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THE popularity of neural blockade as a diagnostic tool
in painful conditions is due to several features especially
characteristic of chronic pain. Specifically, pain is
purely subjective, and the conditions are, in most cases,
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inexactly defined, with uncertain pathophysiology. So-
cial, emotional, financial, and legal factors compound
the complexity of chronic pain. To clarify these chal-
lenging clinical situations, diagnostic blocks are used to
determine the pathophysiology of clinical pain, the site
of nociception, and the pathway of afferent neural sig-
nals. Information gained from blocks may then be ap-
plied to the choice of medicines, therapeutic blocks,
or surgical therapy, and may also be used to anticipate
the response to neuroablative therapies.

However, the interpretation of even properly per-
formed procedures is rarely simple. Few blinded and
controlled studies exist that tested the use of these allur-
ing methods. There has been no critical examination of
the theoretic basis on which diagnostic blockade rests,
nor an evaluation of the published support for the diag-
nostic use of neural blockade. In the first part of this
review, physiologic, anatomic, and psychosocial issues
that influence the quality of information from diagnostic
blocks are examined. In the second section, data regard-
ing the diagnostic utility of the various blockade proce-
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dures are analyzed. No attempt is made to analyze the
evidence for therapeutic use of these blocks.

Neurophysiologic Issues

The diagnostic use of neural blockade rests on three
premises. First, pathology causing pain is located in an
exact peripheral location, and impulses from this site
travel via a unique and consistent neural route. Second,
injection of local anesthetic totally abolishes sensory
function of intended nerves and does not affect other
nerves. Third, relief of pain after local anesthetic block
is attributable solely to block of the target afferent neu-
ral pathway. The validity of these assumptions is limited
by complexities of anatomy, physiology, and psychol-
ogy of pain perception and the effect of local anesthe-
tics on impulse conduction.

Nociceptor Activity

Although pain perceived in somatic structures is gen-
erally associated with activation of nociceptors,' periph-
eral nerve activity associated with pain perception also
may arise from injured nerves independent of nocicep-
tor activity.”” Dorsal root ganglia of injured nerves par-
ticipate in abnormal impulse generation.” Blockade of
such nerves proximal to the injured segment but distal
to the dorsal root ganglion may not relieve pain if spon-
taneous activity continues at the level of the dorsal root
ganglion. This may lead to the false assumption that the
injured nerve is not responsible for the patient’s pain.

Nerve blocks are usually interpreted in terms of their
effect on afferent neural activity, but important efferent
traffic must be considered. Impulse generation arising
from an injured nerve fiber is likely to be propagated
both orthodromically toward the spinal cord and anti-
dromically toward the innervated tissues. For instance,
bursts of sural nerve activity are recorded during
straight leg raising in a patient with S-1 radiculopathy.”
Although not proved in all experimental models,” anti-
dromic activity from injured sensory nerves may cause
peripheral tissue release of substance P and perhaps
other substances, such as bradykinin, histamine, 5-HT —
prostaglandins that may change the threshold of noci-
ceptors by direct and indirect means.® Therefore, nerve
block distal to the primary site of nerve pathology may
alter pain perception by interrupting antidromic im-
pulses, contrary to the common assumption that axonal
function must be interrupted proximal to the area of
injury to provide relief. Peripheral blockade of the sci-
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atic nerve has been shown to provide profound relief
of pain for patients with documented lumbosacral radic-
ulopathy,”® perhaps by blocking antidromic impulses
that arise from the nerve root or dorsal root ganglion
and are propagated to the periphery, producing
changes in nociceptor sensitivity.”

Sympathetic Contributions

When sympathetic motor activity is blocked during
diagnostic procedures, such as with most peripheral
and central nerve blocks, sympathetic influences on
sensory mechanisms should be considered. Receptors
at the terminals of C fibers from an injured nerve be-
come excited during sympathetic stimulation or norepi-
nephrine application and show enhanced respon-
siveness to irritating stimuli.'’ At the site of the nerve
injury, sympathetic efferent impulses may depolarize
nociceptive afferent fibers (ephaptic transmission), po-
tentially producing both orthodromic and antidromic
activity. Increased sympathetic activity or high levels of
norepinephrine increase discharge rates of spontaneous
impulses arising from neuromas,'"'” and injection of
epinephrine in the vicinity of neuromas in patients with
pain aggravates pain."’

In uninjured tissues, it is well accepted that sympa-
thetic supply can modulate sensory responses,'* but the
role of this mechanism in producing pain is less certain.
Mechanoreceptor sensitivity is heightened by increases
in sympathetic discharge rates, and aberrant central pro-
cessing of these signals by sensitized wide dynamic
range (WDR) neurons in the dorsal horn may result in
the allodynia present in certain cases of reflex sympa-
thetic dystrophy.'* There is growing recognition of a
sympathetic component in the inflammatory response,
especially in joints."” Apart from its obvious peripheral
effects, some reports also have documented analgesia
by an undefined central mechanism after sympathetic
block.'*'” Pain relief after peripheral block may be due
to interruption of any of these efferent mechanisms
rather than somatic sensory fibers.

Spinal Processing

Whatever the contribution of receptor, neuropathic,
or sympathetic mechanisms, activity in nociceptive af-
ferent fibers is subject to further, variable processing
in the spinal cord. The balance between large and small
fiber inputs is an important determinant of the response
of dorsal horn neurons to noxious stimulation.'® Con-
ceivably, loss of large fiber activity after peripheral or
neuraxial blockade could increase dorsal horn cell activ-
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ity, particularly if there is preservation of C-fiber input,
producing a paradoxical increase in pain. Conversely,
it is likely that mechanical allodynia in neuropathic pain
states is conveyed by large fiber (A3) input.'” A diagnos-
tic block that interrupted small, but not large, fibers
could fail to relieve touch-evoked pain even if the re-
mainder of the extremity is insensitive to nociceptive
or thermal stimuli, whereas selective large fiber block
would create the opposite effects.*'

In addition to segmental influences on dorsal horn
function, descending pathways modulate the response
of spinal cord neurons to sensory stimuli.”* Because
these tracts lie superficially in the cord, they are suscep-
tible to blockade by intrathecally administered local an-
esthetics, possibly leading to disinhibition of nocicep-
tive transmission. The relative effect of the drug on
afferent pathways versus descending inhibitory tracts
would then determine the analgesic effect of a sub-
arachnoid block. Descending cerebral influences may
obscure findings during a diagnostic test by producing
analgesia in response to stress, independent of the spe-
cific nature of the block. Intense pain from the proce-
dure may diminish the perceived severity of the original
pain by stimulating descending inhibition of nocicep-
tive transmission (noxious counterirritation),” creating
the illusion that neural blockade directly relieved the
pain. Conversely, descending modulation may be stimu-
latory and produce pain independent of sensory input.
Dubner et al.** demonstrated, in primates, that nonpain-
ful signals (flashing light) can be associated with noci-
ceptive stimuli (heat probe) by conditioning with simul-
taneous presentation. Eventually, the light alone can
result in firing of secondary nociceptive neurons and
presumably the sensory experience of pain. In this set-
ting, diagnostic blocks that produce no relief may sug-
gest a diagnosis of malingering or psychiatric disease
when, in fact, descending influences are generating sen-
sory activity.

Convergence and Referred Pain

Many second-order neurons in the spinal cord re-
spond to a variety of input from primary afferents with
either visceral and somatic receptive fields, an example
of convergent input.”’ In other instances, convergence
is the result of primary afferent C-fibers that have both
visceral and cutaneous collaterals.”® When afferent in-
put arises from both somatic and visceral structures or
from separate somatic foci, the perception of pain may
depend on a level of combined neuronal activity from
both components. Interruption of one limb of the con-
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vergent inputs may be sufficient to provide complete
pain relief, leading to false assumptions about the

source of the pain. For instance, a patient with pain of

pancreatic cancer may have nociceptive inputs from
splanchnic nerves plus from myofascial pain in the para-
vertebral muscles. Infiltration of a painful trigger point
in the affected muscle may reduce the combined input
to a level below the pain threshold, and the mistaken
interpretation would be that the pain is entirely so-
matic, without any visceral source.

Plasticity

Sensory processing is not stable but depends on pre-
ceding events, a phenomenon called neuronal plastic-
ity. Small fiber (nociceptive) activity initiates a series
of events in the dorsal horn that leads to heightened
responsiveness of second-order neurons that are acti-
vated by noxious stimuli.”’ * Sensitization in response
to noxious stimulation is known to affect WDR neurons,
which ordinarily respond at very low firing rates to
nonnoxious inputs and at high firing rates to nociceptor
activity. After sensitization, these cells may respond to
nonnoxious stimuli at sufficiently high firing rates to
cause pain perception (allodynia). High-threshold spe-
cific neurons also may demonstrate sensitization.”” It
is impossible to predict responses to local anesthetic
blockade of afferent impulses under conditions of dor-
sal horn sensitization. Afferent blockade of conditioning
stimuli could lead to normalization of dorsal horn re-
sponsiveness and profound, prolonged relief. In other
circumstances, however, spinal sensitization might per-
sist independent of afferent activity, with little or no
change in pain.

Pain and abnormal sensation after injury is often found
in a distribution that is inconsistent with any nerve or
root, such as an entire limb or a stocking or glove pat-
tern, possibly leading to the diagnosis of psychoneuro-
sis rather than a neurologic condition. Injury to a single
peripheral nerve may, however, create allodynia in adja-
cent territories innervated by other nerves, due to al-
tered central processing of afferent signals from the
uninjured as well as injured nerve.’ Blockade of the
uninjured nerve will relieve pain within the borders of
its innervation. The likely but erroneous interpretation
would be that the blocked nerve had been injured,
which may lead to injection therapy or surgical neuroly-
sis. Analgesia may outlast the duration of local anesthe-
tic neural blockade by hours or days,*' leading to specu-
lation that pain is psychosomatic or factitious. Possibly,
a period of interruption of nociceptor activity may lead
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to temporary reversal of the sensitization of spinal cord
neurons. Once the peripheral generator recommences,
a period of hours or days may go by before sufficient
dorsal horn sensitization occurs to reestablish percep-
tion of pain.

Decreased afferent input also can lead to functional
changes in the dorsal horn. After periods of deafferenta-
tion, cells that respond to noxious stimulation become
hypersensitive to remaining afferent inputs, and their
receptive field may expand.’ Denervation may addi-
tionally produce sufficient sensitization of WDR neu-
rons that nonnoxious stimulation, including stimuli
from outside the original receptive field, can produce
pain. Blockade of such stimulation could falsely indicate
the site of pathology. Alternatively, blockade of an in-
jured nerve may not provide relief of pain and allodynia
if the receptive field of sensitized dorsal horn neurons
has spread beyond the distribution of the injured nerve,
again leading to the mistaken conclusion that the in-
jured nerve is not involved. Denervation of peripheral
afferent fibers has been shown to cause dramatic func-
tional changes in responses of WDR neurons in the
dorsal horn.*?

