirds. A point is 
located 2-3 cm (1”) caudad to the junction of the lateral and middle thirds of the line. After a sterile prep, a local 
anesthetic wheal is raised at this point. A small entry hole is made in the skin with a sharp sterile needle and then a 
blunt-tip spinal needle is advanced at a 45 degree angle to the skin in a cephalad direction. A distinct pop is felt as 
the fascia lata is pierced. As the needle is advanced a more subtle pop is felt as the fascia iliaca is traversed. After 
obtaining the second pop, the needle is then advanced another millimeter to be certain that the side port of the blunt 
tip needle, the site from which the local anesthetic is injected, is in the correct space.  After initial aspiration, local 
anesthetic is injected with intermittent aspiration. The local anesthetic then travels medially anesthetizing the 
femoral nerve and laterally anesthetizing the lateral femoral cutaneous nerve. (4)        
                Ultrasound can be used to perform a femoral nerve block for perioperative pain relief. The long axis of 
the ultrasound probe is placed in the inguinal crease below the inguinal ligament in a plane, which is approximately 
perpendicular to the long axis of the femur or leg. The femoral nerve is visualized next to the femoral artery and 
vein. Pulsations of the femoral artery help in its identification. Ultrasound also allows visualization of the fascial 
planes surrounding the nerve and veins. As the needle is advanced toward the femoral nerve from lateral to medial a 
popping sensation can be appreciated. When the needle is next to the nerve local anesthetic is injected and it 
surrounds the nerve. (Figure C-1 and Fig C-2, from Popovic et al ref 1) 

                      
                                     Figure C-1                                                                            Figure C-2 
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                    The sciatic nerve can be visualized under ultrasound as it courses down the leg and divides in the 
popliteal area (Figure D).  

                                 Figure D  
 
              Nerve Stimulation and Paresthesia Techniques 

In choosing between PNS or paresthesia techniques, the PNS method is preferred because of its clear 
endpoint (a twitch response in the muscle group innervated by the target nerve), its high success rate (frequently > 
90%), its ability to minimize paresthesias (and thus theoretically reduce the incidence of traumatic nerve injury 
because the needle has come as close to the nerve as possible without actually contacting it), and its proven track 
record of a long history with minimal significant complications.(5-11)  

When utilizing the nerve stimulator technique, success rate is increased with knowledge of anatomy.  Use 
proper equipment such as an insulated needle, which localizes the source of the electric current to the tip of the 
needle, and a nerve stimulator that has a digital readout in 0.1 mA increments, can be easily adjusted, and provides a 
stimulus at a fixed rate.  The initial stimulating current should be set low, at 1-1.5mA, depending on the nerve to be 
blocked.(12,13) Searching for a twitch response at this level is usually not painful, as it takes less current to 
stimulate the motor fibers (A alpha fibers) of a mixed motor and sensory nerve than the sensory or pain fibers (A 
delta or C fibers). (5) The initial “search mode” current setting (1.0-1.5 mA) is used to localize the nerves to be 
blocked. Once a twitch is obtained the stimulating current can be decreased.  During this next phase or the “fine tune 
mode” the needle is optimally positioned to obtain a twitch response in the distribution of the nerves to be blocked at 
the appropriately low mA needed to produce a successful block. Try to maintain a twitch response as you dial down 
the nerve stimulator. If the twitch diminishes on advancing or withdrawing the needle, maximize the twitch response 
again by increasing the current or returning the needle to its prior location, change direction if necessary, then 
proceed. Injection of local anesthetic should be performed when the best twitch is obtained at the lowest mA 
possible (0.2-0.3 mA range). Two ml of local anesthetic is injected after negative aspiration. Loss of twitch confirms 
proximity of the needle to the nerves to be blocked. After this, the remainder of the local anesthetic is injected with 
intermittent aspiration. (5,6,11-14) 

Some controversy exists about the proper mA to attain prior to injecting local anesthetic. With the use of 
insulated needles and close attention to success rates, the mA sought prior to injection of local anesthetic has been 
decreased to 0.2-0.3 mA for a number of blocks by some practitioners. Concern has been raised by others that 
obtaining "too low" a current can result in nerve damage as the needle may be impaling the nerve and they suggest 
levels of 0.5mA as the low point (15,16) There is no strong evidence to demonstrate that a low mA (0.2mA) current 
at the time of injection is associated with the needle being intraneuronal. Accepting a twitch response as high as 0.5 
mA for infraclavicular, interscalene, or axillary blocks will result in some failed blocks. High success rates without 
complications have been obtained at 0.2-0.3 mA in blocks of the upper and lower extremity. (5,6,10,13,18) Higher 
currents risk obtaining a twitch response when the needle and nerves to be blocked are on opposite sides of a fascial 
plane. To facilitate the PNS technique, patients can receive anxiolysis but blocks should not be performed in adult 
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patients under general anesthesia as intraneuronal injections and even injection of the cervical spinal cord can occur 
without the operator's knowledge.(17) The block should not be performed with the patient asleep and injection 
should be stopped if there is unusual resistance or if the patient exhibits significant pain on injection.(17) 

