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Alterations of Contralateral Thalamic Perfusion in Neuropathic Pain
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Abstract: Contralateral thalamus, the place of termination of spinothalamic tract, is affected in patients with pain. We
employed single photon emission computed tomography (SPECT) to evaluate the thalamic perfusion in patients with
spontaneous neuropathic pain. Ten patients with complex regional pain syndrome (CRPS) and eleven radiculopathiy
patients were enrolled in this study. Regional cerebral blood flow of thalamus was assessed bilaterally by iodine-123-
labelled iodoamphetamine SPECT. To standardize the inter-patient data, we set a contralateral thalamic uptake index
(CTUI) for assessing thalamic asymmetry. In one study, we found elevation of CTUI in patients with symptoms of
neuropathic pain for less than 12 month, whereas no change was observed in the case of a longer lasting disease. An
another study demonstrated decrease of CTUI after pain treatment, even though it was unrelated to the pain intensity prior
to treatment. Our SPECT study revealed that neuropathic pain altered thalamic neuronal activity. CTUIs were increased in
early stage of the disease but decreased as the disease progressed to the chronic stage. These results suggest that CTUI can
be used to improve management of neuropathic pain for proper evaluation of spontaneous pain.

Keywords: Brain imaging, regional cerebral blood flow, reflex sympathetic dystrophy, pain.

INTRODUCTION

Although neuromuscular disorders are manifested by a
variety of clinical symptoms, pain is among those that are
particularly hard to endure. Symptoms of pain are believed
to have both central and peripheral origin and were studied
with the help of neurophysiological and histocytochemical
techniques [1, 2]. A number of animal models of spine-
related diseases, such as radiculopathy, spinal stenosis, etc.,
was also introduced to explore the pathways of pain and to
examine other related changes [3-5]. These studies were
primarily focused on spinal cord due to its accessibility.
Limited attention has been paid so far to the brain as well as
few studies were undertaken in clinical settings.

In the past decade, several brain imaging techniques,
namely single photon emission computed tomography
(SPECT), positron emission tomography (PET) and
functional MRI (fMRI), emerged as powerful tools used to
explore the biology of brain and to diagnose its pathological
conditions [6-8]. Since fMRI technology is based on
measuring hemodynamic response related to neural activity
in the brain, it has advantages in detecting neuroanatomies
responded to consecutive functional tasks such as pain
stimuli. On the other hand, temporal resolution of SPECT
and PET are similarly lower than fMRI technology and
beneficial usage of these technologies are rather static brain
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activation corresponding to spontaneous pain. Although PET
enables better resolution, SPECT, is a more affordable and
widely used tool. These techniques are informative,
noninvasive and extrapolate brain function from changes in
the regional cerebral blood flow (rCBF), since it is spatially
and temporally coupled to brain activity. Then, three
dimensional data are mapped onto the cerebral anatomy.

It was shown that several brain structures, such as
bilateral thalamus, insular cortex, cingulate cortex, primary
(SI) and secondary (SII) sensory cortex, are activated by
noxious cutaneous stimuli in normal subjects [9-13]. Among
them, thalamus is viewed as a particularly important one,
because spinothalamic tract, a major pathway of pain,
terminates into the medial and lateral thalamic nuclei [14].
Clinical studies, however, reported opposite findings.
ladarola ef al. found significant decrease in thalamic activity
contralateral to symptomatic side in PET scans of patients
with neuropathic pain [15]. Similar results were obtained for
the patients with chronic cancer pain [16]. Therefore, one
might assume that changes of contralateral thalamic activity
and chronic neuropathic pain are presumably linked. In the
present study, we used SPECT to examine whether a
relationship exists between contralateral thalamic activity
and neuropathic pain in patients with CRPS and
radiculopathy.

