691

Anesthesiology
2000; 92:691– 8
© 2000 American Society of Anesthesiologists, Inc.
Lippincott Williams & Wilkins, Inc.

Heterogenous Patterns of Sensory Dysfunction in
Postherpetic Neuralgia Suggest Multiple
Pathophysiologic Mechanisms

Background: Postherpetic neuralgia (PHN) is considered by
some investigators to be predominantly a deafferentation-type
central pain syndrome; others suggest that activity of remaining
peripheral nociceptors plays a critical role. The authors investigated the sensory dysfunction in subjects with PHN of varying
duration and at different sites to gain further insight into the
mechanisms responsible for the clinical features of neuropathic pain. In addition, the relationships between ongoing
pain and pain evoked by mechanical and thermal stimuli were
compared in patients with trigeminal and truncal PHN, to determine if the pathophysiologic mechanisms differed among
subjects.
Methods: In 63 subjects with PHN, quantitative sensory testing was performed in the region of maximum allodynia or
ongoing pain and the corresponding contralateral site. The
intensity of ongoing pain was recorded. Sensory thresholds for
warmth, coolness, heat pain, and cold pain were determined.
Pain induced by various mechanical stimuli (dynamic, static,
punctate) was rated using a numerical rating scale of 0 –10.
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Results: The mean rating of ongoing PHN pain was 7.3 ⴞ 2.0
(mean ⴞ SD). Allodynia induced by one or more mechanical
stimuli was observed in 78% of subjects. A smaller subset (40%)
had hyperalgesia to heat or cold stimuli. In subjects with duration of PHN of < 1 yr duration, but not in those with duration
of > 1 yr, the intensity of ongoing pain correlated with intensity
of allodynia induced by dynamic stimuli. Deficits in thresholds
for heat and cold pain were observed in the affected region of
subjects with PHN in the thoracic dermatomes (P < 0.005), but
not in the trigeminal distribution. No relationship was observed
between the thermal deficits and ongoing pain or mechanical
allodynia in the groups of subjects with either trigeminal or
thoracic PHN.
Conclusion: Despite a common cause, the patterns of sensory
abnormalities differ between subjects. Particular differences
were noted between groups with facial or truncal PHN and
between groups with recent or more chronic PHN. The observations suggest that the relative contributions of peripheral and
central mechanisms to the pathophysiology of pain differ
among subjects and may vary over the course of PHN. (Key
words: Allodynia; central sensitization; herpes zoster; hyperalgesia; neuropathic pain; shingles pain; varicella zoster.)

POSTHERPETIC neuralgia (PHN), a condition of debilitating neuropathic pain, is a common sequela to herpes
zoster (shingles) in elderly patients.1 The duration of
PHN is ⬍ 1 yr in 78% of patients with PHN but may
persist for years or indefinitely in others.2 Reactivation of
the varicella zoster virus causes variable extent of degeneration of primary afferent sensory neurons.3– 6 PHN is
characterized by ongoing pain and varying degrees of
sensory deficits, allodynia, and hyperalgesia.7 It is a prototypical pain state that has been used as a model to
study the pathophysiology of neuropathic pain and to
develop new treatment strategies.8 –10
Quantitative sensory testing is a psychophysical approach used to characterize the sensory dysfunction in
subjects with experimental or clinical pain.11 The characterization of sensory abnormalities using quantitative
sensory testing may lead to a better understanding of the
mechanisms of pain signaling and provide insights for
rational therapeutic strategies.
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Materials and Methods
Sixty-three adults with pain for longer than 3 months
after the resolution of the cutaneous lesions of herpes
zoster were enrolled. For most subjects, sensory testing
was performed during the screening and evaluation period for a controlled clinical trial comparing the effects
of tricyclic antidepressants and opioid analgesics on
pain, function, and cognition. All subjects had their pain
therapies, including any topical agents, discontinued for
at least 2 weeks before quantitative sensory testing.
None of the patients used topical capsaicin for at least 1
month before the sensory tests. Criteria for exclusion
included dementia or encephalopathy, and an average
intensity of ongoing PHN pain of 3 or less during the past
24 h on the numerical rating scale of 0 –10 (on which
0 ⫽ no pain, 10 ⫽ the most intense pain imaginable). All
subjects gave informed consent to participate in this
study, which was approved by the institutional review
board.
Mechanical and thermal sensory tests were performed
in areas of intense allodynia within the PHN site and at
Anesthesiology, V 92, No 3, Mar 2000

