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Neurolysis Targeting Both the Aorticorenal Ganglia and Lumbar Sympa-
thetic Plexus for Kidney Tumor-Related Pain

Dear Editor,

Neurolysis of the celiac plexus and/or the retrocrural
splanchnic nerves is a valuable approach to treat upper
abdominal organ-related pain, particularly pancreatic
cancer pain [1]. Few reports, however, have demon-
strated celiac plexus block for kidney-related pain. The
kidney is governed by a diverse nerve supply, such as
sympathetic, parasympathetic, and sensory afferent
fibers [2], and its related pain radiates from the flank
and back to the hypogastric area, rather than from the

upper abdominal region. Although sensory and auto-
nomic nerve supply is relayed via the celiac plexus, it is
questionable whether patients with kidney-related pain
can benefit from celiac plexus neurolysis. We report a
case of neurolytic block targeting both the aorticorenal
ganglia and the upper lumbar sympathetic plexus for
metastatic kidney tumor-related pain.

A 41-year-old man, diagnosed with spindle cell sarcoma
in the right lower leg 6 months previously, was admitted
to our hospital because of uncontrolled right-side

Figure 1 (A) Computed tomographic scan shows the contrast dye spread around the right renal artery
(arrow) and right-laterally and posteriorly to the aorta at the level of the L1/L2 intervertebral disk (asterisk).
(B) Fluoroscopy shows the contrast dye spread ventrally to the L1-L3 vertebrae (asterisks), including at
the level of the right renal artery with an endovascular stent (arrow). The needle tip was located at the
level of L2/L3 intervertebral disk (arrowhead). [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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umbilical pain. For the 2 weeks prior to admission, the
patient experienced abdominal discomfort that gradually
worsened. Subsequently, a tumor in the lower part of
the right renal medulla associated with lymph node
swelling around the right renal and superior mesenteric
artery was identified by computed tomography (CT) and
magnetic resonance imaging. This was diagnosed as
metastatic sarcoma. He complained of sharp intense
pain in the right umbilical area and intolerable dull pain
spreading down to the right hypogastric region, which
required a 75pug/hour transdermal fentanyl patch,
accompanied by continuous intravenous infusion of fen-
tanyl at a rate of 30 ug/hour and a bolus of 50 ug of
intfravenous fentanyl as a rescue using a patient-
controlled analgesia (PCA) device. The average numeri-
cal rating scale (NRS) ranged between 4 and 6 out of
10, whereas intense pain over NRS 6 was felt when
standing or walking for a long time.

As this pain was visceral rather than somatic in origin, a
neurolytic block of the celiac plexus, especially targeting
the ipsilateral aorticorenal ganglion, was performed. The
procedure was performed using a posterior approach
with the patient lying on his left side because the patient
had difficulty maintaining in the prone position. Under
CT guidance to identify the root of the right main renal
artery clearly with an endovascular stent that had been
placed previously for renal artery stenosis, a 14-cm 21-
gauge needle was inserted at the level of the L2 verte-
bra and was advanced so that the needle tip was
placed just right-laterally of the abdominal aorta and
inferior to the root of the right renal artery, where upper
lumbar sympathetic plexus, the right aorticorenal gan-
glion, and renal plexus should be located. After confirm-
ing that contrast dye did not flow into the bloodstream
or an undesirable area, 15mL of solution of regional
anesthetic and contrast dye (0.2% ropivacaine, iohexol)
was injected. The contrast spread around the right renal
artery, along with the aorta, at the level of L1-L3 lumbar
spine was obtained (Figure 1), whereas the solution did
not spread to the root of the celiac artery at the level of
Th12L1 intervertebral disk, where the celiac ganglia
could be located. After confirming pain relief and no
neurological problems, 15mL of 99.5% ethyl alcohol
was injected through the needle.

Following the procedure, pain at rest was alleviated to
an average NRS of 1-2 out of 10, which was not exa-
cerbated even when walking for a long time. Intrave-
nous fentanyl as PCA was discontinued by tapering for
a week, whereas the fentanyl patch was continued for
the residual mild abdominal pain. Two weeks after the
procedure, he was transferred to a regional hospital
with improved pain control.

Noxious stimuli derived from the kidneys pass through
the renal plexus, which travels through the celiac ganglia
and aorticorenal ganglia [2]. In addition, some sensory
fibers directly travel through the upper lumbar sympa-
thetic and aortic plexus [3]. However, it remains unclear

Letters to the Editor

which ganglia or plexus is the most responsible for
kidney-related pain.

In this patient, the contrast spread along the lateral wall
of the aorta at the level of the upper lumbar spine, and
extended around the right renal artery, whereas it did
not spread to the celiac artery where celiac ganglia
should be located. Furthermore, 15mL of neurolytic
agent, which was less than in previously reported stud-
ies in which more than 30mL was used [1,4], was suffi-
cient to alleviate the intractable pain, indicating that
satisfactory pain relief was obtained by the blockade of
the ipsilateral aorticorenal ganglion and the upper lumbar
sympathetic plexus alone. On the other hand, when per-
forming celiac plexus block for upper organ malignancy,
celiac artery is considered as the most reliable landmark
at the level of Th12 or L1 [4]. For kidney-related visceral
pain, however, it may be optimal for the needle tip to be
advanced in the caudal direction so that the aorticorenal
ganglia and the lumbar sympathetic plexus can be
blocked at the same time. This approach can be per-
formed in the same way as the classic lumbar sympa-
thetic plexus block targeting superior ganglion. As no
clinical trial regarding the effectiveness of neurolysis for
kidney-related visceral pain has been performed, further
clinical reports are required to confirm our findings.

