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Preface


We realize that many residents struggle with learning the basics of electrodiagnostic testing. We hope that this book provides a foundation that is easy to understand. This is not meant to be a comprehensive text. It is meant, rather, to serve as a bridge to more in-depth textbooks.


This second edition includes updates and additional chapters. In addition, we hope that the video clips will clarify the technical aspect of electrodiagnostic testing. The first three chapters are introductory in nature. They briefly review what EMG testing is and why we do it. Chapter 4 assesses nerve conduction studies. The needle portion of the examination is discussed in Chapter 5. Chapter 6 reviews the effects of injuries on peripheral nerves. Suggestions on how to plan out the examination are reviewed in Chapter 7. Chapter 8 examines some of the pitfalls that all electromyographers should recognize.


Chapters 9 through 20 review some of the commonly encountered clinical entities that the beginning electromyographer might encounter. Chapter 24 gives suggestions on how to write a complete electrodiagnostic report. Chapter 25 details the commonly accepted normal values for electrodiagnostic labs. It should be stressed, however, that each lab should develop its own set of normals based on its own particular patient population and electrodiagnostic equipment. Reimbursement issues are discussed in Chapter 26.


It should be noted that this book does not represent the complete spectrum of electrodiagnostic testing. Since this book is specifically targeted at novices in the field, some of the more complex testing, including somatosensory evoked potentials, blink reflex, and single-fiber EMG, is not discussed.


Although this text does review a great deal of technical information, the most important lesson one can learn, which is stressed repeatedly throughout the text, is that the electrodiagnostic test is an extension of the history and physical examination. We are physicians, first and foremost, with obligations to provide our patients with compassionate and quality care. We hope this book inspires lifelong learning.


Lyn D. Weiss, MD, Julie K. Silver, MD and Jay M. Weiss, MD
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Chapter 1


What is an EMG?


Julie K. Silver







Electrodiagnostic studies seem very confusing at first. Remember this: the entire purpose of electrodiagnostic studies is to help you figure out whether there is a problem with nerves, muscles, or both and, if so, where the problem is occurring (Fig. 1.1). The American Association of Neuromuscular and Electrodiagnostic Medicine uses the term electrodiagnostic medicine (which is sometimes abbreviated to EDX) to define the medical subspecialty that utilizes neurophysiologic techniques to diagnose, evaluate, and treat patients who are believed to have or who have documented physical impairments of the nervous, neuromuscular, and/or muscular systems.
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Figure 1.1 The goal of electrodiagnostic studies is to determine whether there is a problem along the peripheral nervous system pathway and/or in the muscles and, if so, where the problem is. Examples of locations of possible lesions and associated diagnoses include:



Motor nerve cell body (anterior horn cell) – amyotrophic lateral sclerosis


Root – cervical or lumbar radiculopathy


Axon – toxic neuropathy


Myelin – Guillain–Barré syndrome


Neuromuscular junction – myasthenia gravis


Muscle – muscular dystrophy












We all recognize that the nervous system is a complicated part of our anatomy. Indeed, many medical students, residents, and fellows find their initial exposure to these tests and the courses in which they are taught overwhelming. However, the truth is that they are fairly straightforward and easy to understand.


If you don't believe this, think back to when you were a small child learning to read. At first, all of the letters in the alphabet didn't make sense. Some had loops, some had straight lines, some had angled lines, and some had all of these. However, once you figured out all the letters, suddenly you could look at them anywhere and they made sense to you. Of course, you still couldn't read; that came later. Even after you learned the alphabet, the higher-level task of reading (at some point not too long after you learned the alphabet) eventually became a breeze. So, too, will electrodiagnostic studies become a breeze.


Think of the first half of this book as learning the alphabet. You will need to simply memorize some terms and try to understand when to use them and in which context they are meaningful – just like the alphabet letters. The second half of this book is the part where you learn to read or to put the things you have memorized to use in a logical way so that when electrodiagnostic studies are ordered, you can understand what information is being conveyed and how to perform the study. Keeping with the alphabet/reading example, more advanced electrodiagnostic textbooks (and clinical experience under experienced electromyographers) will teach you the equivalent of grammar and higher-level skills that are extremely important. Nevertheless, you don't need to know all that at first. Go through every chapter in this book, and just like you learned the alphabet and then learned to read, you will begin to become literate in electrodiagnostic studies – only it will happen much faster this time!


The term electrodiagnostic studies really encompasses a lot of different tests. The most common tests done (and the ones that will be presented in this book) are nerve conduction studies (NCS) and electromyography (EMG). Often people refer to both NCS and EMG as just EMG because these two tests are nearly always done together. But, when you are talking with people who are familiar with electrodiagnostic testing, to avoid confusion it is best to speak of and write about (especially in your medical record documentation) these components separately. The tests can provide different information; however, both tests assess the electrical functioning of nerves and/or muscles.


It is interesting to note that electrodiagnostic studies originated in the nineteenth century but have been used consistently only within the past 30–40 years. This is because the machines became more sophisticated with computerization and, at the same time, easier to use. Highly refined techniques enhanced diagnostic applications and encouraged people to use these tests.


