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Background: Multiple Chemical Sensitivity (MCS) is a chronic condition characterized by recurrent, non-
specific symptoms in response to chemically unrelated exposures in non-toxic concentrations. Although
the pathophysiology of MCS remains unknown, central sensitization may be an important factor con-
tributing to the clinical manifestations.

Purpose: To use quantitative sensory testing (QST) to study central hyperexcitability and multiple aspects
of central sensory processing in MCS patients without comorbid overlapping disorders and to compare
the results with those among matched controls.

Methods: 15 MCS patients and 15 healthy matched controls underwent QST to assess the following aspects
of pain: capsaicin-induced secondary punctate hyperalgesia, stimulus response function (SRF) to punctate
mechanical stimuli before and after capsaicin injection, temporal summation to punctate stimuli post cap-
saicin injection, pressure pain thresholds, heat pain thresholds, tonic heat stimulation and conditioning
pain modulation (CPM: formerly known as diffuse noxious inhibitory control or DNIC).

Results: The mean area of capsaicin-induced secondary punctate hyperalgesia was significantly larger
in MCS patients than in controls at 5, 30 and 60 min post capsaicin injection (p=0.01). In addition MCS
patients reported higher ratings in response to punctate mechanical stimuli assessed by SRF compared
with controls (p <0.001). The CPM test induced significantly higher pain ratings in patients than in controls
(p=0.002). We found no group differences in pressure pain and heat pain thresholds, temporal summation
to punctate stimuli post capsaicin injection, capsaicin and tonic heat pain ratings or CPM effect.
Conclusion: Increased capsaicin-induced secondary punctate hyperalgesia was demonstrated in MCS
patients without comorbid, overlapping disorders, suggesting facilitated central sensitization in MCS.
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Introduction

Multiple Chemical Sensitivity (MCS) is a chronic condition char-
acterized by recurrent, non-specific symptoms from multiple organ
systems in response to chemically unrelated exposures in low con-
centrations (Cullen, 1987; Nethercott et al., 1993). Symptoms from
the central nervous system such as headache, fatigue and cognitive
deficits are especially frequent among MCS patients (Berg et al.,
2009; Lacour et al., 2005; Ross, 1992).

Since Randolph’s (Randolph, 1962) first description of the con-
dition, little progress has been made in the understanding of the
pathophysiology of MCS. In the past decades, many theories have
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been suggested to account for MCS, biological as well as psycho-
logical or a combination of both (Graveling et al., 1999; Winder,
2002). Central sensitization has been suggested as a biopsycholog-
ical explanation for MCS (Yunus, 2007; Bell et al., 1996; Sorg and
Newlin, 2002; Rainville et al., 2001; Holst et al., 2011a; Ursin and
Eriksen, 2001).

A symptomatic and diagnostic overlap has been observed
between MCS and several other conditions of unknown aeti-
ology such as chronic fatigue syndrome, fibromyalgia, irritable
bowel syndrome and multiple functional somatic symptoms
(Aaron and Buchwald, 2001; Buchwald and Garrity, 1994;
Jason et al, 2000; Kuzminskyte et al, 2010). This raises
the possibility that a common pathophysiological mechanism,
such as central sensitization, could underlie these different
clinical conditions. Central sensitization implies an increased
central response to a normal sensory input (Yunus, 2008)
and has been well demonstrated in fibromyalgia (Nielsen and
Henriksson, 2007). In contrast, empirical support for central
sensitization in MCS has remained scarce. A recent study (Holst
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et al,, 2011a) has provided some support for central sensitization
in MCS with findings of increased capsaicin-induced secondary
punctate hyperalgesia and temporal summation to punctuate
mechanical stimulation.

Capsaicin has been widely used to explore sensory mechanisms
of pain processing in both normal and pathological states (Morris
et al., 1997; Simone et al., 1989; Arendt-Nielsen and Yarnitsky,
2009) because it induces pain, neurogenic inflammation (flare),
hyperalgesia and allodynia (LaMotte et al., 1991; Simone et al.,
1989). Capsaicin-induced secondary hyperalgesia is considered to
be the result of sensitized central nociceptive neurons (Simone
et al., 1991; Torebjork et al., 1992), in contrast to neurogenic
inflammation, which mainly reflects peripheral activity (Littlejohn
et al,, 1987). Temporal summation of pain is an increased response
to repetitive nociceptive stimulation, which may be facilitated in
patients with central sensitization (Gottrup et al., 1998; Sérensen
et al., 1998). However, the study by Holst et al. included MCS
patients with comorbid overlapping disorders, which may question
this association between MCS and central sensitization. In support
of a central component in MCS, controlled brain imaging stud-
ies have demonstrated abnormal central odour processing in MCS
patients (Hillert et al., 2007; Orriols et al., 2009).