In conclusion, neurolysis, targeted to the aorticorenal
ganglia and the upper lumbar sympathetic plexus, may
provide a key to successful treatment for renal-related
visceral pain.

Shizuko Kosual, MD, Saori Hasniguch, MD,

Daisuke NisHimMura, MD, Hirovuki Sexi, MD,

TakesH Suzuki, MD, Nosuvuki Katorl, MD, and

HirosH Morisaki, MD

‘Department of Anesthesiology, Keio University School
of Medicine, Tokyo, Japan
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Introduction

Pain is defined as “an unpleasant sensory and emotional
experience associated with actual or potential tissue damage, or
described in terms of such damage™ [1]. Pain is the most common
patient-reported complaint in clinical practice, and is strongly
associated with quality of life (QOL). Therefore, pain has been
suggested as an important QOL indicator for patients with chronic
illness (e.g., cancer) [2]. In clinical practice, patients’ pain
recognition and persistency are profoundly influenced by the
strength of noxious stimuli and affective status, as well as various
other factors [e.g., medical knowledge, social skills, activities of
daily living (ADLs), economic status, interpersonal relationships].
The biopsychosocial model proposes that clinical pain manage-
ment must incorporate psychological and social factors, along with
biological variables [3]. In this model, pain is considered an
interactive and psychophysiological pattern of behaviors that

~cannot be separated into distinct, independent psychosocial and

PLOS ONE | www.plosone.org

physical components. Numerous studies support the usefulness of
cognitive behavioral therapy and other psychological approaches
to chronic pain management, in addition to those that support a
pharmacotherapeutic approach [4,5]. These psychological ap-
proaches yield similar outcomes, and commonly focus on
educating patients with chronic pain to build coping skills and
improve functioning. Successful treatment with pharmacothera-
pies requires the cducation of chronic pain patients regarding
proper drug administration, side effects, and communicating with
their physicians about unrelieved pain and prescription changes
[6]. Thus, it is important to educate patients on the management
of chronic pain. For example, opioids are prescribed to alleviate
patients’ chronic pain and improve their overall functioning.
However, concerns regarding opioid abuse, addiction, adverse
outcomes (e.g., respiratory depression and/or deep sedation from
overdosing,- and withdrawal symptoms from unintended discon-
tinuation), and tolerance have been increasing. To address such
concerns, chronic pain patients need to have adequate numeracy
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skills to ensure that they consume the right amounts of opioids. In -

other words, it is highly important that their physicians teach them
how to count and take the correct number of pills dutifully.
Health literacy (HL) refers to the capacity to obtain, process,
and understand basic health information and services, and is
necessary to make appropriate health decisions. In other words,
HL is a social skill that embodies the ability to access necessary
information in order to maintain and promote better health [7].
More specifically, it refers to the ability to read, understand, and
use health care information to make decisions and follow
treatment . instructions. From the viewpoint of health care
professionals, patients need to possess a particularly sophisticated
level of understanding to receive the care they need, and lower HL
is commonly found among older adults and patients with chronic
illnesses [8]. Lower HL has been associated with lengthier
hospitalizations, greater use of emergency care, a lower rate of
screening examinations, poorer medication compliance, and a
lower ability to interpret labels and health messages, as well as
lower overall health status and higher mortality among older
adults  [9]. Several HL . assessment tools have already been
developed. One such assessment is the Newest Vital Sign (NVS),
which is comprised of 6 questions about an ice cream nutrition
label and assesses HL numeracy skills [10]. HL numeracy skills
facilitate -adherence to medication regimens [11]. This is
particularly important for opioid medications, where adequate
adherence to dosing schedules is necessary to avoid unfavorable
consequences (c.g., respiratory depression, addiction, and with-
drawal symptoms upon abrupt discontinuation). Assessment of HL
numeracy skills is consequently of great importance in clinical
practices for treating chronic pain [12]. English, Turkish, Dutch,
and Spanish versions of the NVS have already been validated in
primary care patients; however, a highly nccessary Japanese
version has yet to be validated. In the present study, we developed
and validated a Japanese version of the NVS (NVS-]) in patients
with chronic pain. While the original NVS assessments were
conducted via face-to-face interviews, the NVS-J was designed as a
questionnaire available for routine use in a varicty of situations.

Materials and Methods

Participants
This study was approved by the Institutional Ethics Committee,
Faculty of Medicine, The University of Tokyo (#3678), and

Table 1. Participant demographics.

The Japanese Version of the Newest Vital Sign

consistent with the Declaration of Helsinki. A unique aspect of the
NVS is that it can potentially be used to screen for limited
numeracy skills. The original NVS was validated in primary care
paticnts. However, as we mentioned earlier, numeracy skills are
vital to patients with chronic pain who are using opioid analgesics.
Therefore, we focused on chronic pain patients in our rescarch.