MATERIALS AND METHODOLOGYS
Subjects

Twenty-one patients with neuropathic pain including ten
with complex regional pain syndrome (CRPS) (seven men
and three women; aged 27-65 years; time since the onset of

2010 Bentham Open
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symptoms 6-34 month) and eleven with either cervical or
lumbar radiculopathy (six men and five women; aged 35-74
years; time since the onset of symptoms 0.3-30 month) who
agreed with the study protocol were examined. Twenty two
healthy volunteers with matching sex and age served as
control. All patients had spontaneous pain and sensory
impairments only in unilateral upper or lower extremities.
Pain status of each patient was evaluated by the visual
analogue scale (VAS). rCBF of the contralateral thalamus
was assessed by means of lodine-123-labelled
iodoamphetamine single photon emission computed
tomography (SPECT). The absence of previous cerebral
vascular and psychological diseases was confirmed using
brain computed tomography or magnetic resonance imaging
by a psychiatrist not involved into the present study.

All protocols were conducted in accordance with the
recommendations outlined in the Declarations of Helsinki
and were approved by the local Medical Ethical Committee.
All subjects signed an informed consent form prior to the
examination.

Procedure

SPECT scanning started 10 min after intravenous
injection  of  lodine-123-labelled  iodoamphetamine
(111MBq) wusing an ultra high resolution fanbeam
collimators equipped with a triple-detector SPECT device
(Toshiba GCA9300A/HG, Tokyo, Japan). Size of field of
view used in this study was 409.6mm x 409.6mm. Acquired
SPECT images (128 x 128 matrices; 6 mm slice) were
transferred to a Windows PC and then reconstructed from
projection data by a filtered backprojection technique with
Butterworth and Ramp filters according to Talairach brain
atlas.

Measurement of CTUI and Image Analysis

Activity of contralateral thalamus was evaluated by
calculating the contralateral thalamic uptake index (CTUI).
Its measurement consisted of the following steps: a) after

The Open Neuroimaging Journal, 2010, Volume 4 183

setting the identical region of interest (ROI) over the both
thalami, rCBF corresponding to it was measured bilaterally;
b) thalamic perfusion was standardized by subtracting rCBF
of the whole brain to rCBF in ipsilateral and contralateral
thalami, respectively; ¢) CTUI was calculated as the ratio of
contralateral to ipsilateral thalamic uptake (Fig. 1A). ROI
was then separated into the medial and lateral subdivisions
using the three dimensional stereotaxic ROI template
(3DSRT) (Fig. 1B). Indexes of both subdivisions (CTMUI
and CTLUI respectively) were analyzed employing “NIH
image” software (developed at the Research Service Branch
(RSB) of the National Institute of Mental Health (NIMH),
part of the National Institutes of Health (NIH)). Besides,
relations between contralateral thalamic uptake index versus
disease duration and pain intensity were examined. In
controls, the indexes were calculated as the ratio of left to
right consecutive thalamic uptakes.

Statistical Analysis

Results were analyzed using Wilcoxon matched pairs and
Mann-Whitney tests.

RESULTS

In controls, all CTUI measurements showed symmetric
thalamic perfusion (1.17+0.63).

CTUI and Duration of Disease

The most significant increase of CTUI was observed in
patients with duration of symptoms of pain for less than 12
months. The average of CTUI was 1.94+1.01, P=0.0166 and
in some cases even as high as >3. In contrast, the average of
CTUISs in patients with a longer lasting disease (more than 12
month) was similar to controls (1.06 + 0.45) (Fig. 2).

Subdivision analysis was resulted no significant change
in both CMTUI and CLTUI in patients with duration of
disease for more than 12 month compare to controls.
Although not statistically significant (P=0.067), an increase

Fig. (1). Standardized brain SPECT images showing presets of ROIs template of 3DSRT (A) and subdivisions of thalamus used for CTUI
measurements (B). ROI over thalami is outlined in black. Whole thalamus is marked as (W), medial and lateral parts as (M) and (L)

respectively.
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Contralateral Thalamic Uptake Index
(CTUI)

Ushida et al.
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Fig. (2). Scatter gram showing relation between CTUI and disease duration. A significant increase of CTUI is seen for patients with the

duration of disease for less than 12 month.

of CMTUI, but not of CLTUI, was observed in patients with
duration of disease for less than 12 month (Fig. 3).