One of the things that will make it much easier for you to learn both EMG and NCS is to understand that they are really extensions of the neurological and musculoskeletal examination. The more you know about the basic anatomy of the nerves and muscles, the easier it will be for you to learn about electrodiagnostic studies. If you are just beginning to learn about which nerves supply which muscles and such, this will be a slightly more complicated subject, but still very manageable. Just keep reading.


Table 1.1 is a summary of the process of performing electrodiagnostic studies. The rest of this chapter is devoted to explaining the two basic tests: EMG and NCS. You will simply need to memorize some of this; but hopefully, as you read, it will start to make sense.




TABLE 1.1


The Electrodiagnostic Process










	



1. Evaluate the patient by doing a history and physical examination with the goal of developing a differential diagnosis.


2. Select the appropriate electrodiagnostic tests you want to perform in order to rule in or out diagnoses on your list.


3. Explain to the patient what the test will feel like and why it is being done.


4. Perform the study in a technically competent fashion, usually starting with the NCS and then proceeding with the EMG.


5. Interpret the results in order to arrive at the correct diagnosis or to narrow your list of differential diagnoses.


6. Communicate the test results to the referring physician in a timely and meaningful manner.
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Nerve Conduction Studies


NCS are done by placing electrodes on the skin and stimulating the nerves through electrical impulses (Fig. 1.2). To study motor nerves, electrodes are placed over a muscle that receives its innervation from the nerve you want to test (stimulate). The electrical response of the muscle is then recorded, and you can determine both how fast and how well the nerve responded. This is very valuable information and can help you determine whether the patient's condition is stemming from a problem with the nerve or with the muscle.
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Figure 1.2 This is the basic setup for a sensory nerve conduction study. The machine gives a tracing of the sensory nerve action potential (SNAP). The amplitude and latency can be measured easily.








NCS are broken down into two categories: motor and sensory nerve conduction testing. The autonomic nervous system can be tested, but it rarely has clinical applications and is beyond the scope of this text. NCS can be performed on any accessible nerve including peripheral nerves and cranial nerves. The basic findings are generally twofold: 1) how fast is the impulse traveling? (e.g., how well is the electrical impulse conducting?) and 2) what does the electrical representation of the nerve stimulation (action potential morphology) look like on the screen? (e.g., does there appear to be a problem with the shape or height that might suggest an injury to some portion of the nerve such as the axons or the myelin?).


The terms you need to memorize in NCS are listed in Table 1.2. EMG terms are listed and explained in Chapter 5, Electromyography.




TABLE 1.2


Nerve Conduction Study Terms










	



Action potential – this is the waveform you see on the screen. (In order to give more details about what you are describing, more specific terms may include compound nerve action potential, compound motor action potential, sensory nerve action potential, etc.).


Amplitude – the maximal height of the action potential.


Antidromic – when the electrical impulse travels in the opposite direction of normal physiologic conduction (e.g., conduction of a motor nerve electrical impulse away from the muscle and toward the spine).


Conduction velocity – how fast the fastest part of the impulse travels (can also be referred to as a motor conduction velocity or a sensory conduction velocity).


F-wave – a compound muscle action potential evoked by antidromically stimulating a motor nerve from a muscle using maximal electrical stimulus. It represents the time required for a stimulus to travel antidromically toward the spinal cord and to return orthodromically to the muscle along a very small percentage of the fibers.


Latency – the time interval between the onset of a stimulus and the onset of a response (can also be referred to as a motor latency or a sensory latency).


H-reflex – a compound muscle action potential evoked by orthodromically stimulating sensory fibers, synapsing at the spinal level and returning orthodromically via motor fibers. The response is thought to be due to a monosynaptic spinal reflex (Hoffmann reflex) found in normal adults in the gastrocnemius–soleus and flexor carpi radialis muscles.


Orthodromic – when the electrical impulse travels in the same direction as normal physiologic conduction (e.g., when a motor nerve electrical impulse is transmitted toward the muscle and away from the spine or when a sensory impulse travels toward the spine).
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Electromyography


EMG is the process by which an examiner puts a needle into a particular muscle and studies the electrical activity of that muscle. This electrical activity comes from the muscle itself – no shocks are used to stimulate the muscle. The EMG also differs from the NCS because it does not involve actually testing nerves. However, you do get information about the nerves indirectly by testing the muscles. (Remember that all muscles are supplied by nerves, so if you can identify which muscles are affected by a disease process then you simultaneously obtain information about the nerves that supply those muscles.)


So, the EMG is different from NCS in the following ways:




1. In EMG, you use a needle and put it into the muscle rather than placing electrodes on the skin (NCS).


2. In EMG, you don't use any electrical shocks; rather, you are looking at the intrinsic electrical activity of the muscle.


3. In EMG, you get direct information about the muscles and indirect information about the nerves that supply the muscles you test.

























Chapter 2


Why Perform Electrodiagnostic Studies?


Julie K. Silver







Electrodiagnostic testing is an important method for physicians and other healthcare professionals to distinguish between many nerve and muscle disorders. One of the ways to think of EMG and NCS is to consider them pieces of a puzzle. The puzzle may be complicated with many pieces or fairly straightforward with few pieces needed to solve it. In order to understand what you are seeing, whether it is a real puzzle or a figurative medical puzzle, the more pieces you can put into place, the clearer the picture becomes. In medicine, some of the other puzzle pieces are the history, physical examination, laboratory tests and imaging studies.