*A subset of patients who had been seen more than three times in
our outpatient clinic, the Department of Anesthesiology and Pain
Relief Center, The University of Tokyo Hospital, were enrolled in
the study. During the study period of January—February 2012, the
participants eligible for recruitment were randomly selected from
the -appointment logs of the attending physicians. All of the
participants reported pain of an intensity of 3 or higher out of 10 on
an 11-point numerical rating scale (NRS: 0 =no pain, 10 =worst
pain imaginable), and the attending physicians evaluated their pain
as necessitating continuous treatment. Participants with cultural or
language barriers, or poor mental health statuses, that prevented
them from understanding or responding to the questionnaires were
excluded from this study. Among 44 identified cligible patients, 43
provided oral informed consent to participate in the study, and
completed the questionnaires. Demographic data were obtained on
each participant through the self-report questionnaire [i.e., age, sex,
height, body weight, occupation, intensity of pain (NRS), smoking
history (Brinkman index = daily number of cigarettes * year), and
education level].

Measures . ;

All patients were asked to complete the following 4 question-
naires: 1) the NVS-J; 2) a simple dementia screening test that
assessed cognitive functioning (a total score of 12 or less out of 15
indicated possible dementia) [13]; 3) the Brief Pain Inventory (BPI)
(Japanese version) for assessing ADLs [14]; and 4) a self-rated HL
Questionnaire (HLQ) by Ishikawa et al.,, in which functional,
communicative, and critical HL were assessed separately, with the
total score of all three HL perspectives indicating an individual’s
comprehensive HL level [15]. Further, the attending physicians of
cach participant completed a clinical global impression scale of
participants’ comprehensive HL levels (CGI-HL) that consisted of
a 5-point Likert-type scale (1=“very poor,” 2=“poor,”
3 =“fair,” 4=“moderate,” 5= “good”), on the basis of the
following appraisals: 1) the participant always keeps his/her
consultation appointments, 2) the participant understands the

Male/Female

N Male {cm)

Brink Mann Index

Mean sD

25/18

23.0 34

247.3 480.1

doi:10.1371/journal.pone.0094582.t001
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Table 2. Distribution of total NVS-J scores.

The Japanese Version of the Newest Vital Sign

NVS-J score 0 1 2

doi:10.1371/journal.pone.0094582.t002

psycho-education concept about chronic pain management
presented by the attending physician, 3) the participant can
adequately adhere to medication regimens, 4) the participant can
answer open questions, and 5) the participant can communicate
coherently with the attending physician.

Development of a Japanese version of the NVS

Translation and cross-cultural adaptation of the NVS-] was
performed in accordance with the established guidelines [16,17].
First, a forward translation of the original NVS into Japanese
involving independent translations by ‘a professional native
Japanese translator and bilingual Japanese physician was obtained.
Then, an expert committee including specialists in pain manage-
ment, public health, and methodology, synthesized the two
translations. Finally, two native English translators, who were
uninformed about the nature of the study, completed back-
translations of the translated NVS; thereafter, the back-transla-
tions were sent to an expert committee to detect cultural bias.
When the NVS-] was deemed free of cultural bias, it was
considered complete and suitable for administration to partici-
pants.

Data analysis

A score of two or'less on the CGI-HL was considered in this
study as indicative of low HL. Sensitivity and specificity ratios, as
well as the stratum-specific likelihood ratio (SSLR) were then
calculated for the NVS-J score of each participant. The cut-off
point for the NVS-J was set for screening purposes on the basis of
these parameters and the area under the receiver operating
characteristic (ROC) curve.

Feasibility. The feasibility of the NVS-J was determined by
analyzing the number of unanswered questions.

Validity. Construct validity was established through an
exploratory factor analysis with principal components extraction.
The Kaiser criterion (eigenvalues >1.0) and scree plot were used
to determine the number of factors. Criterion-related validity was
assessed through - the calculation of ~a Pearson correlation
coefficient hetween the dementia screening score, BPI, NRS,
NVS-J, HLQ, and physicians’ impressions. The following are
generally accepted rankings for coefficients: 1.0-0.81 (excellent),
0.80-0.61 (very good), 0.60-0.41 (good), 0.40-0.21 (fair), and
0.20~0 (poor) [18].

Reliability. Internal consistency was measured with Cron-
bach’s alpha. Alpha coefficients of a magnitude =0.70 were
considered evident of adequate scale reliability at the level of
group comparisons [19]. Repeatability was assessed by a test-retest

Table 3. Percentage of correct answers for each NVS-J
question.

Kcal Cup Gram % Allergy Reason

doi:10.1371/journal.pone.0094582.t003
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method. Intra-class correlation coefficients (ICCs) between test
and retest scores were calculated based on data from participants
who reported no symptom changes between the times of the two
surveys. Coeflicients >0.80 were considered indicative of excellent
reliability [20]. '

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS version 11.0) software.

Results

Participant characteristics

The sociodemographic and clinical characteristics of the
participants arc displayed in Table 1. The total score distribution
of the NVS-J is presented in Table 2. The percentage of
participants who answered correctly is shown for each NVS-J
question in Table 3.