Thus the purpose of this study was to study central hyper-
excitability and multiple aspects of central sensory processing in
MCS patients without comorbid, overlapping disorders by utiliz-
ing a variety of quantitative sensory tests (QST). These included a
capsaicin pain model, a conditioning pain modulation model and a
tonic heat pain model. The hypotheses of the study were that pain
processing in MCS patients is facilitated compared with healthy
matched controls i.e. enlarged capsaicin-induced secondary punc-
tate hyperalgesia, increased stimulus response function (SRF) to
punctate mechanical stimuli post capsaicin injection, increased
temporal summation to punctate stimuli post capsaicin injection,
reduced pain thresholds, increased pain intensity ratings, equal
flare responses and reduced conditioning pain modulation.

Materials and methods
Study population

The study comprised 30 participants: 15 MCS patients and
15 controls. Individuals with self-reported MCS were recruited
through advertisements in patient organizations’ newsletters and
on the website of “The Danish Research Centre for Chemical Sen-
sitivities”. All patients met Lacour’s criteria (Lacour et al., 2005)
i.e.: (1) symptom duration of at least 6 months, (2) symptoms in
response to at least 2 of 11 categories of chemical exposures, (3)
at least one CNS symptom and one symptom from another organ
system, (4) symptoms causing adjustments of personal lifestyle,
or of social or occupational life, (5) symptoms occurring when
exposed and improving or resolving when exposures are removed,
(6) symptoms are triggered by exposure levels that do not induce
symptoms in other individuals who are exposed to the same levels.
MCS patients were included if they were at least 18 years of age
and were able to rate pain reliably. Exclusion criteria comprised:
drug or alcohol abuse, current use of antidepressants or anxiolyt-
ics, pregnancy, nursing, or self-reported disorders with altered
pain perception (e.g. neurological, cardiovascular or psychiatric
disorders except for previous depression, diabetes, overlapping dis-
orders such as fibromyalgia, chronic fatigue syndrome, irritable
bowel syndrome or temperomandibular disorder). Controls were
also recruited through advertisements and were selected to match
patients by age and sex on group level. Inclusion criteria for control
subjects were: ability to rate pain reliably, absence of major med-
ical disorders, psychiatric disorders, recent surgery (<6 months),

Table 1
Chronological outline of performed QST procedures.

Day 1 CPM model - control bath session

PPT at baseline
PPTT at baseline
Pain intensity rating of control bath (23°C)
PPT during control bath
PPT 10 min post control bath

30-min break

Capsaicin pain model
SRF at baseline
Pain intensity rating of capsaicin injection
Flare
Secondary punctate hyperalgesia (5 min)
SRF post injection
Temporal summation
Secondary punctate hyperalgesia (30 min)
Secondary punctate hyperalgesia (60 min)

Day 2 CPM model - cold pressor bath session

PPT at baseline
PPTT at baseline
Pain intensity rating of cold pressor bath (0-1°C)
PPT during cold pressor bath
PPT 10 min post cold pressor bath

30-min break

Phasic and tonic heat pain model
HPT at baseline
HPTT at baseline
Pain intensity rating of tonic heat stimulation (47 °C)

CPM, conditioning pain modulation; PPT, pressure pain threshold; PPTT, pressure
pain tolerance threshold; SRF, stimulus response function; HPT, heat pain threshold;
HPTT, heat pain tolerance threshold.

chronic pain, drug or alcohol abuse, pregnancy, nursing or use of
medications. The study was approved by the local Ethics Com-
mittee (approval no: H-4-2010-015). All participants gave written
informed consent and received the equivalent of 200 Euro for their
participation.

Study design

Before inclusion, all candidates participated in a preliminary
session to determine their ability to rate pain reliably and to
familiarize them with the testing conditions. The preliminary ses-
sion took place in the same room as the actual testing sessions
but on a different day. Pain-rating reliability was determined
through heat stimuli administered to the right forearm by a Peltier
element-based, computer-controlled thermal stimulator with a
probe measuring 3 cm x 3 cm (TSA-II, Medoc, Israel). Four fixed pre-
determined temperatures (43, 45, 47 and 49 °C) were delivered to
the right forearm for 6s in a mixed sequence. Participants rated
pain intensity after each temperature on an 11-point rating scale
with anchor points, 0 (no pain) and 10 (worst pain imaginable). If
a participant did not feel pain, he/she rated the heat intensity on
an 11-point rating scale with anchor points, 0 (no warmth) and 10
(mostintense warmth). If participants were able to differentiate the
temperatures by proportional ratings, they were considered able to
rate pain reliably. No potential participants were excluded on this
basis. At the preliminary session, all participants were familiarized
with the remaining devises used for QST.

Toreduce test session length and to avoid the tonic stimuli influ-
encing the subsequent test results, the actual testing procedures
took place on two different days at least one week apart and on
each day a fixed as opposed to randomized sequence of testing with
30-min pauses was used (Table 1). To minimize influences on pain
perception, all participants were instructed to refrain from using
analgesics, herbal medicine and food supplements 3 days before
the day of testing and to refrain from consuming food or beverages
containing caffeine and from smoking on the day of testing. If par-
ticipants reported pain on the day of testing, the testing day was
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rescheduled. Prior to the QST procedures, participants rested in a
comfortable seated position in a quiet room for 15-20 min. Each
testing day lasted approximately 3 h. All testing procedures were
performed by the same investigator (MTDT).