CTUI and Intensity of Pain

In patients with either CRPS or radiculopathy, CTUI and
pain intensity, measured by VAS, did not show a clear
correlation between each other (VAS=3.5-7.8, average 5,4)
(VAS=3.0-7.5, average 4.7), respectively (Fig. 4).

DISCUSSION

We employed SPECT technique to determine regional
concentration of radionuclide in thalamus as a function of
time and then to compare its values in normal subjects versus
in patients with neuropathic pain. It was observed that
contralateral thalamic uptake index (CTUI) is elevated in
patients with symptoms of neuropathic pain for less than 12
month. It was also detected that CTUI decreases as a result
of pain treatment and that its values in patients with
symptoms of pain for more than 12 month are in the range of

A
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those in control subjects. This attenuation of the contralateral
thalamic activity in chronic pain status has been reported in
other investigators. This inhibited thalamic activity might be
related to pain pathogenesis, a reversal of this change would
be expected as a correlate of pain relief. Accordingly,
thalamic hypoactivity has been shown to be reversed by a
number of analgesic interventions, from lidocaine blocks to
neurosurgical procedures [17-22].

Activation of thalamus in response to acute noxious
stimulation as a phenomenon of functional reorganization of
central sensory neurons was described previously in both
human and animal studies [23-27]. The consensus, however,
whether the activation occurs uni- or bi-laterally was not
reached. It was also not determined what side of the brain, if
uni-laterally, is activated. Our results show that the
methodology used to determine thalamic activation by
measuring the regional blood flow is of critical importance
here. We observed that raw data of thalamic blood flow
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Fig. (3). Changes of CTUI in medial (CMTUI) and lateral (CLTUI) portions of contralateral thalamus in relation to disease duration. An
increase of CTUI in medial contralateral thalamus is observed in the case of disease duration for less than 12 month (A). No changes
between medial and lateral portions are detected in the case of disease duration for longer than 12 month (B).
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Fig. (4). Scatter gram demonstrating relation between CTUTI and pain intensity (VAS). No correlation between pain CTUI and VAS can be

found.

obtained from different subjects are not comparable due to
significant individual variations. Therefore, we took a
different approach and evaluated CTUI by comparing ratios
of the total cerebral blood flow against the thalamic blood
flow. Using this technique, it was possible to obtain data
indicative of an involvement of contralateral thalamus in
neuropathic pain. This conclusion is supported by the results
of electrophysiological and morphological experiments in
primates showing that sensory signals, including noxious
inputs, terminate mainly in contralateral thalamus, with less
than 10 percent of sensory afferents projecting ipsilaterally
[28]. Furthermore, we found an increase of CTUI in the
medial portion of contralateral thalamus (CMTUI), but not in
the lateral portion, (CLTUI). In this respect, it should be
mentioned that medial thalamus is viewed as a portion of
thalamus linked to the “affective/motivational” aspect of
pain, while lateral is related to “discriminative” pain.
Therefore, it is likely that the former aspect of pain sensation
is involved the most in patients with neuropathic pain.
Additional studies that employ the fine spatial resolution
brain imaging tools should help in clarifying this issue
further.

Interestingly, we observed that activation of contralateral
thalamus depends on the duration of disease and tends to
decrease after 12 month since patients report their first
complaints. How this observation can be explained? It is
possible that sensory cortex adapts to the input of pain in
such a way that hyper activation of thalamus for nociceptive
transmission and cognition is no longer necessary [29] and
/or that continuous pain affects intra-cranial blood
distribution and thus results in the sensory blood uncoupling
near the activated region [15]. It should be mentioned,
however, that the pattern of thalamic reaction in this group
of patients is likely to be a very complex issue that requires
additional studies considering the possible involvement of
other regions of the brain. In recent study, Honda er a/. [30]
focused on to prefrontal area and cingulate area, and found
reduction of cerebral blood flow in chronic pain patients as
well.