Validity

Factor analysis with promax rotation, using the Kaiser criterion
(cigenvalues =1.0), and a scree plot revealed that the main
component of the NVS-J consists of three determinative factors
that constitute 100% of the variance (Table 4). The first of these
determinative factors consisted of the first and second questions,
and was termed “basic numeracy ability,” which referred to the
capacity of participants to perform a simple calculation. The
second factor consisted of the third and fourth questions, and was
termed “complex numeracy ability,” which referred to the ability
of participants to extract necessary information from a nutrition
label and perform complex calculations. Finally, the third factor
consisted of the fifth and sixth questions, and was tcrmed “serious-
minded ability,” which referred to the ability of participants to
make reasonable health-related decisions. This factor was assessed
by instructing participants to imagine they had been diagnosed
with an allergic condition and asking whether they would consider
avoiding allergenic foods. '

In the analysis of criterion-related validity, the total NVS-] score
was significantly correlated with the total HLQ score (p =0.004,
R'=0.:43), functional HL score in the HLQ (p=0.009, R =0.39),
and profoundly with the CGI (p<<0.0001, R =0.72). Furthermore,
we observed that the NVS-J was significantly correlated with
cognitive function (p =0.016, R = 0.37) and the Brinkman index of
smoking history (p<<0.05, R = —0.30). These results also indicated
the criterion-related validity of the NVS-J. Conversely, the total
score of the NVS-J did not demonstrate any correlation with
communicative and critical HL scores in the HLQ (p=0.064,
R=0.39; p=0.11, R=0.25; respectively), body mass index
(p=0.79, R=—0.042), or pain intensity (p =0.98, R = —0.004).

Reliability ;
Cronbach’s coefficient for the total NVS-] score was adequate
(alpha=0.72). We were able to recruit 18 participants for a test-
retest study, all of whom reported no changes in their symptoms.
The data for each participant were evaluated. The average period
between the two surveys was 12.2 weeks [standard deviation (SD):
1.7]. A significant correlation between the two surveys was
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Table 4. Factor analysis of the NVS-J.

The Japanese Version of the Newest Vital Sign

Factor analysis Factor1i

Cup , 0.238

Reason

=0.012

Factor3

0.640 0.017

0.043 0.834

doi:10.1371/journal.pone.0094582.t004

demonstrated by a Pearson’s correlation analysis (p<<0.001,
R =0.82), which suggests good reproducibility. The applicable
rate is shown in Table 5. There were no unanswered questions on
any surveys administercd during either time point in the data that
were analyzed.

Cut-off point for low HL

The area under the ROC curve for the CGI-HL was 0.87. The
theoretical maximum of this value is 1.00, which indicates perfect
discrimination. A scorc of 2 on the NVS-] showed very high
sensitivity (94.7%) but moderate specificity (75.0%); a score of 1
showed high sensitivity (84.2%) and relatively high specificity
(83.3%). Further, the SSLR score of 1 was the maximum (5.05)
among all the scores (Table 6). Thercfore, a score of 1 on the
NVS-J] would be the suitable clinical cut-off point for screening
purposes of low HL. This is compatible with the original cut-off
point.

Discussion

This study demonstrated that the NVS-J has good validity and
reliability. The results obtained in this study were comparable to
those in previous studies [10,21]. With regard to criterion-related
validity, significant correlations between the NVS-J, HLQ), and the
CGI-HL by the physicians were observed. Furthermore, the NVS-J
score was significantly correlated with cognitive  function and
smoking history, suggesting that. the NVS-J would reflect overall
numeracy ability and health practices. With regard to construct
validity, we conducted a factor analysis and found that the six items
of the NVS-J consist of three determinative factors, which can be
defined as “basic numeracy ability,” “complex numeracy ability,”
and “serious-minded ability.”” A factor analysis of this nature has not
yet been attempted with regard to the NVS. One was not performed
in the original NVS study conducted by Barry et al. (2005) in the
US, or in the validation study of the screen by Rowlands et al. (2013)
in the UK [10,21]. The factor analysis was fundamental in revealing
covert psychometric properties of the NVS-J and the relationships
between them. Here, we compared the present factor structure of
the NVS-J to the HLQ, The HLQ assesses three components of
HL: functional, communicative, and critical HL [15]. Functional
HL refers to the ability to read and comprehend basic medical

Table 5. Applicable rate of the respective questions.

information. Communicative HL denotes the ability to extract
important information and independently apply that information to
personal health maintenance. Communicative HL is thus more
advanced than functional HL, but still relatively basic. Critical HL
refers to the extent to which individuals can thoroughly examine the
necessity and suitability of medical information, and use that
information to make decisions about personal health maintenance.
These three HL abilities comprise a 3-step hierarchical structure.
The present three extracted factors of the NVS-J are likely
consistent with these core HL abilities in the HLQ [15].

In fact, our research revealed correlations between patients’
NVS-J scores and total scores on the HLQ, NVS-J scores were also
associated with functional HL, which is the fundamental subscale
of the HLQ, These results indicate that the NVS-J has good
criterion-related validity in evaluating overall HL and fundamen-
tal HI.. On the other hand, NVS-J scores were not correlated with
scores on the communicative and critical subscales of the HLQ, Its
potential use for detecting limited numeracy skills makes the NVS
one of a kind, as the HLQ cannot currently be used to ascertain
such skills in individuals. Therefore, the NVS-J can be used
independently or on its own to evaluate HL, especially numeracy
skills. '

Further, the distribution of scores attained by participants on
the NVS-J, detailed in Table 2, varied from the one observed on
the original NVS. However, our analysis utilizing ROC Curves
clearly demonstrated that a score <2 on the NVS-J had
moderately high sensitivity (84.2%) and specificity (83.3%) for
predicting limited literacy, consistent with assessments by patients’
attending physicians. This cut-off point was similar to that used in
the original NVS study, in which the researchers also observed
that scoring <4 could predict adequate literacy based on the
stratum-specific likelihood ratios they obtained. However, our
ratios (scec Table 6) did not enable us to clearly categorize
individuals in terms of whether they had adequate or robust health
literacy. Therefore, differing from the original NVS, the present
NVS-J could predict limited literacy when scores were <2 with a
moderately high degree of specificity, but could not separate
patients with adequate health literacy from those who had high
health lLiteracy.