Conclusion

Current neurophysiologic evidence does not support
the direct inference of pathogenic mechanism, site, or
transmission pathway from observations during neural
blockade. Complex physiologic events may confound
the simple interpretation of diagnostic blocks.

Local Anesthetic Issues

Intensity of Blockade

Diagnostic and prognostic blocks are accomplished
by the action of local anesthetics on nerves. It has long
been recognized that neural blockade is not an all-or-
none response. For instance, analgesia is usually evident
earlier, and to a greater extent, than loss of perception
of mechanical stimuli after peripheral neural blockade.
If pain relief follows sympathetic blockade, lack of anes-
thesia to touch does not assure that pain relief is by
sympathetic interruption, because a subtle somatic
block could produce analgesia without anesthesia, re-
sulting in pain relief independent of a sympathetic
mechanism.”* In the opposite sense, apparent intense
blockade with complete insensitivity to touch and pain
is nonetheless not a complete afferent blockade, be-
cause studies of different types of blocks with various
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agents uniformly demonstrate incomplete elimination
of somatosensory potentials evoked by stimulation of
the anesthetized region.*” If pain continues after a diag-
nostic block, one cannot be certain that the injected
pathway is not involved, because neural blockade is
often not absolute.

The variable and partial nature of local anesthetic ef-
fects is also evident in blockade of efferent sympathetic
activity. Skin conduction responses, a manifestation of
sympathetic action at sweat glands, is often present in
areas of apparently complete somatic blockade,”® and
skin warming has been noted in the center of a truncal
band of segmental epidural anesthesia.”” During total
thoracolumbar epidural anesthesia, circulating norepi-
nephrine levels decrease by only approximately 60%°
or not at all,> which indicates persistent sympathetic
synaptic release. These considerations weaken the pre-
dictive value of sympathetic blocks, unless monitoring
confirms the loss of sympathetic activity in the affected
area concurrent with the onset of relief.

Differential Block

The variable effects of local anesthetics on fibers con-
veying different functions is termed differential block.
If it were possible to predict and control the neural
modalities that are blocked, disease mechanisms could
be discerned by selectively interrupting sympathetic or
somatic fibers. This goal has proved elusive, and the
physiologic mechanisms that result in differential ef-
fects of local anesthetics have been shown to be com-
plex.*® Most commonly cited is the importance of fiber
size,*' which predicts that small, nonmyelinated C fibers
are the most sensitive to local anesthetics, followed by
small myelinated B fibers, whereas large myelinated A
fibers are the most resistant. Despite the appealing sim-
plicity of this model, it has not withstood the test of
time. Further study* ** showed that the intrinsic sensi-
tivity of nerve fiber types to local anesthetics is probably
A = B > C. Problematic for the use of local anesthetics
in diagnosis, however, is the great range conduction
speed and, therefore, fiber size within a fiber type, and
the lack of correlation of size and necessary anesthetic
concentration for blockade (C,) within the group.***
The overlap of Cy between different groups ‘“‘appears
to negate any possibility of obtaining steady state differ-
ential interruption’” by local anesthetics."” Difference in
diffusion barriers of the various fiber types probably
explains a large part of clinically evident differential
effects.’® Despite the inherent greater resistance of C
fibers to blockade, they are exposed to a higher local
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anesthetic concentration early in the onset of the block
because of more rapid diffusion.”” Only an incompletely
selective differential block results from the different
rates of penetration, however, because partial A fiber
block has already occurred by the time C fiber activity
has been abolished.

To prevent conduction, at least three nodes of Ranvier
in succession must be blocked completely.*® If local
anesthetic is limited in longitude, large fibers with long
internodal distances may lack exposure to three nodes,
whereas smaller fibers have the necessary three nodes
exposed and are blocked. At concentrations that pro-
duce incomplete sodium channel blockade, the influ-
ence of exposure length extends several centimeters,
and C, is inversely related to exposed nerve length."
These phenomena dictate that anesthetic potency and
the degree of differential effects varies with the length
of nerve exposed, an added variable that is hard to
control.

Further subtle influences on local anesthetic action
may cloud the interpretation of diagnostic blocks. So-
dium channel closure by local anesthetics depends on
nerve use. The block that develops when the axon is
firing at very low rates (tonic block) is less intense than
the block that develops while the nerve is active (phasic
block). Local anesthetic will affect more completely
those fibers that are most active. The spectrum of anes-
thetic effects will, therefore, depend on the pattern of
activity of the subject’s various neuron types when the
diagnostic block is undertaken. Because the earliest per-
turbation of nerve function at very low anesthetic con-
centrations is prolongation of the latent interval for re-
firing,”” information encoded with bursts will be trans-
formed into a more uniform signal. By this means,
incomplete local anesthetic block may cause sensations
to change without terminating transmission.

We conclude that consideration of the subtle, com-
plex, and variable action of local anesthetics should
inspire caution in the interpretation of blocks.

Systematic Effects

Local anesthetic is absorbed from the site of injection
during diagnostic blockade, raising the question of a
systemic analgesic contribution. At local anesthetic
blood concentrations that are insufficient to produce
side effects in humans (e.g., 1-5 pg/ml lidocaine), there
is little or no appreciable effect on impulse conduction
in normal peripheral nerves’’ > or on cutaneous C-fiber
terminal function.’” Likewise, local anesthetics have lit-
tle or no analgesic effect in animal models of acute
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nociception.” However, there is considerable evidence
that systemically administered local anesthetics affect
spontaneous and mechanically stimulated impulse gen-
eration arising from injured nerves.’' >® Nontoxic doses
of systemic local anesthetics also depress spinal trans-
mission of nociceptive inputs,”””" but the principal ef-
fect of systemic local anesthetics on neuropathic pain
is peripheral.>

There have been several clinical reports of the efficacy
of intravenous lidocaine in patients with neuropathic
pain.’*>**°>% Whereas some cite very transient ef-
fects,”®”” others indicate analgesic effects that last sev-
eral days or longer.”*”® Doses of local anesthetic re-
quired to relieve neuropathic pain are generally 1-3
mg/kg. It would be unlikely, therefore, that a selective
nerve root block with 3 ml 1% lidocaine (30 mg) would
produce pain relief by a systemic effect. In contrast, a
lumbar sympathetic block using 15 ml 1% lidocaine
might relieve neuropathic pain at a location distant from
the site of injection.

Psychosocial Issues

Even though diagnostic blocks are motivated by a
desire to obtain specific, convincing data, the proce-
dure is also, inevitably, a complex social interaction.
Whereas the physician may seek pathophysiologic in-
formation, the patient may be looking for reassurance,
confirmation of their suspicions or proof to persuade
doubting family members, certification of their disabil-
ity for legal and financial reasons, or may simply wish
to please the physician. These purposes may enter into
the patient’s reporting. To diminish ambiguities created
by these psychosocial factors, a physician might choose
to inject a placebo, an inert substance with no known
pharmacodynamic effect. Interpretation of a favorable
response to a placebo is problematic. Patients obtain
relief from placebos administered during acute pain ap-
proximately one third of the time,”” but obtain relief
from chronic pain in approximately two thirds of cases
after administration of a placebo.®”®' For instance, in
patients with causalgia, 3 ml of subcutaneous normal
saline relieved spontaneous pain in 68% of patients, and
also relieved mechanically induced allodynia in 56% and
Tinel’s sign (a tingling sensation in the distal end of a
limb during percussion of the injured nerve) in 67%.
Probability of analgesia from a placebo is proportionate
to the intensity of pain.”® No personality features predict
a placebo response,”" individuals are not consistent in
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being responders or nonresponders, and most individu-
als will eventually respond to a placebo if administered
repeatedly.”” Placebo action may be as intense as the
active agent, usually mimics the active agent in dose -
response and time - effect relations,” and may develop
over as prolonged an interval as 60 min.””*® Injections,
like surgery, are especially potent placebos compared
with pills.® The same problems that accompany inten-
tional placebo use make it difficult to determine
whether analgesia after a diagnostic block with an ac-
tive agent is, nonetheless, a placebo response. The po-
tency and frequency of the placebo effect is underesti-
mated by the majority of physicians and nurses.””

Psychologic theory that explains placebo response
focuses on the subject’s expectations” and on condi-
tioning.”" In the context of diagnostic blocks, the expec-
tation of a favorable response may make analgesia more
likely. Most subjects can be trained to have a placebo
response,” and a placebo response is more likely if
the test with the active agent precedes the placebo
administration.” " It is evident that the physician’s con-
victions play a large role in generating placebo re-
sponses, and that, even in carefully blinded protocols,
unintended communication from the examiner to the
subject takes place.””” On a neurophysiologic level,
the placebo response is a demonstration of descending
modulation of nociception. Evidence of an opiate mech-
anism includes the antagonism of placebo analgesia
with naloxone,”®”” and documentation of increased ce-
rebrospinal fluid endogenous opioid activity after a pla-
cebo response, but not if there was no response.’”

Compelling evidence with regard to placebo re-
sponses leads to the conclusion that the ambiguity cre-
ated by these responses is a major impediment to the
valid use of neural blockade for diagnosis.