Superficial stimulation is a technique in which nerves are located superficially on the skin with a PNS. 
(19,20) Superficial mapping facilitates performance of a block since the nerves to be blocked are located prior to 
beginning the block, the entry point for the needle is determined before the patient receives a needlestick, the 
number of needlesticks to which the patient is subjected is decreased, and the anesthesiologist performing the block 
looks more adept. The technique can be performed with the metal component of an ECG electrode.(19) Using an 
axillary brachial plexus block as an example, the brachial plexus can be located with superficial stimulation in the 
axilla. The metal component of an ECG is connected to the negative lead of the nerve stimulator, and with the 
current at approximately 5 mA, twitches of the brachial plexus are sought as proximal in the axilla as possible. Once 
an acceptable twitch is obtained, the area is marked and becomes the needle entry location site for performing the 
block.  

The block should be chosen based upon the site of surgery. An interscalene block is utilized for surgery on 
the shoulder down to the mid-shaft of the humerus. If a regional technique is not used for the operative procedure it 
can be performed to provide pain relief after the patient is awake in the PACU and is well accepted and appreciated 
by both inpatient and ambulatory patients. Infraclavicular nerve blocks are utilized for surgical procedures below the 
mid-shaft of the humerus including the elbow, forearm and hand. Axillary blocks can be used for procedures on the 
ulnar side of the hand. (12) Intermittent blocks or continuous catheters can be used for postoperative pain relief after 
surgery. 

The infraclavicular block is a very useful block. When performing the block as described by Raj, the head 
is turned away from the side to be blocked and the arm is abducted 90 degrees. An insulated needle is passed at a 
45-degree angle from a point 1” below the midpoint of the clavicle, drawn perpendicular to the plane of the clavicle, 
to the pulsation of the axillary artery in the axilla (Figures E-1 and E-2). (14) Instead of palpating for the axillary 
artery, superficial stimulation can be used to locate the brachial plexus as proximal in the axilla as possible. The 
needle is then passed at a 45-degree angle from a point 1” below the clavicle, perpendicular to the clavicle, to the 
point determined by superficial stimulation. The endpoint is a twitch in the distribution of the median, ulnar, or 
radial nerves (a twitch in the forearm, wrist, or hand) at 0.2-0.4 mA. The advantage of the infraclavicular block is 
that at this level the musculocutaneous nerve is still part of the brachial plexus and there is no need for a separate 
block of the musculocutaneous nerve in the coracobrachialis muscle. (11,12,14) However, the musculocutaneous 
nerve is the most superficial nerve in the brachial plexus at this level (Figure E-2) and it is possible that a twitch 
obtained in its distribution, a biceps twitch, may be occurring across a fascial plane or after the nerve has exited 
from the sheath. The biceps twitch is not a reliable endpoint to use when performing an infraclavicular nerve block 
and other twitches, those in the hand or forearm, which are generated from the median, ulnar, or radial nerve, should 
be used as the endpoint. (9,21). Therefore, use the biceps twitch from musculocutaneous nerve stimulation as an 
indication that you are in the correct anatomical region but need to adjust the needle. 

 
                                          Figure E-1                                                   Figure E-2 
  
 Although needle direction is away from the lung when performing an infraclavicular nerve block some 
prefer to perform the block more laterally. Sims modified the original Raj approach by utilizing an approach that is 
slightly more lateral, but care must be taken not to increase the needle angle. (22)  While we use either of the two 
techniques described above, an even more lateral approach, a vertical approach, in which the needle is advanced at a 
90  degree angle in the area of the coracoid process is gaining popularity. (10,23) 
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Local Anesthetic Systemic Toxicity (LAST) 
                    20% intralipid has been demonstrated to be effective in reversing the cardiotoxic effects of bupivacaine 
and other local anesthetics. (24,25) It should be made available for use where local anesthetic is injected in sufficient 
doses to cause LAST. Remember to institute ACLS protocols as well with special attention to current 
recommendations concerning use of epinephrine and vasopressin. (25,26) Recommended dosing is “initial bolus of 
1.5mg/kg IV followed by infusion of 0.25 mL/kg/min continued for 10 min after hemodynamic stability is attained.  
Failure to achieve stability should prompt as additional bolus and increase of infusion rate to 0.5ml/kg/min. 
Approximately 10mL/kg lipid emulsion for 30min is recommended as an upper limit for initial administration. 
(25,26)  
Spine Surgery 

Current issues in patients undergoing spine surgery include understanding the degree of cervical spine 
pathology as it affects endotracheal intubation and neck movement, caring for patients undergoing prolonged 
surgical procedures (combined anterior-posterior spinal fusions), use of lung isolation techniques, loss of vision, and 
the effect of non-steroidal anti-inflammatory medications  (NSAIDS) on bone healing. 