the corresponding contralateral site. In subjects without
allodynia, sensory testing was performed in the region of
maximum pain as indicated by the patient. The region of
dynamic allodynia was mapped by stroking the affected
skin with a cotton swab from a site well outside the
symptomatic region toward the painful region in at least
four different directions. This region was tested with an
11- or 33-mN von Frey filament to define areas of intense
allodynia to punctate stimuli. Two areas on the trunk or
the extremities in which the patients were markedly
allodynic were identified for subsequent thermal testing.
A single site, the most allodynic spot, was chosen for
testing on the face, because of space limitation. Ongoing
pain and stimulus-evoked pain were rated by the subjects on the numerical rating scale of 0 –10. Baseline
ongoing pain ratings were obtained before the sensory
testing. Pain induced by the different mechanical stimuli
was rated independent of ongoing pain. The mechanical
stimuli used were camel’s hair brush strokes (dynamic
stimulus); a thermally neutral, 220-g brass probe applied
for 3 s (static stimulus); and an ascending series of von
Frey filaments of 11, 33, and 199 mN (punctate stimuli).
Pain induced by pinprick, a mildly noxious stimulus, was
also assessed in all except the first 12 patients. All stimuli
were applied to the same spot in the skin once. All
sensory tests were conducted by trained research coordinators to ensure that a standardized protocol was used.
Subjects were asked to report their sensations as undetected, detected and nonpainful, or detected and painful. If the sensation was painful, the subjects were asked
to rate the intensity of the stimulus-induced pain on the
0 –10 numerical rating scale.
Quantitative thermal sensory tests were performed
within the zone of dynamic allodynia using a Peltier
device with a 2 x 2-cm probe (TSA 2001 Thermal Sensory Analyzer, Medoc, Compass Medical Technologies,
Minneapolis, MN) and a modified Marstock technique.15,16 The probe of the Peltier device was centered
at the sites of maximal punctate allodynia, as described
previously. In the subset of patients without mechanical
allodynia, thermal sensory tests were performed in the
region of maximal pain. Sensory thresholds for warmth,
coolness, heat pain, and cold pain were determined
three times each in sequential order. The median of the
responses to the application of three consecutive stimuli
was defined as the threshold. If more than one site was
tested on one side of the body, the median of all the
threshold values was used as the threshold temperature.
Starting from a baseline temperature of 30°C, stimuli
were delivered with a ramp rate of 1°C/s. The lowest
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Based on comparisons of sensory changes in patients
with and without PHN after acute herpes zoster, Nurmikko and Bowsher12,13 concluded that PHN was primarily a deafferentation pain syndrome resulting from
plastic changes in the central nervous system. Rowbotham and Fields14 have recently hypothesized that
activity in the intact nociceptors innervating the affected
PHN sites plays an important role in the mechanisms of
PHN. Hence, the relative importance of the central and
peripheral mechanisms in PHN remains controversial.
We conducted quantitative sensory tests in a large
population of patients with PHN not using analgesics to
further characterize the variable sensory patterns. The
relationships between ongoing and stimulus-evoked pain
intensities and between magnitude of ongoing pain and
cutaneous sensory deficits were investigated. We compared sensory abnormalities in patients with facial and
truncal PHN to determine if their sensory abnormalities
were similar. Because PHN often resolves within 1 yr, we
examined the relationship between ongoing and stimulus-evoked pain in patients with PHN of ⬍ 1 yr in
duration and those with PHN of longer duration. In
addition, we assessed the effects of confounding variables such as age, gender, and the presence or absence
of diabetic neuropathy on the severity of ongoing pain
and allodynia.
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Table 1. Demographics of Study Patients
63
28
35
74
25–90
19
3–216
20
2
29
12
7.3 ⫾ 2.0
4–10

* Verbal scale 0 –10: 0 ⫽ no pain; 10 ⫽ most intense pain.

stimulus temperature was 0°C and the highest 53°C.
Subjects were instructed to press a button immediately
upon perceiving the appropriate sensation. There was a
20-s interval between each threshold measurement during which the probe returned to the baseline temperature of 30°C.
Data Analysis
Evoked pain scores and thermal thresholds in the PHNaffected and contralateral unaffected sites were compared by nonparametric statistics using the Wilcoxon
matched-pairs signed-rank test. The Spearman rank correlation was used for all correlation analyses. Data for the
verbal pain scores obtained during tests with mechanical
stimuli are presented as medians and percentiles. The
thermal thresholds are presented as means ⫾ SD. Hypoesthesia (increase in detection threshold for warmth;
affected– unaffected threshold temperature) and a lower
detection threshold for cool sensation (unaffected–affected threshold temperature) and hypoalgesia (similar
changes in pain threshold for heat and cold stimuli) are
presented as positive values. Hyperesthesia and hyperalgesia are presented as negative values. P ⬍ 0.05 was
considered to be statistically significant. SPSS release 6.1
(SPSS Inc., Chicago, IL) was used to analyze the data.