Capsaicin pain model

Prior toinjection, we outlined 8 linear vectors arranged radiating
at45° angles on the volar side of the right forearm halfway between
the cubital fossa and the wrist. With the forearm placed on an arm-
rest, each participant received an intradermal injection of 0.1 ml
capsaicin in a concentration of 3.3 uM (1 wg/ml, 0.01% solution)
at the meeting point of the 8 vectors using a 29-gauge disposable
needle producing a circular blister with a radius of 0.5 cm.

Pain intensity. Participants rated pain intensity continuously for
the first 5min after capsaicin injection using an electronic visual
analogue scale (eVAS) consisting of a 10cm light display with
a low anchor point (no pain) and a high anchor point (worst
pain imaginable). The eVAS was controlled by the participant
using a slide button. Pain ratings were digitized into a numer-
ical value (0-10) and sampled at 5s intervals. We calculated
mean pain ratings (VASmean), peak pain rating (VASmax) and
area under the VAS-time curve (VASpyc). The latter was cal-
culated using the trapezoidal rule of numerical integration:
VASauc=1/2-(x2 —x1)-(Yo +2y1 + - -+2Yn_1 +¥n).

Visible flare. At 5min post injection, the area of visible flare was
assessed by placing a transparent sheet of paper on the skin with
visual hyperaemia and outlining the area with a marker. The out-
lined area was cut out, weighed in mg and converted into cm?.

Secondary punctate hyperalgesia. We used a handheld mechanical
probe (diameter 0.6 mm, weight 50.1 g, Centre for Sensory-Motor
Interaction, Aalborg University) with a blunt tip that exerted the
same force at each application to determine the area of secondary
punctate hyperalgesia at 5, 30 and 60 min post injection. During
the procedure, participants were blindfolded and the probe was
applied to the skin for 1s with an interstimulus interval (ISI) of
2 s starting from a point well outside the injection site and then
sequentially reapplied to the skin moving along a vector towards
theinjection site in steps of 0.5 cm. The participants were instructed
to report when the pricking sensation changed in intensity or
character to become more intense, painful, burning or otherwise
different. When the participant reported a change in sensation at
two successive points, the first point was marked. This procedure
was repeated along all 8 vectors (V;-Vg). The 8 marks were con-
nected to form an area of secondary punctate hyperalgesia. The area
(A) was calculated using trigonometry by the rule of the area of a
triangle, adding up and subtracting the area of the capsaicin blis-
ter: A=1/2-5in(45°)-(V;-Vy + V- V3 +. . .+ V5.Vg + Vg-V; ) — (-0.52). An
area was calculated only when there were at least 2 neighbouring
marks.

Stimulus response function (SRF). We assessed sensitivity to punc-
tate stimuli before and after capsaicin injection. We stimulated the
skin area 1cm latero-distal to the border of the capsaicin blister
with 7 handheld probes exerting a pressure of 0.8, 1.6, 3.2,6.4,12.8,
25.6, or 50.1 g. We applied each probe 3 times to the skin with an
ISI of 10s. The participants were blindfolded and reported an aver-
age pain rating of each weight using an 11-point numerical scale on
which 5 was defined as the pain threshold, 0 as no sensation and 10
as worst pain imaginable. We started with stimuli of middle weight
and decreased to the lowest weight and then ended with the high-
est weights. If a stimulus was rated 0, then the stimuli below this
weight were automatically assigned 0.

Temporal summation post capsaicin injection. Within the area of
secondary punctate hyperalgesia, we stimulated the skin 1cm
medio-distal to the border of the capsaicin blister with a hand-
held probe of 50.1 g. First, we applied a single punctate stimulus
followed by a train of 10 repetitive stimuli at 1.0 Hz. We applied
all stimuli within an area of 1 cm2. The participant was instructed
to rate the single punctate stimulus and the perceived mean of the
train of 10 stimuli on a numerical scale from 0 (no pain) to 10 (worst
pain imaginable). We repeated this procedure 5 times and calcu-
lated the wind-up ratio (WUR) as the mean rating of the 5 trains
divided by the mean rating of the 5 single stimuli.

Conditioning Pain Modulation (CPM) model

We assessed the CPM effect using the pressure pain threshold
(PPT) as the test stimulus and ice-water hand immersion (cold pres-
sor test) as the conditioning stimulus. We also performed a control
session with a neutral water bath, which was scheduled on the first
testing day to familiarize participants with the procedure.

Pressure pain thresholds. We determined pressure pain threshold
(PPT) and pressure pain tolerance threshold (PPTT) by the method
of limits. A handheld algometer (Somedic, Sweden) with a 1.cm?
probe was applied to the right tibialis anterior muscle 14-18 cm
proximal to the lateral malleolus, and the pressure was increased at
aspeed of approximately 30 kPa/s. The participants were instructed
to push a button when the stimulus became painful (PPT) and when
the pain became unbearable (PPTT). To train the participant, we
carried out two trials of PPT assessments on the left side and then
one valid trial was performed on the right side on both days of
testing. We calculated mean PPT by averaging the two PPT trials
from the right side. We performed one PPTT assessment on the right
side on each testing day and we calculated mean PPTT by averaging
the two trials. If the participant did not respond when exceeding
1600 kPa of pressure, a maximum value of 1700 kPa was assigned.
We never applied the algometer on the same skin spot.