Individuals with limited health literacy are less knowledgeable
about their health problems [22-27], endure lengthier hospital-

Keal Cup

Gram % Allergy Reason

doi:10.1371/journal.pone.0094582.t005
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Table 6. Stratum-specific likelihood ratios for NVS-J cut-off
scores by the CGI-HL.

Score of the
NVS-J

Stratum-specific likelihood
ratio (SSLR)

Sensitivity  Specificity

1 84.2 833 © 505

3 94.7 41.7 1.62

doi:10.1371/journal.pone.0094582.t006

izations [28,29], pay higher health care costs [30,31], and are less
healthy [32-36] than those with adequate or high health literacy.
Health information can be tailored for delivery to patients in an
understandable format, provided patients have adequate health
literacy. Additionally, patients with low health literacy have poor
knowledge of pain medications, including their proper use and
intake. Opioid analgesics are potent and thus commonly
prescribed for chronic pain treatment; however, these drugs carry
significant dependence and abuse risk for a portion of patients.
Health care professionals should consequently be trained to
recognize patterns of opioid abuse and misuse, and educate
chronic pain patients on proper opioid administration. Training
and ongoing cducation should be provided for chronic pain
patients on effective dosing schedules and risks of pain medica-
tions, particularly opioids, that have a high potential for misuse,
abuse, dependence, and life-threatening withdrawal symptoms.
Patients should be required to demonstrate adequate numeracy
ability prior to receiving an opioid prescription intended for self-
administration. Furthermore, chronic pain patients should be
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capable of understanding the specifics of non-pharmacological
coping strategies that may improve functioning, ADLs, and QOL.
Given that HL encompasses these basic cognitive abilities, HL
assessment is essential for chronic pain patients, as well as patients
suffering from other chronic illnesses (e.g., congestive heart failure,
diabetes mellitus, and asthma).

Limitations
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complete a clinical global impression scale of patients’ compre-
hensive HL levels, as they had expertise in educating patients on
health and helping them understand health related information in
their clinical practice. Because of this, the number of participants
was fairly limited, but we were able to more precisely screen for
limited HL with a higher degree of sensitivity and specificity.
While the results of our preliminary study demonstrated the
validity of the NVS-J in screening for limited HL, further research
is required. From our pilot data, we could calculate the ideal
sample size for more confirmatory investigations of its validity.
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- Abstract

Objectives: The precise causes of Complex Regional Pain Syndrome (CRPS) are as yet not well known. Some
consider CRPS type 1 without apparent nerve injury to arise due to a prolonged inflammatory state after initial trauma
and its underlying pathophysiology indicates Nociceptive/Inflammatory Pain (NocP) components. Yet others have
shown clear direct evidence of nerve injury in CRPS type 1-affected limbs, and they consider CRPS type 1to be
Neuropathic Pain (NeP). The McGill Pain Questionnaire (MPQ) has the potential to diagnose pain disorders as well
 as suggest the underlying pathophysiology.

Methods: We investigated pain characteristics of 165 NeP and 66 NocP patients, by using the 78 words of the
MPQ, and thereby developed a discriminant function which efficiently discriminates NocP from NeP. We then applied
this function to 36 CRPS type 1 patients’ complaints and classified their pain into either NocP or NeP.

Results: The discriminant probability of the function was 81.0% (chi-square, p=0.24) and this function revealed
47.2% of CRPS type 1 patients’ complaints were classified as NocP and 52.8% as NeP. These subgroups showed
almost comparable demographic data.

Considerations: Our results indicate that CRPS type 1 cannot be classified as NeP or NocP dichotomously
according to pain descriptions. This raises the possibility that CRPS type 1 represents a “mixed” pain mechanism

comprised of both NeP and NocP.

Introduction

Pain is inherently subjective. To understand another people’s
pai, we must accurately interpret what others say or show by their
behaviors. In many investigations of pain, various measurements and
questionnaires are used to evaluate pain as objectively as possible.
Among these, the McGill Pain Questionnaire (MPQ) is one of the
most widely-used and well-validated questionnaires [1]. The MPQ
consists of 78 pain descriptors, which are classified into 20 sub-groups.
Furthermore, the 20 sub-groups can be scored and assessed in view
of four major dimensions of pain: sensory, affective, evaluative and
miscellaneous pain. Some investigations have suggested that the MPQ
is clinically useful for diagnosing the pain complaints of patients on the
basis of the nature of their pain descriptions [2-4]. Patients with certain
pain syndromes frequently select characteristic words in the MPQ to
describe their pain. For example, cancer pain patients consistently
characterize their pain as shooting, sharp, gnawing, burning and heavy,
while those with neuropathic pain tend to describe theirs as burning,
shooting, tingling, piercing, and so on [1,5,6].We previously succeeded
in demonstrating two categories of neuropathic pain [one involves
superficial-pain descriptions (e.g., burning, tingling, piercing and so
on), and the other deep-somatic descriptions (e.g., squeezing, cramp-
like, twisting and so on)] which are differently alleviated according to
mirror visual feedback treatment [7]. Thus, the nature of pain is useful
for suggesting underlying the pathophysiological mechanism(s), and
the MPQ has the potential to diagnose pain disorders and reveal the
causative pathophysiology.