Results
The demographic characteristics of the 63 subjects in
the study are shown in table 1. Subjects had moderate to
severe ongoing pain, with a mean pain rating of 7.3 on
Anesthesiology, V 92, No 3, Mar 2000

Pain Evoked by Mechanical Stimuli
Thirty-eight subjects had allodynia induced by the dynamic stimulus, 33 subjects reported pain after the static
stimulus, and 23 subjects reported pain after the 11-mN
punctate stimulus (fig. 1). In 28 subjects (44%), dynamic
mechanical stimulation with the brush was the most
painful stimulus, whereas in 23 subjects (37%) both the
dynamic and static (brass-rod) stimuli induced similar
pain. The magnitude of pain evoked by the different
mechanical stimuli is presented in figure 2.
Seventy-eight percent (n ⫽ 49) of the subjects had pain
induced by one or more of the three innocuous mechanical stimuli: brush, brass probe, or 11-mN von Frey hair
(fig. 2). These mechanical stimuli were consistently nonpainful in the unaffected side. Compared to the contralateral unaffected site, pain induced by punctate (33
and 199 mN von Frey’s; z ⫽ 5.44 and 4.87, respectively;
P ⬍ 0.001) or pinprick (Z ⫽ 4.28, P ⬍ 0.001) stimuli was
significantly greater at the PHN affected side. There was
a positive correlation between the pain evoked by the
dynamic stimulus and the pain evoked by the static (R ⫽
0.65, P ⬍ 0.001), punctate (R ⫽ 0.78, P ⬍ 0.001), and
pinprick (R ⫽ 0.67, P ⬍ 0.001) stimuli.

Fig. 1. Venn diagram indicating the relative proportion of patients reporting allodynia to the different mechanical stimuli.
Allodynia induced by the dynamic stimulus was most common.
Sixteen patients had allodynia evoked by dynamic, static, and
punctate stimuli.
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No. of patients
Gender
Male
Female
Age (yr)
Median
Range
Duration of PHN (months)
Median
Range
Dermatomal distribution location (no. of subjects)
Trigeminal
Cervical
Thoracic
Lumbosacral
Rating of Ongoing Pain*
Mean ⫾ SD
Range

the 0 –10 numerical pain scale. There was no genderrelated difference in the ratings of ongoing pain (M:F
7.3 ⫾ 1.8:7.3 ⫾ 2.2; n ⫽ 28:35) or for pain evoked by the
mechanical or thermal stimuli.
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the diabetic patients did not show a significant difference in either the severity of mechanical allodynia or the
intensity of ongoing pain.

Fig. 2. Ratings of ongoing pain and pain evoked by mechanical
stimuli. Allodynia induced by dynamic (brush), static (brass
probe), or punctate (von Frey hair) mechanical stimuli was
present at the site affected with postherpetic neuralgia in most
subjects (78%). Mechanical sensory tests were performed
within the region of dynamic allodynia (identified by stroking a
cotton swab) and at the mirror-image contralateral site. In subjects with no mechanical allodynia, the sensory testing was
conducted in the region of maximal pain. Ongoing pain and
stimulus-evoked pain were rated on a numerical rating scale of
0 –10 (on which 0 ⴝ no pain and 10 ⴝ the most intense pain
imaginable). The upper and lower bars indicate the 95th and
5th percentiles, respectively, and the box indicates the 75th and
25th percentiles.