Anatomic Issues

The use of blocks for diagnosis and prognosis depends
on an assumption of anatomic consistency. Nerve struc-
tures are expected to be found in predictable places
and to have predictable connections, but there are im-
portant limitations to these assumptions. Most anatomic
parameters show variability about a norm.”” Surface and
palpation landmarks are unreliable indicators of deep
structures, which is borne out by a 50% accuracy in
guessing vertebral level of needle placement without
x-ray imaging.””®' In a variety of injection procedures,
accurate needle placement requires imaging.”"’ Ideal-
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ized textbook descriptions of anatomic structures hold
in only approximately 50-70% of actual subjects,” in-
cluding segmentation of vertebrae® and distribution of
nerve roots to the intervertebral foramina.**"
Separation of somatic input into a discernible segmen-
tal pattern is a fundamental concept that underlies many
diagnostic blocks. There is, however, variability in the
formation of segmental spinal nerves and their periph-
eral distribution. Multiple interconnections of adjacent
rootlets and roots are found within the dural sac in all
subjects, with between 3 and 9 such intersegmental
anastomoses at the upper cervical region and a similar
number at the lumbosacral level.*””’ The pattern of spi-
nal nerve contributions to the limb is highly inconsis-
tent. The distribution of spinal nerve root fibers to the
skin has been mapped using zoster eruptions, residual
sensation after sectioning the roots on either side of an
intact segment, absent sensation after root section or
anesthesia, vasodilatation during stimulation of roots,
or pain with nerve root compression and visceral dis-
ease.”’ The dermatome diagrams these methods pro-
duce show considerable disagreement, especially in the
extremities. Also, extensive overlap between consecu-
tive peripheral dermatomes is evident because the divi-
sion of an individual root rarely produces an appreciable
loss of sensibility.”* As a consequence, the sensory in-
nervation of a particular site cannot be assigned, with
certainty, to any segmental level, and sensory changes
after local anesthetic injections near the vertebral col-
umn are variable. There is also segmental inconsistency
in the motor innervation of the extremities. Marked
departure from the usual distribution of L5 and S1 motor
fibers is found in 16% of subjects,”® in whom stimulation
of a root produces movement typical of the other root.
Important differences in the peripheral distribution
of sympathetic motor fibers are relevant to diagnostic
blocks. Preganglionic axons originate only from the T1
through L2 segments. Fibers bound for tissues with cer-
vical or low lumbar and sacral somatic innervation are
deployed by the paravertebral chains. Therefore, seg-
mental neuraxial local anesthetic application will block
sympathetic innervation to different tissues than are
somatically denervated. For instance, a low spinal anes-
thetic may produce intense sensory block to the feet,
ankles, calves, and buttocks (low lumbar and sacral seg-
ments) without blocking preganglionic sympathetic fi-
bers to these areas that leave the cord in the L1 and L2
nerve roots. Sympathetic outflow is only weakly seg-
mental, due to the crossing of rami communicantes”
and extensive divergence of sympathetic activity in the
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ganglia. Efferent sympathetic fibers supplying a cuta-
neous region do not necessarily arrive by the same pe-
ripheral nerve as the sensory afferents supplying that
area. For instance, the radial aspect of the dorsum of
the hand receives sensory and sudomotor innervation
via the radial nerve, but receives vasomotor innervation
from the median nerve.” Similarly, the lateral aspect of
the foot may receive its sympathetic input from pero-
neal branches while transmitting sensory information
through the sural nerve.” We conclude, from the avail-
able studies, that the extent of sympathetic blockade
after regional anesthetic is poorly understood and diffi-
cult to predict.

Limited information is available with regard to the
patterns of visceral sensory connections. Visceral re-
ceptive fields are large and overlapping, and extensive
convergence of afferent traffic is evident at many central
nervous system levels.”® Most visceral pain travels
through sympathetic nerves, but afferents from the tho-
racic organs, the pancreas, and biliary tree ascend in
the phrenic nerve as well as passing to the thoracic
cord via medial branches of the sympathetic chain.
From the sigmoid colon, rectum, neck of the bladder,
prostate, and cervix of the uterus, most visceral afferent
fibers retrace the route of parasympathetic efferent neu-
rons, entering the cord in the posterior roots of S2-S4.
A few fibers from these organs ascend in the preverte-
bral plexuses to enter at L1-L2. Pain not relieved by
blocks of sympathetic pathways may still be visceral in
origin but transmitted by these nonsympathetic routes.

The role and even presence of nociceptive fibers from
the limbs that travel in sympathetic structures has been
debated.”” Lumbar sympathetic block prevents the
poorly localized dull ache during surgical manipulation
of the femoral vein or from lower extremity thrombo-
phlebitis.”” ' Surgical sympathectomy blocks re-
sponses to venous distension in canine lower extremit-
ies'’" and almost eliminates the aching and stinging pain
from cold exposure of human extremities.'”> Sympa-
thetic block also interrupts pain from mechanical stimu-
lation of the femoral medullary cavity.'” These observa-
tions indicate that afferent sensory impulses travel from
vascular structures in the extremities via sympathetic
pathways that, when blocked by diagnostic sympathetic
blockade, could be falsely interpreted as an indication
of an efferent sympathetic pathogenesis of pain.'*

Deep somatic pain from bones, joints, muscles, and
fascia shares many features of visceral pain, including
poor somatotopic localization, referred pain, and a gen-
eralized increase in central nervous system excitability
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with motor and autonomic reflexes.”” In addition, the
fibers from many deep somatic elements (costoverte-
bral joint, posterior and anterior longitudinal ligaments,
annular ligament of the intervertebral disc, and dura)
traverse the sympathetic rami and chain.'”>'% It is likely
that some pains relieved by sympathetic blocks are un-
related to sympathetic efferent activity (sympathetically
maintained pain) and, instead, are deep somatic pains
transmitted by sympathetic pathways.'"*

Evidence indicates that anatomic uncertainties with
regard to neural connections and structural variability
degrades the accuracy of diagnostic information ob-
tained by neural blockade.

Specific Procedures

Commonly used diagnostic blocks are discussed be-
low, with regard to the rationale behind the procedure,
including indications for the block. Limitations are re-
viewed, focusing on sources of error in interpreting
results from the injections. Studies of the diagnostic
utility of the procedure are then reviewed, with empha-
sis on documentation of success and measures of the
diagnostic value. Conclusions based on the available
evidence are then stated. Published reports for review
were obtained through Medline search of English lan-
guage articles and from reference lists in relevant arti-
cles and chapters. For brevity, not all articles included
in this review are listed in the references.

Clinical studies of the blocks are variable quality. Im-
portant considerations include entrance criteria, study
size, and the use of control subjects. The prevalence of
placebo responses in patients with pain greatly weak-
ens the relevance of studies in which no control sub-
jects or blinding was used. Where possible, neural
blockade tests are evaluated numerically, using standard
definitions."”” The importance of false-positive rate
(how often patients without a condition will nonethe-
less have a positive test) and false-negative rate (how
often a patient with disease will have a negative test
for it) is evident because they vary inversely with speci-
ficity and sensitivity, respectively (Table 1). For many
painful conditions, however, a credible standard to doc-
ument the disease for comparison with test results is
unavailable. At worst, the block under scrutiny may be
the defining gold standard. For these blocks, numerical
values for diagnostic efficacy are elusive. Many studies
for obvious ethical reasons obtain operative confirma-
tion of disease only in patients with positive results
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Table 1. Ratios Describing Efficacy of Tests

Disease Disease
Present Absent
Test positive a c
Test negative b d
Sensitivity (true-positive rate) a/(a + b)
False-positive rate c/(c + d)
Specificity (true-negative rate) = d/(c + d)
False-negative rate = b/(a + b)
Positive predictive value a/(a + c)
Negative predictive value = d/(b + d)

from the diagnostic block. A false-negative rate then is
unknown, and the false-positive rate, which requires
knowledge of true disease incidence in the entire
group, also cannot be calculated. From these studies,
only the positive predictive value (frequency of con-
firming disease in those with a positive test) can be
derived.

The proper interpretation of a positive test must take
into consideration the prevalence of the condition. For
example, a test with a 95% specificity rate will have a
positive result in 5% of healthy subjects. If the condition
being sought is rare (e.g., occurs in only 2% of the test
group ), false-positive responses will outnumber true-
positive tests, and the majority of positive results will
occur in subjects who actually are healthy.

Trigger Point Injection

Rationale. Myofascial pain syndrome is characterized
by pain associated with movement of affected muscles
and reproduction of pain with palpation of well local-
ized trigger points in the affected muscle.'” Myofascial
syndrome is commonly found in association with other
painful disorders, such as facet arthropathy or radicu-
lopathy, and it is often helpful to determine whether
a patient’s pain is predominantly myofascial, because
appropriate treatment may be very different if such is
the case. Reproduction of pain during injection into the
area and relief of pain after injection for the expected
duration of local anesthetic are used to indicate that
myofascial pain is at least partially responsible for the
patient’s pain. Other means of documenting myofascial
pain, such as electromyography, have not been proved
reliable.'””''” Muscle tenderness is also seen in fibro-
myalgia, which differs from myofascial pain syndrome
in that tender points in the muscle are much more
diffuse and numerous and usually symmetrical, and pal-
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pation generally produces local, but not referred, pain.'"’
Trigger point injections, particularly if repeated several
times, may have therapeutic benefit for myofascial pain
syndrome but are generally regarded as ineffective for
fibromyalgia.''* The predictable and selective destruc-
tion of mature myocytes by local anesthetic infiltration'"”’
might be the therapeutic mechanism of long-term re-
sponse to trigger point injection because it encourages
the growth of a new generation of myocytes.

Limitations. Undesired spread to adjacent nerves
should be considered in interpreting trigger point injec-
tions. Injection of the piriformis muscle is likely to have
some effect on the sciatic nerve, which either pene-
trates or passes deep to the muscle. Doubt regarding
the specificity of diagnosis by trigger point injection is
raised by reports showing comparable efficacy from less
specific techniques, such as needle insertion without
injection,""” and from jet injection of local anesthetic
into the skin that overlies trigger points.'"’

Conclusion. Controlled studies have not confirmed
the ability of intramuscular local anesthetic injection to
identify muscle or fascia as the pain source, although
the simplicity of the procedure for superficial muscles
iS persuasive.

Somatic Nerve Block

Rationale. A common reason to perform diagnostic
peripheral nerve blocks is to determine the likelihood
of success after surgical decompression or neurolysis
of a peripheral nerve. Diagnostic blocks also may be
performed before a planned peripheral nerve section,
neurolytic block, or cryoanalgesia lesion. Somatic nerve
block also may be used to predict outcome after decom-
pression of entrapment neuropathies such as of the
digital nerve (Morton’s neuroma), the median nerve in
the carpal tunnel, the tibial nerve in the tarsal tunnel,
and the ilioinguinal and iliohypogastric nerves after her-
niorrhaphy.

Limitations. Relief of pain after blockade of the ap-
propriate nerve does not necessarily confirm the diag-
nosis of neuropathy at that site. There may be a nocicep-
tive source of pain within the distribution of the
blocked nerve, or there may be a neuropathic source
of pain proximal to the site of block (e.g., radiculopathy
or plexopathy) that may be relieved by the procedure.”

Studies. The diagnostic use of injection of lidocaine
and steroid has been examined in patients suspected
to have carpal tunnel syndrome.''® The test identified
most patients with the disease, demonstrated subse-
quently at surgery (sensitivity rate 85%), but it indicated
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lack of carpal tunnel syndrome in only 38% of those
surgically negative (specificity). Even when peripheral
local anesthetic nerve block produces profound relief,
there is poor prediction of long-term relief after neu-
roablative procedures.'"”

Conclusion. Relief of the peripheral block may help
to predict response to neural decompression, but has
unproved prognostic value in predicting response to
neuroablation.