An important thing to remember is that electrodiagnostic studies represent a physiologic piece of the diagnostic puzzle. For example, unlike an MRI or an x-ray, which one can think of as sophisticated photographs, the EMG and NCS provide information in real time about what is occurring physiologically with respect to the nerve and the muscle. This is not to say that imaging studies are not useful, but rather to explain that these tests complement each other and that each has a role in helping establish the correct diagnosis in neuromuscular disorders.


The take-home message is this: Electrodiagnostic studies are sometimes essential in establishing a particular diagnosis and are sometimes not useful at all. As a clinician, it is important to understand when to recommend these studies just as it is important to know when to order an imaging study. The more you learn about EMG and NCS, the more familiar you will become with their diagnostic usefulness.


In a practical sense, you can consider electrodiagnostic testing in any of the following circumstances:




1. A patient is complaining of numbness.


2. A patient is complaining of tingling (paresthesias).


3. A patient has pain.


4. A patient has weakness.


5. A patient has a limp.


6. A patient has muscle atrophy.


7. A patient has depressed deep tendon reflexes.


8. A patient has fatigue.





Of course, it would be ridiculous to rely solely on any one of these signs or symptoms when recommending NCS and/or EMG. For example, a young woman comes in complaining of arm pain. The differential diagnosis should immediately include trauma as a source of the pain. Upon questioning you learn that in fact she fell, and on physical examination you note a large abrasion that explains her pain. To even consider electrodiagnostic studies in this situation is absurd. The point here is that a list of signs and symptoms does not lead you to automatically order electrodiagnostic studies. Rather, these tests can be thought of as extensions of the history and physical examination when someone presents with any one or more of the listed signs or symptoms that cannot be explained by the history and physical examination alone.


Clearly electrodiagnostic studies are useful to establish the correct diagnosis, but they are also useful to determine whether someone should have surgery and are often preferred over imaging studies when certain types of surgery are being considered. They are also done for prognostic reasons to follow the course of recovery (or deterioration) from an injury.


In summary, electrodiagnostic studies are used to:




1. Establish the correct diagnosis.


2. Localize the lesion.


3. Determine treatment even if the diagnosis is already known.


4. Provide information about the prognosis.





Consider the following examples:


















Example 1


A man comes in with hand pain, paresthesias, and numbness that are most prominent in the index and long fingers. Upon questioning, he also reveals he has neck pain. The physical examination is inconclusive. The differential diagnosis includes carpal tunnel syndrome (median nerve compression at the wrist) and cervical radiculopathy. EMG and NCS are the studies of choice to establish the correct diagnosis.














Example 2


Another man comes in with the same symptoms, but he doesn't have neck pain. In the past, he was diagnosed with carpal tunnel syndrome and underwent an injection with local corticosteroid into the carpal tunnel, which completely alleviated his symptoms for a few months. (A good response to a corticosteroid injection in the carpal tunnel is both therapeutic and diagnostic for carpal tunnel syndrome.) Now, however, his symptoms are back with a vengeance. In this case of carpal tunnel syndrome, electrodiagnostic studies can be recommended in order to determine the severity of his condition and to help decide whether conservative management or surgery is the most appropriate course of treatment.














Example 3


A third man comes in; he had carpal tunnel surgery 3 months ago. His symptoms are much better, but he is still quite weak. Prior to his surgery he had EMG and NCS that demonstrated a very severe injury to the median nerve. Now, he is a candidate for repeat electrodiagnostic studies to provide information about the prognosis. The new study can be compared to the old study, and information can be extrapolated about the current status of the median nerve and predicted future improvement.


























The Skilled and Compassionate Electrodiagnostician


The reason that you are reading this book is because skill matters. If you are going to perform electrodiagnostic studies on patients, you need to become an expert in electrodiagnostic medicine. The American Association of Neuromuscular and Electrodiagnostic Medicine (AANEM) provides information and recommendations on the qualifications for physicians and laboratory directors. For example, the AANEM recommends that physicians undergo at least 6 months of full-time supervised training during a physical medicine and rehabilitation (PM&R) or neurology residency or fellowship and complete a minimum of 200 studies. In order to take the board examination offered by the American Board of Electrodiagnostic Medicine (ABEM), physicians must also have a minimum of 1 year's experience following their training. Reading this book, other textbooks, and journal articles, as well as studying anatomy in the context of electrodiagnostic medicine and performing a significant number of studies – at first with supervision and then on your own – will help turn you into an expert.


Even if electrodiagnostic studies become easy for you, they aren't easy on your patients. Many patients are afraid to have electrodiagnostic studies. They may have heard that these tests are extremely painful, or they may have a genuine needle phobia. In order to get the information you need from these tests, it is important for you to be both technically skilled and able to put the patient at ease. The following suggestions will help lessen the patient's anxiety:




1. Avoid keeping the patient waiting, because that will only increase their anxiety.


2. Before you start, explain to the patient what you are going to do. Be sure the patient understands that the electrical stimulation occurs only with NCS and not with EMG.