If the subjects with dynamic allodynia (n ⫽ 38) were
stratified based on the duration of PHN, a significant
correlation between ongoing pain and intensity of brushevoked allodynia was found in subjects with PHN of 1 yr
or less in duration (R ⫽ 0.69; P ⫽ 0.003, n ⫽ 16), but not
in those with PHN of a duration of more than 1 yr (R ⫽
⫺0.05, P ⫽ 0.82, n ⫽ 22; fig. 3). A similar trend was
observed in comparing the correlation between ongoing
pain and pressure-evoked pain in subjects with static
allodynia (n ⫽ 33) with PHN for ⱕ 1 yr (R ⫽ 0.51)
versus ⬎ 1 yr (R ⫽ ⫺0.09; P ⫽ 0.1 vs. 0.68, n ⫽ 11 and
22, respectively). There was also a closer correlation
between ongoing pain and pain on pinprick in patients
with PHN for ⱕ 1 yr (R ⫽ 0.54, P ⫽ 0.07, n ⫽ 12) than
in patients with PHN for ⬎ 1 yr (R ⫽ 0.09, P ⫽ 0.77, n ⫽
12).
No correlation was found between the age of the
subjects and the intensity of ongoing PHN pain or the
intensity of allodynia to any of the mechanical stimuli.
Ten percent of the subjects (n ⫽ 6) with PHN had
diabetes mellitus and clinical evidence of a sensory neuropathy. In comparison with the nondiabetic subjects,
Anesthesiology, V 92, No 3, Mar 2000

Fig. 3. Relationship between ongoing pain and allodynia induced by a dynamic stimulus: stratification analysis with duration of postherpetic neuralgia (PHN) < 1 yr and > 1 yr. (A)
Duration of PHN < 1 yr: There was a significant positive correlation between intensity of ongoing pain and intensity of pain
induced by a dynamic stimulus (brush). Mechanical sensory
tests were performed as indicated in figure 2. (B) Duration of
PHN > 1 yr: There was no significant correlation between intensity of ongoing pain and intensity of pain induced by a
dynamic stimulus. Mechanical sensory tests were performed as
indicated in figure 2.
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Thermal Sensory Tests
Three subjects did not report pain from the 53°C heat
stimulus at both the unaffected and the affected sides.
Similarly, eight subjects did not report pain from 0°C
stimuli to both the affected and contralateral sides. Sig-
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nificant deficits in the detection of thermal stimuli (hypoesthesia) and pain induced by heat or cold stimuli
(hypoalgesia) were found at the PHN-affected sites if the
thresholds for each subject were compared with those
from the contralateral unaffected sites (warmth threshold: 42.5 ⫾ 5.9 vs. 38.4 ⫾ 4.9, affected vs. unaffected,
respectively, [Z ⫽ 4.44, P ⬍ 0.001, n ⫽ 62]; coolness
threshold: 18.8 ⫾ 9.3 vs. 24.9 ⫾ 5.0 [Z ⫽ 5.58, P ⬍
0.001, n ⫽ 62]; heat pain threshold: 46.6 ⫾ 5.2 vs.
44.5 ⫾ 5.4 [Z ⫽ 2.35, P ⫽ 0.02, n ⫽ 60]; cold pain
threshold: 9.2 ⫾ 9.7 vs. 14.2 ⫾ 8.9 [Z ⫽ 3.51, P ⫽ 0.004,
n ⫽ 54]) (fig. 4).
Although the mean thermal thresholds were elevated
in the subjects as a whole, a subset (n ⫽ 25; 40%) had
hyperalgesia to heat or cold stimuli, as defined by a
greater than 1°C difference in mean threshold between
the affected and unaffected sides. Eighteen subjects had
a ⬎ 1°C decrease in heat pain threshold, and 13 subjects
had a ⬎ 1°C decrease in cold pain threshold. Six subjects
had decreased thresholds for both heat and cold pain
(heat and cold hyperalgesia). As a more conservative
measure, the variances from the mean for the multiple
heat and cold pain threshold measurements in the unafAnesthesiology, V 92, No 3, Mar 2000

Relationship of Pain to Sensory Deficits
There were no significant correlations between the
intensity of ongoing PHN pain and the differences in
thermal thresholds between the affected and unaffected
sides for warmth, coolness, heat pain, and cold pain (fig.
5). Similarly, no correlation was observed between the
differences in thermal thresholds and the magnitude of
allodynia induced by mechanical stimuli. However, the
deficits in heat pain and cold pain thresholds in the
affected region were positively correlated (P ⬍ 0.001).
Comparison Between Trigeminal and Thoracic
PHN
The characteristics of pain and sensory abnormalities
in subjects with PHN in the trigeminal distribution (n ⫽
20) were compared with those with pain in the thoracic
dermatomes (n ⫽ 29). The intensities of ongoing pain
were similar (6.35 ⫾ 2.01 [trigeminal] vs. 7.5 ⫾ 2.02
[thoracic]), and there were no significant differences in
the pain evoked by the dynamic, static, punctate, or
pinprick stimuli. In subjects with PHN in a thoracic
distribution, thresholds for warmth, coolness, heat pain,
and cold pain were increased (P ⬍ 0. 005) in the affected
side compared with the unaffected side. Subjects with
trigeminal PHN had lower warmth (P ⬍ 0.05) and coolness thresholds (P ⬍ 0.005) in the affected side, but the
heat pain and cold pain thresholds were similar in the
two sides. There were no significant correlations between ongoing pain and allodynia to the mechanical
stimuli in either group of subjects. Similarly, the thermal
deficits did not correlate with ongoing pain in subjects
with trigeminal or thoracic PHN.