CONCLUSION

We utilized contralateral thalamic uptake index (CTUT)
to detect changes of thalamic activity in neuropathic pain.
CTUIs were increased in the early stage of the disease but
decreased as the disease progressed to the chronic stage.
Present results suggest that the activity of contralateral
thalamus may have a role in development/maintenance of the
chronic pain conditions.
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Abstract

Purpose  Painful neuropathic conditions of cancer pain
often show little response to nonopioid and opioid anal-
gesics but may be eased by antidepressanmis and anticon-
vulsants. Although gabapentin is effective in the treatment
of neuropathic pain in patients with cancer, some patients
experience intolerable side effects sufficient 10 warrant
discontinuation. The aim of this study was to see whether
Jow-dose gabapentin is effective in treating cancer-related

neuropathic  pain when  combined  with  low-dose
imipramine.
Methods  Fifty-twoe cancer patients diagnosed us having

neuropathic pain were allocated into four groups: G400-1
group took gabapentin 200 mg and imipramine 10 mg
every 12 h orally; G400 group took gabapentin 200 mg
every 12 h orally; G800 group tock gabapentin 400 mg
every 12 h orally; I group teek imipramine 10 mg every
12 It orally.

Results  Low-dose  gabapentin-imipramine  significantly
decreased the total pain score and daily paroxysmal pain
episodes, Several patients developed mild adverse symp-
toms in the four groups, and three patients discontinued
treatment due to severe adverse events in the GBOU group.
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Conelusion Low-dose gabapentin—antidepressant combi-
nation with opioids was effective in managing neuropathic
cancer pain without severe adverse effects.

Keywords  Cancer pain - Newropathic pain -
Antidepressant and anticonviisants « Gabapentin

Introduction

Neuropathic pain, producing a bumning, shooting, or aching
sensation with or without paresthesia, results from dys-
function of peripheral and central nerves [1, 2], Opioid
anaigesics show good response in the treatment of neuro-
pathic pain of nonmalignam origin [3]. However, painful
neuropathic conditions of cancer pain often show little
response to nonopioid and opioid analgesics but may be
cased by adjuvants such as antidepressant and anticonvul-
sanls [4-61.

Gabapentin is an anticonvulsant that binds to the a2-d
subunit of voltage-gated calcium channels, decreasing the
release of glutamate, norepinephrine, and substance P {1,
61. Although it is effective in treating not only noncancer-
but also cancer-reluted neuropathic pain {7, 8], some
patients experience intolerable side effects sufficient to
warrant discontinuation [1]. The incidence of side effects
warranting its discontinuation is about 10-43% [1, Y]. We
experienced some patients reporting somnolence and diz-
ziness even when doses <800 mg are used, thereby dis-
continuing  gabapentin in our daily chinical practice.
However, a review article suggests that combination
pharmacotherapy provide greater benefits [10]. In fact,
when doses <600 mg are combined with antidepressants,
gabapentin is effective in weating cancer-related neuro-
pathic pain without severe side effects in our experience.

£} Springer
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Table 1 Demographics and baseline characteristics of patients

G400-I(n=14) G400 (n=14) GBOO(n=12) I(n=12) p value

Age (year) 65 (58-73) 67.5 (64-70) 69 (65.5-71.5) 65 (60.5-79) 0.872
Sex (M/F) 9/5 1074 93 6/6 0.573
Weight (kg) 51.5 (46-61) 52 (50-60) 55 (48.5-60) 54 (50-61.5) 0921
Diagnosis (n)

Breast 0 0 0 I

Lung 5 1 3 3

Gynecological 1 3 4 i

Sarcoma 2 0 0 0

Gastrointestinal 2 3 3 2

Neck 0 2 1 0

Prostate 2 0 0 2

Pancreas 2 4 1 3
Kamofsky performance status score 60 (50=70) 60 (50-70) 65 (55-80) 60 (50-65) 0.935
Daily opioid dosc® at TO/T1 (mg/day) 45 (30~60) 55 (45-60) 55 (30-60) 35 (22.5-120) 0.578
Opioid medication (n) 0.969