3. Explain that these tests will be useful in determining the diagnosis.


4. Reassure the patient that you will stop the test at any point if they request you to do so. Be sure to honor that request should it occur.


5. Start with the area of greatest interest – especially if you suspect that the patient won't tolerate the entire study.


6. Although not typically used, analgesic or sedating medication can be given (particularly in pediatric patients).


7. During the test, distract the patient with conversation. It is usually easy to distract someone by asking them questions about what they like to do, where they like to go, and other similar questions. Some electromyographers play music of the patient's choosing during the test.


8. In most instances, it is best not to show patients the needle because many people associate more pain with a long needle rather than with a larger diameter. (The EMG needle is long, thin, and coated with Teflon, which moves through skin and muscle with less resistance; so it doesn't hurt as much as a larger-diameter conventional needle.) In addition, most patients feel more comfortable with the term electrical stimulation rather than electrical shock, which conjures up images of torture.


9. Assure the patient that you will minimize the length of the examination, doing only what is absolutely necessary to obtain the required information.


10. Keep the room warm. This serves two purposes. First of all, the patient is generally dressed in a gown and therefore is prone to being cold, so keeping the room warm will make them more comfortable. In addition, the results of your electrodiagnostic test may be affected if the patient's extremity is cool (see Chapter 8, Pitfalls).











Special Precautions


There are a number of clinical situations that deserve special mention. These are cases where electrodiagnostic studies can be safely done, as long as the physician takes measures to ensure the safety of the patient (and the physician) and the accuracy of the test.








Morbid Obesity


In patients who are very overweight, it may be difficult (or impossible) to localize specific muscles. Care must be taken to ensure that the needle is indeed placed in the appropriate muscle. Extra-long needles may be needed.














Thin Individuals


In very thin patients, it is important not to insert the needle too far because it can injure other tissues (e.g., a needle placed in the thoracic paraspinal muscles may penetrate the lung and cause a pneumothorax).














Bleeding Disorders


Individuals with known bleeding disorders or who are on anticoagulation therapy should be assessed on an individual basis and the risks and benefits of the test evaluated. It may be helpful to have recent laboratory testing for coagulation parameters. Therapeutic levels of anticoagulation are not a contraindication to EMG.














Blood Precautions


It is imperative to always practice safe needle-stick procedures to protect yourself and the patient from injury. These include always wearing gloves for the needle portion of the test, using a sterile disposable needle for the EMG, using a one-handed technique if needed for needle recapping, and immediately disposing of all sharps in an appropriate container.




















Contraindications


Strict contraindications to electrodiagnostic testing are relatively few. Obviously anyone who has a severe bleeding disorder or whose anticoagulation therapy is out of control should not undergo EMG. NCS are contraindicated in those with automatic implanted cardiac defibrillators. A patient with a cardiac pacemaker should not receive direct electrical stimulation over the pacemaker. Someone with an active skin or soft tissue infection (e.g., cellulitis) should not have a needle EMG anywhere near the infection.














Complications


Complications from electrodiagnostic studies are extremely rare when performed by a skilled clinician. Complications may include infection, bleeding, and accidental penetration of the needle into something other than the intended muscle (e.g., lung or nerves).














Controversy


As with nearly every test in medicine, there is controversy about when to do electrodiagnostic studies. There is no doubt that EMG and NCS provide valuable information and in many instances are worthwhile tests to pursue. However, they must be judiciously performed – as is the case with all medical testing. Of course, there would not be any controversy if these studies were painless, completely safe, and free, but this is not the case. They do cause some patient discomfort (although this can be minimized with a skilled and compassionate approach), and they are relatively expensive tests to perform. Although these tests are generally safe, as with any injection there is a very small risk of complications. In instances where there is potential beneficial information from the test, then the risk–benefit ratio will fall in favor of performing the test. If the test is not realistically likely to be helpful in treatment then the risks (even if minimal) may outweigh the potential benefits. The AANEM's Referral Guidelines for Electrodiagnostic Medicine state, ‘EDX studies should not be performed if the information will not potentially enhance the patient’s care’.1 Therefore it is important every time you consider performing electrodiagnostic studies to assess whether the test is necessary; whether it will help you determine the diagnosis, treatment, or prognosis of a patient's condition; and whether there is another test that might be less invasive and/or more cost-effective or that will provide the same information. It is important to always remember to first do no harm.
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Chapter 3


About the Machine


Julie K. Silver













The Basic Machine


Modern electrodiagnostic equipment consists of a computer and the associated hardware and software (Fig. 3.1). The hardware is fairly standard and typically includes a visual monitor, a keyboard, and computer hardware and software. The software varies in the same ways that all software varies – ease of use, ability to perform specific functions, and ability to interface with other software. However, all basic electrodiagnostic software allows the clinician:
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Figure 3.1 Picture of an EMG machine. (Courtesy of Cadwell Laboratories.)










[image: image] to perform both EMG and NCS


[image: image] to collect data


[image: image] to analyze the results (through automatic calculations that are usually preprogrammed)


[image: image] to store the information.