Visceral Nerve Block

Rationale. It may be helpful to distinguish whether
thoracic, abdominal, or pelvic pain is due to pathology
of visceral elements or somatic (body wall) structures.
If it can be established that pain is visceral in origin,
treatment may be directed toward exploration of ab-
dominal or pelvic organs or toward denervation of vis-
ceral structures if untreatable malignancy is the source
of the pain.

The celiac plexus or the splanchnic nerves proximal
to their joining the celiac plexus can be blocked when
it is unclear whether abdominal pain is of visceral ori-
gin, such as occurs with pancreatitis, distension of the
hepatic capsule, or cholecystitis, or of somatic origin,
as in the case of entrapment of an intercostal nerve or
pain of muscular origin. In such cases, it is helpful to
compare the response of celiac or splanchnic block
to that of intercostal block or local infiltration of the
abdominal wall and to that of placebo injection.

A prognostic celiac or splanchnic block may be per-
formed before neurolysis for treatment of pancreatic
cancer, because celiac plexus blocks may be relatively
ineffective when local tumor spread and resultant in-
flammation are extensive. Blockade of the afferent in-
nervation of the pelvic viscera by superior hypogastric
plexus block has been used mainly to predict the re-
sponse to subsequent neurolytic blockade.

Limitations. Systemic local anesthetic effects may
be especially important for these procedures, because
relatively large volumes are used. Such volumes also
may predispose to spread of anesthetic to somatic
nerves.

Conclusion. Despite the lack of studies documenting
prognostic benefits of visceral blocks, it would seem
prudent not to pursue neuroablative techniques in the
absence of relief from local anesthetics.

Sacroiliac Injection

Rationale. It is probable that the sacroiliac joint can
be the source of acute or chronic pain, because the
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joint is well innervated.''® Stimulation by injection of

radiographic contrast into the joint in subjects without
complaints of back pain produces pain in the immediate
area, often also in the surrounding gluteal area, and
occasionally into the posterior thigh and knee.""” Diag-
nostic criteria for determining a sacroiliac origin of low
back pain are uncertain. Gaenslen’s maneuver (provoca-
tion of pain in a diseased sacroiliac joint by hyperexten-
sion of a hip over the side of the bed while a prone
patient holds their hip and knee flexed) or compression
of the apex of the sacrum with the patient prone on a
firm surface may reproduce the pain, but the specificity
of this test in unknown. Other physical examination
maneuvers frequently indicate disease in asymptomatic
individuals.'*’ Typically, there is tenderness over the
sacrum just medial to the posterior superior iliac spines.
Computed tomography (CT) scans of the joint may
show erosions, narrowing of the cartilaginous portion
of the joint, and bony sclerosis of the adjacent ilium.
However, the normal anatomy of the joint shows asym-
metry of cartilage thickness (thinner on the iliac side)
and cartilage-covered irregularities in the bony surfaces
that interlock with reciprocal depressions on the oppo-
site surface, enhancing joint stability.'*' Such changes
are more prominent in men, and, with age, there is a
predictable thickening of the capsule, roughening of
the cartilage, and growth of marginal osteophytes.'**
For these reasons, it is often difficult to identify patho-
logic changes in sacroiliac joints and the extent of the
sacroiliac contribution to back pain.

Local anesthetic injection of the sacroiliac joint is used
to test whether the joint is a source of low back pain,
particularly when diffuse degenerative disease involving
the lumbosacral spine is present. It is thought, by some
clinicians, that local anesthetic injections of the joint
may have some value in predicting response to intraarti-
cular steroid injections.

Limitations. Because of the great interindividual vari-
ability in size and contour of sacroiliac joints,'** and the
inaccessibility of the joint line, it is probable that nee-
dles inserted without x-ray assistance usually fail to en-
ter the joint space and are actually injections into the
fibrous structures well outside the joint. If the proce-
dure is done under fluoroscopic or CT control, the infe-
rior extent of the joint can be identified and the joint
space itself may be entered.''”'** Without radiographic
guidance, there is no means to confirm accurate deliv-
ery of local anesthetic. When imaging is used to docu-
ment the intraarticular spread of injectate, intraarticular
placement is found to be reliable."" It is not clear
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whether intraarticular spread is necessary to achieve
efficacy. Pain relief after injection may actually be re-
lated to infiltration of sacroiliac ligament or sacrospina-
lis muscle with anesthetic and give the incorrect impres-
sion that the joint is the pain source.

Studies. Follow-up of a series of 35 patients treated
with sacroiliac joint injections (Reynolds AR, Abram
SE: unpublished data, 1984) showed that 28 patients
experienced transient relief with local anesthetic and
were given injections of triamcinolone diacetate. Of
the 20 patients followed long-term, 7 had persistent
improvement in symptoms (relief of 75% of pain or
better) at the end of 6 months. There are no prospective
or controlled evaluations of the technique, and no data
that indicate the sensitivity or specificity of sacroiliac
injection as a means of diagnosing the joint as a source
of pain.

Conclusion. Analgesia after sacroiliac injection with
local anesthetic may be helpful to differentiate sacroil-
iac arthropathy from facet disease, myofascial pain, or
disc disease, although this is unproved.

Facet Blockade

Rationale. The zygapophyseal (facet) joints are
paired diarthrodial articulations between the posterior
elements of adjacent vertebrae that determine the rela-
tive motions of the adjacent vertebrae. Rudimentary
fibroadipose menisci and synovial folds cushion the su-
perior and inferior poles of the lumbar zygapophyseal
joints,'** but, with age, these typically disappear, and
the cartilage on the joint surfaces thins."'”

The medial branch of the dorsal primary ramus of the
spinal nerve supplies the facet joint and the supraspi-
nous and interspinous ligaments. Of these, only the
facet joint capsule is consistently found to be well inner-
vated by nociceptive fibers that also penetrate the cap-
sule and supply the synovial folds.'*® Each facet joint
receives branches from the spinal nerves that exit the
vertebral canal through the adjacent intervertebral fora-
men and from the foramen one segment above.'”"'**

Injection of hypertonic saline into or around the lum-
bar facet joint capsule produces pain in the back, but-
tocks, and proximal thigh.'* Physiologic recordings in
laboratory animals have documented mechanorecep-
tive sensory fields in facet joints.'* Distension of normal
cervical facet joint capsules produces unilateral pain
referred to occipital and upper neck regions for the
atlanto-occipital, atlanto-axial, and C2/3 joints and scap-
ular pain from joint C6/7."%""'3? Substance P, a neuropep-
tide characteristic of nociceptive neurons, is found in
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facet capsule neurons,'*”* which also supports the con-
cept that the facet joints are a source of pain. Rotation
and extension between two adjacent vertebrae in-
creases facet stress, as does loss of disc height,"*" all of
which may be stimuli for facet pain. Facet menisci are
innervated by small myelinated nerves,'”” in which sub-
stance P is present'’ but rare."”” An entrapment syn-
drome involving the facet menisci has been pro-
posed,'*" but there is no clear evidence to implicate
this in the production of back pain.

The site of origin of nonradicular back and neck pain
almost always poses a diagnostic dilemma. In addition
to the facet joints, other structures in the vertebral col-
umn are also richly innervated, such as the posterior
and anterior longitudinal ligaments, annular ligament of
the intervertebral disc, anterior dura mater, and the
costovertebral joints.'*®* """ Stimulation of these other
vertebral elements by injection or during surgery in
awake patients with local anesthesia evokes pain in the
back, hip, and buttock indistinguishable from pain pro-
duced by facet irritation.'"' """ Pain can occur in the
absence of changes on plane radiographs of the verte-
bral column. Computed tomographic imaging is more
sensitive, but degenerative facet arthritis is also seen in
10% of asymptomatic patients,'*” making the benefit of
imaging uncertain. Although the value of bone scan is
unproved, a positive finding may support the diagnosis
of facet arthropathy and may direct attention to a partic-
ular joint. Because there is no specific pathognemonic
finding'*® or test, the clinical criteria for making the
diagnosis of facet pain remain undefined. Therefore,
diagnostic injections are often performed to help indi-
cate the contribution of the facet.

Facet blockade is achieved either by injection of local
anesthetic into the joint space or around the medial
branch of the posterior primary rami of the spinal
nerves that innervate the joint. After joint injection, the
patient’s pain can be attributed to the facet if: (1) the
pain produced by needling is similar to the usual pain,
(2) pain relief is noted in response to local anesthetic
injection, and (3) sensory examination shows no evi-
dence of segmental spinal nerve block.

Limitations. There is no physiologic means to test
the adequacy of facet blocks. There is no cutaneous
innervation of the nerves to the joints, so adequacy of
the block cannot be confirmed by superficial examina-
tion after medial branch blockade. Provocative stimuli
of the joint, such as mechanical or chemical irritation,
could be repeated after intraarticular injection of medial
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nerve block to check adequacy of denervation, but this

has not been investigated.

The use of facet or medial branch injections for diag-
nosis relies on the assumption that facets are a source
of pain. This premise is accepted by most authorities,
although the frequency of this as the primary element
producing a patient’s pain is debated. Disc degeneration
is present in all cases of lumbar facet disease evident
by CT or magnetic resonance imaging.""” Disc disease
identified by discography was present in 64% of patients
with a positive cervical medial branch test for facet
joint disease.'"® Pathologic changes in facets are a com-
mon cause of injury to nerve roots,'* and may irritate
afferents on the posterolateral aspect of the disc. These
other disease processes could, therefore, be the cause
of pain in patients with incidental abnormalities of the
facet, or at least contribute to a condition more com-
plex than purely a facet origin of pain. Because there
is no histopathologic or imaging standard,'” the fre-
quency of pain from the facet per se has been estimated
only by relief in response to injections. This inevitably
involves circular logic, but yields a positive indication
of cervical facet etiology in unselected patients with
posttraumatic neck pain of approximately 70% (range
63%-100%)."** "'~ '> In subjects clinically suspected of
having lumbar facet pain, confirmation by relief after
injection ranges from 16% to 94%."*~"° In a noncon-
trolled and nonblinded study of patients with chronic
low back pain without radiculopathy, 25% of those as-
signed to receive medial branch nerve blockade of a
randomly chosen joint had immediate relief, and 38%
had relief after injection into the suspected joint.'®
These rates are similar to the frequency of placebo re-
sponse. Total absence of pain after injection of local
anesthetic into the lumbar facets is much less common.,
occurring in only approximately 7% of patients with
back pain."”>'°" It is reasonable to conclude that, in
many study groups, the facets are an origin of at least
part of the patients’ pain, but rarely the unique or major

source.