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/92/3/691/399810/0000542-200003000-00013.pdf by guest on 04 December 2020

Fig. 4. Mean thermal detection thresholds in the PHN-affected
and mirror-image unaffected sites. As a group, the subjects
demonstrated hypoesthesia to warmth and cool sensation, and
hypoalgesia to heat pain and cold pain. Thermal sensory tests
were conducted in the same locations as the mechanical testing.
Sensory thresholds for warmth, coolness, heat pain, and cold
pain sensations were determined three times each. The median
of the responses to the application of the consecutive stimuli
was considered as the threshold at a given site. The base temperature (30°C) changed at a ramp rate of 1°C/s (cutoff temperatures ⴝ 0°C and 53°C). Data are mean ⴞ SEM. Numbers indicate
number of subjects tested for each modality. Data from all
subjects are included for calculation of group means, except
those whose heat and cold thresholds in the unaffected, mirrorimage skin were > 53°C or < 0°C, respectively.

fected side were calculated for each subject, and the SD
of the mean variance in the population was determined.
If this more conservative measure of a difference in
thermal pain thresholds was used (affected side differing
from the unaffected side by ⬎ 1 SD of the mean variance
in the unaffected side), 13 subjects had heat hyperalgesia
and 9 subjects had cold hyperalgesia.
In subjects with hyperalgesia to heat stimuli, the relationships between heat hyperalgesia and deficits in thermal thresholds were examined. There were no significant relationships within the whole group. If subjects
were dichotomized based on the duration of PHN, there
was a trend toward a correlation between heat pain
deficits and intensity of ongoing pain in subjects with
PHN of duration of ⱕ 1 yr (R ⫽ 0.64, P ⫽ 0.06, n ⫽ 9),
but not in those with PHN of longer duration (R⫽
⫺0.12, P ⫽ 0.75, n ⫽ 10).
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Discussion

Relative Proportion of Patients with Mechanical
Allodynia and Thermal Hyperalgesia
In our study population, 14 subjects (22% of all subjects; eight with trigeminal PHN) had both allodynia to
cutaneous mechanical stimuli and hyperalgesia induced
by thermal stimuli (using the criteria for thermal hyperalgesia of a 1°C difference between affected and unaffected sites). In 52% of subjects (n ⫽ 32; nine with
trigeminal PHN), mechanical allodynia was associated
with normal or elevated thresholds to thermal stimuli.
Only 12 subjects (19%; two with trigeminal PHN) had
ongoing pain without allodynia or hyperalgesia to mechanical or thermal stimuli. Four subjects (one with
trigeminal PHN) had ongoing pain and hyperalgesia induced by heat stimuli, but no allodynia after mechanical
stimuli.
Anesthesiology, V 92, No 3, Mar 2000
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Fig. 5. Relationship between ongoing pain and differences in
warmth and heat pain thresholds between affected and contralateral sites. There were no significant correlations between
intensity of ongoing pain and the differences in thresholds for
detection of warmth (A) or heat pain (B). Values above 0° for
warmth indicate hypoesthesia, and for heat pain thresholds
indicate hypoalgesia. Values below 0° for warmth thresholds
reflect hyperesthesia, and for heat pain thresholds indicate
hyperalgesia. Thermal sensory tests were performed as indicated in figure 4.