Data entry is done using a keyboard and/or a mouse. Machines have varying degrees of word processing functions and generation of reports through templates. When you are performing NCS, the information you need is displayed on a screen. During EMG studies, you will have the same visual screen information; but there also will be audio (sounds) that you will hear. Both the visual and the audio data are critical to properly interpreting EMG findings.








Recording Electrodes


It is important to understand electrode terms used in electrodiagnostic studies. Table 3.1 lists the common terms and in which studies they are used.




TABLE 3.1


Electrodes Used in NCS and EMG










	NCS






	



Active (surface electrode – this is also referred to as the pickup electrode)


Reference (surface electrode)


Ground (surface electrode)











	EMG






	



Active (needle electrode)


Reference (surface electrode)*


Ground (surface electrode)
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*A separate reference is used in EMG studies only if you are using a monopolar needle. Concentric needles have a reference built into the needle, so there is no need for a separate reference.











Surface Electrodes


Surface electrodes are used for routine NCS. The electrodes are typically either ring or disk electrodes (Fig. 3.2). They are also either disposable or nondisposable. The nondisposable electrodes are made of stainless steel, silver, or – rarely – gold that is soldered to multistrand conducting wires. These electrodes stick to the skin by using adhesive tape and can be reused. They should be cleaned between patients. It is necessary to use conducting gel with nondisposable electrodes in order to reduce impedance and prevent artifact (due to irregularities in the skin and the presence of hair follicles). Disposable electrodes have a sticky underside and a built-in conductive medium that allows them to adhere to the skin and to conduct electrical signals without the need for tape or gel.
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Figure 3.2 (A) Disk electrode; (B) Ring electrode; (C) Ground electrode. (Courtesy of Cadwell Laboratories.)








Three surface electrodes are used in NCS: active and reference recording electrodes and ground electrodes. In EMG studies, surface electrodes are used for the ground and (in the case of a monopolar needle electrode) for the reference-recording electrode.














Needle Electrodes


Needle electrodes are generally reserved for EMG, but are occasionally used in NCS. Needle electrodes are disposable and are used only on one patient (one-time use). Needle electrodes are classified as monopolar, bipolar, or concentric. Monopolar needles are typically less expensive, less painful (due to a narrower diameter, and a Teflon coating on the shaft of the needle), and less electrically stable than bipolar or concentric needle electrodes. With a monopolar needle, you need a separate surface reference electrode; whereas, with a concentric needle, the reference is the barrel of the needle and you do not need a separate surface reference electrode. There are also EMG needles that allow for injections (e.g., botulinum toxin injections; see Fig. 3.3). See Chapter 5, Electromyography, for further description of the needles.
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Figure 3.3 (A) Photo of monopolar needle; (B) Photo of concentric needle; and (C) Photo of an injectable needle. (Courtesy of Cadwell Laboratories.)


























Amplifiers


Amplifiers are very complicated parts of the electrodiagnostic machinery, but the concept is fairly simple. Amplifiers magnify the signal so that it can be displayed (Fig. 3.4). Integrated circuits or chips perform most amplification. Preamplifiers attenuate the biological signal before it ever gets to the amplifier in order to: 1) make sure that the filters have sufficient signal voltage to deal with and 2) insure that the level of signal voltage is much higher than that of system noise. The signal travels first to the preamplifier, then to the filters, and then to the amplifier. The differential amplifier is used extensively in electrodiagnostic studies, because it has the advantage of common mode rejection. What this means is that unwanted signals are rejected, rather than being amplified to the same degree as the biological signals that you are trying to study. The most common unwanted signal in the clinic is 60-Hz activity, which is caused by line voltage passing through electrical circuits.
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Figure 3.4 Preamplifier. (Courtesy of Cadwell Laboratories.)








The differential amplifier takes the electrical impulses from the active electrode and amplifies them. It then takes the impulses from the reference electrode, inverts them, and amplifies them. It then combines these two potentials. In this way, any common noise to both electrodes (extraneous electrical activity, distant myogenic noise, and EKG artifacts) is eliminated. Differences between the two electrodes, however, are amplified. This is the desired signal. Any common factors such as extraneous noise would be rejected leading to the term common mode rejection. The common mode rejection ratio is a measure of how well an amplifier eliminates this type of common noise.








Filters


Filters are used to faithfully reproduce the signal you want while trying to exclude both high- and low-frequency electrical noise. All waveforms represent a summation of waves with different amplitudes, latencies, and frequencies. Every signal in both NCS and EMG passes through both a low-frequency and a high-frequency filter before being displayed. Low-frequency filters are called high pass because they let high-frequency signals pass through. The range at which there is a cut-off of low-frequency signals depends on how you set the filter. Similarly, high-frequency filters are called low pass because they let low-frequency signals through. It is important to understand that there is always a trade-off when you use filters. The signal you want will be altered to some degree. For example, as the low-frequency filter is reduced, more low-frequency signals pass through and the duration of the recorded potential will be slightly longer. Likewise, if the high-frequency filter is decreased, more high-frequency signals are excluded and the latency of the recorded potential may be delayed. Table 3.2 summarizes the role of filters and gives the usual settings in NCS and EMG.