Mechanical irritation of the joint capsule during facet
injection may produce discomfort resembling the pa-
tient’s typical pain. Because cervical"“'® and lum-
bar'#? 12110219 facet stimulation produces broadly over-
lapping areas of pain distribution, even into the distal
extremity, this is not a strong indicator of pain origin.
Patients in whom usual pain is recreated by facet stimu-
lation are not necessarily the same patients in whom
local anesthetic in the joint relieve pain,'® and there is
a poor correlation between pain provocation and relief
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from local anesthetic injection.'®" In one study,"” 31%
of patients with a positive response to pain provocation
failed to have relief after anesthetic injection into that
lumbar facet, and 40% that had relief from injection
had not had typical pain during needle stimulation or
distension of the facet capsule with contrast.
The specificity of facet denervation depends on lim-
iting anesthetic spread to the target site — either the
joint space or nerves to the joint. Detailed sensory and
motor testing after these blocks has not been reported.
The facet joints are not capacious. Rupture during in-
traarticular injection has been identified after injection
of more than 1 ml into cervical facets'® and after most
lumbar injections,"”®'** and has been demonstrated in
cadaver facet injections."”” Because joint capsule rup-
ture spills local anesthetic into neighboring tissues, pain
relieved by facet injection could originate in other struc-
tures, such as muscle, periosteum, and ligaments. Pas-
sage of anesthetic into the epidural space or interverte-
bral foramen, which occurs routinely with capsule rup-
ture, "' could interrupt nociception from sensitive
structures in the vertebral canal, such as anterior dura
and posterior longitudinal ligament, or from any distal
site by effects on afferent fibers in the spinal roots. Of
patients with clinical indications of lumbar facet pain,
18% were found to have spondylolysis,'®” a defect in
the vertebral arch due to chronic stress. With this condi-
tion, intraarticular facet injection is consistently fol-
lowed by spread of solution into the epidural space and
to adjacent and contralateral facets, and even laterally
along a spinal nerve,'*” limiting specificity of the test.
Blockade of medial branches not only denervates the
joints they supply but also the muscles, ligaments, and
periosteum into which they ramify. Sources of pain in
these alternative sites will be relieved by medial branch
block. Fluid distribution during cervical medial branch
block is variable, with the area of consistent coverage
being a small subset of the area into which spread may
be observed. Injectate, however, does not travel to ante-
rior primary rami or to medial branches of adjacent
posterior rami."”* Because each medial branch supplies
parts of two facets, complete denervation of one facet
requires partial blockade of the facet above and below.
Therefore, relief from the blocks cannot distinguish be-
tween pain originating at any of the three. Because
medial nerve blockade more accurately simulates the
effect of radiofrequency denervation than does intraarti-
cular injection, it is the appropriate diagnostic test be-
fore that procedure.
Reproducibility of the test is not high. In one study,

202 ludy 60 U0 1senb Aq Jpd9z000-00040.66-27S0000/LESSIE/942/1/98/4Pd-8loE/ABO0ISBYISBUE/WOD IIBYDIBA|IS ZBSE//:dRY WOY papeojumog




DIAGNOSTIC BLOCK

227

facet injections in 176 patients with low back pain pro-
duced relief in 83 (47%), but a repeat injection was
positive in only 26 (31%) of the 83.'°® This indicates
either a strong placebo component or subtle technical
difficulties that cannot be controlled. The authors of
this study claim that the second injection determines
which of the responders to the initial injections were
true positives, and not placebos. This logic apparently
dismisses another possible explanation that the two
time-positive responders may have been placebo re-
sponders each time. Even when relief is found during
repeated diagnostic injections, there is no feature of the
patients’ histories of physical examinations that corre-
late with a positive diagnosis by this more demanding
criterion,'®” drawing the relevance of blocks into uncer-
tainty.

Studies. Validation of the use of intraarticular and
medial branch injections to document facet pain re-
quires demonstration that: (1) the injections, as de-
scribed, are effective in denervating the joint, and (2)
such denervation can be used to distinguish between
various sources of back pain. No means has been de-
scribed to test the adequacy of facet denervation, so
success rates have not been determined. Relief of pain
in patients with presumed facet arthropathy is not a
suitable test of physiologic blockade success. Because
the diagnosis of a painful facet relies on injections for
confirmation, evidence for either is circular. Inability
to directly confirm that the block is successful and that
the joint is denervated weakens the diagnostic use of
facet and medial nerve injections.

Failure to enter the joint during attempted intraarticu-
lar injection has been reported in 16-38% of lumbar
injections'>>"" and 44% of cervical facet injections.'”
To a degree, cervical medial branch block has been
validated by comparison to intraarticular injection; all
of seven patients who were relieved by blockade of the
branches innervating a joint had relief after intraarticu-
lar injection of that joint on a different occasion, al-
though as much as 2 ml of local anesthetic was injected
into the joint."”®

Because no standard to confirm facet pain is available
for correlation with block findings, the ability of facet
blocks to validly distinguish the source of back pain has
not been established. In addition, the clinical usefulness
of facet blocks is drawn into question by several find-
ings. In general, a facet etiology is identified infre-
quently when small intraarticular injectate volumes are
used.” "> This means that either larger (more than 1.5
ml) volumes are necessary for adequate intraarticular
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block, or, more likely, that large volume injections
block pain from sources other than the facet. The only
studies with control subjects also raise doubts. In one,
local anesthetic resulted in relief in 54% of patients
with back pain, but 43% of these responders also were
relieved by injection of a randomly chosen uninvolved
facet joint.">* A controlled trial that examined improve-
ment 1 h after injection found no difference in groups
that had local anesthetic injected into the joints, outside
the joints, or normal saline injected into the joints."'”
In a study in which researchers compared duration of
analgesia after cervical medial branch blocks on two
different occasions to determine a false positive rate,
27% either had a duration of analgesia longer for lido-
caine than for bupivacaine or no analgesia at all on the
second injection.'”” The only study that was controlled
and blinded showed no difference in pain relief be-
tween intraarticular lidocaine or saline injection.'®'

Long-term benefit may follow intraarticular zygapo-
physeal joint injection, especially if steroid is included.
Steroid injected into the lumbar facet joints produces
significant relief, outlasting the local anesthetic in 30 -
54% of groups of selected patients with back
pain.">>"#7%171 The use of local anesthetic injection
to predict response to steroids is uncertain. The only
blinded trial of facet steroid injection found that the
completeness of response to local anesthetic did not
predict the degree of steroid effect."” Another study
found no benefit from cervical facet steroid injection,
even though the same patients experienced complete
relief from local anesthetic."”' Steroid injection is proba-
bly appropriate during a diagnostic injection study be-
cause the additional risk of injecting the steroid after
the needle is already in place is minimal.

Insufficient data are available with regard to the ability
of facet blocks to predict the response to surgical or
neuroablative therapy. Radiofrequency facet denerva-
tion failed to benefit 36% of patients who had excellent
relief from intraarticular injection.'®® In another re-
port,'” the positive predictive value of relief after local
anesthetic block of the lumbar medial branch of the
posterior primary ramus was 0.45 in anticipating suc-
cess from radiofrequency denervation (45% of block
successes also were radiofrequency successes). Speci-
ficity and sensitivity cannot be determined because radi-
ofrequency surgery was not performed if blocks pro-
vided less than moderate relief. Relief after facet injec-
tion has been examined as a prognostic indicator for
response to posterolateral lumbosacral fusions,'”™ but
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block results did not accurately predict surgical out-
come.

Conclusion. Injections intended to block afferents
from facet joints have been found useful by a number
of authors. However, the literature on the topic is from
its relatively few advocates. Also, the inability to con-
firm success of a block and the lack of convincing evi-
dence for efficacy and diagnostic specificity of these
techniques dictates that findings should be interpreted
cautiously.

Selective Spinal Nerve Injection

Rationale. In complicated patients with radiculopa-
thy, the contribution of root inflammation to pain may
not be certain, or the level of the pathology may be
unclear. Imaging by CT or magnetic resonance and elec-
trophysiologic evaluation by electromyography may be
inconsistent or may not fit with clinical findings. Fre-
quent positive findings in imaging of asymptomatic sub-
jects'™'” demonstrates the inability of abnormal anat-
omy to indicate a pain source. A further cause of confu-
sion is the presence of pathology at multiple levels,
because the origin of pain may be any one or a combina-
tion of sites, as is also true when upper lumbar pathol-
ogy coexists with hip joint disease. Finally, evaluation
is especially difficult after laminectomy, because im-
aging is impeded by scar tissue in the epidural space.

Injection of individual spinal nerves by a paravertebral
approach (also termed foraminal injection, and mistak-
enly referred to as nerve root injection), usually at lum-
bar levels, has been used to elucidate the mechanism
and source of pain in these unclear situations. The
premise is that needle contact will identify the nerve
that produces the patient’s characteristic pain and that
local anesthetic delivered to the pathogenic nerve will
be uniquely analgesic. A test is considered positive for
a given nerve if needle contact produces pain similar
to the patient’s usual pain, and if relief follows local
anesthetic injection, including lack of pain during ma-
neuvers that produced pain before the block, such as
straight leg lift or walking. Advocates point out that
selective spinal nerve block, as with facet injection,
tests pain production mechanisms dynamically rather
than simply displaying anatomic abnormalities that may
or may not produce pain. Often, this method is used
for surgical planning, such as determining the site of
foraminotomy.

Limitations. Without radiographic guidance, diag-
nostic accuracy can be expected to suffer from inability
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to select the proper level and confirm needle placement
at the intervertebral foramen.

The pain provocation portion of the spinal nerve in-
jection test examines pain quality and distribution. Du-
plication of the typical quality of the pain as a criterion
is supported by the demonstration that inflamed nerves
are more manipulation than normal
nerves.'"” The distribution of the evoked sensation is
less certain to be reliable. Because pain with the stimula-
tion of different roots produces overlapping areas of
radiation,'* these patterns may not distinguish the in-
volved root from adjacent ones.

Successful neural interruption must be confirmed by
means other than pain relief before attributing relief to
the block. However, it is not clear that anesthetizing a
single spinal nerve should produce discernible periph-
eral sensory changes. Isolated monoradiculopathy is
commonly associated with numbness, but this patho-
logic condition is probably more complex than just seg-
mental nerve and probably includes
changes in central connections.'® In one study, selec-
tive spinal nerve injection reliably produced peripheral
sensory changes in dermatome mapping studies, but 2
ml of anesthetic was injected, raising the question of
spread to adjacent levels.'”” Because surgical division
of a single root produces no loss of cutaneous sensa-
tion,” it remains uncertain whether cutaneous sensory
monitoring can accurately indicate the presence or ab-
sence of selective spinal nerve block. No other methods
of determining block success, such as thermography or
somatosensory-evoked potentials, have been examined.