Following a noxious event, Complex Regional Pain Syndrome
(CRPS) may occur accompanied by severe pain disproportionate to
the initiating event, edema, skin color asymmetry, skin temperature
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asymmetry, atrophic changes and motor functional limitations. The
precise cause of CRPS is as yet not well known, though it is clear
that CRPS often induces a number of functionally debilitating effects
on daily life. CRPS is classified into CRPS type 1, previously known
as reflex sympathetic dystrophy without apparent nerve injury, and
CRPS type 2, previously known as causalgia with apparent nerve
injury. Although the symptomatology between CRPS type 1 and type
2 is known to be similar, the etiologies of respective types of CRPS are
considered to be different according to presence or not of an overt
nerve injury. CRPS type 2 is generally considered to be one of forms
of neuropathic pain, on the basis of re-definition and the diagnostic
flow-chart of neuropathic pain proposed by the Neuropathic Pain
Special-Interest-Group of the International Association for the Study
of Pain (IASP) [8]. On the other hand, CRPS type 1 is not included
within the neuropathic pain category because the diagnosis of CRPS
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type 1 is clinically made by absence of documented nerve lesion. What
is the underlying pathophysiological mechanism(s) of CRPS type 17
Some researchers have suggested that CRPS type 1 develops due to
prolonged inflammation following a traumatic event and they propose
that CRPS type 1 is a nociceptive/inflammatory form of pain. Clinically,
understanding the pathophysiological mechanism(s) underlying
pain is critical to selecting optimal treatment strategies, especially
pharmacotherapy. In the present study, we aimed to elucidate whether
the etiology of CRPS type 1 is nociceptive or neuropathic according
to pain quality descriptors of the patients. We initially examined the
discriminant validity of the classification by providing a list of distinct
pain quality descriptors in the MPQ to dichotomize pain as nociceptive
or neuropathic. Next, we classified pain descriptions given by patients
with CRPS type 1 into nociceptive or neuropathic pain by using the
MPQ.

Methods

Experiment 1

Subjects: Two hundred thirty-one patients, referred to Department
of Anesthesiology and Pain Relief Center, The University of Tokyo
Hospital and the Center for Pain Management (Anesthesiology) at
Osaka University Medical Hospital during the period from July 2003
to January 2008, participated in this study. The inclusion criteria
were: (1) suspicion (by the referring physician) of neuropathic pain
and nociceptive/inflammatory pain in the extremities; (2) mean pain
intensity in the past month (recorded at inclusion) >1 on an eleven-
point numerical rating scale (NRS) (0=no pain, 10=worst possible
pain); (3) pain duration >3 months; and (4) age >18 years. The exclusion
criteria were: (1) comorbid psychiatric disorders like as schizophrenia,
major depression, character disorders or other psychotic conditions
according to the ICD-10 criteria and (2) inability to answer pencil-
and-paper questionnaires by themselves. The enrolled patients were
then divided into two groups: neuropathic pain (NeP, n=165) and
nociceptive pain (NocP, n=66).The latter includes inflammatory pain
as assessed by experienced pain physicians on the basis of history,
local pain distribution and clinical examinations in addition to certain
imaging studies. Criteria for NeP group assignment were based on
those for diagnosis as redefined by the IASP Neuropathic Pain Special-
Interest-Group, by experienced pain physicians: pain distribution
neuroanatomically plausible, history suggesting relevant nerve lesion,
negative (e.g., hypoesthesia) or positive (e.g., hyperalgesia) sensory
signs confined to innervation territory of the lesioned nervous
structure, and diagnostic imaging or electrophysiological tests
confirming the nerve lesion [8]. CRPS type 2 patients were categorized
into the NeP group. By contrast, CRPS type 1 patients were included
in neither NeP nor NocP in Experiment 1. The NocP group included
patients with orthopedic joint degenerative diseases or post-traumatic
chronic pain syndromes involving the extremities who did not meet the
criteria for CRPS type 1 in the Japanese population [9]. Patients were
enrolled after providing informed consent. The study was approved by
the Local Ethics Committees and adhered to the Helsinki Declaration.
Demographic data were shown in Table 1.

Discriminant function analysis of pain descriptions: The MPQ,
Hospital Anxiety and Depression (HAD) rating scale and the Pain
Disability Assessment Scale (PDAS) were all carried out when the
participants were referred to our hospital for the first time, and the
data were collected. From a list of pain descriptors (78 words) in the
MPQ Japanese version, the patients were asked to choose one or no
descriptor, which best described their pain, from the aforementioned
20 sub-groups in a pencil-and-paper manner by themselves [10].
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NocP ) NeP
N 66 165
Age (years) 47.4 £18.3 628+ 14.3

Gender {female) ) 41 76

Pain duration (month) 21.3+53.8 318452
NRS (pain intensity) 5525 ‘6.6 +2.4

MPQ total score 221£16.7 204 % 15.6
HAD score Anxiety 8.8+45 89149
HAD score Depression 89151 9.2+52

PDAS score 26.7+£ 135 29.3+16.5

Table 1: Demographic data of 231 participants.

Numerical values indicate means + SD. Statistical analyses were performed using
the Mann-Whitney test. NocP indicates nociceptive pain; NeP indicates neuropathic
pain; NRS indicates numerical rating scale of pain intensity.