In this group of 63 adults with PHN, allodynia induced
by one or more mechanical stimuli was common. Cutaneous allodynia, in the absence of inflammation, is a sign
of central sensitization and is signaled from the periphery by myelinated A fibers.17 Of note, the intensity of
ongoing pain correlated positively with the intensity of
allodynia to dynamic mechanical stimulus in subjects
with PHN of a duration of less than 1 yr. This correlation
was lost in the group with PHN for longer than 1 yr.
These findings suggest that activity in cutaneous nociceptors may play an important role in maintaining the
central sensitization early in the disease, whereas central
mechanisms may prevail even in the absence of peripheral nociceptive input later in the course of PHN. The
intensity of allodynia induced by different mechanical
stimuli (i.e., static, dynamic, punctate) were correlated,
suggesting a common mechanism. Although allodynia to
mechanical stimuli was frequent, hyperalgesia to thermal stimuli was uncommon, suggesting that their mechanisms differ.
It has been proposed recently that patients with PHN
can be classified into three categories based on their
sensory tests and their response to topical therapies.8,9
Patients with thermal and mechanical allodynia were
postulated to have “irritable nociceptors,” that is, sensitized cutaneous nociceptors. It is postulated that the
ongoing activity in the sensitized nociceptors may play
an important role in the maintenance of central sensitization. Cutaneous sensibility to thermal stimuli is minimally affected in this subset of patients, who usually
experience pain with topical capsaicin and pain relief
with topical local anesthetics.18,19 A second proposed
subset had spontaneous pain, mechanical allodynia, and
thermal sensory deficits. Mechanical allodynia in this
subset was considered to be secondary to synaptic plasticity or aberrant connections within the dorsal horn of
the spinal cord resulting from partial deafferentation. A
third category had severe spontaneous pain without cutaneous hypersensitivity. The pain in this subset with
marked sensory deafferentation is thought to be caused
by spontaneous activity in central neurons as a result of
either release of inhibition or hyperactivity of central
pain transmission neurons.
In our study, approximately one fourth of the subjects
had pain and sensory abnormalities consistent with a
mechanism involving sensitized nociceptors. Approximately half of our subjects had sensory abnormalities
suggestive of CNS plasticity, and the rest had spontane-
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ued to use opioid or tricyclic antidepressant medications. These drugs modulate pain processing in the dorsal horn, and opioids attenuate central sensitization.
Another possibility is that the two studies differed in the
proportions of patients with an “irritable nociceptor”
mechanism versus central mechanisms. We excluded
subjects with ongoing pain levels ⬍ 4; hence, the average pain scores in our study were higher than in the
study by Rowbotham and Fields.
Understanding the different mechanisms that might
contribute to pain in PHN may help develop clinical
strategies to assess and treat patients with PHN and other
neuropathies.9,18,28 For example, in patients with irritable nociceptors, topical local anesthetics might be beneficial, but topical capsaicin may be contraindicated,
because the activation of nociceptors might enhance
central sensitization.9 However, the translation of the
mechanistic concepts into therapeutic applications may
not be simple.28,29 Both central and peripheral mechanisms can be involved in a given patient, and therapy
may have to be tailored to target the specific mechanisms involved. In time, the treatment of neuropathic
pain may come to resemble that of other chronic diseases in which multiple drugs, directed at different
mechanisms that contribute to the clinical phenotype,
are used.
We observed a difference in the relationship between
ongoing pain and allodynia induced by dynamic mechanical stimuli in patients with duration of PHN of ⱕ 1 yr
and those with a duration ⬎ 1 yr. Similar trends were
observed for pain induced by pressure and pinprick
stimuli. A possible interpretation for our observations is
that early in the disease the predominant mechanism for
pain is peripheral. Later, central abnormalities may sustain ongoing pain, and anatomic reorganization in the
spinal dorsal horn may be responsible for the allodynia.30 A potential explanation for the epidemiologic
observations by Ragozzino et al.2 that the pain after an
acute zoster resolves in less than 1 yr in the majority of
patients is that in most patients the peripheral sensitization spontaneously resolves. These observations also imply that there may be a window of opportunity during
the first year after shingles during which mechanisms
underlying the later stages might be attenuated. In support of this possibility, Bowsher31 reported that use of
amitriptyline during the first 90 days of shingles reduced
the prevalence of PHN by half 6 – 8 months later.
Because of the complexity of the sensory disturbances
in PHN, information obtained from quantitative sensory
testing on the underlying mechanisms of pain has been
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ous, but not stimulus-evoked, pain suggestive of central
“pain generators.” Our observations are consistent with
Baron’s view20 that, although irritable nociceptors are an
important cause of pain in a subset of patients with PHN,
the incidence of this may be low compared with pain
from degenerative changes resulting in altered central
processing.
Nurmikko and Bowsher12 reported sensory deficits
affecting two or more modalities in 39 of 42 patients
with PHN, whereas subjects without PHN after zoster
had no loss of sensory functions. Morphologic studies
have also shown a profound loss of cutaneous nociceptors in patients with PHN.21,22 The data support the
hypothesis that loss of sensory nerves is associated with
the development of pain. Deficits of C-fiber function in
PHN patients have also been shown in experiments
using topical capsaicin or histamine iontophoresis.23,24
These observations led to the hypothesis that central
reorganization resulting from sensory deafferentation is
the primary pathophysiologic mechanism of PHN. Our
data indicating a lack of correlation between intact cutaneous thermal sensation and the intensity of ongoing
pain or mechanical allodynia are consistent with this
hypotheses. Of note, our finding of the presence of
mechanical allodynia without thermal hyperalgesia in a
subset of patients with PHN is similar to the sensory
changes characteristic of the zone of secondary hyperalgesia that surrounds cutaneous injury or inflammation.25,26
Our observations that mechanical allodynia was often
associated with deficits in detection of warmth, coolness, and pain with thermal stimuli in a number of
subjects is consistent with earlier reports.12,14 A similar
lack of correlation between thermal and mechanical
hypersensitivity was reported after neuropathic injuries
in different strains of mice.27 Our results differ from
those of Rowbotham and Fields14 in that no significant
correlation was found between the magnitude of thermal sensory deficits and the intensity of ongoing pain or
allodynia.
This discrepancy may result from differences in patient
population and methodology. Rowbotham and Fields14
excluded subjects with zoster on the head or neck, but
we, and Nurmikko and Bowsher,12 did not. In contrast to
patients with PHN in the thoracic dermatomes, patients
with trigeminal PHN had no significant alterations in
heat and cold pain thresholds in the affected region.
Subjects in our study were withdrawn from analgesic
therapy for at least 2 weeks before the sensory testing;
subjects in the study by Rowbotham and Fields contin-