CPM testing. The participant’s right hand was submerged to the
wrist in a circulating water bath at a noxious temperature (0-1°C)
for 5 min (conditioning stimulus). After 4 min of cold water immer-
sion, we assessed PPT on the ipsilateral tibialis anterior before
withdrawal of the right hand from the cold pressor bath. Par-
ticipants were instructed to focus their attention on the PPT
assessment during conditioning stimulation to minimize the effects
of distraction. If the conditioning pain stimulus became intolerable,
the participant could terminate the cold pressor bath earlier than
scheduled after an assessment of PPT. Ten minutes after the cold
pressor bath was terminated, we assessed PPT again. Changes in PPT
at baseline to PPT during conditioning stimulation were assessed
within and between groups and were considered to reflect a CPM
effect. For the control bath session, the procedure was replicated
but with the difference that we used water of neutral (23 °C) tem-
perature to get a measure of non-specific effects on pain perception.

Pain intensity. Participants rated pain intensity continually for
5min on the eVAS following submersion of the hand in the cold
pressor bath. We calculated the same pain measures as described
for the capsaicin pain model. If the pain became intolerable, the
cold pressor test was stopped and the maximum value of 10 was
assigned to the missing time points.

Heat pain thresholds

We determined heat pain threshold (HPT) and heat pain toler-
ance threshold (HPTT) by the method of limits. When measuring
HPT, we placed the thermode over the anterior side of the left
thigh, 16 cm proximal to the knee. The temperature rose from an
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adaptation temperature of 30 °C with a ramp rate of 3 °C/s to a max-
imum of 52 °C. Participants were instructed to push a button when
the stimulation became painful whereupon the temperature of the
probe returned to baseline. We repeated the procedure five times
with an ISI of 10s. HPT was derived by taking the average of the
five trials. We measured HPTT on the same leg, 12 cm proximal to
the knee. The temperature rose from an adaptation temperature of
30°Cwith aramp rate of 3 °C/s to a maximum of 53 °C. Participants
were instructed to push a button when the pain became intolerable
whereupon the temperature of the probe returned to baseline. We
performed only a single assessment of HPTT.

Tonic heat pain model

We used the tonic heat pain model developed by Naert et al.
(2008). We applied a tonic heat stimulus using the TSA-II (Medoc,
Israel) with a 9 cm? probe placed over the anterior side of the left
thigh 16 cm proximal to the knee. The temperature rose by 5°C/s
from an adaptation temperature of 30 °C to 47 °C and stayed at this
level for 7 min.

Pain intensity. Participants rated pain intensity continually for
7 min on the eVAS. We calculated the same pain measures as
described for the capsaicin pain model. If pain became intolerable,
the tonic heat stimulus was terminated and the maximum value of
10 was assigned to the missing time points.

Questionnaire

Participants completed a questionnaire that included self-
estimated health, asthma, previous doctor-diagnosed depression,
symptoms of depression and anxiety and somatosensory amplifi-
cation. Asthma was assessed by the criteria used by the European
Community Respiratory Health Survey (ECRHS) (Pekkanen et al.,
2005). Symptoms of depression and anxiety were assessed using
the Symptom Check List (SCL-92) (Olsen et al., 2004). Lastly, we
assessed somatosensory amplification using the Somato-Sensory
Amplification Scale (SSAS) (Barsky et al., 1988). Somatosensory
amplification refers to a tendency to experience physical sensations
as intense, noxious and disturbing.

Statistical analyses

Statistical analyses were mainly done using PASW Statistics
18 software. For continuous data analyses between groups, we

Table 2
Clinical characteristics of MCS patients and controls.

MCS (n=15) Controls (n=15)
n % n %
Lacour’s criteria for MCS 15 (100) 0 (0)
Self-estimated health
Excellent or good 5 (33) 15 (100)
Fair, poor or bad 10 (67) 0 (0)
Asthma 2 (13) 0 (0)
Previous depression 3 (20) 0 (0)
Smoking 2 (13) 1 (7)
Hormone status
Premenopausal 4 (33) 6 (50)
Postmenopausal 8 (67) 6 (50)
Hormone therapy? 5 (42) 1 (8)

2 Hormone therapy included oral contraceptives, hormonal intrauterine devices
or hormone therapy for menopausal symptoms.

selected multiple regression analyses adjusting for the match vari-
ables sex and age with or without prior log transformation after
ensuring that the model assumptions were met. We used a paired
t-test to do within group analyses when the model assumptions
for t-test were met. To compare the numerical VAS scores between
patients and controls and the effect of the capsaicin injection in
the SRF analyses, we used the McCullagh model (R software) and
corrected for repeated measurements for each subject by using
robust standard errors. We investigated interactions, and adjusted
for sex and age differences. Finally, we analysed categorical data
with Fischer’s exact test. Significance levels were set at p <0.05.