Pain relief with blockade of a spinal nerve cannot
distinguish between pathology of the proximal nerve
in the intervertebral foramen or pain transmitted from
distal sites by that nerve. Tissue injury in the nerve’s
distribution and neuropathic pain alike would be re-
lieved by a proximal block of a nerve. The ability of
injection to block vertebral pain without blocking hip
pain has not been demonstrated. The accuracy of spinal
nerve block depends on limiting spread of anesthetic
to the selected nerve alone. Flow into the intervertebral
foramen and epidural space is commonly observed and
definitely compromises this assumption.' ™ '’ Not only
will this block pain transmitted by the sinuvertebral
nerve from the dura, posterior longtitudinal ligament,
and annular ligament of the disc, but any spread via the
epidural space to other segmental levels could produce
misleading results. For instance, injection of a normal
S1 with spread to an inflamed L5 could produce relief,
with the responsible nerve assumed to be S1. For this

sensitive to

dysfunction,
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reason, this test should not be used outside the context
of thorough overall evaluation.

Studies. The frequency of successful spinal nerve
blockade has not been determined. In no studies using
spinal nerve block for diagnosis were cutaneous sensory
changes examined. Satisfactory needle placement could
not be achieved in 10% of patients at L4, 15% at L5,
and 30% at S1.'” In another report, 18% of tests failed
because of pain that exceeded the patient’s tolerance
or failure to stimulate the desired root, most often at
51 ! 181

In several retrospective studies, researchers investi-
gated the ability of selective spinal nerve blocks to diag-
nose disease and predict surgical outcome. The positive
predictive value (fraction of patients with injections
that indicate radiculopathy in whom surgery confirmed
radicular pathology at the level indicated by the test)
ranged from 87% to 100%."7%'7” 81182 The negative pre-
dictive value (percent of patients with a negative injec-
tion test and confirmed at surgery to have normal nerve
roots) is poorly studied, because few patients had sur-
gery in the negative test groups; negative predictive
values were 27% and 38% of the small number of pa-
tients operated on despite a negative test.'”®'”” Only
one prospective study has appeared, which showed a
positive predictive value of 95% and an untested nega-
tive predictive value.'® Sensitivity and specificity can-
not be determined from these studies because of the
unknown disease incidence in the complete group. In
general, the accuracy of nerve blocks is better than
imaging or electromyography.'”®'® No control subjects
were used in these studies, and the use of cervical diag-
nostic spinal nerve injections has not been examined
formally.

A recent retrospective report  attempted to predict
surgical outcome by evaluating pain relief in response
to steroid injection at the spinal nerve. Most patients
were tested with selective spinal nerve blocks, but 20%
received epidural injection, and patients whose pain
was not relieved by local anesthetic were not included
in the steroid test. All patients had surgery regardless of
test outcome, so complete outcome data are available.
False-positive rate (percent of failed surgery who had
favorable response to injection) was 5%, and false-nega-
tive rate (percent of surgical successes who had no
response to steroid) was 35%, indicating that patients
unlikely to benefit from surgery can be identified reli-
ably by failing to respond to steroid, but some who
would benefit from surgery will be missed by this test.
In patients with pain lasting longer than 1 yr, however,
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nearly all patients who would benefit from surgery were
identified by their response to steroid (false-negative
rate of 15%).

Studies repeatedly demonstrated that pain relief by
paravertebral spinal nerve injection does not predict
success by neuroablative surgery, either by dorsal rhi-
zotomy'*"'"® or dorsal root ganglionectomy.'*

Conclusion. Spinal nerve injection is often used to
plan decompressive surgery on complicated patients.
However, the accuracy of this diagnostic information
has not been proved by controlled and blinded studies.
No role has been demonstrated for these blocks in eval-
uating patients for neuroablative procedures.

Greater Occipital Nerve Block

Rationale. The greater occipital nerve is the continu-
ation of the medial branch of the posterior primary
ramus of the C2 spinal nerve, which distributes cuta-
neous sensory fibers to the scalp as far rostral as the
vertex. Several theories have proposed involvement of
the C2 spinal and greater occipital nerves in production
of headache. Initial analysis suggested that the origin of
the spinal nerve or the posterior root ganglion may be
pinched between the atlas and axis by extension and
rotation."” Further research proved that this is mechan-
ically unlikely.'®*'®” A more popular theory invokes irri-
tation of the greater occipital nerve as it penetrates
muscle layers. The passage through the muscular por-
tion of the semispinalis capitus is rarely restricted, but
the aperture through the trapezius is by a nondistensi-
ble channel that typically deforms the nerve.'”” Entrap-
ment here may be the origin of nerve irritation that
initiates neuralgic pain.

Greater occipital neuralgia and cervical facet arthropa-
thy are putative sources of cervicogenic headache,
which is clinically distinguished from migraine and ten-
sion-type headaches by unilateral pain, symptoms and
signs of neck involvement (ipsilateral neck, shoulder
or arm pain; tenderness or postural pain in the neck;
decreased range of neck motion), nonclustering moder-
ate pain that throbs and spreads forward from the neck,
and a history of head or neck trauma.'”"'”* Transient
elimination of pain by greater occipital nerve block is
used as a key criterion in the evaluation of cervicogenic
headache."”"

Limitations. Selective blockade of the nerve at the
proposed pathogenic site requires injection where it
penetrates through the trapezius, but the site shows
marked interindividual variability."”"'”* Effective block
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is confirmed when anesthesia develops in the distribu-
tion of the nerve.

Cervicogenic headache is a poorly documented en-
tity'”* with no consistent histopathologic or radiologic
findings.'” The typical lack of sensory deficit in the
area of distribution of the greater occipital nerve does
not support a neuropathic mechanism.'® Alternatively,
it is possible that pain radiating in the distribution of
the greater occipital nerve represents converging deep
somatic input from the lateral atlanto-axial joint, which
is innervated by the C2 anterior ramus,'® or from irrita-
tion of suboccipital muscles and periosteum, which has
been shown to produce ascending headache.'”

Because all the proposed pathophysiologies of cervi-
cogenic headache are unproved, the meaning of block-
ade responses do not rest on a solid mechanistic base.
Therefore, no defined process has been proved when
relief follows greater occipital nerve block. Also, the
therapeutic plan is not well defined after a favorable
response to test injections. There are no data on the
use of this block for treatment, and the surgical therapy
for presumed greater occipital neuralgia has not been
promising.'””'”® Favorable responses to radiofrequency
lesions of the greater occipital nerve have been
claimed.'” Patients who had pain relief after bilateral
greater occipital nerve block with 10-15 ml of local
anesthetic on each side received heat lesions to the
nerves during general anesthesia. Although good-to-ex-
cellent relief was reported in 85% of cases, neural inter-
ruption was not documented, and there were no con-
trol subjects.

Studies. No information is available regarding rates
of successful greater occipital nerve blockade. The abil-
ity of the block to identify patients with disease is ham-
pered by inexact definition of cervicogenic headache
and no means of confirmation. Most studies, as well as
the definition of the condition, come from a single
group of authors. In one report,”” patients clinically
categorized as having migraine, cervicogenic, or ten-
sion-type headaches were tested with greater occipital
and supraorbital nerve blocks, the latter as control sub-
jects. Cervicogenic headache patients were most re-
lieved by occipital injection. However, supraorbital
block also produced relief (about half as much, and not
selective for cervicogenic patients), and the two blocks
relieved pain at the other poles of the head. Although
this calls into question the basis of relief, a mechanism
is offered in which sensory tracts converge on common
upper cord and brain stem centers.”’' In another re-
port,'”* the ability of greater occipital nerve block (con-
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firmed successful by sensory examination) to provide
relief was compared with selective blocks of cervical
spinal nerves and the C2/3 facet in patients with symp-
toms of cervicogenic headache. The patterns of re-
sponses were thought to discriminate between various
origins of pain, but analgesia, to some degree, followed
most blocks.

Conclusion. The anatomy of the greater occipital
nerve is well defined and the block easily confirmed,
but the diagnostic meaning of a favorable response is
clouded by the lack of pathophysiologic understanding
of cervicogenic headache.

Selective Sympathetic Blockade

Rationale. Sympathetic efferent activity is a sus-
pected pathogenic component in a number of condi-
tions. In some, such as hyperhidrosis, the participation
of sympathetic fibers is well documented. In other dis-
eases, such as sudden sensory-neural hearing loss, pe-
ripheral vascular disease, dysrhythmia from long-QT
syndrome, central pain,'® pain after plexus injury, and
trigeminal or postherpetic neuralgia,*’* the diagnosis is
clear but the role of sympathetic activity is uncertain
and controversial. Finally, in a large category of poorly
defined pain states that are grouped under the terms
reflex sympathetic dystrophy or causalgia, a sympa-
thetic contribution is suspected because blood flow and
trophic changes are evident, but the pathophysiology
is largely obscure. In these settings, selective interrup-
tion of sympathetic neural traffic to the involved area
may provide diagnostic insight and guide future ther-
apy. If blockade relieves pain, indicated therapies might
include further local anesthetic blocks, systemic treat-
ment with sympathetically active drugs (e.g., clonidine
and prazosin), or destructive therapy with neurolytic
injection or surgery. Failure of relief after sympathetic
blockade would argue against the use of these treat-
ments.

Limitations. Sympathetic denervation in the area of
disease is evident by sudomotor, vasomotor, and ocular
changes. Many measures have been used to judge the
efficacy of sympathetic blockade, although none has
become an accepted standard. Horner’s syndrome is
easily observed but documents only blockade of sympa-
thetic fibers to the head. Skin resistance (sympathogal-
vanic) response’’**”* and pulse amplitude changes®”’
are difficult to quantify. Microneurography*” is direct
but invasive and requires elaborate equipment and ex-
pertise, as does laser skin blood flow measurement.*"
Sweat testing®”” is cumbersome, time censuming, and

.
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not well accepted by patients, and, therefore, not
widely used. Most common is the measurement of skin
temperature by thermography or contact thermometry.
A temperature increase of 1.0-3.0° C is typically
used”****” as a threshold to confirm the onset of sympa-
thetic blockade, but the method is ineffective if skin is
warm at the outset of a block.

Although local anesthetic blockade of sympathetic ac-
tivity to the extremities produces vasodilatation, vaso-
constriction follows segmental block of sympathetic fi-
bers to the trunk,”” possibly by blockade of sympathetic
vasodilator fibers.”'’ Skin temperature in pathologic
conditions is controlled by a balance between sympa-
thetic vasoconstriction from norepinephrine release
and vasodilatation from release of vasoactive peptides
from C nociceptors during antidromic activity.*'' Tem-
perature change in the field of a blocked peripheral
nerve will depend on the relative contribution of these
opposing systems. From the available information, it is
apparent that completeness of sympathetic block may
depend on the monitored parameter chosen.