TABLE 3.2


Filters








	Low frequency

	High pass

	Filter out low-frequency signals that, if present, cause a wandering baseline






	High frequency

	Low pass

	Filter out high-frequency signals that, if present, can obscure signals such as sensory nerve action potentials or fibrillation potentials and can cause a ‘noisy’ baseline, especially on sensory studies




































Display System


Display systems for electrodiagnostic studies are via a video computer screen. There are two settings on the display system with which you must be acquainted – the sweep speed and sensitivity (also sometimes called the gain). The primary purpose of adjusting the sweep speed and sensitivity is so that you can optimally see the signal displayed on the screen. The horizontal axis is the sweep speed and is shown in milliseconds (msec). There are 1000 msec in a second (Fig. 3.5). The vertical axis is the sensitivity and this represents response amplitude (millivolts [mV] in motor studies and microvolts [µV] in sensory studies) (Fig. 3.6). There are 1000 µV in a mV and 1000 mV in a volt (V). Suggested motor NCS settings are listed in Table 3.3. The initial settings for sensory NCS are listed in Table 3.4.




TABLE 3.3


Initial Motor NCS Settings








	Sweep speed

	2–3 msec/division






	Sensitivity (gain)

	5000 µV/division (this means the same as 5 millivolts, 5 mV or 5 K microvolts)






	Low-frequency filter

	10 Hz






	High-frequency filter

	10 kHz









Adapted from Misulis K. Essentials of Clinical Neurophysiology. London: Butterworth-Heinemann; 1997.







TABLE 3.4


Initial Sensory NCS Settings








	Sweep speed

	1–2 msec/division – generally 10 divisions are present in a horizontal screen.






	Sensitivity (gain)

	20 µV/division






	Low-frequency filter

	2–10 Hz






	High-frequency filter

	2 kHz









Adapted from Misulis K. Essentials of Clinical Neurophysiology. London: Butterworth-Heinemann; 1997.
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Figure 3.5 Effects of latency with changes in sweep speed. (Adapted from Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders. London: Butterworth-Heinemann; 1998.)
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Figure 3.6 Effect of increasing the sensitivity (gain) of a CMAP. (Adapted from Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders. London: Butterworth-Heinemann; 1998.)















Artifacts and Technical Factors



Physiologic Factors (Patient-Related)











Stimulus Artifact.



Stimulus artifact is an electrically recorded response that is elicited directly from the stimulator. It occurs in all NCS; however, it only becomes a problem when the trailing edge of the recorded artifact overlaps with the potential being recorded (Fig. 3.7). Making sure the ground is between the recording and stimulating electrodes can minimize stimulus artifact.




[image: image]


Figure 3.7 Large stimulus artifact may falsely decrease the amplitude and increase the latency. (Adapted from Preston DC, Shapiro BE. Electromyography and Neuromuscular Disorders. London: Butterworth-Heinemann; 1998.)




















Filters


Filters were discussed earlier in this chapter, but they are mentioned here because they can significantly contribute to the quality of your study. It is important to remember that the role of filters is to faithfully reproduce the signal you want while trying to exclude both high- and low-frequency electrical noise. The better the ratio of the recorded biologic signal to the unwanted electrical noise (signal-to-noise ratio, or s/n ratio), the clearer the electrical tracing and the more accurate the recorded potentials.














Electrode Placement


There are many issues that occur when electrodes are improperly placed. This discussion will be detailed throughout the rest of the book. Suffice it to say here that proper electrode placement is a critical part of performing accurate electrodiagnostic studies.




















Stimulation


An important concept in NCS is to understand supramaximal stimulation. The bottom line is this: nearly all measurements made in NCS are done with the assumption that the strength of the stimulus is high enough to depolarize every axon in the nerve (H-reflexes being a notable exception). This is achieved by gradually increasing the stimulus strength until you reach the point where the amplitude of the waveform is no longer increasing. That is the point of supramaximal stimulation. If supramaximal stimulation is not achieved at a distal site, then you might mistakenly interpret this recording as signifying axonal loss due to the low amplitude. At a proximal site, this might appear to be conduction block (failure of an action potential to be conducted past a particular point whereas conduction is possible below the point of the block). In both instances, anomalous innervation or nerve injury may be suspected incorrectly.


Of course, the old adage, too much of a good thing is not good, applies to many things in life. When it comes to stimulation in NCS, too much stimulation may cause co-stimulation of adjacent nerves or may stimulate nerves farther from the site (falsely lowering the latency). So, the goal is to reach supramaximal stimulation without applying so much stimulation that adjacent nerves are also stimulated.














Measurements


The machine will do most of your calculations for you, but you still need to measure the distance between stimulations and between the stimulation and the recording electrode when you are determining the conduction velocity. It is imperative that the measurements are done accurately. Other than a simple oversight of not correctly recording the distance with your tape measure, measurement errors can occur across joints if the patient's limb is moved in different positions, which changes the distance you are measuring. This commonly occurs in ulnar nerve studies when the elbow is straight and then becomes flexed. Therefore, during an ulnar nerve study, it is best to keep the elbow flexed and in the same position for the duration of that particular study (and at the same angle on both sides). Skin measurements are major sources of error in electrodiagnostic studies. This can be minimized by increasing the distance of the nerve segment being studied (i.e., the shorter the distance, the greater the effect of a measurement error). In general, when measuring distance, follow the course of the nerve, rather than measuring the shortest distance between the stimulating and recording electrodes.