698
PAPPAGALLO ET AL.

The authors thank Nandini Kiri and Sylvia Horasek for their technical
assistance; Richard Meyer, Mitchell Max, and Pamela Talalay for their
helpful comments on the manuscript; the other members of the the
Postherpetic Neuralgia Study Group (Helen Abbey, Ph.D., and Jennifer
Haythornthwaite, Ph.D.) for their contributions; and the patients with
PHN who volunteered for this study.

References
1. Kost RG, Straus SE: Postherpetic neuralgia: Pathogenesis, treatment, and prevention. N Engl J Med 1996; 335:32– 42
2. Ragozzino MW, Melton LJ, Kurland LT: Population-based study of
herpes zoster and its sequelae. Medicine 1982; 61:310 – 6
3. Head H, Campbell AW: The pathology of herpes zoster and its
bearing on sensory localisation. Brain 1900; 23:353–523
4. Ebert MH: Histologic changes in sensory nerves of the skin in
herpes zoster. Arch Dermatol Syphilol 1949; 50:641– 8
5. Watson CP, Deck JH, Morshead C, Van der Kooy D, Evans RJ:
Post-herpetic neuralgia: Further post-mortem studies of cases with and
without pain. Pain 1991; 44:105–17
6. Watson CP, Morshead C, Van der Kooy D, Evans RJ: Post-herpetic
neuralgia: Post-mortem analysis of a case. Pain 1988; 34:129 –38
7. Watson CP: Postherpetic neuralgia. Neurol Clin 1989; 7:231– 48
8. Fields HL, Rowbotham M, Baron R: Postherpetic neuralgia: Irritable nociceptors and deafferentation. Neurobiol Dis 1998; 5:209 –27
9. Rowbotham MC, Petersen KL, Fields HL: Is postherpetic neuralgia more than one disorder? Pain Forum 1998; 7:231–7
10. Noordenbos W: Pain: Problems Pertaining to the Transmission
of Nerve Impulses which Give Rise to Pain. Amsterdam, Elsevier, 1959,
pp 4 –10
11. Arendt-Nielsen L: Induction and assessment of experimental
pain from human skin, muscle, and viscera, Progress in Pain Research
and Management, vol 8. Edited by Jensen TS, Turner JA, WiesenfeldHallin Z. Seattle, IASP Press, 1997, pp 393– 425
12. Nurmikko T, Bowsher D: Somatosensory findings in postherpetic neuralgia. J Neurol Neurosurg Psych 1990; 53:135– 41
13. Nurmikko T: Sensory dysfunction in postherpetic neuralgia,
Touch, Temperature, and Pain in Health and Disease: Mechanisms and