The cervical trunk may be blocked independent of
the stellate ganglion or fibers to the brachial plexus, so
occurrence of ptosis, meiosis, facial anhydrosis, con-
junctival hyperemia, or nasal stuffiness does not assure
sympathetic block of fibers to the arm. Stellate, tho-
racic, or lumbar sympathetic injections that produce no
measurable evidence of sympathetic blockade cannot
reveal disease pathophysiology, regardless of the re-
sponse of pain.

Stellate ganglion injection may fail to produce sympa-
thetic denervation for several reasons. Alternative
routes allow sympathetic fibers to reach peripheral sites
without transit through the stellate ganglion. These in-
clude passage in the nerves of Kuntz from the second
and third intercostal nerves to the brachial plexus,*'**"?
distribution via the carotid, subclavian, and vertebral
arteries,”'*"*'® and by directly entering the peripheral
nerves after synapses outside the sympathetic chain in
intermediate ganglia located in spinal nerves.”'” Sympa-
thetic fibers can probably also bypass the sympathetic
chain in the sinuvertebral nerve of Luschka.*'” The prin-
cipal reason for failure of injection to produce stellate
ganglion blockade is lack of delivery of anesthetic to
the ganglion. Whereas the ganglion resides at the lower
edge of the head of the first rib,*'” solution injected at
cervical levels passes anterior into the mediasti-
num-ll().lll

At lumbar levels, multiple pathways of sympathetic
fibers include collateral chains’*** and crossover of fi-
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bers from the contralateral chain.”**~**> These alterna-
tive pathways may allow persistent sympathetic in-
nervation to reach the lower extremities despite a prop-
erly performed lumbar sympathetic block. Confusion
can also result if local anesthetic solution is conveyed
to the epidural space through the fibrous tunnel along
the waist of the vertebral body. The resulting undesired
somatic blockade could produce analgesia that is then
attributed to a sympathetic mechanism.

The diagnostic usefulness of sympathetic blockade
depends on the ability to selectively interfere with sym-
pathetic activity and maintain continuity of somatic
pathways. Solution injected into the paravertebral space
readily enters the epidural space.”*® The only study that
examined detailed somatic sensory changes after sym-
pathetic blocks found that nociceptive block without
anesthesia was common.”* A subtle somatic block with
analgesia but intact sense of touch would create the
impression of analgesia from sympathetic blockade if
altered pain sensation is not specifically identified.

Blocks of the paravertebral sympathetic chain inevita-
bly interrupt visceral afferent signals as well as efferent
sympathetic activity.'”* This could create a false conclu-
sion with regard to the source and mechanism of pain.
For instance, a stellate ganglion block will stop arm pain
from myocardial ischemia but could be credited with
identifying a sympathetically dependent pain process.

A fundamental limitation of diagnostic sympathetic
blockade is a lack of understanding about the role of
the sympathetic nervous system in pain production.”*”***
Evidence now indicates that excessive sympathetic activ-
ity is almost certainly not the explanation of pain.**’ **
The enigmatic pathophysiology and ambiguous defini-
tions of reflex sympathetic dystrophy and other painful
conditions in which the sympathetic nervous system plays
a putative role frustrate the interpretation and application
of findings from blocks.**

Studies. Rates of success in actually interrupting sym-
pathetic activity after injections intended for that pur-
pose is incompletely known. After cervical paratracheal
injection, Warrick®** observed that very few patients
had warming of the hand. Carron and Litwiller*® re-
ported that a 3 ml injection increased hand temperature
1.5° C in all of more than 700 blocks. Using 15 ml of
an equal mix of 1% lidocaine and 0.5% bupivacaine,
Ready et al**” had 100% success in producing Horner’s
syndrome, but 75% success in warming the ipsilateral
hand by 1° C. Malmqvist et al.**° observed an 87% suc-
cess rate in producing Horner’s syndrome, but 26 (48%)
of 54 subjects with initial ipsilateral hand temperature
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of =32° C failed to warm to =34° C within 20 min.
Only 11.5% of their blocks met 5 criteria of success,
those being Horner’s syndrome, increased hand temper-
ature, =50% increase in skin blood flow, increased skin
resistance (to =113% of baseline), and abolished skin
resistance response. In 100 consecutive C6 anterior tu-
bercle blocks,”” 84% resulted in Horner’s syndrome,
indicative of at least some blockade of sympathetic fi-
bers to the head. Only 60% caused the ipsilateral hand
to warm by 1.5° C or more, and because the contralat-
eral hand frequently warmed also, in only 27% did the
ipsilateral hand warm by 1.5° C more than the contralat-
eral hand. From these studies, it is apparent that block-
ade of sympathetic innervation to the upper extremity
is a variable result of stellate ganglion injections. There
is little difference in the adequacy of sympathetic block-
ade by paravertebral injection at C7 level compared
with C6.%2"#°*7 Injection through a needle placed at
the head of the first rib requires CT guidance but assures
successful blockade.**®

There are no studies of the success rates for lumbar
sympathetic block except by Hatangdi and Boas (using
phenol),”*” who reported success in increasing the skin
temperature > 1° C in 61 -068% of patients.

Diagnostic sympathetic blocks are most often used to
evaluate painful conditions. There is no histopathologic
or serologic standard to confirm a sympathetic contribu-
tion to pain production, so there have been few studies
that measured the ability of blockade to accurately diag-
nose a sympathetic role. The available reports raise
doubt as to whether analgesia after sympathetic block-
ade indicates a sympathetic contribution to pain. The
degree of sympathetic dysfunction does not correlate
with the response of pain to sympathetic blockade,'***
and the timing of changes in pain does not necessarily
match the onset of manifestations of sympathetic block.
When sympathetic activity is measured with microelec-
trode neurography in limbs with pain relieved by local
anesthetic sympathetic block, sympathetic efferent traf-
fic is normal.”*” Response of pain to sympathetic block-
ade does not predict levels of norepinephrine and its
metabolite in the venous effluent from limbs with fea-
tures of reflex sympathetic dystrophy.*** In fact, venous
plasma catecholamine levels are less on the painful side
than on the nonaffected side. These findings make less
plausible the belief that sympathetic block analgesia
identifies regional sympathetic hyperactivity. The im-

% Furst CI: The biochemistry of guanethidine. Advances in Drug
Research 1967; 4:133-61
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portant question of whether the response to sympa-
thetic blockade guides therapy toward a better outcome
has not been addressed formally.

Conclusion. Confusion surrounds many aspects of
care for patients in whom pain or other dysfunction is
suspected to be based in the sympathetic nervous sys-
tem. Response to a block, therefore, offers an appar-
ently concrete diagnostic insight. Considerations enu-
merated above, however, suggest that the diagnostic
value of sympathetic blockade has been overestimated.
Appropriate use calls for care in documenting the de-
sired physiologic response and restraint in interpreta-
tion of the results. There should be caution to avoid
the circular logic of defining sympathetically main-
tained pain as conditions improved by sympathetic
blocks, and the blocks defined as successful if they re-
lieve a pain assumed to be sympathetically maintained.

Intravenous Regional Sympathetic Block

Rationale. Intravenous regional (IVR) injection of
both guanethidine®*' and bretylium®** have been used
therapeutically in patients with sympathetically main-
tained pain. Both drugs inhibit release of norepineph-
rine from nerve terminals, and guanethidine depletes
tissues of norepinephrine. The patient’s response dur-
ing the postblock period should be an indicator of the
extent to which pain is sympathetically mediated.

Limitations. Guanethidine often causes severe burn-
ing pain in patients with allodynia,****** perhaps due to
norepinephrine released with the onset of guanethidine
action. Itching, piloerection, edema, or engorgement
of the tissues in the injected area also may occur. There
have been no comparisons of diagnostic suitability of
guanethidine versus bretylium IVR blockade.

The ischemic block produced by the tourniquet may
have a profound and selective effect on conduction
in A and A6 fibers,”” and thereby produce analgesia
independent of sympathetic interruption. There have
been no comparisons of block with guanethidine or
bretyllium or versus with saline alone. A more profound
or more prolonged response to the procedure done
with the active drug would then indicate a sympathetic
component to the pain.

Guanethidine has been demonstrated to affect central
nervous system levels of serotonin and to have anticho-
linergic effects.: Local anesthetic effects are not re-
ported, and local anesthetic IVR blockade has produced
only brief relief of pain in patients who had prolonged
relief after IVR guanethidine ***

Studies. Intravenous regional guanethidine predict-
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ably eliminates allodynia but has no effects on other
sensory function.”***" Increased peripheral tempera-
ture and blood flow follows IVR guanethidine but not
IVR saline. Vasodilatation may be delayed by hours after
cuff deflation, and complete blockade of vascular con-
trol is rare.”” There is no temporal relation between
pain relief and manifestations of sympathetic blockade.
This may be due to a vasodilatory action of guanethidine
independent of effects on norepinephrine release.**°

Bonelli et al.*"” found that IVR guanethidine was more
effective in patients who exhibited dystrophic changes
associated with reflex sympathetic dystrophy. Loh and
Nathan'® found that IVR guanethidine and local anesthe-
tic sympathetic chain injections had identical effects on
pain in 9 of 10 painful limbs. There is a high correlation
between relief of pain from intravenous phentolamine
and from IVR guanethidine.”"® These cross comparisons
support the notion that each is producing analgesia by
a common sympatholytic mechanism.

No studies have specifically examined the diagnostic
value of IVR sympathetic block in identifying patients
who will have long-term therapeutic benefit from sys-
temic or regional sympatholytic measures.

Conclusion. The response to intravenous regional
guanethidine or bretyllium may help confirm a sympa-
thetic component of a given patient’s pain, particularly
if the response has been compared with an IVR placebo
procedure. Information obtained from the procedure
should be evaluated together with clinical findings and
response to other diagnostic interventions, such as para-
vertebral sympathetic blocks or the phentolamine test.

Differential Neuraxial Block

Rationale. The classic approach to differential neu-
raxial analgesia was described by McCollum and Ste-
phen in 1964*"” and subsequently modified.”>”*”' The
intent is to provide diagnostic information for patients
with lower extremity or lower trunk pain. Initially, a
placebo is injected, followed by a local anesthetic solu-
tion capable of selectively blocking sympathetic effer-
ents. If no relief is achieved, a concentration capable
of producing sensory blockade is injected, and fol-
lowed, in the absence of pain relief, by a solution that
will block motor fibers as well. By observing changes
in pain during the different phases of the block, the
pain origin can be distinguished as psychogenic, sympa-
thetic, nociceptive (sensory based), or central.