Oxycodone SR 7 7 6 7

Fentanyl patch 7 6 5
Pain descriptors (n)

Sharp 8 12 12 10

Shooting i4 14 11 12

Buming 5 5 5 6
Classification of pain syndrome (1)

Peripheral nerve syndrome due to retroperitoncal mass 2 6 1 3

Radiculopathy due to vertebral lesion 8 4 2 5

Brachial plexopathy 1 2 2 0

Lumbosacral plexopathy 1 | 3 4

Sacral plexopathy 2 1 4 0

Values are median (interquartile range) or number
" Orally administered morphine equivalent

For this reason, we performed an evaluation of the anal-
gesic effect of low-dose gabapentin-antidepressant com-
bination in cancer pain with a neuropathic component.

Methods

Cancer patients diagnosed as having neuropathic pain that
was not completely controlled with opioids analgesics and
nonsteroidal anti-inflammatory drugs (NSAIDs) were
enrolled in this study. Neuropathic pain was defined as pain
associated with nerve compression or direct neoplastic
invasion of the peripheral nerves or spinal cord. Patients
with both sharp pain and buming or shooting pain (clectric-
shock-like) with or without allodynia were rcgarded as
having neuropathic pain [8]. Approval from the local ethics
committee was obtained, and if the pain was not com-
pletely controlled by opioids and NSAIDs, or the opioid
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dose was limited by side effects, oral informed consent was
obtained and then gabapentin or/and imipramine were
started after the first referral visit to our clinic.

In this randomized, controlled trial, cancer patients were
allocated to one of four groups using computer-generated
random numbers:

1. G400-I group: gabapentin 200 mg and imipramine
10 mg every 12 h orally.

2. G400 group: gabapentin 200 mg every 12 h orally.

3. G800 group: gabapentin 400 mg every 12 h orally.
I group: imipramine 10 mg every 12 h orally.

Previous 24-h average intensity of total pain was assessed
on 0-10 numerical scales, and previous 24-h paroxysmal
pain (shooting or lancinating pain) cpisodes werc recorded
(11]. Pain assessments were performed at the first visit (T0)
and 7 days after the start of the medication (T1, the second
visit). Opioid “rescue” doses were available as needed.
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Table 2 Total pain score, daily paroxysmal pain episodes, previous 24-h opioid rescue dose, and adverse events

G400-1 (n = 14) G400 (n = 14) G800 (n = 12) I(n=12) p value

Total pain score

TO 7 (5-8) 7 (5-8) 6.5 (6=7) 7 (5-8) 0.970

Tl 2 (2-3) 4.5 (3-6)* 4 (3-5) 5 (3-6.5)* 0.005
Pain episodes

TO 4.5 (3-6) 4 (4-5) 5 (4-5) 4 (4-6) 0.749

T1 1(0-2) 3 (3-4) 3.5 (2.5-4.5) 4 (3-6) <0.001
Opioid rescue dose at Tl (mg/day) 8 (0-25) 30 (25-30)* 25 (20-40) 25 (15-42.5) 0.008
Adverse events (n)

Mild drowsiness 5 S 7 4 0.559

Mild dizziness 1} 0 4 1 0.014

Severe dizziness 0 0 3 0 0.015

Nausea | i 1 i 0.599

Values are median (interquartile range) or number
* Different from the G400-1 group (p < 0.05)

! Different from the other groups (p < 0.05)

* Oral morphine equivalent

NSAIDs alrcady administered remained unchanged. No new
drug was started during this period.

A pilot study of 20 cancer patieats showed the mean
[standard deviation (SD)] of the total pain score at T1 to be
2.3 (1.5), 4.2 (1.7), 4.0 (1.2), and 4.8 (1.0) in the G400-1,
G400, G800, and I groups, respectively. We assumed that
low-dose gabapentin-imipramine combination would
improve the total pain score by at least 2° compared with
gabapentin alone or imipramine alone. Thus, sample size of
9-14 was needed to show a difference of 2.0 (SD 1.2-1.5)
in the total pain score at T1, with a significant level of 0.05
(o = 0.05) and a power of 80% (f# = 0.20). Data arc pre-
sented as median (interquartile range). As Kolmogorov-
Smimov test was failed, data of patients’ characteristics,
daily opioid dose (oral morphine equivalent [12]), pain
score, paroxysmal pain episodes, and previous 24-h opioid
rescue dose at T1 (oral morphine equivalent [12]) were
analyzed using the Kruskal-Wallis test followed by Dunn’s
method for multiple comparisons, Sex, opioid medication,
and adverse event distributions were analyzed by the chi-
squared test. A p value <0.05 was regarded as significant.