Patients presenting for spine surgery or other orthopedic procedures may be suffering from rheumatoid 
arthritis (RA), ankylosing spondylitis, and other rheumatologic disorders. Difficulty in intubating patients with RA 
can result from temperomandibular joint arthritis, a hypoplastic mandible, an overbite, and effects of RA on the 
cervical spine.(11,12)  Cervical spine pathology occurs in 80% of patients with RA and may manifest itself in a 
number of ways- 1) atlantoaxial subluxation- the anterior arch of C1 and the dens or odontoid move more than 4 mm 
apart from each other on flexion and extension 2) subaxial subluxation- greater than a 15% displacement of one 
vertebrae on another 3) and superior migration of the odontoid in which collapse of some of the cervical vertebrae 
results in displacement of the odontoid into the base of the skull through the foramen magnum. (11,12,27) Patients 
with ankylosing spondylitis may present with fused cervical spines fixed in a flexed position. Forced movements can 
result in cervical spinal cord damage. An organized approach to the patient with cervical spine disease, whether as a 
result of a rheumatologic disorder or other medical conditions, includes proper preoperative evaluation including 
range of motion, consideration of x-rays in flexion and extension, and appropriate use of intubation aides such as a 
fiberoptic bronchoscope to facilitate intubation. 

Major spine surgery in the thorax and lumbar areas may involve anterior, posterior, or combined 
procedures in one setting. The anterior component can include thoracic exposure and involve lung isolation  
techniques. These procedures can take many hours and result in major blood loss and fluid shifts. Considerations 
include controlling blood pressure, monitoring spinal cord function, treating blood loss, and positioning concerns. 

Lung isolation techniques for open thoracic or thorascopic procedures can be obtained with a double lumen 
tube or a bronchial blocker. We prefer to use a Univent® tube, a single lumen tube with the bronchial blocker 
attached alongside. The blocker is advanced and inflated at the time of occlusion of the mainstem bronchus and then 
the blocker is retracted into the casing, and the tube functions as a single lumen tube. Therefore, we do not have to 
change the tube between anterior and posterior portions of the surgery. Additionally the Univent® tube can be left in 
place if controlled ventilation is necessary in the postoperative period.  A fiberoptic bronchoscope is utilized to 
position the bronchial blocker into the mainstem bronchus to be occluded. One drawback is that the external 
diameter of the Univent® tube is large since it encompasses both the endotracheal and the separate bronchial 
blocker components. It is important to inform the postoperative care team about the type of tube you left in place.  

The prone position is associated with alterations in pulmonary function, increases in venous pressure, 
pressure and stretch on nerves, and visual loss. Postoperative vision loss (POVL) has become a recent concern (28-
31). A combination of factors including perioperative anemia, hypotension, prolonged surgery and resistance to 
blood flow may be causal factors. (28-32) However, the etiology remains unclear. While direct pressure on the eye 
can cause problems this does not appear to be the cause for the majority of cases. Ischemic optic neuropathy (ION), 
a common diagnosis in postoperative visual loss may result from decreases in ocular perfusion pressure (OPP) 
causing decreased blood supply to the optic nerve. Another possible etiology is a compartment syndrome within the 
orbit. OPP is a function of mean arterial pressure (MAP) and intraocular pressure (IOP) and can be determined from 
the formula OPP=MAP-IOP such that decreases in MAP or increases in IOP will decrease OPP. (25-32)  ION may 
result from decreased blood flow through the posterior ciliary arteries which are end arteries. The areas receiving 
watershed blood supply from these arteries may be compromised resulting in ischemia. Cheng et al. demonstrated an 
increase in intraocular pressure over time in the prone position. (30) Prone position, especially if the patient is in a 
slight head down tilt, can result in edema and venous engorgement, increasing IOP. Since the etiology of vision loss 
is unclear, a postoperative visual loss national database has been established to identify risk factors associated with 
postoperative visual loss. The most recent report from the registry included 93 cases and pinpoints ION as the most 
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common cause with blood loss over 1 liter and anesthesia duration over 6 hours being present in 96% of cases. (33) 
An accompanying editorial suggests staging long procedures (34). A practice advisory on POVL has recently been 
published. (35)  

Attempts to decrease blood loss during spine surgery include use of antifibrinolytics such as aprotinin as 
well as tranexamic acid (TXA) and epsilon aminocaproic acid. (36-38) These medications do tend to decrease blood 
loss in orthopedic surgical procedures. Aprotinin use must be weighed against the side effects of renal, cardiac, and 
neurologic complications, the increased mortality in some patient populations, warnings circulated by the FDA 
about the medication, and that the manufacturer is no longer marketing or supplying the medication. (39) With all 
three medications there is a theoretical concern of increased thrombosis. 