Besides a tape measure, another necessary measurement device in an electrodiagnostic lab is a thermometer. This is generally an infrared thermometer or a contact thermometer on the skin, which records the skin temperature. Abnormally cold extremities can falsely increase latencies and alter (generally increase) amplitudes, particularly of sensory nerves.














Sweep Speed and Sensitivity


Both the sweep speed and sensitivity can affect your NCS results. As the sensitivity is increased, the onset latency will decrease. So, it is important to record all of your latency measurements using the same sensitivity and sweep speed.



























Chapter 4


Nerve Conduction Studies


Lyn D. Weiss and Jay M. Weiss







Nerve conduction studies (NCS) can be defined as the recording of a peripheral neural impulse at some location distant from the site where a propagating action potential is induced in a peripheral nerve. In other words, a nerve is stimulated at one or more sites along its course, and the electrical response of the nerve is recorded.


Whether or not a nerve is injured can be evaluated by testing the ability of the nerve to conduct an electrical impulse. Nerve conduction studies allow us to accurately localize focal lesions or allow us to detect generalized disease processes along accessible portions of the peripheral nervous system. The reliability of a study is increased when the technical aspects of the study are standardized. This chapter will review why it can be helpful to utilize nerve conduction studies and how to perform them.


The nerve conduction studies most commonly performed are compound muscle action potentials (CMAPs) for motor nerves, sensory nerve action potentials (SNAPs) for sensory nerves, compound nerve action potentials (CNAPs) for mixed (sensory and motor) nerves, and late responses (primarily F-waves and H-reflexes). For a discussion of F-waves and H-reflexes, see Chapter 12, Radiculopathy.








Physiology


When performing nerve conduction studies it is important to understand nerve physiology. After all, nerve studies are physiological, not anatomic, tests. In order to test nerve function, we must understand how nerves conduct signals.


Nerves conduct impulses through a traveling wave of depolarization along their axon. The axon is the peripheral extension of the proximally located nerve cell body. The cell body is located in the spinal cord for motor nerves (anterior horn cell) and peripherally in the dorsal root ganglion for sensory nerves (Fig. 4.1). The surface membrane surrounding the axon is called axolemma, and the axoplasm is contained within the axon. At rest, the axon has an intracellular potential that is negative in relation to the extracellular potential. When an axon is conducting an electrical impulse, voltage-dependent channels open and allow an influx of sodium (Na+) ions. This influx of positive ions depolarizes the axon, changes the resting potential further down the axon, causing those channels to open, and thus creates a wave of depolarization (Fig. 4.2).




[image: image]


Figure 4.1 Cell body of sensory and motor nerves.
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Figure 4.2 Wave of depolarization.








While nerves have a physiological direction (from the spine in the case of motor nerves and to the spine in the case of sensory nerves), if a nerve is electrically stimulated anywhere along its course, waves of depolarization will travel in both directions from that point. Nerve conduction can be measured orthodromically (physiological direction of nerve conduction) or antidromically (opposite to the physiological direction). Motor and sensory nerve action potentials can be measured through skin electrodes if the nerve is sufficiently superficial. It is more common (and technically easier) to measure motor nerves by recording electrical activity from the muscle it innervates.


As a rule, a nerve conduction study is done only on myelinated nerve fibers because unmyelinated fibers conduct extremely slowly and do not contribute significantly to the CMAPs and SNAPs. A myelinated nerve fiber is composed of an axon and its surrounding myelin sheath (Fig. 4.3). Myelin is a connective covering surrounding motor nerve axons and many sensory nerve axons. Myelin is produced by Schwann cells and functions to greatly increase the speed of nerve conduction. Myelin acts as an excellent insulator and permits saltatory conduction. This occurs when depolarization takes place only at the nodes between the myelin sheaths (referred to as nodes of Ranvier). For this reason, myelinated axons have their voltage-dependent sodium channels concentrated around the nodes, with few in the internodal regions. This type of jumping (or saltatory) conduction, where time is not required to depolarize axons between the nodes, permits a greater than tenfold increase in velocity.




[image: image]


Figure 4.3 Myelinated nerve.








Velocities in myelinated axons range from 40 to 70 m/sec. Unmyelinated axons, in contrast, are much slower – in the range of 1–5 m/sec. Unmyelinated axons do not conduct through saltatory conduction but have voltage-dependent channels located uniformly throughout the nerve. The speed of nerve conduction is largely contingent upon the amount of time it takes for voltage-dependent channels to open. Because unmyelinated nerves have a far greater number of channels per length of nerve, they conduct at less than one-tenth the speed of a myelinated nerve.


The most important points to remember about myelin are:




[image: image] Myelin helps nerves propagate an action potential faster.


[image: image] The myelin sheath functions as insulator of the axon.


[image: image] In myelinated nerves, depolarization occurs only at areas devoid of myelin (nodes of Ranvier) resulting in saltatory conduction.


[image: image] Conduction velocity is directly related to internodal length and efficiency of myelin insulation.