Results

Table 2 shows the clinical characteristics. Average age was 52.2
(SD 8.7) years among MCS patients and 51.9 (SD 8.0) years among
controls. There were 12 women and 3 men in each group. MCS
patients rated their health significantly poorer (p <0.01) and more
frequently had asthma and a history of depression than controls
did.

Psychological measures

Patients scored significantly higher than controls on symptoms
of depression and anxiety and SSAS (p<0.01). The mean scores
for MCS patients and controls were 0.7 and 0.1 (symptoms of

Table 3
Quantitative Sensory Testing by the capsaicin pain model in MCS patients and controls.
MCS (n=15) Controls (n=15) p-Value
Mean SD Mean SD
VASmean 1.8 (1.1) 1.6 (0.7) 0.542
VASmax 8.2 (3.1) 7.4 (2.6) 0.462
VASauc (cm x min) 8.8 (5.2) 7.8 (3.5) 0.56%
Flare area (cm?) 11.84 (6.3-25.1)¢ 10.44 (4.7-81.4)¢° 0.56°
2nd hyperalgesia (cm?)
5min 55.5 (33.4) 29.1 (22.6) 0.012
30 min 55.5 (33.7) 29.0 (22.9) 0.012
60 min 57.3 (38.3) 23.8 (20.2) 0.012
SRFpre (VAS) 2.3 (1.0) 1.4 (0.5) <0.01¢
SRFpost (VAS) 2.8 (1.6) 2.7 (1.4) 0.71¢
WUR 13 (0.3) 1.6 (0.5) 0.112

VASean, mean pain ratings; VASmax, peak pain ratings; VASayc, area under the VAS-time curve; SRFye, mean stimulus response function pre injection; SRFpos, mean stimulus

response function post injection; WUR, wind-up ratio.
2 Multiple regression adjusting for sex and age.
b Multiple regression adjusting for sex and age with prior log transformation.
¢ McCullagh regression model.
d Geometric mean.
€ Range.
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Fig. 1. Mean pain ratings during the first 5 min post capsaicin injection (I=95% con-
fidence intervals). No significant differences in capsaicin pain ratings were found
between MCS patients and controls (p >0.40).

depression), 0.4 and 0.1 (symptoms of anxiety) and 26.1 and 22.3
(SSAS), respectively.

Capsaicin pain model

Intradermal capsaicin injections evoked pain that peaked at
mean 11s (range 5-25) post injection. In all participants, pain
was completely absent within 5min of injection. No differences
were observed between MCS patients and controls in any of the
pain intensity measures (Table 3, Fig. 1). The mean pain scores
for patients and controls were 1.8 and 1.6 (VASmean), 8.2 and 7.4
(VASmax) and 8.8 and 7.8 (VASayc), respectively.

A
87 1 MCS

I Controls

VAS

4

o ¢ ¢

I I I I T I I
0.8 1.6 3.2 6.4 12.8 256 50.1

Stimulus strength (g)

Capsaicin injections induced visible flare in all participants.
Mean flare area was 11.8 and 10.4cm? for patients and con-
trols, respectively, with no significant difference between groups
(p=0.56, Table 3).

The mean area of secondary punctate hyperalgesia was signif-
icantly larger in MCS patients compared with controls at all three
time points of measurement (p=0.01). Adjusting for depression or
anxiety did not alter the results (data not shown). The area of sec-
ondary punctate hyperalgesia was 1.9-2.4 times larger in patients
than in controls (Table 3). Only one participant (control) did not
develop secondary punctate hyperalgesia after capsaicin injection
at any of the three measurement points.

At baseline, MCS patients rated the 7 punctate stimuli sig-
nificantly higher than controls did (p<0.001, Fig. 2A, Table 3).
In contrast, there was no group difference in pain ratings post
injection (Fig. 2B, Table 3). There was a significant interaction
between group and capsaicin injection (p=0.003): capsaicin injec-
tion induced a significant increase in VAS ratings in controls
(OR=3.92, p<0.001) but not in patients (OR=1.20, p=0.43).

Temporal summation was evoked within the area of secondary
punctate hyperalgesia in 26 of 30 participants. Mean wind-up ratio
(WUR) was 1.3 for patients and 1.6 for controls. The difference
between groups was not significant (Table 3).

Conditioning pain modulation

Six patients could not complete the cold pressor bath. The aver-
age immersion time for these patients was 118s (SD 13). One
patient became nauseous and the remaining five found the pain
intolerable.

Submersion of the right hand in the cold pressor bath caused a
quick increase in pain ratings up to around 40 s after start, followed
by a slow but steady increase, which stabilized after approximately
100s for the remaining time (Fig. 3). The time profile of the VAS
curves was similar in patients and controls; however, the cold pres-
sor bath induced significantly higher pain ratings in patients than in
controls (p =0.002, Table 4, Fig. 3). The mean pain scores for patients
and controls were 7.6 and 4.6 (VASmean), 8.9 and 5.9 (VASmax) and
37.5 and 22.2 (VASpyc), respectively.