A subarachnoid site of injection has been used most
extensively. A major drawback to the differential spinal
block is the prolonged time required to perform and
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assess the individual steps. In a modified technique,”
a placebo (saline) injection is followed by 100 mg pro-
caine injected intrathecally. Pain relief after these injec-
tions and relief during gradual resolution of neural
blockade are noted. An epidural technique also has
been used in a fashion similar to the subarachnoid
method.”>® After a placebo injection of saline, 0.25%
lidocaine is injected to block sympathetic fibers, then
0.5% lidocaine to block sensation as well, and, finally,
1% lidocaine to produce surgical anesthesia.

A preliminary report suggested the use of opioid in-
stead of local anesthetic as the analgesic agent,”” ar-
guing that opioid effects are more specific and don’t
provide a cue of numbness or warmth to trigger placebo
or psychogenic responses. After placebo injections, 1
ug/kg fentanyl in 5 ml normal saline is injected through
an epidural catheter. Analgesia indicates a predomi-
nantly nociceptive mechanism of pain instead of a pre-
dominantly psychologic one, as does reversal of the
analgesia by intravenous injection of 0.4 mg naloxone
unobserved by the subject. These methods have not
been compared formally with the classic approach.

Limitations. There are a number of possible draw-
backs to the traditional technique of differential spinal
blockage. Early descriptions of the technique report
that either pain fibers or sympathetic fibers may be
blocked first,”* and that the injected solutions may fail
to provide the desired block.”””*>> The entire premise
of the ability to achieve a steady state block of certain
fiber types while sparing others in the desired order is
flawed. Lack of obvious sensory changes does not as-
sure that neural processing has not been altered, and a
dense block adequate for surgery does not indicate an
absence of afferent sensory traffic or efferent sympa-
thetic impulses. Neurophysiologic study of awake hu-
mans and analysis of conduction in various laboratory
preparations consistently point to the impossibility of
complete block of one fiber type without at least partial
block of others.

Further considerations erode the theoretic plausibility
of diagnostic differential blockade. When nociceptive
afferent fibers are active, as may occur with spontane-
ous discharge arising from an injured peripheral nerve
or from persistent discharge of a nociceptor by a nox-
ious stimulus, they may be subject to use-dependent
block and be more affected by low concentrations of
anesthetic than normal afferents that are quiescent. In
addition, subblocking concentrations of local anesthe-
tics are capable of reducing the maximum firing rates
of axons.” Because pain induced by nociceptor activa-
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tion is proportional to firing frequency, a modest reduc-
tion in the firing frequency could result in diminished
pain. In both instances, although evidence of sensory
block is not detected by sensory testing, pain relief from
blockade of nociceptor fibers may be achieved, and
pain relief may be mistakenly attributed to sympathetic
blockade. Whereas the one-shot technique has the ad-
vantage of not depending on achieving a critical concen-
tration of anesthetic in the cerebrospinal fluid, it does
depend on the premise that A and C fibers recover
function before B fibers, which is probably incorrect.

Even if a true differential block of sympathetic fibers were
documented, there are a number of potential causes for
uninterpretable responses or misinterpretation: (1) patients
who fail to obtain relief from subarachnoid 0.5% or 1%
procaine may actually experience an increase in activity of
some spinal cord neurons because of blockade of certain
afferent or spinal cord pathways. For instance, A fibers,
including AS fibers, may be blocked by a concentration of
anesthetic that spares C fibers,* reducing the inhibitory
effect of large afferent activity on dorsal horn neurons; (2)
intrathecal local anesthetic may block descending inhibi-
tory fibers lying superficially in the dorsolateral funiculus,*
again producing disinhibition; (3) pain returning after pin-
prick sensation does not necessarily imply a sympathetic
mechanism. Prolonged pain relief has been described after
local anesthetic blocks in conditions other than sympa-
thetic dystrophy.’' Such prolonged effects may relate to
changes in central processing. The temporary reduction in
sensory input may allow sensitized dorsal horn neurons to
return to more normal function, and it may take consider-
able time before noxious inputs can reestablish spinal cord
sensitization; (4) there is no way to assess pain in any
position other than lateral recambent, ruling out any diag-
nostic benefit for patients whose pain improves when lying
down or is activity dependent; and (5) anatomic consider-
ation makes a uniform progression of block from sympa-
thetic to sensory unlikely. Specifically, complete block of
roots caudal to L2 will provide sensory interruption but
leave sympathetic fibers unaffected,”® because all white
rami communicantes exit the cord between T1 and L2.

Neuraxial opioid block may be ineffective in relieving
pain that is nonetheless nonpsychogenic, especially
neuropathic and visceral pain or incident pain with
movement.*>**® Also, systemic naloxone is not likely
to completely reverse the analgesic effects of neuraxial
opioids.””

Studies. There have been no outcome studies to sup-
port claims that differential spinal block leads to selec-
tion of more effective treatment. Specifically, there are
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no data that document higher success rates from re-
peated sympathetic blocks among patients who experi-
enced relief after 0.25% procaine compared with pa-
tients who exhibit other responses. Sanders et al. >
examined the relation between the presence of psycho-
pathology and the incidence of inappropriate responses
to differential spinal. They concluded that psychopa-
thology was no more likely among inappropriate re-
sponders.

Conclusion. The ability of differential neuraxial
blocks to diagnose various categories of pain generation
is unproved. Basic considerations probably make it an
unachievable goal.

Systemic Phentolamine

Rationale. Phentolamine is an «l adrenergic
blocking agent administered intravenously to determine
whether a patient’s pain is sympathetically mediated.
It has the diagnostic advantage over local anesthetic
sympathetic blocks because it does not interrupt affer-
ent traffic from visceral or somatic structures. Sudomo-
tor function is mediated by cholinergic transmission
and, therefore, is not affected by adrenergic blockade,
but sudomotor activity does not play an important role
in pain generation.”" It would seem logical that analge-
sia in response to intravenous phentolamine would pre-
dict a beneficial response to intermittent or continuous
local anesthetic sympathetic blocks or to oral or trans-
dermal sympatholytic drugs.

If phentolamine produces evidence of sympathetic
block such as nasal congestion, hypotension, or skin
warming, absence of concurrent pain relief is thought
to disprove a sympathetic contribution. If a placebo
produces no analgesia but phentolamine does, with ap-
pearance of an increase in skin temperature coincident
with pain relief, a sympathetic role is suspected. Com-
plications include predictable nasal stuffiness and occa-
sional sinus tachycardia, premature ventricular contrac-
tions, dizziness, or wheezing.”** The safety of reduced
doses of phentolamine has been confirmed in chil-
dren.”*® Subjects with advanced cardiovascular disease
such as heart block, unstable angina, or congestive heart
failure are considered unsuitable for the test. Doses of
approximately 0.5 mg/kg are used, and whenever sub-
stantial relief of pain is obtained or significant hypoten-
sion occurs, the test is terminated.”*® %

Limitations. Phentolamine has been shown to have
local anesthetic properties,”"***> which raises the ques-
tion of whether relief could be by pharmacologic mech-
anisms other than sympathetic interruption. The degree
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of sympathetic blockade by phentolamine infusion is
unclear, because larger doses and more rapid adminis-
tration produce greater increase in extremity blood
flow and temperature, and sympathetic responses per-
sist even after the largest doses examined.”*® As with
other tests of sympathetic function, a fundamental limi-
tation is the ambiguous role of sympathetic function in
pain. The role of al receptors is uncertain.”** Even
though a patient experiences relief from intravenous
phentolamine, oral sympathetic blocking drugs may be
ineffective because side effects, particularly orthostatic
hypotension, may preclude intense blockade compara-
ble with the potent effect of intravenous phentolamine.
Studies. Raja ef al.*** administered intravenous phen-
tolamine and, on another occasion, local anesthetic
sympathetic blocks to 20 patients with suspected sym-
pathetically maintained pain. Comparisons of the maxi-
mum pain relief from the two procedures yielded a high
correlation. Patients generally experienced relief of
both spontaneous and evoked pain (allodynia). Only
two patients had relief from saline, an extraordinarily
low incidence of placebo response. Arner”*® found that
33% of 48 patients tested with intravenous phentol-
amine experienced relief of pain. All of the patients
who had relief with phentolamine experienced a reduc-
tion in pain with intravenous regional guanethidine,
whereas only 1 of 12 patients who failed the phentol-
amine test had relief from guanethidine. Overall, they
found a false-positive rate of 0% and a false-negative
rate of 32% if guanethidine relief is assumed to indicate
presence of disease (sympathetically maintained pain).
Shir et al.*** found relief from phentolamine infusion
in 25% of patients with pain and with clinical evidence
of a sympathetic contribution. The low response rates
in this and the study by Arner**® are at or below typical
placebo response rates. Several authors®”“® caution that
placebo responses may require 15-60 min to become
evident. If adequate time is allowed, placebo either has
the same frequency of analgesia as phentolamine admin-
istration,”® or placebo analgesia is observed in all sub-
jects,”” making the phentolamine test impossible to in-
terpret. No studies have determined whether the re-
sponse to intravenous phentolamine predicts the
therapeutic efficacy of local anesthetic sympathetic
blocks or systemic sympathetic blocking agents.
Studies typically report administration of phentol-
amine to a predetermined dose rather than until a physi-
ologic effect (nasal congestion, hypotension, skin
warming) is achieved. Without such a physiologic end-
point, it is not possible to distinguish inadequate phen-
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tolamine dose from a lack of @1 receptor involvement
in the pain generation.

Conclusion. Response to intravenous phentolamine
appears to correlate well with responses to local anes-
thetic paravertebral sympathetic blocks and guanethi-
dine intravenous regional sympathetic blocks. It is not
clear, however, that either of these are an acceptable
standard of pure and complete sympathetic interrup-
tion. Response to phentolamine should be considered
in conjunction with clinical findings and other diagnos-
tic tests. Considered alone, it may not be very sensitive
or specific. The ability of the phentolamine response
to predict outcome of therapy with sympatholytic treat-
ments has not been tested. It is not clear how using a
phentolamine trial would improve on simply a trial of
oral sympatholytic therapy.

Summary

On the basis of the published material reviewed
above, we conclude that there are many limitations that
weaken the theoretic basis for neural blockade as a
diagnostic or prognostic tool. In addition, these proce-
dures in general lack thorough documentation of clini-
cal usefulness. Reasonable employment of diagnostic
neural blockade, therefore, requires not only care in
technique and confirmation of effects, but also caution
in interpretation and application of the results. This
critical evaluation needs to be tempered, however, by
two further observations. Experienced and observant
clinicians have found these procedures may, on certain
occasions, provide information that is helpful in guiding
subsequent therapy, so we should not be in haste to
dismiss the accumulated judgment of practitioners. Fi-
nally, the confusion and complexity that typifies diagno-
sis in chronic pain may justify the selective use of diag-
nostic blocks that make anatomic and physiologic
sense, even if their validity is incompletely proved.
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