CRPS type 1 NocP NeP Pvalue
k subgroup subgroup
N ; 36 T 19 -
Age (years) 4814169 519152 447180 027
Gender (female) 22 9 13 <0.01

Pain duration  441.04234.0 37802483 49662114 072

{month)

NRS (pain intensity) 6.4+1.8 6.2+1.6 65x28 0.64
‘MPQtotal score 215142 220148 2024139 058
HAD score Anxiety = 8.6+4.1 8.0+4.2 92+42 0.43
HAD score 9.6+58 113%7.0 8242 0.15
Depression
PDAS score 260£143 279151  244£139 050

Table 2: Demographic data of 36 CRPS type 1 patients, 19 neuropathic pain and
17 nociceptive pain subgroups.

CRPS type 1 patients were divided into neuropathic pain and nociceptive pain
subgroups on the basis of the discriminant function which is obtained in Experiment
1. Numerical values indicate means + SD. Statistical analyses were performed
using the Mann-Whitney test.NocP indicates nociceptive pain; NeP indicates
neuropathic pain; NRS indicates numerical rating scale of pain intensity.

The discriminant function analysis is similar to a regression
analysis. The discriminant function analysis builds a predictive model
for group membership, and the model is composed of a discriminant
function based on linear combinations of predictor variables. The
discriminant function analysis assesses how well the independent
variables separate the groups: the analysis defines a coefficient of each
independent variable. A discriminant score can be calculated based on
the weighted combination of the independent variables. In the present
study, we used the discriminant function analysis to define a coefficient
of each descriptor in the MPQ and maximize the difference between
the discriminant scores in NocP and NeP groups. The resultant
discriminant function was applied to NocP and NeP groups and then
we evaluate the probability for whole of the participants and respective
groups. By applying this function to each patient's MPQ responses, we
were able to classify the responses as NeP, if the numerical value of
the discriminant function was >1, or NocP if it was <1.The chi-square
test was used to validate the robustness of the discriminant function.
Significance was accepted at the 5% level. Each analysis was performed
using Dr. SPSS (Statistical Package for the Social Sciences, USA).

Experiment 2

Subjects: The study was also approved by the Local Ethics
Committees and adhered to the Helsinki Declaration.

Thirty-six CRPS type 1 patients (age, 48.1 + 16.9 years; pain
duration, 21.4 + 20.7 months; female, 21; affected limb, upper 11, lower
14, both 2; affected side, left 20, right 13, both 3; NRS, 6.4 + 1.8; HAD
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anxiety 8.6 + 4.2, depression 9.6 *+ 5.8; PDAS 26.0 + 14.3), referred to dull 0.34
the two hospitals during the period from July 2003 to January 2008, sore 130
were eligible for participation in this study (Table 2). All met the 9 duliness hurting 0.77
Japanese diagnostic criteria for CRPS, but did not have any apparent aching 1.05
nerve injuries which are evaluated by experienced pain physicians. The heavy ‘ 095
patients answered the same set of pencil-and-paper questionnaires tender 034
(the MPQ and so on) by themselves. The patients were enrolled after 10 sensory taut 0.68
providing informed consent. miscellaneous 1 rasping 113
Discrimination of descriptions of CRPS type 1, by applying the sp’h.mng -062
discriminant function between neuropathic pain and nociceptive 11 tension tmng. -094
. . e s . . . exhausting 0.37
pain: On the basis of the discriminant function developed in Experiment e
1, CRPS type 1 patients’ responses to the MPQ were classified as NeP 12 Autonomic srckenur\g 084 |
or NocP. Then, we compared demographic data of the NeP and NocP suffocating 076
subgroups in CRPS type 1 patients by using the Mann-Whitney test f?aml 063
and the chi-square test. 18 fear fyng.htfulk 3.14
2 effective terrffylfig 0.16
Results punishing -0.27
grueling -0.29
Exper iment 1 14 punishment cruel ' -1.64
Coeflicients for pain descriptors in the MPQ and discriminant . MY‘.???%‘? L 130
probablhty Kllhng 0.88
15 affective wretched . os
The distribution of pain descriptors chosen from the list of the miscellaneous blinding 016
MPQ and coefficients for each pain descriptor to classify pain as NocP annoying 0.00
or NeP dichotomously are shown in Table 3. We set the coefficients troublesome . -1.57
3 evaluative 16 evaluative miserable 0.07
Group Sub-group Descriptor Coefficients intense -1.07
flickering 112 unbearable -1.83
quivering 0.18 spreadlng - 019
1 temporal pusing :d'éd ' mi:Zelsl::Z(:gsz radl:a fmf.; .O -
throbbing 1.20 penetrating 1.07
‘ beating 0.44 piercing -0.50
pot.'ln‘diyng ‘ -1 .32 ' tight 0.86
Jumping 0.70 misieﬁ?:::xs 2 18 sensory d::vr:;:g :?:‘;
2 spatial flashing 0.41 miscellaneous 2 .
shooting 051 squeezing -1
pricking 0.00 tearing 0.00
boring 162 ... W
3 punctate pressure driilihg . 037 19 sensory COI?
stabbing k 1.30 freezing 0.
lancinating 0.23 naggmg P '9,24 .
sharp k -047 ) 20 affective- nause.a.tINQ gig
4 inciseve pressure  cutting 1.28 mii :g:;\tg’gus evaluative as;:;;z]g 1‘35
1 sensory lacerating -0.41 miscellaneous . :
pinchingy ‘ 1.44 torturing 0.07
pressing 054 Constant term -0.49
5 constructive . ) . X . .
pressure gnawing 3.62 T_ablt_e 3 Coefﬂme.nts for 58 pain descnptgrs in the MPQ gnd a consf(ant term in the
cramping -0.30 discriminant function between neuropathic pain and nociceptive pain.
crushing 0.17
tugging 083 for each word and the constant term, to discriminate the two groups
6 traction pressure pulling 1.24 most efficiently, by using the discriminant function analysis. Among
wrenching -0.56 78 pain descriptors, “annoying” and “tearing” were discarded: their
hot 0.13 coefficient was set as 0. On the other hand, “gnawing”, “smarting” and
7 thermal burning 0.27 “frightful” were characterized as neuropathic descriptions because
scalding 0.00 their coeflicients were more than 3. “Cruel” and “troublesome” were
searing 294 characterized as nociceptive/inflammatory descriptions but their
tingling 2110 contribution to categorize patients’ pain response to the MPQ into
8 brightness "Ch}’ -0.79 NocP was relatively small because their absolute value of coefficient is
smarting 341 around 1.6 at most.
stinging -0.55