- B
2 I MCs
I Controls

VAS

| T I I T I I
0.8 1.6 3.2 6.4 12.8 2586 50.1

Stimulus strength (g)

Fig. 2. Stimulus response function (SRF) pre (A) and post capsaicin (B) injection in MCS patients and controls (I=95% confidence intervals). The difference in pain ratings
between MCS patients and controls was significant pre (p <0.01) but not post injection (p=0.71).
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Fig. 3. Mean pain ratings during submersion of the hand in the cold pressor bath
(0-1°C) for 5min (I=95% confidence intervals). Pain ratings were significantly
higher in MCS patients than in controls (p<0.01).

Mean pressure pain thresholds for patients and controls at base-
line were 374.4kPa and 415.8 kPa (PPT) and 921.8 and 997.9 kPa
(PPTT), respectively, with no significant differences (Table 4).

During the cold pressor bath, mean PPT increased significantly
both in patient and control groups (p=0.02 and p<0.01, respec-
tively, Fig. 4). The PPT increase was 73.1kPa for patients and
119.1kPa for controls. The difference in PPT increase between
groups was not significant (p=0.35, Table 4). PPT at 10 min after
the cold pressor test did not differ from the baseline value within
patient (p=0.27) and control groups (p=0.24, Fig. 4). The control
bath (23°C) had no effect on PPT compared with baseline PPT,
either within groups (p = 0.98 for patients and p = 0.47 for controls)
or between groups (p=0.60, Table 4).

Because six patients did not complete the cold pressor bath,
we omitted these patients from a supplementary analysis of CPM
effect, obtaining a mean PPTcpy of 31.2kPa (SD 101.9) for the
remaining nine MCS patients. The PPT increase induced by the
conditioning stimulus was no longer significant within the patient
group (p=0.39). However, the difference between groups did not
reach statistical significance (p=0.11).

] Before cold pressor bath
Ty [ Control bath (23° C)
o Bl Cold pressor bath (0-1° C)
o 10 min after cold pressor bath
1.000 =
800 o *
o
™
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Fig. 4. Mean pressure pain threshold (PPT) before, during and 10 min after a cold
pressor bath and during a neutral control bath (O =interquartile range, I=1.5 times
the interquartile range, O = outliers, * = extreme values). There were no significant
group differences in CPM effects (p=0.35).

Heat pain thresholds

Mean heat pain thresholds for patients and controls at baseline
were 46.4 and 47.3°C (HPT) and 50.0 and 49.9 °C (HPTT), respec-
tively. HPT and HPTT did not differ significantly between groups
(Table 5).

Tonic heat pain model

All participants completed the tonic heat stimulation apart from
one MCS patient, who had to stop because of intolerable pain.

Tonic heat stimulation caused a steep increase in pain ratings up
to around 20 sec after start followed by a slower increase until 125,
whereupon the increase slowed further for the remaining time. The
time profile of the mean VAS curve was again similar in patients
and controls with a displacement of the patients’ curve upward
(Fig. 5). The differences between MCS patients and controls were
not significant in any of the pain intensity measures (Table 5). The
mean scores for patients and controls were 5.5 and 4.3 (VASmean),
7.1 and 6.0 (VASmax) and 38.5 and 30.2 (VASayc), respectively.

Table 4
Quantitative Sensory Testing by the CPM pain model in MCS patients and controls.
MCS (n=15) Controls (n=15) p-Value
Mean SD Mean SD
VASmean 7.6 (2.2) 4.5 (2.6) <0.01?
VASmax 8.9 (2.1) 5.9 (2.6) <0.01°
VASayc (cm x min) 375 (11.1) 22.2 (12.9) <0.01?
PPTmean (kPa) 374.4° (170.0-603.5)4 415.8¢ (229.0-800.5)4 0.35b
PPTTmean (kPa) 921.8 (336.2) 997.9 (294.0) 0.49°
PPTcpym (kPa) 73.1 (104.1) 1191 (149.3) 0.35°
PPTcontrol (KPa) 0.8 (152.2) 22.7 (117.0) 0.60°

VASmean, Mmean pain ratings; VASn,«, peak pain ratings; VASayc, area under the VAS-time curve; PPTpean, mean pressure pain threshold; PPTTean, Mmean pressure pain
tolerance threshold; PPTcpm, PPT during cold pressor bath — PPT before cold pressor bath; PPTconro, PPT during control bath — PPT before control bath.

2 Multiple regression adjusting for sex and age.

b Multiple regression adjusting for sex and age with prior log transformation.
¢ Geometric mean.

d Range.
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Table 5
Quantitative Sensory Testing by the phasic and tonic heat pain model in MCS patients
and controls.

MCS (n=15) Controls (n=15) p-Value
Mean SD Mean SD
HPTmean (°C) 46.4 (2.7) 47.3 (2.4) 0.322
HPTT (°C) 50.0 (1.3) 49.9 (1.7) 0.882
VASmean 5.5 (2.9) 43 (2.2) 0.23?2
VASmax 7.1 (2.9) 6.0 (2.6) 0.29?
VASauc (cm x min) 385 (20.0) 30.2 (15.3) 0.362

HPTpean, mean heat pain threshold; HPTT, heat pain tolerance threshold; VASmean,
mean pain ratings; VASmax, peak pain ratings; VASayc, area under the VAS-time
curve.