Results

Fifty-two patients with neuropathic pain were randomized
into the G400-1 (n = 14), G400 (n = 14), G800 (n = 12),
and I (n = 12) groups, respectively. The four groups were
comparable with respect to patient characteristics, daily
opioid dose (oral morphine equivalents), and opioid med-
ication (Table 1).

The four groups were comparable with respect to total
pain score and daily paroxysmal pain cpisodes at TO
(Table 2). Low-dose gabapentin—-imipramine combination
significantly decrcased total pain score and daily paroxys-
mal pain episcdes (Table 2). Also, the combination sig-
nificantly decreased the previous 24-h opioid rescue dose.
Several patients developed mild adverse symptoms in the
four groups, and three patients in the G800 group discon-
tinued treatment due to adverse events (Table 2). As pain
control was not sufficient in the G400, G800, and I groups,
imipramine or gabapentin was prescribed at the second
visit in order for the paticnts to take gabapentin 200 or
400 mg, and imipramine 10 mg every 12 h orally. At
7 days after the second visit, the median (interquartile
rangc) of the total pain score and paroxysmal pain episodes
was 2 (1-3) and 1 (O-1), respectively.

Discussion

Some cancer pain syndromes are less responsive to opioid
analgesics than others [4-6, 13]. The pathophysiology
involves multiple mechanisms. In particular, the presence
of a neuropathic pathophysiology is associated with a less
favourable outcome of opioid use [5, 8, 11, 13]. This
observation indicates the need for nonopioid analgesics to
be used in combination with opioids. Anticonvulsants and
antidepressants arc the most commonly used adjuvant
analgesics in pain syndromes of cancer patients when a
neuropathic pathophysiology is inferred from clinical
findings [8, 11]. Thus, we planned to prescribe gabapentin
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or/and imipramine instead of increasing the opioid dose at
the first visit in patients in this study.

Presently, gabapentin is widely used to relieve pain,
especially neuropathic pain. Several studies have shown
that it is morc effective than placebo in treating neuro-
pathic pain caused by nonmalignant and malignant etiology
{1, 7-10, 14—17]. In the experiences of nonmalignant eti-
ology, gabapentin doses ranged from 600 to 3,600 mg/day.
In the experiences of malignant etiology, doses ranged
from 300 to 1,800 mg (median (,200-1,800 mg). Also,
gabapentin combined with morphine achicved better
analgesia at lower doscs of cach drug than each drug alone
[18). However, we experienced many cancer patients
reporting moderate to severe side effects in our daily
clinical practice when doses >800 mg/day are uscd, lcad-
ing to a discontinuation of gabapentin. Several cxperiments
support the potential of combination pharmacotherapy for
neuropathic pain [10, 19]. That is, combination pharma-
cotherapy could provide greater efficacy with lower doses
and fewer adverse effects. A limitation of the methodology
in this study was the failure to use placebo. However, the
combination of low-dose gabapentin and imipramine more
effectively alleviated cancer pain than gabapentin or
imipramine alone. Furthermore, gabapentin 200 mg and
imipramine 10 mg every 12 h were more effective than
gabapentin 400 mg every 12 h. We thus believe that our
results show the synergistic cffectivencss of gabapentin-
antidepressant combination pharmacotherapy in treating
cancer-related neuropathic pain, without severe adverse
effects.

In conclusion, low-dose gabapentin—antidepressant
combination with opioids was effective in managing neu-
ropathic cancer pain without severe adverse effects.
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