Anesthesiology, V 92, No 3, Mar 2000

Assessments. Progress in Pain Research and Management. Edited by
Boivie J, Hansson P, Lindblom U. Seattle, IASP Press, 1994; pp 133– 41
14. Rowbotham MC, Fields HL: The relationship of pain, allodynia,
and thermal sensation in postherpetic neuralgia. Brain 1996; 119:
347–54
15. Hannson P, Ekblom A, Lindblom U, Marchettini P: Does acute
intraoral pain alter cutaneous sensibility? J Neurol Neurosurg Psych
1988; 51:1032– 6
16. Fruhstorfer H, Lindblom U, Schmidt WG: Method for quantitative estimation of thermal thresholds in patients. J Neurol Neurosurg
Psych 1976; 39:1071–5
17. Campbell JN, Raja SN, Meyer RA, MacKinnon SE: Myelinated
afferents signal the hyperalgesia associated with nerve injury. Pain
1988; 32:89 –94
18. Rowbotham MC, Davies PS, Verkempinck BS, Galer BS: Lidocaine patch: Double-blind controlled study of a new treatment method
for post-herpetic neuralgia. Pain 1996; 65:39 – 44
19. Stow PJ, Glynn CJ, Minor B: EMLA cream in the treatment of
post-herpetic neuralgia: Efficacy and pharmakokinetic profile. Pain
1989; 39:301–5
20. Baron R: Postherpetic neuralgia: Different pathophysiological
mechanisms of pain. Pain Forum 1998; 7:246 –9
21. Rowbotham MC, Yosipovitch G, Connolly MK, Finlay D, Forde
G, Fields HL: Cutaneous innervation density in the allodynic form of
postherpetic neuralgia. Neurobiol Dis 1996; 3:205–14
22. Oaklander AL, Romans K, Horasek S, Stocks A, Hauer P, Meyer
RA: Unilateral postherpetic neuralgia is associated with bilateral sensory neuron damage. Ann Neurol 1998; 44:789 –95
23. Baron R, Saguer M: Are C-nociceptors involved in signalling and
maintenance of tactile allodynia? Brain 1993; 116:1477–96
24. Morris GC, Gibson SJ, Helme RD: Capsaicin-induced flare and
vasodilation in patients with post-herpetic neuralgia. Pain 1995; 63:93–
101
25. Raja SN, Campbell JN, Meyer RA: Evidence for different mechanisms of primary and secondary hyperalgesia following heat injury to
the glabrous skin. Brain 1984; 107:1179 – 88
26. Treede RD, Meyer RA, Raja SN, Campbell JN: Peripheral and
central mechanisms of cutaneous hyperalgesia. Prog Neurobiol 1992;
38:397– 421
27. Mogil JS, Wilson SG, Bon K, Lee SE, Chung K, Raber P, Peiper JO,
Hain HS, Belknap JK, Hubert L, Elmer GI, Chung JM, Devor M: Heritability of nociception II: “Types” of nociception revealed by genetic
correlation analysis. Pain 1999; 80:83–93
28. Yarnitsky D, Eisenberg E: Neuropathic pain: Between the positive and negative ends. Pain Forum 1998; 7:241–2
29. Nurmikko T: Pathophysiology of acute herpes zoster and postherpetic neuralgia. Pain Forum 1998; 7:238 – 40
30. Woolf CJ, Shortland P, Coggeshall RE: Peripheral nerve injury
triggers central sprouting of myelinated afferents. Nature 1992; 355:
75–7
31. Bowsher D: The effects of pre-emptive treatment of postherpetic neuralgia with amitriptyline: A randomized, double-blind, placebo-controlled trial. J Pain Symptom Manage 1997; 13:327–31
32. Iadarola MJ, Max MB, Berman KF, Byas-Smith MG, Coghill RC,
Gracely RH, Bennett GJ. Unilateral decrease in thalamic activity observed with poitron emission tomography in patients with chronic
neuropathic pain. Pain 1995; 63:55– 64

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/92/3/691/399810/0000542-200003000-00013.pdf by guest on 04 December 2020

limited. Morphologic data from skin biopsies at PHN
sites have shown neurite loss. The discovery of markers
for functional subsets of sensory fibers may provide
better insights on the class of fibers affected. Functional
imaging of the brain has helped localize areas of abnormal brain function in pain patients.32 Improved resolution may permit visualization of the spinal cord, and
perhaps dorsal root ganglia, in the future.
In summary, our study indicates that although PHN has
a single well-defined cause, the underlying pathophysiology may vary from patient to patient and with the
duration of PHN. Our study suggests not only a complex
interplay of peripheral and central mechanisms in the
pathophysiology of PHN, but also a mechanism that
evolves with time.