4 Multiple regression adjusting for sex and age.

Discussion

This study demonstrated altered sensory processing of var-
ious somatosensory stimuli in MCS patients without comorbid
overlapping disorders. Compared with controls, capsaicin-induced
secondary punctate hyperalgesia was increased in MCS patients, as
was baseline sensitivity to punctuate mechanical stimuli and cold
pain ratings. We found no group differences in pressure pain and
heat pain thresholds, temporal summation to punctate stimuli post
capsaicin injection, capsaicin and tonic heat pain ratings or CPM
effect.

Patients in the present study scored higher on symptoms of
depression and anxiety than controls did; nevertheless, these
symptoms were within the normal ranges of the general population
(Olsen et al., 2006).

The basic state of the nervous system

A psychophysical measurement is a reflection of the entire sen-
sory neuraxis from the periphery to the brain. Sensory processing of
external stimuli is thus a combination of physiological and psycho-
logical processes. Our findings of normal pressure pain and heat
pain thresholds are in line with findings of normal thresholds of
olfaction and chemosensory perception in MCS (Das-Munshi et al.,

McCs
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9

1T T T T T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300 330 360 390 420
Time (s)
Fig. 5. Mean pain ratings during tonic heat stimulation with 47 °C for 7 min (I=95%

confidence intervals). Pain ratings of MCS patients and controls did not differ sig-
nificantly (p>0.10).

2006; Hummel et al., 1996). In contrast, patients showed increased
baseline sensitivity to punctate stimuli suggesting that the baseline
state of the nervous system in MCS is hyperexcitated. Interest-
ingly, an attenuated response to punctate stimuli post capsaicin
injection was observed in MCS patients and not in controls. A pos-
sible explanation for this could be a ceiling effect of the capsaicin
dose that we used i.e. the capsaicin injection did not further sen-
sitize the nervous system in patients as it was already excited.
In support of this, a study by Witting et al. (2000) showed that
repetitive intradermal capsaicin injections resulted in decreased
or unchanged pain intensity in the hyperalgesic zone depending
on the time between injections. Since increased baseline sensitiv-
ity has not been reported previously in MCS patients and the results
of the pain thresholds point in the opposite direction, it will require
further studies to establish whether a hyperexcitability of the basal
nervous system exists.

Central sensitization

The processing of suprathreshold nociceptive stimuli is reflected
in pain intensity ratings. The ratings of capsaicin-induced pain in
this study are in line with the study by Holst et al. (2011a), who
reported normal pain intensity ratings at a provocational dose of
capsaicin similar to ours but increased pain intensity ratings at a
tenfold higher capsaicin dose than ours in MCS patients compared
with in controls. We also found increased pain intensity ratings to
cold pain in patients compared with controls, but on the other hand,
the tonic heat pain ratings and tolerance thresholds were normal.
Thus there is seemingly no clear pattern in MCS patients regarding
nociceptive stimuli above threshold.

Capsaicin is a vanilloid receptor agonist that elicits ongoing
discharge in nociceptive C-fibres and induces primary hyper-
algesia at the injection site and secondary hyperalgesia in the
unaffected area surrounding the injection site. Primary hyperal-
gesia is considered to be the result of sensitization of peripheral
nociceptors, in contrast with secondary hyperalgesia which is a
central phenomenon (Cervero et al., 2003). Two types of secondary
mechanical sensory abnormality following capsaicin injection have
been demonstrated: a punctate hyperalgesia and a brush-evoked
pain area (allodynia) mediated by A3- and AB-fibres, respectively
(LaMotte et al., 1991).

An enlarged area of capsaicin-induced secondary punctate
hyperalgesia has also been demonstrated in other clinical condi-
tions, such as rheumatoid arthritis, fibromyalgia, and vulvodynia
and is thought to reflect enhanced central mechanisms (Foster
et al., 2005; Morris et al., 1997, 1998). It could be argued that
psychological factors may have contributed to the increased
capsaicin-induced punctate hyperalgesia. Although the possibil-
ity of psychological factors having a moderating influence cannot
completely be eliminated, we consider this unlikely. Firstly, par-
ticipants were unaware that the purpose was to determine the
area. Secondly, participants were blindfolded to prevent them from
seeing the marks and yet the area of secondary hyperalgesia was
significantly increased at three different time points. It thus seems
probable that the increased response reflects altered peripheral
or central neurogenic responses in MCS. The lack of a difference
in capsaicin-induced flare response between patients and controls
argues against an altered peripheral sensory response in MCS and
is in accordance with a study by Holst et al. (2011b). The flare
response is caused by an axon reflex that releases vasodilating
substances and has been suggested to be an indirect measure of
peripheral sensory activity (Jolliffe et al., 1995). In addition, accu-
mulating evidence provides strong support for the dependence of
capsaicin-induced secondary punctate hyperalgesia upon central
mechanisms (Kilo et al., 1994; LaMotte et al., 1991; Torebjork et al.,
1992).
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It might seem inconsistent that the MCS patients had an
attenuated response to capsaicin regarding the punctate mechan-
ical intensity ratings but had an increased response to capsaicin
regarding secondary punctate hyperalgesia. This could be due to
differential central mechanisms underlying perceived intensity and
the area of secondary punctate hyperalgesia. This is supported
by the study of Witting et al. (2000), which reported no correla-
tion between pain intensity in the hyperalgesic zone and area of
secondary punctate hyperalgesia during repetitive capsaicin injec-
tions.