Non-specific NSAIDS such as ketorolac have been identified as interfering with bone fusion after spine 
surgery. Therefore, many surgeons avoid using ketorolac in this setting. (40) Research is being conducted on the 
specific COX-2 inhibitors. While studies have been performed on animal models, the recommendation for use of 
COX-2 inhibitors in humans where bone fusion is desired needs further clarification. The issue of using these 
medications and their effect on bone fusion is now clouded by controversy. 

Intraoperative monitoring of spinal cord function may include somatosensory evoked potentials (SSEPs), 
motor evoked potentials (MEPs), including transcranial motor evoked potentials, EMGs, or a wake–up test.  A 
nitrous oxide/oxygen, narcotic technique with an infusion of propofol and muscle relaxant is frequently utilized. 
Dexmetadomidine is also used by some as is ketamine. Benzodiazepines are avoided and only a low concentration, a 
small percent of 1 MAC of inhalation agent is used, if any is used at all, so as to not effect SSEP or TCMEP 
monitoring. If EMGs are monitored to assess pedicle screw placement, muscle relaxants need to be discontinued 
early enough to allow for proper testing. When transcranial motor evoked potentials (TCMEPs) are employed 
muscle relaxant cannot be used as well. Be careful to adequately protect the tongue and endotracheal tube in patients 
having TCMEPs performed as there is a strong contraction of the masseter muscles and other muscles of mastication 
when the potentials are generated. These contractions can cause lacerations in the tongue and even damage the 
endotracheal tube. Alterations in  SSEPs and MEPs may take time, as long as half an hour, to occur after distraction 
or rotation of the spine. Changes in SSEPs or MEPs may require modifications in the distraction or rotation of the 
surgical correction. Be prepared to perform a wake up test if the surgeon requests it.  

Since combined anterior-posterior spine procedures can be prolonged, the patient must be carefully 
assessed at the end of the procedure. The degree of swelling is an important consideration prior to deciding on 
extubation of the patient as significant facial swelling would be an indication to leave the endotracheal tube in place. 
Hematocrit, body temperature, pulmonary function, including the effect of the thoracic procedure on respiratory 
capability, and reversal of neuromuscular blockade are additional important factors to be considered. 

 
The Beach Chair Position 
              Shoulder surgery is often performed in the beach chair (BC) position with the pt elevated from 30-90°. In 
addition, some surgeons request hypotension. Rare reports of severe neurologic complications including stroke, 
ischemic brain injury and vegetative state have occurred.(41,42) A decrease in cerebral perfusion pressure (CPP) is 
present in the BC position as compared to supine due to a gradient between the level of the heart and the head. The 
location of the BP cuff must be considered when figuring the actual BP at the level of the brain. An adjustment and 
decrease of 0.77mm Hg for each cm of height above the level of the BP cuff should be calculated to understand the 
perfusion pressure present at the Circle of Willis (COW)-which is roughly at the level of the external auditory 
meatus. (41,42)  Remember, there is additional brain tissue above the level of the circle of Willis. Caution should be 
used to avoid significant hypotension and decreased CPP when patients are in the BC position. (41,42) 
 
Anticoagulation and the Orthopedic Patient  

The Second Consensus Conference on Neuraxial Anesthesia and Anticoagulation (available at the ASRA 
website). (43)  described the issues of caring for patients with anticoagulation and provided recommendations. Other 
anticoagulants or antiplatelet medications should be avoided when LMWH are used, an appropriate length of time 
(10 – 12 hours) should elapse after the last dose of LMWH thromboprophylaxis before performing neuraxial 
anesthesia, and appropriate timing of the first dose of LMWH in the postoperative period needs to be considered to 
decrease the chance of spinal hematoma. (43). Another issue is the use of spinal and regional anesthesia in the 
presence of clopidogrel, a potent antiplatelet medication, and how long a patient should have discontinued the 
medicine before a neuraxial block is performed.. The recently published guidelines on Regional Anesthesia in the 
Patient  Receiving Antithrombotic or Thrombolytic therapy (Third Edition)  reiterate the 7 day period that has been 
suggested in the past but also include the suggestion that “if neuraxial block is indicated between 5 and 7 days of 
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discontinuation of clopidogrel, normalization of platelet function should be documented.”  (44,45)  Others suggest 
less time and that patients can be off of clopidogrel for 5 days before surgery. As experience grows, it is expected 
that these guidelines will be modified and practitioners should make themselves aware of the latest suggestions 
when balancing the time a patient is off this medication with the risks of bleeding. 
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