The probability of this discriminant function was 81.0%
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(Wilks’slambda, 0.64; chi-square test, p=0.24). The probabilities of the
function for NocP and NeP were 80.3% and 81.2%, respectively.

Experiment 2
CRPS type 1 patient’s complaints of their pain characteristics

Applying the discriminant function developed in Experiment
1, 19 CRPS type 1 patients’ descriptions based on the MPQ were
classified into NocP (47.2%) and 17 were classified into NeP (52.8%).
Demographic data of NocP and NeP subgroups of CRPS type 1 patients
were almost similar, except for gender (Table 2).

Discussion

Pathophysiological mechanisms underlying CRPS type 1 are as
yet poorly understood. Some researchers have suggested that CRPS
type 1 is nociceptive and inflammatory pain, based on the following
concepts and observations: the axonal reflex and retrograde secretion
of neurotransmitters from peripheral nerve endings into peripheral
tissues can induce dilation and hyper permeability of small vessels,
resulting in skin erythema, edema and temperature elevation, and
peripheral nerve sensitization results in allodynia, hyperalgesia and
severe pain inappropriate to the initiating event [11]. Furthermore,
pro-inflammatory cytokines, mainly Tumor Necrosis Factor alpha
(TNE-alpha) and Interleukin-6 (IL-6), are reportedly elevated in
CRPS-affected limbs but not in CRPS-unaffected limbs [12]. On the
other hand, other researchers have suggested that CRPS type 1 is
neuropathic pain based on direct evidence of nerve injury. Oaklander
et al. demonstrated loss of axons in the CRPS-affected limb by means
of skin biopsy, indicating hypoesthesia of CRPS-affected limbs;
and Blaes et al. reported autoantibodies to the surface of peripheral
autonomic neurons in sera from CRPS type 1 patients, which produced
sympathetic dysfunction in CRPS-affected limbs [13,14]. Thus, the
controversy as to whether CRPS type 1 is primarily neuropathic
or nociceptive has raged for more than two decades. Clinically,
understanding the underlying pathophysiological mechanism(s) of
pain is critical to selecting appropriate treatment strategies, especially
pharmacotherapy. However, in human pain patients, it is very difficult
and often impossible to define the mechanism(s). Instead, we usually
infer the mechanism(s) from characteristic pain descriptions, in
combination with physical and imaging examinations. One of the
most exciting features of the MPQ is its potential value as an aid in the
differential diagnosis of various pain syndromes [1]. To support this
critical understanding in clinical settings, we developed a discriminant
function based on MPQ descriptions and found that moderate
probability could be demonstrated. In the present study, by applying
the discriminant function to pain descriptions of CRPS type 1, we
classified about a half of our CRPS type 1 patients as NocP and the
other half asNeP. Therefore, our findings suggest that the underlying
pathophysiological mechanism(s) of CRPS type 1 is in a gray zone
between NeP and NocP. Recently. The mixed pain condition has
been proposed to be the pathophysiological mechanism underlying
chronic pain in clinical settings. With a prolonged nociceptive
and inflammatory state, for example, neuronal hyper-excitability
can occur in the spinal dorsal horn. Neuronal hyper-excitability is
also observed with NeP. Furthermore, the actions of inflammatory
mediators originating from peripheral tissue and proliferation of
lymphocytes in peripheral nerves can induce neuronal inflammation
and inflammatory-neuropathic pain [15]. Supporting evidence comes
from Freynhagen et al. study showing that chronic low back pain,
which has been considered to be due to mechanical and inflammatory
nociception, includes a neuropathic component as revealed by using a
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neuropathic pain screening tool [16]. Thus, based on such observations,
the participation of nociceptive as well as neuropathic mechanisms has
been confirmed in chronic pain states, and is thus proposed to be a
mixed pain condition [17]. In the present study, the discriminant
function apparently showed moderately-high probability (more than
80%). However, the function was not sufficiently robust nor was
the results statistically significant. This might be due to ambiguity
caused by NeP and NocP group participants in Experiment 1 having
both neuropathic and nociceptive components, namely mixed pain.
Considering that a cohort of CRPS type 1 patients would have both
neuropathic and nociceptive mechanisms and CRPS type 1 might well
be a mixed pain disorder, it would be not be surprising for CRPS type
1 to be dichotomously classifiable as neither NeP nor NocP based on
such an ambiguous function. Our findings would be helpful to select
optimal treatment strategies for CRPS type 1.
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