A demyelinated axon is a myelinated nerve that has lost its myelin covering. This does not become an unmyelinated nerve. While an unmyelinated axon can conduct an impulse slowly along its entire length, a demyelinated axon may not be able to conduct across a demyelinated area (as the sodium and potassium channels are only located near the nodes of Ranvier). This loss of conduction across a lesion is referred to as conduction block. The term neurapraxia is used to describe a lesion where conduction block is present.


It is important to note that while axons have an ‘all or none’ response, an action potential represents the summation of many axons. Thus, a neurapraxic lesion can result in an amplitude decrement from less than 1% to nearly 100%. In reality, neurapraxic lesions of less than 20% are rarely diagnosed due to the amplitude differences normally seen from different sites of stimulation.


After a demyelinating lesion, as part of the recovery phase, there is typically regeneration of immature myelin. This immature myelin will not insulate as well as mature myelin, and therefore during NCS you may see a return of conduction but at a slower than normal velocity. Therefore, conduction slowing and conduction block are indicative of demyelinating, but not axonal lesions.














The Action Potential


The action potential is a summation of many potentials. In a CMAP, it is the summation of motor units (muscle fibers) that are firing, while a SNAP is a summation of individual sensory nerve fibers, each with its own amplitude and slightly different conduction velocity. This summation yields a characteristic (usually bell-shaped) curve. The part of the curve that begins to rise first represents components from the fastest fibers. The typical action potential is shown on a time versus amplitude chart (Fig. 4.4). The amplitude can be measured from onset to peak (A–B) or from peak to trough (B–C). The duration is the time from the onset to recovery (A–D). The area under the curve is a function of the amplitude and the duration. Instead of relying solely on amplitude, some electromyographers consider the area under the curve (measurement of the total area from negative departure from baseline to return to baseline) as a more accurate estimate of the number of axons firing. (Although this may seem a bit counterintuitive, it's important to remember that in electrodiagnostic terminology, negative refers to an upward deflection from baseline and ‘positive’ refers to a downward deflection from baseline.)




[image: image]


Figure 4.4 Compound muscle action potential.















Components of the Action Potential



Latency





The latency represents the time it takes from stimulation of the nerve to the beginning of the SNAP or the CMAP. In a CMAP, the onset latency represents the arrival time (at the recording electrode over the muscle) of the fastest-conducting nerve fibers. There is normal variation in the conduction velocity of the individual nerve fibers producing a temporally dispersed curve. This is usually a gaussian or bell-shaped curve representing the number of fibers (amplitude) and how fast they are traveling (latency).


In sensory nerves, the latency is solely dependent on the speed of conduction of the fastest fibers and the distance the wave of depolarization travels. In motor nerves, in addition to the speed of the nerve and the distance traveled, the latency is also dependent on the amount of time it takes to synapse at the neuromuscular junction and the speed of intramuscular conduction. While the delay at the synapse or neuromuscular junction is typically brief (estimated to be approximately 1 msec) the exact duration can vary. Usually the latency is measured to the negative (upward) departure from baseline. If an initial positive departure is seen, the electrodes usually require repositioning, because it is likely that the recording electrode is over a muscle not innervated by the nerve being stimulated.


It must be stressed that a latency measurement without a standardized or recorded distance is meaningless. For example, if a patient has a large hand, the standard distance of 8 cm for median motor latency may not allow you to stimulate above the wrist. If you stimulate at 10 cm, but don't record that you stimulated at a distance of 10 cm, it will appear that the patient has slowing of the median nerve across the wrist, because it will take longer to travel a farther distance. Normal latencies are listed in Chapter 25, Tables of Normals.








Conduction Velocity


Conduction velocity is how fast the nerve is propagating an action potential. It can be calculated by the formula:


velocity=distance/time




[image: image]





As stated earlier, sensory nerves do not have a myoneural junction. Therefore, conduction velocity can be calculated directly by measuring the time it takes (in milliseconds) for the propagated action potential to travel the measured distance (in centimeters). Because motor nerves do conduct across a myoneural junction, the conduction velocity cannot be measured directly. Therefore, we use the formula:


velocity=change in distance/change in time




[image: image]





At least two sites must be stimulated. (The same nerve is stimulated both proximally and distally while recording over the same muscle.) The difference in distance from the two stimulation sites is then divided by the difference in latencies of the two action potentials obtained. Normal conduction velocities average above 50 m/sec in the upper extremities and above 40 m/sec in the lower extremities.














Amplitude


The amplitude of a CMAP represents the sum of the amplitudes of individual potentials. These individual potentials are generated by muscle fibers that are depolarized by nerve fiber axons of similar conduction velocities. The amplitude is therefore dependent on the integrity of the axons, the muscle fibers it depolarizes, and on the extent of variability of the conduction velocity of individual fibers. If some fibers are slow and others are fast, the action potential will be of longer duration (temporal dispersion) and lower amplitude (Fig. 4.5). When there is a CMAP with low amplitude, it is important to distinguish whether this is occurring because of temporal dispersion or is due to a decreased number of axons (Fig. 4.6). The total area under the curve gives a better indication of the number of axons or muscle fibers depolarized than the amplitude itself, especially in cases of temporal dispersion.
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