In contrast to the study by Holst et al.,, we found no group
difference in temporal summation of pain. This could be due to
differences in methodology as Holst et al. studied temporal sum-
mation by assessing the area under the pain rating curve (VASauyc)
of repetitive punctate stimulations within the area of secondary
punctate hyperalgesia for 1 min. This procedure seems to measure
pain intensity more than temporal summation. We investigated
temporal summation of pain by comparing pain ratings follow-
ing a single stimulus and a train of 10 stimuli in order to derive a
wind-up ratio, as recommended by the German Research Network
on Neuropathic Pain (Rolke et al., 2006). An alternative explana-
tion for the different finding of the present study is that the study
population differed, as Holst et al. included patients with comor-
bidities of fibromyalgia, chronic fatigue syndrome and chronic pain.
This might have biased the results as fibromyalgia and chronic pain
have been associated with enhanced temporal summation (George
et al,, 2007; Staud et al., 2001; Weissman-Fogel et al., 2003). The
absence of enhanced temporal summation in MCS patients does not
argue against central sensitization, as temporal summation might
be related to central sensitization but is not a necessity, i.e., central
sensitization may be present with or without abnormal tempo-
ral summation of pain (Eide, 2000). Temporal summation reflects
only some of the complex mechanisms behind central sensitiza-
tion (Eide, 2000) and appears to depend on mechanisms different
from those of secondary hyperalgesia (Magerl etal., 1998). This sug-
gests that the neural circuits causing secondary hyperalgesia are
hyperresponsive in MCS while the neural basis underlying tempo-
ral summation is unaffected.

Conditioning pain modulation

CPM is regarded as the net result of descending facilitatory and
inhibitory modulation of spinal nociceptive processing (Arendt-
Nielsen and Yarnitsky, 2009). In this study patients and controls
both showed increased PPT during conditioning pain stimulation,
suggesting normal functioning descending inhibition. However, six
patients were unable to complete the cold pressor bath because
of intolerable pain. This may have affected the results, which
is supported by the supplementary analysis showing a reduced
and non-significant PPT increase among patients, who completed
the cold pressor test. Larger studies with modified methodology
are required to determine whether a disturbance of descending
modulation in MCS exists. In favour of this, a deficient CPM has
been demonstrated in some of the overlapping disorders such
as fibromyalgia, temporomandibular disorder and irritable bowel
syndrome (Arendt-Nielsen and Yarnitsky, 2009).

Study limitations

There are some possible limitations in the present study. Firstly,
the small sample size makes the study vulnerable to selection bias.
This could be accommodated by examining a larger study popu-
lation. However, the association between altered central sensory
processing and MCS is supported by a previous similar finding in
another patient sample (Holst et al., 2011a). Secondly, the presence
of psychiatric comorbidity was based on self-reports which could

be unreliable. In future studies, this could be accommodated by a
more standardized psychiatric interview. Lastly, the high drop-out
rate during the cold pressor test may have affected the results. Thus
CPM in MCS patients should be examined in larger studies or with
modified methodology e.g. reducing the submersion time in the
cold pressor bath.

Sensitization of the olfactory circuits

Our findings of enhanced processing within parts of the nocicep-
tive system provide evidence for increased processing of sensory
inputs other than olfactory. Although central sensitization is not
specific for MCS, it seems obvious to speculate whether enhanced
cerebral processing might contribute to the multisystem symptom
experiences of MCS patients when exposed to odours. Evidence
from controlled brain imaging studies supports this as these studies
demonstrated abnormal central odour processing in MCS patients
showing hypoperfusion in odour processing brain regions dur-
ing olfactory stimulation (Hillert et al., 2007; Orriols et al., 2009).
Orriols et al. (2009) suggested that the cerebral hypoperfusion
reflects reduced activity in inhibitory neuronal circuits producing
increased excitability and facilitation. In support of this hypothe-
sis, it has been shown that normal olfactory processing in animals
is associated with widespread inhibition and sparse excitation in
the primary olfactory cortex in contrast to visual, auditory and
somatosensory processing, which is more balanced regarding inhi-
bition and excitation (Poo and Isaacson, 2009; Schoppa, 2009).

Conclusion

Increased capsaicin-induced secondary punctate hyperalgesia
was demonstrated in MCS patients without comorbid, overlapping
disorders, suggesting central hyperexcitability in MCS.
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